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Glucocorticoids in rheumatoid arthritis:
the picture is shaping up

Frank Buttgereit,' Johannes W Bijlsma’

Despite the well-known efficacy of gluco-
corticoids (GCs), it is more common than
exceptional that their known adverse
event profile and co-morbidity implica-
tions elicit fierce debates when discussing
their benefit-risk profile. These discus-
sions usually come up, especially among
GC ‘supporters” and ‘opponents’,’ when
trying to elaborate recommendations on
how to use these drugs best in the treat-
ment of rheumatic diseases such as rheu-
matoid arthritis  (RA),> polymyalgia
rheumatica,’ giant cell arteritis,* systemic
lupus erythematodes,” © myositis’ and
even systemic sclerosis.” For example, very
divergent opinions were learnt during
work on the European League Against
Rheumatism (EULAR) recommendations
(2013 update) for the management of
RA.> As a result, only 73% (the lowest
majority level of all recommendations) of
the members approved the suggestion that
GCs should only be used as bridging
therapy for up to 6 months, ideally
tapering them at earlier time points. Inter-
estingly, when looking at the members
voting against it, about half of them
thought the statement was too weak,
whereas the other half considered it to be
too strong.” Nevertheless, the level of
agreement (strength of recommendation)
was quite high (mean of 8.9) on final
anonymous grading. It should also be
noted that the group did not explicitly
discuss the chronic use of GC in estab-
lished RA.

Indeed, many patients and quite some
physicians are still uncertain about the
actual benefit:risk ratio of GCs.' This
uncertainty might prevent optimal treat-
ment under conditions where GC treatment
is known to be of added value. Fortunately,
our view on the most optimal use of these
drugs does slowly but constantly matu-
rate. This primarily results from thorough

"Department of Rheumatology and Clinical
Immunology, Charité—University Medicine Berlin,
Berlin, Germany

Department of Rheumatology & Clinical Immunology,
University Medical Center Utrecht, Utrecht, The
Netherlands

Correspondence to Professor Frank Buttgereit,
Department of Rheumatology and Clinical Immunology,
Charité — University Medicine Berlin, 10117 Berlin,
Germany; frank.buttgereit@charite.de

analyses of accumulated data in order to
update recommendations, but there are
also new and often qualitatively better data
coming in to enrich our knowledge. A very
good example of the latter is the work by
Roubille et al.® These authors report care-
fully collected 7-year data from a prospec-
tive multicentre observational cohort of
patients with early arthritis (ESPOIR).
Current gaps in knowledge were addressed
by analysing the tolerability profile of GC
use in early arthritis. As a result, a compre-
hensive data set now lies on the table to be
judged by everyone.

There are two key findings. First, the
analysis of data of 602 patients with RA
demonstrates patients with (versus without)
GC treatment to be those with the greater
use of non-steroidal anti-inflammatory
drugs and disease modifying antirheumatic
drugs, more active disease and higher C-re-
active protein and anti-citrullinated protein
antibody levels. These data confirm that
there may be a significant bias in form of
confounding by indication when analysing
GC effects. Roubille and colleagues prop-
erly addressed this problem by performing
a weighted Cox proportional-hazards anal-
ysis, with the use of propensity score and
inverse probability-of-treatment weighting,
and including age, gender, history of hyper-
tension and GC treatment. When doing so,
the real-life tolerability outcomes did not
show any significant difference between RA
patients with and without GC treatment.
The facts that most of the patients who took
GCs started this therapy during the first 6
months and that they received <5 mg pred-
nisone per day clearly support the good
safety profile of low-dose GCs for early
active RA. Second, the mean dosage during
the entire follow-up was only 3.1+2.9 mg/
day which represents a very low-dose GC
treatment.” Therefore, it should be stressed
that these safety data do not automatically
lend support to higher doses.

The real-world data obtained by the French
group fit perfectly with results recently

published. A multidisciplinary EULAR
group of experts including patients with
rheumatic diseases aimed to define condi-
tions under which long-term (3—6 months
or longer) GC therapy has an acceptably
low level of harm.? Following a thorough
analysis for the four most worrisome GC
adverse effects (on bone, hyperglycaemia/
diabetes mellitus, cardiovascular diseases
and infections), the group concluded
that the risks of long-term GC therapy
are defined by drug-specific parameters
(dose and duration) but at least as much
by patient-specific characteristics (eg, age,
gender, genetic pre-disposition, co-mor-
bidities, co-medication and individual life-
style) (figure 1). Although robust evidence
on the risk of harm was often lacking,
long-term dosages of <5mg prednisone
equivalent per day can be considered to
have an acceptably low level of harm.
This appears to be true for the majority
of patients with the exception of patients
at high risk of cardiovascular disease who
may require preventive measures.”

The view of the 2013 update of RA
recommendations was that both short-
term symptomatic and long-term struc-
tural effects of GCs should be used in
the form of a bridging therapy. Therefore,
these drugs should be administered as
long as it takes for conventional synthetic
disease-modifying antirheumatic drugs
(DMARDs) to reach their maximum
effect, but should then be tapered if clin-
ically feasible. This view has been further
evolved in the most recent update of these
recommendations.'® The new wording—a
compromise in order to accommodate
most of the concerns and suggestions
raised during the Task Force’s debate—is
as follows (recommendation 6): ‘Short-
term glucocorticoids should be considered
when initiating or changing conventional
synthetic DMARD:s, in different dose regi-
mens and routes of administration, but
should be tapered as rapidly as clinically
feasible.” This wording does acknowledge
existing differences in GC application in
terms of dose regimen and routes, that is,
there are several different regimens for
oral use, intramuscular injection and
intravenous pulse therapy. It is now also
being stated more clearly that GCs should
be given as bridging therapy together
with conventional synthetic DMARD:,
either as part of the initial strategy or
subsequently if this has failed. In contrast,
GCs are usually not needed as a bridging

BM)
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therapy when biological or targeted

synthetic DMARDs are used. The reason

is that these drugs typically have a rapid
onset of action and the infection risks may
be potentiated.'" '

It should be noted that the second part
of this recommendation has been left
unchanged stressing again that GCs should
be gradually reduced and ultimately
stopped, ideally within 3—6 months.'® The
main reason for this is that the long-term
use of GCs, especially at doses >5 mg/day,
should be avoided because of the potential
occurrence of adverse effects.” In addition,
the Task Force explicitly stated that the
DMARD therapy may have to be consid-
ered a failure (and is, therefore, in need of
optimisation) if GCs cannot be withdrawn
within the time frame mentioned above.

In our opinion, chronic use of low-dose
GCs can be considered a realistic option
for some patients, based on the following
observations:

1. Recent data show that a large
proportion of patients with early RA
do stay on GC therapy for >6 months,
indicating an acceptable balance
between efficacy and safety. For
example, the data reported by Roubille
et al® show that 64% of RA patients
received low-dose prednisone for the
entire follow-up. The mean duration
of total GC treatment was 1057+876
days, which is much longer than the

2.

3.

recommended maximum period of
6 months. Data recently published
on the routine care of early RA point
were in the same direction."”” More
than 1300 patients were followed
for up to 2 years in an early arthritis
cohort (CAPEA), and complete 2-year
data were available for 669 patients
with RA. Seventy-seven per cent of
those patients were initially treated
with GC at different starting doses
(26% <7.5mg, 29% 7.5-20mg and
45% =20mg of prednisolone per
day). Of note, after 24 months, 47%
still were on GC.

Also in established RA, there are many
patients obviously being more or
less constantly treated with GC. For
example, recently published German
data from the National Database of the
Collaborative Arthritis describe a total
of 8084 patients with RA. Forty-eight
per cent of these patients received a
mean dose of 5 mg prednisone equiv-
alent per day, whereby 8.5% were
treated with daily dosages <35 mg,
37.7% with 5-7.5mg and 2.1%
with >7.5 mg."*

As outlined above, for many patients,
a therapy with dosages <=5mg
prednisone equivalent for >6 months
may have an acceptably low level of
harm and will provide therapeutic
effects on top of the DMARD therapy.

Risks > benefits

Meore risk factors
Preventive measures «

Prednisone equi-
valent (mg/d) -

Less risk factors
Preventive measures *

Benefits > risks

A matrix illustrating the benefit:risk ratio for a long-term therapy with GC. In general,
lower GC doses together with the presence of less risk factors and more preventive measures
lead to a lower level of harm, thereby leading to a better benefit:risk ratio of such a treatment
(the green area). In contrast, higher GC doses together with the presence of more risk factors and
less preventive measures lead to a higher level of harm, thereby leading to a worse benefit:risk
ratio (the red area). More specifically, a therapy with dosages <5 mg prednisone equivalent for >6
months may have an acceptably low level of harm in the majority of patients (with exception of
patients at high risk of CVD who may require preventive measures). At dosages between >5and
<10mg/day, an acceptably low level of harm can only be assumed in the absence of certain risk
factors and/or if appropriate preventive measures are taken. That is why the green colour gradually
turns into red from bottom left to upper right. GC, glucocorticoids.

This assumption is backed by both the
published EULAR Task Force work!
and the real-life data by Roubille et al.®
In conclusion, during treatment of
both early and established RA, the risks of
adverse effects induced by conventional
GC can be minimised when following
the established recommendations,™"”
and by considering each patient to be
an individual person characterised by
the presence or absence of certain risk
factors and/or preventive measures.
This will ultimately result in an adapted
patient-specific therapy. Drawing
updated conclusions based both on new
data coming in and on balanced analyses
of data already existing is a better way to
go than relying on eminence-based state-
ments (as has often been observed in the
pastand provided by both GC ‘supporters’
and ‘opponents’). Not picking single
observations or speculating on limited
(and/or sometimes biased) data sets in
order to convey certain negative or positive
judgements on these drugs, but rather
full and continuous analyses of the
whole picture are what is needed.
Glucocorticoids are (still) just too
important to make half-hearted, opin-
ion-driven statements.
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ABSTRACT

Childhood-onset systemic lupus erythematosus (cSLE)

is a rare, multisystem and potentially life-threatening
autoimmune disorder with significant associated
morbidity. Evidence-based guidelines are sparse and
management is often based on clinical expertise.

SHARE (Single Hub and Access point for paediatric
Rheumatology in Europe) was launched to optimise and
disseminate management regimens for children and
young adults with rheumatic diseases like cSLE. Here, we
provide evidence-based recommendations for diagnosis
and treatment of ¢SLE. In view of extent and complexity
of ¢SLE and its various manifestations, recommendations
for lupus nephritis and antiphospholipid syndrome

will be published separately. Recommendations were
generated using the EULAR (European League Against
Rheumatism) standard operating procedure. An expert
committee consisting of paediatric rheumatologists and
representation of paediatric nephrology from across
Europe discussed evidence-based recommendations
during two consensus meetings. Recommendations were
accepted if >80% agreement was reached. A total of 25
recommendations regarding key approaches to diagnosis
and treatment of cSLE were made. The recommendations
include 11 on diagnosis, 9 on disease monitoring and 5
on general treatment. Topics included: appropriate use
of SLE classification criteria, disease activity and damage
indices; adequate assessment of autoantibody profiles;
secondary macrophage activation syndrome; use of
hydroxychloroquine and corticosteroid-sparing regimens;
and the importance of addressing poor adherence. Ten
recommendations were accepted regarding general
diagnostic strategies and treatment indications of
neuropsychiatric cSLE. The SHARE recommendations

for cSLE and neuropsychiatric manifestations of cSLE
have been formulated by an evidence-based consensus
process to support uniform, high-quality standards of
care for children with cSLE.

INTRODUCTION

Childhood-onset systemic lupus erythematosus
(cSLE) is a severe, chronic, systemic autoimmune
disease that has great impact on the child or young
person affected. cSLE shares its pathogenesis with
adult-onset SLE, but generally has a more severe
clinical phenotype.'™

With an incidence of 0.3-0.9 per 100000 chil-
dren-years and a prevalence ranging from 1.89 to
25.7 per 100000 children worldwide (reviewed
in refs*'), including Europe,'*'® ¢SLE fulfils the
definition of a rare disease in Europe.'” Its low prev-
alence makes clinical research challenging, resulting
in a paucity of evidence-based data and subsequent
guidelines for disease management. Consequently,
the management of patients with cSLE differs
widely between countries.'® Treatment approaches
can vary between clinicians even within centres.
To foster equity of access to the highest standards
of care and uniformity of practice, evidence-based
international guidelines are therefore urgently
needed.

To achieve this, collaboration between countries
is necessary. For this reason, the SHARE (Single
Hub and Access point for paediatric Rheuma-
tology in Europe) project was initiated."® One of
the key objectives of this project was to provide
guidance regarding best practices for the diagnosis
and management of paediatric rheumatic diseases.
SHARE recommendations for autoinflammatory
diseases and juvenile dermatomyositis have been
published.”™! Here, we present SHARE recom-
mendations for cSLE. In view of extent and
complexity of ¢SLE, SHARE recommendations
for lupus nephritis (LN) and antiphospholipid
syndrome (APS) will be published separately.

METHODS

A European-wide panel of 16 paediatric rheu-
matologists and representation of paediatric
nephrology was established to develop evidence-
based recommendations. A project plan for the
systematic literature search was written following
the EULAR (European League Against Rheuma-
tism) standardised operating procedure.”> SHARE
was a European Union (EU)-funded project and
as such there was a prerequisite for representative
disease experts from across Europe to form the
expert panel, with inclusion of a selected number of
disease experts from outside the EU.

Systematic literature search and study selection

A systematic literature search based on specific
research questions was performed in PubMed/
MEDLINE, EMBASE and Cochrane databases

78 aular

Groot N, et al. Ann Rheum Dis 2017,;76:1788—1796. doi: 10.1136/annrheumdis-2016-210960

BM)


http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Recommendation

in July 2013 (see online supplementary table S1). A validated
filter was used to specifically select articles on children and
adolescents only.?® The filter was adapted for c¢SLE to exclude
neonates, as neonatal lupus was beyond the scope of the review
(see online supplementary table S2). The literature search also
included LN and paediatric APS. These topics will be discussed
separately from this article.

Validity assessment
Two reviewers (NG, NdG) independently screened all articles
according to the predefined inclusion and exclusion criteria.
Articles were reviewed independently by two cSLE experts
from European panel (MWB, SK, TA, AR, IKP, BBM, CP).
They assessed level of evidence and methodological quality of
the articles (see online supplementary tables S3 and $4).%* %
Data extraction was done by the experts using predefined
data extraction forms adapted from classification tables for
epidemiologic, diagnostic*® and therapeutic?’” studies. If there
were any discrepancies, a third expert was asked to give a final
assessment.

Establishment of recommendations

The results of the literature review were mapped against the
a priori research questions, and provisional recommendations
were formulated (NG, NdG, SK, MWB). If no literature in chil-
dren could be found to map against a particular recommenda-
tion, adult literature was consulted. The expert committee (TA,
BBM, PB, PD, IKP, PL, LM, SO, CP, AR, AvR, YU, NW, SK,
MWB) was presented with the provisional recommendations in
web-based surveys (100% response rate) and gave their opinions
on the statements. Recommendations were revised according to
responses to the surveys and discussed at two sequential face-
to-face consensus meetings in March 2014 (Genova, number
of experts participating, n=15; moderators: BF and AR) and
March 2015 (Barcelona, n=14; moderator: BF).

To reach consensus, the nominal group technique was used,
in which equal participation from group members is ensured.”
Recommendations were accepted when agreement was at
least 80%. This process resulted in a final set of prioritised
recommendations.

RESULTS

Figure 1 summarises the results of the literature search. A total of
9341 articles were identified and reviewed regarding treatment
and management of ¢SLE, of which 133 articles fulfilled the
inclusion criteria. We identified 51 articles relating to diagnosis
and management of cSLE generally, and 27 articles to neuropsy-
chiatric manifestations of ¢SLE, all were scored by the experts
(see online supplementary table S1). The 55 articles pertaining
to LN informed a specific set of complimentary recommenda-
tions that will be published separately.

The meetings resulted in 25 recommendations pertaining to
the diagnosis and treatment of cSLE (table 1) and 10 for neuro-
psychiatric cSLE (NP-cSLE) (table 2). The recommendations in
this paper can be used for all patients in whom cSLE is suspected
or diagnosed.

The most severe symptom(s) or sign(s) should guide treat-
ment decisions when considering these recommendations. For
example, when a patient suffers from mild haematological
involvement as well as severe neuropsychiatric disease, the latter
should guide the treatment choice.

General diagnostic recommendations

Prompt, accurate diagnosis of c¢SLE in a specialist centre is
crucial to enable timely initiation of appropriate treatment,
including multidisciplinary care. However, there are no vali-
dated diagnostic criteria for c¢SLE. Despite some differences
regarding symptoms at onset, pattern of organ involve-
ment and severity of disease between ¢SLE and adult-onset
disease,® ?° their similarities mean that the established Amer-
ican College of Rheumatology (ACR) classification criteria for
SLE are widely used for ¢SLE.*® In 2012, new classification
criteria for SLE were published.’' To date, two studies have
assessed the performance of these Systemic Lupus International
Collaborating Clinics (SLICC) classification criteria for SLE
in children.®” Both concluded that although some specificity
may be lost, the SLICC criteria had better sensitivity than the
ACR criteria. Evidence to date indicates the SLICC criteria may
well be preferable in ¢SLE, and should be used to aid referral
to, or at least consultation with a paediatric rheumatologist.
Similarly, they may help prompt referral, even if a child does
not yet meet full criteria, since these are classification and not
diagnostic criteria.

A hallmark of SLE is the presence of autoantibodies, partic-
ularly those directed towards nuclear autoantigens (antinu-
clear antibodies, ANA). Next to ANA, autoantibodies including
anti-double-stranded DNA (anti-dsDNA), anti-Sm, anti-RNP,
anti-Ro/SS-A and anti-La/SS-B (collectively referred to as ‘ENA
(extractable nuclear antigens)) are prevalent in ¢SLE: dsDNA
54%-93%; anti-Sm 17%-52%; anti-RNP 22%-50%; anti-Ro/
SS-A 33%-54%; anti-La/SS-B 14%-32%.% 378 As such, including
all of these antibodies in the diagnostic work-up when consid-
ering ¢SLE was strongly recommended. However, there are no
antibodies with specific predictive qualities (eg, disease severity,
organ involvement, age of onset) despite extensive efforts to find
them.***” Notably, patients negative for anti-dsDNA antibodies
and/or ENA can still be diagnosed with c¢SLE.

Hereditary complement deficiencies can predispose to lupus or
lupus-like disease at an early age. Early recognition of these defi-
ciencies should facilitate adequate treatment of disease and comor-
bidities including infections, which are especially important as these
patients seem to have a higher mortality.*® *’ Therefore, screening
for complement deficiencies via CH50, AP50, C3 and C4 (or
other validated classic and alternative complement pathway assay)
is important in cSLE, especially in young patients with lupus. It
was also recognised that there are other causes of monogenic lupus
outside of the complement pathway, thus normal complement
screening assay results do not preclude this possibility.** *!

Cardiopulmonary involvement

Although unusual in ¢SLE, cardiac and pulmonary involvement
does occur, but is often asymptomatic initially.**° Respiratory
symptoms or signs such as exertional intolerance could be a sign of
pulmonary or cardiac pathology. However, there is a wide differ-
ential diagnosis that must be considered and use of appropriate
diagnostic procedures should consequently be performed to find
out whether cardiopulmonary involvement is due to cSLE.

Early recognition of cardiopulmonary involvement is
important when trying to prevent subsequent organ damage.
Therefore, a baseline echocardiography and ECG screen in every
patient with cSLE for cardiopulmonary involvement is advised.
Additionally, intermittent monitoring for any future progression
or new involvement of these organ systems over time can be
considered, as it is not clear how many children with asymptom-
atic cardiopulmonary involvement become symptomatic.

Groot N, et al. Ann Rheum Dis 2017,76:1788-1796. doi: 10.1136/annrheumdis-2016-210960 1789


https://dx.doi.org/10.1136/annrheumdis-2016-210960
https://dx.doi.org/10.1136/annrheumdis-2016-210960
https://dx.doi.org/10.1136/annrheumdis-2016-210960
https://dx.doi.org/10.1136/annrheumdis-2016-210960
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Recommendation

Pubmed: Embase Cochrane
Diagnosis: 5672 Diagnosis: 1471 Diagnosis: 10
Therapy: 1174 Therapy: 1057 Therapy: 28

9208 exclusions:
- 2943 no SLE
= 2073 adult studies
1361 basic science
1028 case reports

780 abstracts/ letters

- Removing duplicates |
|9341 articles I
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Diagnosis
Management

Figure 1
NP-SLE, neuropsychiatric SLE; SLE, systemic lupus erythematosus.

Macrophage activation syndrome

Macrophage activation syndrome (MAS) is a rare but severe,
potentially life-threatening complication of ¢SLE, characterised
by high fever, associated in some patients with organ involve-
ment (neurological symptoms, hepatomegaly, splenomegaly),
pancytopenia, coagulopathy, elevation of liver enzymes, ferritin
and triglycerides.®' ®* Preliminary recommendations for timely
diagnosis and correct classification of MAS in ¢SLE have been
developed.®! Patients can develop MAS at any time during their
disease. Distinguishing sepsis from MAS can be difficult, as
they may share features such as fever, cytopenias and hepatic
involvement, both resulting in systemic inflammation. There
are differences, as for example ferritin levels in MAS tend to
increase dramatically, whereas hyperferritinaemia is generally
more modest in sepsis.®> ®* A bone marrow aspirate should
be performed to assess the cause of cytopenias and to detect
possible haemophagocytosis. This will help in making a diag-
nosis of MAS. As MAS can be rapidly progressive and life threat-
ening, the threshold for diagnostic procedures should be low.

* Consensus meetings 2014 and 201 5

Number

1
9
5

Summary of the literature search. cSLE, childhood-onset systemic lupus erythematosus; LN, lupus nephritis; NP-cSLE, neuropsychiatric cSLE;

However, if the patient is clinically unstable, treatment should
not be delayed if a bone marrow aspirate is not possible.

Monitoring and general management

The frequency of visits to the paediatric outpatient clinic is depen-
dent on clinical presentation, disease severity as well as the age
of the patient. Visits should be regular, especially at diagnosis and
following flares and a basic set of investigations is recommended
for each visit.* ® Consensus was reached on preliminary criteria
for global flares in cSLE.®” Further validation studies are needed
to confirm the usefulness of the cSLE flare criteria in research and
for clinical care. The recommended frequency of visits as well as
the important clinical parameters that should be checked at each
visit is similar to the recommendations for adult-onset disease.**~"°
In addition, regular height and weight monitoring is important,
as well as pubertal assessment. Growth impairment can occur in
children with ¢SLE, which can be difficult to overcome and may
lead to a lower final height due to continuous disease activity
and/or corticosteroid use. Similarly, these factors can contribute
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Table 1 Recommendations for cSLE—diagnostic procedures, management and treatment

Level of evidence ~ Strength  Agreement (%)

Diagnostic recommendations
1. Based on the current evidence (mainly in adults) on the SLICC criteria, the SLICC criteria can be used as 3 C 100
classification criteria in cSLE.
2. In the presence of a positive ANA combined with at least two clinical SLICC criteria, or in the presence of a 3 C 100
positive ANA combined with at least one clinical and one immunological SLICC criterion, referral to a paediatric
rheumatologist is warranted.

3. When considering a diagnosis of cSLE, anti-Sm, anti-RNP-a, anti-Ro/SS-A and anti-La/SS-B should be included 3 C 100
routinely.

4.1n a clinical context, when a patient is ANA positive, but anti-dsDNA and ENA negative, a diagnosis of cSLE can 3 C 100
still be made.

5. In patients with cSLE, hereditary complement deficiencies should be considered, especially in young patients. 3 C 100
6. All patients with cSLE should have a chest X-ray at diagnosis. 3 C 100
7. All patients with cSLE should be screened for cardiac abnormalities using ECG and echocardiography at 3 C 100
diagnosis.

8. Patients with cSLE with respiratory symptoms or signs (in the absence of acute infection) should have a 3 C 100
pulmonary function test including CO diffusion.

9. Exertional intolerance in patients with cSLE should be investigated. Initial investigations should include a chest 3 C 100
X-ray, a pulmonary function test (with CO diffusion), echocardiography and an ECG.

10. In patients with cSLE, unexplained fever should trigger a search for infection and MAS. 3 C 93
11.When MAS is suspected, a bone marrow aspirate should be considered to facilitate MAS diagnosis and exclude 3 C 100

other diagnoses. If MAS is suspected and the patient is clinically unstable, treatment should not be delayed if a
bone marrow aspirate is not possible.
Monitoring and management of cSLE
1. Active disease should be regularly monitored by performing: a full clinical evaluation including body weight, 2AB/3 B-C/ C 100
height and blood pressure; urine dipstick testing; proteinuria estimation; blood tests including albumin; creatinine;
eGFR; ESR; C3 and C4; anti-dsDNA; and complete blood cell count.®

2. Clinical evaluation should usually occur every 2—4 weeks for the first 2-4 months after diagnosis or flare, and 3 C 100
then according to the response to treatment.*
3. Children receiving systemic corticosteroids should be checked regularly for linear growth. 2A B 100
4. All children with cSLE should have disease activity assessed regularly using a standardised disease activity 4 D 100
measure such as the SLEDAI-2k or pBILAG-2004.
5. All children with ¢SLE should have disease damage assessed yearly using a standardised disease damage 3 C 100
measure such as the paediatric SDI.
6. All patients with cSLE should have access to an ophthalmologist. 3 C 100
7. Annual eye screening should be considered for patients with cSLE taking hydroxychloroquine. 3 C 100
8. Sun protection may be beneficial in patients with skin manifestations and should be considered.* 3 C 100
9. In lupus, a coordinated transition programme including paediatric and adult specialists is crucial for ensuring 3 C 80
continuity of care and adherence to treatments in order to optimise long-term outcome including prevention of
fatalities.*

Treatment recommendations
1. All children with lupus should be on hydroxychloroquine routinely. 2A B 100
2.In all decisions of treatment change or modification, compliance should be actively checked. 3 C 100
3.When it is not possible to taper the prednisone dose, a DMARD should be added to the therapy. 3 C 100
4. Mild/moderate haematological involvement: when haemolysis is present and Hb is lower than normal, a DMARD 3 C 100

should be added to the therapy.

5. If rituximab is required, the recommended dose is either 750 mg/m?/dose (up to a maximum of 1 g) atday 1and 3 C 100
day 15, or 375 mg/m*/dose once a week for four doses.

*This statement is based on the EULAR recommendations for adults with SLE.®®~"°

Level of evidence: for diagnostic and observational studies: 1A, meta-analysis of cohort studies; 1B, randomised controlled study; 2A, controlled study without randomisation;
2B, quasiexperimental study; and for treatment studies: 1A, meta-analysis of randomised controlled trial; 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.zz; Strength of recommendation: A, based on level 1 evidence; 3, descriptive
study; 4, expert opinion.”>?” Agreement indicates per cent of experts agreeing on the recommendation during the final voting round of the consensus meeting.

ANA, antinuclear antibodies; anti-dsDNA, anti-double-stranded DNA; CO, carbon monoxide; cSLE, childhood-onset systemic lupus erythematosus; DMARD, disease-modifying
antirheumatic drug; eGFR, estimated glomerular filtration rate; ENA, extractable nuclear antigens; ESR, erythrocyte sedimentation rate; EULAR, European League Against
Rheumatism; Hb, haemoglobin; MAS, macrophage activation syndrome; pBILAG-2004, paediatric British Isles Lupus Assessment Group index 2004; SDI, SLICC/American College
of Rheumatology Damage Index; SLEDAI-2k, Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC, Systemic Lupus International Collaborating Clinics.

to delayed pubertal development. Prepubertal and peripubertal It is strongly recommended that disease activity, response to
patients receiving a high cumulative dose of corticosteroids are treatment and disease damage should be regularly and compre-
specifically at risk for both growth impairment and pubertal delay, ~ hensively assessed using standardised tools to monitor disease
which must be proactively assessed.”! ™ progression. Many tools are available for this purpose.”””* For

example, disease activity can be monitored with the paediatric
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Table 2 Recommendations for NP-cSLE—diagnostic procedures and treatment

Level of evidence Strength ~ Agreement (%)

Diagnostic recommendations
1. The nomenclature and case definitions for NP-cSLE syndromes proposed by the ACR ad hoc committee should be 3 C 100
used to classify and describe NP-SLE syndromes in cSLE.
2. In patients with cSLE with new or unexplained symptoms or signs suggestive of neuropsychiatric disease, initial 3 C 100
diagnostic work-up should include work-up as performed in patients without SLE.

w
(@)

3.In a patient with a suspected diagnosis of NP-cSLE or worsening NP-cSLE symptoms, underlying factors including 100

infections, hypertension, metabolic abnormalities or adverse effects of medication should be excluded.

4. Depending upon the type of neuropsychiatric manifestation, the diagnostic work-up may include lumbar 3 C 100
puncture and CSF analysis (primarily to exclude CNS infection), EEG, neuropsychological assessment of cognitive

function, consultation with an ophthalmologist, nerve conductional studies and neuroimaging (MRI) to assess

nervous system structure and function.®

5. A normal MRI of the CNS does not exclude NP-cSLE.* 3 @ 100
100

w
(@)

6. Cognitive impairment should be tested either in collaboration with a neuropsychologist, or using validated tests
for cognitive impairment in cSLE, like the Ped-ANAM.

Treatment recommendations

1. When neuropsychiatric manifestations are caused by an immune or inflammatory process and non-SLE-related 3 C 100
causes are excluded, corticosteroids and immunosuppressive therapy are indicated.

2. Antiepileptic drugs are usually not necessary after a single seizure in the absence of MRI lesions and definite 3 C 100
epileptic abnormalities on EEG following recovery from the seizure.*

3. Long-term antiepileptic therapy should be considered for recurrent seizures.* 3 C 93
4.There is a need for paediatric NP-cSLE research regarding treatment. 4 D 100

*This statement is based on the EULAR recommendations for adults with NP-cSLE.®® 12

Level of evidence: for diagnostic and observational studies: 1A, meta-analysis of cohort studies; 1B, randomised controlled study; 2A, controlled study without randomisation;
2B, quasiexperimental study; and for treatment studies: 1A, meta-analysis of randomised controlled trial; 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.? Strength of recommendation: A, based on level 1 evidence; 3, descriptive

study; 4, expert opinion.”>” Agreement indicates percent of experts agreeing on the recommendation during the final voting round of the consensus meeting.
ACR, American College of Rheumatology; CNS, central nervous system; CSF, cerebrospinal fluid; EEG, electroencephalogram; EULAR, European League Against Rheumatism;
NP-cSLE, neuropsychiatric childhood-onset systemic lupus erythematosus; NP-SLE, neuropsychiatric systemic lupus erythematosus; Ped-ANAM, Pediatric Automated

Neuropsychological Assessment Metrics; SLE, systemic lupus erythematosus.

British Isles Lupus Assessment Group index or the Systemic
Lupus Erythematosus Disease Activity Index 2000.”* 7>~ Disease
damage should also be comprehensively assessed annually, for
example using the paediatric version of the SLICC/American
College of Rheumatology Damage Index.”!

A broad range of ocular manifestations including retinopathy
or optic nerve disease can occur in c¢SLE. Additionally, two of
the most commonly used drugs for SLE, corticosteroids and
hydroxychloroquine (HCQ), can affect the eyes.”*®° There-
fore, it is recommended that patients have access to the exper-
tise of paediatric ophthalmology. Paucity of evidence regarding
ophthalmological risks due to long-term corticosteroids and
HCQ use means that annual examination of the eyes should be
considered in the paediatric age group.®!

Despite minimal published evidence supporting the benefits of
sun protection in patients with cSLE, sunscreens are widely recom-
mended to prevent photosensitive rashes and as part of general
disease management. One study in 11 adult patients with SLE
showed that some, but not all types of sunscreen prevented the
development of ultraviolet radiation-induced skin lesions.*

Adolescent patients need to be supported through the transi-
tion process and prepared for transfer of their care to the adult
services once they reach adulthood. During adolescence, patients
need to develop self-management skills and become responsible
for their own health.*>*® One of the major challenges during the
transitional process is non-adherence to treatments,®* ¥ which
should be addressed frequently at outpatient clinics. EULAR
recommendations for this transitional process have been
published to support professionals in designing a coordinated
transition programme.®®

General treatment recommendations
It is recommended that all children with lupus should be on
HCQ routinely. A systematic review of 95 articles analysing the
beneficial and adverse effects of antimalarial therapies such as
HCQ in adults with SLE showed a broad spectrum of benefi-
cial effects, such as a higher remission rate, less relapses and less
accrual of damage. Additionally, HCQ has a favourable safety
profile.*” Adult studies show that long-term use of HCQ is rela-
tively safe, although the risk of retinopathy increases with the
increasing cumulative dose.® Unfortunately, no such evidence
is available for children with ¢SLE, but studies in patients with
juvenile idiopathic arthritis show that doses up to 6 mg/kg/day
(based on lean body weight) are safe to use.”®

Lack of adherence has been associated with a higher disease
activity and more damage.”’™* Rates of non-adherence can be as
high as 50% and disease severity does not guarantee medication
adherence.”® Therefore, adherence should be checked whenever
a patient shows poor response to a treatment, measuring medi-
cation (trough) levels may be helpful to detect non-adherence.
When a patient experiences side effects from a drug, choice of
therapy will need to be reassessed and switched if necessary.
If disease severity is such that tapering of oral prednisolone
is not possible despite adequate compliance to oral predni-
sone and HCQ, addition of a disease-modifying antirheumatic
drug (DMARD) is recommended to improve disease control
and permit subsequent corticosteroid tapering. Examples of
DMARD:s often used include mycophenolate mofetil, azathio-
prine, methotrexate or cyclophosphamide in severe cases.

The use of rituximab has been described in six studies
including a total of 115 individual patients with cSLE. All
patients had acute, life-threatening symptoms or symptoms that

1792 Groot N, et al. Ann Rheum Dis 2017,76:1788—1796. doi: 10.1136/annrheumdis-2016-210960


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

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Recommendation

did not respond to standard treatment. Two dose regimens were
described, which both proved to be effective and safe in the
majority of the patients.”>~'%

Diagnostic recommendations

NP-cSLE can be a common manifestation of lupus in children.
To promote uniformity and comparability between NP-SLE mani-
festations in children and adults and in view of the limited available
evidence in NP-cSLE, it is recommended that the ACR nomencla-
ture and case definitions for NP-SLE'® are also used in cSLE. It
must be taken into account however that the ACR nomenclature
was designed for adults and some of the diagnostic or screening
tests listed here cannot be used for children. As is the case in adult-
onset NP-SLE, no single clinical, laboratory, neuropsychological or
imaging test can be used in children to differentiate NP-cSLE from
other causes of neuropsychiatric manifestations. There have been
some small studies aiming at identification of specific biomarkers
or imaging techniques for neuropsychiatric involvement in ¢SLE,
but large controlled studies are lacking.''®'** Therefore, the
recommendation regarding the diagnostic evaluation of neuropsy-
chiatric symptoms is adopted from the adult EULAR recommen-
dations.*® '

It is important to make a detailed and thorough assessment
of any patient with suspected NP-cSLE. In the context of a
suspected NP-cSLE diagnosis or worsening of neuropsychiatric
disease, an initial comprehensive work-up should include all
other potential underlying causes, including infections, hyper-
tension, metabolic abnormalities or adverse effects of medica-
tion. A systematic approach is recommended, with the specific
symptoms guiding the type of diagnostic procedure.

Importantly, not all NP-cSLE manifestations can be detected
with conventional MRI techniques.’** '** In addition, conven-
tional MRI techniques (as well as novel MRI imaging modali-
ties) may be unspecific for central nervous system involvement
due to ¢SLE or to other causes. Formal neuropsychiatric testing
by a neuropsychologist can be used to ascertain the presence of
neurocognitive dysfunction. However, as a neuropsychologist
is not always available, a helpful screening tool is the Pediatric
Automated Neuropsychological Assessment Metrics, which can
be used by non-specialists to screen patients for possible neuro-
cognitive dysfunction'?® %7

101-108

Treatment recommendations
The evidence for the treatment of NP-cSLE in children is especially
limited. Recommendations are therefore based principally on adult
recommendations for the management of NP-SLE,'** adapted for
use in children by the expert panel. It was noted that this remains
an important area for future clinical research. When non-SLE-re-
lated causes for neuropsychiatric symptoms or signs are excluded,
corticosteroids and immunosuppressive therapy are indicated.'
Recurrent seizures in SLE may benefit from antiepileptic treat-
ment. However, one single seizure without evidence for epileptic
activity on electroencephalogram in the brain is usually not an
indication for antiepileptic treatment. Undertaking a careful
evaluation seeking and treating the underlying cause, including
anti-inflammatory treatment of potential NP-cSLE, most often
suffices to prevent further seizures.

DISCUSSION

A total of 35 recommendations for diagnosis, management and
treatment for ¢SLE (25 recommendations) and NP-cSLE (10
recommendations) have been formulated. All recommendations
were accepted with >80% agreement.

These recommendations are intended to help specialists with
decisions regarding the general care for patients with cSLE.
Notably, recommendations regarding the management of nephritis
in cSLE and paediatric APS will be published separately.

It must be noted that good quality evidence regarding diagnosis
and treatment in ¢SLE is limited. Due to lack of robust evidence
underpinning some statements, the expert panel refrained from
being too specific regarding diagnostic procedures, monitoring
intervals or specific drug treatments. This emphasises the need
for more research on diagnostic procedures, as well as treatment
in this population. International collaboration will be vital, as
large cohorts are difficult to achieve.

In conclusion, the SHARE project has resulted in recommen-
dations on diagnosis, management and treatment of cSLE and
NP-cSLE, based on best available evidence and expert opinion.
These recommendations should facilitate the optimisation of the
management of this rare disease.
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Seven-year tolerability profile of glucocorticoids
use in early rheumatoid arthritis: data from

the ESPOIR cohort
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Jean-Pierre Daureés, Bernard Combe'

ABSTRACT

Objective To explore the 7-year tolerability profile of
glucocorticoids (GC) for early rheumatoid arthritis (RA).
Methods We examined data for 602 patients with RA
from the early arthritis Etude et Suivi des POlyarthrites
Indifférenciées Récentes (ESPOIR) cohort (<6 months
disease duration) stratified into two groups: with or
without GC treatment at least once during follow-up
(median 7 years (IQR 0.038-7.65)). The main outcome
was a composite of death, cardiovascular disease
(including myocardial ischaemia, cerebrovascular accident
and heart failure), severe infection and fracture.
Results Among the 602 patients with RA (476 women
(79%), mean age 48+12 years), 386 with GC (64.1%)
received low-dose prednisone (mean 3.1+2.9 mg/day for
the entire follow-up): 263 started GC during the first

6 months (68%), and the mean duration of total GC
treatment was 1057+876 days. As compared with
patients without GC (216 (35.9%)), those with GC
showed greater use of non-steroidal anti-inflammatory
drugs, synthetic and biological disease-modifying
antirheumatic drugs and had more active disease
disability, higher C reactive protein and anticitrullinated
protein antibody levels. Among 65 events (7 deaths, 14
cardiovascular diseases, 19 severe infections and 25
fractures), 44 and 21 occurred in patients with and
without GC (p=0.520). Infections were more frequent,
although not significantly, in patients with than without
GC (p=0.09). On weighted Cox proportional-hazards
analysis, with use of propensity score and inverse-
probability-of-treatment weighting, and including age,
gender, history of hypertension and GC treatment,
outcomes did not differ with and without GC (p=0.520;
HR=0.889; 95% Cl 0.620 to 1.273).

Conclusions This 7-year analysis of the ESPOIR cohort
supports the good safety profile of very low-dose GC for
early active RA.

INTRODUCTION

Glucocorticoids (GC) are commonly prescribed for
patients with rheumatoid arthritis (RA), especially
in the early stages of the disease. However, beyond
their symptomatic and structural benefits,' the risk/
benefit ratio of GC remains controversial,? with
concerns about the tolerability profile. GC adverse
events have been reported to be time-dependent
and dose-dependent, so international guidelines
support the use of the lowest dose for the shortest
duration.® *

GC use in RA remains controversial, mostly
because of concerns about long-term safety out-
comes, including cardiovascular disease (CVD),
infection, diabetes, weight gain, osteoporosis and
fracture.® Nevertheless, despite the fear of adverse
events, GC are widely used in RA, especially in
early active diseases, with variable dosage and dur-
ation. For instance, in the UK, 50% of patients
with incident RA were reported to receive GC
in primary care, with more than 50% receiving
doses >10 mg/day.® In the German Course And
Prognosis of Early Arthritis (CAPEA) inception
cohort, 77% of patients initially received oral GC,
20% receiving low-dose GC (<7.5 mg/day) and
35% high-dose GC (=20 mg/day).” By contrast,
in the Canadian CATCH cohort, only 42% of
patients started on GC; 48% received oral GC
(<10 mg/day) and 38% intra-articular or intramus-
cular GC.® In another inception cohort from Latin
America, 64% of early patients with RA took GC
(80% <10 mg/day of prednisone).” Notably, despite
the longstanding use of GC for daily RA manage-
ment, few strong evidence-based safety data are
available.’® ' Therefore, the safety of GC remains
on the research agenda, especially the tolerability
profile in early RA.

In the Etude et Suivi des POlyarthrites
Indifférenciées Récentes (ESPOIR) cohort (see
online supplementary method 1),'* '3 more than
half of patients received GC at least once over
S years after inclusion, especially during the first
6 months of follow-up.'* Thus, investigation of
consecutive events occurring after GC initiation in
this cohort may give insight into the long-term
safety profile of GC use in a real-life setting.

Here, we aimed to explore the 7-year tolerability
profile of GC for patients with recent-onset RA
(ESPOIR cohort) by determining the association
between GC use and major safety events, including
death, CVD, severe infection and fracture.

PATIENTS AND METHODS

Study design and setting

The ESPOIR cohort is a French prospective multi-
centre observational cohort sponsored by the
French Society of Rheumatology that included
patients (aged 18-70 years) with early arthritis
from 14 rheumatology centres in France. To be
included, patients had to have inflammatory arth-
ritis in at least two swollen joints lasting from
6 weeks to 6 months, with the potential to develop
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into RA, and be naive to disease-modifying antirheumatic drugs
(DMARDs) and GC therapy. The exclusion criterion was early
inflammatory joint disease meeting criteria for a definite diagno-
sis other than RA or exhibiting features that ruled out progres-
sion to RA.> The ESPOIR cohort included 813 patients
between 2002 and 2005. The objective, design and character-
istics of the cohort were previously described'® (see online
supplementary method 1). The database for the present study
was locked in 2013 at the 7-year time point. The protocol of
the ESPOIR cohort was approved by the ethics committee of
Montpellier, France (no. 020307). All patients gave their signed
informed consent before inclusion.

Patients and GC use
Among the 813 patients included, we selected the 712 who ful-
filled the 2010 American College of Rheumatology/European
League Against Rheumatism criteria for RA'S over the 7 years of
follow-up (figure 1). We excluded patients with a history of CVD
(including myocardial ischaemia, cerebrovascular accident and
heart failure), severe infection or fracture because we anticipated
that such patients might have had a different profile for GC pre-
scription (expected to less frequently receive a prescription from
rheumatologists) and risk of related side effects (likely greater).
We also excluded patients with missing data for GC treatment
and those not followed-up to 1 year (figure 1), to provide suffi-
cient monitoring data and a sufficient duration of follow-up to

chance in a short observation period (see online supplementary
method 2).

Hence, we examined data for 602 patients with an RA diag-
nosis. To consider the group of patients with a history of CVD,
severe infections and fractures, we also analysed data for 657
patients comprising the 602 included patients and the 55
patients with such a history, and no missing data (figure 1).

The included patients were then classified into two groups by
whether or not they received GC at least once (with or without
GC) over the 7 years of follow-up. The group with GC com-
prised patients who received systemic GC treatment (oral, intra-
muscular or intravenous) at least once between inclusion and
the end of follow-up. The group without GC comprised
patients who never took GC between inclusion and the end of
follow-up. Patients who received only intra-articular injections
of GC or inhaled GC were included in the group without GC,'®
given the minimal systemic spreading.

GC use was defined as use (yes or no) when the first safety
event occurred. Doses were calculated as prednisone-equivalent
based on accepted standards.'” For each patient with GC
treatment, the mean dosage of GC was calculated by dividing
the total quantity of GC by the duration of the entire
follow-up.

Outcomes and variables
The primary outcome was a composite of new-onset safety

ensure that the impact of GC was a true effect and not due to events including all-cause mortality CVD (myocardial
Figure 1 Study design. CVD, 813 atients
cardiovascular disease; ESPOIR, Etude e
et Suivi des POlyarthrites ESPOIR cohort
Indifférenciées Récentes; GC,
glucocorticoids; RA, rheumatoid
arthritis. 101 undifferentiated arthitis
k4
712 RA patients
59 patients with historyof:
-CVD (n=18)
-fracture (n=34)
- severe infection (n=9)
(2 patients with a historyof2 events)
v '
653 patients
3 patients with GC missing data
i 4 patients
E —» with missing
i | outcome data
650 patients
48 patients who dropped »
outbefore 1 year
602 RA patients L
included 657 RA patients
subsequently analysed
(0=602 + 55)
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ischaemia, cerebrovascular accident and heart failure), severe
infection and fracture. Only new-onset events reported were
considered so as to ensure the relevance of the association with
GC treatment. We selected as covariates some factors known to
affect cardiovascular, infection and fracture risks: age, gender,
body mass index (BMI), diabetes, hypertension, smoking status,
hypercholesterolaemia and use of non-steroidal anti-
inflammatory drugs (NSAIDs). A variable named ‘cardiovascular
risk” was created to account for the presence of at least one car-
diovascular risk factor among hypertension, hypercholesterol-
aemia, BMI >30kg/m?, diabetes and smoking. All all-cause
deaths were considered. CVD included myocardial infarction,
acute coronary syndrome, angina pectoris, stroke (ischaemic or
haemorrhagic) and heart failure. Severe infection was defined as
requiring hospitalisation or intravenous antibiotics. Outcomes
were recorded in the cohort file.

Statistical analyses

Descriptive statistics are presented as mean=SD or number (%)
where appropriate. The non-parametric Mann-Whitney U test
was used to compare the distribution of continuous variables
and y? test (or Fisher’s exact test) to test the association of cat-
egorical variables. Continuous variables were transformed into
categorical variables with the median or a predetermined thresh-
old. The p values <0.05 were considered significant and all stat-
istical tests were two-sided. The composite primary outcome
was compared by x> test (or Fisher’s exact test) on univariate
analysis. Thereafter, Cox proportional-hazards regression was
used to assess the association between GC treatment and
outcome, estimating HRs and 95% ClIs. To reduce the impact of
treatment selection bias and potential confounding, the
weighted Cox proportional-hazards model was used with
inverse-probability of treatment weighting (IPTW).'® With this
method, weights for patients who had and patients who had not
received GC treatment were the inverse of ‘propensity score’
(PS) and the inverse of ‘1-PS’, respectively. To account for
potential confounding by indication, where patients with more
severe disease would be more likely to receive GC, we used a
PS. The PS is defined as the predicted patient’s probability of
receiving GC, conditional on a set of observed baseline covari-
ates. The PS was estimated by multiple logistic-regression ana-
lysis. Two sets of observed baseline covariates were included in
the PS model (see online supplementary figures S1 and S2).'°
The first set of covariates, selected by using the log-rank test,
was related to the outcome and the second set, selected using x>
test, was related to GC treatment (see online supplementary
figures S1 and S2). Of note, all Disease Activity Score in 28
joints (DAS-28) C reactive protein (CRP) levels were not signifi-
cant, therefore we preferred including each component of the
DAS-28 CRP score separately. For both long-rank and x> tests,
the level of significance was set at p<0.15. In addition, we used
three procedures for selecting variables (forward, backward and
stepwise) to obtain the most appropriate logistic-regression
equation. All procedures led to the same model. The baseline
covariates retained in the final PS regression model were:
anticitrullinated protein antibodies (ACPA), diabetes, Health
Assessment Questionnaire (HAQ) score, van der Heijde-
modified Sharp score (mSHS), cardiovascular risk and patient’s
overall assessment using visual analogue scale (see online
supplementary figure S1). The PS was then included in the Cox
proportional-hazards model with the baseline covariates that
were significant at 15% on the log-rank test and not already
included in the PS model: age, gender, history of hypertension,
in addition to GC treatment (yes or no).

Clinical and epidemiological research

In the analysis of the 657 patients, comprising the 602
patients without a history and the 55 patients with a history and
sufficient data, the methodology was similar. The two sets of
covariates included in the PS model were the same as in the prin-
cipal analysis, with, in addition, the covariate history of CVD,
severe infection or fracture. The baseline covariates retained in
the PS regression model for this analysis were the same, except
for mSHS (see online supplementary figure S2). The PS was then
included in the Cox proportional-hazards model with age,
gender, history of hypertension, BMI >30 kg/m?, CRE rheuma-
toid factor (RF), history of CVD, severe infection or fracture, in
addition to GC treatment (yes or no). Furthermore, the original
studied population could be considered different subgroups on
the basis of the cumulative GC dose and total duration of GC
treatment over 7 years. These two variables were transformed
into a four-level categorical variable by quartiles. First, the
log-rank test was used to evaluate the effect of the two covariates
with time to event data. Moreover, to adjust for such subgroup
differences, an extension of the standard Cox model was used to
create two stratified Cox models based on the categorical vari-
able levels. p Value <0.05 was considered to be statistically sig-
nificant and all statistical tests were two-sided. All statistical
analyses involved use of SAS V9.3 (SAS Institute, Cary, North
Carolina, USA).

RESULTS

The study population comprised 602 patients with RA (476
women (79%), mean age 48 £12 years; table 1). Mean duration
of follow-up was 5.98+1.84 years (median 7 years IQR (0.038-
7.65)). Baseline characteristics of the entire sample are shown in
table 1: 91% had moderate to high disease activity, and almost
45% were ACPA-positive. A total of 386 (64.1%) received GC
during follow-up and 216 never received GC (35.9%). Patients
with GC mainly received low-dose prednisone during follow-up
(mean 3.1%2.9 mg/day, median 2.4 mg/day (IQR 0.7-5) for the
entire follow-up); over half started GC during the first 6 months
(n=263, 68.1%). Among the 386 patients who received GC, 73
(19%) received GC for <6 months, and 185 (almost 50%) for
2 years (see online supplementary table S1); 69 patients received
GC for up to 6 years (18%). The mean duration of total GC
treatment was 1057+876 days (median 803 days (IQR 267-
1829)) and 280 (72.5%) received GC continuously for longer
than 6 months. Six patients received only intravenous or intra-
muscular GC. Active disease was greater with than without GC,
with significantly higher DAS-28-CRP level and HAQ score, as
reflected by a greater consumption of DMARDs, biological
agents and NSAIDs and higher CRP levels and ACPA titres
(table 1).

Effect of GC exposure: composite of death, CVD, severe
infection and fracture

A total of 65 events were reported in the entire population:
7 deaths, 14 CVD, 19 severe infections and 25 fractures
(table 2).

Deaths occurred between years 4 and 7 and were caused by
cancer or malignant blood diseases (n=4), salmonellosis (n=1),
ruptured aortic aneurysm (n=1) or unknown cause (n=1).

Among these 65 events, 44 (11.4%) and 21 (9.7%) occurred
in patients with and without GC (p=0.520) (table 2). The
number of infections was greater, although not significantly, in
patients with than without GC (p=0.09).

When we considered patients with events (n=65) and com-
pared patients with and without GC by DAS-28-CRR those with
GC and moderate to high disease activity (DAS-28-CRP score
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Table 1 Baseline demographic, clinical, biological and radiographic characteristics of the study population from the ESPOIR cohort (n=602) and
those without and with GC
Total study population Without GC With GC
N (n=602) (n=216) (n=386) p Value*

Age (years) 602 48+12 48.9+11.8 47.5+12.2 0.210
Female 602 476 (79%) 176 (81.5%) 300 (77.7%) 0.277t
BMI, kg/m2 600 25+4.6 24.9+4.6 25.2+4.6 0.456
BMI >30 kg/m2 602 83 (13.8%) 28 (13%) 55 (14.3%) 0.643t
Diabetes 602 19 (3.2%) 12 (5.6%) 7 (1.8%) 0.0121
Hypertension 602 98 (16.3%) 34 (15.7%) 64 (16.6%) 0.789t
Hypercholesterolaemia 602 84 (14%) 28 (13%) 56 (14.5%) 0.600t
Smokers 602 291 (48.3%) 90 (41.7%) 201 (52.1%) 0.0141
Hypertension or hypercholesterolaemia or diabetes or 602 401 (66.6%) 133 (61.6%) 268 (69.4%) 0.050t
BMI >30 kg/m? or smoker
At least one DMARD treatment from baseline to 7 years 567 541 (95%) 178 (93.2%) 363 (96.5%) <0.0001t
At least one biological agent from baseline to 7 years 602 164 (27%) 37 (17.1%) 127 (32.9%) <0.0001
Consumption of NSAIDs 602 541 (89.9%) 183 (84.7%) 358 (92.7%) 0.002 1
DAS-28-CRP score 600 4.8+1.2 4.4+1.1 5.0+1.3 <0.0001
DAS-28-CRP score 600 <0.0001 1

<2.6 22 (3.7%) 13 (6.02%) 9 (2.3%)

2.6-3.2 32 (5.3%) 13 (6.02%) 19 (4.9%)

3.2-5.1 324 (54%) 141 (65.3%) 183 (47.7%)

>5.1 222 (37%) 49 (22.7%) 173 (45.1%)
HAQ score 602 1.0+0.7 0.8+0.6 1.1+0.7 <0.0001
CRP level (mg/L) 602 20.2+33.9 13.2+22.1 24.1+38.5 <0.0001
CRP level >10 mg/L 602 274 (45.5%) 76 (35.2%) 198 (51.3%) 0.0001 t
RF (IU/mL) 602 122.2+445.7 118.7+499.6 124.2+413.1 0.111
IgM-RF positivity 602 317 (52.7%) 107 (49.5%) 210 (54.4%) 0.2511
ACPA titres (IU/mL) 602 555.7+1577.2 416.6+1359 633.5+1683.8 0.0004
ACPA positivity 602 268 (44.5%) 76 (35.2%) 192 (49.7%) 0.0006 t
Typical erosion 571 153 (26.8%) 56 (27.7%) 97 (26.3%) 0.7111
mSHS score 574 5.4+7.8 6.0+8.4 5.1+7.4 0.090

Data are no. (%) or mean=SD.

Bold is related to significant p-Values.

*p Values were assessed by Mann-Whitney U test.

p Values were assessed by x> test (or Fisher's exact test).

ACPA, anticitrullinated protein antibodies; BMI, body mass index; CRP, C reactive protein; DAS-28-CRP, Disease Activity Score in 28 joints, with C reactive protein level; DMARD,
disease-modifying antirheumatic drug; ESPOIR, Etude et Suivi des POlyarthrites Indifférenciées Récentes; GC, glucocorticoids; HAQ, Health Assessment Questionnaire; NSAIDs,
non-steroidal anti-inflammatory drugs; RF, rheumatoid factor; mSHS, van der Heijde-modified Sharp score.

>3.2) experienced significantly more events than those without
GC (p=0.006). On weighted Cox proportional-hazards analysis
(IPTW) (see online supplementary figure S1) including age,
gender, history of hypertension and GC treatment, the compos-
ite outcome did not differ with and without GC (p=0.520;
HR=0.889; 95% CI 0.620 to 1.273). The covariates with sig-
nificant effect on the composite outcome were age (p=0.02;
HR=1.636; 95% CI 1.085 to 2.467) and gender (p=0.003;
HR=1.809; 95% CI 1.224 to 2.674).

In the analysis of the 657 patients including those with a
history, the Cox IPTW analysis (see online supplementary figure
S2) included age, gender, history of hypertension, history of
CVD or factures or severe infections, RF, CRP level, BMI
>30 kg/m* and GC treatment. Again, the composite outcome
did not differ with and without GC (p=0.767, HR=0.951;
95% CI 0.684 to 1.323).

Finally, regarding the four-level categorical variable represent-
ing cumulative dose and duration of GC treatment, neither the
cumulative dose nor duration of GC treatment had an effect on
survival (log-rank test, p=0.79 and p=0.57). Also, with two
stratified Cox models used to assess the association between the
covariates age, gender and history of hypertension and the

composite outcome, while controlling for the four-level categor-
ical variable, the results were similar to those with the initial
Cox model (see online supplementary figure S3 and table S2).

DISCUSSION
In a cohort of very early RA from a real-life setting monitored
for 7 years, we investigated the association between exposure to
GC treatment and classical major safety events related to GC
(death, CVD, severe infection, fracture). This 7-year data ana-
lysis of the ESPOIR cohort did not show any significant differ-
ence between patients with RA with and without GC treatment
in terms of major safety events. Most of the patients who
received GC therapy started GC during the first 6 months and
received low-dose therapy. These results support the good safety
profile of low-dose GC therapy for early RA and agree with the
recent work by Strehl et al.>°

GC are considered a bridging therapy, with short-term symp-
tomatic?! 22 and structural effects. However, the GC risk/benefit
balance has little evidence base, with most recent data provided
by observational studies. These studies provide the opportunity
to explore the real-life tolerability profile of GC, with doses and
duration commonly used in daily practice, but often present bias
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Table 2 Primary outcome at 7 years (death or cardiovascular
disease or severe infection or fracture) in the total sample and
patients with and without GC

Total study
population ~ Without GC  With GC
(n=602) (n=216) (n=386) p Value*
Primary outcome 65 (10.8%) 21 (9.7%) 44 (11.4%) 0.520
Death 7 1 6 0.430
Cardiovascular disease 14 3 1 0.400
Coronary artery 8 2 6 -
disease
Stroke 5 1 4 -
Heart failure 1 0 1 -
Severe infections 19 3 16 0.090
Pneumonia 4 2 2 -
Urinary tract infection 7 0 7 -
Digestive 3 1 2 -
Cutaneous 3 0 3 =
Other 2 0 2 -
Fractures 25 14 1" 0.150

Data are number or no. (%).
*p Values were assessed by x> test (or Fisher's exact test).
GC, glucocorticoids.

such as confounding by indication.?® As well, the evidence from
randomised clinical trials is scarce.!! *

The GC tolerability profile has been reported to depend both
on the duration of exposure and dose.®> Indeed, in addition to a
better tolerability profile of a low-dose than high-dose
regimen,”* 2* long-term use of low-dose GC has been associated
with increased mortality as compared with shorter exposures.”®
Most notably, two recent studies suggested a dose-dependent
increase in mortality in RA%” 2%; del Rincén et al*’ revealed a
daily threshold dose of 8 mg at which all-cause mortality
increased with GC dose (adjusted HR=1.78; 95% CI 1.22
to 2.60), and in the German register Rheumatoid Arthritis
oBservation of Blologic Therapy (RABBIT), use of GC >5 mg/
day was associated with increased mortality risk, independent of
RA activity.”® Moreover, a 10-year follow-up study examined
cardiovascular events and deaths in early patients with RA with
no history of CVD who were included in a recent open-label
randomised trial of low-dose prednisolone (7.5 mg/day) over
the first 2years of early RA Better Anti-Rheumatic
PharmacOTherapy (BARFOT+): low-dose prednisolone use
was associated with increased incidence of cerebrovascular
events and, although not significant, increased mortality.”
Long-term follow-up of Computer Assisted Management in
Early Rheumatoid Arthritis (CAMERA II) patients with early
RA who received prednisone at 10 mg/day for at least 2 years
revealed increased cardiovascular risk and, although not signifi-
cant, increased mortality.>®

In our study, most of the patients who took GC received
low-dose GC, <5 mg/day (mean dosage during the entire
follow-up 3.1+2.9 mg/day), for which the literature supports an
acceptable safety profile.*!

Cardiovascular tolerance of GC remains controversial. In one
meta-analysis of observational studies, GC usage was associated
with increased risk of all cardiovascular events (relative
risk=1.47; 95% CI 1.34 to 1.60), including myocardial infarc-
tion, heart failure and stroke.*? In another systematic literature
review, low-dose GC (<10 mg/day) was associated with major
cardiovascular events in four of six studies.®’

Clinical and epidemiological research

GC therapy has been associated with increased risk of severe
infections.>* ¢ One systematic review noted the paucity of data
on the association between low-dose GC (<10 mg/day prednis-
one) and risk of infection.’” In one recent study evaluating
patients with RA aged >65 years, the risk of serious infection
was increased 30%, 46% or 100% with 5 mg prednisolone used
continuously for the last 3 or 6 months or 3 years, respectively, as
compared with no use.>® The increased risk of severe infection
was also proportional to the cumulative dosage over 2-3 years.

Potential limitations of the present study are those inherent to
observational studies, with potential confounders that could not
be taken into account. Moreover, as in many cohort studies, the
data are mostly declarative. The events and comorbid diseases
were reported by patients, and a potential recall bias cannot be
excluded. HAQ and disease activity variables that were selected by
the logistic regression analysis and included in the PS were base-
line variables, which could also be considered a limitation,
because the relationship between GC-related events and disease
activity evolution over time could not be evaluated. Using a com-
posite end point is controversial, mostly because it may emphasise
each patient’s first outcome. Nevertheless, GC toxicity is multifa-
ceted and this way of assessing the most important adverse events
may help identify the net effect of GC. We also decided to use a
composite outcome including the four most relevant adverse
events related to GC treatment, mainly to increase the number of
events and to cover the four most worrisome adverse effects of
GC therapy defined by a panel of rheumatologists.>” Moreover,
we could not perform a dose-response analysis because of the low
doses the patients received. Finally, the relatively small number of
incident events might have implied relatively low power.

The present study has many strengths. First, the ESPOIR
cohort offered a unique opportunity to explore the long-term
impact of GC in very early RA, in a real-life scenario.
Importantly, all participants who received GC started treatment
after entering the cohort, and only incident safety events were
considered. To our knowledge, this is the first cohort study spe-
cifically designed to assess (among other data) GC adverse
effects and to report the long-term tolerability profile of GC use
in early RA. Second, the present 7-year duration of follow-up
provides a sufficient period of observation to ensure a true
association between GC therapy and adverse effects related to
long-term treatment. Third, the ESPOIR cohort has inherent
qualities, including the prospective independent collection of
data and low rate of missing data and dropout.'?

Finally, using a PS in this study limited the indication bias,
thus reinforcing the association between GC and long-term
adverse events. Indeed, several factors such as RA disease activ-
ity and comorbidities or history may have an impact on GC pre-
scription. For instance, in one recent observational study, the
association between GC use and increased incidence of CVD
was negated after adjustment for disease activity and severity,
which suggests an effect confounded by indication due to high
disease activity.*® The propensity for prescribing GC is import-
ant to consider when evaluating the association between GC use
and related outcomes, given that patients with RA with more
active disease might have more likely received GC, and con-
versely, those with history of CVD or severe infections or frac-
tures might have less frequently received GC. Therefore, using a
PS allowed for adjusting of patterns that are difficult to fully
account for by adjusting for only general and RA-related
characteristics in regression modelling. In the ESPOIR cohort,
several characteristics differed between patients with and
without GC, which highlights the value of using the PS in evalu-
ating the relationship between GC use and outcomes.
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CONCLUSIONS

This 7-year data analysis of the ESPOIR cohort did not show
any significant difference in major safety events among patients
with RA with and without GC treatment. These data support
the good safety profile of very low-dose GC therapy in early
RA. Although our findings need further confirmation, they
strongly support the current recommendations® that GC should
be used for early RA, with DMARD:s, for the shortest period
and at the lowest possible dose.
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Infections and respiratory tract disease as risk
factors for idiopathic inflammatory myopathies: a
population-based case—control study

John Svensson, " Marie Holmqvist,* Ingrid E Lundberg, ' Elizabeth V Arkema®

ABSTRACT

Objectives To investigate the association between
infection or respiratory tract disease and future risk of
developing idiopathic inflammatory myopathy (IIM).
Methods A case—control study was performed using
Swedish nationwide registers. Adults with newly
diagnosed 1IM were identified (2002—2011) from

the National Patient Register (NPR) and the Swedish
Rheumatology Register (n=957). Controls were matched
by age, sex and place of residence (n=9476). Outpatient
visits and hospitalisations preceding [IM diagnosis
indicating infection or respiratory disease were identified
from NPR. Conditional logistic regression models were
used to calculate OR and 95% Cl. Sensitivity analyses
were performed by varying the exposure definition,
adjusting for previous healthcare consumption and
excluding individuals with connective tissue disease, IIM
lung phenotype or [IM-associated cancer.

Results Preceding infections were more common in
[IM cases compared with controls (13% vs 9%) and
were associated with an increased risk of IIM (OR 1.5,
95% Cl 1.2 to 1.9). Gastrointestinal and respiratory
tract infections were associated with an increased risk
of IIM while cutaneous infections were not. Preceding
respiratory tract disease was present in 10% of [IM
cases and 4% of controls (OR 2.3, 95% Cl 1.8 to 3.0).
Both upper and lower respiratory tract diseases were
associated with an increased risk of lIM. Variations in
exposure and outcome definitions did not greatly affect
the results.

Conclusions Infections and respiratory tract diseases
are associated with an increased risk of [IM which
suggests that the triggering of the immune system may
take place outside the skeletal muscle.

INTRODUCTION

Idiopathic inflammatory myopathies (IIM) are a
heterogeneous group of rare autoimmune disor-
ders characterised by weakness and inflammation
in skeletal muscles. Based on clinical and muscle
biopsy findings, IIM is often divided into three clin-
ical subtypes, polymyositis (PM), dermatomyositis
(DM) and inclusion body myositis (IBM)."

IIM is believed to be caused by an interaction
between environmental and genetic risk factors.
The HLA-DRB1*0301 gene has been identi-
fied as the strongest genetic risk factor.” Few
environmental risk factors have been identified,
although ultraviolet light and vitamin D have been
discussed.® * Infections could trigger autoimmunity
through multiple mechanisms including molecular

mimicry’ and epitope spreading® and have been
implicated in the development of other rheumatic
diseases such as rheumatoid arthritis (RA).” ® For
IIM, there are case reports and case series showing
an increased frequency of infections preceding IIM
but population-based studies investigating infection
as a risk factor for IIM are lacking.” '

Because the lung is a common extra-muscular
manifestation in [IM and many patients display lung
involvement at diagnosis,'" it is of special interest in
IIM aetiology. Infectious initiation of inflammation
is one suggested mechanism of autoimmunity but
the location of the inflammation could be key. A
possible site of autoimmunity initiation is the lung’s
mucosal tissue, which is the first line of defence
against some exposures such as infection and
smoking.'? Evidence has accumulated that smoking
is a triggering factor for the development of antic-
itrullinated peptide antibodies in RA." In IIM,
anti-Jo-1 antibody positive cases are more likely to
be smokers, which suggests that smoking and the
lung play important roles in IIM development as
well.' A recent case—control study showed that a
history of lung disease (sarcoidosis, pneumonia or
tuberculosis) reported via questionnaire was associ-
ated with IIM, providing further evidence that IIM
could start in the lung."

Both infections and respiratory disease could
cause disease through different or overlapping
mechanisms but it is unclear whether it is the cause
of inflammation or the site where it occurs that is
important in immune-system activation. We, there-
fore, aimed to investigate the association between
an infection or respiratory tract disease and future
risk of developing IIM.

METHODS

Study design

We conducted a population-based case—control
study including newly diagnosed cases with I[IM
and matched controls from the general population.
Respiratory tract disease and infections were iden-
tified from the time period before IIM diagnosis.

Setting

In Sweden, adult patients with IIM are treated
by specialists in internal medicine, rheumatology,
dermatology and neurology. There is universal
access to publicly funded healthcare, including inpa-
tient, non-primary outpatient and primary care, for
all residents. Using the unique personal identifica-
tion number issued to all Swedish residents, data on

BM)

Svensson J, et al. Ann Rheum Dis 2017;76:1803—1808. doi:10.1136/annrheumdis-2017-211174

eular >


http://www.eular.org/
http://ard.bmj.com/
http://crossmark.crossref.org
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

demographics, morbidity and mortality from national adminis-
trative and clinical registers can be linked.

Study population

The National Patient Register (NPR) contains data on hospital-
isations since 1987 and outpatient visits since 2001, listing main
and up to 10 contributory diagnoses at each visit. The coverage
is 99% for hospitalisations and 80% for outpatient care mainly
due to lower reporting from private and psychiatric care. As
95% of Swedish specialists taking care of patients with myositis
are hospital based, the coverage of outpatient visits is high. Cases
with a first ever visit (index date) listing an International Clas-
sification of Diseases (ICD) code for IIM were identified from
the NPR (see online supplementary table 1). They were required
to have =2 visits listing an IIM code in a specialist clinic (theu-
matology, internal medicine, dermatology or neurology). To
exclude possible miss-coding, a subsequent visit to a specialist
clinic between 1-12 months from index date was required to
be included in the study.'® Cases were also identified from the
Swedish Rheumatology Quality register which includes informa-
tion provided by rheumatologists on diagnosis, treatment and
disease activity including IIM since 2003.

Both register sources were available until December 31 2012
and cases were identified between January 1 2002 and December
31 2011. This allows for a 12-month washout period before
study start to exclude prevalent cases and 12 months following
index date to allow time for a second visit for individuals identi-
fied in the NPR. Because diagnosis is set by name by a rheuma-
tologist in SRQ rather than by ICD code, IIM subdiagnosis was
assigned with the following priority: (1) SRQ-given diagnosis,
(2) latest diagnosis at a rheumatology clinic. As there is no ICD
code available for IBM, the code for PM is commonly used in
clinical practice. Therefore, DM is presented separately and PM
and IBM are presented together as ‘other IIM’.

Controls were identified from the National Population
Register and were matched 10:1 to each individual with IIM on
age, sex and place of residence. Controls were required to live in
Sweden and to have no history of IIM at the time the matched
case was diagnosed (index date).

Identification and classification of exposure

The NPR was used to identify the most recent hospitalisation
or specialist outpatient visit from 2001 to index date using ICD
codes (see online supplementary table 1) indicating infections
or respiratory tract disease (non-infectious). In addition, tuber-
culosis was identified from the Swedish Tuberculosis Register,
to which reporting is mandatory from treating physicians and
tuberculosis laboratories. To minimise the risk of reversed
causality, a latency period of 1year between exposure and diag-
nosis was used (hospitalisations or visits indicating infection of
respiratory tract disease in the year before IIM diagnosis were
not considered as exposures).

Exposures were classified based on anatomical location: gastro-
intestinal, skin, or respiratory tract for infections and lower or
upper airways for respiratory tract diseases (see online supple-
mentary table 1). Groups were analysed separately and were not
mutually exclusive.

Other variables

Sex and age were available from the Total Population Register.
Previous healthcare consumption was assessed by counting the
number of hospitalisations (excluding exposure-related, preg-
nancy-related and IIM-related visits) occurring within 5 years

prior to exposure or within 1-6 years prior to index date for
unexposed individuals to account for the 1-year latency period.
We chose to identify visits in this time period to allow all indi-
viduals to have the same possibility to present and to exclude
visits in close proximity to diagnosis as they could be caused by
the outcome.

History of a connective tissue disorder (CTD) was defined as
having =1 hospitalisation or outpatient indicating CTD before
the index date. IIM-associated cancer was defined as having a
registration of a malignant cancer within 3 years before or after
index date. Cancers were identified from the National Cancer
Register to which reporting of cancers is mandatory by clinicians
and pathologists and coverage is close to 99% of all malignant
cancers in Sweden.'” Having a hospitalisation or outpatient visit
indicating fibrosis or lung infiltrates within 3 years before or after
the index date was defined as having an [IM lung phenotype.

Statistical analyses

Conditional logistic regression models were used to estimate
OR and 95% CI which approximate the relative risk between the
exposures and IIM. To investigate if there was a dose-response
relationship between exposure and outcome, the number of
visits indicating a specific exposure was categorised as 0, 1, 2—4
and =5 and added to the model as a single categorical exposure
variable.

We performed several sensitivity analyses to test our definition
of exposure. First, we investigated whether varying the latency
period from 1year to 0 or 3 years changed the results. Second,
we examined a stricter definition of exposure requiring the diag-
nosis of infection or respiratory tract disease to be listed as the
main diagnosis in the NPR. Last, we explored whether the effect
differed by varying register sources and time periods used to
identify exposures. Only hospitalisations were used to identify
more severe infections and respiratory tract disease in one anal-
ysis. Because hospitalisation data were available from 1987, we
could identify exposures occurring up to 24 years before disease
diagnosis. We also used the Prescription Drug Register (PDR),
listing all prescribed drug dispensations in Sweden from July
20035, in addition to the NPR. The addition of the PDR enabled
us to identify less severe types of exposure treated in primary
care where prescription drugs were used (see online supplemen-
tary table 1).

Because future IIM patients might have an impaired immune
system which can potentially cause poorer health leading to
more contact with care providers, previous healthcare consump-
tion was assessed as a proxy for general health, categorised into
quartiles and added to the model as a confounding variable in a
sensitivity analysis.

To investigate if the associations were primarily caused by
other [IM-related conditions, individuals with a history of CTD,
IIM-associated cancer or IIM lung phenotype were excluded in
a sensitivity analysis.

The study was approved by the Ethics Committee at Karo-
linska Institutet.

RESULTS
We identified 957 IIM cases and 9476 controls between 2002
and 2011. For cases, mean time since most recent infection and
respiratory tract disease was 3.4 and 3.0 years, respectively. The
time since infection and respiratory tract disease was similar for
controls (table 1).

The most common infections were pneumonia, gastrointes-
tinal and fungal infections while chronic obstructive pulmonary
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Table 1 Descriptive characteristics of 957 identified incident IIM
cases and matched controls

1IM cases Controls
N 957 9476
Women, n (%) 546 (57) 5401 (57)
Age, mean (SD) 59 (15) 59 (15)
Education, n (%)
>12years 255 (27) 2554 (27)
10-12years 392 (41) 3886 (41)
<9years 297 (31) 2902 (31)
Missing 13(1) 134 (1)
Diagnosis, n (%)
Dermatomyositis 301 (31)
Other lIIM* 656 (69)
History of hospitalisation or outpatient visit
indicating exposuret, n (%)
Infections 125 (13) 877 (9)
Respiratory tract disease 92 (10) 423 (4)
Years since last exposuret, mean (SD)
Infections 3.4(2.1) 3.6(2.3)
Respiratory tract disease 3.0 (2.0) 3.4(2.2)

*Other 1IM includes polymyositis, inclusion body myositis and unspecified myositis
12-month latency period between exposure and outcome.

disease (COPD), asthma and ILD were the most common respi-
ratory tract diseases (see online supplementary table 2).

Previous infections were present in 125 (13%) of IIM cases
and 877 (9%) of controls (OR 1.5, 95%CI 1.2 to 1.9). Both
gastrointestinal infections (OR 1.9, 95% CI 1.1 to 3.5) and respi-
ratory tract infections (OR 1.6, 95% CI 1.1 to 2.3) were associ-
ated with an increased future risk of IIM while skin infections
were not (OR 1.2, 95% CI 0.8 to 2.0) (figure 1).

A history of respiratory tract disease was more common in [IM
cases compared with controls (n=92, 10% vs n=423, 4%) and
was associated with an increased risk of IIM (OR 2.3, 95% CI
1.8 to 3.0). Both lower (OR 2.4, 95%CI 1.8 to 3.0) and upper
(OR 1.9, 95%CI 1.3 to 2.7) respiratory tract disease were posi-
tively associated with IIM (figure 1).

Individuals with more registered visits indicating infections
and respiratory tract disease were at an increased risk to develop
IIM (figure 2).

No differences were seen when stratifying by diagnosis for
infection (DM OR=1.6 and other [IM OR=1.5) or for respira-
tory tract disease (DM OR=2.3 and other IIM OR=2.3).

Sensitivity analyses

When the latency period between exposure and outcome was
removed, the ORs increased for both infections (1.9 vs 1.5) and
respiratory tract disease (2.8 vs 2.1). However, when a latency
period of 3years was used, the ORs remained similar to the
main analyses. ORs were similar when requiring the diagnosis
of infection or respiratory tract disease to be listed as the main
diagnosis in the NPR (table 2).

Using different data sources to identify exposure resulted in
similar OR estimates (online supplementary table 3).

When adjusting for previous healthcare consumption, the
associations decreased but remained significant for both infec-
tions (OR 1.3, 95%CI 1.1 to 1.7) as well as for respiratory tract
disease (OR 2.2, 95%CI 1.7 to 2.8).

One-third (n=297, 31%) of the cases were removed when
individuals with CTDs (n=144, 15%), [IM-associated cancer
(n=106, 11%) or IIM lung phenotype (n=84, 9%) were
excluded. A positive association remained for both infections
(OR 1.4, 95%CI 1.1 to 1.9) and respiratory tract disease (OR
2.2,95%CI 1.6 to 3.1).

DISCUSSION
In this nationwide population-based case—control study including
almost 1000 IIM cases, individuals with a history of an infection
had a 50% increased risk of IIM while respiratory tract disease
more than doubled the risk. Investigating exposures occurring
more than 1year before the IIM diagnosis enabled us to examine
the potential role of exposure long before disease onset which
could have a greater influence on disease development rather
than exposures occurring in close proximity to disease onset.
Most studies suggesting infections as risk factors for IIM are
based on case reports and have examined events in close prox-
imity to diagnosis’ '* or have relied on antibody tests or immune

Exposed lIM cases Exposed controls
i (N=957) ° (I:=9476; ° os i)
Infections, n (%)
All 125 (13%) 877 (9%) : —— 1.5(1.2-1.9)
Location ;
Gastrointestinal 13 (1%) 68 (1%) i - 1.9 (1.1-3.5)
Skin 19 (2%) 155 (2%) ——— 1.2 (0.8-2.0)
Respiratory 34 (4%) 214 (2%) E — 1.6 (1.1-2.3)
Respiratory tract disease, n (%) '
All 92 (10%) 423 (4%) i —— 2.3 (1.8-3.0)
Location :
Lower 61 (6%) 263 (3%) : —— 2.4 (1.8-3.3)
Upper 36 (4%) 194 (2%) : —_——— 1.9 (1.3-2.7)
0.5 1.0 2.0 4.0

" OR (95%C1)

Figure 1 ORs for developing idiopathic inflammatory myopathies (IIM) associated with having a history of hospitalisation and/or outpatient visit
for infections or respiratory tract disease (overall and by location). Groups are not mutually exclusive. Exposures occurring within 1year before 1IM
diagnosis were not considered. ORs were estimated using conditional logistic regression conditioned on the matching set.
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IIM cases Controls
N=957 N=9476
Infections, n(%)
0 visits 832 (87%) 8599 (91%)
1 visit 70 (7%) 528 (6%)
2-4 visits 41 (4%) 273 (3%)
25 visits 14 (1%) 76 (1%)
Respiratory, n(%)
0 visits 865 (90%) 9053 (96%)
1 visit 42 (4%) 212 (2%)
2-4 visits 33 (3%) 149 (2%)
25 visits 17 (2%) 62 (1%)

OR (95%Cl)
1
. ref
f—— 1.4 (1.1-1.8)
| —— 1.6 (1.1-2.2)
1
——— 2.0 (1.1-3.5)
i
. ref
1
b —— 2.1 (1.5-3)
I e — 2.3(1.6-3.4)
e 3.0 (1.7-5.2)
1I0 I SIO S.IO

2.0
OR (95%CI)

Figure 2 Effects of having multiple previous visits indicating infections or respiratory tract disease on the future risk to develop idiopathic

inflammatory myopathies.Cl, confidence interval; OR, odds ratios.

assays in prevalent cases,"” 2! making it difficult to infer anything

about the temporality of the association. In a study with newly
diagnosed PM and DM, similar findings as ours have been
reported for infections IRR=1.70).%

Respiratory inflammatory exposures were found to be asso-
ciated with IIM in a recent study" but it only included three
specific respiratory outcomes (sarcoidosis, pneumonia and
tuberculosis) while our study includes a wider range of respira-
tory tract diseases. Their identification of IIM using hospitalisa-
tion data only likely led to the inclusion of more severe cases of
IIM. Relying on questionnaire data may have caused some recall
bias, and because the questionnaires were sent out years after
diagnoses, only surviving patients could be included. Our find-
ings suggest that respiratory tract disease is a stronger risk factor
than infections. This could be due to the location of the inflam-
mation and that the lung could act as the initial site of immune
activation and auto-antibody production, as has been seen in
RA.'? In addition, the duration of the inflammation may play an
important role as the increased inflammatory burden of chronic
respiratory tract disease may lead to the break of self-tolerance.

This study has national coverage, enabling us to identify
all individuals seeking care for IIM in Sweden and is to our

knowledge the largest study to date investigating risk factors
for IIM. In a recent study, we developed a stable algorithm to
identify patients with IIM from the NPR.'® The same study did,
however, demonstrate the difficulties of discriminating between
PM and IBM by only using ICD codes from the NPR. Therefore,
only DM was analysed separately. If PM and IBM are affected
differently by these exposures, we may have underestimated the
effect on one and overestimated the effect on the other.

Using national register sources with long follow-up, it was
possible to identify exposures occurring up to 10 years before
diagnosis. However, with this design we did not identify triggers
of disease occurring in close proximity to development of IIM
but rather our aim was to identify exposures which occurred
years before disease diagnosis. We believe an early time window
is relevant for disease pathogenesis, as immunomodulation
preceding development of clinically manifested disease could be
initiated years before disease onset and therefore may be trig-
gered by exposures occurring long before disease diagnosis. As
has been demonstrated in other rheumatic diseases.” ** Further-
more, by excluding exposures occurring less than 1year from
IIM onset, we aimed to decrease the risk of reversed causality
and detection bias. Also, we investigated if there was a difference

Table 2  Sensitivity analysis presenting number of identified idiopathic inflammatory myositis (1IM) cases and controls and corresponding ORs
when varying latency time and excluding contributory diagnosis from the National Patient Register

Exposed
1IM cases Exposed controls
(n=957) (n=9476) OR* (95%Cl)
Infections, n (%)
Main or contributory diagnosis, 1-year latencyt 125 (13) 877 (9) 1.5(1.2t01.9)
Main diagnosis, 1-year latency 104 (11) 724 (8) 1.5(1.2t01.9)
Main or contributory diagnosis, 0-year latency 181 (19) 1081 (11) 1.9(1.61t02.2)
Main or contributory diagnosis, 3-year latency 78 (11) 547 (7) 1.5(1.2t01.9)
Respiratory tract disease, n (%)
Main or contributory diagnosis, 1-year latencyt 92 (10) 423 (4) 2.3(1.8t03.0)
Main diagnosis, 1-year latency 68 (7) 334 (4) 2.1(1.6t02.8)
Main or contributory diagnosis, 0-year latency 133 (14) 526 (6) 2.8(2.3t03.4)
Main or contributory diagnosis, 3-year latency 56 (8) 256 (3) 23(1.7t03.1)

*OR from conditional logistic regression.

tDefinitions used in the main analyses. Only subjects with sufficient follow-up time included in the denominator when a latency period was included.
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in the number of cases and controls who had no visits in the
NPR prior to index date. Most individuals in the study had at
least one previous visit in the NPR and even though there was
a difference between cases and controls (13% vs 16% with no
visits), we do not believe this explains the associations observed
in our study.

Regarding the identification of exposures, the validity of
the Swedish patient register is considered high with a positive
predictive value (PPV) between 85%-95% for included diag-
noses in one study.”* For infections, both sepsis, pneumonia and
infections of the central nervous system have a specificity over
95% while for respiratory tract diseases, asthma and COPD have
a PPV of 75%-94% and 90%, respectively.”** It would be inter-
esting to further group exposures on specific type (eg, bacterial
and viral) but as some ICD codes can be used for multiple types
of infections, the specificity of these types would be too low.

Respiratory conditions could lead to a respiratory infection
but because respiratory infections are only a small proportion
of overall infections and results are similar between cases and
controls, we believe this does not greatly influence our overall
interpretation of the results (see online supplementary figure 1).

We conducted several sensitivity analyses to identify alterna-
tive explanations to these findings but the results remained the
same. First, the associations found in this study may be due to an
underlying cause of both IIM and infection or respiratory tract
disease. Cases might have poorer health or an affected immune
system increasing the risk of having the exposure. Therefore,
previous healthcare consumption was adjusted for in the model
as a proxy for general health. Also, individuals with I[IM-associ-
ated conditions which could have a different disease aetiology
were excluded. Second, because severity and timing of exposure
could affect the associations, we varied the methods through
which exposures were identified. When only hospitalisations
were used to identify more severe exposures, it was possible
to identify visits dating back to 1987. This did not affect the
association for infections while the association with respira-
tory tract disease was weakened. Furthermore, because some
infections and respiratory tract disease are treated in primary
care, and may not have been captured, we likely missed some
exposures. We addressed this by using drug dispensings, which
enabled us to identify all exposures treated with prescription
drugs. Still we could not identify exposures that were untreated,
for example, common cold. We did observe a dose-response
relationship between the number of visits and increased risk to
develop IIM for both infections and respiratory tract disease
which strengthens our hypothesis.

We cannot rule out that the observed associations are caused
by residual confounding. Smoking has been suggested as a risk
factor for a subgroup of IIM with anti-Jo-1 autoantibodies and
is closely linked to respiratory conditions like COPD, asthma
as well as upper respiratory conditions like chronic rhinitis. As
we do not have smoking status available in these data, we were
unable to adjust for this effect. However, we do not believe
smoking would fully explain our results.

Our findings do not provide evidence of a protective effect of
infections which has been suggested for autoimmune disease and
allergies through the hygiene hypothesis.”® Rather our findings
imply that infections in the gastrointestinal and respiratory tracts
can increase the risk of IIM. Molecular mimicry where a foreign
antigen shares similarities with self-antigens, has been suggested
as a potential mechanism.’ Furthermore, gastrointestinal infec-
tions could change the gut microbiota, causing autoimmunity by
affecting immunoregulatory mechanisms.*” Infections also cause
local inflammation as do many respiratory tract diseases like

asthma, COPD and rhinitis and an increased inflammatory load
or a general activation of the immune system could be involved
in disease pathogenesis, possibly through priming of self-reactive
lymphocytes and autoantibody production.® '?

In conclusion, we observed associations between IIM and
infections of the gastrointestinal and respiratory tract as well as
both upper and lower respiratory inflammatory conditions in
our study. These findings suggest that external triggers of immu-
nomodulation could be part of the aetiology of IIM and that
these events could appear years before clinical manifestations
of IIM.

Contributors Planning of the study: JS, EA, MH, IL. Analyses: JS. Interpretation of
results: JS, EA, MH, IL. Writing: JS, EA, MH, IL.

Funding This study was supported by grants from the Swedish Society of Medicine,
Swedish Research Council K2014-52X-14045-14-3, the Swedish Rheumatism
Association, King Gustaf V 80 Year Foundation, Konung Gustaf V:s och Drottning
Victorias Frimurarstiftelse, Funds at the Karolinska Institutet (KID) and through

the regional agreement on medical training and clinical research (ALF) between
Stockholm County Council and Karolinska Institutet.

Competing interests IL has received honoraria from Bristol Myers Squibb and is
currently receiving a research grant from Bristol Myers Squibb and from Astra Zeneca.

Ethics approval Ethics Committee at Karolinska Institutet.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Dalakas MC. Polymyositis, dermatomyositis and inclusion-body myositis. N Engl J Med
1991,325:1487-98.

2 0'Hanlon TP, Carrick DM, Targoff IN, et al. Immunogenetic risk and protective factors
for the idiopathic inflammatory myopathies: distinct HLA-A, -B, -Cw, -DRB1, and
-DQAT1 allelic profiles distinguish european american patients with different myositis
autoantibodies. Medicine 2006;85:111-27.

3 Azali P Barbasso Helmers S, Kockum |, et al. Low serum levels of vitamin D in
idiopathic inflammatory myopathies. Ann Rheum Dis 2013;72:512-6.

4 Hengstman GJ, van Venrooij WJ, Vencovsky J, et al. The relative prevalence of
dermatomyositis and polymyositis in Europe exhibits a latitudinal gradient. Ann
Rheum Dis 2000;59:141-2.

5 Cusick MF, Libbey JE, Fujinami RS. Molecular mimicry as a mechanism of autoimmune
disease. Clin Rev Allergy Immunol 2012;42:102-11.

6 Vanderlugt CL, Miller SD. Epitope spreading in immune-mediated diseases:
implications for immunotherapy. Nat Rev Immunol 2002;2:85-95.

7 Carlens C, Jacobsson L, Brandt L, et al. Perinatal characteristics, early life infections
and later risk of rheumatoid arthritis and juvenile idiopathic arthritis. Ann Rheum Dis
2009;68:1159-64.

8 Nielsen PR, Kragstrup TW, Deleuran BW, et a/. Infections as risk factor for autoimmune
diseases - A nationwide study. J Autoimmun 2016;74:176-81.

9 Rider LG, Wu L, Mamyrova G, et al. Environmental factors preceding illness
onset differ in phenotypes of the juvenile idiopathic inflammatory myopathies.
Rheumatology 2010,49:2381-90. keq277.

10 Koch MJ, Brody JA, Gillespie MM. Childhood polymyositis: a case-control study. Am J
Epidemiol 1976;104:627-31.

11 Fathi M, Dastmalchi M, Rasmussen E, et al. Interstitial lung disease, a common
manifestation of newly diagnosed polymyositis and dermatomyositis. Ann Rheum Dis
2004;63:297-301.

12 Mikuls TR, Payne JB, Deane KD, et al. Autoimmunity of the lung and oral mucosa
in a multisystem inflammatory disease: the spark that lights the fire in rheumatoid
arthritis? J Allergy Clin Immunol 2016;137:28-34.

13 Baka Z, Buzas E, Nagy G. Rheumatoid arthritis and smoking: putting the pieces
together. Arthritis Res Ther 2009;11:238.

14 Chinoy H, Adimulam S, Marriage F, et a/. Interaction of hla-drb1*03 and smoking for
the development of anti-jo-1 antibodies in adult idiopathic inflammatory myopathies:
a European-wide case study. Ann Rheum Dis 2012;71.

15 Helmers SB, Jiang X, Pettersson D, et al. Inflammatory lung disease a potential risk
factor for onset of idiopathic inflammatory myopathies: results from a pilot study.
RMD Open 2016;2:€000342.

16 Svensson J, Arkema EV, Lundberg IE, et al. Incidence and prevalence of idiopathic
inflammatory myopathies in Sweden: a nationwide population-based study.
Rheumatology 2017;56:802—10. In press.

17 Barlow L, Westergren K, Holmberg L, et al. The completeness of the Swedish Cancer
register: a sample survey for year 1998. Acta Oncol 2009;48:27-33.

18 Pachman LM, Lipton R, Ramsey-Goldman R, et a/. History of infection before
the onset of juvenile dermatomyositis: results from the National Institute of

Svensson J, et al. Ann Rheum Dis 2017;76:1803—1808. doi:10.1136/annrheumdis-2017-211174 1807


https://dx.doi.org/10.1136/annrheumdis-2017-211174
http://dx.doi.org/10.1056/NEJM199111213252107
http://dx.doi.org/10.1097/01.md.0000217525.82287.eb
http://dx.doi.org/10.1136/annrheumdis-2012-201849
http://dx.doi.org/10.1136/ard.59.2.141
http://dx.doi.org/10.1136/ard.59.2.141
http://dx.doi.org/10.1007/s12016-011-8294-7
http://dx.doi.org/10.1038/nri724
http://dx.doi.org/10.1136/ard.2008.089342
http://dx.doi.org/10.1016/j.jaut.2016.05.013
http://dx.doi.org/10.1093/rheumatology/keq277
http://dx.doi.org/10.1093/oxfordjournals.aje.a112341
http://dx.doi.org/10.1093/oxfordjournals.aje.a112341
http://dx.doi.org/10.1136/ard.2003.006122
http://dx.doi.org/10.1016/j.jaci.2015.10.024
http://dx.doi.org/10.1186/ar2751
http://dx.doi.org/10.1136/annrheumdis-2011-200182
http://dx.doi.org/10.1136/rmdopen-2016-000342
http://dx.doi.org/10.1093/rheumatology/kew503
http://dx.doi.org/10.1080/02841860802247664
http://ard.bmj.com/
http://group.bmj.com

20

21

22

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

Arthritis and musculoskeletal and skin diseases Research Registry. Arthritis Rheum
2005;53:166-72.

Chen DY, Chen YM, Lan JL, et al. Polymyositis/dermatomyositis and nasopharyngeal
carcinoma: the Epstein-Barr virus connection? J Clin Virol 2010;49:290-5.
Douche-Aourik F, Berlier W, Féasson L, et al. Detection of Enterovirus in human
skeletal muscle from patients with chronic inflammatory muscle disease or
Fibromyalgia and healthy subjects. / Med Virol 2003;71:540-7.

Gilbert DT, Morgan O, Smikle MF, et al. HTLV-1 associated polymyositis in Jamaica.
Acta Neurol Scand 2001;104:101-4.

Rantapaa-Dahlqvist S, de Jong BA, Berglin E, et al. Antibodies against cyclic
citrullinated peptide and IgA rheumatoid factor predict the development of
rheumatoid arthritis. Arthritis Rheum 2003;48:2741-9.

23

2%

25

26

27

Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the
swedish national inpatient register. BMC Public Health 2011;11:450.

Gedeborg R, Furebring M, Michaélsson K. Diagnosis-dependent misclassification

of infections using administrative data variably affected incidence and mortality
estimates in ICU patients. J Clin Epidemiol 2007,60:155.e1-155.e11.

Ortquist AK, Lundholm C, Wettermark B, et al. Validation of asthma and eczema in
population-based swedish drug and patient registers. Pharmacoepidemiol Drug Saf
2013;22:850-60.

Bach JF. The effect of infections on susceptibility to autoimmune and allergic diseases.
N Engl / Med 2002;347:911-20.

Rook GA. Hygiene hypothesis and autoimmune diseases. Clin Rev Allergy Immunol
2012;42:5-15.

1808

Svensson J, et al. Ann Rheum Dis 2017;76:1803—1808. doi:10.1136/annrheumdis-2017-211174


http://dx.doi.org/10.1002/art.21068
http://dx.doi.org/10.1016/j.jcv.2010.08.015
http://dx.doi.org/10.1002/jmv.10531
http://dx.doi.org/10.1034/j.1600-0404.2001.104002101.x
http://dx.doi.org/10.1002/art.11223
http://dx.doi.org/10.1186/1471-2458-11-450
http://dx.doi.org/10.1016/j.jclinepi.2006.05.013
http://dx.doi.org/10.1002/pds.3465
http://dx.doi.org/10.1056/NEJMra020100
http://dx.doi.org/10.1007/s12016-011-8285-8
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2016-210879).

1Department of Medicine Solna,
Clinical Epidemiology Unit,
Karolinska University Hospital
and Institutet, Stockholm,
Sweden

“Department of Women's and
Children's Health, Division of
Obstetrics and Gynaecology,

Karolinska Institutet, Stockholm,

Sweden

*Department of Rheumatology,
Karolinska University Hospital,
Stockholm, Sweden

Correspondence to

Katarina Remaeus, Department
of Medicine, Solna, Clinical
Epidemiology Unit, T2,
Karolinska University Hospital
and Institutet, 171 76
Stockholm, Sweden;
katarina.remaeus@ki.se

Received 26 November 2016
Revised 27 April 2017
Accepted 3 June 2017
Published Online First

1 July 2017

CrossMark

To cite: Remaeus K,
Johansson K, Askling J,
et al. Ann Rheum Dis
2017;76:1809-1814.

EXTENDED REPORT

Juvenile onset arthritis and pregnancy outcome: a
population-based cohort study

Katarina Remaeus,"* Kari Johansson,' Johan Askling,"* Olof Stephansson '+

ABSTRACT

Objectives Reports on pregnancy outcomes among
women with juvenile onset arthritis (JIA) have been few
and small. The aim of this study was to assess pregnancy
outcomes in a large and contemporary cohort of women
diagnosed with JIA.

Methods In a nationwide Swedish population-based
cohort study between 1992 and 2011, we identified
1807 births among women with JIA and 1949202
control births. Since JIA is a heterogenic condition, births
to women with JIA was divided into JIA paediatric only
(n=1169) and JIA persisting into adulthood (n=638).
ORs and 95% Cls were estimated with generalised
estimating equations.

Results Women with JIA were at increased risk of
preterm birth, especially medically indicated, in both
subgroups: adjusted OR (aOR) 1.74 (1.35-2.67) for JIA
paediatric and aOR 4.12 (2.76-6.15) for JIA persisting
into adulthood. JIA persisting into adulthood was
associated with very preterm birth (aOR 3.14, 1.58—
6.24), spontaneous preterm birth (aOR 1.63, 1.11-2.39),
small for gestational age birth (aOR 1.84, 1.19-2.85),
early-onset pre-eclampsia (aOR 6.28, 2.68-13.81)

and late-onset pre-eclampsia (aOR 1.96, 1.31-2.91).
Women with JIA paediatric only were at increased risk of
delivery by caesarean section (aOR 1.42, 1.66—1.73) and
induction of labour (aOR 1.45, 1.18-1.77).
Conclusions We found increased risks of both maternal
and infant complications among women with JIA
confined to childhood and in women with JIA persistent
into adulthood as compared with population controls.
Pregnancies in women with JIA should thus be subject to
increased surveillance during pregnancy and delivery.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) encompasses
a heterogeneous group of clinical phenotypes
characterised by onset of arthritis before the age
of 16 years and is the most common childhood
chronic rheumatic disease in the general popula-
tion.! Although the natural course of JIA is variable
and may include remission, more than one-third of
all JIA persists into adulthood.?

Chronic inflammation such as rheumatoid
arthritis and inflammatory bowel disease have been
associated with increased risks for adverse preg-
nancy outcomes,”™ presumably linked to effects
of ongoing and past inflammation. JIA may impact
health in adulthood through several mechanisms:
ongoing inflammatory activity and exposure to
immune-modulatory therapies, systemic effects
of past inflammatory activity such as impaired
growth during adolescence and local effects such

as joint destruction. So far, reports on pregnancy
outcomes among women with JIA have been few:
in 1991, Ostensen reported on 76 pregnancies in
women with JIA and suggested an increased risk of
caesarean delivery.® In 2013, Chen et al reported
on 78 births in women with JIA and increased risks
for caesarean delivery, pre-eclampsia and preterm
birth.” Recently Ehrmann Feldman et al reported
on a large cohort study of women with a history
of JIA (n=1681). The study focused on neonatal
outcomes and reported on higher proportions of
prematurity, small for gestational age (SGA) and
congenital malformations in the infants to women
with a history of JIA.®

The aim of our study was to assess maternal and
infant pregnancy outcomes in a large and contem-
porary cohort of women diagnosed with JIA and to
the extent possible differentiate between JIA that did
versus did not require medical attention at the time
of pregnancy. To this end, and using national and
population-based registers, we assessed pregnancy
outcomes in women diagnosed with paediatric
onset JIA and compared these with the expected
pregnancy outcomes in the general population.

MATERIAL AND METHODS

We conducted a nationwide registry-based cohort
study, including births in Sweden between 1992 and
2011.

Setting and data sources

Swedish healthcare is public and tax funded. There
are national registries of prospectively collected
information on health and social factors on all
inhabitants, and a Civil Personal Registration (CPR)
number (a unique 10-digit number assigned to each
resident at birth or immigration) enables register
linkages.” Paediatric rheumatology is managed by
paediatricians with a subspecialisation or a special
interest in rheumatology.

In this study, we used the following nationwide,
population-based registers:

The Swedish Patient Register (PR) contains
information on Swedish inpatient care since 1964
(nationwide since 1987).'° On every visit, primary
and contributory discharge diagnoses, as assigned
by the discharging physician, are coded according
to the calendar year—specific International Classi-
fication of Diseases (ICD) 7th through 10th revi-
sion codes, together with dates of admission and
discharge. The completeness of this register is more
than 99%. In 2001, nationwide data from specialist
outpatient care were added to the PR. The same
coding scheme is used as for the inpatient coding.
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The Swedish Medical Birth Register (MBR) includes detailed
information from more than 98% of all births in Sweden since
1973. Information is collected prospectively from the first visit
during pregnancy to antenatal care, delivery and the neonatal
period." The register provides information on maternal, preg-
nancy and birth characteristics such as age, smoking, height,
weight and parity, gestational age at birth, mode of delivery,
delivery complications, stillbirth, birth weight, congenital malfor-
mations, Apgar score, and neonatal morbidity and mortality.

The Swedish Educational Register (ER) is held by Statis-
tics Sweden and contains information on the highest level of
completed education of all Swedish citizens 1674 years of age.
Information about foreign-born citizen’s educational level is
gathered yearly via surveys.

Identification of the study population

During the study period, 2 022 109 births were registered in the
MBR. We excluded 59 259 births with multiple pregnancy and
2434 births without a CPR number. The remaining singleton
births were merged with data from the PR and the ER. To avoid

misclassification of the main exposure (diagnosis of juvenile
onset arthritis), we excluded all births with a maternal diagnosis
of connective tissue disease from the cohort (see online supple-
mentary table S1 for ICD-codes used for exclusions). The final
cohort consisted of 1 951 009 singleton births.

Maternal characteristics
Maternal characteristics are presented in table 1.

Exposure
In the PR, we identified all women (1090 unique women with
1807 births) with at a least one diagnosis of juvenile arthritis
with onset before 18 years of age (see online supplementary table
S2 for diagnosis codes). For simplicity hereafter entitled juvenile
onset arthritis (JIA). We only accepted diagnoses assigned by
physicians from internal medicine, rheumatology, paediatrics or
paediatric surgery departments.

Our main interest was to explore the association between
JIA and adverse pregnancy outcome. Since JIA is a heterogenic

Table 1 Descriptive data on 1 951 009 singleton births 1992-2011 with and without juvenile onset arthritis (JIA)

Number of births

JIAn=1807 Population controls n=1 949 202
Characteristic n (%) n (%) p Value
Maternal age at delivery (years) <0.0001
13-24 489 (27.1) 327085 (16.8)
25-29 614 (34.0) 641705 (32.9)
30-34 502 (27.8) 636029 (32.6)
35+ 202 (11.2) 344380 (17.7)
Missing 0(0) 3 (<0.00)
Calendar year of delivery <0.0001
1992-1998 470 (26.0) 692609 (35.5)
1999-2004 465 (25.7) 534360 (27.4)
2005-2011 872 (48.6) 722233 (37.1)
Missing 0(0) 0(0)
Mother's country of birth <0.0001
Nordic 1778 (98.4) 1625 426 (83.7)
Non-Nordic 29(1.6) 316401 (16.3)
Missing 0(0) 7375 (0.4)
Parity <0.0001
Parous 871 (48.2) 1107 165 (56.8)
Primiparous 936 (51.8) 842037 (43.2)
Missing 0(0) 0(0)
BMI (kg/m?) <0.0001
11.0-18.4 77 (4.9) 43440 (2.6)
18.5-24.9 1006 (63.8) 1067310 (63.2)
25.0-29.9 335(21.2) 408432 (24.2)
30.0+ 159 (10.1) 169721 (10.1)
Missing 230 (12.7) 260299 (13.4)
Smoking habits (number of cigarettes per day) 0.0014
Non-smokers 1457 (85.6) 1628 704 (88.1)
1-9 179 (10.5) 150576 (8.1)
10+ 67 (3.9) 69466 (3.8)
Missing 104 (5.8) 100456 (5.2)
Maternal education 0.0008
>High school 752 (42.4) 877171 (46.4)
<High school 1021 (57.6) 1014 582 (53.6)
Missing 34(1.9) 57449 (2.9)

BMI, body mass index.
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condition that may or may not persist into adulthood, we
constructed two subgroups of births within the JIA-group.

The first subgroup, ‘JIA paediatric only’ (considered to have
JIA confined to childhood and adolescence) included births to
women with onset of JIA before 18 years of age or a diagnosis
of any of the corresponding adult arthritis diagnoses: psoriatic
arthritis, ankylosing spondylitis, inflammatory spondyloarthrop-
athies or rheumatoid arthritis before the age of 18 years (the
Swedish cut-off between paediatric and adult care), but without
any visits or hospitalisations listing either of these diagnoses after
the age of 18 years until the time point of delivery (n=1169).

The second subgroup ‘JIA persisting into adulthood” included
births to women with a diagnosis of JIA, with the same criteria
as described above and who also had at least one visit or hospi-
talisation listing for either of these diagnoses after the age of
18 years but before delivery (n=638) (see online supplemen-
tary table S3 for numbers of JIA in each group and diagnosis of
arthritis >18 years).

Outcomes

Pre-eclampsia (including eclampsia) was analysed among all
births (including stillbirths) and identified by the ICD-9 codes
642E-G and ICD-10 codes O14 and O15. We used gestational
age at delivery to categorise pre-eclampsia as early onset (before
gestational week 34+0) and late onset (gestational age =3440).
Among all births, we assessed stillbirth (intrauterine death after
gestational week 28 from 1992 to June 30 2008 and from July 1
from gestational week 22).

All other outcomes were analysed among live births. Preterm
birth (before 37 gestational weeks) was subcategorised into very
preterm (<32+0gestational weeks) and moderately preterm
(32+0-36+6 gestational weeks) and by type of onset: spontaneous
or induced. Onset of labour was categorised into spontaneous or
induced labour and mode of delivery into vaginal birth, assisted
vaginal birth or caesarean section (emergency or planned).

For fetal outcomes, we assessed neonatal death (death before
28 days), Apgar score <7 at Smin and SGA. SGA was defined
as a birth weight of more than 2 SD below the sex-specific mean
for gestational age, based on the Swedish reference curve of esti-
mated fetal growth.'?

Statistical analyses

Differences between births in mothers with JIA and the reference
population with regards to categorical data were assessed by a y*
test where p<0.05 was considered statistically significant. Uncon-
ditional logistic regression analyses were performed to estimate
crude and adjusted ORs (aORs) with associated 95% Cls for
outcome variables. The generalised estimation equation method
was used in the model to account for the clustering due to the
inclusion of multiple births from the same mother. In the adjusted
analyses, we controlled for maternal age at delivery, parity, body
mass index (BMI), smoking habits, educational level, the mother’s
country of birth and calendar year of birth.

We used a formal interaction test in the model to estimate
possible effect modification between the exposure diabetes and the
outcome pre-eclampsia. We performed sensitivity analyses where
we defined JIA as at least two JIA diagnoses before 18 years of
age (online supplementary table S4), restricted the analyses to
births during 2002-2011 (online supplementary table S5) and
restricted the identification of JIA diagnoses to 1987-2011 (ICD-9
and ICD-10 codes) (online supplementary table S6). We also
performed a sensitivity analysis regarding time since last diagnosis
in women with JIA paediatric restricted to year 2003 and onwards,

with requirement of 2 years from last diagnosis until delivery. All
analyses were conducted using SAS software, V.9.4.

RESULTS

During the study period, there were 1807 singleton births in
women with a diagnosis of JIA before delivery and 1 949 202
population control births. Compared with population controls,
women with JIA were generally younger, leaner, more often
primiparous and born in the Nordic countries. They were more
often smokers and also had a lower education level (table 1).
Mean and median age at delivery was 28 years in both JIA
subgroups. Mean time from last visit until delivery in women
with JIA paediatric only after 2003 (n=563) was 18.4 years (SD
9.1) and median time was 20.1 years (range 10-26). In women
with JIA persisting into adulthood, mean time from first diag-
nosis until delivery was 17.7 years (SD 7.8) and median was 18.0
years (range 11-23).

JIA paediatric only

Preterm birth was more common in the JIA paediatric group
(5.9%) than in population controls (5.0%). There was an elevated
risk of moderately preterm birth (aOR 1.43; 95%CI 1.07 to 1.91)
and medically indicated preterm birth (aOR 1.74; 95%CI 1.35 to
2.67) in women with JIA paediatric only compared with popula-
tion controls. Regardless of gestational age, a larger proportion of
the JIA paediatric only births were induced: 13.9% compared with
10.3% in the population control group (aOR 1.45; 95% CI 1.18 to
1.77). Caesarean delivery was more common in women with JIA
paediatric only (aOR 1.42; 95%CI 1.66 to 1.73), with increased
risks of emergency and elective caesarean sections (table 2). There
was no difference in risk of pre-eclampsia, assisted vaginal delivery,
stillbirth, 5min Apgar score, SGA birth and neonatal mortality
between the groups.

JIA persisting into adulthood
Compared with population controls, there was an increased risk
of pre-eclampsia in women with JIA persisting into adulthood
(table 3). When stratifying by time of onset, we found increased
risks for early onset pre-eclampsia (aOR 6.28; 95%CI 2.86 to
13.81) and late onset pre-eclampsia (aOR 1.96; 95%CI 1.31
to 2.91) in the JIA persisting group compared with population
controls (table 3). The risk of preterm birth was increased (aOR
2.40; 95%CI 1.81 to 3.18) and also when divided into moder-
ately preterm and very preterm birth (aOR 2.74; 95% CI 1.68 to
3.08 and aOR 3.14; 95% CI 1.58 to 6.24, respectively) (table 3).
Both the risk of medically indicated and spontaneous onset of
preterm birth was increased in women with JIA persisting into
adulthood, and the births in this group were also induced to a
greater extent compared with population control births (aOR
1.37; 95%CI 1.07 to 1.75). In addition, they were more often
delivered by caesarean section, whereas there was no difference
regarding assisted vaginal delivery (table 3). The proportion of
pre-eclampsia in preterm birth was 22.9% in the JIA persisting
group compared with 12.4% in population control births. In
medically indicated preterm birth, the proportion of pre-ec-
lampsia was 45.5% compared with 36.6% in population control
births and in SGA births 32.1% compared with 14.3% (table 4).
There was no difference in risk regarding stillbirth in JIA
persisting into adulthood compared with population controls,
whereas there was an increased risk of SGA (aOR 1.84; 95% CI
1.19 to 2.50) (table 3). The other neonatal outcomes did not
differ between the groups.
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Table 2 Adverse pregnancy and infant outcomes among singleton births from 1992 to 2011 with JIA paediatric only, compared with population

control births

Outcome variable among JIA paediatric only

Population control births

all births n=1169 n=1949 840 OR (95% ClI) aOR* (95% Cl)

N (%) N (%)
Pre-eclampsia 40 (3.4) 54198 (2.8) 1.24 0.89t01.72 1.27 0.90 to 1.80
Early onset pre-eclampsiat 4(0.3) 4870 (0.3) 1.37 0.51t0 3.67 1.76 0.66 to 4.68
Late onset pre-eclampsiat 36 (3.1) 49241 (2.6) 1.22 0.87t0 1.71 1.22 0.851t0 1.75
Stillbirth 5(0.4) 6443 (0.3) 1.30 0.54 t0 3.10 1.44 0.54 to0 3.81

Population control live

Outcome variables among JIA paediatric only births
live births n=1164 n=1943 397 OR (95% ClI) aOR* (95% ClI)

N (%) N (%)
Preterm delivery 69 (5.9) 96423 (5.0) 1.21 0.93 to 1.57 1.32 1.00to 1.76
(<37+0)
Moderately preterm delivery 66 (5.7) 83174 (4.3) 1.34 1.03t01.75 1.43 1.07 to 1.91
Very preterm delivery 3(0.3) 13249 (0.7) 0.38 0.12t0 1.17 0.52 0.16 10 1.62
Preterm delivery, medically indicated 26(2.2) 29046 (1.5) 1.51 1.01t0 2.25 1.74 1.35102.67
Preterm delivery, spontaneous 43 (3.7) 67377 (3.5) 1.07 0.76 to 1.50 1.14 0.79t0 1.64
Induction of labour 158 (13.9) 196383 (10.3) 1.40 1.17 t0 1.68 1.45 1.18t0 1.77
Assisted vaginal delivery 88 (9.1) 141630 (8.5) 1.08 0.86 t0 1.35 1.33 0.87t0 1.46
Caesarean section 198 (17.0) 279984 (14.4) 1.22 1.02 to 1.46 1.42 1.66 to 1.73
Emergency caesarean section 104 (8.9) 145651 (7.5) 1.21 0.98 to 1.50 1.37 1.08t0 1.74
Elective caesarean section 94 (8.1) 134333 (6.9) 1.18 0.93 to0 1.50 1.39 1.08 t0 1.78
Apgar <7 at 5min 8(0.7) 20356 (1.1) 0.65 0.33t0 1.31 0.71 0.34t0 1.50
Small for gestational age 26(2.2) 50687 (2.6) 0.85 0.58t0 1.25 0.86 0.56 t0 1.32
Neonatal death (0-27 days) 1(0.1) 3600 (0.2) 0.46 0.07 t0 3.29 0.67 0.09t0 4.73

*Adjusted for maternal age at delivery, parity, BMI, calendar year of birth, smoking habits, educational level and the mother's country of birth.

tEarly onset before gestational week 34+0.
tLate onset from gestational week 34+0.
aOR, adjusted; OR; BMI, body mass index.

Since diabetes mellitus is a known risk factor of pre-eclampsia,
mostly late-onset pre-eclampsia,”® but is also associated with
juvenile arthritis,"* we analysed diabetes both as a confounder
and as an interaction term in order to rule out effect modifica-
tion. However, none of the analyses changed the point estimates
from those of the original analysis.

In sensitivity analyses restricted to individuals with at least
two JIA diagnoses codes, to birth 2002-2011 or to JIA identified
1987-2011, the relative risks associated with JIA in the paedi-
atric only and persistent groups did not differ substantially from
the original model (see online supplementary tables S4-S6).

DISCUSSION

Main findings

In this study, we found increased risks of both maternal and
neonatal complications among women with JIA compared with
population controls. The increased risks were seen in both JIA
subgroups. Generally, however, the associations were more
pronounced in the JIA persisting into adulthood group. We did
not find any association between JIA (regardless of persistence
into adulthood) and neonatal death, stillbirth or low Apgar score.

Interpretation

There was a strong association between JIA persisting into
adulthood and pre-eclampsia. Furthermore, pre-eclampsia was
correlated to the increased risks of caesarean section, medically
indicated preterm birth and SGA, in women with persisting
JIA. Pre-eclampsia is characterised by abnormal placentation
with subsequent maternal inflammatory and vascular response,

especially early onset pre-eclampsia, and is often accompanied
by intrauterine growth restriction.”® Abnormal placentation can
result in pregnancy complications, such as miscarriage, preterm
birth, pre-eclampsia and SGA birth.'® ' Our results, showing
a near sixfold increase in early onset pre-eclampsia, increased
risks of both moderately and very preterm birth with spon-
taneous and medically indicated onset and infants born SGA
in women with JIA persisting into adulthood are in line with
a model presented by Ostensen et al regarding women with
rheumatic disease and high-risk pregnancies.'” Also prolonged
treatment with corticosteroids has been associated with multiple
adverse pregnancy outcomes including risk of preterm delivery
and intrauterine growth restriction.'® In a prospective cohort
of women with RA, de Man et al concluded that pregnancy
outcome in women with well-controlled RA is comparable with
that in the general population.” The effect of prednisone on
birth weight was mediated by a lower gestational age at delivery,
whereas a higher disease activity independently influenced birth
weight negatively, suggesting an immune-mediated mechanism.
The adverse outcomes seen in our study, more pronounced in
JIA persisting, may be due to several factors including disease
activity or medication during pregnancy.

We have analysed the proportion of women with preterm
birth, medically indicated preterm birth and SGA births because
of pre-eclampsia. We found that the proportions of pre-ec-
lampsia in JIA paediatric only subgroup were comparable with
those in the population control births. In opposite, propor-
tions of pre-eclampsia in the JIA persisting into adulthood
subgroup were generally higher than in population control
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Table 3  Adverse pregnancy and infant outcomes among singleton births from 1992 to 2011, with JIA persisting into adulthood, compared with

population control births

Outcome variable among

JIA persisting

Population control births n=1

all births n=638 950 371

N (%) N (%) OR 95% Cl aOR* 95% CI
Pre-eclampsia 41 (6.4) 54197 (2.8) 2.40 1.72t03.35 2.31 1.61t03.32
Early onset preeclampsiat 9(1.4) 4865 (0.3) 5.72 2.76 10 11.85 6.28 2.86 to 13.81
Late onset preeclampsia 32 (5.2) 49245 (2.6) 2.08 1.44 t0 3.01 1.96 1.31t02.91
Stillbirth 3(0.5) 6445 (0.3) 1.42 0.46 to 4.42 1.33 0.33105.32

JIA persisting Population control live births
Outcome variables among live births n=635 n=1943926

N (%) N (%) OR 95% Cl aoOR* 95% Cl
Preterm delivery (<37+0gw) 70 (11.2) 96422 (5.0) 2.37 1.83 10 3.08 2.40 1.81103.18
Moderately pre-term delivery 58 (9.3) 83182 (4.3) 2.28 1.72 t0 3.02 2.27 1.68 to 3.08
Very preterm delivery 12 (1.9) 13240 (0.7) 2.81 1.52 t0 5.20 3.14 1.58 t0 6.24
Preterm delivery, medically indicated 33(5.2) 29039 (1.5) 3.61 2.50t05.23 4.12 2.76106.15
Preterm delivery, spontaneous 37 (5.8) 67383 (3.5) 1.72 1.22t02.43 1.63 1.11 t0 2.39
Induction of labour 90 (14.4) 196451 (10.3) 1.46 1.16t0 1.84 1.37 1.07to 1.75
Assisted vaginal delivery 41 (9.1) 141677 (8.5) 1.08 0.77 to 1.51 0.97 0.68101.38
Caesarean section 186 (29.3) 27999 (14.4) 2.46 2.00 to 3.03 247 1.99 to 3.08
Elective caesarean section 113 (17.8) 134314 (6.9) 2.92 2.29103.71 3.01 2.32103.90
Emergency caesarean section 73 (11.5) 145682 (7.5) 1.60 1.25t0 2.06 1.57 1.19 t0 2.08
Apgar <7at 5min. 10 (1.6) 20354 (1.1) 1.51 0.81 t0 2.81 1.25 0.62 to 2.50
Small for gestational age 28 (4.4) 50685 (2.6) 1.72 1.15t0 2.58 1.84 1.19t0 2.85
Neonatal death (0-27 days) 0(0.0) 3600 (0.2) NA NA NA NA

*Adjusted for maternal age at delivery, parity, BMI, calendar year of birth, smoking habits, educational level and mother’s country of birth.

tEarly onset before gestational week 34+0.
tLate onset from gestational week 34+0.

aOR, adjusted OR; BMI, body mass index; JIA, juvenile idiopathic arthritis.

births indicating that management due to pre-eclampsia influ-
ences other adverse outcomes as well. A percentage of 45.5 of
medically indicated preterm births also had pre-eclampsia, and
this is a major contributor to the increased rate of induction of
labour or caesarean section in women with JIA persisting into
adulthood. There was also a difference compared with control

births in the analysis of SGA births where 32.1% had pre-ec-
lampsia and only 14.3% of the control births.

The increased risk of caesarean delivery is in line with findings
from previous studies.®” %° In our study, we confirm this finding
in both subgroups of JIA. The associations were stronger for
elective than emergency caesarean sections. Ostensen has earlier

Table 4 Proportions of pre-eclampsia by adverse outcomes for live births in women with JIA paediatric only compared with population controls

and JIA persisting into adulthood compared with population controls

JIA paediatric only

JIA persisting into adulthood

No (n (%)) Yes (n (%)) No (n (%)) Yes (n (%))
Pre-eclampsia Preterm birth (n=96492)
No (n (%)) 84500 (87.6) 61(88.4) 84507 (87.6) 54 (77.1)
Yes (n (%)) 11923 (12.4) 8(11.6) 11915 (12.4) 16 (22.9)
Medically indicated preterm birth (n=29072)
No (n (%)) 18415 (63.4) 18 (69.2) 18415 (63.4) 18 (54.6)
Yes (n (%)) 10631 (36.6) 8(30.8) 10624 (36.6) 15 (45.5)
Caesarean delivery (n=280182)
No (n (%)) 259909 (92.8) 181 (91.4) 259925 (92.8) 165 (88.7)
Yes (n (%)) 20075 (7.2) 17 (8.6) 20071 (7.2) 21(11.3)
Elective caesarean delivery (n=134427)
No (n (%)) 123752 (92.1) 87 (92.6) 123741 (92.1) 98 (86.7)
Yes (n (%)) 10581 (7.9) 7(7.5) 10573 (7.9) 15(13.3)
SGA birth (n=50713)
No (n (%)) 43413 (85.7) 23 (88.5) 43417 (85.7) 19 (67.9)
Yes (n (%)) 7274 (14.4) 3(11.5) 7268 (14.3) 9(32.1)

The reference groups (no diagnosis) include all women without JIA paediatric only and JIA persisting into adulthood, respectively.
JIA, juvenile onset arthritis; SGA, small for gestational age.

Remaeus K, et al. Ann Rheum Dis 2017;76:1809—1814. doi:10.1136/annrheumdis-2016-210879

1813


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

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

described increased rates of caesarean sections in patients with
JIA; in 15 of 20 caesarean deliveries, the indication was related
to the juvenile arthritis disease.®

Chen et al did not find an increased risk of induction of labour
in their study,” which is in contrast to our results. It may reflect
different obstetric routines. In Chen’s study, 21.8% of pregnan-
cies with JIA were induced, which did not significantly differ
from the reference population. In our cohort, approximately
14% of the JIA pregnancies were induced compared with 10%
in population controls. The same reasoning can be applied to
assisted vaginal delivery, where 17% of pregnancies in the Chen
study underwent assisted vaginal delivery compared with 8%
and 9% in the subgroups herein, respectively.

In the present study, women with JIA persisting into adulthood
exhibited an increased risk of spontaneous preterm birth whereas
this was not observed in JIA paediatric only group. In the study by
Chen, 13.4% of women with juvenile onset arthritis delivered spon-
taneously preterm, compared with 5% in the reference population.
We also found increased risks of medically indicated preterm birth.
The recent study by Feldman et al reported on adverse neonatal
outcomes, which included both preterm birth, SGA and congen-
ital malformations. The proportion of preterm birth were 9.2%
in their JIA group and 7.5% in the non-JIA-group, but they were
not analysed by spontaneous or induced onset. The finding of an
association between JIA and major congenital malformation is new
and has not been addressed in our study.

Strengths and limitations of the study

The large study sample made it possible to stratify the exposure of
JIA based on persistence into adulthood or not. We were able to
study early and late pre-eclampsia onset, which provides new and
important information. The population-based design generates a
high generalisability for women with JIA. We included women with
a diagnosis prior to delivery and also only accepted diagnoses noted
by specialists. We excluded women with JIA who later received diag-
nosis codes indicating connective tissue disease that is known to be
strongly associated with adverse pregnancy outcome. Information
on JIA was collected in the PR, ruling out recall bias. Furthermore,
we were able to analyse a large number of confounders prospec-
tively collected during pregnancy.

There are several limitations to our study. Most importantly we
did not have information of medication before or during pregnancy
or disease activity why we cannot fully ensure remission in JIA
paediatric group. Results from a sensitivity analysis of time from
last visit to delivery was more than 18 years after 2003, which is
reassuring. Also, we were not able to analyse data according to
the JIA subtypes as defined, for example, by ILAR. There is no
specific validation of JIA diagnosis in Sweden, validation studies
of, for example, adult rheumatoid arthritis suggest a 90% positive
predictive value of the corresponding diagnosis codes.*!

Conclusion

In conclusion, JIA is associated with adverse pregnancy outcomes
including preterm birth, pre-eclampsia, increased rates of induc-
tion of labour and caesarean section, in particular in women whose
JIA is persistent into adulthood. The absolute risk of pre-eclampsia
in women with JIA increase from 2.8% to 3.4% in paediatric JIA
and to 6.4% in women with persisting JIA. Women with JIA should
be subject to increased surveillance during pregnancy and delivery.
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EXTENDED REPORT

Persons with chronic widespread pain experience
excess mortality: longitudinal results from UK

Biobank and meta-analysis

Gary J Macfarlane,"* Maxwell S Barnish, " Gareth T Jones '

ABSTRACT

Objective Itis uncertain whether persons with
chronic widespread pain (CWP) experience premature
mortality. Using the largest study conducted, we
determine whether such a relationship exists, estimate
its magnitude and establish what factors mediate any
relationship.

Methods UK Biobank, a cohort study of 0.5million
people aged 40-69 years, recruited throughout Great
Britain in 2006—2010. Participants reporting "pain all
over the body’ for >3 months were compared with
persons without chronic pain. Information on death (with
cause) was available until mid-2015. We incorporated
these results in a meta-analysis with other published
reports to calculate a pooled estimate of excess risk.
Results 7130 participants reported CWP and they
experienced excess mortality (mortality risk ratio 2.43,
95%Cl 2.17 to 2.72). Specific causes of death in excess
were cancer (1.73 , ageand sex 95% Cl 1.46 to 2.05),
cardiovascular (3.2 adusted age and s 95% Cl 2.55t0 4.11),
respiratory (5'66adjusted age and s 95% Cl 4.00 to 8.03) and
other disease-related causes (4.04_ dfusted age and sex 95%
Cl13.05 to 5.34). Excess risk was substantially reduced
after adjustment for low levels of physical activity, high
body mass index, poor quality diet and smoking. In
meta-analysis, all studies showed significant excess all-
cause (combined estimate 1.59 (95% CI 1.05 to 2.42)),
cardiovascular and cancer mortality.

Conclusions Evidence is now clear that persons with
CWP experience excess mortality. UK Biobank results
considerably reduce uncertainty around the magnitude
of excess risk and are consistent with the excess being
explained by adverse lifestyle factors, which could be
targeted in the management of such patients.

INTRODUCTION
Persons with CWP, the characteristic symptom of
fibromyalgia (FM), have been reported to experi-
ence premature mortality. The original observation,
in a UK study, found 30% excess mortality was
explained primarily by increased cancer incidence
and reduced survival.' 2 A subsequent UK study
confirmed the 30% excess mortality was primarily
from increased cancer and cardiovascular deaths.’
Studies to identify the mediators of such a rela-
tionship have focused on low levels of physical
activity, since the specific cancers contributing to
excess mortality (female breast, prostate and colon)
have been linked to low physical activity.* > It has
been hypothesised that CWP may lead to low levels
of physical activity and this was confirmed by a

longitudinal study.® Further studies have suggested
additional lifestyle mediators of excess mortality:
overweight has been shown to predict CWP onset
and persistence’ ®; persons with CWP have been
reported as more likely to smoke, and women with
CWP have been shown to have poorer quality diet.’

However not all studies conducted have found
an excess mortality among persons with CWP
Meta-analyses have reported considerable hetero-
geneity, which has been attributed to differences
in study populations, follow-up time, pain pheno-
type, methods of analysis and use of confounding
factors.!® ' Currently there is considerable uncer-
tainty as to whether there is an excess mortality
risk. It is important to determine whether an
excess risk exists and if so to quantify it, since there
remains the potential, as part of managing patients
with CWP or FM, to modify the mediators of any
excess risk.

We therefore now report on the largest study to
examine the relationship between chronic wide-
spread pain (CWP) and mortality experience, and
with considerably more detailed information on
potential mediators of any excess risk. Further we
include these results in a meta-analysis, with other
published reports, to evaluate the coherence of
evidence.

METHODS

UK Biobank

Detailed methods used by UK Biobank have been
published previously,'” and we provide only
summary details of relevance to the current analysis.
The study aimed to recruit around half a million
persons aged 40-69 years who were registered with
a general practitioner within the National Health
Service. Approximately 9.2 million invitations were
issued, between 2006 and 2010, to people living
within 25 miles of one of 22 assessment centres
throughout Great Britain.

At the assessment centre, participants completed
questionnaires including items on lifestyle and
environment. Information on pain was collected
by means of a touchscreen questionnaire. Partici-
pants were asked ‘In the last month have you expe-
rienced any of the following that interfered with
your usual activities?’ If they answered positively,
they were then provided with a list that included
individual regional pain sites, or alternatively they
could choose the response ‘pain all over the body’.
Subjects who reported ‘pain all over the body’ were
not offered the option of choosing any further
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regional sites. Respondents were asked whether the reported

pain had lasted at least 3 months, and those with ‘pain all over

the body’ which had lasted 3 months were defined as having

CWP. Participants were identified on the Office for National

Statistics (ONS) records. ONS collects information on cause of

death from civil registration records. For registered deaths, the

underlying cause of death is derived from the sequence of condi-
tions leading directly to the death and is recorded on the death
certificate. The current analysis uses data on vital status up to

August 2015.

The exposures that we considered in terms of mediating any
relationship between CWP and mortality were focused on factors
potentially modifiable as part of the management of CWP:

» Body mass index (BMI), derived from measured height and
weight, categorised according to standard cut-offs of the
WHO.

» Physical activity: minutes of walking per week (‘In a typical
week, on how many days did you walk for at least 10 mins
at a time’ and ‘How many minutes did you usually spend
walking on a typical day?’); minutes of moderate activity
per week (‘In a typical week, on how many days did you
do 10 mins or more of moderate physical activities like
carrying light loads, cycling at a normal pace (do not include
walking)’ and ‘How many minutes did you usually spend
doing moderate activities on a typical day?’); minutes of
vigorous activity per week (as before but vigorous defined
as ‘activities that make you sweat or breathe had such as fast
cycling, aerobics, heavy lifting’). These were categorised as
nil and then by quartiles.

» Diet: participants were asked: (1) ‘On average how many
heaped tablespoons of cooked vegetables would you eat per
day? (Do not include potatoes.)’ (2) ‘On average how many
heaped tablespoons of salad or raw vegetables would you
eat per day? (Include lettuce and tomato in sandwiches)’ (3)
‘About how many pieces of fresh fruit would you eat per
day?’ (4) ‘About how many pieces of dried fruit would you
eat per day?’ Total daily ‘portions’ of cooked vegetables,
raw vegetables and salad consumption were calculated and
recoded as quintiles. Frequency of alcohol consumption was
determined with response categories: never, daily or almost
daily, three or four times a week, once or twice a week, one
to three times a month, special occasions only. The latter two
categories were combined into ‘Less frequently than once or
twice per week’.

» Smoking status: a history of smoking was recorded, which
allowed us to classify respondents as current, never (or very
rare) or ex-smokers, the latter group being divided into
ex-regular and ex-occasional smokers.

UK Biobank analysis

We used Poisson regression models with robust estimation of SEs
to model the relationship between CWP and all-cause mortality,
adjusted for age group and sex. We tested and confirmed that
the mediating variables were not collinear. We compared
persons with CWP to persons who did not report any chronic
pain. We additionally examined specific major causes of death as
outcomes, including cardiovascular disease, respiratory disease
and cancer. We report the mortality risk ratio (MRiR) including
all deaths in the follow-up period, but excluding deaths in the
first 2years of follow-up from all subsequent analyses, since
CWP may be a manifestation of an existing illness. Starting with
a basic model containing CWP, age group and sex, we added,
individually, lifestyle factors or markers that could possibly

mediate any observed relationship. We then added all such
potential mediators to a final model. Associations are expressed
MRIiR with 95% CI.

Meta-analysis
We used (in a modified way) and updated a search conducted
by Smith et al,'® which identified studies examining the rela-
tionship between chronic pain and/or widespread pain (WP) and
mortality. Although their review focused generally on chronic
pain, our update focused only on studies examining WP or
CWP. A second difference is that although previous meta-anal-
yses extracted effect measures that were maximally adjusted for
potential confounding factors, we have extracted data that are (as
close as possible) only adjusted for age and sex. The difference is
that we are answering the question ‘Do persons with CWP expe-
rience excess mortality (in comparison to those without chronic
pain)’, whereas using fully adjusted effect measures is answering
the question of whether the report of pain (per se) is associated
with excess mortality. Thus the data on effect measures extracted
from studies which they identified as eligible may be different.

We reran the published search strategy (in the appendix S1
of the original meta-analysis) from January 2014 (in order to
ensure that articles published close to the time of the previous
search were not missed) to January 2017.

Studies were eligible for the current meta-analysis provided
that they:

» were observational studies

» sampled from a population sampling frame (or an approxi-
mation to such)

» identified persons with WP or CWP (including FM) and a
comparison group of persons without such pain; the defi-
nition of WP should involve recognised criteria or the
reporting of pain all over the body

» provided either a mortality rate ratio (MRtR) or MRiR quan-
tifying the relationship between WP or CWP and mortality

» were published as a manuscript in English in a peer-reviewed
journal.

Identified abstracts were screened by two authors and any
disagreement resolved by discussion. We also checked studies
included in the meta-analysis by Smith et al'® to determine
that they met the above eligibility criteria. Meta-analysis was
conducted using a random effects model to reflect known differ-
ences in studies including geographical location, phenotypes
and follow-up. The effect measures extracted from the eligible
studies (MRrR or MRiR) were as closely as possible only adjusted
for age and sex. In the meta-analysis, conducted using RevMan
software, mortality risk ratio (MRR) has been used to signify the
combined estimates using MRtR and MRIiR. Sources of hetero-
geneity in effect measures were explored, specifically in relation
to the geographical area in which the study was conducted and
prevalence estimate of the phenotype studied.

RESULTS

UK Biobank

From 502627 UK Biobank participants, 2193 (0.4%) did not
answer the pain questions and are therefore excluded from this
analysis. Among the remaining 500434 persons, 7130 reported
CWP (prevalence 1.4%), while 281718 reported that they did
not have any chronic pain. These two subcohorts are the study
population for the current analysis, and their characteristics are
shown in table 1. The CWP and the ‘no chronic pain’ groups
had the same median age (58 years). Persons with CWP were
less likely to be male (36.3% vs 50%); were more likely to be
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Table 1

Characteristics of persons with chronic widespread pain (CWP) and no chronic pain in UK Biobank study

Characteristics

CWP (n=7130) No chronic pain (n=281718)

Died during follow-up (n, %)
Died in first 2 years of follow-up (n,%)
Age (median years, IQR)
Sex (% male)
Body mass index (kg/m?)
Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25.0-29.9)
Obese (30.0-34.9)
Obese (35.0-39.9)
Obese (=40.0)
Physical activity (mean min/week; SD)
Walking
Moderate activity
Vigorous activity
Physical activity (climbing stairs per day)
None
1-5 times
6-10 times
11-15 times
16-20 times
>20 times
Smoking status (n, %)
Current smoker
Ex-regular smoker
Ex-occasional smoker
Never or very rarely
Diet: fruit and vegetable consumption (median portions/day, IQR)
Alcohol consumption (n, %)
Daily or almost daily
3—4 times/week
1-2 times/week
<1 time/week
Never

405 (5.7%) 6493 (2.3%)
95 (1.3%) 1224 (0.4%)
58 (50, 63) 58 (52, 63)

2586 (36.3%) 135186 (50.0%)
44 (0.6%) 1609 (0.6%)
1354 (19.0%) 101010 (35.9%)
2572 (36.1%) 121141 (43.0%)
1761 (24.7%) 43088 (15.3%)
799 (11.2%) 10364 (3.7%)

600 (8.4%) 4506 (1.6%)
350 (579) 363 (511)
276 (543) 270 (444)
72 (275) 93 (192)
1223 (18.5%) 22451 (8.1%)
2158 (32.6%) 53163 (19.1%)
1795 (27.1%) 103353 (37.2%)
720 (10.9%) 53779 (19.4%)
378 (5.7%) 25048 (9.0%)
346 (5.2%) 20071 (7.2%)
1316 (18.6%) 26241 (9.3%)
1779 (25.1%) 61161 (21.8%)
627 (8.9%) 32581 (11.6%)
3360 (47.4%) 160839 (57.3%)
8(511) 7(5.10)
767 (10.8%) 60829 (21.6%)
842 (11.8%) 69667 (24.7%)
1485 (20.9%) 74096 (26.3%)
2407 (33.8%) 58139 (20.7%)
1616 (22.7%) 18789 (6.7%)

heavier than normal weight (80.4% vs 63.5%); be a current
smoker (18.6% vs 9.3%); and not to drink any alcohol (22.7%
vs 6.7%). They also undertook physical activity less often. In
total there were 12799 deaths in the study population within
the period of observation: 7486 (58%) classified as being due to
cancer, 2691 (21%) cardiovascular disease, 728 (6%) respiratory
disease, 436 (3%) due to external causes and 1458 (11%) were
classified as ‘other’.

After adjusting for age and sex, participants with CWP had a
more than twofold risk of dying in the follow-up period (MRiR
2.56, 95%CI 2.32 to 2.82), an excess that remained largely
unchanged when deaths occurring in the first 2 years of follow-up
were excluded (2.43, 95% CI 2.17 to 2.72). Deaths occurring in
the first 2years are excluded from all further analyses. Specific
causes of death in excess were cancer (1.73 adjuseed age and sex) 95% CI
1.46 to 2.05), cardiovascular 24 age and sex? 95% CI 2.55 to
4.11), respiratory (5.66adiusted age and se? 95% CI 4.00 to 8.03) and
other disease-related causes (4.04 . ed age and se0 9520 C1 3.05 to
5.34), while the excess of deaths from external causes was not
statistically significant (1.55 djused age and sex? 95% CI 0.68 to 3.49).

We then examined to what extent the factors that were iden-
tified as being associated with pain status also predicted death
in the period of follow-up (table 2). Age-adjusted risk of death

was lower in women (MRiR 0.58 (95% CI 0.56 to 0.60). Age
and gender adjusted risk was higher in obese participants (35-39
kg/m? vs normal weight 5.54 (95% CI 5.08 to 6.03), =40 kg/
m” 9.02 (95% CI 8.23 to 9.89)), and those who reported no
walking (vs 1-100 min/week: 4.15 (95% CI 3.77 to 4.57)) or
no moderate physical activity (vs 1-60 min/week: 2.95 (95% CI
2.74 to 3.19)). Risk of death was also higher in smokers (current
smokers 2.54 (95% CI 2.39 t02.70), ex-smokers 1.44 (95% CI
1.36 to 1.52)) and persons who reported never drinking alcohol
(vs daily drinkers 6.18 (95% CI 5.68 to 6.73)).

Finally, we tested to what extent adjusting the risk models for
these measured lifestyle variables attenuated the relationship
between CWP and excess mortality (table 3). Such attenuation
would be consistent with the effects being mediated through
such variable(s). When we did this, each class of variable (phys-
ical activity, BMI, smoking, diet including alcohol) when added
to the model containing only pain status (CWP/no chronic pain),
age group and sex resulted in a small attenuation of effect from
an MRIR of 2.4 to MiRRs in the range of 2.0-2.2. However
when all such potentially mediating variables were entered into
the model, the MiRR reduced to 1.47 (95% CI 1.24 to 1.73).
In cause-of-death-specific models with potential mediating vari-
ables, there remained an excess risk of cardiovascular 1.99 (95%
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Table 2 Relationship between demographic and lifestyle factors and risk of death

Status at end of follow-up

Restricted model: mortality

Multivariable model: mortality

risk ratio risk ratio
Characteristics Alive (n) Dead (n)# (95% Cl)* (95%CI)t
Pain status
Chronic widespread pain 6725 310 2.43 (21710 2.72) 1.47 (1.241t01.73)
No chronic pain 275225 5269 Reference Reference
Age group (years)
<45 31373 189 Reference Reference
45-49 38228 353 1.60 (1.37 t0 1.87) 1.60 (1.25 10 2.07)
50-54 43174 590 2.50 (2.17 to 2.89) 2.46 (1.95 t0 3.11)
55-59 51083 1021 3.80 (3.32 t0 4.36) 3.61(2.90 to 4.51)
60-64 67884 2078 5.61 (4.92 t0 6.39) 5.59 (4.51 t0 6.92)
>64 50538 2667 9.09 (7.98 t0 10.4) 8.91(7.20t0 11.0)
Sex
Male 133453 4319 Reference Reference
Female 148497 2579 0.58 (0.56 to 0.60) 0.59 (0.55 to 0.63)
Body mass index (kg/m?)
Underweight (<18.5) 1569 84 1.86 (1.40 to 2.50) 2.73 (2.07 to 3.60)
Normal (18.5-24.9) 100295 2069 Reference Reference
Overweight (25.0-29.9) 120888 2825 1.70 (1.59 to 1.82) 0.93 (0.86 to 1.01)
Obese (30.0-34.9) 43579 1270 3.20 (2.98 to 3.43) 1.11(1.01t0 1.22)
Obese (35.0-39.9) 10784 379 5.54 (5.08 to 6.03) 1.35(1.16 to 1.58)
Obese (=40.0) 4835 271 9.02 (8.23 0 9.89) 1.94 (1.59 to 2.36)
Physical activity: walking (min/
week)
0 5150 225 4.15 (3.77 to 4.57) 1.19(0.99 to 1.43)
1-100 63711 1547 Reference Reference
101-210 74315 1778 0.73 (0.68 t0 0.79) 0.98 (0.90 to 1.07)
211-420 58945 1312 0.64 (0.59 to 0.69) 0.92 (0.83 t0 1.01)
>420 46710 1017 0.85 (0.79 t0 0.92) 0.89 (0.79 t0 0.99)
Physical activity: moderate (min/
week)
0 32562 1127 2.95 (2.74 10 3.19) 1.14(1.02 t0 1.27)
1-60 60247 1221 Reference Reference
61-150 51037 1086 0.91 (0.83 t0 0.99) 0.99 (0.90 to 1.10)
151-360 51640 1086 0.87 (0.79 to 0.95) 0.98 (0.88 t0 1.10)
>360 49171 1229 1.30(1.20 to 1.42) 1.09 (0.97 t0 1.22)
Physical activity: vigorous (min/
week)
0 94509 3068 Reference Reference
1-40 45581 915 0.37 (0.34 to 0.40) 0.77 (0.69 to 0.85)
41-90 40814 729 0.30 (0.28 t0 0.33) 0.78 (0.70 to 0.87)
91-180 39355 678 0.27 (0.24 to 0.30) 0.76 (0.68 to 0.85)
>180 33648 645 0.43 (0.39 t0 0.47) 0.79 (0.70 to 0.89)
Physical activity: stairs (times/day)
0 22789 885 1.29(1.20t0 1.38) 1.02 (0.91 t0 1.14)
1-5 53707 1614 Reference Reference
6-10 102928 2220 0.43 (0.41 to 0.46) 0.83 (0.76 t0 0.91)
11-15 53420 1079 0.33 (0.30 to 0.36) 0.86 (0.77 to 0.95)
16-20 24986 440 0.37(0.33 t0 0.41) 0.69 (0.60 to 0.80)
>20 20011 406 0.42 (0.38 to 0.47) 0.92 (0.80 to 1.07)
Smoking status
Current smoker 26309 1248 2.54 (2.39 t02.70) 2.31 (2.10 to 2.54)
Ex-regular smoker 60770 2170 1.44 (1.36 to 1.52) 1.55(1.43 t0 1.67)
Ex-occasional smoker 32532 676 0.92(0.85 to 1.003) 1.09 (0.97 to 1.22)
Never or very rarely 161432 2767 Reference Reference
Alcohol consumption
Daily or almost daily 59954 1642 Reference Reference

Continued
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Table 2 Continued

Status at end of follow-up

Restricted model: mortality

risk ratio
(95% Cl)*

Multivariable model: mortality

risk ratio
(95% CI)t

Characteristics Alive (n) Dead (n)%
34 times/week 69132 1377

1-2 times/week 73949 1632

<1 time/week 59073 1473
Never 19639 766

Diet: fruit and vegetable
consumption

Lowest consumption 62641 1802
Quintile 2 58079 1363
Quintile 3 25448 569
Quintile 4 50750 1156
Highest consumption 40733 881

0.96 (0.87 to 1.06)
1.57 (1.44 10 1.72)
3.08 (2.84 t0 3.34)
6.18 (5.68 t0 6.73)

Reference

0.74 (0.69 to 0.80)
0.78 (0.71 to 0.86)
0.75 (0.69 to 0.80)
1.01 (0.94 to 1.09)

0.92 (0.84 to 1.02)
0.97 (0.88 to 1.07)
1.08 (0.98 to 1.20)
1.49 (1.32 t0 1.69))

Reference

0.90 (0.82 to 0.98)
0.88 (0.78 t0 0.99)
0.88 (0.80 to 0.97)
0.86 (0.77 t0 0.95)

*Adjusted for age and/or sex as applicable and excluding first 2 years of follow-up.
tAll variables entered into the statistical model and mutually adjusted.
tDeaths within 2 years of the baseline assessment are excluded.

CI 1.41 to 2.80), respiratory 1.91 (95% CI 1.08 to 3.36) and
‘other disease” deaths 2.14 (95% CI 1.42 to 3.21), but the there
was no longer an excess risk of cancer death 1.06 (95% CI 0.82
to 1.38) and external deaths 1.01 (95% CI 0.30 to 3.40).

Meta-analysis

Our search identified 3171 unique publications, of which 15
proceeded to abstract screening and 1 to full-text screening
and subsequent inclusion.'* Of the five studies included in the
meta-analysis of Smith ez al,'* one did not meet eligibility criteria
for the current meta-analysis,'* since the pain phenotype did not
include any measure of ‘widespreadness’. Instead the phenotype
examined was multiple joint pain. Thus a total of six studies
(including the current analysis) were eligible for the current
meta-analysis." * 12 1* 1> Characteristics of studies identified as
eligible are given in table 4. One study presented data only to
one decimal place and thus in the meta-analysis was identified
as having a non-symmetrical log-transformed CI.> We therefore
contacted the first author of the publication and they provided
more precise data (for analyses only adjusted for age and sex).

Eligible studies included 580 020 participants from three
European countries (Norway, Sweden and the UK). There was
significant heterogeneity between studies: ?=98% for all-cause
mortality, 95% for cardiovascular, 96% for respiratory and 91%
for cancer (all p<0.001). All studies showed significant excess of
all-cause mortality and the combined estimate of this was 57%
(MRR 1.57; 95% CI 1.06 to 2.33). For cardiovascular mortality,
three out of five studies showed a significant association and the
combined estimate of this was 63% (1.63; 95% CI 0.98 to 2.70).
For respiratory mortality, only one out of three studies showed
a significant excess mortality, and there was considerable uncer-
tainty around the pooled estimate of excess risk (1.70; 95% CI
0.45 to 6.45). For cancer, three out of five studies showed signif-
icant excess mortality and the pooled estimate was 51% (1.51;
95% CI 1.06 to 2.13) (figure 1).

We investigated the source of heterogeneity with respect to
the relationship between CWP and all-cause mortality. When
restricted by geographical area, the meta-analysis showed that
considerable heterogeneity was present in studies conducted in
Great Britain (I*=90%) (MRR 1.60; 95% CI 1.06 to 2.42) but not

Table 3 Relationship between pain status and risk of death, adjusting for potential mediating variables

Variables added to basic model*

Participantst included in model (N) CWP versus no chronic pain

MRR (95% Cl)
CWP versus no chronic pain
(participants with full data)§

MRR# (95%Cl)

No additional variables 287529
Body mass index category{l 287529
Physical activity: walking 253579
Physical activity: moderate 249309
Physical activity: vigorous 258755
Physical activity: stairs 283221
Smoking 286590
Diet: alcohol consumption 287320
Diet: fruit and vegetables 242346
Full multivariable model** 193676

2.43(2.17 10 2.72)
2.13(1.90 to 2.39)
2.09 (1.82 to 2.40)
2.23(1.96 to 2.54)
2.22 (1.97 to 2.51)
2.12(1.88 10 2.38)
2.16 (1.94 t0 2.42)
2.21(1.97 t0 2.47)
2.30 (2.02 to 2.60)
1.47 (1.24 10 1.73)

2.23(1.90 to 2.62)
1.98 (1.68 t0 2.33)
2.08 (1.76 to 2.44)
2.06 (1.75 to 2.42)
2.01 (1.71 to 2.36)
2.07 (1.76 t0 2.43)
2.01(1.71 t0 2.37)
2.05(1.74 t0 2.41)
2.21(1.88 to 2.60)
1.47 (1.24 10 1.73)

**All additional variables entered into model: age, sex, body mass index, physical activity (walking, moderate and vigorous activities, climbing stairs), diet (fruit and vegetable,

alcohol consumption) and smoking status.

tDeaths occurring within 2 years of the baseline assessment are excluded.

+Mortality risk ratio.

§Restricted to 193 676 participants with data on all variables included in the full model.
9lEach line represents the basic model with the addition of the single variable stated.
CWP, chronic widespread pain.
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Table 4 Studies eligible for meta-analysis of CWP and mortality

Pain phenotype Follow-up
Study (location) Sampling frame Pain phenotype prevalence (%) Deaths (n)/Study (n) (years)
Andersson' Random sample in two >4 pain locations representing both the 9.4 189/1609 14
municipalities upper and lower body and including
axial pain
Asberg et al"! All inhabitants of one county ~ CWP modified* definition in ACR 1990  23.1 12 521/65026 14
criteria of FM
Macfarlane et a/' Persons registered with GP in WP according to definition in ACR 1990 15.3 654/6569 8
two areas criteria of FM
Macfarlane et al (current study) Persons aged 40-69 registered ‘Pain all over the body’ 1.4 12 799/288848 7
with GP in 22 areas lasting =3 months
McBeth et af® Age-stratified and sex-stratified WP definition in ACR 1990 criteria of FM 16.9 1017/4344 8
sample from 3 GPs in one
region
Nitter and Forseth Women born in 1940-1969 in  Pain in muscles and joints and back, or ~ 12.9 89/2038 18
one town pain in whole body, lasting >3 months

*There was no requirement to have pain on both sides of the body.

ACR, American College of Rheumatology; CWP, chronic widespread pain; GP, general practitioner; FM,fibromyalgia; WP, widespread pain.

in studies conducted in Scandinavia (I>=0%) (MRR 1.06; 95%
CI 1.02 to 1.10). Similarly when analysis was restricted to those
studies with prevalence of CWP in the 10%-20% mid-range,
that is, excluding those with the extreme prevalence estimates,
there was no evidence of heterogeneity (I>’=0%) (MRR 1.30;
95% CI 1.07 to 1.58).

DISCUSSION

Using data from UK Biobank, involving over half a million
study participants, we have demonstrated that persons with
CWP have an important excess of risk of dying in the medium
and long term. This excess risk was evident across all disease
and non-disease categories. The meta-analysis of this relation-
ship shows that all six studies conducted find excess mortality
and estimate the excess risk across all studies at 59%, although
there is significant heterogeneity. Similar excesses of cancer and
cardiovascular mortality are observed. In UK Biobank, adjust-
ment for lifestyle factors substantially reduced the excess risk,
and this observation is consistent with them mediating the rela-
tionship between CWP and mortality.

Methodological issues

The main strengths of UK Biobank in addressing this question
include that it uses a sampling frame that is considered to have
almost complete population coverage. Although the partici-
pation rate was low (5.5%), we have previously published an
analysis that demonstrates that the prevalence of regional pains
in UK Biobank is very similar to more traditional pain epide-
miological studies with higher participation, and that the study
reproduces known relationships with aetiological factors.'® The
large sample has allowed us to examine specific causes of death
to exclude deaths within 2 years of the assessment (since WP may
be a manifestation of a disease linked to death, eg, metastatic
cancer) and consider the role of mediating factors.

The phenotype used in studies that have examined the relation-
ship with mortality has varied considerably. They have included
WP according to the definition within the American College of
Rheumatology (ACR) criteria (1990) for FM,'* and modifica-
tions of the ACR 1990 FM criteria in terms of pain timing and
distribution'* ™ or bespoke definitions to capture ‘widespread-
ness’."* The comparison populations also differ: persons who are
free of pain,’ * '* free of chronic pain"® or who simply do not
meet the phenotype'? are variously used. Some studies had an

additional criterion that WP is required to be chronic, although
studies of WP have shown that the vast majority of persons with
WP report chronic symptoms (81% in UK Biobank). These have
resulted in prevalence proportions within population-based
studies of between 1.4% and 23.1% and suggest important differ-
ences in the symptomatic populations studied. Interestingly the
study with the highest prevalence'* reported a markedly lower
excess risk of mortality. UK Biobank has used the most stringent
definition, which has resulted in a prevalence similar to that of
FM," and across all-cause and disease-specific mortality reports
some of the highest excess mortality. This is consistent with the
hypothesis that the greatest excess mortality is among those
with more severe symptoms. Sensitivity analyses confirmed that
heterogeneity in risk estimates was indeed partly explained by
differences in prevalence, as well as by geographical area.

We have approached the analysis in a different way to some
previous studies on this topic. We adjusted for the confounding
factors of age and sex. Given that the question we are asking is
‘Do patients with CWP experience prematurely mortality?” we
believed that no further adjustment should be made. However
when excess mortality is observed, it is of relevance to examine
mediators — since these can become targets for intervention.
Previous studies have identified lack of physical activity and
poor quality diet as the variables that may explain a relationship.
UK Biobank has a rich source of data to allow the assessment of
these potential mediators. They nevertheless represent markers
of these lifestyle factors rather than comprehensive assessments.
Despite this, adjustment for these lifestyle markers almost
completely explained cancer and ‘non-disease’ excess mortality
and explained 56%, 80% and 62% of the excess mortality for
cardiovascular, respiratory and ‘other-disease’, respectively.

Comparison with other studies and coherence of evidence
UK Biobank has provided results that are generally consistent with
previously conducted studies. For cardiovascular mortality it has
provided the largest estimate for excess mortality. It is the first study
to suggest a relationship between CWP and excess mortality from
respiratory disease.

The meta-analysis of Smith et al*” conducted on this topic chose
to extract the most fully adjusted model available in included
studies, which means that this examines a subtly different ques-
tion of whether pain directly increases mortality risk (indepen-
dent of any lifestyle, psychosocial or clinical factors). We believe

llO

1820 Macfarlane GJ, et al. Ann Rheum Dis 2017;76:1815-1822. doi:10.1136/annrheumdis-2017-211476


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

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

(a) All-cause mortality

MRR  Lower Cl UpperCl Weight

Macfarlane et al, 2001 1.31 1.05 1.64 18% —.

Andersson, 2009 1.54 1.01 2.35 16%

McBeth et al, 2009 1.28 1.05 1.57 18% —a—
Nitter and Forseth, 2012 2.80 1.29 6.07 11% -
Asberg et al, 2016 1.06 1.02 1.10 19% -

Macfarlane et al, 2017 2.43 2.17 2.72 19% ——

Pooled estimate 1.57 1.06 2.33 —_——

0.1 1 10

Mortality Risk / Rate Ratio (95% confidence interval)

(b) Cardiovascular mortality

MRR  Lower Cl UpperCl Weight
Macfarlane et al, 2001 1.12 0.78 1.61 20% -
Andersson, 2009 2,17 1.12 4.21 16% -
McBeth et al, 2009 1.49 1.12 1.98 21% ——
Asberg et al, 2016 1.05 0.99 1.11 22% -
Macfarlane et al, 2017 3.24 2.55 4,11 21% —
Pooled estimate 1.63 0.98 2.70 —Q—'
0.1 1 10

Mortality Risk / Rate Ratio (95% confidence interval)

(c) Respiratory mortality

MRR  Lower Cl UpperCl Weight
Macfarlane et al, 2001 1.01 0.57 1.79 33%
McBeth et al, 2009 0.84 0.54 131 33% —_—
Macfarlane et al, 2017 5.66 3.99 8.02 34% —_——
Pooled estimate 1.70 0.45 6.45 <
0.1 1 10

Mortality Risk / Rate Ratio (95% confidence interval)

(d) Cancer mortality

MRR  Lower Cl UpperCl Weight
Macfarlane et al, 2001 2.07 1.37 313 19% —_——
Andersson, 2009 1.15 0.52 2.55 11% -
McBeth et al, 2009 1.75 1.14 2.69 19% ———
Asberg et al, 2016 1.05 0.99 1.11 26% -
Macfarlane et al, 2017 1.73 1.46 2.05 25% ———
Pooled estimate 1.51 1.06 2.13 —
0.1 1 10

Mortality Risk / Rate Ratio (95% confidence interval)
Figure 1 Forest plots of pain and all-cause and disease-specific mortality. MRR, mortality risk ratio.

that the most clinically relevant question for clinicians managing
patients with WP/CWP or FM is what factors can be modified
that could reduce any excess mortality which such patients expe-
rience. We also excluded one study included in the previous

meta-analysis. The study of Macfarlane et /" was not eligible
for this analysis as it examined the mortality consequences of
multijoint pain (at least four joints). There was no require-
ment for pain to be widespread. All included studies had some
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requirement for the pain to be widespread or for the participant
to endorse that the pain was all over their body. Even if the study
of Macfarlane et al,"® which did not find any excess mortality
MRIR (0.86; 0.74,1.01), had been included in the meta-analysis,
the combined estimate would still have suggested an important
excess. Exclusion of a phenotype that excludes a measure of
‘widespreadness’ is supported by a proposed modification to the
2011 research criteria for FM, which requires that multisite pain
is also widespread across the body.'® The meta-analysis of Asberg
et al”” concluded that ‘pooled data gave no evidence for a higher
mortality rate among individuals with chronic widespread
musculoskeletal complaints’. This put emphasis on a pooled
unadjusted MRR of 1.69, which was not statistically significant,
and a markedly reduced excess (MRR 1.13) after full adjust-
ment. The inclusion of UK Biobank, considering age-adjusted
and sex-adjusted risks, has provided a similar pooled estimate of
excess risk (MRR 1.59) and is now statistically significant.

We conclude that the evidence is now clear that persons with
CWP experience excess mortality. UK Biobank results consid-
erably reduce uncertainty around the magnitude of excess risk,
and demonstrate that the risk is unlikely to be due to the experi-
ence of pain per se, but is substantially explained by lifestyle factors
associated with having pain (poor diet, low levels of physical
activity, smoking, high BMI). These provide important targets for
intervention in managing patients with CWP. Optimal management
of FM should include exercise, but this is often not provided in
a structured and supported way to facilitate long-term behaviour
change. Few patients with CWP or FM receive specific supported
care in improving diet or stopping smoking. The data from this
study show that changing the habits of persons with CWP to be
similar to persons without CWP could reduce mortality by around
35%. Such approaches should have high priority in the routine care
of such patients.
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Sacroiliac radiographic progression in recent onset
axial spondyloarthritis: the 5-year data of the

DESIR cohort

Maxime Dougados, "* Alexandre Sepriano,®* Anna Molto,> Miranda van Lunteren,’
Sofia Ramiro,” Manouk de Hooge,* Rosaline van den Berg,? Victoria Navarro Compan,®
Christophe Demattei,” Robert Landewé,® Désirée van der Heijde’

ABSTRACT

Objective To estimate sacroiliac joint radiographic
(X-SlJ) progression in patients with axial spondyloarthritis
(axSpA) and to evaluate the effects of inflammation on
MRI (MRI-SIJ) on X-SIJ progression.

Methods X-SIJ and MRI-SIJ at baseline and after

2 and 5 years in patients with recent onset axSpA
from the DESIR cohort were scored by three central
readers. Progression was defined as (1) the shift from
non-radiographic (nr) to radiographic (r) sacroiliitis (by
modified New York (mNY) criteria) or alternative criteria,
(2) a change of at least one grade or (3) a change of at
least one grade but ignoring a change from grade 0 to
1. The effects of baseline inflammation on MRI-SIJ on
5-year X-SIJ damage (mNY) were tested by generalised
estimating equations.

Results In 416 patients with pairs of baseline and
5-year X-SIJ present, net progression occurred in 5.1%
(1), 13.0% (2) and 10.3% (3) respectively, regarding a
shift from nr-axSpA to r-axSpA (1), a change of at least
one grade (2) or a change of at least one grade but
ignoring a change from grade 0 to 1 (3). Baseline MRI-
SIJ predicted structural damage after 5 years in human
leukocyte antigen-B27 (HLA-B27) positive (OR 5.39
(95% Cl 3.25 to 8.94)) and in HLA-B27 negative (OR
2.16 (95% Cl 1.04 to 4.51)) patients.

Conclusions Five-year progression of X-SIJ damage
in patients with recent onset axSpA is limited but
present beyond measurement error. Baseline MRI-SlJ
inflammation drives 5-year radiographic changes.

INTRODUCTION
Axial spondyloarthritis (axSpA) comprises two subcat-
egories based on the presence of structural changes in
the sacroiliac joints (SI]s): radiographic (r)-axSpA and
non-radiographic (nr)-axSpA. R-axSpA implies the
fulfilment of the modified New York criteria (mNY).!?
Information about the natural course of radio-
graphic sacroiliitis and factors that contribute to
it is scarce.® Prospective cohorts should give reso-
lution, and long-term follow-up of patients with
recent onset disease is mandatory to ‘capture’
meaningful progression. Inherently, such studies
face the risk of loss to follow-up and attrition bias.
DESIR (acronym in French for outcome of recent
onset spondyloarthritis) is a prospective cohort of
patients with recent onset axSpA (NCT01648907).
With this study, we address the primary objectives of
DESIR, formulated as follows: (1) what proportion

of patients switches from nr-axSpA to r-axSpA after
5 years?; (2) how sensitive are different outcome
measures for radiographic damage of SIJ (X-SIJ) to
change?; (3) does inflammation on MRI of the SIJ
(MRI-SIJ) lead to structural damage on X-SIJ after 5
years?

METHODS

Patients

The DESIR cohort has been previously described.*
Briefly, consecutive patients (aged 18-50 from 25
centres in France) with inflammatory back pain® ® and
a duration =3 months but <3 years were included
if the treating rheumatologist considered the symp-
toms suggestive of axSpA (a score =5 on a scale
from 0 to 10, in which 0 was ‘not suggestive’ and
10 ‘very suggestive’). Between December 2007 and
April 2010, 708 patients were included.

The study was conducted according to good clin-
ical practice guidelines and was approved by the
appropriate local medical ethical committees. A
detailed description of the study protocol is avail-
able at the DESIR website (http://www.lacohort-
edesir.fr/desir-in-english/). The research proposal
for this particular analysis was approved by the
scientific committee of the DESIR cohort.

Clinical data

By using a standardised case report form (CRF) infor-
mation was collected with questionnaires, physical
examination, ongoing treatments and laboratory tests
according to the DESIR protocol. The database used
for this analysis was locked in June 2016.

At baseline, age, gender, smoking status, HLA-B27
and duration of axial symptoms had been collected.
At baseline, every 6 months during the first 2years
of follow-up, and annually thereafter the following
parameters had been collected: Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI),” Bath
Ankylosing Spondylitis Functional Index,® C-reac-
tive protein (CRP), treatment including non-steroidal
anti-inflammatory drugs (NSAID) by the Assessment
of Spondyloarthritis International Society (ASAS)-
NSAID score and tumour necrosis factor inhibitors
(TNFi).’

Pelvic radiographs

Pelvic radiographs collected at baseline, 2 years and
§ years of follow-up were evaluated in one session
independently by three central readers (MdH,

BM)
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VNC and RvdB). Readers were blinded for time order and clin-
ical information. Each reader evaluated each SIJ according to
the mNY grading method (0: normal; 1: suspicious changes; 2:
minimal abnormalities; 3: unequivocal abnormalities; and 4:
severe abnormalities (complete ankylosis). ™

Pelvic MRI

MRI-SIJ collected at baseline, 2 years and 5 years of follow-up
were evaluated in one session independently by three central
readers (MdH, VNC and MvL). Readers were blinded for time
order and clinical information. MRI-SIJ was considered positive
if bone marrow oedema (BMO) lesions highly suggestive of SpA
were present (either one BMO lesion on =2 consecutive slides
or several BMO lesions on one slice).!' An MRI-SIJ was consid-
ered positive if at least two out of three readers judged positivity.
MRI-SIJ and X-SIJ were scored entirely independently.

Sample size calculation

The sample size calculation was based on an estimated preva-
lence of radiographic damage between 70% and 90% at year
5 irrespective of the baseline status. Moreover, we estimated
the prevalence of inflammation on MRI-SIJ at baseline between
30% and 509." "

The number of patients was calculated based on a relative risk
of 2-3 to observe radiographic damage at year 5 in case of a
baseline MRI-SIJ inflammation. For a 5% bilateral alpha risk, a
90% power, and the different assumptions including an attrition
rate between 15% and 20%, the number of required patients
ranged from 685 to 768, and 700 was the chosen number.

Statistical analysis

SlJ radiographic progression

The S-year X-SIJ progression was assessed in patients in whom
baseline and year 5 X-SIJ were present (completers’ population).
Assessed were: (A) switch from nr-axSpA at baseline to r-axSpA
(mNY score) at § years; (B) worsening of at least one grade in at
least one SIJ; (C) worsening of at least one grade in at least one
SIJ, but with a 5-year grade of at least 2 in the worsened joint;
and (D) change in the total mNY score (expressed as a contin-
uous variable) with a range from 0 to 8 (4 grades per SIJ).

In order to give sufficient credit to measurement error, we
determined the proportion of ‘progressors’ (% of patients
with worsening) as well as the proportion of ‘regressors’ (%
of patients with improvement). Improvement was defined per
outcome measure: (A) switching from r-axSpA at baseline to
nr-axSpA at 5 years; (B) reduction of at least one grade in at least
one SIJ; and (C) reduction of at least one grade in at least one SIJ
with a baseline score of at least 2 in the improved joint. In addi-
tion, ‘net’ percentage of progression was defined as the number
of ‘progressors’ minus the number of ‘regressors’ (numerator)
divided by the total number of the study population (denomi-
nator) and was analysed in the entire population and clinically
relevant subgroups.

Sensitivity analyses that addressed the impact of missing data
were performed in patients with a baseline and at least one post-
baseline radiograph available (‘intention-to-follow” population)
using two imputation techniques:(1) last observation carried
forward (LOCF) and (2) linear extrapolation (LE).

The continuous SIJ score (total scores of left plus right SIJ
(ranging from 0 to 8)) was the mean score of the three readers;
for the binary definitions, a change was considered present if at
least two out of the three readers agreed.

Effect of baseline MRI-SIJ inflammation on the 5-year X-SIJ damage
The association between baseline MRI-SIJ inflammation
and 5-year X-SIJ damage (primary outcome) was analysed
by three different models: (1) binomial multivariable gener-
alised estimating equations (GEEs) on the individual readers’
scores (1-level GEE model); (2) ‘traditional’ multivariable
logistic regression on the aggregated (two out of three reader
consensus scores for MRI and SIJ) X-SIJ progression scores;
(3) a true longitudinal (2-level) multivariable GEE with time-
lagged autoregressive variables (as in Ramiro et al).'"* The
logistic regression models were also fit after multiple impu-
tations with chainedequations (MICE) in the ‘intention-to-
follow’ population.

Potential baseline confounders for the association of interest
were selected based on their clinical relevance (gender, symptom
duration, CRP, BASDAI, smoking status and treatment with
NSAIDs). Statistical interactions between MRI-SIJ inflamma-
tion and baseline variables were excluded first and, if relevant
(p<0.15 for the interaction term), the model was fitted per
stratum.

RESULTS

Patients and study course

Pelvic radiographs were available for 685 of the 708 patients at

baseline. Of the 685 patients with baseline X-SIJ, 519 and 416

patients had X-SIJ, from all readers, after 2 and 5 years, respec-

tively (completer’s population). A postbaseline X-SIJ (either at

year 2 or 5) was available for 557 patients (intention to follow

population). A baseline MRI-SI] was available for 679 patients.
Table 1 summarises the baseline characteristics for patients

with complete 5-year pelvic radiograph data and those without.

Radiographic progression after 5 years of follow-up

At baseline, the mNY criteria were fulfilled by 62/416 (14.9%;
according to two out of three readers) of the patients in the
completers’ population. After 5 years, this proportion has
increased to 20.0% in the completers’ population and to
18.0% and 17.7% in the ‘intention-to-follow’ population
(n=557), after LOCF and LE, respectively. A statistically
significant worsening of the mean (SD) SIJ score was found in
all scenarios (from 1.41 (1.68) to 1.60 (1.83) (A:0.19 (0.55);
p<0.001) in the completers’ population and from 1.32 (1.65)
to 1.49 (1.81) (A:0. 17 (0.59); p<0.001) (LOCF) or from 1.33
(1.65) to 1.50 (1.84) (A:0.17 (0.61); p<0.001) (LE) in the
‘intention to follow” population).

Figure 1 summarises the observed changes in the binary
outcome measures in the completers’ population, in terms of
‘% worsened’, ‘% improved’ and ‘net % progression’ (online
supplementary figures S1 and S2 provide the same information
for the ‘intention-to-follow’ population after LOCF and LE,
yielding similar results).

Effects of MRI-SIJ inflammation on X-SIJ damage

Figure 2 shows the effect of baseline MRI-SIJ inflammation on
S-year SIJ damage according to the mNY criteria, stratified for
HLA-B27 (interaction: p=0.033). Baseline MRI-SIJ inflamma-
tion was associated with radiographic damage after 5 years in
HLA-B27 positive patients (OR 5.39 (95% CI 3.25 to 8.94))
as well as HLA-B27 negative patients (OR 2.16 (95% CI 1.04
to 4.51)). The association between baseline MRI inflammation
and S-year SIJ damage was consistently found, regardless of
the analytical method and the definition of SIJ progression
(table 2).
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Table 1 Baseline characteristics according to the availability of complete 5-year radiographic data of the sacroiliac joints

Status at year 5
Characteristics Completers* Non-completers All patients
Number of patients 47 291 708
Age (mean, SD) 34.1(8.6) 33.2(8.6) 33.7 (8.6)
Symptom duration (years), (mean, SD) 1.5(0.9) (n=416) 1.5 (0.8) (n=291) 1.5(0.9) (n=707)
Male gender (%) 198 (47.5) 129 (44.3) 327 (46.2)
HLA-B27 positivity (%) 267 (64.0) (n=417) 143 (49.3) (n=290) 410 (58.0) (n=707)

X-SIJ structural damaget (mNY) (%)
MRI-SIJ inflammationtt (%)
Abnormal CRP§ (%)

BASDAI (0—10, mean, SD)

ASDAS (mean, SD)

BASFI (0-10, mean, SD)

62 (14.9) (n=416)
113 (28.1) (n=402)
126 (31.5) (n=400)

4.34 (1.99) (n=416)

2.6 (1.0) (n=395)

2.92 (2.24) (n=413)

29 (10.8) (n=268)
67 (24.2) (n=277)
78 (27.4) (n=285)
4.65 (2.01) (n=288)
2.6 (0.9) (n=281)
3.23 (2.32) (n=288)

92 (13.5) (n=684)
180 (26.5) (n=679)
204 (29.8) (n=685)
4.47 (2.00) (n=704)
2.6 (1.0) (n=676)
3.04 (2.28) (n=701)

*Patients with both baseline and 5-year X-SIJ available.

tAccording to the ‘2 out of 3’ definition: agreement of at least two out of the three readers—if two readers disagree and the third reading is missing, the combined score is set

as missing (one case for X-SI).
tPresence of bone marrow oedema according to the ASAS criteria at MRI-SIJ.
§=6mg/L.

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; CRP, C
reactive protein; mNY, modified New York criteria; MRI-SIJ, MRI of the sacroiliac joints; X-SIJ, radiograph of the sacroiliac joints.

Radiographic progression across clinically relevant subgroups
Figure 3 shows the ‘net’ progression from nr-axSpA to r-axSpA
in different subgroups of patients according to relevant clinical
characteristics and the interaction with HLA-B27. HLA-B27-pos-
itive nr-axSpA patients with a positive MRI-SIJ and CRP had a
likelihood of ‘net” progression of at least 1-grade of the X-SIJ
mNY score that was more than twice as high as r-axSpA patients
with similar baseline features (see online supplementary figures
S3 and S4).

DISCUSSION

The main findings of this 5-year follow-up study can be
summarised as follows: (1) 5-year radiographic SIJ progression is
statistically significant but of limited magnitude; (2) strategically
chosen definitions of radiographic progression may be more
sensitive to change over time than the rigid (binary) mNY-based
definition; and (3) inflammation on MRI-SIJ is highly predic-
tive of a structural radiographic SIJ progression. Moreover,
these data provide meaningful information for the clinician

@ % patients who worsened after 5 years of follow-up
0% patients who improved after 5 years of follow-up
m Net % progressors (worsened minus improved)

10.6% 10.3%

% progression

Definition

A = Switch from nr to r-axSpA according to the mNY criteria (worsened) minus switch fromr to nr-
axSpA (N=418)

B = Change in at least one grade in at least one SIJ (N=408)

C = Change in at least one grade in at least one SlJ and a final (at year 5) absolute value of at
least 2 in the worsened joint (worsened) minus change in at least one grade in at least 1 SlJand a
baseline (year 0) absclute value of at least 2 in the improved joint (N=408)

Figure 1 Changes in different binary SIJ-Plain X-ray outcome
measures (completers’ population). nr-axSpA, radiographic axial
spondyloarthritis; r-axSpA, radiographic axial spondyloarthritis; SIJ,
sacroiliac joint.

who likes to determine the risk of progression in an individual
patient, using baseline parameters such as HLA-B27 positivity,
radiographic structural damage, MRI-SIJ inflammation and
abnormal CRP.

In order to properly interpret the rate of progression of SIJ
damage that we found in this study, two quantities have to be
considered: (A) the proportion of patients with radiographic
SIJ damage at baseline; and (B) the proportion of patients that
change from nr-axSpA to r-axSpA over time.

Observed radiographic SIJ damage in the DESIR cohort (15%)
is in accordance with what has been found before, in light of the
relatively short duration of the symptoms (between 3 months
and 3 years)."*™" These data suggest that structural damage can
already be found very early in the disease.

Longitudinal studies that allow a proper evaluation of change
from nr-axSpA to r-axSpA are scarce: Sampaio-Barros et al
found a 10% progression rate over 2 years in one study'® and a
249 progression rate over 10 years in another study.'”” However,
only the researchers of the GESPIC cohort realised that a proper

HLA-B27 Positive HLA-B27 Negative
" 218,104, 451)
\eltaemmation MRL-SL 539 (125 494
1391112347 200 BeeATH
Symptoms 1.5 years it
178 1091, 507
e _drezims 2541091 508
287 ) 167 972 390
pr— B7 (1,66 437) }
BASDAI 0 99 0 96100} 107 (0.99: 1.00)
IREL 2 __Bermazza
NSAIDs 237 047, 1097 1784037, .55
000 500 10.00 200 400 600 800
Oads raso Odds ratic

Figure 2 Effect of inflammation on MRI-SIJ on being mNY-positive
after 5 years irrespective of baseline mNY status stratified according

to the HLA-B27 status at baseline (1-level binomial multivariable

GEE). Interaction between inflammation on MRI-SIJ and HLA-B27 at
baseline: p=0.033. BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; CRP, creactive protein; GEE, generalised estimating equations;
mNY, modified New York criteria; MRI-SIJ, magnetic resonance imaging
of the sacroiliac joints; NSAIDs, non-steroidal anti-inflammatory drugs.
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Table 2 Sensitivity analyses: effect of baseline MRI-SIJ inflammation on different SIJ radiographic progression definitions, irrespective of baseline
mNY status and using different analytical approaches

Main effect aOR HLA-B27 positive aOR HLA-B27negative aOR

(95% Cl) (95% Cl) (95% Cl) p Value interaction
Outcome: mNY positive
Logistic regression*® NA 9.26(4.32 to 19.86) 3.79 (1.01 to 14.28) 0.106
(n=247) (n=143)
Logistic regression after MIt 6.64 (3.67 t0 12.00) NA NA NS
(n=557)
1-level GEE NA 5.39 (3.251t0 8.94) 2.16 (1.04 to 4.51) 0.033
(n=248) (n=143)
2-level GEE (longitudinal)§ 2.42 (1.01 t0 5.78) NA NA NS
(n=493)
Outcome: 1-grade progression
Logistic regression* 2.33 (1.21 to 4.49) NA NA NS
(n=373)
Logistic regression after MIt 2.35(1.13 t0 4.86) NA NA NS
(n=557)
1-level GEE+ 1.74 (1.05 to 2.88) NA NA NS
(n=381)
2-level GEE (longitudinal)§ 1.90 (1.16 t0 3.13) NA NA NS
(n=486)
Outcome: 1-grade progression + follow-up grade>2
Logistic regression* 3.45 (1.65 t0 7.23) NA NA NS
(n=373)
Logistic regression after MIt 3.47 (1.60 to 7.54) NA NA NS
(n=557)
1-level GEE+ 1.82 (1.02 t0 3.27) NA NA NS
(n=381)
2-level GEE (longitudinal)§ 1.87 (1.04 to 3.36) NA NA NS
(n=486)

*Association between baseline MRI-SIJ inflammation and the X-SIJ score at year 5 with both variables according to the ‘2 out of 3" definition; N=patients with X-SIJ score
available at year 5 and complete data on all covariates at baseline.

tAssociation between baseline MRI-SIJ inflammation and the X-SIJ score at year 5 both variables according to the ‘2 out of 3’ definition, after multiple imputation; N= patients
with X-SIJ available at baseline and in at least one postbaseline visit and complete data on all covariates at baseline.

tAssociation between baseline MRI-SIJ inflammation and the X-SIJ score at year 5 incorporating measurements from all readers at baseline for MRI-SIJ and year 5 for the X-SIJ
score and taking into account the within-reader correlation; N=patients with at least one baseline MRI-SIJ/5-year X-SIJ pair (ie, at the same time points available) and complete
data on all covariates at baseline.

§Longitudinal association between MRI-SIJ inflammation and X-SIJ score (all measurements from all readers for both modalities) over the 5-year follow-up with time-lagged
models and first-order autoregression, taking into account the within-reader and within-patient correlation for the repeated measurements; N=patients with at least one X-SIJ/
MRI-SIJ pair and complete data on all covariates for the available pairs.

aOR, adjusted OR (adjusted for: symptom duration, gender, CRP, BASDAI, smoking status, treatment with NSAIDs and treatment with TNFi for longitudinal models); BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; CRP, C reactive protein; GEE, generalised estimating equations; MI, multiple imputation; mNY, modified New York criteria; MRI-
SIJ, MRI of the sacroiliac joints; NSAIDs, non-steroidal anti-inflammatory drugs; NA, not applicable—the main effect of MRI-SIJ inflammation on the different outcomes is only
shown if the interaction with HLA-B27 is not significant (p=0.15); NS, not significant; otherwise the effect of MRI-SIJ in each strata of HLA-B27 is shown; TNFi, tumour necrosis

factor inhibitors.

progression estimate should aggregate worsening as well as
improvement and reported progression in 9% after 2 years."”
The mNY criteria that quantify radiographic damage in SIJ
have been proposed several decades ago for classifying a partic-
ular patient at a particular point of time. These inherently binary
criteria (mNY+ or mNY—) were not intended to evaluate the
natural course of the disease. Adaptations thereof may be more
sensitive to change and simpler to interpret: our continuous
score modification (a score from 0 to 8 based on the ordinal
scale of mNY grading) is more sensitive but harder to inter-
pret to the data analyst and the clinician. The statistician will
worry about the handling of a semiquantitative variable as if
it were a continuous one and will argue the seemingly similar
distance between different grades. Moreover, a continuous score
is simply the sum of the scores obtained in two SIJs, as if they
were independent. A simpler means to express progression to
the clinician is to define progression as a change of at least 1
grade in at least one SIJ. This proposal has been used for the first

time by the GESPIC researchers.!® Since we felt that a change
between grade 0 and grade 1 (and vice versa) is not clinically
relevant, we proposed a third definition by ignoring a change
from 0 to 1.> Our study has confirmed that the sensitivity to
change of this adjusted definition is better than the one based on
the mNY criteria.

The main weakness of these X-SIJ-based definitions is likely
the poor interobserver reliability: the assessment of radiographic
damage in the SIJ according to the binary mNY criteria is partic-
ularly susceptible to measurement error.”’ While trained central
readers have shown better reliability than single (local) readers,
a combined-score by our three central readers (‘2 out of 3’ score)
is still fallible in terms of measurement error, as is suggested by
the finding of ‘improvement’ of SIJ damage under fully blinded
conditions in a significant proportion of patients.

This means that measurement error (ie, scoring variability)
must be taken into account when analysing X-SIJ progression.
We have addressed this in two ways: first, our analysis was
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a) HLA-B27 POSITIVE

Baseline Parameters*®

%shift** Nt
MRI SIJ+/CRP+ 18.4% n=38
MRI SIJ+/CRP- 8.9%  n=5
MRI SWHCRP+ 26%  n=3
MRI SI-/CRP- £ 16% n=122
] 5 10 15 20
b) HLA-B27 NEGATIVE
Baseline Parameters® o shift** Nt
MRI SIJ+/CRP+ 00% n=14
MRI SIJ+/CRP- 9.1% n=11
MRI SIJ-CRP+ 67% n=30
MRI SW-CRP- [} 1.2% n=84

o § 10 15 20
Figure 3 Net progression from nr-axSpA to r-axSpA according to
baseline objective inflammatory markers and stratified on HLA-B27
ststus. BMO, bone marrow oedema; CRP, C reactive protein; MRI-
SIJ, MRI of the sacroiliac joints; nr-axSpA, non-radiographic axial
spondyloarthritis; r-axSpA, radiographic axial spondyloarthritis.

assumption free. We allowed ‘positive change’ as well as ‘negative
change’ to occur without labelling this as ‘true progression’ or
‘noise’. We analysed to what extent 5-year SIJ structural damage
was driven by baseline inflammation on MRI-SIJ, and we could
confirm a positive association: more MRI-inflammation at base-
line leads to a higher 5-year SIJ score. In addition, we have used
an analytical approach that most efficiently captures all the avail-
able information in the model, which adds to precision. In fact,
our main analysis (the 1-level GEE) was more precise (narrower
CI) than the ‘traditional’ logistic regression.

The other weakness of the X-SIJ outcome measures is the lack of
information concerning their external validity and in particular the
lack of information related to the impact of the changes in X-SIJ
on the patient’s functional disability. In this regard, syndesmophyte
development at the spine level might be more relevant.

This cohort study in early axSpA reiterates the importance of
BMO on MRI-SIJ as a predisposing factor for developing radio-
graphic sacroiliitis 5 years later.’ ** Of note, HLA-B27 was an
effect modifier: patients carrying this genetic (risk) marker had a
larger effect of MRI inflammation on radiographic damage than
those not carrying this marker. This disparate effect suggests
HLA-B27 is a critical factor for the severity of axSpA.>! %>

Our data suggest that a proper risk estimation in indi-
vidual patients is within our scope: an nr-axSpA patient that is
HLA-B27-negative has a normal CRP and a negative MRI-SIJ
has a likelihood of only 1.2% to progress to r-axSpA. In contrast,
this likelihood is 18.4%; if the patient is HLAB27-positive, the
CRP is increased and the MRI-SIJ shows BMO.

Further studies are required to better estimate the X-SIJ
progression in axSpA and to better understand the role of
inflammation on this progression.
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EXTENDED REPORT

Predicting and managing primary and secondary
non-response to rituximab using B-cell biomarkers in
systemic lupus erythematosus

Md Yuzaiful Md Yusof,"* Daniel Shaw, ' Yasser M El-Sherbiny,"** Emma Dunn,*
Andy C Rawstron,” Paul Emery,"? Edward M Vital'

ABSTRACT

Objective To assess factors associated with primary
and secondary non-response to rituximab in systemic
lupus erythematosus (SLE) and evaluate management of
secondary non-depletion non-response (2NDNR).
Methods 125 patients with SLE treated with rituximab
over 12 years were studied prospectively. A major clinical
response was defined as improvement of all active British
Isles Lupus Assessment Group (BILAG)-2004 domains

to grade C/better and no A/B flare. Partial responders
were defined by one persistent BILAG B. B-cell subsets
were measured using highly sensitive flow cytometry.
Patients with 2NDNR, defined by infusion reaction and
defective depletion, were treated with ocrelizumab or
ofatumumab.

Results 117 patients had evaluable data. In cycle
1(C1), 96/117 (82%) achieved BILAG response
(major=50%, partial=32%). In multivariable analysis,
younger age (OR 0.97, 95% Cl 0.94 to 1.00) and

B-cell depletion at 6 weeks (OR 3.22, 95% Cl 1.24 to
8.33) increased the odds of major response. Complete
depletion was predicted by normal complement and
lower pre-rituximab plasmablasts and was not associated
with increased serious infection post-rituximab. Seventy-
seven (with data on 72) C1 responders were retreated
on clinical relapse. Of these, 61/72 (85%) responded

in cycle 2 (C2). Of the 11 C2 non-responders, nine met
2NDNR criteria (incidence=12%) and tested positive

for anti-rituximab antibodies. Lack of concomitant
immunosuppressant and higher pre-rituximab
plasmablasts predicted 2NDNR. Five were switched

to ocrelizumab/ofatumumab, and all depleted and
responded.

Conclusion Treatment with anti-CD20 agents can be
guided by B-cell monitoring and should aim to achieve
complete depletion. 2NDNR is associated with anti-
rituximab antibodies, and switching to humanised agents
restores depletion and response. In SLE, alternative anti-
CD20 antibodies may be more consistently effective.

INTRODUCTION

Rituximab, a chimeric anti-CD20 monoclonal
antibody (mAb) remains an important treatment
option for moderate to severe systemic lupus
erythematosus (SLE). A high degree of efficacy
of rituximab across a range of lupus manifesta-
tions has been reported in open-label studies from
single-centre series,' multicentre registries*™® and
a systematic review of off-label use.” Despite the
success of these series, two phase Il randomised

placebo-controlled trials in non-renal lupus® and
renal lupus’ failed to meet their primary end-points.
The discrepancy between the randomised trials and
real-world evidence has been attributed to aspects
of trial design including choice of end-points, the
use of an active comparator, inclusion criteria and
low statistical power.'”

Nevertheless, there are also mechanistic reasons
for the failure of rituximab in clinical trials in SLE.
B-cell killing by rituximab appeared less efficient
in SLE than rheumatoid arthritis (RA)!' due to
internalisation through interaction with FcyRIIb
resulting in reduced effector activity'? and patho-
genic lupus autoantibodies that were produced by
long-lived plasma cells."* '* Using highly sensitive
flow cytometry (HSFC), a protocol that was opti-
mised for the detection of plasmablasts, we discov-
ered that the depth of B-cell depletion predicted
response in RA" and SLE.” Similar studies as well as
identifying other clinical predictors of response to
rituximab in SLE are needed to optimise its use and
to help design trials of alternative B-cell depleting
strategies.

B-cell depletion therapy with rituximab is tran-
sient. Some patients with initial good response
experience relapse after B-cell repopulation
(although with a variable interval). In our published
discovery cohort, we showed a bimodal pattern
of relapse. Earlier relapse requiring rituximab
retreatment was predicted by a plasmablast count
of >0.0008x 10°/L at 6 months (the time of initial
clinical response).” Patients with lower plasmablasts
at 6 months had sustained response without retreat-
ment. Validation of this as a biomarker is therefore
needed to determine whether HSFC can be used in
clinical practice to guide retreatment decisions.

Repeat treatment with rituximab is effective.’
However, we observed cases of patients with SLE
who had previously depleted and responded well
to rituximab but subsequently developed (1) a
severe infusion reaction >24hours during the
second infusion of a cycle, (2) failure to deplete
CD20+ (naive and memory) B-cells and (3) clinical
non-response during repeat cycles. We called this
phenomenon secondary non-depletion and non-re-
sponse (2NDNR), which was suggestive of immu-
nogenicity to rituximab and could be overcome by
alternative anti-CD20 mAbs, particularly human-
ised. Therefore, the aims of the study were to assess
factors predicting primary and secondary non-re-
sponse to rituximab in SLE including validation of
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B-cell depletion and to evaluate management of 2NDNR using
alternative anti-CD20 agents.

METHODS

Patients and design

A prospective observational study was conducted of all patients
with moderate to severe SLE who were treated with rituximab
in Leeds between January 2004 and July 2016. Inclusion criteria
included (1) adults (>16 years old); (2) fulfilling the revised 1997
American College of Rheumatology classification for SLE'® and
(3) at least 6 months follow-up post-rituximab.

Treatment protocol

All patients received a first cycle of therapy consisting of 100 mg
of methylprednisolone and 1000 mg of rituximab given intra-
venously on days 1 and 14. Further cycles of the same regimen
were repeated on clinical relapse (defined below).

Of those who met 2NDNR criteria, their treatment was
switched from rituximab to humanised anti-CD20 mAbs either
by using (1) 2x1000mg ocrelizumab (compassionate use from
Roche UK) or (2) 2X700mg ofatumumab (individual funding
request to NHS England).

Clinical data and outcomes

Disease activity was assessed using the British Isles Lupus Assess-
ment Group (BILAG-2004)" at baseline and every 3 months
thereafter. Clinical responses at 6 months were determined
as following: (1) major clinical response=improvement of all
domains rated A/B to grade C/better and no A/B flare between
baseline and 6 months; (2) partial clinical response=maximum
of 1 domain with a persistent grade B with improvement in all
other domains and no A or B flare and (3) non-response=those
not meeting the criteria for major or partial clinical response.
Relapse was defined as a new grade A or recurrence of =1 grade
B following either major/partial clinical response at 6 months.
Global BILAG score was calculated as follows: grade A=12,
grade B=8, grade C=1 and grades D and E=0."®

Laboratory assessments

Peripheral blood B-cell subsets (naive, memory B-cells and
plasmablasts) were measured using HSFC as previously
described" at baseline, 6 months and every 6 months without
knowledge of clinical status other than time since rituximab.
Complete B-cell depletion was defined as counts <0.0001x 10°/L
and repopulation as =0.0001x10”/L.

Anti-dsDNA antibody titres were measured by ELISA until
July 2012 and Bioplex 2200 Immunoassay (after July 2012).
Complement levels (C3 and C4) and total serum immunoglob-
ulin titres were measured by nephelometry.

Anti-rituximab antibodies were tested on a subset of patients
with 2NDNR using the Promonitor® Anti-Rituximab ELISA
according to the manufacturer’s instructions and compared
these concentrations to those with continued response to ritux-
imab. A positive test (as determined by the manufacturer) was
concentration >140 AU/mL.

Safety

Serious infections were recorded irrespective of suspected asso-
ciation with SLE and/or therapy. These were infections that
resulted in hospitalisation for >24 hours or required intravenous
antibiotics. Details about other safety assessment can be found in
online supplementary files.

Statistical analysis
Descriptive statistics were summarised using mean with SD or
median with IQR for continuous variables and proportion for
categorical variables. Multiple imputation was used for missing
data. Multivariable analyses were performed using logistic
regression after checking for multicollinearity. The significance
of the association between categorical variables was tested by
Fisher’s exact test, while for continuous variables using Mann-
Whitney U test. Receiver operator curves (ROCs) were used
to measure sensitivity and specificity of optimal thresholds for
investigations predicting time-to-clinical relapse.

All statistical analysis was performed using Stata V.13.1 and
Graph Pad Prism V.6.01 for Windows.

RESULTS

Patient characteristics

Of 125 patients with SLE who were treated with rituximab at
our unit, 117 patients with evaluable data at 6 months were
studied. Baseline characteristics are described in table 1. One
hundred and twelve (96%) had refractory and active disease as
defined by BILAG =1A score and/or =2B scores. The remaining
five had BILAG B in one domain only but was refractory to other
conventional therapies as well as on maintenance with oral pred-
nisolone =10 mg daily. Total follow-up was 492 patient-years.

Treatment characteristics

Three hundred and eighteen cycles of rituximab were admin-

istered. Median (range) duration of response in rituximab

responders for cycles 1-4 (C1-4) were 52 (26-423), 52

(26—299), 57 (27-184) and 50 (29-173) weeks, respectively.
Concomitant cyclophosphamide was used in five patients who

presented with life-threatening flare.

Clinical and immunological response to first cycle rituximab
In C1, there was a good overall clinical response to rituximab.
Fifty-eight (50%) patients had major clinical response, 38 (32%)
partial clinical response and 21 (18%) were non-responders. The
median global BILAG scores had reduced from 21 (IQR 14-27)
pre-rituximab to 8 (IQR 1-10) at 6 months; p<0.001.

Responses in individual BILAG domains are shown in
figure 1A. Although majority of domains improved, responses
were more variable in the mucocutaneous and haematolog-
ical domains. Mucocutaneous responses to rituximab have
been described in detail previously.! These long-term data
showed a more consistent major response in lupus erythema-
tosus non-specific lesions and oral ulcers, while non-response in
chronic cutaneous lupus erythematosus (CCLE) (CCLE vs other
lupus-specific lesions; p=0.022).

The median serum anti-dsDNA titre had reduced from 109
(IQR 16-300) TU/mL pre-rituximab to 32 (IQR 7-116) IU/mL at
6 months; p<0.001. Of 46 patients with low complement (C3
and/or C4) levels pre-rituximab, levels had normalised in 25/46
(54%) at 6 months.

Predictors of major clinical response to first cycle rituximab
Only B-cell depletion at 6 weeks increased the odds of BILAG
response (major/partial) in multivariable analysis; adjusted
imputed OR 13.93, 95% CI 3.11 to 62.37; p=0.001 (online
supplementary table S2).

As there was a high degree of response to rituximab in this
cohort, we analysed predictors for major clinical response sepa-
rately in order to identify patients who would respond best to
therapy. In imputed univariable analysis, only younger age was
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Table 1 Baseline characteristics of the 117 patients with SLE
treated with rituximab
Age at first RTX infusion, median (IQR) years 39 (26-52)
No. female patient (%) 109 (93)
Ethnicity, N (%)
Caucasian 80 (68)
Afro-Caribbean 11 (10)
South Asian 20(17)
Other 6 (5)
SLE disease duration at first RTX, median 6 (2-11)
(IQR) years
Positive ANA at diagnosis, N (%) 117 (100)
Antibody status at first RTX infusion, N (%) 108 (92)
Positive
anti-dsDNA 56 (48)
Anti-Ro 57 (49)
Anti-La 18 (15)
Anti-Smith 15 (13)
Anti-Chromatin 19 (16)
Anti-RNP 23 (20)
Anti-Ribosomal P 6 (5)
Anti-Cardiolipin/anti-B2-glycoprotein 14 (12)
Prior CYC therapy, N (%) 63 (54)
Cumulative dose of CYC, mean + SD gram 6.6 +4.2

Number of prior immunosuppressant failure 3(0-9)
(including CYC but excluding glucocorticoid),
median (range)

Concomitant antimalarials, N (%) 88 (75)

Concomitant immunosuppressant, N (%)

Azathioprine 19 (16)
Methotrexate 16 (14)
Mycophenolate Mofetil 39 (33)

Prednisolone dose at first RTX infusion, 10 (3-20)

median (IQR) mg

ESR at first RTX infusion, median (IQR) mm/ 29 (15-57)

hour

BILAG index score at baseline, N (%)
>1 A score 96 (82)

No A score but >2 B scores 16 (14)

BILAG domains at baseline, N (%) Grade A Grade B
General 9(8) 12 (10)
Mucocutaneous 23 (20) 32 (27)
Neurological 17 (15) 17 (15)
Musculoskeletal 30 (26) 24 (20)
Cardiorespiratory 6 (5) 13 (11)
Gastrointestinal 6 (5) 0(0)
Ophthalmic 0(0) 0(0)
Renal 34 (29) 0(0)
Haematology 11 (9) 12 (10)

Global BILAG score, median (IQR) 21 (14-27)

SLEDAI-2K score, median (IQR) 10 (6-14)

SLICC Damage Index, median (IQR) 0(0-1)

ANA, antinuclear antibody; BILAG, British Isles Lupus Assessment Group; CYC,
cyclophosphamide; dsDNA, double-stranded DNA; ESR, erythrocyte sedimentation
rate; RNP, ribonucleic protein; RTX, rituximab; SLEDAI-2K, Systemic Lupus
Erythematosus Disease Activity Index 2000; SLICC, Systemic Lupus International
Collaborating Clinics (SLICC).

associated with major response to rituximab (OR 0.97, 95% CI
0.95 t0 0.99; p=0.031). While in imputed multivariable model,
younger age (OR 0.97, 95%CI 0.94 to 1.00; p=0.045) and

B-cell depletion at 6 weeks post-rituximab (OR 3.22, 95% CI
1.24 to 8.33; p=0.016) increased the odds of major response to
rituximab (table 2).

Validation of association between complete B-cell depletion
and clinical response

The published discovery cohort included 37 patients with
SLE.” In this validation cohort, 67 subsequent and consecutive
patients (with B-cell data available) were analysed. Similar to the
discovery cohort, higher response rate was achieved in complete
depletion compared with incomplete depletion groups (93% vs
68%; p=0.011) in this validation cohort (figure 1B).

While there was no difference at baseline, patients with
complete B-cell depletion had significantly lower anti-dsDNA
antibody titres at 14 weeks (p=0.030) and 26 weeks (p=0.041)
versus those with incomplete depletion. In the former, C3
and C4 levels were not different at 14 weeks (p=0.064and
p=0.148, respectively) but were higher at 26 weeks (p=0.020 and
p=0.022, respectively) compared with the latter group. There
was no difference in anti-ENA antibodies between the two
groups at 14 and 26 weeks; all p>0.10.

Predictors for complete B-cell depletion to first cycle
rituximab

Data for B-cell subsets were available for 104 (89%) patients.
In imputed univariable analysis, higher anti-dsDNA titre (OR
1.00, 95%CI 0.99 to 1.00; p=0.038), normal complement
levels (OR 0.41, 95%CI 0.18 to 0.91; p=0.028) and lower
pre-rituximab plasmablasts (OR 0.88, 95%CI 0.80 to 0.98;
p=0.015) were associated with complete B-cell depletion. While
in imputed multivariable model, only normal complement levels
(OR 0.29, 95% CI 0.09 to 0.90; p=0.032) and lower pre-ritux-
imab plasmablasts (OR 0.86, 95% CI 0.78 to 0.96; p=0.007)
predicted complete B-cell depletion post-rituximab (online
supplementary table S4).

B-cell depletion and associated serious infection

As most of the serious infection episodes occurred in C1 and
C2 (n=23 in 15 patients), we analysed the association between
complete B-cell depletion and serious infection. After two cycles,
there were no difference in the serious infection rates between
complete and incomplete depletion groups (8/98 (8.2%) and
7173 (9.6%), respectively; p=0.789).

Plasmablast repopulation as a biomarker of relapse

At 6 months, B-cells were detectable in 81% of the C1 responders.
This time-point preceded all relapses. As the median of dura-
tion of response was 52 weeks, we divided the patients in this
validation cohort (n=25 with B-cells data available) into two
groups: (1) earlier relapse (<12 months from first rituximab)
and (2) later relapse (>12 months). A 12-month relapse time is
clinically significant as it indicates that a 6-monthly retreatment
may not be necessarily needed in these patients. Similar to the
discovery cohort, the ROC indicated that a plasmablast count
of >0.0008x10°/L at 6 months yielded 73% (95% CI 45% to
929%) sensitivity and 90% (95% CI 56% to 99%) specificity in
predicting earlier relapse; area under the curve of 0.86 (online
supplementary figure S1).

Of the patients with plasmablasts >0.0008x10’/L at 6
months, relapse rates within the next 26 and 52 weeks were
90% and 100%,respectively. While of the patients with
plasmablasts <0.0008 x 10°/L at 6 months, relapse rates within
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achieved in complete depletion compared with incomplete depletion groups; 93% versus 68%; p=0.011 in the validation cohort. (C) There was an
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the next 26 and 52 weeks were 33% and 73%, respectively
(figure 2A).

There were no differences in anti-dsDNA titres, total
BILAG score and memory B-cells at 6 months between the
earlier versus later relapse groups, p=0.475, p=0.985and
p=0.414, respectively.

Retreatment of first cycle non-responders

In RA, we showed that retreatment of initial non-responders
with incomplete B-cell depletion led to improved response
rate in C2.%° Of the 21 patients who were C1 non-responders,
nine were retreated with rituximab. The domains that persisted

at grade A/B in C1 were mucocutaneous (n=4), musculo-
skeletal (n=3), renal (n=2) and haematology (n=3). After
retreatment, none of these patients responded. Additionally,
four patients had clinical features that were suggestive of
immunogenicity.

Retreatment of first cycle responders

Of the 96 patients who were C1 responders, 77 (with complete
data on 72) were retreated on clinical relapse. Of these, 61/72
(85%) responded in C2 (figure 3). Numerically higher rate of
B-cell depletion was achieved in C2 compared with C1 (68%
versus 58%, respectively; p=0.206) and depletion improved

1832

Md Yusof MY, et al. Ann Rheum Dis 2017;76:1829—1836. doi:10.1136/annrheumdis-2017-211191


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

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com
Clinical and epidemiological research

Table 2 Multivariable analysis for predictors of major clinical response to first cycle rituximab

No response/ Univariable OR (95% Cl), Multivariable OR (95% Cl),

partial response  Major clinical p value p value

n=59 response n=58  (with multiple imputation) (with multiple imputation)
Age, mean (SD) years 43 (17) 37 (14) 0.97 (0.95 to 0.99), p=0.031 per year 0.97 (0.94 to 1.00), p=0.045
White, N (%) 43 (73) 37 (64) 1.53 (0.70 to 3.34), p=0.292 0.92 (0.34 to 2.47), p=0.870
Anti-dsDNA titres, mean (SD) IU/mL 147 (230) 142 (230) 1.00 (0.99 to 1.00), p=0.879 per unit 1.00 (0.99 to 1.00), p=0.632
Anti-ENA positivity, N (%) 40 (68) 38 (66) 0.91 (0.42 to 1.99), p=0.812 0.90 (0.37 to 2.22), p=0.821
Low C3 and/or C4 titres, N (%) 25 (42) 24 (41) 0.97 (0.46 to 2.04), p=0.937 1.14 (0.41 to 3.13), p=0.801
ESR, mean (SD) mm/hour* 40 (32) 41 (36) 1.00 (0.99 to 1.01), p=0.827 per unit -
Concomitant S, N (%)t 41 (69) 35 (60) 0.67 (0.31 to 1.43), p=0.301 0.43 (0.17 to 1.09), p=0.075
Daily prednisolone dose, mean (SD) mg 13 (11) 16 (14) 1.02 (0.99 to 1.05), p=0.207 per mg 1.00 (0.97 to 1.04), p=0.713
Total BILAG score, mean (IQR) 21 (8) 24 (13) 1.03 (0.99 to 1.07), p=0.093 per point 1.02 (0.97 to 1.07), p=0.371
Total B-cell counts, mean (IQR)# 101 (95) 138 (150) 1.00 (1.00 to 1.01), p=0.161 per unit 1.00 (1.00 to 1.01), p=0.137
B-cell depletion at 6 weeks postrituximab, N (%) 29 (49) 39 (68) 2.10 (0.95 to 4.62), p=0.065 3.22 (1.24 to 8.33), p=0.016

*As high collinearity was observed between ESR and total B-cell counts, only the latter was included in the multivariable analysis.

tConcomitant immunosuppressant was defined as either using methotrexate, azathioprine, mycophenolate mofetil and/or other disease modifying anti-rheumatic drugs but
excluded anti-malarials.

tcount x 107 cells/L) for each subset multiplied by 1000 prior to analysis.

BILAG, British Isles Lupus Assessment Group; C3/C4, complement 3 or 4; dsDNA, double-stranded DNA; ENA, extract nuclear antigen; ESR, erythrocyte sedimentation rate; IS,
immunosuppressant.
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Figure 3  Efficacy of repeat cycles with rituximab in systemic lupus erythematosus. There was a high rate of initial clinical response to rituximab in

this cohort, 96/117 (82%). Seventy-seven responders who had clinical relapse

were retreated in C2. Of these, 61/72 (85%) continued to response in

C2. Of the C2 non-responders, 9/11 met 2NDNR criteria. Five were switched to ocrelizumab/ofatumumab resulted in depletion and response in all.

2NDNR, secondary non-depletion and non-response; C1, cycle 1.

Table 3 Factors associated with secondary non-depletion non-response to rituximab (2NDNR)

Characteristics prior to rituximab retreatment Continued to respond (n=61) 2NDNR (n=9) p Value
Concomitant IS, N (%) 41 (67) 2(22) 0.023
Prednisolone, median (IQR) mg 5(0-10) 5(0-17.5) 0.729
Duration of response, median (IQR) weeks 50 (36-107) 62 (52-164) 0.239
Total BILAG score, median (IQR) 16 (12-21) 24 (12-27) 0.209
Partial clinical response in cycle 1, N (%) 24 (39) 3(33) 0.731
Naive B-cells, median (IQR) 10° cells/L 0.0349 (0.0071-0.0735) 0.0620 (0.0101-0.0950) 0.296
Memory B-cells, median (IQR) x 10°/L 0.0019 (0.0010-0.0047) 0.0090 (0.0054-0.0394) 0.175
Plasmablasts, median (IQR) x 10°/L 0.0011 (0.0004-0.0036) 0.0086 (0.0052—-0.0227) <0.001

*NDNR, secondary non-depletion and non-response; IS, immunosuppressant.

over subsequent cycle, C3 versus C1 (79% vs 58% respec-
tively; p=0.022) (figure 1C).

Twelve out of 38 patients who were C1 partial responders
were retreated at 6 months. Of these, major clinical response
was achieved in 10/12 (83%) in C2. One patient had worsening
of arthritis, while another had 2NDNR in C2.

Of the 11 patients who were C2 non-responders, nine met
2NDNR criteria. Therefore, the incidence of 2NDNR in this
cohort was 9/77 (12%). In C3, another two patients had 2NDNR.

Association of 2NDNR with antirituximab antibody
Post-rituximab sera for 5/9 patients with 2NDNR were tested
for anti-rituximab antibodies. Of these, all 5/5 (100%) were
tested positive. In contrast, of the 16 patients who were
C2 responders, 9/16 (56%) were also tested positive for
anti-rituximab antibodies. The median anti-rituximab levels
were higher in the former, 562 (IQR 394-9670) AU/mL
compared with the latter, 217 (IQR 0-409) AU/mL; p=0.024
(figure 2B).

Factors associated with 2NDNR

Risk factors for 2NDNR were lack of concomitant immuno-
suppressant (p=0.023) and higher pre-rituximab plasmablasts
(p<0.001) (table 3). Concomitant corticosteroid dose, duration
of response in C1, clinical response category in C1, pre-ritux-
imab global BILAG score, pre-rituximab naive and memory
B-cells were not associated with 2NDNR; all p>0.10.

Efficacy of switching to humanised anti-CD20 antibodies
Following 2NDNR, treatment for five patients were switched
to humanised anti-CD20 mAbs (3=ocrelizumab and 2=ofatu-
mumab). Post-treatment, complete depletion of CD20+ cells
were achieved in 4/5 patients, while the remaining one had
substantially low counts (0.0016x10°/L).

The median global BILAG scores had reduced from 24 (IQR
18-45) pre-treatment to 1 (IQR 0-8) post-treatment; p=0.008
(figure 2C). The individual BILAG response is shown in figure 2D
and described in online supplementary table S5. One patient with
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class IV-G (active with moderate scarring) who had progressed into
end-stage renal failure was treated with ofatumumab, mainly for
severe thrombocytopaenia with a view for renal transplantation
preparation. Post-treatment, her platelet had normalised from
45x10°/L (pre-treatment), renal parameters were stable and she
successfully underwent live donor renal transplantation.

DISCUSSION

The clinical challenges for the use of rituximab in SLE include
defining subgroups of patients likely to respond to the initial
and subsequent cycles and optimal repeat treatment strategy.
By capturing data of all patients with SLE who were treated
with rituximab in this largest reported cohort, as well as long-
term follow-up, this study offers insights into pragmatic use of
rituximab and has implications for the future development of
targeted therapies.

In this study, the only consistent predictor of any (and major)
clinical response to rituximab is B-cell depletion (as measured
using HSFC) at 6 weeks post-rituximab, which we have now
validated in an independent cohort. This underlines the immu-
nomodulatory action of rituximab in correcting autoimmune
B-cell function and normalising autoantibody titres and comple-
ment levels without increasing the risk of severe infection.
From treatment stratification perspective, our data support the
rationale for B-cell monitoring during therapy. Thus, prior to
rituximab, by assessing patients for low complement levels and
higher plasmablasts, treatment modification can be employed
to improve depletion, either by increasing the dose or adding
an extra infusion, as we previously showed in RA.*! At 6 weeks
post-rituximab, complete depletion is a marker of good response
to therapy. For those with incomplete depletion, close moni-
toring is required. At 6 months post-rituximab, repopulation
of plasmablasts of >0.0008 x 10°/L increases the risk of clinical
relapse within the following 6 months. Therefore, these patients
can be considered for early retreatment in order to reduce the
higher burden of B-cell numbers and enhance depletion in
the subsequent cycle. Importantly, for those with plasmablasts
of <0.0008x10°/L at 6 months, monitoring for clinical relapse
would appear an acceptable strategy.

Regardless of response, about 12% subsequently developed
2NDNR in C2. This phenomenon is associated with rituximab
anti-drug antibodies. However, measuring anti-rituximab anti-
body alone is not enough to identify patients as 2NDNR as over
half of the patients who were tested positive responded in that
particular cycle. Instead, clinical features, that is, severe infu-
sion reaction and non-response and measuring B-cells, are more
meaningful. Lack of concomitant oral immunosuppressant and
higher pre-rituximab plasmablasts predicted 2NDNR. Oral
immunosuppressant use was decided at physician discretion, but
our data suggest they might have a role in preventing immunoge-
nicity. The exact mechanism for the association with plasmablast
number is unknown, but plasmablasts are markers for overall
B-cell activation. Following initial depletion with rituximab,
B-cell-activating factor levels increase and promote the formation
of plasmablasts.”” This early increase in plasmablasts enhances
the formation of follicular T-helper cells, thus creating a positive
feedback loop that perpetuates antibody-driven inflammation
and may explain why some patients become refractory to ritux-
imab in SLE.”

Following 2NDNR to rituximab, switching to humanised
anti-CD20 mAbs restores depletion and response in SLE. Ocrel-
izumab and ofatumumab are both type 1 anti-CD20 mAbs. The
primary endpoint was met in ocrelizumab-treated groups in RA

trials® and was investigated in SLE.” However, development
in these indications was halted after an increase in opportu-
nistic infections, some of which fatal were reported.?® All three
patients in our study had major clinical responses and prolonged
remission for over 5-year period post-ocrelizumab. Ofatumumab
is licenced for resistant chronic lymphocytic leukaemia and
has demonstrated efficacy in RA.?” Both patients in our study
responded well to ofatumumab included one who achieved
complete depletion for the first time from B-cell depleting
therapy. Additionally, a few case series have recently reported on
its efficacy in extrarenal and refractory lupus nephritis.”* ** Alter-
natively, other anti-CD20 agents with enhanced antibody-depen-
dent cellular cytotoxicity may be more effective in SLE. In vitro
obinutuzumab demonstrated enhanced depletion was achieved
with this type 2 mAb, compared with rituximab.*

This study has several limitations. First, an interobserver vari-
ability could have occurred in BILAG assessments due to the
lengthy follow-up duration and a cohort that was highly hetero-
geneous in lupus manifestations. However, the BILAG scores
reflected the clinician’s intention-to-treat, and the patients
were managed in a dedicated single centre, thus allowing for
consistency in assessment. Second, B-cells and laboratory data
were missing in some cases. As these were deemed missing at
random, multiple imputation was used to reduce potential bias
in parameter estimation as well as enhancing generalisability of
the results. Next, concomitant therapy with immunosuppressant
were used in more than 60% of the patients, thus efficacy could
not be attributed to rituximab alone. Lastly, the lack of control
group limits interpretation of efficacy and safety of rituximab.

In conclusion, treatment with anti-CD20 agents can be
guided by B-cell monitoring with the aim of achieving complete
depletion. About one in eight patients with SLE lose deple-
tion on repeat cycles of rituximab regardless of prior response
and secondary non-depletion is associated with anti-rituximab
antibodies. Concomitant oral immunosuppressant may help to
prevent this. If 2NDNR occurs, switching to humanised anti-
CD20 mAbs restores depletion and response. Therefore, alter-
native anti-CD20 antibodies may be more consistently effective
in SLE treatment and several ongoing trials are addressing these
issues.

Correction notice This article has been corrected since it published Online First.
The abstract has been corrected.
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EXTENDED REPORT

Repeated administration of dapirolizumab pegol

in a randomised phase | study is well tolerated

and accompanied by improvements in several
composite measures of systemic lupus erythematosus
disease activity and changes in whole blood

transcriptomic profiles

Chris Chamberlain,' Peter J Colman,' Ann M Ranger,? Linda C Burkly,?
Geoffrey | Johnston,' Christian Otoul,* Christian Stach,” Miren Zamacona,’
Thomas Dérner,® Murray Urowitz,” Falk Hiepe®

ABSTRACT

Objectives Systemic lupus erythematosus (SLE) is a
heterogeneous autoimmune disease associated with
diffuse immune cell dysfunction. CD40-CD40 ligand
(CD40L) interaction activates B cells, antigen-presenting
cells and platelets. CD40L blockade might provide an
innovative treatment for systemic autoimmune disorders. We
investigated the safety and clinical activity of dapirolizumab
pegol, a polyethylene glycol conjugated anti-CD40L Fab’
fragment, in patients with SLE.

Methods This 32-week randomised, double-blind,
multicentre study (NCTO1764594) evaluated repeated
intravenous administration of dapirolizumab pegol in
patients with SLE who were positive for/had history of
antidouble stranded DNA/antinuclear antibodies and

were on stable doses of immunomodulatory therapies (if
applicable). Sixteen patients were randomised to 30 mg/kg
dapirolizumab pegol followed by 15 mg/kg every 2 weeks
for 10 weeks; eight patients received a matched placebo
regimen. Randomisation was stratified by evidence of
antiphospholipid antibodies. Patients were followed for 18
weeks after the final dose.

Results No serious treatment-emergent adverse events,
thromboembolic events or deaths occurred. Adverse events
were mild or moderate, transient and resolved without
intervention. One patient withdrew due to infection. Efficacy
assessments were conducted only in patients with high
disease activity at baseline. Five of 11 (46%) dapirolizumab
pegol-treated patients achieved British Isles Lupus
Assessment Group-based Composite Lupus Assessment
response (vs 1/7; 14% placebo) and 5/12 (42%) evaluable
for SLE Responder Index-4 responded by week 12 (vs 1/7;
14% placebo). Mechanism-related gene expression changes
were observed in blood RNA samples.

Conclusions Dapirolizumab pegol could be an effective
biological treatment for SLE. Further studies are required to
address efficacy and safety.

Trial registration number NCT01764594.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a multi-
system and complex autoimmune disease that

results in morbidity, an increased mortality rate and
a poor quality of life."” The pathogenesis involves
several mechanisms, including proinflammatory
presentation of potential autoantigens by the innate
immune system, hyperactivation of the adaptive
immune system, formation of pathogenic autoan-
tibodies and the deposition of immune complexes
capable of affecting diverse organ systems.*’

CD40 ligand (CD40L, also known as CD154)
has been shown to be an important immune-in-
flammatory modulator and as such it is a credible
candidate for pharmacological intervention.®” It is
widely expressed on naive and activated CD4+ T
cells and platelets; the receptor, CD40, is expressed
constitutively on a wide range of cells including
antigen presenting cells and B cells.** CD40-
CDA40L interaction has been shown to be essential
for normal T cell/B cell functional interactions,
including the T cell-dependent humoral immune
response, T cell activation of antigen presenting
cells, augmentation of CD8+ T cell responses,
immunoglobulin (Ig) class-switching and induc-
tion of dendritic cell maturation.'®*? Blockade of
CD40-CD40L may decrease the immune activation
seen in autoimmune disorders, and this approach
has been shown to be efficacious in diverse models
of experimental autoimmunity. "

In previous studies, the monoclonal anti-CD40L
IgG1 antibody, huS5c8 (ruplizumab; BG9588),
showed evidence of potential efficacy in patients
with lupus nephritis and idiopathic thrombocy-
topenic purpura;'* '* however, clinical trials were
halted because of a higher than expected occur-
rence of thromboembolic events.' ® It is proposed
that the observed treatment-related (TR) throm-
boembolic events occurred as a result of platelet
activation and aggregation, due to the formation of
anti-CD40L antibody and soluble CD40L immune
complexes that tether to platelets via binding of
sCD40L to surface-expressed CD40 and activate
platelets through interactions of the Fc with Fc
gamma receptor IIA on the platelet surface.'” '8
Dapirolizumab pegol (CDP7657), an anti-CD40L
Fab’ antibody fragment conjugated to polyethylene

BM)
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glycol (PEG),"” was designed to address the potential safety
problems caused by the Fc moiety, while retaining favourable
pharmacokinetics (PK). In vitro assays have demonstrated
that dapirolizumab pegol is a potent antagonist of CD40L
binding to CD40, and dose-dependent inhibition of antibody
responses with dapirolizumab pegol have been demonstrated in
both humanised severe combined immune deficient mice and
cynomolgus macaques.”” 2° No histopathological evidence of
increased thrombovasculopathy or in vitro platelet activation
with dapirolizumab pegol compared with placebo was observed
in these models.

We report a phase I study designed to evaluate the safety, toler-
ability and PK of repeat intravenous dosing of dapirolizumab
pegol in patients with active SLE. The study also aimed to assess
the effect of dapirolizumab pegol on disease activity and CD40L
pathway modulation.

METHODS

Trial design and interventions

A randomised, double-blind, multicentre, placebo-controlled,
exploratory phase I study was performed at multiple sites
across Europe (Belgium, Bulgaria, Germany, Poland, Romania,
Russia and Spain). Patients were randomised (2:1) to receive
intravenous-administered  dapirolizumab pegol 30mg/kg
followed by dapirolizumab pegol 15 mg/kg every 2 weeks for
10 weeks (total of § doses) or to receive a matching placebo
regimen (see online supplementary figure S1). Participants were
randomised according to evidence of antiphospholipid (aPL)
antibodies; these could include historic reports of all known
antiphospholipid antibodies. The expected duration of study
participation was 32 weeks, comprising an initial 4-week
screening period, a 10-week dosing period and an 18-week
follow-up period (see online supplementary figure S1). Dosing
in the study was intended to achieve a probable therapeutic
concentration of dapirolizumab pegol. Data from human
studies completed with another anti-CD40L antibody (rupli-
zumab; BG9588) indicated quantifiable effects on antidouble
stranded (ds) DNA antibody levels in patients with SLE'® when
a concentration of >100pg/mL was achieved (UCB data on
file). This was further supported by preclinical data showing a
dose-dependent inhibition of antibody response with dapiroli-
zumab pegol in cynomolgus macaques.”’

Participants

Patients were aged 18-75 years with a diagnosis of SLE satis-
fying the American College of Rheumatology classification
and a Safety of Estrogen in Lupus Erythematosus National
Assessment Modification to the Systemic Lupus Erythematosus
Disease Activity Index - 2000 (SELENA SLEDAI) score =4 at
screening.?! % All patients had positive anti-dsDNA antibodies
(defined as >10IU/L using an enzyme-labelled anti-isotope
assay (ELiA) (Thermo Fisher Scientific: Phadia)) or were anti-
nuclear antibody (ANA) positive (>1:80 using an ELiA assay
(Thermo Fisher Scientific: Phadia)) at screening or had a
previously documented positive anti-dsDNA antibody or ANA
assay.

Patients taking corticosteroids, antimalarial drugs or immu-
nosuppressants were required to be on a stable dose (no greater
than 20 mg/day for oral prednisolone or equivalent) for at least
28 days before the first dose of dapirolizumab pegol and were
required to maintain this dose for at least 28 days following
the start of dapirolizumab pegol administration. There were no
restrictions on prior biological therapy use to treat SLE.

Patients with active, neuropsychiatric SLE, active severe
glomerulonephritis, an existing or documented acute renal
flare in the previous 6 months and/or decreased renal func-
tion (estimated glomerular filtration rate <30mL/min/1.73 m?;
urinary protein >2g/24 hours or urinary protein:creatinine ratio
of >200 mg/mmol) were excluded. Also excluded were patients
with a significantly increased risk of thromboembolic events
(history of thromboembolism within 1year prior to screening,
vascular graft, valvular heart disease, atrial fibrillation, presence
of at least one Factor V Leiden mutant allele, a positive test for
aPL antibodies with no stable anticoagulation treatment for at
least 28 days prior to the first dose of dapirolizumab pegol).

Clinical endpoints

The primary objective of this study was to evaluate the safety
and tolerability of repeated dapirolizumab pegol administra-
tion in patients with active SLE. The secondary objective was
to assess the PK of dapirolizumab pegol; exploratory objectives
monitored disease activity and/or CD40L pathway modulation
(via messenger RNA (mRNA) changes and laboratory measures
including platelet counts, autoantibodies and complement
components) following repeated intravenous administration of
dapirolizumab pegol.

Disease activity measures included the British Isles Lupus
Assessment Group (BILAG) 2004 index assessment using
centralised grading, which reflects disease activity within
the last 4 weeks** ** and SELENA SLEDAI composite scoring
to reflect disease activity within the last 10 days. Responder
indices included the BILAG-based Composite Lupus Assessment
(BICLA) and the Systemic Lupus Erythematosus Responder
Index-4 (SRI-4).2* %> Physician global assessment was collected
via a visual analogue scale ranging from 1-100, and the assessor
was also blind to the Subject Global Assessment.

Transcriptional analysis (mRNA signature profiling)

Peripheral blood samples used for gene expression analyses
were collected using PAXgene Blood RNA tubes (PreAnalytix
GmbH). RNA was isolated using the Agencourt RNAdvance
Blood kit (Beckman). cDNA was prepared with the High-Ca-
pacity cDNA Reverse Transcription Kit (Applied Biosystems).
For quantitative real-time PCR, custom primers and probe
sequences were designed using the NCBI Nucleotide website and
Primer Express software and ordered from Applied Biosystems
(see online supplementary table S1). A panel of genes expressed
by B cells and plasma cells was selected for analysis of CD40
pathway modulation. In addition, gene transcripts associated
with SLE disease activity, including type I interferon (IFN)-re-
sponse genes, and those associated with various cellular subsets,
were evaluated. All transcripts were normalised to the geometric
mean of four housekeeping genes. For each patient, transcript
expression for each gene at each timepoint was expressed rela-
tive to day 0 (fold change from baseline).

For the analysis, genes were grouped into functional domains
associated with either their cellular expression (such as B cells,
T cells and natural killer cells) or based on their coordinated
expression pattern and association with SLE disease activity
(such as IFN-response genes) as described by Chaussabel et al.*®
Internal decision criteria to indicate an effect on gene expres-
sion were designed to identify consistent changes, recognising
the inherent architecture of the data and controlling the false
positive rate (see online supplementary material). The prespeci-
fied significance level was chosen to achieve an overall false posi-
tive rate of 5% when comparing two treatment groups of size 8
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and 16 and were finalised prior to assay of any transcriptomic
samples.

Randomisation and blinding

A randomisation list was generated by the contract research
organisation (CRO) using the Interactive Voice Response/Inter-
active Web Response Systems. Participants were randomised
according to the presence of aPL antibodies. Patients received
a five-digit subject number at screening, which was used along
with the generated randomisation code to allocate phial numbers
to the subject at each treatment. Throughout the study, investi-
gators, study site and CRO staff, with the exception of phar-
macy monitors, remained blinded to treatment allocations, as
did patients and sponsor staff.

The study was conducted in accordance with International
Conference on Harmonisation Good Clinical Practice require-
ments. The study was run under the aegis of a Data Monitoring
Committee formed to monitor the ongoing safety of the study;
the study could have been stopped for any significant safety
concern, especially the observation of more than one thrombo-
embolic event.

Statistical methods
The full analysis set (FAS) consisted of all randomised patients
who received at least one dose of study treatment (dapirolizumab
pegol or placebo). The pharmacodynamic per protocol analysis
set was a subset of the FAS including those patients who had no
important protocol deviations affecting pharmacodynamic vari-
ables. The evaluable population for the PK analysis consisted of
those patients in the FAS who had no important protocol devi-
ations affecting PK variables and had data from at least one PK
sample available.

All statistical analyses were considered exploratory. A statis-
tical analysis plan was completed in advance of database
lock and study unblinding. BILAG-BICLA and SRI-4, were

implemented to define responders and were analysed separately
(see online supplementary material). No escape treatment rule
was implemented; no patients received escape treatment. The
efficacy analysis was performed in a subset of patients with a
baseline SELENA SLEDAI score =6and at least two BILAG
grade Bs. The number of responders in each treatment group
was calculated for both BICLA and SRI-4, and the responder
rates were compared between treatments using Fisher’s exact
test.

Statistical analysis was performed for measurements of anti-
dsDNA, complement C3, complement C4 and for IgG, IgA
and the ratio of IgA:IgG. Each variable was subject to a repeat-
ed-measures analysis of covariancewith visit as the repeated
measure and visit, treatment and visit-by-treatment interaction
as fixed effects. Baseline was included as covariate. In the mRNA
expression analysis, each transcript type was subject to analysis
of variance with subject as random effect and visit, treatment
and visit-by-treatment interaction as fixed effects. All original
and derived parameters were listed and described using summary
statistics. The outputs from these analyses informed the internal
decision criteria described above.

RESULTS

Participants

In total 68 patients were screened, 44 were screen failures
(majority due to inclusion and exclusion criteria linked to labora-
tory parameters) and 24 patients were randomised to treatment
(dapirolizumab pegol n=16, placebo n=8; figure 1). Baseline
characteristics are displayed in table 1 and were broadly similar
for each treatment group.

Safety
Based on the primary safety variables, multiple doses of dapi-
rolizumab pegol were well tolerated in patients with SLE. The

Screened
n=68
Excluded n=44
Adverse events n=1
Ineligibility n=38
Withdrew consent n=2
Other n=3
Randomised
n=24
(" Dapirolizumab ) (" )
Placebo
pegol —
\. n=|16 7 N : Y,
' R B 78 I
Treatment period Treatment period

Completed baseline assessment n=16
Withdrew before Visit 9 n=2
Completed Visit 9 (Week 12) n=14

Completed baseline assessment n=8
Withdrew before Visit 9 n=0
Completed Visit 9 (Week 12) n=8

Figure 1 CONSORT diagram.

: J ' J
e ] ™ f )
Follow-up period Follow-up period
Completed n=14 Completed n=7
Withdrew during follow-up n=0 Withdrew during follow-up n=1 )
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Table 1 Baseline patient demographics and characteristics

Placebo Dapirolizumab pegol

Randomised n=8 n=16
Age (years) Median (range) 38.95 (18.1-59.8) 38.40 (29.5-61.1)
Female n (%) 8(100) 13 (81.3)
Weight (kg) Median (range) 66.5 (42.0-88.0) 60.2 (49.0-105.0)
Height (cm) Median (range) 162.5 (153.0-172.0) 164.5 (153.0-179.0)
BMI (kg/m?) Median (range) 25.2 (17.9-33.2) 23.11 (16.7-42.6)
Racial group — white n (%) 8(100) 15 (93.8)
Duration of disease (years) Median (range) 7.1 (1.0-31.6) 8.9 (0.6-24.7)
SELENA SLEDAI total score Median (range) 8 (4-14) 9 (2-14)
Physician’s Global Assessment of Disease Median (range) 31.0 (0-68) 28.5 (0-67)
Subject’s Global Assessment of Disease Median (range) 36.0 (0-72) 32.5(0-75)
GFR (mL/min/1.73 m?) Median (range) 75.0 (57-111) 80.0 (60-157)
At least 1 BILAG grade A n (%) 1(12.5) 4(25.0)
At least 1 BILAG grade B n (%) 7(87.5) 12 (75.0)
BILAG total score Median (range) 10.0 (2-21) 13.0 (2-21)
Anti-dsDNA antibody (IU/mL)* Median (range) 16.0 (1-90) 10.0 (1-475)
Anti-dsDNA antibodyt Positive n (%) 4 (50) 7(43.8)

Negative n (%) 3(37.5) 8 (50)
Antiphospholipid antibodies Present (n) 1 7

Absent (n) 7 9
Complement C3 (mg/L) Median (range) 1065 (380-1360) 840 (460-1460)
Complement C4 (mg/L)$ Median (range) 215 (40-330) 145 (30-420)
19G (g/L) Median (range) 10.8 (4.7-13.8) 12.9 (5.6-19.6)
Prior exposure
Immunosuppressant n (%) 3(37.5) 4 (25.0)
Antimalarials n (%) 6 (75.0) 3(18.8)
Corticosteroid # n (%) 7 (87.5) 15 (93.8)
Concomitant medications
Immunosuppressants n (%) 1(12.5) 2(12.5)
Antimalarials n (%) 7 (87.5) 7 (43.8)
Corticosteroids n (%) 7(87.5) 14 (87.5)

*Defined as >101U/L using an enzyme-labelled anti-isotope assay (ELiA).

tResults >15 IU/mL were considered positive, 10—15 IU/mL indeterminate and <10 1U/mL were considered negative.

tNormal range 100-400 mg/L.
#Median total daily dose 10.0mg.

BMI, body mass index; BILAG, British Isles Lupus Assessment Group; GFR, glomerular filtration rate; SELENA SLEDAI, Safety of Estrogen in Lupus Erythematosus National
Assessment Modification to the Systemic Lupus Erythematosus Disease Activity Index — 2000.

overall incidence of treatment-emergent adverse events (TEAEs)
in the dapirolizumab pegol group was 87.5% (14/16 patients)
compared with 62.5% in the placebo group (5/8 patients;
see online supplementary table S2). All TEAEs in the dapiroli-
zumab pegol group were considered mild or moderate in inten-
sity; none were severe. No serious AEs were reported, and no
patients died during the study. No TEAEs related to thrombo-
embolic events or laboratory findings suggestive of thromboem-
bolic events were reported in either the dapirolizumab pegol or
placebo group.

The most commonly reported TEAEs in the dapirolizumab
pegol group were nasopharyngitis (6/16; 37.5%), headache
(4/16; 25%), upper respiratory tract infection (3/16; 18.8%),
anaemia and diarrhoea (2/16; 12.5% for each) (table 2). One
subject (12.5%) in the placebo group reported severe TEAEs of
musculoskeletal pain and neck pain. One subject (6.3%) in the
dapirolizumab pegol group discontinued the study because of
an upper respiratory tract infection; the event was deemed mild
and not considered by the investigator to be related to treatment.
There was a numerically greater incidence in TEAEs related to
infection in the dapirolizumab pegol group (11/16; 68.8%)
compared with the placebo group (3/8; 37.5%). However, none

of the infections were serious or considered opportunistic. There
were no noteworthy TEAEs related to infusion reactions.

Four (25.0%) dapirolizumab pegol-treated patients and three
(37.5%) placebo-treated patients were considered to have treat-
ment-related (TR)-TEAEs, as determined by the investigator.
In the dapirolizumab pegol group, these included nasophar-
yngitis (2/16; 12.5%), diarrhoea, herpes simplex, paronychia,
increased lipase, hypernatraemia, headache and dysuria (1/16;
6.3%, each). In the placebo group, TR-TEAEs included feeling
hot, musculoskeletal pain, neck pain and hot flush (1/8; 12.5%
each). There were no clinically significant abnormalities and no
substantive differences between the dapirolizumab pegol and
placebo groups in laboratory values, including platelet, lympho-
cyte and neutrophil counts, vital signs or ECGs. There were no
increases in the doses of concomitant corticosteroids, antima-
larial drugs or immunosuppressants during the study.

Disease activity

Overall, there was greater improvement in the clinical measures
of disease activity in the dapirolizumab pegol group than in the
placebo group. Improvements from baseline were observed for

1840 Chamberlain C, et al. Ann Rheum Dis 2017;76:1837—1844. doi:10.1136/annrheumdis-2017-211388


https://dx.doi.org/10.1136/annrheumdis-2017-211388
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

Table 2 Incidence of TEAEs occurring in >2 patients in any category
Placebo Dapirolizumab pegol

MedDRA (V.17.0) Male Female Total Male Female Total
SoC n=0 n=8 n=8 n=3 n=13 n=16
Preferred Term n (%) (#) n (%) (#) n (%) (#) n (%) (#) n (%) (#) n (%) (#)
Blood and lymphatic system disorders

Anaemia 0 0 0 0 2(15.4) (2) 2(12.5) (2)
Gastrointestinal disorders

Diarrhoea 0 0 0 0 2 (15.4) (2) 2(12.5) (2)

Nausea 0 1(12.5) 3) 1(12.5) 3) 0 1(7.7) (1) 1(6.3) (1)
Infections and infestations

Nasopharyngitis 0 0 0 1(33.3)(1) 5(38.5) (5) 6 (37.5) (6)

Upper respiratory tract infection 0 1(12.5) (1) 1(12.5) (1) 1(33.3)(1) 2 (15.4) (2) 3(18.8) 3)
Nervous system disorders

Headache 0 1(12.5) (6) 1(12.5) (6) 0 4(30.8) (5) 4(25.0) (5)

(#) Number of individual occurrences of the TEAE in that category.

MedDRA, Medical Dictionary for Regulatory Activities; SOC, system organ class; TEAE, treatment-emergent adverse event.

the SELENA SLEDAI (figure 2), Subject’s Global Assessment of
Disease, and BILAG total score. There was a greater proportion
of BICLA (5/11; 45.5%) and SRI-4 (5/12; 41.7%) responders in
the dapirolizumab pegol group at week 12, compared with the
placebo group (1/7; 14.3% for both BICLA and SRI-4).

Exploratory analyses

At the mRNA transcript level, expression changes in genes
within the plasma cell and B cell domains were noted, consis-
tent with modulation of the CD40 pathway. Among the plasma
cell genes, the dapirolizumab pegol group exhibited more rapid
and greater decreases in the expression of several Ig-associated
genes (secretory IgA, IgG, Igk, Igh and J chain) starting at week

12

Median SELENA SLEDAI score

2 and maintained over the treatment period, compared with
placebo (figure 3A). Among the B cell genes, the dapirolizumab
pegol group showed a transient increase in CD19 and CD20
RNA transcripts at week 2 (figure 3B). Several of the patients in
the dapirolizumab pegol group exhibited a >2-fold reduction in
the expression of type I [FN-response genes (MX1 (n=6), OAS1
(n=4), [FITM3 (n=9), G1P2 (n=35)) for at least two time points
(figure 4). These changes were more dramatic in the responder
group. No other consistent changes in other functional group
expression patterns were observed (data not shown).

There was a treatment difference in anti-dsDNA antibody
concentrations (p=0.0168) at week 12; however, there were
only seven patients in the dapirolizumab pegol group and four

34
2 1 - |
1 - ®—® Placebo
B—8 Dapirolizumab pegol
0 I I 1 1 I 1 I 1
0 2 4 8 12 16 20 24 28

Week

Figure 2 Median SELENA SLEDAI total score over time (PD-PPS). Vertical bars represent the IQRs, that is, the central 50% of the observed data. PD-
PPS, pharmacodynamic per protocol analysis set; SELENA SLEDAI, Safety of Estrogen in Lupus Erythematosus National Assessment Modification to the

Systemic Lupus Erythematosus Disease Activity Index — 2000.
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Figure 3 Mean fold change of mRNA levels from baseline for representative genes belonging to the plasma cell domain (A) and B cell domain
(B). Plots display arithmetic mean (+SEM). Dapirolizumab pegol-treated (n=16) and placebo-treated (n=8) patients are shown in red and blue,

respectively. Dashed line represents no change.

patients in the placebo group with elevated titres (>15IU/mL) at
baseline. No signals were detected in other laboratory measures,
including anti-Clq, aPL and complements C3 and C4. In the
dapirolizumab pegol group, a reduction in IgG concentrations
(p=0.0436) and small reductions in total Ig and IgA concen-
trations were observed at week 12 compared with the placebo
group at the same time point.

PK analysis

PK assessments showed that the exposure of dapirolizumab
pegol was maintained with a trough concentration >100 pg/
mL (online supplementary figure 2); the doses selected for the
study were based on the trough level at which anti-dsDNA anti-
body decrease was observed in the hu5c8 study.'® The estimated
half-life of dapirolizumab pegol was in the range of 7.8—14 days,
geometric mean AUC_ |~ was 22326 day*pg/mL and geometric
mean C__ at week 10 was 582.2ug/mL. The PK of dapiroli-
zumab pegol was not affected by the presence of antidrug or
anti-PEG antibodies.

DISCUSSION

Studies in animal models have shown that blockade of CD40L
is efficacious in inflammatory and autoimmune conditions."” 2°
While caution is needed when extrapolating such data to humans,
CD40L blockade could be an innovative approach for the treat-
ment of SLE.”” Dapirolizumab pegol is a purified recombinant,
humanised Fab’ antibody fragment covalently bound to PEG
that targets CD40L. The primary objective of this study was to
evaluate the safety and tolerability of repeated intravenous doses
of dapirolizumab pegol in patients with mild to moderate SLE.
The secondary objective was to assess PK; exploratory objec-
tives included evaluation of the effects of dapirolizumab pegol
on disease activity, biomarkers of disease activity and CD40L
pathway modulation.

In previous clinical studies of CD40L inhibition using mono-
clonal full-length IgG1 antibodies, the incidence of thromboem-
bolic events has been higher than expected." **?® The Fc portion
of the full-length antibody has a critical role in the mechanism
leading to thromboembolic events.'” '® Since dapirolizumab
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Figure 4 Mean fold change in the RNA transcript levels of four type I interferon-response genes for BICLA responders and non-responders in
dapirolizumab pegol-treated (red) and placebo-treated (blue) patients. Dashed line represents no change from baseline level.

pegol lacks the Fc portion, it would not be expected to be associ-
ated with increased thromboembolic risk, a hypothesis supported
by the absence of thromboembolic events in the present study
and a previous non-human primate study in Rhesus monkeys."
Multiple doses of dapirolizumab pegol were well tolerated.
There was a higher incidence of non-serious infection in the
dapirolizumab pegol group. No TEAE:s related to thromboem-
bolic events or laboratory findings suggestive of thromboem-
bolic events were reported during the study, and there was no
evidence of enhanced procoagulatory effects. A trend towards
an increased infection rate was noted in the dapirolizumab pegol
arm, but this was not accompanied by changes in total lympho-
cyte or neutrophil counts. These safety findings are comparable
with those from a previous single-dose, double-blind, first-in-
human, phase I study of dapirolizumab pegol (NCT01093911).%
None of the study subjects experienced any dose limiting toxici-
ties and no thromboembolic events were reported.”’

In terms of clinical measures of disease activity, there
was greater improvement in the dapirolizumab pegol group
compared with the placebo group. Improvements from base-
line were observed in SELENA SLEDAI, Subject’s Global
Assessment of Disease, BILAG total score, BICLA and SRI-4
responders. In addition, statistically significant changes were
observed in expression of genes associated with B cell and
plasma cell function, as were reductions in the expression
of IFN-response genes, consistent with known functions of
CDA40L.

The promising safety and preliminary efficacy findings
reported here must be interpreted with caution as this small,
exploratory study was not powered to demonstrate statistical
significance on all outcomes reported. Only one dose level was
evaluated, so no dose effects were studied; however, a phase II
dose-ranging study to better define the optimal therapeutic dose
and regimen is underway (NCT02804763).
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This study has shown that dapirolizumab pegol, adminis-
tered in multiple doses over 12 weeks, appears well tolerated
in patients with mild to moderate SLE with no major safety
concerns. We observed gene transcription changes associated
with inhibition of the CD40-CD40L interaction and improve-
ment in clinical measures of disease activity in the dapirolizumab
pegol group compared with the placebo group. These results
support further investigation of dapirolizumab pegol as a novel
treatment for SLE.
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Oral contraceptives, breastfeeding and the risk of
developing rheumatoid arthritis: results from the

Swedish EIRA study

Cecilia Orellana,' Saedis Saevarsdottir,"* Lars Klareskog,? Elizabeth W Karlson,’

Lars Alfredsson,* Camilla Bengtsson'

ABSTRACT

Objectives To study whether oral contraceptive

(0C) use or breastfeeding (BF) influence the risk of
rheumatoid arthritis (RA), stratifying the cases by
presence/absence of anticitrullinated protein antibodies
(ACPA), and whether these factors interact with known
risk factors in the development of ACPA-positive RA.
Methods Women aged =18 years, participants in the
population-based case—control Swedish Epidemiological
Investigation of RA study (2641 cases/4251 controls),
completed an extensive questionnaire regarding OC,

BF and potential confounders. We calculated ORs, with
95% Cls, adjusted for age, residential area, smoking
and alcohol consumption. Attributable proportion due to
interaction (AP) was estimated to evaluate presence of
interaction.

Results Compared with never users, ever and past
OC users had a decreased risk of ACPA-positive RA
(OR=0.84 (95% CI 0.74 to 0.96); OR=0.83 (95% Cl
0.73 t0 0.95), respectively). No significant associations
were found for ACPA-negative RA. Long duration of
OC use (>7 years vs never use) decreased the risk of
both ACPA-positive (p=0.0037) and ACPA-negative

RA (p=0.0356). A history of long BF decreased the
risk only of ACPA-positive RA in a dose-dependent
manner (p=0.0086), but this trend did not remain after
adjustments. A significant interaction was observed
between the lack of OC use and smoking (AP=0.28
(95% Cl 0.14-0.42)) on the risk of ACPA-positive RA. No
interactions were found for BF.

Conclusions OC decreased the risk of RA, especially
ACPA-positive RA, where an interaction with smoking
was observed. A long duration of OC use decreased the
risk of both disease subsets. We could not confirm an
association between BF and a decreased risk of either
ACPA-positive or ACPA-negative RA.

INTRODUCTION

Rheumatoid arthritis (RA) is among the most
common autoimmune diseases, with a complex
interplay of genetic and environmental factors
involved in its aetiology.' * Since the disease is two
to three times more common among women as
compared with men,*™ it has been suggested that
hormonal and reproductive factors might partly
explain this sex difference.

Regarding oral contraceptive (OC) use and the
risk of RA, some studies have shown an inverse asso-
ciation,”™! but the majority of reports have been
unable to demonstrate an association.'>** Only a

few previous reports have taken seropositivity into
account, either exploring the classic rheumatoid
factor (RF)®? ™ 1521 or presence/absence of antici-
trullinated protein antibodies (ACPA)."* '* Further-
more, disparate results so far might be explained by
methodological issues, such as the use of prevalent
cases for analysis,"* inclusion of non-population
controls’ ! or relatively few cases.! 122!

Breastfeeding (BF) has been associated with a
decreased risk of RA," ' * % and a long duration
of BF seems to have the strongest association.' **
However, some studies have found an increased RA
risk.'?2® Analyses taking seropositivity into account
have vyielded disparate results.'* ™ 2° Among
these, Berglin et al reported that a longer BF history
provided a higher risk of RA among those carrying
the PTPN22 1858T variant or were positive for
ACPA or RE.'? Apart from these studies, the influ-
ence of BF on ACPA-positive/ACPA-negative RA
has not been further investigated.

For the ACPA-positive subgroup of RA, several
risk factors have been identified, including smoking,
the PTPN22*R620W (1858 C/T) risk allele and the
HLA-DRB1 shared epitope (SE) allele.! #*! In
contrast, for the ACPA-negative subgroup of RA,
only a few risk factors have been identified.” 3!
ACPA-status and the classic RF highly correlate,
and risk factors for seropositive/negative RA behave
similarly.? 3032

The aim of this study was to investigate the asso-
ciation between both OC use and total history of BF
among parous women, and the risk of developing
RA stratifying the cases by ACPA-status (positive/
negative), using data from a large population-based
case—control study. Moreover, the aim was to
explore potential additive interactions between
BF and OC, respectively, in regard to known risk
factors for ACPA-positive disease, namely smoking
status, presence of SE alleles and PTPN22 gene.

METHOD

Study design

This study was based on data from the Swedish
Epidemiological Investigation of RA (EIRA)

comprising women above 18 vyears, living in
defined geographical areas of Sweden, between
1996 and 2014. The general design of the EIRA
study has been described in detail elsewhere.* Inci-
dent cases of RA were diagnosed by rheumatologists
and included if they fulfilled either the American
College of Rheumatology 1987 criteria®® or the
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latest 2010 RA criteria.®® Twenty-four cases were diagnosed
according to the new criteria alone. Controls were randomly
selected from the national population register and matched to
the cases by age (5-year group) and residential area. For further
details, see online supplementary text (online supplementary
file 1). All participants provided written informed consent, and
ethical approval was obtained from the Regional Ethical Review
Board at Karolinska Institutet, Stockholm, Sweden.

Data collection

Participants completed an extensive questionnaire regarding life-
style and environmental exposures, including OC use, BF and
potential confounders. Information about OC use was available
for the entire study period, whereas information on BF history
among parous women was only available from 2006.

Between 1996 and 2014, a total of 2809 cases and 5312
controls were identified; of these, 2676 cases (95%) and 4251
controls (80%) answered the questionnaire. Blood samples were
available from all participating cases.

Antibody assays and genotyping
Blood samples were assayed for ACPA-status using the Immu-
noscan-RA  Mark2 ELISA test (Euro-Diagnostica, Malmo,
Sweden).*®*” The cut-off value for ACPA-positive RA was 25 U/
mL. A total of 35 and 13 cases lacking information on ACPA-
status were excluded from the OC and BF analyses, respectively.
Genotyping of the PTPN22 and HLA-DRB1 genes was
conducted as previously described.’® ** Among HLA-DRB1
genes, DRB1*01, DRB1*04 and DRB1*10 genes were defined
as SE alleles. Any genotype containing 1 or 2 of these genes was
considered as having ‘any SE allele’, versus those not having any
of the genes (‘no SE alleles’).

Exposures

The year in which the first symptoms of RA occurred was defined
as the index-year for each case. Controls were then assigned the
same index-year as their matched case.

Current users of OCs were defined as those who were
currently using OCs during the index-year and who had started
at least the year before index-year. Participants who started OC
use during index-year (four cases/seven controls) and those with
missing information on OC use (59 cases/115 controls) were
excluded from the analyses. Past users were defined as those who
used OCs in the past and had stopped at least the year before
the index-year. Ever users were defined as current and past users
while never users were women who had not used OCs at any
time before the index-year.

Parous women were defined as those who had given birth
before or during the index-year. Total BF history among parous
women was calculated as the sum of the duration of BF for
each child born and categorised as 0-6, 7-12 and =13 months,
according to quartile distribution among controls. Partici-
pants with missing information on BF history (78 cases/148
controls) were excluded from analyses. Parous women who did
not breast feed (two cases/14 controls) were included in the
reference category.

Statistical analysis

Odds ratios (OR) with 95% confidence intervals (CI) of RA
overall, ACPA-positive and ACPA-negative RA, associated
with OC use and BF were calculated by means of uncondi-
tional logistic regression. Regarding OC use, current/past/ever
users were compared with never users. Duration of OC use

was categorised according to the median value among controls
(=7/>7 years). For the BF analyses, the shortest duration of BF
(0-6 months) was used as the reference category.

All analyses were adjusted for the matching variables (age and
residential area). We conducted additional adjustments (each
variable was investigated separately) for parity (yes/no), number
of children (1, 2, 3 and =4), body mass index (<25/=25kg/
m?), menopausal status, use of postmenopausal hormone
therapy (ever/never), age at menarche (<11, 12, 13 and =14
years), age at first birth (<22, 22-24, 25-29 and >29 years),
time between last delivered child and the index-year (0-24,
25-30, 31-37 and >37 years), index-year intervals, university
education (yes/no), pack-years of cigarette smoking (0-<10,
=10-<20and =20) and alcohol consumption (low (including
non-drinkers), medium and high). We also adjusted for OC use
when analysing BF as the main exposure and vice versa. Only
smoking and alcohol consumption made a change in the ORs
and were retained in the final analyses.

Potential interaction was estimated using departure from addi-
tivity of effects (additive interaction), as suggested by Rothman.*
We tested for interactions in the same manner for both OC use
and BF with well-established risk factors of RA: smoking, SE
alleles and PTPN22 risk allele.

To evaluate interaction, the attributable proportion due to
interaction (AP) was calculated together with the 95% CL*! The
AP is the proportion of the incidence among people exposed to
two interacting factors, indicating their joint effect apart from
the sum of their independent effects. For further details, see
online supplementary text.

All analyses were carried out using the Statistical Analysis
System (SAS) V.9.4.

RESULTS

In total, 2641 cases and 4251 controls were available for the
OC analyses. Overall, 1756 (66.5%) cases were ACPA-positive
and the mean time between symptom onset and diagnosis was
10 months for both ACPA subsets. A total of 2578 cases and
4129 controls were included in the OC analyses after all exclu-
sions. For BF, a total of 1242 cases and 2658 controls were
available for analysis (for the period 2006-2014), of which 884
cases and 1949 controls where parous women with available
BF history. Baseline characteristics of participants are presented
in table 1.

0C use and risk of RA

Ever users of OCs had a decreased odds of developing RA
overall compared with never users (OR=0.87, 95%CI 0.78 to
0.97). The OR for current and past users were 0.85 (95% CI
0.68 to 1.06) and 0.87 (95% CI 0.78 to 0.98), respectively. The
association between ever and past OC use was significant for
ACPA-positive, but not for the smaller subset of ACPA-negative
RA, and remained significant after adjustment for pack-years of
smoking and alcohol consumption (table 2).

A longer duration of ever OC use (above the median value
of 7 years) was associated with a decreased risk of RA overall
(OR=0.81,95%CI 0.71 to 0.92). The trend with a longer dura-
tion was significant for both ACPA-positive (p=0.0037) and
ACPA-negative RA (p=0.0356). Similar result was observed for
past OC use except for ACPA-negative RA, probably due to lack
of power (table 3). Separate analyses for OC using RF yielded
similar results (data not shown).
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Table 1 Characteristics of cases and controls. EIRA, Sweden, 1996-2014

Cases (n=2641)
N (%), mean+SD

Controls (n=4251)
N (%), mean+SD

ACPA-positive RA

ACPA-negative RA

1756 (66.5%) 885 (33.5%)

Age at inclusion (years) 50.9+13.0 52.0+13.5 51.4+13.4
Age at menarche (years) 13.2+1.4 13.2+1.4 13.1+1.5
Parous 1375 (78.3) 718 (81.1) 3376 (79.4)
Number of children 2.2+1.2 2.2+0.8 2.2+0.9
Age at first birth (years) 24.8+4.9 24.5+4.9 25.6+5.0*
Age at menopause (years) 49.6+5.6 49.8+5.3 50.0+5.4
Oral contraceptive uset

Ever 1135 (64.7) 582 (65.8) 2862 (67.4)%

Current 134 (7.6) 61 (6.9) 331(7.8)
Past 1001 (57.1) 521 (58.9) 2531 (59.6)%

Never 572 (32.6) 289 (32.7) 1267 (29.9)

Missing 46 (2.6) 13(1.5) 115 (2.7)
Breast feeding (months)§

None 1(0.1) 1(0.3) 14(0.7)

1-6 193 (28.7) 80 (27.6) 519 (24.7)

7-12 192 (28.6) 83 (28.6) 574 (27.4)

>13 234 (34.8) 100 (34.5) 842 (40.1)

Missing 52 (7.7) 26 (9.0) 148 (7.1)
Total duration of breast feeding (months) according to parity§

One child 6.4+5.6 4.8+2.7 6.9+5.4

Two children 11.7+8.2 11.7+8.1 12.4+8.3

Three children or more 22.5+18.1 19.5£12.9 20.7+13.9
Ever use of PMHY| 117 (26.3) 67 (29.7) 412 (29.5)
BMI =25 kg/mZ 749 (42.7) 409 (46.2) 1704 (40.1)%
University degree 469 (26.7) 251 (28.4) 1425 (33.5)*
Ever smoker 1175 (66.9) 531 (60.0) 2266 (53.3)*
Pack-years

Never smokers 571 (32.5) 348 (39.3) 1943 (45.7)

0-10 367 (20.9) 185 (21.0) 963 (22.7)

10-20 316 (18.0) 132 (14.9) 531 (12.5)*

>20 409 (23.3) 149 (16.8) 530 (12.5)*

Other 82 (4.7) 63 (7.1) 243 (5.7)

Missing 11 (0.6) 8(0.9) 41(0.9)
Alcohol consumption

Non-drinkers 213 (12.1) 100 (11.3) 330 (7.8)*

Low 892 (50.9) 418 (47.3) 1991 (46.9)

Moderate 408 (23.3) 228 (25.8) 1045 (24.6)

High 235(13.4) 138 (15.6) 864 (20.4)*

Missing 5(0.3) 0(0) 14 (0.3)

Baseline characteristics among participants who replied to the questionnaire, excluding cases lacking ACPA-status (35 cases).

Information on age at menarche and age at menopause available for 1211 cases/2596 controls and 757 cases/1548 controls, respectively.

A pack-year is defined as 20 cigarettes smoked every day for 1year. The category ‘Other’ includes those smoking other tobacco than cigarettes (eg, cigarillos, cigars or pipe
tobacco).

Alcohol consumption defined as number of drinks per week (one drink=12 g of alcohol) and categorised according to the quartile distribution among the controls. The two
lowest categories (non-drinkers and low consumption) were merged for analyses.

*p Value <0.0001 for the difference between cases and controls.

tOral contraceptive use after exclusion of four cases/seven controls who initiated use during the index-year. Ever oral contraceptive use is the sum of current and past use.
p Value <0.05 for the difference between cases and controls.

§Information on breastfeeding available for 884 cases and 1949 controls (all parous women) from 2006. Quartile distribution among controls, with the two highest categories
merged into one.

90Only among postmenopausal women.

ACPA, anticitrullinated protein antibodies; BMI, body mass index; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; PMH, postmenopausal hormone therapy; RA,
rheumatoid arthritis.

BF and risk of RA 0.93 (95% CI 0.75 to 1.14) of developing RA overall, whereas
Compared with women who breast fed for 0-6 months, those BF for 13 months or more had an OR of 0.77 (95% CI 0.63
who breast fed their children for 7-12 months had an OR of  to 0.94). This declining trend was statistically significant for
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Table 2  ORs of developing RA overall and ACPA-positive/ACPA-negative RA according to oral contraceptive use. EIRA, Sweden, 1996-2014

ACPA status Oral contraceptive use*  Ca/Co OR (95%CI)t OR (95% Cl)%
RA overall Ever 171712862 0.87 (0.78 t0 0.97) 0.87 (0.78 t0 0.98)
Current 195/331 0.85 (0.68 to 1.06) 0.89(0.71 t0 1.12)
Past 1522/2531 0.87 (0.78 to 0.98) 0.87 (0.78 to 0.98)
Never 861/1267 1.0 1.0
Missing 59/115 - -
ACPA-positive Ever 1135/2862 0.84 (0.74 t0 0.95) 0.84 (0.74 t0 0.96)
Current 134/331 0.86 (0.67 to 1.11) 0.92 (0.71 t0 1.19)
Past 1001/2531 0.84 (0.74 t0 0.95) 0.83(0.73 t0 0.95)
Never 57211267 1.0 1.0
Missing 46/115 - -
ACPA-negative Ever 582/2862 0.94 (0.80 t0 1.10) 0.93(0.79t0 1.10)
Current 61/331 0.83(0.59t01.17) 0.81(0.57 to 1.16)
Past 521/2531 0.95(0.80 t0 1.12) 0.94 (0.79t0 1.11)
Never 289/1267 1.0 1.0
Missing 13/115 = =

*Participants who started OC use during index-year (four cases/seven controls) were excluded from the analysis. Ever is the sum of current and past OC users.

tAdjusted for age and residential area.

tAdjusted for age, residential area, smoking (pack-years) and alcohol consumption (low (including non-drinkers), medium and high).
ACPA, anticitrullinated protein antibodies; Ca/Co, number of cases/controls; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; OC, oral contraceptive; RA, rheumatoid

arthritis.

ACPA-positive, but not for ACPA-negative RA. These estimates
were attenuated after adjustment for smoking and alcohol
consumption (table 4). Analyses using RF instead of ACPA gave
similar results (data not shown).

Interaction analyses

Never OC use among never smokers was not associated with
risk of ACPA-positive RA (OR=0.99, 95%CI 0.81 to 1.21).
Compared with never smoking women which had used OCs,
women who had smoked and used OCs had an OR=1.71 (95%
CI 1.47 to 1.99), whereas women who had smoked and never
used OCs had an OR=2.34 (95% CI 1.95 to 2.82) (table 5).
Moreover, a significant interaction on the additive scale was
found between smoking and never use of OCs (AP=0.28,
95%CI 0.14 to 0.42) regarding the risk of ACPA-positive RA,

indicating that among smokers the risk was more pronounced
in never OC users than in ever OC users. No significant inter-
actions were found between OC use and SE alleles, the PTPN22
gene or between BF and any of the three factors explored (data
not shown).

DISCUSSION

In this large population-based case—control study of incident RA,
with careful matching between cases and controls and extensive
exposure information, we found that women who had ever used
OCs had a significantly decreased risk of developing RA. The
estimates were similar for current and past use, although only
significant in the larger group of past users. When stratifying by
ACPA-status, the association was only significant for ACPA-pos-
itive RA in both crude and adjusted models. A significant

Table 3  ORs of developing RA overall and ACPA-positive/ACPA-negative RA according to duration of oral contraceptive use. EIRA, Sweden,

1996-2014
Duration of OC Ever OC use Current OC use Past OC use
ACPA-status use* Ca/Co OR (95%CI)t Ca/Co OR (95%CI)t Ca/Co OR (95%CI)t
RA overall Never 852/1245 1.0 852/1245 1.0 852/1245 1.0
<7years 865/1348 0.94 (0.83t0 1.07)  59/85 1.16 (0.77 to 1.76)  806/1263 0.93 (0.82 to 1.06)
>7years 835/1481 0.81(0.71t00.92)  134/242 0.99(0.74t0 1.33)  701/1239 0.81 (0.71 t0 0.93)
p-trend 0.0014 0.9982 0.0021
ACPA-positive Never 565/1245 1.0 565/1245 1.0 565/1245 1.0
<7years 556/1348 0.89(0.76 t0 1.03)  39/85 1.18(0.73t01.90)  517/1263 0.88 (0.75 to 1.02)
>7years 570/1481 0.80(0.691t00.93)  95/242 0.95(0.69t0 1.32)  475/1239 0.80 (0.68 t0 0.93)
p-trend 0.0037 0.8011 0.0039
ACPA-negative Never 287/1245 1.0 287/1245 1.0 2871245 1.0
<7years 309/1348 1.04 (0.86 to 1.25)  20/85 1.15(0.61t02.18)  289/1263 1.04 (0.86 to 1.25)
>7years 265/1481 0.82 (0.67t00.99)  39/242 1.09 (0.68 to 1.74)  226/1239 0.83 (0.67 to 1.01)
p-trend 0.0356 0.7056 0.0636

26 cases and 55 controls lacked information on duration of oral contraceptive use.
*Duration of OC use categorised according to median value among controls.

tAdjusted for age, residential area, smoking (pack-years) and alcohol consumption (low (including non-drinkers), medium and high).
ACPA, anticitrullinated protein antibodies; Ca/Co, number of cases/controls; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; OC, oral contraceptives; RA, rheumatoid

arthritis.
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Table 4 ORs of developing RA overall and ACPA-positive/ACPA-negative RA according to breastfeeding. EIRA, Sweden, 2006-2014

ACPA-status Breastfeeding* Ca/Co OR (95%CI)t OR (95% Cl)%
RA overall <6 months 275/533 1.0 1.0
7-12 months 275/574 0.93 (0.75 to 1.14) 0.99 (0.80 to 1.23)
>13months 334/842 0.77 (0.63 to 0.94) 0.88 (0.71 to 1.08)
Missing 78/148 - -
p-value trend - 0.0075 0.1919
ACPA-positive <6months 194/533 1.0 1.0
7-12 months 192/574 0.91 (0.72 to 1.15) 0.99 (0.78 to 1.26)
>13months 234/842 0.74 (0.59 t0 0.93) 0.86 (0.68 to 1.09)
Missing 52/148 - -
p-value trend - 0.0086 0.2096
ACPA-negative <6months 81/533 1.0 1.0
7-12 months 83/574 0.97 (0.70 to 1.35) 1.01(0.72 to 1.42)
>13months 100/842 0.83 (0.60 to 1.15) 0.91 (0.65 to 1.27)
Missing 26/148 - -

p-value trend -

0.2405

0.5446

*Breastfeeding duration categorised according to quartiles values among controls, merging the two highest categories.

tAdjusted for age and residential area.

tAdjusted for age, residential area, smoking (pack-years) and alcohol consumption (low (including non-drinkers), medium and high).
ACPA, anticitrullinated protein antibodies; Ca/Co, number of cases/controls; EIRA, Epidemiological Investigation of Rheumatoid Arthritis; RA, rheumatoid arthritis.

dose-response association was observed for duration of ever OC
use both for ACPA-positive and ACPA-negative RA. Non-use of
OC significantly interacted with smoking regarding the risk of
ACPA-positive RA. Furthermore, BF also decreased the risk of
RA in a dose-dependent manner (total duration), but this trend
was only significant for ACPA-positive RA and did not maintain
after adjustments.

EIRA has the advantage of being one of the largest popula-
tion-based case—control studies comprising incident cases of

RA with concordant information on environmental and genetic
factors. The selection of controls (randomly and continuously
from the same study base as the cases) minimises the possible
selection bias in this step. Another major strength of our study
was the possibility to adjust our results with respect to several
potential confounders.

Several limitations of our study should be mentioned. First,
although the participation proportion among controls was high
(80%), selection bias may have occurred if the controls did not

Table 5 ORs of developing ACPA-positive RA for subjects exposed to OC and ever smoking/HLA-DRB1 SE alleles/PTPN22 in women aged 18 years

or above. EIRA, Sweden, 1996-2014

OC use* Smoking Ca/Co OR (95% CI)t OR (95% Cl)f

Ever Never 358/1205 1.0 1.0

Never Never 201/684 1.05 (0.86 to 1.28) 0.99 (0.81 to 1.21)
Ever Ever 77111632 1.61 (1.39 to 1.87) 1.71 (1.47 t0 1.99)
Never Ever 364/563 2.33(1.94 to 2.80) 2.34(1.95 t0 2.82)
AP§ - - 0.29 (0.15 to 0.43) 0.28 (0.14 to 0.42)
0C use* SE alleles Ca/Co OR (95%CI)t OR (95% Cl)*

Ever None 113/449 1.0 1.0

Never None 60/215 1.24(0.86 to 1.77) 1.26 (0.87 t0 1.83)
Ever Any 657/531 4.99 (3.93 t0 6.33) 5.11 (4.00 to 6.54)
Never Any 348/243 6.62 (5.03 to 8.70) 6.28 (4.73 t0 8.34)
AP§ 0.21 (0.04 to 0.38) 0.14 (-0.05 to 0.34)
0OC use* PTPN22 alleles Ca/Co OR (95% CI)t OR (95%Cl)*

Ever None 578/840 1.0 1.0

Never None 311/389 1.32 (1.09 to 1.60) 1.27 (1.04 to 1.55)
Ever Any 249/239 1.50 (1.22 to 1.85) 1.53 (1.23 to 1.90)
Never Any 115/108 1.84 (1.37 to 2.47) 1.76 (1.30 t0 2.39)
AP§ 0.0007 (-0.32 t0 0.33) —0.02 (-0.37 t0 0.33)

*Since ever OC use was associated with a decreased risk of ACPA-positive RA, the risk category included non-OC users for each interaction analysis, which was separately

conducted for smoking, SE alleles and PTPN22.
tAdjusted for matching variables (age and residential area) and alcohol consumption.

tAdjusted for matching variables (age and residential area), pack-years of smoking and alcohol consumption (low (including non-drinkers), medium and high).

§The AP estimates the proportion of the excess risk that is due to the interaction per se (factor A + factor B) according to the formula RR , — RR, — RR; +1/R

RR=relative risk).

ACPA, anticitrullinated protein antibodies; AP, attributable proportion due to interaction; Ca/Co, number of cases/controls; EIRA, Epidemiological Investigation of Rheumatoid

Arthritis; OC, oral contraceptives; RA, rheumatoid arthritis; SE, shared epitope.

RAB (

where
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reflect the exposure frequency in the study base. However, both
BF and ever OC use among controls were very similar to the
high frequency of BF** and reported OC use* among Swedish
women, respectively. Second, we did not have detailed infor-
mation regarding OC preparations or doses, being only able to
conduct analyses on OC use as a whole.

Regarding OC use, our finding of a decreased risk of devel-
oping RA is in accordance with previous reports.'! Although
most previous studies have not observed a statistically significant
association, > some results have suggested a protective effect,
but the sample size might have been inadequate to reach definite
conclusions. Only borderline associations have been observed
in a few recent meta-analyses.”> > Our results are in agreement
with those from Doran et al,® who reported a decreased risk
among ever (OR=0.57 (95% CI 0.35 to 0.91) but not among
current (OR=1.0 (95% CI 0.4 to 2.52) OC users. Another
case—control study performed in Sweden showed a non-signif-
icant association for ever (OR=0.70, 95% CI 0.40 to 1.24) and
current (OR=1.21,95%CI 0.58 to 2.52) OC users, but the asso-
ciation for past users was significant (OR=0.37, 95%CI 0.16
to 0.86).* These findings are in line with our results, although
they used old criteria (year 1958) for RA diagnosis. In line with
our findings, Berglin et al found a protective effect with OC use
>7 years.12

Previous reports taking seropositivity into account have
yielded contradictory results.®® "1 121415 21 Doran e al found
a protective effect of OC exposure on the risk of RF-positive
(OR=0.36, 95%CI 0.18 to 0.72) but not RF-negative RA
(OR=0.982, 95%CI 0.46 to 2.10).° By contrast, Pedersen
et al reported an increased risk of ACPA-positive RA among
ever users of OC (OR=1.65, 95% CI 1.06 to 2.57)."* However,
the inclusion of prevalent cases (diagnosed within 5 years)
might entail bias. Our result was notably mainly restricted to
ACPA-positive RA and estimates only slightly modified after
adjustments. Similar results using RF instead of ACPA-status
corroborate the high correlation between ACPA-status and the
classic RE.

The current knowledge on the association between BF and
RA has not reached firm conclusions. In a large cohort study,
Karlson et al found a decreased risk of RA among women who
breast fed for more than 12 months, with a significant trend with
increased duration of BE."® Restricting the analyses to RF posi-
tive patients, a similar reduction was found for a total BF dura-
tion of =24 months. In line with these results, a study conducted
in Sweden showed a decreased risk of RA among women who
breast fed their children for more than a year, with similar trends
for RF-negative/RF-positive RA."* A similar result was obtained
by a recent cross-sectional study in an Asian population.”* Our
estimates were attenuated after adjustments for smoking and
alcohol consumption, which indicates their role as important
confounders in this study. Analyses using RF yielded similar
results as those for ACPA-status. However, in a nested case—
control study, Berglin et al found a strong association between
BF and later development of RA (OR=4.8, 95%CI 1.43 to
15.8) with a higher risk with increasing time of BF and greater
among ACPA-positive cases.'” Similar findings were reported
by Brennan and Silman, with a higher risk for RF-positive RA
among women who breast fed.?® These opposite results might be
explained by methodological issues (small number of cases (70)
and recruitment via a media campaign, respectively). Finally, a
recently published systematic review and meta-analysis reported
a decreased risk of RA, whether with a longer or shorter dura-
tion of BE.** Our study confirms and extends these findings by
adding the stratification according to ACPA-status, which to our

knowledge has not been explored using a large dataset as in our
present study.

To the best of our knowledge, no previous study has found
evidence of interaction between OC and/or BF and smoking
habits or major genetic risk factors of RA, respectively. The
significant interaction between lack of OC use and smoking indi-
cates that the risk of ACPA-positive RA associated with smoking
is higher among women who never used OCs than among those
who did. However, since both smoking and the use of OC have
been linked to an increased predisposition to venous thrombotic
events (VTE), women with a history of VTEs (especially if they
smoke) might be recommended not to use OC by their physi-
cian. We can therefore not exclude the possibility that our find-
ings on an interaction between non-OC use and smoking merely
reflects that smoking women, who have an increased RA risk, do
not receive OC prescription as often. The physiopathology of
RA is complex and not fully understood, but our findings may
contribute to the knowledge regarding mechanisms of impor-
tance for the development of RA.

The postpartum period soon after delivery has been described
as a time of higher risk for the onset of RA."”” The immuno-
stimulating effect of the hormone prolactin, levels of which are
elevated during BF, might explain this increased risk immedi-
ately after childbirth.** However, recent findings indicate that
prolactin might act more as a regulator of inflammation, with
protective and regenerative functions.*® Since elevated prolactin
levels do not support our findings, a potential biological mech-
anism might be a prolonged anti-inflammatory effect of proges-
terone. It has been shown that elevated progesterone levels
during pregnancy remain high during BF through expression of
progesterone receptors in lymphocytes.*® Finally, another poten-
tial mechanism might be an anti-inflammatory effect of cortisol,
which has been found to be significantly higher among post-
menopausal women with a history of BE.*

The potential effect of hormones contained in OC prepa-
rations might vary according to dose and type. Although such
information was not available in the present study, the protec-
tive effect seems to differ between ACPA-subsets and with a
longer duration of OC use, supporting the hypothesis of a dose—
response effect.

The protective effect of OC use on the risk of ACPA-posi-
tive RA is in line with our previous finding of a reduced risk
of ACPA-positive RA, among women who used postmenopausal
hormone therapy.*® On the other hand, the finding of a protec-
tive effect of BF on the risk of ACPA-positive (in the crude
model), but not ACPA-negative RA, is in line with our previous
finding of a risk of ACPA-negative but not ACPA-positive RA
during the postpartum period.*” All of these findings together
support the notion of RA as two different disease entities with
different risk factors patterns.

In summary, we found an inverse relationship between OC use
and the subsequent development of RA, especially ACPA-posi-
tive RA. An interaction between never OC use and smoking was
also observed for this subgroup of disease, implying that among
smokers, the risk was more pronounced in never OC users than
in ever OC users. A trend was observed for longer duration of BF
and decreased risk of ACPA-positive RA, although not significant
after adjustments. In this large population-based study, we were
able to address these questions more thoroughly than has been
possible before, by examining disease subsets separately, in the
context of other risk factors and by considering many potential
confounders. Further research is required to explore the biolog-
ical mechanisms behind our findings and whether hormonal
factors have different impact on the ACPA-subsets of RA.

1850 Orellana C, et al. Ann Rheum Dis 2017,76:1845-1852. doi:10.1136/annrheumdis-2017-211620


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

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

Acknowledgements We would like to thank Marie-Louise Serra and Lena Nise for
excellent assistance with the collection of data. We would also like to thank all cases
and controls who participated in the study as well as the clinicians and nurses in the
EIRA study group.

Contributors CO conducted the statistical analyses and drafted the manuscript;
(CB initiated the study and was responsible for the analysis, interpreting the results
and revising the manuscript; LA, LK and CB contributed to study design; and LA, LK,
EWK and SS contributed to data interpretation and critical revision of the manuscript
for important intellectual content. All authors have read and approved the final
manuscript.

Funding This study was supported by grants from the Swedish Medical Research
Council, the Swedish Research Council for Health, Working Life and Welfare, King
Gustav Va€™s 801-year foundation, Vinnova, the Swedish Foundation for Strategic
Research, the Swedish Rheumatic Foundation, the Stockholm County Council, the
Insurance Company AFA, the Innovative Medicines Initiative 1 supported BTCure
project and the National Institutes of Health (NIH, AR047782). The funding sources
had no role in the reporting of the study or in the decision to submit the manuscript
for publication.

Competing interests No, there are no competing interests.
Patient consent Obtained.

Ethics approval This study was approved by the Regional Ethical Review Board at
Karolinska Institutet, Stockholm, Sweden.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work
is properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Karlson EW, Deane K. Environmental and gene-environment interactions and risk of
rheumatoid arthritis. Rheum Dis Clin North Am 2012;38:405-26.

2 Klareskog L, Catrina Al, Paget S. Rheumatoid arthritis. Lancet 2009;373:659-72.

3 Humphreys JH, Verstappen SM, Hyrich KL, et al. The incidence of rheumatoid arthritis
in the UK: comparisons using the 2010 ACR/EULAR classification criteria and the
1987 ACR classification criteria. results from the Norfolk Arthritis Register. Ann Rheum
Dis 2013;72:1315-20.

4 Kvien TK, Uhlig T, @degard S, et al. Epidemiological aspects of rheumatoid arthritis:
the sex ratio. Ann N Y Acad Sci 2006;1069:212-22.

5 Doran MF, Pond GR, Crowson CS, et al. Trends in incidence and mortality in
rheumatoid arthritis in Rochester, Minnesota, over a forty-year period. Arthritis Rheum
2002;46:625-31.

6 Doran MF, Crowson CS, O'Fallon WM, et al. The effect of oral contraceptives and
estrogen replacement therapy on the risk of rheumatoid arthritis: a population based
study. J Rheumatol 2004;31:207-13.

7 Reckner Olsson A, Skogh T, Wingren G. Comorbidity and lifestyle, reproductive factors,
and environmental exposures associated with rheumatoid arthritis. Ann Rheum Dis
2001;60:934-9.

8 Allebeck P, Ahlbom A, Ljungstrom K, et a/. Do oral contraceptives reduce the
incidence of rheumatoid arthritis? A pilot study using the Stockholm County medical
information system. Scand J Rheumatol 1984;13:140-6.

9 Vandenbroucke JP, Valkenburg HA, Boersma JW, et a/. Oral contraceptives and
rheumatoid arthritis: further evidence for a preventive effect. Lancet 1982;2:839-42.

10 Koepsell T, Dugowson C, Voigt L, et al. Preliminary findings from a case-control study
of the risk of rheumatoid arthritis in relation to oral contraceptive use. Br J Rheumatol
1989;28 Suppl 1:41-5. discussion.

11 Hazes JM, Dijkmans BC, Vandenbroucke JP, et a/. Reduction of the risk of
rheumatoid arthritis among women who take oral contraceptives. Arthritis Rheum
1990;33:173-9.

12 Berglin E, Kokkonen H, Einarsdottir E, et al. Influence of female hormonal factors,
in relation to autoantibodies and genetic markers, on the development of
rheumatoid arthritis in northern Sweden: a case-control study. Scand J Rheumatol
2010;39:454-60.

13 Pikwer M, Bergstrém U, Nilsson JA, et al. Breast feeding, but not use of oral
contraceptives, is associated with a reduced risk of rheumatoid arthritis. Ann Rheum
Dis 2009;68:526-30.

14 Pedersen M, Jacobsen S, Klarlund M, et al. Environmental risk factors differ between
rheumatoid arthritis with and without auto-antibodies against cyclic citrullinated
peptides. Arthritis Res Ther 2006,8:R133.

15

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4

42

43

44

Karlson EW, Mandl LA, Hankinson SE, et al. Do breast-feeding and other reproductive
factors influence future risk of rheumatoid arthritis? results from the nurses’ Health
Study. Arthritis Rheum 2004;50:3458-67.

Merlino LA, Cerhan JR, Criswell LA, et a/. Estrogen and other female reproductive risk
factors are not strongly associated with the development of rheumatoid arthritis in
elderly women. Semin Arthritis Rheum 2003;33:72-82.

Pope JE, Bellamy N, Stevens A. The lack of associations between rheumatoid arthritis
and both nulliparity and infertility. Semin Arthritis Rheum 1999;28:342-50.

Brennan P, Bankhead C, Silman A, et al. Oral contraceptives and rheumatoid arthritis:
results from a primary care-based incident case-control study. Semin Arthritis Rheum
1997,26:817-23.

Silman A, Kay A, Brennan P. Timing of pregnancy in relation to the onset of
rheumatoid arthritis. Arthritis Rheum 1992;35:152-5.

Spector TD, Roman E, Silman AJ. The pill, parity, and rheumatoid arthritis. Arthritis
Rheum 1990;33:782-9.

del Junco DJ, Annegers JF, Luthra HS, et al. Do oral contraceptives prevent rheumatoid
arthritis? JAMA 1985;254:1938—-41.

Qi S, Xin R, Guo W, et al. Meta-analysis of oral contraceptives and rheumatoid arthritis
risk in women. Ther Clin Risk Manag 2014;10:915-23.

Chen Q, Jin Z, Xiang C, et al. Absence of protective effect of oral contraceptive use on
the development of rheumatoid arthritis: a meta-analysis of observational studies. Int
J Rheum Dis 2014;17:725-37.

Adab P, Jiang CQ, Rankin E, et al. Breastfeeding practice, oral contraceptive use and
risk of rheumatoid arthritis among chinese women: the Guangzhou Biobank Cohort
Study. Rheumatology 2014;53:860-6.

Chen H, Wang J, Zhou W, et a/. Breastfeeding and risk of Rheumatoid Arthritis: a
Systematic Review and Metaanalysis. / Rheumatol 2015;42:1563-9.

Brennan P, Silman A. Breast-feeding and the onset of rheumatoid arthritis. Arthritis
Rheum 1994,37:808-13.

Kéllberg H, Ding B, Padyukov L, et al. Smoking is a Major preventable risk factor for
rheumatoid arthritis: estimations of risks after various exposures to cigarette smoke.
Ann Rheum Dis 2011;70:508-11.

Padyukov L, Seielstad M, Ong RT, et al. A genome-wide association study suggests
contrasting associations in ACPA-positive versus ACPA-negative rheumatoid arthritis.
Ann Rheum Dis 2011;70:259-65.

Raychaudhuri S. Recent advances in the genetics of rheumatoid arthritis. Curr Opin
Rheumatol 2010;22:109-18.

Klareskog L, Stolt P, Lundberg K, et al. A new model for an etiology of rheumatoid
arthritis: smoking may trigger HLA-DR (shared epitope)-restricted immune reactions
to autoantigens modified by citrullination. Arthritis Rheum 2006;54:38-46.

Lahiri M, Morgan C, Symmons DP, et a/. Modifiable risk factors for RA: prevention,
better than cure? Rheumatology 2012;51:499-512.

Terao C, Ohmura K, Ikari K, et a/. Effects of smoking and shared epitope on the
production of anti-citrullinated peptide antibody in a japanese adult population.
Arthritis Care Res 2014;66:1818-27.

Bengtsson C, Berglund A, Serra ML, et al. Non-participation in EIRA: a population-
based case-control study of rheumatoid arthritis. Scand J Rheumatol 2010;39:344-6.
Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association
1987 revised criteria for the classification of Rheumatoid arthritis. Arthritis Rheum
1988;31:315-24.

Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classification criteria:
an American College of Rheumatology/European League Against Rheumatism
collaborative initiative. Arthritis Rheum 2010;62:2569-81.

Rantapda-Dahlqvist S. Diagnostic and prognostic significance of autoantibodies in
early rheumatoid arthritis. Scand J Rheumatol 2005;34:83-96.

Rénnelid J, Wick MC, Lampa J, et al. Longitudinal analysis of citrullinated protein/
peptide antibodies (anti-CP) during 5 year follow up in early rheumatoid arthritis:
anti-cp status predicts worse disease activity and greater radiological progression.
Ann Rheum Dis 2005;64:1744-9.

Padyukov L, Silva C, Stolt P, et al. A gene-environment interaction between smoking
and shared epitope genes in HLA-DR provides a high risk of seropositive rheumatoid
arthritis. Arthritis Rheum 2004:50:3085-92.

Olerup O, Zetterquist H. HLA-DR typing by PCR amplification with sequence-specific
primers (PCR-SSP) in 2 hours: an alternative to serological DR typing in clinical
practice including donor-recipient matching in cadaveric transplantation. Tissue
Antigens 1992;39:225-35.

Rothman K, ed. Epidemiology: an introduction. 2nd ed. USA: Oxford University Press,
2012.

Hosmer DW, Lemeshow S. Confidence interval estimation of interaction. Epidemiology
1992;3:452-6.

Sweden 0So. Breast-feeding and smoking habits among parents of infants born in
2011.2013. [cited 2015 23 March] http://www.socialstyrelsen.se/publikationer2013/
2013-9-18.

Josefsson A, Wiréhn AB, Lindberg M, et al. Continuation rates of oral hormonal
contraceptives in a cohort of first-time users: a population-based registry study,
Sweden 2005-2010. BM/ Open 2013;3:003401.

Orbach H, Shoenfeld Y. Hyperprolactinemia and autoimmune diseases. Autoimmun
Rev 2007;6:537-42.

Orellana C, et al. Ann Rheum Dis 2017;76:1845-1852. doi:10.1136/annrheumdis-2017-211620

1851


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.rdc.2012.04.002
http://dx.doi.org/10.1016/S0140-6736(09)60008-8
http://dx.doi.org/10.1136/annrheumdis-2012-201960
http://dx.doi.org/10.1136/annrheumdis-2012-201960
http://dx.doi.org/10.1196/annals.1351.019
http://dx.doi.org/10.1002/art.509
http://dx.doi.org/10.1136/ard.60.10.934
http://dx.doi.org/10.3109/03009748409100377
http://dx.doi.org/10.1016/S0140-6736(82)90809-1
http://dx.doi.org/10.1093/rheumatology/XXVIII.suppl_1.41
http://dx.doi.org/10.1002/art.1780330204
http://dx.doi.org/10.3109/03009741003742763
http://dx.doi.org/10.1136/ard.2007.084707
http://dx.doi.org/10.1136/ard.2007.084707
http://dx.doi.org/10.1186/ar2022
http://dx.doi.org/10.1002/art.20621
http://dx.doi.org/10.1016/S0049-0172(03)00084-2
http://dx.doi.org/10.1016/S0049-0172(99)80019-5
http://dx.doi.org/10.1016/S0049-0172(97)80025-X
http://dx.doi.org/10.1002/art.1780350205
http://dx.doi.org/10.1002/art.1780330604
http://dx.doi.org/10.1002/art.1780330604
http://dx.doi.org/10.1001/jama.254.14.1938
http://dx.doi.org/10.2147/TCRM.S70867
http://dx.doi.org/10.1111/1756-185X.12413
http://dx.doi.org/10.1111/1756-185X.12413
http://dx.doi.org/10.1093/rheumatology/ket456
http://dx.doi.org/10.3899/jrheum.150195
http://dx.doi.org/10.1002/art.1780370605
http://dx.doi.org/10.1002/art.1780370605
http://dx.doi.org/10.1136/ard.2009.120899
http://dx.doi.org/10.1136/ard.2009.126821
http://dx.doi.org/10.1097/BOR.0b013e328336474d
http://dx.doi.org/10.1097/BOR.0b013e328336474d
http://dx.doi.org/10.1002/art.21575
http://dx.doi.org/10.1093/rheumatology/ker299
http://dx.doi.org/10.1002/acr.22385
http://dx.doi.org/10.3109/03009740903501634
http://dx.doi.org/10.1002/art.1780310302
http://dx.doi.org/10.1002/art.27584
http://dx.doi.org/10.1080/03009740510017689
http://dx.doi.org/10.1136/ard.2004.033571
http://dx.doi.org/10.1002/art.20553
http://dx.doi.org/10.1111/j.1399-0039.1992.tb01940.x
http://dx.doi.org/10.1111/j.1399-0039.1992.tb01940.x
http://dx.doi.org/10.1097/00001648-199209000-00012
http://www.socialstyrelsen.se/publikationer2013/2013-9-18
http://www.socialstyrelsen.se/publikationer2013/2013-9-18
http://dx.doi.org/10.1136/bmjopen-2013-003401
http://dx.doi.org/10.1016/j.autrev.2006.10.005
http://dx.doi.org/10.1016/j.autrev.2006.10.005
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

45 Costanza M, Binart N, Steinman L, et al. Prolactin: a versatile regulator of 48 Orellana C, Saevarsdottir S, Klareskog L, et al. Postmenopausal hormone therapy and
inflammation and autoimmune pathology. Autoimmun Rev 2015;14:223-30. the risk of rheumatoid arthritis: results from the Swedish EIRA population-based case-
46 Szekeres-Bartho J, Barakonyi A, Par G, et al. Progesterone as an immunomodulatory control study. Eur J Epidemiol 2015;30:449-57.
molecule. Int Immunopharmacol 2001;1:1037-48. 49 Orellana C, Wedrén S, Kallberg H, et al. EIRA Study Group. Parity and the risk
47 Lankarani-Fard A, Kritz-Silverstein D, Barrett-Connor E, et a/. Cumulative duration of of developing rheumatoid arthritis: results from the Swedish Epidemiological
breast-feeding influences cortisol levels in postmenopausal women. J Womens Health Investigation of Rheumatoid Arthritis study. Ann Rheum Dis
Gend Based Med 2001;10:681-7. 2014;73: 752-5.

1852 Orellana C, et al. Ann Rheum Dis 2017,76:1845-1852. doi:10.1136/annrheumdis-2017-211620


http://dx.doi.org/10.1016/j.autrev.2014.11.005
http://dx.doi.org/10.1016/S1567-5769(01)00035-2
http://dx.doi.org/10.1089/15246090152563560
http://dx.doi.org/10.1089/15246090152563560
http://dx.doi.org/10.1007/s10654-015-0004-y
http://dx.doi.org/10.1136/annrheumdis-2013-203567
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Clinical and epidemiological research

OPEN ACCESS

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2017-211259).

'The Rebecca MacDonald
Centre for Arthritis, Mt. Sinai
Hospital, Toronto, Canada
“Kennedy Institute of
Rheumatology, University of
Oxford, Oxford, UK

3University of Occupational and
Environmental Health, Fukuoka,
Japan

“li Lilly and Company,
Indianapolis, Indiana, USA
*Medica Pro Familia, Warsaw,
Poland

®Instituto Médico CER, Buenos
Aires, Argentina

"Unidad Reumatologica Las
Americas S.C.P. Médico, Mexico,
USA

®Brigham and Women's Hospital,

Boston, Massachusetts, USA

Correspondence to

Professor Edward C Keystone,
The Rebecca MacDonald Centre
for Arthritis and Autoimmunity,
Mt Sinai Hospital, University of
Toronto, Toronto, Canada;

ed.keystone@sinaihealthsystem.

ca

Received 3 February 2017
Revised 22 June 2017
Accepted 24 June 2017
Published Online First

10 August 2017

CrossMark

To cite: Keystone EC,
Taylor PC, Tanaka Y,
et al. Ann Rheum Dis
2017;76:1853-1861.

EXTENDED REPORT

Patient-reported outcomes from a phase 3 study
of baricitinib versus placebo or adalimumab in
rheumatoid arthritis: secondary analyses from the RA-

BEAM study

Edward C Keystone," Peter C Taylor,® Yoshiya Tanaka,” Carol Gaich,* Amy M DeLozier,*
Anna Dudek,” Jorge Velasco Zamora,® Jose Arturo Covarrubias Cobos,’
Terence Rooney,” Stephanie de Bono,* Vipin Arora,* Bruno Linetzky,*

Michael E Weinblatt®

ABSTRACT

Background To assess the effect of baricitinib on
patient-reported outcomes (PROs) in patients with active
rheumatoid arthritis and an inadequate response to
methotrexate (MTX).

Methods In this double-blind phase 3 study, patients
were randomised 3:3:2 to placebo (n=488), baricitinib
4mg once daily (n=487), or adalimumab 40 mg biweekly
(n=330) with background MTX. PROs included the
SF-36, EuroQol 5-D (EQ-5D) index scores and visual
analogue scale, Functional Assessment of Chronic

lliness Therapy-Fatigue (FACIT-F), Health Assessment
Questionnaire-Disability Index (HAQ-DI), Patient’s

Global Assessment of Disease Activity (PtGA), patient’s
assessment of pain and Work Productivity and Activity
Impairment Questionnaire-Rheumatoid Arthritis (WPAI-
RA), and measures collected in electronic patient daily
diaries: duration and severity of morning joint stiffness
(MJS), Worst Ttiredness and Worst Joint Pain. The primary
study endpoint was at week 12. Treatment comparisons
were assessed with logistic regression for categorical
measures or analysis of covariance for continuous
variables.

Results Compared with placebo and adalimumab,
baricitinib showed statistically significant improvements
(p=<0.05) in HAQ-DI, PtGA, pain, FACIT-F, SF-36 physical
component score, EQ-5D index scores and WPAI-RA daily
activity at week 12. Improvements were maintained for
measures assessed to week 52. Statistically significant
improvement in patient diary measures (MJS duration
and severity), worst tiredness and worst joint pain were
observed for baricitinib versus placebo and adalimumab
at week 12 (p<0.05).

Conclusions Baricitinib provided significantly greater
improvement in most PROs compared with placebo

and adalimumab, including physical function MJS, pain,
fatigue and quality of life. Improvement was maintained
to the end of the study (week 52).

Trial registration NCT01710358.

INTRODUCTION

Rheumatoid arthritis (RA) is characterised by
inflammatory activity and joint damage that often
result in disability, pain, limitations in physical
function and other impairments important to

patients. Outcomes can be improved with effective
therapy.'™ Decreases in physical function may be a
consequence of both disease activity and irrevers-
ible, progressive joint damage.*®

Patient-reported outcome (PRO) measures
include health-related quality of life (HRQOL),
physical function, disability, fatigue, sleep, mental
health status, work productivity and work activity
impairment.” These are standardised measures,
and minimum clinically important differences
(MCIDs) have been determined for many. Because
these PRO measures are obtained directly from the
patients, they may more accurately reflect how the
patient feels and functions in relation to RA and
to therapy.® > The PRO measures also may facili-
tate doctor—patient communication and shared
decision making to improve the quality of patient
care. '

Baricitinib is a selective inhibitor of Janus kinase
(JAK)1/JAK2 that interrupts signalling in pathways
believed to be important in RA pathogenesis. The
efficacy of baricitinib has been demonstrated in
clinical studies in patients with RA."*"'” In the phase
3 RA-BEAM clinical trial (NCT01710358), baric-
itinib 4mg once daily (QD) was associated with
clinical improvement and inhibition of progression
of radiographic joint damage compared with both
placebo and adalimumab in patients with RA and
an inadequate response to methotrexate (MTX).
Specifically, 70% of patients treated with barici-
tinib achieved the American College of Rheuma-
tology 20% response rate compared with 40% of
placebo-treated patients and 61% of adalimum-
ab-treated patients. This manuscript describes the
PRO data collected in the RA-BEAM clinical trial
of baricitinib.*®

METHODS

Patients and study design

RA-BEAM was a randomised, double-blind, double-
dummy, placebo-controlled and active-controlled,
parallel-arm, 52-week study conducted at 281
centres in 26 countries. Detailed methods of the
RA-BEAM study have been published previously.®
Briefly, patients were =18 years old with active RA
(=6/68 tender and =6/66 swollen joints; serum
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high-sensitivity C reactive protein =6 mg/L). Patients had inad-
equate response to MTX. At baseline, patients were required to
have either =3 joint erosions (based on radiographs) or >1joint
erosion with seropositivity for rheumatoid factor or anticitrulli-
nated peptide antibodies.

Patients were randomised 3:3:2 to receive placebo, baricitinib
4 mg once daily, or biweekly subcutaneous adalimumab 40 mg, in
addition to their existing background therapy (including MTX).
The primary analysis time point for the study was at week 12.
At week 24, patients receiving placebo switched to baricitinib.
At week 16, patients whose tender and swollen joint counts
improved from baseline by <20% at both weeks 14 and 16
were assigned rescue treatment (baricitinib 4 mg). After week
16, patients could be rescued at investigators’ discretion based
on joint counts. The study was conducted in accordance with
ethical principles of the Declaration of Helsinki and Good Clin-
ical Practice guidelines and was approved by each centre’s insti-
tutional review board or ethics committee. All patients provided
written informed consent.

Study endpoints and assessments

PROs were prespecified as secondary objectives of the study.
Physical function was measured using the Health Assessment
Questionnaire-Disability Index (HAQ-DI)." 2° Scores range
from 0 to 3, with lower scores reflecting better physical func-
tion and, thus, less disability. The HAQ-DI score changes were
assessed in the context of an MCID of 0.22,?! and the percentage
of patients who reported scores that met or exceeded the popula-
tion normative value (<0.5) was also assessed.”* Disease activity
and arthritis pain were measured using the Patient’s Global
Assessment of Disease Activity (PtGA) and the patient’s assess-
ment of pain visual analogue scales (VAS; 0-100 mm) in which
higher scores indicate more disease activity or pain. Fatigue was
assessed by the Functional Assessment of Chronic Illness Ther-
apy-Fatigue (FACIT-F) scale (range 0-52), with higher scores
representing less fatigue.” A 3-point to 4-point change has been
considered an MCID,”™ and in this study a value of 3.56%
was used to assess the clinical relevance of changes in FACIT-F
scores. The percentage of patients who reported scores that met
or exceeded the population normative value (=40.1) was also
assessed.”

Some PROs were recorded using a daily electronic diary
(referred to as diary PROs) from day 1 through week 12. These
included duration of morning joint stiffness (MJS), and the novel
M]S Severity, Worst Tiredness and Worst Joint Pain numeric
rating scales (NRS). The scores for the NRS range from 0 to 10,
with 10 being the worst level.

HRQOL was evaluated using the Medical Outcomes Study
Short-Form-36 (SE-36; version 2, Acute),?® ¥’ which assesses
eight domains scored from 0 to 100 that are normalised into
physical component score (PCS) and mental component
score (MCS). An MCID of 5 was used to assess the clinical rele-
vance of changes in SF-36 scores.”® ° A sensitivity analysis with
an MCID of 2.5 was also evaluated. The EuroQoL 5-Dimensions
(EQ-5D) Health State Profile was also used to assess HRQOL.
The EQ-5D consists of two components: a descriptive system
of the respondent’s health and a rating of their current health
state (0-100mm VAS).>® The UK and US scoring algorithms
provide an index score using the UK or US population weighting
to normalise it to that population.’' *

The Work Productivity and Activity Impairment Question-
naire-Rheumatoid Arthritis (WPAI-RA) was used to measure
the health and symptoms of overall work productivity and

impairment of regular activities, as measured during the past
7 days. Scores are calculated as impairment percentages® with
higher percentages indicating greater impairment and less
productivity.

Non-diary PROs were assessed at baseline and at weeks 1, 2, 4
and every 4 weeks thereafter to week 32 and after week 32, they
were assessed at weeks 40 and 52. There were, however, some
exceptions to the schedule before week 4. The FACIT-F, SF-36
and the EQ-5D were assessed at baseline and week 4, and the
WPAI-RA was assessed at baseline, week 2 and week 4. These
measures followed the same schedules as the other PROs after
Week 4.

Statistical analyses

Randomised patients treated with >1dose of placebo, barici-
tinib or adalimumab were included in the efficacy analyses on
the basis of a modified intention-to-treat principle (analysis set).

Least squares mean (LSM) change from baseline for treatment
comparisons of continuous efficacy variables were obtained
using analysis of covariance with treatment, geographical region,
baseline joint erosion status and baseline value in the model. For
diary PRO data, analyses were based on the average of scores
collected in the 7 days prior to the study visit, without baseline
adjustment, until the week 12 visit date; daily scores from the
day of randomisation (day 1) up to day 28 were also assessed.
For the daily score analysis, mixed models for repeated measures
were applied, with duration of MJS analysed by non-parametric
methods.

As per the predefined analysis plan, patients who were rescued
or discontinued from study or study treatment were thereafter
defined as non-responders (non-responder imputation) for anal-
ysis of all categorical efficacy measures. For continuous efficacy
measures, modified last observation carried forward was used,
where the last observation before rescue or discontinuation was
used for all subsequent time points. The WPAI-RA measures
were censored after rescue or discontinuation without imputa-
tion applied.

All analyses are based on a significance level of 0.05 (two sided).
p Values were not adjusted for multiple comparisons.

RESULTS

Patient disposition and baseline characteristics

A total of 1307 patients were randomised (488 placebo, 487
baricitinib 4 mg and 330 adalimumab) and 1305 patients received
treatment. Patient disposition has been previously reported.'®
Baseline patient characteristics and disease activity were similar
among groups (online supplementary file 1). '® Most patients
(>99%) were receiving background MTX. The majority of
patients had received =2prior conventional synthetic disease
modifying antirheumatic drugs (csDMARDs). Baseline PROs
indicated a significant disease burden, consistent with the base-
line clinical disease activity (online supplementary file 1).

Patient-reported outcomes

HAQ-DI, PtGA and pain

As reported in Taylor, et al,'® for HAQ-DI, PtGA, and the
patient’s assessment of pain, statistically significant improve-
ments in the baricitinib group versus placebo were evident as
early as week 1, the first assessment. Significant improvements
in physical function and reductions in PtGA and pain were main-
tained at week 12 and through week 52, the end of the study
(table 1). When compared with adalimumab, statistically signifi-
cant improvements in HAQ-DI were seen as early as week 4 and
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Table 1 Least squares mean change from baseline at 12 and 52 weeks for PRO

Week 12 Week 52

Placebo Baricitinib Adalimumab Baricitinib Adalimumab
PRO measures (95%Cl)  (n=488) (n=487) (n=330) (n=487) (n=330)
Physical function —0.34 (-0.39, -0.29) —0.66*** t1 (-0.71,-0.61) —0.56*** (-0.62, -0.50) —0.7711 (-0.83,-0.71) —0.66 (-0.73, —0.59)
(HAQ-DI)
Patient’s Global Assessment  —16.7 (—18.9, -14.6) -31.2*** t1 (-33.3,-29.1) -26.6*** (-29.1,-24.1) -36.311t (-38.7,-33.9) -30.3 (-33.1,-27.5)
of Disease Activity (PtGA)

Patient’s Assessment of Pain  —17.1 (-19.4, -14.9) —31.5%** t1 (-33.7,-29.3)
EuroQol-5-Dimensions
(EQ-5D)

Health State Index
Score, UK algorithm
Health State Index
Score, US algorithm

VAS 7.7 (5.6,9.8)

0.102 (0.084, 0.119) 0.184*** (0.167, 0.202)

0.071 (0.058, 0.083) 0.130*** (0.118, 0.142)

14.8*** 11 (12.8,16.9)

-26.4*** (-29.0,-23.7) -36.1111 (-38.6,-33.7) -30.3 (-33.1,-27.5)

0.167*** (0.146, 0.188) 0.2171 (0.197, 0.238) 0.182 (0.158, 0.206)

0.117***(0.102, 0.131) 0.1541 (0.139, 0.169) 0.129 (0.112, 0.146)

10.1 (7.7, 12.6) 19.11t1 (16.6, 21.5) 11.6 (8.8, 14.5)

*p=<0.05, **p=<0.01,***p=<0.001 versus placebo.
tp=<0.05, t1p=<0.01, t11p=<0.001 versus adalimumab.

HAQ-DI, Health Assessment Questionnaire-Disability Index; PRO, patient-reported outcomes; VAS, visual analogue scale.

at week 2 for PtGA and pain, respectively; these improvements
were maintained at week 12 and through week 52.

The percentages of patients who reported improvements that
met or exceeded the HAQ-DI MCID of =0.22 at week 12 for
placebo, baricitinib and adalimumab, respectively, were 58%),
75%, and 71% (p=<0.001 for baricitinib vs placebo and adali-
mumab vs placebo; p=0.302 for baricitinib vs adalimumab) and
were 68% and 58% at week 52 for baricitinib vs adalimumab
(p=<0.01). The percentage of patients who reported scores that
met or exceeded the population normative value of <0.5 at
week 12 or those who met or exceeded at week 52 ranged from
249% to 32% for baricitinib and adalimumab (online supplemen-
tary file 2). The percentages for baricitinib and adalimumab were
statistically different (p<0.05) than placebo at week 12.

MJS duration, MJS severity, worst tiredness and worst joint pain

Baricitinib treatment resulted in significant improvement versus
placebo and adalimumab for all four measures at the primary
time point of the study, week 12 (table 2). Improvements versus
placebo were significant from week 1 for severity of MJS, Worst
Tiredness and Worst Joint Pain and from week 2 for the duration

of MJS. Improvements of baricitinib versus adalimumab were
observed from as early as week 2 for Worst Joint Pain, week 4
for severity of MJS and week 8 for Worst Tiredness; for duration
of MJS, improvements were statistically different at weeks 1 and
12, as reported by Taylor et al.'®

Consistent with the weekly averaged data, the daily diary
scores showed significant improvement in patients receiving
baricitinib compared with both placebo and adalimumab.
Improvements relative to placebo were observed as early as day
three for the severity of MJS, Worst Tiredness, and Worst Joint
Pain and by day five for the duration of MJS (figure 1). Improve-
ments relative to adalimumab were observed as early as day 19
for the severity of MJS, day 21 for Worst Tiredness and day 17
for Worst Joint Pain. No significant differences were observed
in the first 28 days between baricitinib and adalimumab for the
duration of MJS.

FACIT-F

Treatment with baricitinib or adalimumab was associated
with significant improvements in FACIT-F at the first assess-
ment of the measure at week 4 (p<0.001 for baricitinib

Table 2 Day 1, week 1 and week 12 data from patient daily diaries

PRO measures Day 1 median (IQR)

Week 1 median (IQR)

Week 12 median (IQR)

Placebo Baricitinib Adalimumab  Placebo Baricitinib Adalimumab  Placebo Baricitinib Adalimumab
(n=488) (n=487) (n=330) (n=488) (n=487) (n=330) (n=488) (n=487) (n=330)
Duration of 60.0 60.0 60.0 87.5 75.01 60.0*** 60.0 27.0%%* 36.6***
morning joint  (30.0, 180.0) (30.0, 180.0) (20.0, 180.0) (32.5, 180.0) (27.5,154.3) (20.0, 150.0) (17.1,154.3) (4.3, 90.0) (9.2, 120.0)
stiffness,
minutes, median
(IQR)
Day 1 (mean (SD)) Week 1 LSM (95% Cl) Week 12 LSM (95% Cl)
Severity of 5.5(2.2) 5.4(2.2) 5.3 (2.3) 5.3 4.8%** 4.7%%* 4.1 3.0%** tt 3.5%**
morning joint (5.1 to 5.4) (4.6 t0 4.9) (4.5t04.8) (3.9t04.3) (2.8103.2) (3.2t03.7)
stiffness
Worst Tiredness 5.6 (2.2) 5.6 (2.2) 5.5(2.2) 5.3 4.9%** 4.8%** 43 3.6 *** t 3.9%*
(5.1t05.4) (4.7 t0 5.0) (4.7 t0 5.0) (4.1 t0 4.5) (3.4103.8) (3.6t04.1)
Worst Joint Pain 5.9 (2.1) 5.9 (2.1) 5.7 (2.2) 5.6 5.0%** 5.1%** 4.6 3.4%** 1t 4.0%**
(5.5t05.8) (4.9t05.2) (491t05.2) (4.4t04.8) (3.2t03.6) (3.8t04.2)
*p=<0.05; **p=<0.01; ***p=<0.001 versus placebo.
tp=<0.05, t1p=<0.01; t11p=<0.001 versus adalimumab.
LSM, least squares mean; PRO, patient-reported outcome.
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or 95% Cls are presented in online supplementary file 5). (A) Duration of Morning Joint Stiffness: data are mean duration of morning joint stiffness

in minutes, based on daily diary entries. Daily question: ‘Please indicate how long your morning joint stiffness lasted today’. Indications of statistical
significance based on analysis of median difference. (B) Severity of Morning Joint Stiffness: data are LS mean scores for severity of morning joint
stiffness, based on daily diary entries. Higher values indicate greater severity with numeric rating scale anchors (0-10). Daily question: ‘Please rate the
overall level of morning joint stiffness you had from the time you woke up today’. (C) Worst Tiredness: data are LS mean scores for Worst Tiredness,
based on daily diary entries. Higher values indicate greater tiredness with numeric rating scale anchors (0-10). Daily question: ‘Please rate your
tiredness by selecting the one number that describes your tiredness at its worst in the last 24 hours'. (D) Worst Joint Pain: data are LS mean scores for
Worst Joint Pain, based on daily diary entries. Higher values indicate greater pain with numeric rating scale anchors (0-10). Daily question: ‘Please
rate your joint pain by selecting the one number that describes your joint pain at its worst in the last 24 hours'. LS, least squares; NRS, numeric rating
scale.p Value versus placebo: *p<0.05; **p<0.01; ***p<0.001.p Value versus adalimumab: + p<0.05; ++ p<0.01; +++ p<0.001.

vs placebo; p<0.01 for adalimumab vs placebo; figure 2).
The improvements in the FACIT-F score were sustained to
week 24 for both baricitinib and adalimumab versus placebo
(p=<0.001) and were significant at weeks 20, 28 and 52 for
baricitinib versus adalimumab (p=<0.035; figure 2).

For the FACIT-F, the percentage of patients who reported
improvements that met or exceeded the MCID (=3.56) was
59%, 66% and 68% for placebo, baricitinib and adalimumab,
respectively (p<0.035 for baricitinib vs placebo; p<0.01 for
adalimumab vs placebo), at week 12 and were 60% and
54% at week 52 for baricitinib and adalimumab, respec-
tively (p=0.084; figure 2). The percentage of patients who
reported scores that met or exceeded the population norma-
tive value of =40.1 ranged from 41% to 46% for baricitinib
and adalimumab at weeks 12 and 52 (online supplementary
file 2).

Health-related quality of life

SF-36

Patients treated with baricitinib or adalimumab showed statisti-
cally significantly improved differences compared with placebo
in most of the eight SF-36 domains at week 12 except for the
mental health domain (both baricitinib and adalimumab) and
role-emotional domain (adalimumab), which improved but did
not achieve statistical significance (table 3). Compared with
adalimumab, patients treated with baricitinib showed statisti-
cally significant improvement in most of the domains at week
52, except for the mental health domain (table 3).

Compared with placebo, SF-36 PCS was statistically signifi-
cantly improved for patients treated with baricitinib and adalim-
umab (figure 3A) from the first postbaseline assessment at week
4 and was maintained through weeks 12 and 52. At week 12, the
percentage of patients who met or exceeded the MCID (=5) for
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versus adalimumab: +p<0.05; ++p=<0.01; +++p=<0.001.

placebo, baricitinib and adalimumab, respectively, was 40%, 65%
and 56% at week 12 (for both groups vs placebo, p<0.001and
baricitinib vs adalimumab, p<0.05) and was 60% and 52% at
week 52 for baricitinib versus adalimumab (p<0.05). For the

SF-36 MCS measure, numeric, but not statistically significant
differences in the change from baseline were found for both
baricitinib and adalimumab versus placebo at all time points,
except for baricitinib versus placebo at week 24 (p<0.01). The

Table 3 Baseline values and least squares mean changes from baseline at weeks 12 and 52 for SF-36 domain scores.

Baseline mean Week 52
(SD) Week 12 LSM LSM
Baricitinib Adalimumab Placebo Baricitinib Adalimumab Baricitinib Adalimumab
SF-36 domain scores Placebo (n=488) (n=487) (n=330) (n=488) (n=487) (n=330) (n=487) (n=330)
Physical functioning 32.4(10.4) 32.3(10.2) 31.6 (10.7) 43 8.0***1 6.8%** 9.9t 8.4
Role physical 36.3(10.3) 35.5(10.3) 34.5(10.5) 4.4 7.8%** 6.7%** 9.411 7.5
Bodily pain 34.9 (7.7) 34.6 (7.5) 34.5 (8.5) 4.6 9.1***t 7.6%** 11.2t 9.7
General health 36.6 (8.6) 37.3(8.1) 36.3(8.7) 3.1 5.4%** 45111 6.11 4.8
Vitality 43.9(10.1) 43.8 (9.5) 43.2 (10.5) 3.9 6.4%** 5.7ttt 7.9t 6.6
Social functioning 41.3(11.3) 40.9 (11.6) 40.0(12.2) 3.0 5.6*** 4.4 6.6t 4.6
Role emotional 41.4 (12.5) 41.4(12.5) 40.3 (12.9) 3.7 5.1* 438 6.61 5.3
Mental health 42.9(11.3) 43.3(11.1) 42.5(11.5) 3.7 4.0 39 5.1 44
*p=<0.05, **p=<0.01, ***p=<0.001 versus placebo.
tp=<0.05,1tp=<0.01,111p=<0.001 versus adalimumab.
LSM, least squares mean; SF-36, Short-Form-36.
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% patients who met or exceeded the minimum clinically important difference in SF-36 PCS (=5 points). Higher scores indicate improvement. (B)
Mental component score: data in table are % patients who met or exceeded the minimum clinically important difference in SF-36 MCS (=5 points).
Higher scores indicate improvement. p Value versus placebo: *p<0.05; **p<0.01; ***p<0.001.p Value versus adalimumab: +p<0.05; ++p=<0.01;

+++p<0.001.
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proportion of patients who reported improvements that met or
exceeded the MCID for the MCS was not statistically signifi-
cantly different from placebo for either group at any time point,
except at weeks 20 (both baricitinib and adalimumab differed
from placebo, p<0.05) and at week 24 (p<0.01 for baricitinib
vs placebo; figure 3B). Results were similar for the MCID value
of 2.5 (online supplementary file 3).

EQ-5D

A statistically significant improvement in the EQ-5D index scores
(both US and UK) were observed at the first postbaseline assess-
ment, week 4 (data not shown), for both baricitinib and adalim-
umab versus placebo and was maintained to week 12 (table 1).
By week 52, statistically significant improvements in EQ-5D
index scores were observed for baricitinib versus adalimumab
(table 1). For the EQ-5D VAS at 4 weeks, baricitinib-treated
and adalimumab-treated patients showed statistically significant
improvement compared with placebo-treated patients (data not
shown). By week 12, however, statistically significant improve-
ment in EQ-5D VAS was observed for only baricitinib-treated
patients (p<0.001vs placebo; p<0.01versus adalimumab); this
was maintained through week 52 for baricitinib versus adalim-
umab (p=<0.001; table 1).

Work Productivity and Activity Impairment

At baseline, 41%—-43% of the patients were employed. Patients
treated with baricitinib reported statistically significantly
improved daily activity compared with placebo and adalimumab
at week 12 (p=<0.001 for both groups vs placebo; p<0.01 for
baricitinib vs adalimumab); improvements compared with adali-
mumab, however, were not statistically significant at week 52
(online supplementary file 4). Among those patients who were
employed at baseline and those who maintained employment at
week 12, statistically significant improvements in absenteeism
(p=<0.05), presenteeism (p<0.001) and work productivity loss
(p=<0.001) were seen with baricitinib compared with placebo;
improvements compared with adalimumab, however, were not
statistically significant at week 52. Only work productivity loss
was statistically significantly improved with baricitinib versus
adalimumab at week 12 (p<0.035; online supplementary file 3).

DISCUSSION
The RA-BEAM study evaluated baricitinib 4 mg once daily in
patients with an inadequate response to MTX who were naive
to biological DMARDs using placebo and adalimumab 40 mg
biweekly as comparators.’® Patients continued to take stable
background csDMARDs (including MTX) during the study. This
paper evaluates whether the clinical efficacy data for baricitinib
were complemented by corresponding changes in PROs.
Baseline PROs describe substantial duration (=60min) and
severity of MJS, severe impairment of physical function and high
levels of pain and fatigue (including tiredness) among patients
enrolled in the study. Baricitinib treatment produced significantly
greater improvements compared with placebo and adalimumab
in most of the prespecified PROs, including physical function,
pain, fatigue, duration and severity of MJS and HRQOL at week
12. Furthermore, baricitinib produced rapid improvements in
the diary PROs compared with placebo and adalimumab, with
significant differences vs placebo appearing within days of initi-
ating treatment. Improvements were maintained to week 52
compared with adalimumab in physical function, pain, fatigue
and HRQOL (eg, SF-36 PCS and EQ-5D).

In this analysis and in the results presented by Taylor et al,'®
treatment with baricitinib resulted in a rapid improvement in
PROs; patients showed statistically significant improvements as
early as week 1 in HAQ-DI, PtGA and the patient’s assessment of
pain, and these results were maintained until the end of the trial at
week 52. Compared with placebo, a significantly greater propor-
tion of patients treated with baricitinib or adalimumab reported
improvements that met or exceeded the MCID and the population
normative values for HAQ-DI and FACIT-F at week 12.

Similar results were seen for duration and severity of M]JS,
Worst Tiredness and Worst Joint Pain as assessed using the
patient daily diaries and improvement continued to week 12.
The rapid onset of action, with improvement in relevant signs
and symptoms (such as pain and tiredness) as early as 3 days after
the start of treatment, is a useful complement to the efficacy
observed at the later time points.

Consistent with these results, patients treated with baric-
itinib reported improvements in HRQOL, as measured by
the EQ-5D and SF-36 PCS compared with placebo and adali-
mumab. For the SF-36, improvements across most of the
SF-36 domains were observed for baricitinib and adalim-
umab compared with placebo at week 12 and for baricitinib
compared with adalimumab at week 52. Furthermore, when
a five-point change was used for the MCID, it was found
that 65% of the baricitinib-treated patients met or exceeded
the MCID for the SF-36 PCS (figure 3A). In contrast with
the PCS, no statistically significant differences were observed
between baricitinib-treated and adalimumab-treated patients
compared with placebo-treated patients with the SF-36 MCS.
Across treatment groups at baseline, the SF-36 MCS values
ranged from 46 to 47, which are close to the population
normative data of 50.*® This suggests only modest impair-
ment for the MCS at baseline such that a marked improve-
ment with therapy would not be expected. This SF-36 MCS
result aligns with previous results from other trials.**=¢

Compared with placebo, patients treated with baricitinib
showed statistically significant improvement across all scores
of the work productivity assessment at week 12. When
compared with adalimumab, the baricitinib-treated patients
showed statistically significant improvement in work produc-
tivity loss and impairment of regular activity at week 12;
these improvements continued through week 52 but were not
statistically significantly different.

The results from this analysis are similar to those observed in
other phase 3, randomised clinical trials of baricitinib in different
patient populations.>*°

The limitations of this analysis include the use of carrying
forward the last observations before rescue or discontinua-
tion. This method assumes that the PRO values do not change
over time. Also, as in most double-blind comparator trials,
the inclusion and exclusion criteria restrict patient participa-
tion such that these results may not be fully generalisable to
the population seen in clinical practice.

This study used well-established PRO measures that can
holistically evaluate the burden of RA and the treatment
effects across many health domains. Some of the PRO
measures are incorporated into the patient ratings in the
ACR core set, while others, such as the EQ-5D and SF-36,
are established HRQOL instruments that may more broadly
measure the effects of RA and treatment on patients. The
use of diary records allowed patients to report the impact
of symptoms of importance to them as they arose, therefore
permitting a more complete evaluation than by means of
periodic recording of recollected symptoms. Furthermore,
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these PRO measures may help facilitate discussions between
patients and their healthcare providers; they may help
address patient concerns such as how long it will take to
feel improvement (onset of action), how long to try the new
treatment before determining that it is not effective (efficacy
plateau) and how long the treatment will be effective (sustain-
ability or the risk of relapse). In addition to facilitating the
physician—patient dynamic, PRO measures are being increas-
ingly used in randomised clinical trials and allow for epide-
miological assessments across different patient populations
and disease states. PRO assessments such as the work produc-
tivity measure also provide an insight into the broader, soci-
etal impact of RA.

The use of a variety of PRO measures also allows for an
assessment of the clinical importance of the present study’s
results. Similar trends were observed between comparisons
of baricitinib with both placebo and adalimumab in many of
the PROs. Additionally, some PRO measures were assessed
with established and validated MCID values. Statistically
significant differences in MCIDs between treatment groups
implies clinical significance on a group level. Collectively, the
results of the present study demonstrate treatment benefits
for baricitinib that appear clinically relevant.

The RA-BEAM study demonstrated that patients treated
with baricitinib experienced a greater improvement compared
with patients treated with placebo or adalimumab in most
PROs across different domains of RA, including physical
function, MJS, fatigue, pain and HRQOL. These improve-
ments tended to occur within the first weeks of treatment
and were maintained throughout the 52-week trial.

Correction notice This article has been corrected since it published Online First.
The "patient disposition and baseline characteristics' paragraph has been updated.
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Subgroup analyses of the effectiveness of oral
glucosamine for knee and hip osteoarthritis: a
systematic review and individual patient data meta-
analysis from the OA trial bank

Jos Runhaar,' Rianne M Rozendaal,' Marienke van Middelkoop,' Hans J W Bijlsma,?
Michael Doherty,? Krysia S Dziedzic,* L Stefan Lohmander,” Timothy McAlindon,°

Weiya Zhang,? Sita Bierma Zeinstra’

ABSTRACT

Objective To evaluate the effectiveness of oral
glucosamine in subgroups of people with hip or knee
osteoarthritis (OA) based on baseline pain severity, body
mass index (BMI), sex, structural abnormalities and
presence of inflammation using individual patient data.
Methods After a systematic search of the literature and
clinical trial registries, all randomised controlled trials
(RCTs) evaluating the effect of any oral glucosamine
substance in patients with clinically or radiographically
defined hip or knee OA were contacted. As a minimum,
pain, age, sex and BMI at baseline and pain as an
outcome measure needed to be assessed.

Results Of 21 eligible studies, six (n=1663) shared
their trial data with the OA Trial Bank. Five trials

(all independent of industry, n=1625) compared
glucosamine with placebo, representing 55% of the
total number of participants in all published placebo-
controlled RCTs. Glucosamine was no better than
placebo for pain or function at short (3 months) and
long-term (24 months) follow-up. Glucosamine was also
no better than placebo among the predefined subgroups.
Stratification for knee OA and type of glucosamine did
not alter these results.

Conclusions Although proposed and debated for
several years, open trial data are not widely made
available for studies of glucosamine for OA, especially
those sponsored by industry. Currently, there is no good
evidence to support the use of glucosamine for hip or
knee OA and an absence of evidence to support specific
consideration of glucosamine for any clinically relevant
OA subgroup according to baseline pain severity, BMI,
sex, structural abnormalities or presence of inflammation.

INTRODUCTION

Oral glucosamine has long been recommended
for the treatment of knee and hip osteoarthritis
(OA). However, recent guidelines by Osteoarthritis
Research Society International (OARSI)! and The
National Institute for Health and Care Excel-
lence (NICE)* highlight the lack of support for
the efficacy of oral glucosamine for the manage-
ment of symptoms or disease modification in
OA.?> With increasing study quality over the past
decades, reported effect sizes for glucosamine have
decreased.* Furthermore, methodological issues in

trials studying the effect of glucosamine for OA
symptoms, such as inadequate allocation conceal-
ment and absence of intention-to-treat analyses,
has resulted in overestimation of its effectiveness.’
A network meta-analysis from seven high-quality,
large (>200 participants per trial) randomised
controlled trials (RCTs) concluded that oral glucos-
amine was not superior to placebo in reducing OA
pain or reduction in joint space narrowing.’

Notwithstanding the overall lack of efficacy of
glucosamine, it is possible that certain subgroups
of OA might respond differently (either better or
worse) to any specific treatment.® These subgroups
might be based on different pathologies underlying
the clinical presentation of OA, different disease
stages or on the presence of different comorbidi-
ties.® Accordingly, clinical guidelines increasingly
call for the identification of any predictors of
response to different treatment modalities.” Since
the effectiveness of glucosamine varies among
different populations,*® ® it is possible that glucos-
amine might show higher efficacy when targeted at
specific subgroups.

Recently, van Middelkoop et al’ reported on the
methodology and legal structure to perform indi-
vidual patient data (IPD) meta-analyses to identify
clinically relevant subgroups that may show differ-
ential response to different OA treatments (the
OA Trial Bank). The proposed methodologically
robust method tests subgroup-treatment inter-
action effects using IPD from multiple published
trials and allows for adjustment for confounding at
both study and individual patient levels.” Using this
method, increased short-term efficacy for gluco-
corticoid treatment among knee OA patients with
more severe pain has been demonstrated. '

The present study aimed to collect IPD of all
RCTs performed for oral glucosamine in people
with knee and hip OA to evaluate the efficacy
within predefined subgroups of OA based on pain
severity, body mass index (BMI), sex, structural
abnormalities and presence of inflammation.

METHODS

Systematic search

To identify all available RCTs, a systematic search
of the literature was performed in PubMed, the
Cochrane Central Register of Controlled Trials,
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Embase, Web of Science, Cinahl and Scopus. The search strategy
was based on the search protocol of the Cochrane publica-
tion on the effectiveness of glucosamine.® It was adjusted for
the different databases and limited to publications from 1994
because of the likelihood of communicating with corresponding
authors and data being available (searched up to March 2014
and available on request). Reference lists were hand searched
for further identification of published work. Additional potential
ongoing studies were searched for in clinical trial registries.

Two authors (JR and RR) independently selected citations
based on titles and abstracts. Subsequently, full articles were
obtained for those citations thought to fulfil the inclusion
criteria and were independently assessed by the two review
authors. A third review author was consulted if consensus was
not reached (MvM). No protocol was registered for the current
project, but full protocol details for the systematic review and
the IPD meta-analysis were prespecified in the data delivery
licence agreement that was approved by all members of the OA
Trial Bank Steering Committee before the systematic search of
the literature was initiated (available on request).

Inclusion/exclusion criteria

All RCTs evaluating the effect of any oral glucosamine substance
in participants with knee or hip OA were included. This included
studies testing the effects of glucosamine within a subgroup of
participants with OA. Studies solely testing a combination of
glucosamine with another substance (eg, chondroitin) were not
included. There was no language restriction.

Participants
Participants were men and/or women with a diagnosis of OA of
the knee or hip:
1. according to ACR classification criteria'’ or
2. on the basis of detailed clinical and/or radiographic
information.

Studies including a subgroup of knee or hip OA patients were

also included, because IPD were collected.

Interventions

All comparisons between different oral glucosamine doses or
between different frequencies of intake were included. Cointer-
ventions were allowed as long as they were identically applied to
the glucosamine and control group.

Comparator

All comparisons between oral glucosamine and any placebo/
medication/dietary supplement/other non-surgical treatment
were included.

Outcomes
The minimum criterion for inclusion of RCTs was adequate
reporting of pain as an outcome measure.

Baseline predictors
1. Important data

As a minimum, severity of pain, age, sex and BMI should have
been assessed at baseline in order to define subgroups.

2. If available

Signs of inflammation, either by physical examination
(warmth and effusion) or by additional testing (ultrasound, MRI,
biopsy and serum c-reactive protein (CRP)/erythrocyte sedimen-
tation rate (ESR)), and structural abnormalities by radiography
or magnetic resonance imaging (MRI)at baseline.

Data collection, transfer and checks

All corresponding authors of eligible trials were approached and
asked to share trial data (first by email, subsequently by tele-
phone). When corresponding authors could not be reached, the
other listed authors and the institutes in which the trials had
been performed were contacted. All data-deliverers willing to
participate (ie, the research institutes who own the data) were
asked to sign the data delivery licence agreement, including
items on input data, obligations, ownership of data, terms,
authorship, all subgroup analyses and publications. All anony-
mous data were transferred to a secured database at the Erasmus
University Medical Center Rotterdam. On receiving the data, a
thorough check of the data took place by reproducing the main
baseline characteristics and the reported changes over time for
the available outcome measures. Uncertainties were resolved in
collaboration with the trialists.

Risk of bias assessment

The methodological quality of all included trials in the OA
Trial Bank were assessed using the 12 criteria recommended by
Cochrane (see online supplementary file 1) and were evaluated
independently by two researchers (JR and RR). The criteria
were scored as ‘yes’ (low risk of bias), ‘no’ (high risk of bias)
or ‘unclear’. Any disagreement between the review authors
was resolved by discussion, including input from a third review
author (MvM). A study with a low risk of bias was defined as
fulfilling six or more of the criteria items. In case the number of
shared studies would allow proper interpretation (=10 studies),
funnel plots were considered for evaluation of publication bias.

Data analyses

First, heterogeneity of the eligible studies was determined for
the primary outcomes, using a two-stage meta-analysis approach
in Review Manager V.5.3. In case of high heterogeneity (I*
index >50), sensitivity analyses without data from trials causing
the heterogeneity were planned. Second, a descriptive compar-
ison between studies was performed. We assumed missing data
to be missing at random. Therefore, missing data for covariates
and outcome measures were imputed, using multiple imputa-
tion methods, within each original study. Outcomes measured
on different scales were standardised in order to pool the data.
Predefined subgroup factors were dichotomised, based on
consensus of the OA Trial Bank Steering Committee. For this,
descriptive statistics of the subgroup variables for each of the five
trials were shared with the Steering Committee, together with
proposed cut-off values, based on literature, data separation in
the available trials and previous IPD meta-analysis by the OA
Trial Bank.'”

The primary outcome measures were pain severity in the
short-term (3—6 months) and at long-term (=1year) follow-up.
Secondary outcomes were physical function and all forms of
structural changes at these time points.

A one-stage multilevel regression analysis was performed to
estimate the magnitude of the effect (estimated pooled mean
differences) of glucosamine over the control intervention over
all included studies and in the different subgroups with the indi-
viduals nested within each study. A single covariate was added
to the regression models to indicate the study (fixed factor),
in order to adjust for possible residual confounding by study
differences. To assess possible subgroup effects, a random-ef-
fects linear regression model was used to determine interaction
effects. This model included the dependent variable (primary
or secondary outcome measure), the independent variable
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Studies identified through
literature search (1377)

Studies excluded based on title and
abstract (1319)

Full-text articles
screened (58)

Reference lists (2)

Excluded (40):

- follow-up <3 months (7)

- identical study populations (5)

- No pain m easurements (1)

- no hum an study (1)

- no ora glucosamine (1)

- no proper OA criteria at inclusion (1)
- no RCT (21)

- no glucosamine only group (3)

Studies fulfilling all
inclusion criteria (20)

Studies identified
through trial registries
(1)

Corresponding authors
contacted (21 studies,
+3141 subjects)

Studies not providing IPD (15):

- data no longer available (2)

- difficult contact {(2)

- no contact (6)

- not interested (1)

- not allowed by study sponsor (4)

Studies provided
data (6 studies, 1663
subjects)

Figure 1 Study flow chart. IPD, individual patient data; OA,
osteoarthritis; RCT, randomised controlled trials.

(treatment group), the effect modifier (subgroup indicator) and
an interaction term (independent variable X effect modifier). All
analyses were adjusted for age sex, BMI, Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) pain at
baseline and were performed with and without stratification for
type of glucosamine and with and without stratification for the
affected joint. Comparisons and subgroup analysis for which
only one RCT was available were not taken into account, since
main effects were already studied in the original publication, and
individual trials usually were not powered for subgroup analysis.
A p value <0.05 was regarded as statistically significant in all
analyses, using IBM SPSS software V.22.

RESULTS

The literature search resulted in 1377 abstracts. After screening,
58 publications were evaluated in full-text and 18 fulfilled all
inclusion criteria,">™ with two additional trials identified from
the references of the included trials®® *' (figure 1). Searching
the clinical trial registries resulted in one additional potentially
eligible trial (NCT01074476). All 21 corresponding authors
of these trials were contacted for participation. After multiple
efforts to contact all data owners of the eligible trials, authors/
institutes of six studies agreed to participate and delivered trial
data to the OA Trial Bank.'*"¢**2¥ 2% Corresponding authors of
two trials indicated that trial data were no longer available.'® %
Two corresponding authors did reply positively to the initial
request for data sharing, but a signed licence agreement was
never received.’> 2° One corresponding author was not inter-
ested in participation.’”” No contact was established with any of
the authors nor the research institutes of five studies,'® 2! 263031
and the one study identified in the clinical trial registry. Four
data owners indicated that they were not permitted to share their
data by the study sponsor.'” #* % %7 See table 1 for full details of
all eligible studies.

Five out of the six studies willing to participate involved
knee OA participants,'*'¢ 2* %’ while only one involved hip OA
participants.”® Follow-up duration in the six trials ranged from
3 to 24 months. Three studies evaluated glucosamine sulfate
(GS)¥ %28 and two glucosamine hydrochloride (GH).'* %’ The
publication of the remaining study stated that the first 163
subjects received GS but that the subsequent subjects received
GH.* However, after extensive communication with the trial
owner, the order of glucosamine type was deemed to be a typo-
graphical error, since the supplier of the glucosamine for the
latter part of the participants (Rottapharm) is renowned for its
GS. Data on participants within this trial were allocated to the
stratified analysis for glucosamine type based on this new insight
of the glucosamine type provided. With the exception of the
trial by Coulson et al that used green-lipped mussel extract as
comparison," all studies compared their glucosamine substrate
against placebo. The trial by Coulson et al was therefore not
included in the subgroup analysis (mean change in WOMAC
pain —1.6 (—=3.7 to 0.6) on a 0-20 scale in favour of glucos-
amine (p=0.157))."> The trial by Sawitzke et al* presented
long-term follow-up from the Clegg et al,'* but since both publi-
cations report on different outcome measures of interest (clinical
data and radiography vs clinical data only) and risk of bias could
be assessed for both publications separately, both were indicated
as separate trials. No important issues were identified when
checking shared trial data, but for the trial by McAlindon** for
which data of the first 199 (out of 205 in the original publication)
could be retrieved by the trial owners. No relevant differences in
baseline characteristics for the subjects with shared data and the
published data were observed. Percentages of missing data for
the main baseline characteristics and all outcome measures for
each of the five individual trials are presented in online supple-
mentary table 2 . All listed variables were used in the multiple
imputation by the SPSS software package, creating 20 imputed
data sets for each trial.

The five trials included in the analysis included a total number
of 1625 participants (64% women), 815 randomised to glucos-
amine and 810 to placebo. This reflected 55% of the participants
randomised in the 17 published RCTs on glucosamine versus
placebo. Pain was measured in all five studies using the ordinal
WOMAC questionnaire.** Scores were rescaled to a 0-100 scale
and defined at short-term (closest to a minimal of 3 months
follow-up) for the trials by McAlindon et al.,** Clegg et al,'* and
Rozendaal et al*® and long-term (2 years follow-up) for Fransen
et al.,'® Sawitzke et al,” and Rozendaal et al.”® Physical function
was also measured in all five studies using the WOMAC ques-
tionnaire and was rescaled and defined in an identical matter.
Figure 2 presents the overall mean differences of these five trials
for the primary outcome at short term and long term, based on
the imputed data sets.

The following subgroups were defined: WOMAC pain
<70versus =70, BMI <27kg/m* versus =27kg/m?, Kellgren
and Lawrence grade®® (KL-grade) 0-2 versus KL3-4 and pres-
ence versus absence of inflammation. Presence of inflammation
was defined as either presence of swelling/effusion on clinical
examination'* %’ or an elevated erythrocyte sedimentation rate
(ESR),*® defined as ESR =20mm/h for men aged =50 years,
ESR =15mm/h for men aged <50 years, ESR =30mm/h
for women aged =50 years and ESR =20mm/h for women
aged <50 years. Inflammation data were only available when
combining data from one knee OA'?° and one hip OA trial.®
Therefore, no additional stratification was possible. Baseline
Kellgren and Lawrence grades were only available in one knee
OA trial with short-term outcomes,'* two knee OA trials with
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Table 1 Characteristics of all eligible and contacted studies (stratified for authors’ reply on data sharing request)
Nin
N in control  glucosamine Reply to data
Origin Participants  group group Interventions Follow-up Funding source sharing request
Clegg et al™ USA Knee OA 313 317 GH versus CS versus 6months  Funding agency Data delivered to OA
GH+CS versus placebo Trial Bank
versus celecoxib
Coulson et al™® Australia Knee OA 21 17 GS versus green-lipped ~ 3months  Commercial party Data delivered to OA
mussel extract Trial Bank
Fransen et al'® Australia Knee OA 151 152 GS versus GS+CS versus  24months ~ Governmental Data delivered to OA
CS versus placebo institution and by Trial Bank
some supplementary
funding from a
commercial party
McAlindon et a®*  USA Knee OA 104 101 GH versus placebo” 3months  Funding agency Data delivered to OA
Trial Bank
Rozendaal et a/”®  The Netherlands Hip OA 111 111 GS versus placebo 24months  Governmental Data delivered to OA
institution Trial Bank
Sawitzke et a/*® USA Knee OA 131 134 GH versus CS versus 24months  Governmental Data delivered to OA
GH+CS versus placebo institution Trial Bank
verus celecoxib
Cibere et al" Canada Knee OA 66 n GS versus placebo 6months  Funding agency Data no longer
available
Marti-Bonmati Spain Knee OA 4 7 GS versus 6months  Commercial party Data no longer
etal® acetaminophen available
Chopra et al'? India Knee OA 35 35 Five herbal groups versus 4months  Governmental Positive to first
GS versus placebo institution request, but no data
delivery
Hughes and Carr®® UK Knee OA 40 40 GS versus placebo 6months  Unknown Positive to first
request, but no data
delivery
Frestedt et al'’ USA Knee OA 16 19 GS versus placebo 3months  Commercial party Not interested in
versus Aquamin versus participation
Aquamin+GS
Giordano et aP'  Italy Knee OA 30 30 GS versus placebo 3months  Unknown No contact with
authors/institutions
Hatano et a/'® Japan Knee OA 31 36 Soymilk with versus 3months  Unknown No contact with
without N-acetyl authors/institutions
glucosamine
Kawasaki eta”"  Japan Knee OA 42 49 Home exercise versus 18months  Unknown No contact with
home exercise+GH authors/institutions
versus home
exercise+risedronate
NCT01074476*  Canada Knee OA 10 10 GS versus placebo 3months  Governmental No contact with
institution authors/institutions
Petersen et a/*® Denmark Knee OA 12 12 GS versus placebo versus 3months  Governmental No contact with
ibuprofen institution, and authors/institutions
funding agency
Usha and Naidu®®  India knee OA 28 30 Gvs.MSMvs. G + MSM  3months ~ Commercial party No contact with
vs. placebo authors/institutions
Herrero-Beaumont Spain/Portugal Knee OA 104 106 Crystalline GS versus 6months  Commercial party Data sharing not
etal” placebo versus allowed by study
acetaminophen sponsor
Kwoh et al* USA Knee OA 103 98 GH versus placebo 6months  Commercial party Data sharing not
allowed by study
sponsor
Pavelka et a/*® Czech Republic Knee OA 101 101 Crystalline GS versus 36months  Commercial party Data sharing not
placebo allowed by study
sponsor
Reginster etal”’  Belgium Knee OA 106 106 GS versus placebo 36months Commercial party Data sharing not

allowed by study
sponsor

*Trial identified in trial registry, no publication available.
**Long-term follow-up of Clegg et al.

***The first 163 patients were randomised over placebo and glucosamine hydrochloride; the remaining subjects over placebo and glucosamine sulfate.
CS, chondroitin sulfate; G, unknown which glucosamine substance; GH, glucosamine hydrochloride; GS, glucosamine sulfate; N, number of patients randomised to the specific

group; MSM, methylsulfonylmethane.
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Experimental Control Std. Mean Difference Std. Mean Difference
Stuchy or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Ci I, Fined, 95% Ci
Clegg etal 2006 186 M6 N7 A7 231 313 E0O% -0,07 [-0.23, 0.08]
McAlindon et al, 2004 -T.2 225 ar -106 237 102 189% 0.15}0.13,047)
Rozendaal et al. 2008 <26 194 111 12 171 111 111% -0.08 [-0.34, 0.19)
Total (95% C1) 525 526 100.0% -0.03 [-0.15, 0.09]
Helerogeneity Chi*= 193, df= 2 (P = 0.38), F= 0% k f 1 1 {
e & <100 -50 0 50 100
Test for overall effect: Z= 0.51 (P = 0.61) Favours [experimental] Favours [control]
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fransen et al. 2015 -11 172 152 116 163 151 384% D.04 [-0.19, 0.26)
Rozendaal et al. 2008 -6.3 254 111 -07 279 111 180% -0.21 [-0.47,0.05]
Sawitzke el al. 2010 -22.4 56 134 <231 49 131 336% 0.03[-0.21,0.27]
Total (95% CI) 397 393 100.0% -0.04 [-0.18, D.10]
= = = ‘R= b - . d
Heterogensity Chi"= 231, df=2{P=031),F=14% 00 20 ) 50 100

Test for overall effecl. Z=050 (P=062)

Favours [experimental] Favours [controdl)

Figure 2 Forest plots for mean change in WOMAC pain at short-term (upper panel) and long-term (lower panel) on a 0-100 scale for studies that

shared trial data.

long-term outcomes'® *’ and the one hip OA trial®® with short-
term and long-term outcomes. Given this lack of consistency,
stratification of the subgroup analysis was done for knee OA
trials only on long-term outcomes.

Risk of bias and heterogeneity

All five studies were defined as having a low risk of bias (table 2)
and heterogeneity was low (I’=0 for main effects on pain at
short and I’=14 for long-term follow-up, see figure 2), so no
sensitivity analyses were performed.

Overall intervention effects

Estimated pooled differences for the primary and secondary
outcome measures are presented in table 3. No statistical signif-
icance main effects were found for glucosamine over placebo.

Subgroup effects

None of the interaction terms of the predefined subgroups
reached statistical significance (see table 3). Estimated pooled
differences within each subgroup for the primary outcomes over
all eligible trials are presented in figure 3. Within the stratified
analyses among studies using GS for knee OA, the number of
subjects with high baseline pain was too small for the software
to test the pooled interaction term for the baseline pain severity
subgroup.

DISCUSSION

To our knowledge, this is the first [PD meta-analysis to examine
potential subgroup effects of oral glucosamine for people with
OA. Within the five trials where the authors were willing to
share their data, 1625 patients with knee or hip OA were anal-
ysed. This represents 55% of all available participants from the
placebo controlled trials for this product. The main findings are:
(1) overall, glucosamine was no better than placebo for both
pain and function outcomes; (2) in subgroup analyses, glucos-
amine was no better than placebo according to baseline pain
severity, BMI, gender, structural abnormalities and presence of
inflammation; and (3) the majority of trials were knee OA (four
trials, 1403 patients), and the analysis based on knee OA only
had similar results.

Several systematic reviews and network meta-analyses have
shown that as the number of high-quality and industry-indepen-
dent studies on the effectiveness of glucosamine for OA increased
over time, the results of earlier studies that showed beneficial
effects of glucosamine were viewed as less credible.”™ #* 3 It
is therefore not surprising that the present IPD meta-analysis
also showed no significant main effects, especially since previous
studies showed a low risk of bias to be associated with small,
non-significant effect sizes for glucosamine over placebo® *** and
the fact that all included studies had a low risk of bias. Present
results of overall treatment effects within the trials that shared
data and over the different stratifications ranged from —0.43 to
2.02 on the 0-100 WOMAC pain scale, which is comparable

Table 2 Risk of bias assessment of studies included in glucosamine versus placebo comparison

A1 B2 ca c4 c5 D6 D7 E8 E9 E10 E11 E12 Total
Clegg et al™ + + + + + + + + + + Low risk
Fransen et al'® + + + + + + + + ? + + Low risk
McAlindon et a/** + + + + + + - + + + + Low risk
Rozendaal et a/** + + + + + + + + + + + Low risk
Sawitzke et a/*® + + + + + - + + + + + Low risk

+All values(low risk of bias); -, no (high risk of bias); ?, unclear.

A1, method of randomisation adequate; B2, treatment allocation concealed; C3, patient blinded to the intervention; C4, care provider blinded to the intervention; C5, outcome
assessor blinded to the intervention; D6, drop-out rate described and acceptable; D7, randomised participants analysed in the group to which they were allocated; E8, groups
similar at baseline regarding the most important prognostic indicators; E9, cointerventions avoided or similar; E10, compliance acceptable; E11, timing of the outcome
assessment similar in all groups; E12, selective outcome reporting. Overall, low risk of bias was defined as fulfilling six or more of the criteria items.

*Scored by JR and MvM due to study involvement of RR.
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Table 3  Estimated pooled differences (95% Cl) between glucosamine and placebo on a 0-100 scale (positive values indicate a greater reduction
in the outcome measure for glucosamine) and p values for treatment—subgroup interactions

GS in knee and hip

All studies Knee OA only GH in knee OA OA GS in knee OA
(n=1625in five (n=1403in four (n=1058 in three (n=567in three (n=345in two
studies) studies) studies) studies) studies)
Pain at short-term* Estimated pooled differences and 95% CI
Glucosamine vs placebo 0.60 0.91 0.98 -0.43 0.59

Pain at long-term*

Function at short-
term##

Function at long-term#+

Pain subgroupt
BMI subgroup§
Sex subgroup|
KL subgroup**

Inflammation
subgrouptt

Estimated pooled differences and 95% Cl

Glucosamine versus
placebo

Pain subgroupt
BMI subgroup#
Sex subgroup§
KL subgroup{l

Inflammation
subgroup**

Estimated pooled differences and 95% CI

Glucosamine versus
placebo

Pain subgroupt
BMI subgroup#
Sex subgroup§
KL subgroup|

Inflammation
subgroup™*

Estimated pooled differences and 95% Cl

Glucosamine versus
placebo

Pain subgroupt
BMI subgroupt
Sex subgroup§
KL subgroup]

Inflammation
subgroup**

(~1.80 to 3.00)
p Values for treatment—subgroup interactions

0.77
0.31
0.68
0.75
0.92

0.98

(-1.76 10 3.73)
p Values for treatment—subgroup interactions

0.26
0.55
0.46
0.72
0.23

1.74

(—0.45 to 3.96)
p Values for treatment-subgroup interactions

0.47
0.87
0.47
0.96
0.37

1.40

(-1.27 t0 4.06)
p Values for treatment-subgroup interactions

0.49
0.82
0.72
0.83
0.46

(-1.91 t0 3.75)

0.97
0.62
0.59

0.19
(-2.83103.22)

0.28
0.10
0.53
0.40

1.80
(-0.81 to 4.04)

0.34
0.83
0.30

0.63
(-2.31 10 3.58)

0.38
0.42
0.61
0.77

(-1.94 0 3.91)

0.80
0.56
0.68

0.78
(-4.33 10 5.89)

0.42
0.51
0.75

1.92
(=0.77 to 4.61)

0.37
0.64
0.39

0.85
(-4.43106.13)

0.55
0.65
0.80

(—4.44 10 3.58)

0.17
0.41
0.86

1.22
(—1.90 t0 4.33)

0.44
0.72
0.52

1.23
(-=2.11 t0 4.57)

0.69
0.38
0.91

2.02
(—0.82 to 4.86)

0.94
0.56
1.00

(=11.79 t0 12.98)

-1
0.89
0.68

-0.38
(-3.67 t0 2.90)

0.86
0.10
0.77

-0.39
(-10.88 to 10.09)

-+
0.12
0.34

0.62
(-2.29 10 3.52)

0.91
0.68
0.94

*Measured using WOMAC pain (0-100) and adjusted for age sex, BMI, WOMAC pain at baseline and study number.

tWOMAC pain <70 versus =70 on a 0-100 scale.

+Too few cases in high pain group for the software to test the interaction term.
§BMI <27 kg/m? versus =27 kg/m?.

{Male versus female.

**Kellgren and Lawrence grades 0-2 versus 3—4 (not available in McAlindon et al.®
ttMeasured using WOMAC function (0-100) and adjusted for age sex, BMI, WOMAC function at baseline and study number. Positive estimated pooled differences indicate a
greater reduction in the outcome in the glucosamine group compared with the placebo group.
+$Presence of inflammation, defined as presence of swelling/effusion on clinical examination or an elevated ESR, defined as ESR =20 mm/h for men aged =50 years,

ESR =15mm/h for men aged <50 years, ESR =30 mm/h for women aged >50 years and ESR =20 mm/h for women aged <50 years, versus absence of inflammation (not available

in McAlindon et a/**

and Fransen et af).'®

BMI, body mass index; ESR, erythrocyte sedimentation rate; GH, glucosamine hydrochloride; GS, glucosamine sulfate; KL, Kellgren and Lawrence grade; OA, osteoarthritis.

with the overall treatment effects for industry independent
studies (0.1 (95% CI —0.2 to 0.5)) for visual analog scale (VAS)
pain on a 0-10 scale) presented by the meta-analyses of Wandel
and colleagues.® In the literature, overall beneficial effects of

458 34,

treatment have been reported in studies using the glucosamine
compound produced by Rottapharm
trials were not made available to the study team for the current
analyses.

; however, these
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WOMAC pain (0-100) at short-term

15

Pain BMI Sex K&L Inflammation
0 subgroups subgroups subgroups subgroups subgroups
5 1 l ;
N ; 4
-5
-15

WOAMC pain (0-100) at long-term

30

Pain BMI Sex K&L Inflammation
20 subgroups subgroups subgroups subgroups subgroups
10
e
-10 -+
-20
-30

Figure 3  Estimated pooled differences between glucosamine and
placebo within predefined subgroups for all eligible trials. Positive
values indicate a greater reduction in the outcome measure for
glucosamine. Red figures represent low pain (WOMAC pain <70),

low BMI (<27 kg/mz), male sex, K&L grades 0-2 and absence of
inflammation subgroups, respectively. Blue figures represent high pain
(WOMAC pain =70), high BMI (=27 kg/mz), female sex, K&L grades 3—4
and presence of inflammation subgroups, respectively. BMI, body mass
index; K&L, Kellgren and Lawrence grade.

Extending previous initiatives, the present study also evalu-
ated treatment effects of glucosamine over placebo for several
clinically relevant subgroups of OA, made possible by the IPD
from the collaborating trials. Despite the large number of partic-
ipants incorporated in the IPD meta-analysis, none of the inter-
action terms reached statistical significance. The interactions
with BMI among knee OA patients receiving GS on short-term
function (p=0.12) and on long-term pain (p=0.10) were the
only outcomes for which further research may be warranted.
However, given the number of analyses performed in the study,
incidental findings are certainly possible.

The currently used cut-off for the baseline pain severity
subgroup is somewhat comparable with the strata used in the
Clegg et al study' to test for different effects within subjects
with mild pain (WOMAC pain scores 0-60) versus those with
moderate to severe pain (WOMAC pain scores 60-80). The
Clegg et al study was not powered to show subgroup effects, but
the non-significant effects of glucosamine over placebo within
both subgroups is corroborated by the present results.

The current study has several limitations. Despite all efforts,
data from only six of the 21 identified studies were acquired.
Of those studies not included in the present study, the largest
groups were those not responding to any of the requests for data
sharing (six studies) and those not permitted by the commercial
study sponsor to share data (four studies) (see table 1). Although
missing data for the main baseline characteristics within the
data shared with the OA Trial Bank were limited, multiple

imputation methods were needed to deal with the missing data
in the outcome measures that ranged from 2% to 46%. Within
the trials that shared data, only a few measured the predefined
subgroups based on structural abnormalities and presence of
inflammation. The available data for these subgroups combined
studies evaluating different glucosamine substances for different
OA joints. Therefore, rigorous stratification of the analysis was
not possible with the available data.

Open access to data of clinical trials has been proposed and
debated for several years.’**® Nevertheless our experience, in
common with others, suggests that currently this is far from
accepted practice.®” Thus, the full potential and use of completed
clinical trials is not reached and only part of the clinical evidence
is available to clinicians and patients, thus threatening the appro-
priateness of recommendations for clinical decision making.*
Once initiatives such as the OA Trial Bank, which appropriately
use existing data for scientific purposes, become more estab-
lished and generally accepted, authors and commercial parties
involved in clinical research may become more confident in data
sharing. The OA Trial Bank plans to update publications every
Syears and will again approach data owners that chose to not
share their data to the OA Trial Bank in the first initiative.

The aim of the present study was to perform an IPD meta-anal-
ysis on all available RCTs on glucosamine in people with OA.
After performing the systematic search of the literature and
clinical trial registers, it took 18 months to reach as many data
owners as possible and to collect and check all data of those
willing to deliver their trial data. For a systematic review, one
might argue that an update of the search strategy is warranted.
However, given the time-consuming efforts of sharing data
between research institutes, this was not feasible for the present
study.

In conclusion, the current IPD on the efficacy of glucos-
amine for subgroups of OA based on pain severity, BMI, sex,
radiographic structural changes and presence of inflammation,
using data from 55% of the participants available in literature
and using data from low risk-of-bias trials only, did not iden-
tify a subgroup for which glucosamine showed any significant
beneficial effects over placebo for pain or function in either the
short term or long term. Stratification only for participants with
knee OA or for type of glucosamine did not result in any differ-
ences in outcomes. Therefore, currently, there is no evidence
to support the use of glucosamine for treatment of hip or knee
OA in general and an absence of evidence to support the use of
glucosamine for clinically relevant subgroups of OA according
to baseline pain severity, BMI, sex, structural abnormalities and
presence of inflammation.
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ABSTRACT

Objectives Weight loss is commonly recommended

for gout, but the magnitude of the effect has not

been evaluated in a systematic review. The aim of this
systematic review was to determine benefits and harms
associated with weight loss in overweight and obese
patients with gout.

Methods We searched six databases for longitudinal
studies, reporting the effect of weight loss in overweight/
obese gout patients. Risk of bias was assessed using

the tool Risk of Bias in Non-Randomised Studies of
Interventions. The quality of evidence was assessed
using the Grading of Recommendations Assessment,
Development and Evaluation.

Results From 3991 potentially eligible studies, 10 were
included (including one randomised trial). Interventions
included diet with/without physical activity, bariatric
surgery, diuretics, metformin or no intervention. Mean
weight losses ranged from 3 kg to 34kg. Clinical
heterogeneity in study characteristics precluded meta-
analysis. The effect on serum uric acid (sUA) ranged from
—168 to 30 pumol/L, and 0%—60% patients achieving
sUA target (<360 pmol/L). Six out of eight studies (75%)
showed beneficial effects on gout attacks. Two studies
indicated dose—response relationship for sUA, achieving
sUA target and gout attacks. At short term, temporary
increased sUA and gout attacks tended to occur after
bariatric surgery.

Conclusions The available evidence is in favour of
weight loss for overweight/obese gout patients, with
low, moderate and low quality of evidence for effects on
sUA, achieving sUA target and gout attacks, respectively.
At short term, unfavourable effects may occur. Since

the current evidence consists of a few studies (mostly
observational) of low methodological quality, there is

an urgent need to initiate rigorous prospective studies
(preferably randomised controlled trials).

Systematic review registration PROSPERO,
CRD42016037937.

INTRODUCTION

Gout is a common form of inflammatory arthritis,' >
with an age-standardised global prevalence of 0.08%
and is higher in developed countries.” Gout is a
crystal-deposition disease resulting from chronic
elevation of serum uric acid (sUA) above the satura-
tion point for monosodium urate (MSU).*” Initial
presentation is severely painful episodes of periph-
eral joint synovitis (acute ‘attacks’), but joint damage

and subcutaneous tophus deposition may develop.®
The general management principle is to reduce sUA
levels, allowing MSU crystals to dissolve, leading to
the elimination of acute attacks, disappearance of
tophi and possibly cure of the disease.”™"!

Body mass index (BMI) is strongly positively
correlated to sUA levels,'* ' and weight loss is a
commonly recommended treatment for gout.'*>
Furthermore, weight loss from bariatric surgery
is associated with reduced incidence of hyper-
uricaemia and gout.”* The mechanism by which
weight loss can lower sUA levels is poorly under-
stood. Some suggest that improved insulin resis-
tance results in less insulin-enhanced reabsorption
of organic anions such as urate,” and a study
demonstrated decreased sUA in overweight patients
receiving either weight loss from low-energy diet
or an insulin-sensitising agent.”> However, a study
of severe obese patients receiving bariatric surgery
found no association between reduced sUA levels
and improved insulin resistance,”® making a rela-
tionship questionable.

Guidelines recommending weight loss for gout
patients'*? are based on evidence from only few
clinical studies,” ** one population-based study*’
and indirect evidence from studies on non-gout
subjects. The evidence for effectiveness in clinical
studies has to our knowledge not previously been
evaluated in a systematic review. Therefore, the
primary objective of this systematic review was to
determine the benefits and harms associated with
weight loss in overweight and obese individuals
with gout. Furthermore, we had an explicit focus
on the weight loss intervention (including magni-
tude and intensity) to see whether a dose-response
relationship exists at the study (ie, group) level.

METHODS

Protocol

A protocol adhering to the Preferred Reporting
Items for Systematic review and Meta-Analysis
Protocols 2015 statement®® was registered online
(PROSPERO: CRD42016037937) and published
on www.parkerinst.dk.

Search strategy

We searched four bibliographic databases on 26
April 2016; MEDLINE via Ovid from 1946,
EMBASE via Ovid from 1974, Web of Science via
Web of Knowledge from 1900, Cochrane Central
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Figure 1 PRISMA flow diagram. Modified from Moher et al.” pts, patients.

Register of Controlled Trials (CENTRAL, The Cochrane Library),
as well as ClinicalTrials.gov and WHO International Clinical
Trial Registry Platform portal (search strategy presented: online
supplementary text S1). We screened reference lists of relevant
articles, as well as the American College of Rheumatology (ACR)
and European League Against Rheumatism conference abstracts
from 2014 and 2015, the ACR conference abstracts from 2016
and content experts were asked if they were aware of any other
relevant studies.

Study selection

Anticipating only few randomised controlled trials (RCTs), we
also included longitudinal observational studies (non-randomised
studies) that quantitatively estimated the effect following weight
loss. Studies needed to include =10adult and overweight/obese
patients (author described or BMI =25 kg/m**') with diagnosed
gout (author described or meeting the 1977 ACR criteria for
gout®?). Eligible interventions included those where a weight
reduction was reported explicitly, whether intentional or unin-
tentional. The weight reduction was required to be the only
difference in terms of intervention from the defined control
group. Two reviewers (SMN supported by EMB) assessed the

records. Disagreements were resolved by consensus or by discus-
sion with a third reviewer (RC).

Data extraction and management

Two reviewers (SMN supported by RC) extracted the data.
Prespecified outcomes included essential outcome domains for
chronic gout®® **: (1) joint pain; (2) tophus/tophi; (3) physical
function; (4) health-related quality of life (HRQoL); (5) sUA
change; (6) Achieving sUA target (ie, sUA reduction to <360
wumol/L (6 mg/dL)); (7) serious adverse events (SAEs, defined as
adverse events that are fatal, life-threatening or require hospital-
isation); (8) withdrawals due to adverse events (WDdtAEs); (9)
patient global assessment; (10) wody weight change; and (11)
gout attacks (any measure).

Assessment of risk of bias in included studies (internal
validity)

Two reviewers (SMN supported by RC) assessed risk of bias
using the tool Risk of Bias In Non-Randomised Studies of Inter-
ventions®® *° for evaluation of the risk of bias in non-randomised
studies comparing health effects of two or more interventions.
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Clinical and epidemiological research

Post hoc, we decided to also use this tool for assessing studies
with only one study group, by assuming that a virtual control
group not receiving any intervention and experiencing no effect
on any outcome was available, and for assessing RCTs, making
comparisons possible. We resolved disagreements by discussion.

Important confounders of interest and cointerventions
possibly affecting the effect of weight loss were not specified
at protocol stage but prior to the risk of bias assessment (online
supplementary text S2).

Reporting bias in individual studies was further investigated
by comparing the constructed outcome reporting matrix,>’ with
the protocols (if available).

Statistical analyses and evidence synthesis

None of our planned meta-analyses were conducted due to indis-
putable clinical heterogeneity in study characteristics (PICOTs).
Instead it was decided post hoc that data for each study would
be presented for all time points in a summary of findings table
and the latest time point as changes from baseline would be
summarised for each study in a summary of findings and GRADE
evidence profile table. Based on the tables, we qualitatively
considered the impact of follow-up time, that is, short-term (<3
months), medium (3-12 months) and long-term (>12 months),
acute versus chronic gout, presence versus absence of concur-
rent urate-lowering medication use, presence versus absence of
tophi, the dose-response phenomena of weight loss in magni-
tude and intensity (ie, magnitude over time) and the impact of
bias. A graph showing the relationship between weight loss and
sUA was constructed post hoc.

Dealing with missing data

Where data were missing or incomplete, we searched for infor-
mation from the study authors and from additional records for
the study. No imputations were carried out for patients lost at
follow-up. Missing body weights were estimated from BMI,
assuming a height of 1.70 m. Missing SDs were calculated from
other statistics such as standard errors, or estimated from other
studies investigating gout patients; for sUA, we used a SD for
change from baseline of 137 umol/L.

Assessing the quality of the evidence

We assessed the quality of the evidence with the GRADE
approach,’® starting at low quality of evidence, since the evidence
was primarily based on observational studies and subsequently
down-rated or up-rated the evidence.

RESULTS

Study selection

We identified 3991 records after removal of duplicates,
forwarding 456 for full-text assessments after screening
(figure 1). After excluding 442 records (see online supplemen-
tary text S3), we identified 14 records describing 10 studies for
inclusion in the systematic review.?’2* 3%

During the study selection and data extraction, authors of 18
studies®’ ™ 40 8464958 were contacted; three responded?” **
and provided additional information, including unpublished data
for Perez-Ruiz et al.*

Study characteristics

The studies were comprised of one RCT* and nine non-ran-
domised studies (table 1). Gout patients were a subgroup in three
of the studies,”” 2’ ** of which one study initially only included
non-gout patients but did a subanalysis on recurrent gout attacks

for those who developed gout during follow-up.** The studies
included between 12 and 408 gout patients, including 0%-75%
females. The average age and BMI ranged from 49 to 63.3
years, and 26.0 to 49.6kg/m?, respectively. Case definitions of
gout included the use of the 1977 ACR criteria in one study,*
diagnosis confirmed by detecting crystals in three studies,?® *0 4
asking ‘Have you been told by your physician that you have
gout?’ in two studies,”” ** medical history and documentation
of previous gout attacks in one study,* documented episode(s)
or evidence of medication use in one study,*® or not specified
in two studies*" * (online supplementary table S1). Comor-
bidities selected in the studies, besides overweight, included
type 2 diabetes,”” hypertension*' and a high cardiovascular risk
profile.”” **

Interventions included intentional weight loss from dietary
changes with or without increased physical activity,”” 2® bariatric
surgery”’ * ¢ and unintentional weight loss from high protein
diet,*” diuretics*! and metformin.*® Three studies®® *** stratified
according to weight or BMI reduction, using no reduction as
control. Four studies had no control group.”” 2 *** Follow-up
ranged from 4weeks to 7years, and a mean weight loss of
3-34kg at latest follow-up was reported.

Effect of weight loss

No data were available for joint pain, HRQoL or patient global
assessment (outcome matrix: online supplementary table S2).
One study® provided data on tophi, reporting none for both
groups at baseline and follow-up, and one study?” provided data
on physical function measured by Short Form-36 physical func-
tioning domain, reporting diminished function with the values
43.3 (SD 21.8), 24.6 (SD 28.2), 10.8 (SD 12.8) at baseline, 6
months and 1.5 years, respectively. One study* reported four
WDdtAEs from metformin, and one study®” did not report any
SAEs in gout patients. On sUA, achieving sUA target and gout
attacks, eight, five, and eight studies provided data, respectively
(table 2).

The effect on mean sUA ranged from —168 pmol/L to 30
pmol/L (=2.8 mg/dL to 0.5 mg/dL) at latest follow-up (table 3).
Studies with the largest (and fastest) weight loss showed in
general the largest decrease (figure 2).*” ** *¢ Furthermore, a
dose-response relationship was shown by Zhu et al* with a
weight loss of =10kg being associated with a change in sUA of
—37 wmol/L. It should be noted that non-gout and non-over-
weight patients were included in their analysis as well. At short
term, Dalbeth et al (part 2)*” reported an immediate postoper-
ative mean sUA of 510 (SD 130) umol/L, that is, an increase of
70 wmol/L from bariatric surgery, and at latest follow-up, sUA
had dropped to 330 (SD 90) umol/L. In that period, three out
of seven patients terminated urate-lowering medication, that is,
the decrease may truly be larger. Three studies showed no effect
on sUA; Perez-Ruiz et al** and Dalbeth et al (part 1),* both
with a concurrent decrease in urate-lowering medication, and
Brandstetter et al,*' where the weight loss may partly be due
to diuretics and hence truly lower. Barskova et al*® showed a
decrease in sUA from a weight loss of only 3 kg. However, the
use of metformin can have affected the results.

The proportion achieving sUA target (<360 umol/L) ranged
from 0% to 60% reduction in patients with raised sUA. Further-
more, a dose-response relationship was shown by Zhu et al*
with approximately three times higher odds of achieving sUA
target with loss of =10kg body weight during 7 years compared
with not losing weight. It should be noted that non-overweight
gout patients were included in their analysis as well. The 0% and
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1%reduction in patients with raised sUA reported by Dalbeth
et al (part 1)* and Perez-Ruiz et al,*® respectively, are consis-
tent with no change in sUA. Furthermore, achieving sUA target
reported by Dessein et al*® may be overestimated due to using a
higher sUA cut-off of 510 wmol/L.

All studies, except two,” ** with data on gout attacks, showed a
beneficial effect, and Dessein et al*® reported 71% fewer attacks.
Furthermore, a dose-response relationship was shown by Nguyen
et al.** Tt should be noted that non-overweight patients were
included in their analysis as well. Dalbeth et al (part 2)*’ reported
an increase from zero patients experiencing =1attack during
6months to three patients during 12 months. This is possibly
due to including the immediate postoperative phase where
attacks could be a consequence of the increased sUA. Likewise,
Romero-Talamds et al*® report a possible increase from 24% expe-
riencing =1attack during 1year at baseline to 18% during 1 month
at 1-month follow-up, and a subsequently decrease to 8% during
1year at last follow-up.

Only one study® included patients with tophi at baseline,
therefore the impact on tophi could not be assessed.

Risk of bias assessment

The most frequent risk of bias was ‘Bias due to confounding’,
with four studies rated critical due to studying one group without
adjustment for confounders.”® ***** Five studies were rated serious
(figure 3), and only the RCT*’ was rated low risk of bias. All studies
were rated serious risk for ‘Bias due to departures from intended
interventions’ (see possible confounders and cointerventions in
online supplementary table S3). Reporting bias was suspected
for two studies reporting change in BMI instead of change in
weight.*” *¢ Protocols were only found for two substudies® **
of one main study®” ¥ and three studies reported no published
protocol.”” ¥4

Quality of the evidence using GRADE

For a beneficial effect of weight loss at medium-term/long-term
follow-up, we evaluated the overall quality of evidence to be low
for sUA, moderate for achieving sUA target and low for gout attacks.

DISCUSSION
Overall, we found low to moderate quality of evidence for
beneficial effects of weight loss for overweight gout patients in
terms of sUA, achieving sUA target and gout attacks. No or few
data were available on our remaining prespecified outcomes.
We did not find evidence for the optimal magnitude and inten-
sity of weight loss. However, our data suggest that a weight
loss of >7kg and/or >2kg per week from either surgery or diet
results in a beneficial effect on sUA at medium-term/long-term
follow-up based on three studies?” *® *® and that weight loss
of >3.5 kg showed beneficial effects on gout attacks at medi-
um-term/long-term follow-up based on six studies,?” 28 40434649
However, with the present quality of evidence, further research
may change these findings. WDdtAEs and SAEs were poorly
reported. At short term, weight loss from bariatric surgery
showed temporarily increased sUA levels and gout attacks,
that is, a harmful effect, in the immediate postoperative period
based on two studies.”” *®

It is well known that there is a higher risk of gout attacks
during the first months of urate-lowering therapy, postsurgery
and starvation.”” One hypothesis is that dramatic changes in
sUA, rather than absolute level, triggers gout attacks.®® In line
with this, a study®! comparing gout patients experiencing post-
operative gout attacks with those who did not, find that the first
group had higher presurgical sUA and a more rapid and larger
decrease in sUA 3 days after surgery. Dalbeth et al*’ reported a
drastic increase 2 weeks after surgery, which they suggested was
due to renal dysfunction associated with major surgery, or meta-
bolic effects from fasting or rapid weight loss (catabolic state),
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Nguyen, 2016*
Gout attacks | Serious | Moderate | Moderate | Serious | Moderate | Serious Low
Dalbeth, 2014* (part 1)
Physical function, SF36 PF | Critical Serious | Moderate | Serious | Moderate | Serious Lowt
sUA and achieving sUA target | Critical Serious | Moderate | Serious | Moderate Low Low
Body weight | Critical Critical | Moderate | Serious | Moderate Low Low
Gout attacks | Critical Serious | Moderate | Serious | Moderate | Serious Low
SAEs | Critical Serious | Moderate | Serious | Moderate | Serious Low
Dalbeth, 2014* (part 2)
Physical function, SF36 PF | Critical Low Low Serious | Moderate | Serious Lowt
sUA and achieving sUA target | Critical Low Low Serious | Moderate Low Low
Body weight | Critical Low Low Serious | Moderate Low Low
Gout attacks | Critical Low Low Serious | Moderate | Serious Low
Romero-Talamas, 2014
sUA | Serious Low Low Serious NI Moderate | Moderate
Body weight (i.e. change in BMI) | Serious Low Low Serious NI Moderate | Serious
Gout attacks | Serious Low Low Serious NI Serious | Moderate
Zeng, 2012
sUA Low Low Low Serious | Moderate Low Moderate
Body weight Low Low Low Serious | Moderate Low Moderate
Gout attacks Low Low Low Serious | Moderate | Serious | Moderate
Perez-Ruiz, 2011
sUA and achieving sUA target | Serious Low Moderate | Serious Low Moderate Low
Presence of tophi | Serious Low Moderate | Serious Low Low Low
Body weight | Serious Low Moderate | Serious Low Low Low
Gout attacks | Serious Low Moderate | Serious Low Serious Low
Zhu, 2010*
sUA and achieving sUA target | Serious | Moderate | Moderate | Serious | Moderate Low Moderate
Barskova, 2009
sUA and achieving sUA target | Critical Low Low Serious | Moderate Low Moderate
Body weight (i.e. change in BMI) | Critical Low Low Serious | Moderate Low Serious
Gout attacks | Critical Low Low Serious | Moderate | Serious | Moderate
WDdtAEs | Critical Low Low Serious | Moderate | Serious | Moderate
Friedman, 2008
Gout attacks | Critical Low Low Serious Low Serious | Moderate
Dessein, 2000*
sUA and achieving sUA target | Critical Low Low Serious Low Low Moderate
Body weight | Critical Low Low Serious Low Serious | Moderate
Gout attacks | Critical Low Low Serious Low Serious | Moderate
Brandstetter, 1986
sUA | Serious Low Low Serious Low Low Moderate
Body weight | Serious Low Low Serious Low Low Moderate
Critical risk Serious Moderate Low risk of III No
of bias risk of bias risk of bias bias is informa-
is present. is present. is present. present. tion
available.

Figure 3  Risk of bias summary figure. Similar outcomes has been put together in the figure but has been assessed separately. *Multiple
publications existed. A primary publication was chosen. tPotentially serious risk of bias, since physical function was not reported in the article, but
assessed low since data were provided from the author through email contact. BMI, body mass index; sUA, serum uric acid.

and they report one case of postoperative gout attack together
with severe hyperuricaemia. Other factors increasing sUA levels
are fasting,**** dehydration® and tissue hypoxia.®® Fasting-as-
sociated increase in sUA is likely due to tissue breakdown.®” ®® In
line with this, daytime fasting during Ramadan, without weight

loss, compared with non-fasting did not increase sUA or gout
attacks in gout patients.®’

Increased sUA seems to be related to decreased estimated
glomerular filtration rate (€GFR).”” 7" This is probably related
to sUA affecting blood pressure,”” which may be caused by
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increased vascular stiffness.”? 7 Reducing sUA may therefore
have beneficial effect on susceptibility towards cardiovascular
disease and diminished renal function.

In our study, we lacked evidence for many prespecified
outcomes important to patients. Serum uric acid was among
the most frequently reported outcomes and is recommended
as a treatment target,” "’ 213 since elevated sUA is consid-
ered to cause the disease. Gout attacks in this study is not
well defined and was reported in various ways and over
various follow-up times. Therefore, stating fewer gout attacks
following weight loss is not very specific and not necessarily
assessable in smaller study sizes, or when attacks were not
systematically assessed. At least three studies”” * ** did not
point at reduced frequency of attacks, of which Friedman
et al® did not report any baseline and Perez-Ruiz et al** did
show less increase compared with control. Other studies
can mask increasing number of attacks by reporting number
of patients experiencing =1attack over various follow-ups.
Therefore, one could consider rating the evidence for gout
attacks further down for indirectness.

Limitations of our methods include no independent double
study selection, data extraction or risk of bias assessment. A
limitation of investigating weight loss per se is that weight loss
can be a consequence of many different interventions, that
is, cointerventions, or conditions. Hence, it was impossible
to ensure the weight reduction to be the only difference in
terms of intervention from the comparison group, resulting in
the inclusion of a wide variety of study settings. This is also
observed as for which variables have been measured longitu-
dinally. The included cohort studies stratifying according to
weight loss may include unintentional weight loss for example,
from illness, which is not relevant as intervention. Adding
this to the fact that the majority of our included studies did
not have a comparison group introducing non-controllable
confounding, we cannot be sure that weight loss is accountable
for all the effects observed. As a result, the implementation of
weight loss intervention in clinical practice cannot be speci-
fied from the included studies. Taking the limitations of the
available evidence into account, one may suggest, in order to
address the effect of weight loss on sUA, that there currently
is a need to perform a systematic review and meta-analysis of
data not only for gout patients.

In conclusion, the available evidence is in favour of weight
loss for overweight gout patients at medium-term/long-term
follow-up on sUA, achieving sUA target and gout attacks.
However, the evidence is of low, moderate and low quality,
respectively. Harms were poorly reported. However, gout
attacks might occur at short term when initiating treatment.
We believe that there is an urgent need to initiate rigorous
prospective studies (preferably RCTs) to provide more trust-
worthy estimates of gout-related benefits and harms including
the effect on joint pain, tophi, physical function, HRQoL,
adverse events and patient global assessment. Future research
should aim at identifying the optimal magnitude and inten-
sity of weight loss, the preferred method of weight loss,
including prevention of flare, which cointerventions result in
a better effect, and which gout patients will benefit the most,
for example, grouped according to type (and possibly severity)
of overweight and comorbidities.
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Ultrasonography of major salivary glands
compared with parotid and labial gland biopsy
and classification criteria in patients with clinically
suspected primary Sjogren’s syndrome

Esther Mossel," Konstantina Delli,? Jolien F van Nimwegen,' Alja J Stel,’
Frans G M Kroese,' Fred K L Spijkervet,? Arjan Vissink,> Suzanne Arends,’
Hendrika Bootsma,' on behalf of the EULAR US-pSS Study Group

ABSTRACT

Objective To assess the validity of ultrasound of major
salivary glands (sUS) compared with parotid and labial
gland biopsies, sialometry, anti-SSA/Ro antibody status
and classification criteria in patients clinically suspected
with primary Sjogren’s syndrome (pSS).

Methods 103 consecutive outpatients with clinically
suspected pSS underwent sUS. Parenchymal echogenicity,
homogeneity, hypoechogenic areas, hyperechogenic
reflections and clearness of salivary gland border were
scored according to the Hocevar scoring system. Total
ultrasound score was calculated as the sum of these
domains (range 0-48).

Results Absolute agreement between sUS and parotid
(83%) and labial (79%) gland biopsy outcome was good.
Negative sUS predicts negative parotid gland biopsy,

and positive sUS predicts positive labial gland biopsy.
Compared with the American European Consensus
Group (AECG) classification, sUS showed an absolute
agreement of 82%, sensitivity of 71% and specificity

of 92%. Compared with the American College of
Rheumatology (ACR) classification, absolute agreement
was 86%, sensitivity was 77% and specificity was 92%.
Compared with the ACR-European League Against
Rheumatism (EULAR) classification, absolute agreement
was 80%, sensitivity was 67% and specificity was 94%.
Positive sUS predicts classification, but negative sUS does
not exclude classification. The combination of positive
sUS with presence of anti-SSA/Ro antibodies or negative
sUS with absence of anti-SSA/Ro antibodies showed a
high predictive value for classification as pSS or non-pSS.
Conclusion In our prospective inception cohort study
derived from daily clinical practice, absolute agreement
between sUS and salivary gland biopsies was slightly
higher for parotid compared with labial gland biopsies.
The combination of positive sUS and presence of anti-
SSA/Ro antibodies highly predicts classification according
to the AECG, ACR and ACR-EULAR classification criteria.

INTRODUCTION

Primary Sjogren’s syndrome (pSS) is a chronic,
systemic autoimmune disease characterised by
inflammation of the exocrine glands, with an
estimated prevalence of 0.05% in the general
population.! Most patients with pSS suffer from
xerostomia, keratoconjunctivitis sicca and extreme

fatigue.” In addition, different extraglandular mani-
festations, most frequently arthralgia, arthritis and
myalgia, may be present.?

Currently, multiple criteria sets are available
for the classification of pSS. In 2002, the Amer-
ican European Consensus Group (AECG) criteria
were developed, and although not endorsed by
the American College of Rheumatology (ACR) or
European League Against Rheumatism (EULAR)
these are yet most commonly used in daily clinical
practice.” * In 2012, the ACR criteria were devel-
oped and provisionally approved by the ACR,’
but these criteria were not well received by many
Sjogren’s syndrome (SS) experts.® In order to
develop international consensus on classification
criteria, the ACR-EULAR criteria were recently
introduced, endorsed by both EULAR and ACR.*”
In all three sets, salivary gland biopsies and pres-
ence of anti-SSA/Ro antibodies play a significant
role in classifying patients as pSS.>~ In the AECG
and ACR-EULAR criteria, salivary gland involve-
ment is also assessed by unstimulated whole saliva
flow (UWS).>*

Ultrasound of major salivary glands (sUS) is an
upcoming diagnostic method to assess involvement
of major salivary glands in pSS.%? sUS is well toler-
ated, non-invasive, inexpensive, non-irradiating
and widely available in the rheumatological outpa-
tient clinics, but its reliability depends greatly on
its operator. A recent meta-analysis assessing the
diagnostic properties of sUS in pSS reported a
pooled sensitivity of 69% and specificity of 92%.
This meta-analysis also revealed a large clinical
and methodological heterogeneity between studies,
which hampered interpretation of pooled outcomes
and influenced the results reported in the various
studies.® Thus, the possible role of sUS in the diag-
nosis of pSS remains unclear.’1°

This study assesses the validity of sUS compared
with parotid and labial gland biopsies, sialometry,
anti-SSA/Ro antibody status and classification
criteria in patients clinically suspected with pSS.

MATERIALS AND METHODS

Patients

The present cross-sectional study is based on
prospective data from the multidisciplinary
Sjogren’s expertise centre in the University Medical
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Center Groningen, a tertiary referral centre. One hundred and
ten consecutive patients clinically suspected with pSS, who
underwent sUS as part of the diagnostic work-up and were
over 18 years of age, were included. All patients underwent
the diagnostic work-up. All domains of the AECG, ACR and
ACR-EULAR criteria were assessed, including parotid and/or
labial gland biopsy.

Primary assessment

Ultrasonography

All patients were examined with the same ultrasonographic
scanner (Esaote MyLab Seven, Genova, Italy), equipped with
a high-resolution linear scanner (4-13 MHz). Patients were
examined in supine position with their neck slightly extended
and turned away from the examined side.!' ' The Hocevar
et al'* scoring system was used investigating (1) parenchymal
echogenicity compared with the thyroid gland, graded 0-1;
(2) homogeneity, graded 0-3; (3) presence of hypoechogenic
areas, graded 0-3; (4) hyperechogenic reflections, graded 0-3 in
parotid glands and 0-1 in submandibular glands; and (5) clear-
ness of the salivary gland border, graded 0-3, in both parotid
and submandibular salivary glands. Total ultrasound score was
the sum of these five domains and can range from 0 to 48.'?

Other assessments

Parotid and/or labial gland biopsies were considered positive if
the focus score (defined as the number of mononuclear infiltrates
containing =50 lymphocytes/4 mm?* of glandular tissue) was
>1.1371° UWS was evaluated by measuring the saliva production
in 15 min.> UWS <1.5mL/15 min was considered abnormal.'
Serum levels of anti-SSA/Ro and anti-SSB/La antibodies were
assessed with ELISA tests.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics V.23. Descriptive parameters were expressed as number of
patients (%) or mean (SD).

Receiver operating characteristic analysis was performed to
determine the accuracy of sUS to predict parotid or labial gland
biopsies, UWS, anti-SSA/Ro antibody status and classification as
pSS. Area under the curve (AUC) was interpreted as no discrim-
ination (0-0.5), poor accuracy (0.5-0.7), fair (0.7-0.8), good

(0.8-0.9) or excellent (0.9-1.0)."” The optimal cut-off point for
sUS positivity was determined according to the highest combina-
tion of sensitivity and specificity.

The percentage of absolute agreement between sUS outcome
and parotid or labial gland biopsies, UWS, anti-SSA/Ro antibody
status and classification according to the classification criteria
was determined. The association between ultrasound and UWS
was analysed using Spearman correlation coefficient (p), and
interpreted as poor agreement (0.0-0.2), fair (0.2-0.4), moderate
(0.4-0.6), good (0.6-0.8) or excellent (0.8—1.0)."® Furthermore,
sensitivity, specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV) were calculated.

Mann-Whitney U tests were used to evaluate differences in total
ultrasound score between patients with (1) positive versus nega-
tive parotid or labial gland biopsies, (2) UWS <1.5 mL/15 min
versus UWS >1.5mL/15 min, (3) presence versus absence of
anti-SSA/Ro and/or anti-SSB/La antibodies and (4) pSS versus
non-pSS according to the classification criteria. p Values <0.05
were considered statistically significant.

RESULTS

A flow chart of inclusion and exclusion of patients and infor-
mation about the number of patients included in the analyses
on salivary gland biopsies, sialometry and anti-SSA/Ro antibody
status is presented in figure 1. Of the 103 included patients,
the mean age was 50 years (15), 90% were female and the mean
total ultrasound score was 15 (10) (see online supplementary
table S1). For research purposes, 43 patients underwent parotid
and labial gland biopsies. Of the remaining patients, 35 had a
parotid gland biopsy only and 13 had a labial gland biopsy only.

Ultrasound versus salivary gland biopsy
The accuracy of sUS to predict a parotid gland biopsy outcome
was good, with an AUC of 0.849 (95% CI 0.746 to 0.952) and
optimal cut-off point of 15 (see online supplementary table S2).
The absolute agreement between sUS outcome and parotid gland
biopsy was 83% (65/78), with a sensitivity of 75% (21/28), spec-
ificity of 88% (44/50), PPV of 78% (21/27) and NPV of 86%
(44/51) (table 1).

The accuracy of sUS to predict a labial gland biopsy outcome
was good, with an AUC of 0.824 (95% CI 0.714 to 0.934) and
optimal cut-off point of 14 (see online supplementary table S2).

110 consecutive patients underwent ultrasound of major salivary glands

7 patients were excluded because of:
> - Incomplete diagnostic work-up (n=2)
- Diagnosis of secondary SS (n=5)

\
103 patients included

Salivary gland biopsy*

o -
- -

L R
Parotid gland biopsy Labial gland biopsy
(n=78) (n=56)

Figure 1
biopsy. SS, Sjégren’s syndrome; UWS, unstimulated whole saliva.

Sialometry

Auto-antibodies

v v
UWS Anti-SSA/Ro
(n=98) (n=103)

Flow chart of number of patients with available data per analysis. *43 patients underwent parotid gland as well as labial gland
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Table 1  Ultrasound of major salivary glands versus salivary gland
biopsy, sialometry and anti-SSA/Ro antibodies status
Anti-SSA/Ro
Parotid gland Labial gland antibodies
biopsy (n=78) biopsy (n=56) UWS (n=98) (n=103)
Optimal cut-off 15 14 15 15
point
% Absolute 83.3% (65/78)  78.6% (44/56) 66.3% (65/98) 81.6% (84/103)
agreement
Sensitivity 75.0% (21/28)  72.4% (21/29) 54.5% (30/55) 69.8% (37/53)
Specificity 88.0% (44/50) 85.2% (23/27) 81.4% (35/43) 94.0% (47/50)
PPV 77.8% (21/27) 84.0% (21/25) 78.9% (30/38)  92.5% (37/40)
NPV 86.3% (44/51)  74.2% (23/31) 58.3% (35/60) 74.6% (47/63)

NPV, negative predictive value; PPV, positive predictive value; UWS, unstimulated
whole saliva.

The absolute agreement between sUS outcome and labial gland
biopsy was 79% (44/56), with a sensitivity of 72% (21/29), spec-
ificity of 85% (23/27), PPV of 84% (21/25) and NPV of 74%
(23/31) (table 1).

Total ultrasound score was significantly higher in patients
with positive parotid or labial gland biopsies compared with
patients with negative parotid or labial gland biopsies (p<0.001;
figure 2).

Ultrasound versus sialometry
The accuracy of sUS to predict UWS outcome was poor, with
AUC 0of 0.696 (95% CI 0.593 to 0.799). The absolute agreement
between sUS outcome and UWS was 66% (65/98) (table 1).
Total ultrasound score was significantly higher in patients
with UWS <1.5mL/15min compared with patients with
UWS >1.5mL/15min (p<0.001; see online supplementary
figure STA). There was a fair reversed association between total
ultrasound score and UWS total flow (p=-0.366) (see online
supplementary figure S2B).

Ultrasound versus autoantibodies
The accuracy of sUS to predict anti-SSA/Ro antibody status was
good, with an AUC of 0.803 (95% CI 0.711 to 0.894). The abso-
lute agreement between sUS outcome and anti-SSA/Ro antibody
status was 82% (84/103) (table 1).
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Total ultrasound score was significantly higher in patients with
anti-SSA antibodies compared with patients without anti-SSA/Ro
antibodies (p<0.001; see online supplementary figure 2).

Ultrasound versus classification criteria

For the following analyses, sUS is compared with classification
criteria with the outcome of parotid gland biopsy considered as
an item of these criteria. For the comparison of sUS with classi-
fication criteria with the outcome of labial gland biopsy consid-
ered as an item, see table 2, see online supplementary table S3
and figure 3.

The accuracy of sUS to predict AECG classification was good,
with an AUC of 0.826 (95% CI 0.735 to 0.918) and optimal
cut-off point of 15 (see online supplementary table S3). The
absolute agreement between sUS outcome and AECG classifica-
tion was 82% (80/97), with a sensitivity of 71% (32/45), spec-
ificity of 92% (48/52), PPV of 89% (32/36) and NPV of 79%
(48/61) (table 2).

The accuracy of sUS to predict ACR classification was good,
with an AUC of 0.862 (95% CI 0.777 to 0.947) and optimal
cut-off point of 15 (see online supplementary table S3). The
absolute agreement between sUS outcome and ACR classifica-
tion was 86% (83/97), with a sensitivity of 77% (34/44), spec-
ificity of 92% (49/53), PPV of 89% (34/38) and NPV of 83%
(49/59) (table 2).

The accuracy of sUS to predict ACR-EULAR classification
was good, with an AUC of 0.802 (95% CI 0.710 to 0.894)
and optimal cut-off point of 15 (see online supplementary
table S3). The absolute agreement between sUS outcome and
ACR-EULAR classification was 80% (79/99), with a sensi-
tivity of 67% (35/52), specificity of 94% (44/47), PPV of 92%
(35/38) and NPV of 72% (44/61) (table 2).

Total ultrasound score was significantly higher in pSS versus
non-pSS according to the classification criteria (p<0.001;
figure 3).

Predictive value of the combination of sUS and antibody
status

In patients with positive sUS combined with anti-SSA/Ro anti-
bodies, 78% (14/18) had a positive parotid gland biopsy and
949% (17/18) had a positive labial gland biopsy.
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Figure 2 Ultrasound total score compared with salivary gland biopsy. (A) Positive versus negative parotid gland biopsy. (B) Positive versus negative
labial gland biopsy. Histopathology: positive parotid or labial gland biopsy was defined as focus score >1.
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Table 2 Ultrasound of major salivary glands versus classification
criteria

AECG

Parotid gland biopsy Labial gland biopsy
Optimal cut-off point 15/16 15/16
% Absolute agreement 82.4% (80/97) 79.2% (76/96)
Sensitivity 71.1% (32/45) 67.3% (33/49)
Specificity 92.3% (48/52) 91.4% (43/47)
PPV 88.9% (32/36) 89.2% (33/37)
NPV 78.7% (48/61) 72.9% (43/59)

ACR

Parotid gland biopsy Labial gland biopsy
Optimal cut-off point 15 15
% Absolute agreement 85.6% (83/97) 81.7% (76/93)
Sensitivity 77.3% (34/44) 69.8% (30/43)
Specificity 92.4% (49/53) 92.0% (46/50)
PPV 89.4% (34/38) 88.2% (30/34)
NPV 83.1% (49/59) 78.0% (46/59)

ACR-EULAR

Parotid gland biopsy Labial gland biopsy
Optimal cut-off point 15 15
% Absolute agreement 79.8% (79/99) 75.3% (73/97)
Sensitivity 67.3% (35/52) 61.8% (34/55)
Specificity 93.6% (44/47) 92.9% (39/42)
PPV 92.1% (35/38) 91.9% (34/37)
NPV 72.1% (44/61) 65.0% (39/60)

In the left column parotid gland biopsies are considered an item of the AECG, ACR
and ACR-EULAR classification criteria. In the right column labial gland biopsies are
considered an item of the AECG, ACR and ACR-EULAR criteria.

ACR, American College of Rheumatology; AECG, American European Consensus
Group; EULAR, European League Against Rheumatism; NPV, negative predictive
value; PPV, positive predictive value.

In patients with negative sUS combined with absence of
anti-SSA/Ro antibodies, 93% (37/40) had a negative parotid
gland biopsy and 77% (17/22) had a negative labial gland biopsy.

In patients with positive sUS combined with anti-SSA/Ro anti-
bodies, 94% (32/34) fulfilled the AECG, 97% (34/35) fulfilled
the ACR and 97% (35/36) fulfilled the ACR-EULAR criteria,
considering the outcome of parotid gland biopsies as an item for
classification. Percentages are equal when the outcome of labial
gland biopsy is considered as an item for classification (figure 4).

In patients with negative sUS combined with absence of
anti-SSA/Ro antibodies, 98% (45/46) did not fulfil the AECG,
100% (45/45) did not fulfil the ACR and 98% (44/45) did not
fulfil the ACR-EULAR criteria, considering the outcome of
parotid gland biopsies as an item for classification (figure 4).
Percentages are lower when the outcome of labial gland biopsy
is considered as an item for classification: 89% (40/45) did not
fulfil the AECG, 93% (43/46) did not fulfil the ACR and 89%
(39/44) did not fulfil the ACR-EULAR criteria (figure 4).

DISCUSSION
This study assessed the validity of sUS in a representative popu-
lation of patients with clinically suspected pSS. It is the first
study that directly compared the validity of sUS with parotid
gland biopsy outcome, and to the best of our knowledge the first
that compared the validity of sUS with the ACR-EULAR criteria.
Since the Hocevar scoring system was the most comprehen-
sive and valid, it was incorporated in our daily clinical practice
in order to address all relevant aspects of sUS. Previously, three

studies evaluated the optimal cut-off of the Hocevar scoring
system.'? These studies used different gold standards, viz AECG
criteria,'? labial gland biopsy"® or AECG and ACR criteria.”’ The
cut-off points ranged from 15 to 19. In the present study, the
optimal cut-off point for the Hocevar score was found to be 15 in
almost all analyses. Applying a higher cut-off value, for example,
17 as used by Hocevar et al,'* would lead to increased speci-
ficity and PPV for parotid and labial gland biopsies, as well as for
the AECG, ACR and ACR-EULAR classification criteria, at the
expense of sensitivity and NPV (see online supplementary table
S2 and S3). Furthermore, when comparing the PPV and NPV
reported in different studies, it is important to keep in mind that
both strongly depend on the prevalence of the disease in the
investigated population, while sensitivity and specificity are less
influenced.

To date, no consensus has been reached about the optimal
scoring system and cut-off point for the ultrasonographic eval-
uation of the major salivary glands in patients suspected with
pSS. Consensus is certainly needed to further elucidate the role
of sUS in the diagnosis of pSS and is prerequired for being offi-
cially included in the classification criteria for pSS. Additionally,
it will make the comparison between similar studies easier. sUS
showed good absolute agreement and specificity using salivary
gland biopsies as gold standard. Both were slightly higher when
parotid gland instead of labial gland biopsies were used, possibly
because the parotid gland is included in the sUS evaluation,
whereas the labial gland is not.

Interestingly, the parotid gland biopsies were negative in most
patients with a negative sUS, but the labial gland biopsies were
positive in 26% of patients with a negative sUS. On the other
hand, positive sUS predicts positive labial gland biopsies, while
22% of patients with a positive sUS had a negative parotid gland
biopsy. When comparing the results of parotid and labial gland
biopsies, it is important to keep in mind not all patients had both
biopsies performed and the populations in which the agreement
of sUS with parotid and labial gland biopsies were evaluated
were not the same. However, this is the first study to compare
sUS with parotid as well as labial gland biopsies.

There was a fair reversed association between total ultrasound
score and UWS total flow. In other words, patients with more
pronounced abnormalities on ultrasound tend to have a reduced
UWS production. However, there was also a significant amount
of patients with few abnormalities on ultrasound who did have
a reduced UWS production. This group may consist of patients
with early pSS, where UWS is lowered but no sUS abnormali-
ties are yet seen or another condition is causing the decrease in
UWS. A next step would be to assess whether the performance
of the different classification criteria will improve, when UWS is
replaced by salivary gland ultrasonography.

The specificity of sUS was high when anti-SSA/Ro antibody
status was used as gold standard, confirming a previous study.*!

Our findings regarding the sensitivity and specificity of sUS
outcome compared with the classification criteria for pSS are
similar with the results described in a recent meta-analysis.®
Sensitivity of sUS was lowest when compared with the recently
published ACR-EULAR criteria, when either parotid or labial
gland biopsies were considered as an item for classification. It is
currently unknown if sUS is sensitive enough to detect changes
in the major salivary glands early in the disease course. In our
inception cohort, more patients with low sUS scores fulfil
the ACR-EULAR criteria compared with the AECG and ACR
criteria. This may either suggest that patients are classified as pSS
at an earlier stage of the disease according to the ACR-EULAR
criteria or that the ACR-EULAR criteria are too liberal.” Finally,
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Figure 3  Ultrasound total score compared with classification criteria for pSS. In A-C, when ‘including parotid gland biopsy’ is added, parotid gland
biopsy outcome is considered an item of the AECG, ACR and ACR-EULAR criteria. In D—F, when ‘including labial gland biopsy" is added, labial gland
biopsy outcome is considered an item of the AECG, ACR and ACR-EULAR criteria. (A) Positive versus negative of fulfilling AECG criteria, (B) positive
versus negative of fulfilling ACR criteria, (C) positive versus negative of fulfilling ACR-EULAR criteria, (D) positive versus negative of fulfilling AECG
criteria, (E) positive versus negative of fulfilling ACR criteria and (F) positive versus negative of fulfilling ACR-EULAR criteria. In most patients who
underwent only one salivary gland biopsy, classification as pSS or non-pSS could be determined, as the biopsy would not have been decisive for
classification. Therefore, 290% (93/103) of the patients could be included in the analysis of the agreement between sUS and the different criteria sets
including parotid or labial gland biopsy. ACR, American College of Rheumatology; AECG, American European Consensus Group; EULAR, European
League Against Rheumatism; pSS, primary Sjogren’s syndrome; sUS, ultrasound of major salivary glands.

the PPV of sUS compared with the classification criteria was
higher than the NPV. Thus, positive sUS predicts fulfilment of
the AECG, ACR and ACR-EULAR criteria, but negative sUS does
not exclude classification. When applying classification criteria,
we should keep in mind that they are developed for research
purposes to define homogeneous study groups, although in clin-
ical practice they are often used for diagnostic purposes.*

In accordance with our findings, Astorri et al® reported that
positive sUS was highly predictive of positive labial gland biop-
sies. Therefore, one could consider not performing a labial gland
biopsy in patients with a positive sUS. This previous study also
showed that negative sUS was highly predictive of negative labial
gland biopsies in patients with sicca symptoms. However, we
were unable to confirm this observation with our data, as we
found a moderate NPV of sUS for labial gland biopsies. There-
fore, in patients with a negative sUS the result of labial gland
biopsies could not fully be predicted. There are some possible
explanations for this discrepancy. None of the ‘non-Sjégren sicca
patients’ in the study of Astorri et al** had a positive labial gland
biopsy, while some of our ‘non-Sjdgren sicca patients’ did have a
positive biopsy. These biopsies may be false-positive,”* > or these
patients have SS not meeting the classification criteria. More-
over, Astorri et al*® did not mention the time interval between
sUS and labial gland biopsy, which may be longer than in our
study and a different sUS scoring system was used.

Astorri et al*® stated that labial gland biopsies should not
be performed in extractable nuclear antigen (ENA)-negative
patients with negative sUS, unless there are other strong clinical

indications for SS. Based on our data, we cannot support this
conclusion. Tt is well established that negative serology occurs
in 10%-50% of patients with pSS and correlates with milder
disease.?*™® Interestingly, when labial gland biopsies are consid-
ered an item of the classification criteria, 7%~11% of our patients
with the combination of negative sUS and absence of anti-SSA/
Ro antibodies were classified as pSS according to the different
criteria sets. In these anti-SSA/Ro-negative patients, positive
biopsies are decisive for classification.”” Thus, ultrasound cannot
fully replace salivary gland biopsies as there is a risk of underdi-
agnosing serological negative patients. Consequently, we recom-
mend that physicians should still consider performing biopsies
in patients with absence of anti-SSA/Ro antibodies and negative
sUS, especially when gland function (eg, abnormal Schirmer or
UWS) is impaired or when there are other signs and symptoms
pointing to pSS.

Strikingly, almost all of our patients with both a positive sUS
and presence of anti-SSA/Ro antibodies fulfilled the classifi-
cation criteria for pSS. In this patient group, physicians could
consider to skip the salivary gland biopsy as the combination of
positive sUS and presence of anti-SSA/Ro antibodies is already
highly suggestive of pSS. These rather interesting results are to
be confirmed in other cohorts.

The main strength of our study is that consecutive patients
clinically suspected with pSS were included. Thus, the study
population clearly represents the clinical circumstances in daily
clinical practice. Moreover, our Sjogren’s expertise centre is one
of the few centres in which both parotid and labial gland biopsies
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Figure 4  Percentage of patients either or not fulfilling the AECG, ACR or ACR-EULAR criteria including only parotid gland biopsy or only labial gland
biopsy. When “parotid gland’ is mentioned, parotid gland biopsy outcome is considered an item of the AECG, ACR and ACR-EULAR criteria. When
‘labial gland’ is mentioned, labial gland biopsy outcome is considered an item of the AECG, ACR and ACR-EULAR criteria. (A) Fulfilling the AECG, ACR
or ACR-EULAR classification criteria, with on the left positive sUS in combination with presence of anti-SSA/Ro antibodies and on the right negative
sUS in combination with absence of anti-SSA/Ro antibodies. (B) NOT fulfilling the AECG, ACR or ACR-EULAR classification criteria, with on the left
positive sUS in combination with presence of anti-SSA/Ro antibodies and on the right negative sUS in combination with absence of anti-SSA/Ro
antibodies. ACR, American College of Rheumatology; AECG, American European Consensus Group; EULAR, European League Against Rheumatism;

sUS, ultrasound of major salivary gland.

can be performed.' Having access to parotid gland biopsies

has several advantages, in particular that repeated biopsies of

the same parotid gland can be performed (eg, for monitoring
treatment efficacy) and mucosa-associated lymphoid tissue

(MALT)-lymphoma might be identified at an earlier stage.'*

In conclusion, in our prospective inception cohort study
derived from daily clinical practice, absolute agreement between
sUS and salivary gland biopsies was good, although slightly
higher for parotid compared with labial gland biopsies.

1. Positive sUS predicts classification according to the AECG,
ACR and ACR-EULAR classification criteria, but negative
sUS does not exclude classification.

2. Positive sUS in combination with presence of anti-SSA/Ro
antibodies highly predicts classification according to the
AECG, ACR and ACR-EULAR criteria. The combination of
negative sUS and absence of anti-SSA/Ro antibodies highly
excludes classification when parotid gland biopsy outcome
is considered as an item for classification, but when the
outcome of labial gland biopsy is considered as an criteria
item, combining negative sUS with absence of anti-SSA/Ro
antibodies does not exclude classification.
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EXTENDED REPORT

Minimal to no transfer of certolizumab pegol into
breast milk: results from CRADLE, a prospective,
postmarketing, multicentre, pharmacokinetic study

Megan EB Clowse,' Frauke Férger,” Caroline Hwang,? John Thorp,*
Radboud JEM Dolhain,” Astrid van Tubergen,® Laura Shaughnessy,” Jeff Simpson,’
Marie Teil,® Nathalie Toublanc,’ Maggie Wang,” Thomas W Hale'®

ABSTRACT

Background Women with chronic inflammatory
diseases face uncertainty regarding the safety of
biologics during breast feeding. CRADLE was the first
industry-sponsored study to evaluate certolizumab pegol
(CZP) concentrations in human breast milk and estimate
average daily infant dose (ADID) of maternal CZP.
Methods CRADLE (NCT02154425) was a
pharmacokinetic study of lactating mothers receiving
CZP. After =3 CZP doses, breast milk samples were
collected across one dosing period (14 days for 200 mg
every 2 weeks [Q2W]; 28 days for 400 mg every 4 weeks
[Q4W]). Optimal analytical methods were developed to
determine CZP and polyethylene glycol (PEG) levels in
breast milk. ADID and relative infant dose (RID) were
estimated. Safety events in mothers and infants were
assessed.

Results 19 CZP-treated mothers were screened; 17
entered the sampling period: 16 on 200mg Q2W, 1 on
400 mg Q4W. 77/137 (56%) breast milk samples had

no measurable CZP. For 4/17 mothers, all samples were
below the lower limit of quantification (LLOQ). Estimated
ADID was 0-0.0104 mg/kg/day; median RID: 0.15%.
PEG was undetectable in 134/137 samples (results could
not be determined in three samples). Infants of CZP-
exposed mothers had a safety profile consistent with that
of unexposed similar-age infants.

Conclusion When quantifiable, CZP concentrations
were <3x LLOQ (< 1% plasma concentration observed
with therapeutic dose), indicating no/minimal CZP
transfer from plasma to breast milk. RID was 0.15%

of maternal dose; <10% is considered unlikely to be

of clinical concern. No PEG transfer was observed. CZP
absorption by infants via breast milk is unlikely due to its
low oral bioavailability and Fc-free molecular structure.
These findings are reassuring and support continuation
of CZP treatment during breast feeding.

Trial registration number NCT02154425; Results.

INTRODUCTION

Women with chronic inflammatory diseases, such
as rheumatoid arthritis (RA), ankylosing spondy-
litis (AS), axial spondyloarthritis (axSpA), psori-
atic arthritis (PsA), and Crohn’s disease (CD) often
experience postpartum flares.'™ Treatment of
these conditions frequently involves monoclonal
antibodies, such as anti-tumour necrosis factor
(anti-TNF), and diffusion of these molecules into

breast milk has been reported.’ ¢ Existing evidence
on anti-TNF transfer into breast milk lacks robust
and systematic sample collection and assays vali-
dated in breast milk; reports are restricted to a few
studies with a limited number of patients receiving
infliximab,” adalimumab,” ® etanercept’ or certoli-
zumab pegol (CZP).' ' The lack of systematic
collection of breast milk samples throughout dosing
intervals, coupled with the absence of drug-spe-
cific assays validated in breast milk, suggests that
existing data cannot be confidently translated into
evidence-based clinical practice. Consequently,
women treated with monoclonal antibodies who
are considering breast feeding, as well as their
physicians, face uncertainty regarding drug safety.'

Breast feeding is extremely important to child
health and development.” '* Immunological and
anti-inflammatory agents are passed on to the infant
via breast milk, allowing development of protective
mechanisms against several diseases.”® In addition
to creating an emotional bond between mother and
child at an early stage, breast feeding has been asso-
ciated with a decreased risk for sudden infant death
syndrome'® and other conditions."” Despite these
benefits, the conflict between the risks of maternal
medications needed for postpartum disease flare
and ensuring optimal child nutrition through
breast feeding presents a complex challenge.

Although biologics generally have very low
oral bioavailability due to their large molecular
size and the proteolytic environment in the diges-
tive system,'® the neonatal Fc receptor on human
intestinal epithelial cells may promote uptake of
undigested immunoglobulins (IgGs). CZP, the only
PEGylated anti-TNF without an Fc region, has
demonstrated efficacy for the treatment of RA,"
CD,?® axSpA*' and PsA.** Physiologically, only
minimal amounts of CZP are likely to cross into
breast milk and be absorbed by the infant, due to its
large molecule size and the replacement of the Fc
portion with polyethylene glycol (PEG).”

The primary aim of CRADLE (NCT02154425),
the first industry-sponsored, multicentre study to
evaluate transfer of a biologic into breast milk, was
to determine the concentrations of CZP in mature
breast milk and to calculate the average daily infant
dose (ADID), which is the daily CZP dose poten-
tially ingested by the infant. Including multiple
predefined sampling time points throughout the
dosing interval allowed full characterisation of the
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CZP pharmacokinetics (PK) in mature milk at steady state. The
exploratory aim was to determine the breast milk concentrations
of PEG. The relative infant dose (RID), which estimates the
theoretical infant dose as a percentage of the weight-normalised
maternal dose was calculated post hoc. Safety events in mothers
and infants were examined.

METHODS

Study design and patients

CRADLE (NCT02154425) was a prospective, postmarketing,
multicentre PK study to measure the CZP concentration in
breast milk. It enrolled lactating mothers, at least 6 weeks post-
partum with no upper age limit for infants, receiving commercial
CZP for an approved indication (RA, CD, AS/axSpA and PsA), as
prescribed by their treating physician. Importantly, the decision
to treat with CZP and to breastfeed were made prior to and
independently from study participation. CZP was not provided
by the study sponsor.

No exclusions were made regarding multiple births, but
women who were pregnant, or planned to become pregnant
during study duration, were ineligible to participate. Mothers
with positive or indeterminate tuberculosis (TB) testing, active
or latent TB infection or at high risk of TB infection were
excluded, as were mothers who had received treatment with
any biologic or anti-TNF other than CZP within five half-lives
prior to collection of the first milk sample. Also excluded were
mothers of premature infants (<37 weeks gestation). Mothers
were withdrawn if they took any biological disease-modifying
drug other than CZP during the sampling period. In addition,
mothers with active mastitis were excluded from the sampling
period until resolution.

The study was designed as a ‘milk-only” study in accordance
with the 2005 US Food and Drug Administration (FDA) draft
guidance® and was conducted between September 2014 and
October 2015 by six investigators: three in the USA, one in
Switzerland and two in the Netherlands. In addition to tradi-
tional site-based enrolment, an open enrolment model was used
in the USA and Canada, with remote oversight by a participating
investigator. This enabled remotely located mothers to take part
in the study without the burden of travel, thus allowing the
study to reach more mothers meeting enrolment criteria than

through traditional site-based enrolment alone. The study design
and protocol were approved by the local ethics committee or
institutional review board (IRB) at each participating site, or
by a central IRB, as applicable. All mothers provided written
informed consent to participate.

Study procedures

Mothers received commercial CZP on either the 2-weekly
dose (CZP 200 mg every 2 weeks [Q2W]) or the 4-weekly dose
regimen (CZP 400 mg every 4 weeks [Q4W]). After at least three
CZP doses, when plasma CZP concentration in the mothers was
considered at steady-state, mature breast milk samples were
collected across a single dosing period. For mothers on CZP
200 mg Q2W, samples were collected on days 0, 2, 4, 6, 8, 10, 12
and 14; for mothers on CZP 400 mg Q4 W, an additional sample
was collected on day 28 (figure 1). All mothers were to dose on
the same day as the first sample collection, with date and time
of dosing being recorded by the home healthcare nurse. Predose
samples were those collected on days 0 and 14 for mothers on
CZP 200 mg Q2W, and on days 0 and 28 for mothers on CZP
400 mg Q4W. Compliance with CZP therapy was not mandated
in the study; however, at day 0, all mothers were confirmed to
have received at least three doses of CZP prior to the beginning
of the sampling period.

In-home nursing visits for milk sample collection minimised
the burden on mothers and were carried out at all study sites,
using the same procedure: at each visit and at approximately
the same time of day, milk was pumped from both breasts until
completely emptied (accommodating the mothers’ schedule),
using the electronic breast pump (Medela Advanced Personal
Double Pump) provided by the sponsor. Milk from both breasts
was mixed by the home healthcare nurse, before 5mL were
placed on dry ice and shipped to the central laboratory (Quintiles;
Atlanta [USA sites] or Edinburgh, UK [European sites]). During
each visit, the nurse confirmed whether the infant had received
any other nutrition in the prior 2 days to explore whether there
was any difference between women who breast fed exclusively
and those that supplemented breast feeding with other nutrition
sources (eg, formula milk). To avoid interference by PEG-con-
taining creams, mothers were only permitted to use PEG-free
nipple/breast creams provided by the sponsor.

Screening - Sampling Safety
“~  Period Period Follow-Up
5 weeks
Day 0* Day 14 Day 28 (£ 5 days) after
Birth Pre CZP dose Pre CZP dose Pre CZP dose final sample

i ceccccce °

N =17 ol ——————jj——
i B s iciivdis " Home health nursing visits | i

A =cCzP Q2w = CZP Q4W

® = Breast milk sampling, at steady-state (=3 CZP doses); sample taken pre-dose on Day 0
and Day 14 for Q2W dosing, on Day 28 for Q4W dosing

2Day 0 of the Sampling Period was =6 weeks post-delivery and when the patient was on an established CZP dose regimen
(at least the third dose, regardless of CZP dosing schedule, but no maximum limit).

Figure 1

CRADLE study design. CZP, certolizumab pegol; Q2W, every 2 weeks; Q4W, every 4 weeks.
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Samples were subsequently analysed at Covance Inc. (Chan-
tilly, Virginia, USA). CZP concentration in breast milk was
measured using an electro-chemiluminescence immunoassay,
in which CZP was captured by a TNF-coated multiarray elec-
trode and detected with an anti-PEG antibody, prior to reading
on a Meso Scale Discovery (MSD; Rockville, Maryland, USA)
platform.”® The assay is CZP-specific and, due to the technical
advantages of the MSD methodology (high sensitivity, large
dynamic range, small sample volume?®*’), >10 times more sensi-
tive (lower limit of quantification [LLOQ]: 0.032 pg/mL) than
the previous ELISA used in other CZP PK studies."' ** % The
assay was validated in milk; CZP stability in milk was confirmed.

The concentrations of total PEG (ie, PEG present as intact
CZP or in deconjugated form) were determined by a validated
assay using nuclear magnetic resonance spectroscopy (LLOQ:
0.5 ug/mL).*°

Study endpoints

The primary objectives were to determine CZP concentrations
in breast milk and to calculate the ADID of maternal CZP.
The exploratory objective was to assess the concentration of
total PEG in breast milk. A post hoc variable, RID, was calcu-
lated.* RID is the infant dose as a per cent of the weight-related
maternal dose and is widely used by lactation specialists, paedia-
tricians and neonatologists to assess risk to infants.*' ** Analysis
of the PK parameters was performed using Phoenix WinNonlin
V.6.4 (Certara, USA).

The safety analysis included adverse events (AEs) in all
mothers who received at least one dose of CZP and the infants
of all participating mothers from the time of informed consent
through safety follow-up (up to 5 weeks*5 days after the
final sample was obtained). Patient consent was obtained after
delivery, up to 10 weeks before day 0. Prior to sampling on day 0,
eligibility was reconfirmed. During each sampling visit, patients
were given the opportunity to report AEs spontaneously, and a
general prompt using open-ended questions was also given. If an
AE was reported during the in-home visit, the home healthcare
nurse contacted the principal investigator to speak directly with
the patient for further assessment.

AEs of interest included any opportunistic infections, malig-
nancies (including unspecified), major adverse cardiac events,
haematopoietic cytopaenias, serious bleeding, hepatic events and
injection reactions (local or systemic).> AEs were coded using
MedDRA V.18.1.

Statistical analysis

No formal sample size calculations were performed, as no statis-
tical hypotheses were being tested. The planned sample size for
the study was 16 mothers; approximately twice the minimum
number of subjects considered sufficient by the FDA for a ‘milk-
only’ study.* Summary statistics were reported for quantitative
variables and frequency tables for qualitative data. Statistical
analysis was performed using SAS V.9.3. All summaries of PK
variables were based on the values observed at each visit: no
imputation was used.

In addition to CZP concentrations, three measures of CZP
transfer were considered: (1) the average daily CZP concentra-
tion in breast milk (C_ ), (2) ADID and (3) RID. C__ is calcu-
lated by non-compartmental analysis from the concentration
versus time profile over the dosing interval, using the actual
sampling days. ADID is the dose of CZP ingested by a child
based on C_ and the estimated daily volume of milk ingested.
As per the 2005 FDA draft guidance,** the standardised milk

consumption of a fully breastfed 2-month-old infant (150 mL/
kg/day) was used to calculate the ADID over a dosing interval
(14 or 28 days) from the study data:

Estimated ADID (mg/ kg/ day) = Cayerage % 150mL/ kg/ day
The exploratory post hoc variable, RID, was calculated as
follows™":

ADID (mg/kg/ da
RID (%) = Maternal d(osf(mé‘rg/kgy/)day) x 100
RID was not calculated when all results were below the lower
limit of quantification (BLQ), as was the case in four mothers.
Subgroup analyses were performed, based on the mothers’
indications (RA, CD and PsA) and on the use of supplemental
nutrition (non-exclusive vs exclusive breast feeding) for the PK
parameters. Subgroup analyses were not performed on groups
with fewer than three patients (axSpA).

RESULTS

Patients

Between 8 September 2014 and 30 October 2015, 19 mothers
were screened; 18 received commercial CZP and met the
inclusion criteria (one mother was prescribed CZP prior to
screening, but did not receive CZP and was therefore ineli-
gible). One mother failed screening and discontinued the study
due to an AE of herpes zoster. All 17 mothers who entered
the sampling period completed the study (no missed visits);

Table 1
infants

Demographics and baseline characteristics of mothers and

All mothers (n=18)*

Mean (SD), unless otherwise stated

Age, years 33.7(4.2)
Weight, kg 68.9 (9.6)1
BMI, kg/m?2 23.6 3.0)t
Location, n
USA/Canada# 10
Switzerland 5
The Netherlands 3
Mother's indication for CZP treatment, nt
Rheumatoid arthritis 7
Crohn's disease 5
Psoriatic arthritis 3
Axial spondyloarthritis/ankylosing spondylitis 2

All infants (n=17)
Median (min—-max), unless otherwise stated

Female, n (%) 11 (64.7)
Gestational age at birth, weeks 40.0 (39.0-41.7)
Weight at birth, kg 3.5 (2.6-4.1)
Length at birth, cm 50.7 (48.0-57.0)
Age at time of mother’s first sample, months 2.8 (1.6-16.8)
Age at time of mother's first sample, n (%)

<6months 13 (76.5)

2(11.8)
2(11.8)

>6 months—<12 months
>12 months—<18 months

*Includes one screen failure.

tn=17.

$One Canadian patient enrolled under the central USA site, which was approved by
the Canadian central IRB.

BMI, body mass index; IRB, institutional review board.
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Table 2 Concentrations of CZP (ug/mL) in breast milk after administration of CZP dose in mothers
Mother Relative time (days)
number 0 2 4 6 8 10 12 14 28

0.048

8 0.034
10 0.033
12 0.034 0.037
2 0.035 0.037
1 0.051 0.038
15 0.041 0.034
16 0.040 0.033 0.036 0.037
3 0.032 0.049 0.053
9 0.039 0.040 0.047 0.045
1 0.057 0.051 0.066 0.065
5 0.056 0.069 0.074 0.076

0.037 0.037 0.033 0.033 -
0.042 0.043 0.038 0.035 =
0.062 0.056 0.052 0.041 -
0.076 0.069 0.069 0.060 =

White coloured areas depict CZP concentration Less than 3xLLOQ (<0.096 pg/mL).
Grey coloured areas depict CZP concentration Less than 2xLLOQ (<0.064 pg/mL).
Dark grey coloured areas depict CZP concentration BLQ (<0.032 pg/mL).

Days 0 and 14 are predose for mothers on the CZP 200 mg Q2W dosing regimen.
Days 0 and 28 are predose for the mother on the CZP 400 mg Q4W dosing regimen.
For reference, the mean 12-week CZP plasma C_
Q2W in the RAPID2 trial was 15.7 pg/mL (95% Cl 14.0 to 17.7).2

value, that is, the trough concentration at steady-state, reported from non-pregnant patients with RA receiving CZP 200 mg

BLQ, below the lower limit of quantification, <0.032 pg/mL; CZP, certolizumab pegol; LLOQ, lower limit of quantification; Q2W, every 2 weeks; Q4W, every 4 weeks; RA,

rheumatoid arthritis.

100% of planned samples were collected. Seven mothers
(38.9%) were diagnosed with RA, 5 (27.8%) with CD (two of
which also had rheumatic diseases), 3 (16.7%) with PsA and
2 (11.1%) with axSpA. The demographics and baseline char-
acteristics of all mothers screened and of all infants of partici-
pating mothers are shown in table 1. The mothers’ indications
for CZP treatment and their infants’ age at the time of first
sampling are listed in online supplementary table 1.

Pharmacokinetic results

One hundred thirty-seven breast milk samples were collected
from 17 mothers (16 on CZP 200mg Q2W, one on CZP
400 mg Q4W). All samples had CZP concentrations that were
minimal or BLQ. Importantly, 77/137 (56%) samples had no

measurable CZP (table 2). Four of the 17 women, including
one on CZP 400 mg Q4W, did not have measurable CZP levels
in their breast milk at any time point. In the remaining 13
mothers with a measurable concentration during at least one
time point, the highest CZP concentration was 0.076 pg/mL,
less than three times LLOQ (0.032 pg/mL).

The estimated ADID ranged from 0 to 0.0104 mg/kg/day; median
estimated ADID was 0.003503 mg/kg/day (table 3). Additional
CZP PK parameters are shown in table 3. The RID, calculated post
hoc,*!*? ranged from 0.04% to 0.30%; median RID was 0.15%.

PK parameters were similar for women with different indica-
tions as well as between mothers using supplemental nutrition
and those breast feeding exclusively.

Table 3  Pharmacokinetic parameters of CZP in breast milk after administration of CZP

Median
Parameter n Geo. mean (Geo. CV (%)) (min-max)
All mothers: both CZP 200mg Q2W and CZP 400 mg Q4W dosing regimens
Estimated average daily infant dose (mg/kg/day) 17 0.00426 (59.4) 0.003503
(0-0.0104)
C... (ug/mL) 17 0.0248 (58.0) 0.02335
(0.00744-0.0693)
t ., (day) 13 - 5.051
(2.89-11.9)
Mothers on CZP 200 mg Q2W dosing regimen only
AUC, (day™ pg/mL) 13 0.398 (59.4) 0.4249
(0.104-0.970)
C,pax (HO/ML) 16 0.0383 (50.3) 0.04285

‘max

(BLQ-0.0758)

AUC,, area under the curve over a dosing interval (14 or 28 days); C

ave’

concentration.

average concentration over a dosing interval; C
the dosing interval; CV, coefficient of variations; CZP, certolizumab pegol; Geo.: geometric; Q2W, every 2 weeks; Q4W, every 4 weeks; t

maximum observed CZP concentration in milk over
time of the maximum observed

max”

max”
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Table 4 Adverse events (AEs) occurring in mother-infant pairs

Mothers Infants
Mother (n=18)"  No. of AEs in mother (n) AE Infant (n=17)*  No. of AEs in infant (n) AE
1 None 1 2 Lichen striatus
Upper respiratory tract
infection
2 1 Breast abscesst 2 None
3 None 3 1 Gastro-oesophageal reflux
disease
5 1 Rash 5 1 Nasopharyngitis
7 1 Upper respiratory tract infection 7 1 Upper respiratory tract
infection
8 2 Candida infection 8 1 Candida infection
Crohn’s disease flare
10 1 Viral upper respiratory tract infection 10 None
1 1 Headache 1" None
13 1 Psoriatic arthritis flare 13 None
14 2 Nipple disorder 14 2 Vomiting
Headache Nasopharyngitis
15 None 15 1 Nasopharyngitis
16 2 Upper respiratory tract infection 16 2 Upper respiratory tract
infection
Pneumonia Nasopharyngitis
SFt 2 Herpes zoster N/A
Galactostasis
Total number of mothers experiencing any AE 10 Total number of infants experiencing any AE 8
Total number of AEs 14 Total number of AEs 1

The safety analysis included all mothers who received at least one dose of CZP and the infants of all mothers who participated in the study. The safety follow-up period extended
up to 5 weeks (5 days) after the final sample was collected. AEs in mother-infant pairs were not necessarily associated temporally.

Bold text indicates serious adverse event (SAE).
*Mother-infant pairs are numbered as per table 2.

SF, screen failure: mother discontinued from study due to AE of herpes zoster during screening period.

tBreast abscess during screening period, which resolved prior to sampling.

CZP, certolizumab pegol; N/A, not applicable as the mother did not enter the sampling period.

PEG concentration was analysed in 137 samples; 134 samples
had no quantifiable PEG; three samples were classed as not
reportable (online supplementary table 2).

Safety

The safety analysis included 18 CZP-exposed mothers and 17
infants. AEs are shown in table 4. One mother discontinued the
study during the screening period due to an AE of herpes zoster.
Overall, 10 mothers (55.6%) experienced 14 AEs, and 8 infants
(47.1%) experienced 11 AEs.

AEs in mothers and infants were mostly mild to moderate
in intensity (mothers: three mild [16.7%] and six moderate
[33.3%]; infants: six mild [35.3%] and two moderate [11.8%]).
One severe AE (5.6%) was reported in one mother: a breast
abscess, which occurred during the screening period and was
resolved prior to sampling. Five AEs in four mothers were
classified as drug-related: two (11.1%) upper respiratory tract
infections, and one each (5.6%) of herpes zoster, CD flare and
pneumonia. Nasopharyngitis in one infant (5.9%) was consid-
ered mild in intensity and classified as drug-related by the prin-
cipal investigator, based on the known CZP safety profile.”* No
serious AEs were reported in the infants. Overall, events in the
mothers were consistent with the known CZP safety profile,
and the events observed in infants were consistent with those in
unexposed infants of similar age.>*°

DISCUSSION

CRADLE was the first industry-sponsored clinical lactation
study evaluating the transfer of a biologic into mature breast
milk of women with chronic inflammatory diseases. Because low
levels of IgGs have been shown to diffuse into breast milk,’ it
is important to measure the relative abundance of therapeutic
antibodies in breast milk.’? This study found minimal transfer
of CZP into breast milk, with an infant receiving, on average,
0.15% (RID) of the maternal dose.

While prior studies entailed case reports with few milk
samples obtained at varying times after dosing,’” *®* CRADLE was
designed to fully characterise the CZP PK profile in mature milk
at steady-state. Following the FDA recommendation and in line
with the 2005 guidance for industry,* the study was designed
as a ‘milk-only’ study. The rationale was that the CZP PK
profile was already well established®® and that lactation was not
expected to substantially change its PK. In addition, this ‘milk-
only’ study design avoided additional burden on mothers and
their babies: milk sampling did not occur earlier than 4-6 weeks
postpartum to ensure that lactation and feeding patterns were
well established, mature milk was being produced and maternal
physiology had largely returned to pre-pregnancy state.

CZP concentration was BLQ in 56% of milk samples. When
measurable, CZP concentrations were less than 3 X LLOQ, with
a marginal maximum concentration (0.0758 ug/mL). This is
equivalent to less than 1% of the expected mean CZP plasma
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trough concentration for a CZP-treated adult,”® ¥ indicating

no to minimal transfer of CZP from plasma to breast milk. No
transfer of total PEG from plasma to breast milk was observed.

The estimated daily dose of CZP ingested by breastfed infants
over the dosing interval was minimal, with maximum ADID
of 0.0104 mg/kg/day. The median CZP RID was 0.15%. The
number of medications available to breast feeding mothers
requiring drug therapy is increasing, and RID is a useful param-
eter for assessing drug safety in breastfeeding by providing a
standardised means of referencing infant to maternal exposure
on a dose/weight basis.>’ An RID <10% is considered safe by
lactation specialists, with the estimate evaluated against the
potential toxicity of the drug.*' *° Examples of drugs consid-
ered safe when breast feeding include analgesics (ibuprofen and
acetaminophen), antibiotics (penicillins and cephalosporins),
antidepressants (citalopram and sertraline) and anticoagulants
(heparin and dalteparin) (RID <109).*

Subgroup analyses suggest that transfer of CZP into
breast milk is independent of the mother’s indication and
CZP dosing regimen. Additionally, no difference between
subgroups was observed regarding CZP transfer into milk of
exclusively breastfeeding mothers versus those who supple-
mented nutrition.

Although there were no enrolment restrictions for patient
numbers for the two dosing regimens, 16/17 patients were on
the single dose regimen, as per physician discretion. To our
knowledge, this does not impact the results’ relevance.

Enrolment for studies of this nature is challenging, given
the unique barriers to participation, such as ethical, legal and
medical considerations associated with this sensitive patient
population. The CRADLE open enrolment, combined with the
traditional site-based model, and including in-home nursing
services, allowed mothers to participate without the burden of
travel. This operational model was essential to the successful
completion of the study.

We acknowledge that no preterm babies were included in this
study, although it is well known that prematurity is an under-
lying risk for women with inflammatory diseases, particularly
those with high disease activity.*' It is noteworthy that while
valuable data might be obtained from studying drug absorp-
tion in premature babies, due to the possible differences in their
digestive tracts from full-term infants,** such an analysis would
have been outside the scope of this study.

Similarly, milk collection from mothers immediately after birth
was not included for a number of reasons: due to the very limited
volume of breast milk/colostrum available at this time, obtaining
these samples would be challenging and, in addition, the study
did not wish to disrupt the initial mother/infant bonding. These
limitations raise awareness for the need of further research into
drug transfer from mother to infant.

No new CZP safety issues were identified. AEs in mothers
were consistent with the current CZP safety profile, while
events in infants were consistent with those occurring in unex-
posed infants of similar age. For reference, incidence for minor
infections in infants is 6-8 times per year for upper respira-
tory tract infection/nasopharyingitis®* ** and 2%-5% for oral
candidiasis.’®

In conclusion, these findings suggest that the level of CZP
ingested by the suckling infant is minimal and indicate that
continuation of CZP treatment is compatible with breast feeding.
The robust clinical evidence from the CRADLE study allows
breastfeeding women with chronic inflammatory diseases and
their treating physicians to make informed decisions regarding
their postpartum treatment.
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ABSTRACT

Objectives To determine the causes of death and risk
factors in systemic sclerosis (SSc).

Methods Between 2000 and 2011, we examined

the death certificates of all French patients with SSc to
determine causes of death. Then we examined causes of
death and developed a score associated with all-cause
mortality from the international European Scleroderma
Trials and Research (EUSTAR) database. Candidate
prognostic factors were tested by Cox proportional
hazards regression model by single variable analysis,
followed by a multiple variable model stratified by
centres. The bootstrapping technique was used for
internal validation.

Results We identified 2719 French certificates of deaths
related to SSc, mainly from cardiac (31%) and respiratory
(18%) causes, and an increase in SSc-specific mortality
over time. Over a median follow-up of 2.3 years, 1072
(9.6%) of 11193 patients from the EUSTAR sample
died, from cardiac disease in 27% and respiratory
causes in 17%. By multiple variable analysis, a risk
score was developed, which accurately predicted the
3-year mortality, with an area under the curve of 0.82.
The 3-year survival of patients in the upper quartile was
53%, in contrast with 98% in the first quartile.
Conclusion Combining two complementary and
detailed databases enabled the collection of an
unprecedented 3700 deaths, revealing the major
contribution of the cardiopulmonary system to SSc

mortality. We also developed a robust score to risk-
stratify these patients and estimate their 3-year survival.
With the emergence of new therapies, these important
observations should help caregivers plan and refine the
monitoring and management to prolong these patients’
survival.

INTRODUCTION

Systemic sclerosis (SSc) is a devastating disease that
has a profound impact on life expectancy, reflected
by a standardised mortality ratio of 3.5." Its discor-
dant causes and predictors of death have been
studied in mostly small samples from single insti-
tutions, limiting their application to new studies
of epidemiology.'™"” Because the presentation and
prognosis of SSc are highly heterogeneous, the
identification of patients at high risk of death, who
may benefit from close monitoring and early treat-
ment, is crucial.

Among various methods available to determine
the causes of death, the analysis of death certificates
is considered robust,'! although it has been scarcely
used in investigations of SSc¢, with no report after
year 2000."> The ongoing European Scleroderma
Trials and Research (EUSTAR) is an international,
multicentre, prospective registry managed by physi-
cians (list of authors and online supplementary
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appendix 1) and organised centrally by its committee.”® This
database offers a unique opportunity to study the natural history
of the disease and predict outcomes through the prospective,
standardised collection of multiple characteristics of patients
with SSc. Since the first report based on 284 deaths among
5860 patients in 2010," the database has grown to >11000,
and the numbers of follow-up visits and deaths have increased
accordingly.

Our aim was to identify the specific causes of death and
their respective incidence by reviewing all death certificates of
patients presenting with SSc, collected in France between 2000
and 2011, using a multiple-cause-of-death analysis."> '® We then
examined the causes of death and associated factors to develop
a risk score associated with overall mortality in the international
EUSTAR sample.

METHODS

Death certificates

All death certificates issued in France comply with the inter-
national standards of the WHO and are exhaustively collected
by the ‘Centre d’épidémiologie sur les causes médicales de
déces’ (Epidemiological Centre for the Medical Causes of
Death — CépiDc) from the ‘Institut national de la santé et de
la recherche médicale’ (National Health and Medical Research
Institute — INSERM).'” In January 2015, we examined the
certificates of all adults presenting with SSc¢ (international clas-
sification of diseases (ICD)-10 code M34) who died between
1 January 2000 and 31 December 2011.

Table 1 Absolute number of deaths related to systemic sclerosis in
France between 2000 and 2011

All systemic sclerosis-related deaths 2719
Systemic sclerosis listed as underlying cause of death 1608
Females 1276
Males 332
Female/male ratio 3.8
Age, year
<50 119
50-59 17
60-69 330
70-79 544
>80 444
Systemic sclerosis listed as associated cause of death 1M
Females 881
Males 230
Female/male ratio 3.8
Age, year
<50 65
50-59 99
60-69 211
70-79 388
>80 348
Age-standardised mortality rate
All patients presenting with systemic sclerosis 0.80
Females 1.03
Males 0.41
Female/male ratio 2.49

Unless indicated otherwise, values are raw counts.

Statistical analysis

A multiple-cause-of-death analysis was performed allowing the
retrieval of the death certificates, which listed SSc as the ‘under-
lying’ cause of death (UCD) and those which considered SSc as
the ‘associated’ cause of death (ACD).'® '8 ?

Mortality rates were calculated by age group for the entire
period from 2000 to 2011. Age-standardised mortality rates per
10° patients were calculated by a direct method, per year and for
the study period, using the standard 2000-2011 population data
of the European Union and the European Free Trade Association.

To measure the strength of association between SSc and the
various causes of death, we calculated the observed number of
deaths in relation to the expected number of deaths (O/E ratio),
based on the proportional mortality rate for the same cause of
death within the French general population between 2000 and
2011. An O/E >1 means an excess mortality associated with SSc.

The EUSTAR sample

We interrogated the EUSTAR database at the end of May 2014,
providing information on 11193 patients >18 years age, from
124 participating centres, fulfilling the 2013 criteria formulated
for SSc by the American College of Rheumatology/European
League Against Rheumatism.”” The structure of the database,
the minimum essential data set and the inclusion criteria have
been described in detail previously.”> Each participating centre
obtained approval of the local ethics committee and all regis-
tered patients granted their informed consent. Among the
11193 patients who underwent =1 visit, 7819 had =1 follow-up
and 1072 died. Besides the disease characteristics and treatment,
we recorded the date of death and whether the death was attrib-
utable to SSc or to another cause. Furthermore, we probed the
participating centres with a view to identify a single pulmonary,
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associated cause of death (ACD).
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Figure 2 (A) Causes of death in the entire EUSTAR sample and in
the limited and diffuse cutaneous forms. (B) Comparison of causes of
death in the EUSTAR and in the death certificates samples. The results
are presented as % of deaths. EUSTAR, European Scleroderma Trials and
Research; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis.

w Death certificates (n=2719)

cardiac, renal, infectious, neoplastic, gastrointestinal, suicidal or
other primary cause of death, according to a standard set of defi-
nitions, and to record any clinically significant comorbidity in a
brief additional form submitted to all centres where =1 patient
death was entered in the database (online supplementary
appendix 2).

Statistical analysis
Categorical results are presented as counts and percentages, and
continuous variables as mean=SD.

Survival and prognostic score

The median (95% CI) follow-up was estimated by the reverse
Kaplan-Meier method, and the overall survival by the Kaplan-
Meier method. Potential prognostic factors were analysed first
by the Cox proportional hazards regression model in single vari-
able analysis. The proportional hazards assumption was verified
by Schoenfeld residuals.*' Continuous variables were dichoto-
mised according to the clinical cut-off.

To ascertain a possible linearity among the variables, the
variance inflation factor was calculated, and the variables were
considered colinear when >2.%* All factors emerging with p
values <0.10 by single variable analysis were included in a
multiple variable model and stratified by centre. Due to the
multicollinearity and missing data for the former, the cuta-
neous form of the disease and muscle weakness were selected
instead of the Rodnan score and muscle atrophy, respectively.

Clinical and epidemiological research

A backward, stepwise variable selection algorithm was applied
using a stopping rule based on a cut-off p value of 0.05. To
account for missing observations, the data were analysed,
using multiple imputations by chained equations, with 50
imputations obtained after 20 iterations.”® ** The variables
considered in the imputation models were all the character-
istics studied as prognostic factors, death status and Nelson-
Aalen estimator of the cumulative hazard. In these variables,
missing values ranged from 0% to 56.5%, with a median value
of 2.0%. The results were aggregated by pooling the estimates
obtained on each imputed data set according to Rubin’s rules.
To develop the SCleroderma mOrtality p Eustar (SCOpE)
prognostic score to use in clinical practice, we assigned points
by rounding the beta values multiplied by 5 for the significant
predictors, in order to obtain a minimal factor of 1.

The discriminative ability of the models was evaluated by
the C-index after bootstrap correction for overoptimism,
and by receiver operating characteristics (ROC) curve and
area under the curve (AUC) for 3-year mortality. The models
calibration was assessed by the calibration slope and the
bootstrap, bias-corrected calibration slope at 3 years. The

AUC at 3 years
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Figure 3  (A) ROC curves at 3 years for the SCOpE score. The lines

indicate ROC curves of 50 models from 50 imputed data sets. (B) Overall
survival according to simplified score categories. Curves are plotted for
each of the 50 imputed data set. Three-year survival according to SCOpE
score: 0.98 (0.97-0.99) (score: 0-4); 0.93 (0.92—-0.94) (score: 5-9);

0.80 (0.78-0.83) (score: 10-14); 0.53 (0.48-0.58) (score =15). AUC,
area under the curve; ROC, receiver operating characteristics; SCOpE,
SCleroderma mOrtality p Eustar.
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overoptimism induced by the models was corrected by multi-
plying the regression coefficients by the calibration slope.**
The 50 imputed data sets were internally validated by boot-
strapping with random generation of 200 samples from the
original data. This score was compared with the previous
Bryan score using an ROC analysis.”

All tests were two-sided at a 0.05 significance level. The anal-
yses were carried out using the R V.3.1.2 statistical software.
Further details are in the online supplementary methods.

RESULTS

Death certificates

Causes of death

Between 2000 and 2011, 6 474 953 adults died in France. SSc
was listed in 2719 death certificates, including 1608 as UCD
and 1111 as ACD, representing 0.04% of all death certifi-
cates issued during the study period (table 1). The mean age
at the time of death was 71.4=12.8 years (online supplemen-
tary figure 1). The female/male (2157 female and 562 male)
sex ratio was 3.8. The causes of death were cardiac in 31%,

respiratory in 18%, infectious in 11% and cancers in 9% of
cases (online supplementary table 1). Further information
is in the online supplementary information.

Mortality trends between 2000 and 2011

The overall, age-standardised mortality rate among patients
with SSc was 0.80 per 10° individuals, with a female/male ratio
of 2.49 (table 1). This rate decreased gradually from 1.03 per
10° men and women in year 2000, to 0.60 per 10° in year
2011 (figure 1A). The female-to-male ratio remained stable
throughout the period. The ratio of deaths in which SSc was
the UCD increased between 2000 and 2011, whereas the
proportion of deaths in which SSc was the ACD decreased
(figure 1B).

Comparison of causes of death with the general population

The OJE ratios for cardiovascular, respiratory and infectious diseases
were 1.36, 2.99 and 5.61, respectively, whereas the O/E for malig-
nancy was 0.33. The excess mortality associated with respiratory

Table 3  Predictors of low survival in the multiple variable model

Age, year

50-65

>65

Male sex

Diffuse cutaneous disease
>5years disease duration
Progressive digital vasculopathy*
Oesophageal or gastric disease manifestations
Intestinal involvement

Systemic hypertension
Scleroderma renal crisis
Palpitations

Prominent dyspnoea

Digital ulcers

Joint synovitis

Contracture

Tendon friction rub

Muscle weakness

Elevated C reactive protein
Elevated creatine kinase
Proteinuria

Left ventricular ejection fraction <50%
Pulmonary arterial hypertension*t
Interstitial lung disease

Carbon monoxide diffusion capacity <60% predicted

Forced vital capacity <70% predicted
Disease activity score =3

Antinuclear antibodies

Anti-Scl70 antibodies

Mode
Full Final Simplified
HR (95% Cl) p HR (95%Cl) p p score
1.93 (1.6 t0 2.32) <0.001 1.86 (1.56 t0 2.21) <0.001 3
3.91 (3.2 to 4.78) <0.001 3.63 (3.02 to 4.38) <0.001 6
1.37(1.15t0 1.64) <0.001 1.34(1.13 t0 1.58) 0.001 1
0.79 (0.67 to0 0.93) 0.006 1.25 (1.08 to 1.46) 0.004 1
0.91 (0.79 to 1.06) 0.23 - - -
0.91 (0.66 to 1.27) 0.58 - - -
1.04 (0.88 to 1.23) 0.65 - - -
1.13(0.97 t0 1.32) 0.13 - - -
0.94 (0.79 to 1.11) 0.46 - - -
1.56 (1.05 to 2.32) 0.029 1.48 (1.02 t0 2.15) 0.039 2
1.14(0.97 t0 1.35) 0.12 - - -
1.81(1.41 t0 2.31) <0.001 1.79 (1.43 t0 2.24) <0.001 3
1.27 (1.1 t0 1.47) 0.001 1.24 (1.08 to 1.42) 0.002 1
1.00 (0.83 to 1.21) 0.98 - - -
1.3(1.1t01.52) 0.002 1.28 (1.1 to 1.49) 0.001 1
0.96 (0.77 to 1.21) 0.75 - - -
1.3 (1.1 to 1.54) 0.002 1.34 (1.14 10 1.56) <0.001 1
2.47 (1.93 t0 3.15) <0.001 2.34(1.88 t0 2.93) <0.001 4
1.09 (0.86 to 1.38) 0.49 - - -
2.04 (1.59 to 2.61) <0.001 1.95 (1.53 to -2.47) <0.001 3
1.46 (1.07 to -2.01) 0.019 1.41 (1.04 10 1.91) 0.027 2
1.13 (0.65 to 1.95) 0.67 - - -
1.28 (1.09t0 1.5) 0.003 1.26 (1.08 to 1.46) 0.003 1
2.07 (1.75 to 2.44) <0.001 2.02 (1.72 to 2.38) <0.001 4
1.41 (11310 1.76) 0.003 1.4 (11310 1.73) 0.002 2
0.85 (0.63 to 1.14) 0.28 - - -
1.04 (0.76 to 1.45) 0.79 - - -
0.98 (0.83 t0 1.16) 0.8 - - -

*In the last month, dyspnoea was classified as prominent in presence of New York Heart Association functional class Il or IV.

tDiagnosed at time of right heart catheterisation; interstitial lung disease was considered present if visible on chest radiograph or on high-resolution CT scan; disease was active
if the disease activity score was =3; the full model contains all variables included in the multiple variable model. The final model is model after variable selection. The HRs are
pooled over the 50 imputed data sets and divided by the calibration slope of 0.94. Simplified score points were attributed to the variables of the final model by rounding the

regression coefficients multiplied by 5.
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diseases (O/E=3.77) was particularly prominent in men, while
that associated with cardiovascular (O/E=3.14) and respiratory
(O/E=9.50) diseases strongly involved patients <60 years (table 2).

EUSTAR sample

Causes of death

A total of 11193 patients with SSc were identified in the
EUSTAR sample (online supplementary table 3). Of these,
869% were women, 31.0% presented with the diffuse cutaneous
subtype and the mean disease duration was 8.1 years. Of these
patients, 1072 (9.6%) died. The mean age at time of death was
63.6+13.4 years and the mean disease duration was 12.3+12.4
years (online supplementary figure 2). Death was considered
SSc-related in 617 cases (57.6%) and unrelated to SSc in 270
cases (25.2%).

Additional forms were completed for 940/1072 (87.7%) deaths
by 64 participating centres (figure 2 and online supplementary table
3). The main causes of death were interstitial lung disease (ILD)
(16.8%), pulmonary arterial hypertension (PAH) (14.7%), cancer
(13.1%), primary heart disease (12.0%) and infection (9.1%).
Further details are in the online supplementary information.

Predictors of death and prognostic score

Among 11193 patients entered in the database, 7819 had =1 addi-
tional follow-up after the first visit (median follow-up: 2.3 (1.3—
5.3) years). The disease characteristics of the patients with versus
without =1 additional follow-ups were significantly dissimilar by
single, though not by multiple variable analysis (online supple-
mentary table 5). The 3-year survival rate (online supplementary
figure 3) was 89.3% (88.5%-90.2%). The 39 variables associated
with the 3-year mortality by single variable analysis are listed
in online supplementary table 6. Online supplementary table 7
shows the description of the full model variables (1) according to
the original data set (without imputation) and (2) averaged over
all complete data sets (including the imputed data). No signifi-
cant difference was observed between the two models. By Cox
multiple variable regression analysis, age, male sex, the cuta-
neous subset of the disease, elevated C reactive protein, class II-
IV dyspnoea, ILD, low carbon dioxide diffusing capacity, forced
vital capacity, proteinuria, scleroderma renal crisis, depressed
left ventricular ejection fraction, digital ulcers and joint involve-
ment were independent predictors of 3-year mortality (table 3),
allowing the development of the SCOpE score, ranging between
0 and 32. With an average corrected C-index of 0.80, this score
was discriminate. At 3 years, the average AUC was 0.82 (95%
CI 0.80 to 0.84; figure 3A). The AUC for 3-year mortality was
0.79 (95% CI 0.75 to 0.81) for diffuse and 0.82 (95% CI 0.80 to
0.85) for limited SSc (online supplementary figure 3¢). This score
was discriminative for both incident (<1year) and prevalent SSc
(online supplementary figure 3D). The discrimination power of
the SCOpE score for 3-year mortality was higher (AUC of 0.82
(95% CI 0.80 to 0.84)) than that of the Bryan score (AUC 0.72
(95% CI 0.70 to 0.74); p<0.001; online supplementary figure
3E).”® When divided into quartile, 599 patients with scores =15
had 2 0.53 (95% CI 0.48 to 0.58) 3-year survival rate, compared
with 2777 patients with scores <5, whose 3-year survival rate
was 0.98 (95% CI 0.97 to 0.99) (p<0.001; figure 3B).

DISCUSSION

The strengths of our report include our two-step study with first
the collection of all death certificates in France during a 10-year
period, corresponding to the analysis of 2719 death certificates
from patients with SSc, followed by the interrogation of the

very large EUSTAR database that included 11193 patients and
1072 deaths at the time of the analysis. This large collection
of patients represents the most robust report of any mortality
study and prediction score. Our analysis of two distinct sources
of information and the consistency of our results are evidence
that our methodology mitigated the effects of common biases
observed in previous studies.

We confirmed that primary heart disease is the main offender
in SSc explaining 30% of SSc deaths,' *©'* % 2¢ while athero-
sclerosis was responsible for only 5%-8% of deaths.*® This
highlights the importance of thorough cardiac investigations
to identify patients presenting with SSc at a preclinical stage of
PAH and cardiac involvement. Except for systemic hypertension,
neither the EUSTAR sample nor the death certificates included a
list of cardiovascular risk factors, preventing a correction of the
causes of deaths for rates of risk factors. However, in a previous
EUSTAR study, the typical cardiovascular risk factors were not
identified as important contributors to heart involvement.””

We confirmed that lung involvement is a major complication
of SSc, particularly in young patients and in men who, compared
with the general population, suffered respectively tenfold
and fourfold higher rates of deaths from respiratory diseases.
Accordingly, respiratory failure was recently shown to contribute
prominently to intensive care unit admissions for management
of $Sc.?® Besides the high mortality associated with respiratory
failure, our study revealed a high mortality from lung infections
and a fivefold higher rate of infectious deaths among patients
with SSc compared with the general population. These obser-
vations highlight the importance of the infectious risk associ-
ated with this disease and of the need to use specific therapeutic
measures that are underused, such as vaccinations.?’

We also observed a high proportion of death from cancer, of
the lung in particular, although compared with the general popu-
lation, the risk of death from cancer was not increased, in contrast
to other autoimmune diseases.’® Alternatively, premature death
due to terminal SSc may have obscured the age-related increase
in deaths from cancer. Finally, the death certificates might have
failed to mention the diagnosis of SSc when patients died from
cancer.

We observed a gradual decrease in standardised mortality rate
over time due to a decrease in mortality unrelated to SSc, while
the rate of deaths due to SSc increased. One possible explana-
tion for this finding is that increased survival among the general
population may largely account for the increased survival
observed in SSc in this study.! These observations should
encourage the community to urgently revise and improve the
care of SSc, by focusing on a more accurate identification of
poor-prognosis patients, who might benefit from aggressive
therapy, and from the development of a critically needed reli-
able prognostic score.

For this purpose, we developed a weighted risk equation
for survival at 3 years from a sample of over 11000 patients,
based on a rigorous data collection by study centres highly
skilled in SSc management. There was only a median of 2.0%
of missing prognostic variables and we used imputations to
minimise the possible role of missing values, and stratified
the data analysis by study centre. The respective weight of
the selected variables was similar before and after imputation
(online supplementary table 7), confirming the robustness
of our sample and of our data collection. The AUC of the
SCOPpE to predict the 3-year mortality was 0.82, and the reli-
ability of our score was confirmed by bootstrapping analysis.
This SCOpE ranged from 0 to 32, and is simple to calculate
(online supplementary appendix 3). When compared with
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the Bryan score, our SCOpE score was more discriminate
(p<0.001). This score confirmed its robustness in incident
and prevalent SSc, as well as in limited and diffuse cuta-
neous subtypes, suggesting that it is applicable to all patients
presenting with this disease. Using that score, we were able
to stratify patients among four sharply distinct groups of
severity. This risk stratification might help adapt the moni-
toring to the specific risk represented by a patient, contribute
to decision for expert centre referral and advance the diag-
nosis of internal organ involvement in patients whose score
is =15. Furthermore, the SCOpE score might help select the
candidates for high-level therapeutic interventions, such as
stem cell transplantation, and for inclusion in clinical trials
and preventive strategies. These broad applications should
be validated in dedicated studies. However, our study should
be interpreted within its limitations: (1) the precise cause of
death may be difficult to ascertain, for example in patients
who died away from diagnostic facilities. This may explain
disparities between death certificates and adjudicated expert
judgement.’ For example, in death certificates, pulmonary
embolism was believed to be responsible for 1/3 of cardiac-re-
lated deaths. We can hypothesise that most of these deaths
might be secondary to right heart involvement or PAH, which
were under-recognised by non-experts in SSc. The absence of
detailed clinical records and information regarding concom-
itant illnesses may also bias the death certificates, although
the inclusion of a large number of certificates in the analysis
should mitigate such biases. Furthermore, our observation of
similar causes of death in the certificates analysis and in the
EUSTAR sample supports our methodology. (2) The mean
disease duration in EUSTAR cohort was over 8 years, which
might cause missing of early deaths. However, thanks to the
very large population included, we assume this cohort is a
representation of our current practice. In addition, early SSc
(<3 years) was not associated with mortality. (3) We were not
able to externally validate the final model, but we have used
the bootstrapping method as a validation tool. Bootstrap-
ping is a robust method that is thought to be used when no
external cohort of patients is available.’* (4) Three thousand
patients did not have at least one follow-up visit. The disease
characteristics were not significantly different in multivariate
analysis between patients with and without follow-up, which
suggests that it may not have influenced our results. (5)
We decided to not include the treatments in our prediction
model because (1) in the absence of strict recommendations,
many of the disparities observed are based on clinical consid-
erations instead of various forms of the disease, and (2) we
wished to develop a score applicable to new patients as well
as patients already treated. (6) Finally, since both our study
samples included Caucasians, our score cannot be extrapo-
lated to other ethnic groups.

To conclude, our study should impress the community by
the lack of progress it reveals in the survival of patients with
SSc. An early and systematic management of the large propor-
tion of cardiac complications associated with this disease is
in order, in hope of extending survival in SSc. Because of
the large difference in mortality compared with the general
population, lung involvement as well as infections should be
prominently visible on the research agenda. We also devel-
oped a robust mortality score to estimate the 3-year survival
and risk-stratify patients. With the emergence of new ther-
apies in SSc, these results should help caregivers adapt the
monitoring and therapeutic strategies to the specific risk of
each patient, with a view to prolong the survival in SSc.
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CONCISE REPORT

Do depression and anxiety reduce the likelihood
of remission in rheumatoid arthritis and psoriatic
arthritis? Data from the prospective multicentre NOR-

DMARD study

Brigitte Michelsen,** Eirik Klami Kristianslund,' Joseph Sexton,’
Hilde Berner Hammer," Karen Minde Fagerli," Elisabeth Lie,' Ada Wierad,”
Syneve Kalstad,” Erik Redevand,® Frode Krall,” Glenn Haugeberg,*® Tore K Kvien'

ABSTRACT

Objective To investigate the predictive value of
baseline depression/anxiety on the likelihood of
achieving joint remission in rheumatoid arthritis (RA)
and psoriatic arthritis (PsA) as well as the associations
between baseline depression/anxiety and the
components of the remission criteria at follow-up.
Methods We included 1326 patients with RA and 728
patients with PsA from the prospective observational
NOR-DMARD study starting first-time tumour necrosis
factor inhibitors or methotrexate. The predictive value
of depression/anxiety on remission was explored

in prespecified logistic regression models and the
associations between baseline depression/anxiety and
the components of the remission criteria in prespecified
multiple linear regression models.

Results Baseline depression/anxiety according to
EuroQoL-5D-3L, Short Form-36 (SF-36) Mental Health
subscale =56 and SF-36 Mental Component Summary
<38negatively predicted 28-joint Disease Activity Score
<2.6, Simplified Disease Activity Index <3.3, Clinical
Disease Activity Index <2.8, ACR/EULAR Boolean and
Disease Activity Index for Psoriatic Arthritis <4 remission
after 3 and 6 months treatment in RA (p<0.008)

and partly in PsA (p from 0.001 to 0.73). Baseline
depression/anxiety was associated with increased
patient’s and evaluator's global assessment, tender joint
count and joint pain in RA at follow-up, but not with
swollen joint count and acute phase reactants.
Conclusion Depression and anxiety may reduce
likelihood of joint remission based on composite scores
in RA and PsA and should be taken into account in
individual patients when making a shared decision on a
treatment target.

INTRODUCTION

In today’s treatment of rheumatoid arthritis (RA)
and psoriatic arthritis (PsA), remission is the main
target. However, far from all patients reach this
target.’

Studies have suggested depression and anxiety
to be associated with greater perception of pain in
RA patients.” * Furthermore, depression has been
associated with reduced pain threshold and toler-
ance.* Depression is thought to promote sensitisa-
tion, to interfere with endogenous pain inhibition

and to have a profound long-term influence on
the shaping of pain responses and pain outcomes.*
Depression and anxiety are more common in RA
and PsA compared with the general population,
with reported prevalence between 10%-42% in RA
and 9%-37% in PsA.” ©

Only few studies have assessed the predictive
value of depression and anxiety in RA suggesting
poorer treatment outcomes.’ ~ Whether this can
be confirmed in larger, prospective studies using
various remission criteria, as well as in PsA, remains
unexplored.

In this study, we aimed to investigate the predic-
tive value of baseline depression and anxiety on the
likelihood of achieving joint remission in patients
with RA and PsA, in a large prospective multi-
centre observational register.® Secondary objectives
were to explore the associations between baseline
depression and anxiety and the components of the
remission criteria at follow-up.

METHODS

Patients

We included RA and PsA patients from the
Norwegian Disease-Modifying Anti-Rheumatic
Drug (NOR-DMARD) register,® who started first
tumour necrosis factor inhibitor (TNFi) with or
without comedication with methotrexate (MTX),
or started MTX as first DMARD, all patients
included only once (see online supplementary
figure S1). NOR-DMARD is a prospective obser-
vational multicentre study initiated in December
2000 including patients >18 years with inflamma-
tory arthropathies starting biological or synthetic
DMARDs. Assessments were made at baseline,
3, 6 and 12 months and then yearly. The study
comprises five centres in different geographical
regions in Norway.

The patients in the current analyses were included
between 1 March 2006 (introduction of Euro-
QoL-5D-3L (EQ-5D-3L)° and 6 November 2012
and followed until 15 April 2013. Written informed
consent was obtained from each patient. The study
was approved by the National Data Inspectorate
and by the Regional Ethics Committee.
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Table 1
5D-3L criterion

Demographics and baseline disease activity measures for patients with versus without baseline depression/anxiety according to the EQ-

Rheumatoid arthritis (n=1326)

Psoriatic arthritis (n=728)

Depressed/anxious

Not depressed/anxious

Depressed/anxious  Not depressed/anxious

(n=573) (n=753) p Value (n=326) (n=402) p Value
Age (years), mean (SD) 53.5(13.2) 55.3 (13.8) 0.02 46.9 (12.6) 48.9 (12.4) 0.03
Female, % 75.1 62.3 0.01 59.7 44.1 <0.001
Disease duration (years), median (25th, 75th
percentile) 0.27 (0.006, 5.3) 0.27 (0.003, 5.0) 0.72 0.95 (0.08, 6.4) 0.70 (0.04, 7.1) 0.78
Currently smoking n/total (%) 185/572 (32.3) 192/744 (25.8) 0.009 109/323 (33.7) 298/398 (25.1) 0.01
Joint pain, mean (SD) 51.8 (24.9) 40.5 (24.9) <0.001 52.6 (22.4) 42.2 (22.9) <0.001
32 tender joints, median (25th, 75th
percentile) 9(4,14) 6(3,11) <0.001 5(2,10) 4(2,8) 0.002
32 swollen joints, median (25th, 75th
percentile) 6(3,10) 5(3,10) 0.26 2(1,5) 3(1,6) 0.16
EGA, mean (SD) 37.6 (19.0) 35.4(19.3) 0.04 33.8(16.3) 31.1(15.7) 0.03
PGA, mean (SD) 55.2 (24.3) 42.5 (24.1) <0.001 56.2 (22.1) 44.6 (23.0) 0.001
DAS28ESR, mean (SD) 4.8(1.3) 4.5(1.4) <0.001 4.1(1.3) 3.8(1.2) 0.002
DAS28CRP, mean (SD) 46(1.2) 43(1.3) <0.001 4.0(1.1) 3.7(1.1) 0.002
SDAI (25th, 75th percentile) 22.4(15.6,32.3) 19.2 (12.1,30.5) <0.001 16.5(11.4,23.3) 13.9 (9.6, 21.0) 0.001
CDAI (25th, 75th percentile) 21.0 (14.2,30.4) 17.4(10.9, 27.5) <0.001 14.8 (10.6, 21.5) 12.8 (8.7, 18.9) 0.001
MHAQ (25th, 75th percentile) 0.8(0.4,1.1) 0.5(0.1,0.9) <0.001 0.6 (0.4, 1.0) 0.5(0.1,0.8) <0.001
Modified DAPSA, median (25th, 75th
percentile) 27.4(19.6, 38.0) 22.2 (14.5,34.1) <0.001 21.1(14.3,28.2) 17.5(11.7,24.7) <0.001
ESR, mm/h, median (25th, 75th percentile) 19 (11, 35) 21(11,37) 0.19 17 (7,30) 15 (8, 26) 0.42
CRP, mg/L, median (25th, 75th percentile) 8 (3, 21) 8(5,23) 0.29 7(3,20) 6 (4, 155) 0.70
Erosive disease at baseline, n/total (%) 249/558 (44.6) 3171731 (43.4) 0.65 115/320 (35.9) 144/385 (37.4) 0.69

CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAPSA, Disease Activity Index for Psoriatic Arthritis; DAS28ESR, 28-joint Disease Activity Score; EGA, evaluator's
global assessment on a 0—100 Visual Analogue Scale (VAS) scale; ESR, erythrocyte sedimentation rate; MHAQ, Modified Health Assessment Questionnaire; PGA, patient’s global

assessment on a 0—100 VAS scale; SDAI, Simplified Disease Activity Index.

Assessments

Assessments included 32 tender/swollen joint count (28 joint
count with addition of ankles (0-2) and metatarso-phalangeal
joints (0-2)), visual analogue scales (0-100 mm) for joint pain,
patient’s and evaluator’s global assessments, Modified Health
Assessment Questionnaire,'’ erythrocyte sedimentation rate
(mm/hour), C reactive protein (CRP; mg/L), disease duration,
current smoking status (yes/no) and erosive disease at baseline
(yes/no). Twenty-eight-joint Disease Activity Score (DAS28),"
Simplified Disease Activity Index (SDAI)'" and Clinical Disease
Activity Index (CDAI)'! were computed, as well as a modified
Disease Activity Index for Psoriatic Arthritis (DAPSA)'* using
32 instead of 66/68 joint count and joint pain instead of pain.
The following criteria for depression/anxiety were applied:
(1) EQ-5D-3L question 5: ‘I am not or moderately/extremely
anxious or depressed’,” (2) Medical Outcomes Survey Short
Form-36 (SF-36) Mental Health subscale (SF-36 MH)<356" and
(3) SF-36 Mental Component Summary (SF-36MCS)<38."* The
following remission criteria were explored: (1) DAS28 <2.6,"
(2) SDAI 3.3, (3) CDAI <2.8," (4) ACR/EULAR Boolean'’
and (5) DAPSA <4."

Statistics
For the patients’ demographic and baseline characteristics
medians (25th and 75th percentiles) were calculated for non-nor-
mally and means (SD) for normally distributed data. Continuous
measures were compared using Mann-Whitney U-test or inde-
pendent t-test as appropriate. Proportions were analysed using
X test.

In the main analyses, as well as in subgroup analyses of TNFi/
MTX-treated patients, the predictive value of depression/

anxiety for DAS28, SDAI, CDAI, ACR/EULAR Boolean and
DAPSA remission after 3 and 6 months treatment was explored
in prespecified logistic regression models adjusted for age, sex,
disease duration and smoking.

The analyses were performed as completer analyses and
without adjustment for multiple comparisons. Sensitivity anal-
yses with additional adjustment for baseline erosive disease and
CRP were performed.

In secondary analyses, the components of the remission
criteria at 3 and 6 months follow-up were explored for patients
with and without baseline depression/anxiety in prespecified
multiple linear regression models adjusted for age, sex, disease
duration and smoking, as well as with and without adjustment
for baseline values of the explored outcome variables. Statistical
tests were performed using SPSS for Windows V.21.0.

RESULTS

Demographics and baseline disease activity measures according
to EQ-5D-3L depression/anxiety status are shown in table 1.
Number/total (%) of depressed/anxious patients according to
SF-36MH <56/ SF-36 MCS=<38 was 238/1311 (18.2)/ 381/1277
(29.8) in RA and 115/724 (15.9)/ 182/708 (25.7) in PsA,
respectively.

Associations between baseline depression/anxiety and
achievement of joint remission

The proportion of patients achieving joint remission was overall
lower in patient with versus without baseline depression/anxiety
(figure 1).
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Figure 1 Bar charts of percentages of rheumatoid arthritis and psoriatic arthritis patients in remission at 6 months across presence versus absence

of depression/anxiety. CDAI, Clinical Disease Activity Index; DAPSA, Disease Activity Index for Psoriatic Arthritis; DAS28, 28-joint Disease Activity Score;
EQ-5D-3L, question 5 from the EuroQol-5D-3L questionnaire; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SDAI, Simplified Disease Activity Index;
SF-36MH, Medical Outcomes Survey Short Form-36 Mental Health subscale; SF-36MCS, Medical Outcomes Survey Short Form-36 Mental Component

Summary.
Baseline depression/anxiety according to EQ-5D-3L, baseline values of the explored outcome variables did not change
SF-36MH=<56 and SF-36MCS=<38 negatively predicted the main results.

achievement of DAS28, SDAI, CDAI, ACR/EULAR Boolean
and DAPSA remission after 3 and 6 months treatment in RA.
Corresponding findings in PsA also showed consistently lower
point estimates but did not reach significance for all the analyses
(table 2).

The findings were consistent also in sensitivity analyses (see
online supplementary table S1). In subgroup analyses of TNFi/
MTX-treated patients, baseline depression/anxiety according to
EQ-5D-3L, SF36-MH<56 and SF36-MCS<38 were found to
be negative predictors of remission at 6 months in RA, but only
partly in PsA (see online supplementary tables $2—4).

Secondary outcomes analyses

Baseline depression/anxiety was associated with increased
patient’s and evaluator’s global assessment, joint pain and tender
joint count at 3 and 6 months in RA and with increased patient’s
global assessment and joint pain in PsA, but not with swollen
joint count or levels of acute phase reactants (see online supple-
mentary tables S5a-c and Sé6a-c). Additional adjustment for

DISCUSSION

In this prospective multicentre observational study, baseline
depression and anxiety were found to be strong negative predic-
tors of remission after 3 and 6 months treatment in RA, and
partly in PsA, using joint-specific measures of remission. The
findings were valid across different depression/anxiety and
remission criteria, as well as in subgroup analyses of TNFi-
treated and MTX-treated patients.

The thresholds SF-36MH=<56 and SF-36MCS<38 were
recently found to have good sensitivity and specificity to detect
depression and anxiety in RA patients.”® The EULAR recom-
mendation to use one single question to screen for depression in
chronic inflammatory rheumatic diseases is in accordance with
the EQ-5D-3L criterion,"® which may measure slightly different
aspects compared with the more comprehensive SF-36 derived
criteria.

The prespecified logistic regression model was adjusted for
age, sex, disease duration and smoking, but not for recently
identified predictors in NOR-DMARD for only one or some
of the explored remission criteria, nor for patient-reported
outcomes (PROs) or composite scores comprising PROs, as these
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Table 2 The predictive value of baseline depression/anxiety for achievement of joint remission after 3 and 6 months treatment (logistic regression analyses)
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CDAI, Clinical Disease Activity Index; DAPSA, Disease Activity Index for Psoriatic Arthritis; DAS28, 28-joint disease activity score; EQ-5D-3L, question five from the EuroQol-5D-3L questionnaire; PsA, psoriatic arthritis (n

1326); SDAI, Simplified Disease Activity Index; SF-36MH, Medical Outcomes Survey Short Form-36 Mental Health subscale; SF-36MCS, Medical Outcomes Survey Short Form-36 Mental Component Summary.

arthritis (n

may be symptoms of/ influenced by depression and anxiety.>* 1

The validity of the findings reported in table 2 was confirmed in
sensitivity analyses with adjustment for additional covariates (see
online supplementary table S1).

This study is in line with a recent study in which self-reported
lifetime history of depression was associated with decreased like-
lihood of 6 months CDAI remission in RA.” However, associa-
tions between baseline depression and the components of CDAI
at follow-up were not confirmed. Furthermore, in post hoc
analyses of clinical trial data in RA. persisting depression/anxiety
assessed by EQ-5D was associated with a decreased likelihood
of DAS28 remission as well as higher patient’s global assessment
and tender joint count after 2years.” By contrast, in a smaller
study in RA, depression/anxiety did not reach significance as
predictors of 1-year DAS28 remission.'” Still, baseline depres-
sion/anxiety was associated with higher tender joint count and
patient’s global assessment at follow-up.'”

We have recently reported reduced likelihood of remission
among RA and PsA patients with discordance between baseline
patient’s and evaluator’s global assessment as well as tender and
swollen joint count.'® Discordance between more subjectively
and more objectively weighted measures of disease activity may
be reflected by psychosocial factors like depression.*

Major limitations of the study are lack of consensus on
validated remission criteria in PsA, lack of established diag-
noses of depression and anxiety, as well as lack of psoriasis
severity information, as psoriasis may have major implications
for mental health. Furthermore, the assessment of 32 and not
66/68 joint count may have led to overestimation of remission
rates in PsA and missing data handled by completer analyses
may have affected the generalisability of the results. Finally,
the modification of DAPSA with 32 instead of 66/68 joint
count and joint pain instead of pain is not validated for PsA
and DAPSA is developed as remission criterion for PsA and not
RA12

The major strength of this study is the prospective observa-
tional multicentre design and the inclusion of large cohorts of
RA and PsA patients over a long time span. Furthermore, this
is the first study to assess the predictive value of depression and
anxiety on achievement of remission in PsA and the first study
using EQ-5D as well as SF-36-derived depression/anxiety criteria
as predictors of remission in RA. The consistent findings for
these different predictors support the validity and the robustness
of the results.

Depression and anxiety are frequently occurring disorders but
are not widely considered in routine care of arthritis patients,
although of considerable economic impact to the society.® '
Increased emphasis on the negative predictive value of depres-
sion and anxiety ought to be considered as part of a treat-to-
target strategy in patients not reaching remission. In particular,
alternative targets to composite scores may be considered in
the shared decision making between the patient and healthcare
provider. Thus, depression and anxiety should be taken into
account according to recommendation number 5 (RA) and 6
(PsA) in the treat-to-target recommendations.?’ %!

In conclusion, depression and anxiety were found to be strong,
negative predictors of joint remission at 3 and 6 months treat-
ment in RA and partly in PsA, according to various remission
as well as depression/anxiety criteria. Depression and anxiety
were associated to more subjectively weighted measures, but not
acute phase reactants and swollen joint count during follow-up.
These observations support a focus on depression and anxiety as
comorbidities in a treat-to-target strategy.
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CONCISE REPORT

Role of erosions typical of rheumatoid arthritis in the
2010 ACR/EULAR rheumatoid arthritis classification
criteria: results from a very early arthritis cohort

Gina Hetland Brinkmann,"? Ellen S Norli,* Pernille Boyesen,® Désirée van der Heijde,*
Lars Gravle,' Anne J Haugen,' Halvor Nygaard,” Olav Bjerneboe,? Cathrine Thunem,®
Tore K Kvien,” Maria D Mjaavatten,” Elisabeth Lie’

ABSTRACT

Objective To determine how the European League
Against Rheumatism (EULAR) definition of erosive
disease (erosion criterion) contributes to the number of
patients classified as rheumatoid arthritis (RA) according
to the 2010 American College of Rheumatology/EULAR
RA classification criteria (2010 RA criteria) in an early
arthritis cohort.

Methods Patients from the observational study
Norwegian Very Early Arthritis Clinic with joint swelling
<16 weeks, a clinical diagnosis of RA or undifferentiated
arthritis, and radiographs of hands and feet were
included. Erosive disease was defined according to the
EULAR definition accompanying the 2010 RA criteria.
We calculated the additional number of patients being
classified as RA based on the erosion criteria at baseline
and during follow-up.

Results Of the 289 included patients, 120 (41.5%)
fulfilled the 2010 RA criteria, whereas 15 (5.2%) fulfilled
only the erosion criterion at baseline. 118 patients had
radiographic follow-up at 2 years, of whom 6.8% fulfilled
the 2010 RA criteria and only one patient fulfilled solely
the erosion criterion during follow-up.

Conclusion Few patients with early arthritis were
classified as RA based on solely the erosion criteria, and
of those who did almost all did so at baseline.

INTRODUCTION

The aim with the 2010 American College of
Rheumatology (ACR)/European League Against
Rheumatism (EULAR) rheumatoid arthritis (RA)
classification criteria (2010 RA criteria) was
to identify patients at high risk for developing
persistent erosive and/or inflammatory disease in
the early stage of the disease. Erosions were not
considered for inclusion in the scoring system by
the ACR/EULAR working group because patients
with erosions typical of RA were presumed to
have prima facie evidence of RA.' Later, a task
force suggested that the presence of =3 joints
with typical erosions is sufficient to classify
patients as having RA based on erosive disease on
radiographs alone (erosion criterion).”?

The main objective of this study was to assess
to what degree the EULAR definition of erosive
disease contributes to the number of patients
classified as RA according to the 2010 RA
criteria.

METHODS

Setting and patient selection

The current analyses were based on data from
the observational, prospective Norwegian Very
Early Arthritis Clinic study, including patients
with =1 clinically swollen joint of <16 weeks’
duration.* The cohort included 1118 patients
(age 18-75 years) between years 2004 and 2010
with study visits at baseline and after 3, 6, 12 and
24 months. Patients with joint swelling due to
trauma, osteoarthritis, crystal arthritis or septic
arthritis were excluded. The study was approved
by the Regional Ethics Committee of Southern
Norway.

In this current study patients with a clinical diag-
nosis other than RA or undifferentiated arthritis
(UA) at baseline were excluded. We included the
remaining patients with radiographs of hands and
feet at baseline (online supplementary file 1). A
subset of these patients had radiographs both at
baseline and at 2 years of follow-up (online supple-
mentary file 2, figure S2). The 2010 RA criteria
were retrospectively applied at baseline and cumu-
latively at follow-up visits.

Data collection and radiographic assessment

The full data collection has been described else-
where.* In the current study, conventional hand and
feet radiographs were performed at baseline and at
24 months in patients included from year 2007 and
onwards.

A trained reader, blinded to patient charac-
teristics, scored radiographs of hands and feet
according to the van der Heijde modified Sharp
score method.” The time order of the radiographs
was known. We defined erosive disease according
to the EULAR definition accompanying the 2010
RA criteria: ‘Erosive disease for use in the 2010
RA criteria is defined when an erosion (defined as
a cortical break) is seen at at least three separate
joints at any of the following sites: the proximal
interphalangeal (PIP) joints, metacarpophalan-
geal (MCP) joints, the wrist (counted as one joint)
and the metatarsophalangeal (MTP) joints on
radiographs of both hands and feet’.> The wrist
includes the carpometacarpal(CMC) bone, trape-
zium, scaphoid, lunate, radial and ulnar bone.
The 1st interphalangeal (IP1) joint of the feet is
included in the MTP joints.
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N=118

[ Patients with follow-up data: ]

y

Fulfilling the 2010 RA criteria at baseline (n=59):

No erosive joints: n=33
21 erosive joint: n=26

22 erosive joints: n=15
23 erosive joints: n=11

|

Not fulfilling the 2010 RA criteria at baseline (n=59):

No erosive joints: n=41
21 erosive joint: n=18
22 erosive joints: n=10
23 erosive joints: n=7

| l

during follow-up: n=8

[ Fulfilling the 2010 RA criteria ] Not fulfilling the 2010 RA criteria

ever (n=51):

| No erosive joints at 2 years: n=32

4

All patients fulfilling the 2010 RA criteria (n=67):

No erosive joints at 2 years: n=29
21 erosive joint at 2 years: n=38
22 erosive joints at 2 years: n=25

23 erosive joints at 2 years: n=20

Figure 1

21 erosive joint at 2 years: n=19
22 erosive joints at 2 years: n=11
23 erosive joints at 2 years: n=6*

Fulfilment of the 2010 RA criteria and presence of erosive joints in patients at baseline and during follow-up. *Five patients had =3 erosive

joints at baseline and one patient developed >3 erosions during follow-up. RA, rheumatoid arthritis.

Analyses

The number of patients being classified as RA based on the 2010
RA criteria and on the erosion criterion (without fulfilling the
2010 RA criteria), as well as the number of patients with =1
and =2erosive joints, were calculated at baseline and during
follow-up. We also evaluated the distribution of erosive joints.
Additionally, incident erosions during follow-up in patients
without baseline erosions were determined.

RESULTS

Fulfilment of the 2010 RA criteria and the EULAR definition of
erosive disease (erosion criterion)

The baseline characteristics of the 289 patients included in the
current study are shown in online supplementary file, table S1.
One hundred and twenty (41.5%) patients fulfilled the 2010 RA
criteria at baseline, of whom 49 (40.8%) patients had =1 erosive
joint and 17 (14.2%) fulfilled the erosion criterion. Of the
remaining 169 patients not fulfilling the 2010 RA criteria, 15
patients fulfilled the erosion criterion, 27 had =2 erosive joints
and 55 patients had =1 erosive joint.

One hundred and eighteen patients had 2-year radiographic
follow-up data. Presence/absence of erosions at baseline and
follow-up in relation to the fulfilment of the 2010 RA criteria
is shown in figure 1. Of all 118 patients, 8 additional patients
(6.8%) fulfilled the 2010 RA criteria during follow-up, while
6 fulfilled the erosion criterion alone, of whom 5 patients at
baseline.

Characteristics of patients with erosions

Table 1 presents the baseline characteristics of patients not
fulfilling and patients fulfilling the 2010 RA criteria. The 15
patients who fulfilled the erosion criterion but not the 2010 RA
criteria were all seronegative. They also had numerically shorter

duration of joint swelling, were more often men and had fewer
involved joints than those who fulfilled the 2010 RA criteria.
One of these 15 patients received the final clinical diagnosis RA,
while the rest of the patients were diagnosed with UA (n=10),
reactive arthritis (n=1), chondrocalcinosis (n=1) or osteoar-
thritis (n=2). Furthermore, 2 of the 15 patients were treated
with disease modifying antirheumatic drugs (DMARDs) (1
patient with RA and 1 patient with reactive arthritis).

Distribution of erosive joints at baseline in patients not
fulfilling the 2010 RA criteria and incident erosions during
follow-up

As shown in table 2, the MTP and PIP joints were the most
frequently affected joints at baseline. Of the 169 patients not
fulfilling the 2010 RA criteria, 40 patients had =1hand erosion,
28 had =1foot erosion and 13 had erosions in both hands
and feet at baseline. Among patients with no baseline erosions
(n=74), 13 (17.6%) developed erosions during follow-up
(PIP joints n=3, MCP n=4, wrist n=4, MTP joints n=12), of
whom 7 fulfilled the 2010 RA criteria at baseline, and 2 patients
fulfilled both the 2010 RA criteria (at baseline) and the erosion
criterion (during follow-up).

DISCUSSION
Nearly 42% of the 289 patients fulfilled the 2010 RA criteria
at baseline, and only additional 6.8% (eight patients) did so
during the 2-year follow-up. In total, 16 patients were classified
as RA based on the erosion criterion (15 at baseline and 1 during
follow-up). We obtained nearly the same percentage fulfilling the
erosion criterion at baseline as observed in the two cohorts used
to define the erosion criterion (5.2% vs 3.3%, respectively).®
Finding patients with =3 erosive joints at baseline is surprising
considering the short duration of joint swelling, that is, <16
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Table 1

Baseline characteristics of patients with and without erosions not fulfilling and patients fulfilling the 2010 RA criteria

Patients not fulfilling the 2010 RA criteria at baseline (n=169)

Patients fulfilling
the 2010 RA criteria
at baseline (n=120)

No erosions (n=114)

=1erosion (n=55)

=2 erosions (n=27)

=3 erosions* (n=15)

Age, mean (SD) 41.4(14.1)
Female gender, n (%) 59 (51.8)
Duration of joint swelling (days), median (25, 75 31 (11,67)
percentile)

Ever smoker, n (%) 54 (47.4)

RF and/or ACPA positive, n (%) 6 (5.4)
—RF (IgM or IgA) positive, n (%) 5 (4.5)

— ACPA positive, n (%) 3(2.7)

ESR, mm/hour, median (25, 75 percentile) 20 (9, 36.25)
CRP, mg/L, median (25, 75 percentile) 12 (2, 41.75)
68-SJC, median (25, 75 percentile) 2(1,3)
28-TJC, median (25, 75 percentile) 1(1,2)
Small joint involvement, n (%) 51 (44.7)
Polyarticular arthritist, n (%) 14 (12.3)
HAQ, mean (SD) 0.72 (0.6)
DAS28, mean (SD) 3.6(1.2)
Criteria points, median (25, 75 percentile) 3(1,4)

56.4 (11.2) 59.6 (10.0) 61.8(10.9) 52.3 (13.7)
26 (47.3) 13 (48.1) 6 (40.0) 72 (60.0)
36 (9, 67) 55 (17, 76) 48 (17, 76) 67 (37, 88)
33 (60.0) 18 (66.7) 11(73.3) 89 (74.2)
6(10.9) 2(7.4) 0 78 (65.5)
2(3.6) 0 0 61 (51.3)
5(9.1) 2(7.4) 0 67 (56.3)
20 (10,37) 32.5 (14, 41) 34 (14, 44) 28 (14.25, 44.75)
10 (3, 30) 10 (4, 30) 16 (6, 28) 15.5 (6, 38)
2(1,4) 2(1,5) 3(2,6) 11(5,17)
2(1,4) 1(1,4) 1(1,3) 7.5 (4,12.75)
35 (63.6) 18 (66.7) 13 (86.7) 118(98.3)
13 (23.6) 7(25.9) 5(33.3) 98 (81.7)
0.72 (0.6) 0.62 (0.5) 0.65(0.5) 1.07 (0.7)
4.0(1.2) 4.1(1.1) 4.1(1.1) 5.4(1.3)
4(2,4) 4(3,4) 4(3,4) 7(6,9)

Small joint involvement, metacarpophalangeal joints, proximal interphalangeal joints, second through fifth metatarsophalangeal joints, thumb interphalangeal joints and wrists.

*Fulfilling the erosion criterion.
t>4 swollen joints.

28-TJC, 28-tender joint count; 68-SJC, 68-swollen joint count (standard 66-SJC plus hip joints); ACPA, anticitrullinated peptide antibody; CRP, C reactive protein; DAS28, Disease
Activity Score-28; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; RA, rheumatoid arthritis; RF, rheumatoid factor.

weeks. A proportion of patients have erosions at first presen-
tation,® and this has been found to be a predictor for severe
destructive disease in patients with early RA.” ® However, data
from our study regarding DMARD use and final clinical diag-
nosis indicate that the majority of patients fulfilling only the
erosion criterion at baseline were false-positives.

To our knowledge, few studies have looked at the role of the
erosion criterion in classifying patients with early RA. Le Loét
et al’ studied 310 patients with early arthritis (median symptom
duration of 128 days), and no patients with a 2010 RA criteria
score <6 fulfilled the erosion criterion at baseline. Patients in our
study had a higher mean Disease Activity Score-28 at baseline
than the French patients, which could have contributed to the
discrepancy in the erosive findings. The patients in the present
study who solely fulfilled the erosion criterion at baseline were
all seronegative, had fewer involved joints and more often male
compared with patients fulfilling the 2010 RA criteria. Most
of these are expected, as being seropositive and having more
involved joints are included as points in the 2010 RA criteria.

Table 2 Distribution of erosive joints in patients not fulfilling the
2010 RA criteria at baseline

Erosive joints at baseline

PIP MCP Wrist* MTPt
>1 Erosive joint (n=55) 23 17 20 34
>2 Erosive joints (n=27) 1" 13 18 20
>3 Erosive joints (n=15) 6 8 15 15

*The CMC bone, the trapezium, the scaphoid, the lunate, the radial and the ulnar
bone.

tIP1, MTP2, MTP3, MTP4 and MTP5.

RA, rheumatoid arthritis; PIP, proximal interphalangeal; MCP, metacarpophalangeal;
CMC, carpometacarpal; IP1, 1st interphalangeal.

The MTP joints in the feet had the highest occurrence of
erosions both at baseline and during follow-up. A previous study
of patients with UA with erosive joints at baseline suggested that
presence of erosions in the joints of the feet was slightly more
predictive for developing RA than erosions in the hand joints."

The task force that defined the erosion criterion concluded
that the specificity of a cut-off of =2 erosive joints would be too
low.* Our results show that using =2 erosive joints as cut-off
would have increased the number of patients being classified as
RA with 27 (16.0%) at baseline and another 4 patients during
follow-up. Although the baseline characteristics of patients with
=2 and =3 were quite similar, the low number of patients with
radiographic follow-up data makes it difficult to consider the
consequences of having =2 erosive joints as cut-off regarding
disease course and outcome.

A limitation of our study is the low rate of radiographic
follow-up. We believe that many patients declined or were not
referred to radiographic follow-up because they were feeling
healthy. Another limitation is the small number of patients with
erosive joints in general, which precludes meaningful statistical
comparisons. Additionally, if our inclusion criteria had allowed
for longer duration of joint swelling, the proportion of patients
developing =3 erosive joints might have been larger, as RA often
has an insidious onset. Ideally, the baseline radiographs should
also have been read separately; however, we do not think this
has had a major impact on the results because the reader was
unaware of the purpose of scoring the radiographs. Additionally,
there were only a few patients developing incident erosions.

In conclusion, few patients were classified as RA based on the
erosion criterion without fulfilling the 2010 RA criteria. Of those
who did, almost all did so at baseline; thus, our results suggest
that follow-up radiographs in patients with early UA might be
of limited value for classifying patients with RA. Furthermore,
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data regarding DMARD use and clinical diagnosis indicate that
despite having erosions at baseline, patients with UA may end up

with other clinical diagnoses than RA.

Acknowledgements The authors thank the patients, the physicians and study
nurses, and the laboratory and radiology staff for participating in the NOR-VEAC
study.

Contributors GHB, ESN, MDM, DvdH, TKK and EL contributed to the study design,

including formulation of the research questions. GHB, ESN, MDM and EL were

responsible for analysing and interpreting the data, and drafting the manuscript. All

authors critically revised the manuscript and approved the final version.
Competing interests None declared.

Patient consent Obtained.

Ethics approval The Regional Ethics Committee of Southern Norway.
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) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES
1 Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid arthritis classification criteria:
an American College of Rheumatology/European League Against Rheumatism
collaborative initiative. Ann Rheum Dis 2010;69:1580-8.

2

w1

Knevel R, Lukas C, van der Heijde D, et al. Defining erosive disease typical of RA in
the light of the ACR/EULAR 2010 criteria for rheumatoid arthritis; results of the data
driven phase. Ann Rheum Dis 2013;72:590-5.

van der Heijde D, van der Helm-van Mil AH, Aletaha D, et al. EULAR definition of
erosive disease in light of the 2010 ACR/EULAR rheumatoid arthritis classification
criteria. Ann Rheum Dis 2013;72:479-81.

Mjaavatten MD, Haugen AJ, Helgetveit K, et al. Pattern of joint involvement and other
disease characteristics in 634 patients with arthritis of less than 16 weeks' duration. J
Rheumatol 2009;36:1401-6.

van der Heijde D. How to read radiographs according to the sharp/van der Heijde
method. J Rheumatol 2000;27:261-3.

Aletaha D, Funovits J, Breedveld FC, et al. Rheumatoid arthritis joint progression in
sustained remission is determined by disease activity levels preceding the period of
radiographic assessment. Arthritis Rheum 2009;60:1242-9.

Smolen JS, van der Heijde DM, Aletaha D, et al. Progression of radiographic joint
damage in rheumatoid arthritis: independence of erosions and joint space narrowing.
Ann Rheum Dis 2009;68:1535-40.

van Nies JA, van Steenbergen HW, Krabben A, et al. Evaluating processes underlying
the predictive value of baseline erosions for future radiological damage in early
rheumatoid arthritis. Ann Rheum Dis 2015;74:883-9.

Le Loét X, Nicolau J, Boumier P, et a/. Validation of the 2010-ACR/EULAR
-classification criteria using newly EULAR-defined erosion for rheumatoid arthritis

on the very early arthritis community-based (VErA) cohort. Joint Bone Spine
2015;82:38-41.

Thabet MM, Huizinga TW, van der Heijde DM, et a/. The prognostic value of baseline
erosions in undifferentiated arthritis. Arthritis Res Ther 2009;11:R155.

1914 Brinkmann GH, et al. Ann Rheum Dis 2017;76:1911-1914. doi:10.1136/annrheumdis-2017-211350


http://dx.doi.org/10.1136/ard.2010.138461
http://dx.doi.org/10.1136/annrheumdis-2012-202778
http://dx.doi.org/10.1136/annrheumdis-2012-202779
http://dx.doi.org/10.3899/jrheum.081217
http://dx.doi.org/10.3899/jrheum.081217
http://dx.doi.org/10.1002/art.24433
http://dx.doi.org/10.1136/ard.2008.094128
http://dx.doi.org/10.1136/annrheumdis-2013-204659
http://dx.doi.org/10.1016/j.jbspin.2014.03.008
http://dx.doi.org/10.1186/ar2832
http://ard.bmj.com/
http://group.bmj.com

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2017-211300).

For numbered affiliations see
end of article.

Correspondence to
Professor Ranjeny Thomas,
University of Queensland
Diamantina Institute, Level 4,
R Wing, Princess Alexandra
Hospital, Ipswich Road,
Woolloongabba 4102,
Queensland, Australia;
ranjeny.thomas@ug.edu.au

SWS and S-CL contributed
equally.

Received 13 February 2017
Revised 26 May 2017
Accepted 1 July 2017
Published Online First

11 August 2017

@ CrossMark

To cite: Scally SW, Law S-C,
Ting YT, et al. Ann Rheum Dis

2017;76:1915-1923.

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Basic and translational research

EXTENDED REPORT

Molecular basis for increased susceptibility of
Indigenous North Americans to seropositive

rheumatoid arthritis

Stephen W Scally," Soi-Cheng Law,” Yi Tian Ting, ' Jurgen van Heemst,?

Jeremy Sokolove,* Aaron J Deutsch,” E Bridie Clemens,® Antonis K Moustakas,’

George K Papadopoulos,® Diane van der Woude,” Irene Smolik,? Carol A Hitchon,®
David B Robinson,’ Elizabeth D Ferucci,'® Charles N Bernstein,’ Xiaobo Meng,’
Vidyanand Anaparti,” Tom Huizinga, Katherine Kedzierska,® Hugh H Reid,’

Soumya Raychaudhuri,"'%'31* René E Toes,® Jamie Rossjohn, """ Hani El-Gabalawy,”

Ranjeny Thomas®

ABSTRACT

Objective The pathogenetic mechanisms by which
HLA-DRBT alleles are associated with anticitrullinated
peptide antibody (ACPA)-positive rheumatoid arthritis
(RA) are incompletely understood. RA high-risk HLA-
DRB1 alleles are known to share a common motif,

the ‘shared susceptibility epitope (SE)". Here, the
electropositive P4 pocket of HLA-DRB1 accommodates
self-peptide residues containing citrulline but not
arginine. HLA-DRB1 His/Phe 13 stratifies with ACPA-
positive RA, while His13BSer polymorphisms stratify with
ACPA-negative RA and RA protection. Indigenous North
American (INA) populations have high risk of early-
onset ACPA-positive RA, whereby HLA-DRB1*04:04
and HLA-DRB1*14:02 are implicated as risk factors for
RA in INA. However, HLA-DRB1*14:02 has a His133Ser
polymorphism. Therefore, we aimed to verify this
association and determine its molecular mechanism.
Methods HLA genotype was compared in 344 INA
patients with RA and 352 controls. Structures of HLA-
DRB1*1402-class Il loaded with vimentin-64Arg, _,
vimentin-64Cit,, . and fibrinogen B—74Cit,, ., were
solved using X-ray crystallography. Vimentin-64Cit,
,,-specific and vimentin, . -specific CD4+ T cells

were characterised by flow cytometry using peptide-
histocompatibility leukocyte antigen (pHLA) tetramers.
After sorting of antigen-specific T cells, TCRow and
[B-chains were analysed using multiplex, nested PCR and
sequencing.

Results ACPA* RA in INA was independently
associated with HLA-DRB1*14:02. Consequent to the
His13BSer polymorphism and altered P4 pocket of
HLA-DRB1*14:02, both citrulline and arginine were
accommodated in opposite orientations. Oligoclonal
autoreactive CD4+ effector T cells reactive with both
citrulline and arginine forms of vimentin, . were
observed in patients with HLA-DRB1*14:02" RA and
at-risk ACPA™ first-degree relatives. HLA-DRB1*14:02-
vimentin,, . -specific and HLA-DRB1*14:02-vimentin-
64Cit,, ., -specific CD4+ memory T cells were
phenotypically distinct populations.

Conclusion HLA-DRB1*14:02 broadens the capacity
for citrullinated and native self-peptide presentation and
T cell expansion, increasing risk of ACPA+ RA.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease
with peak incidence in the sixth decade and preva-
lence of 1% in Caucasians, linked to HLA-DRBI.
HLA-DRB1 alleles associated with anticitrullinated
peptide antibody (ACPA)-positive RA in Cauca-
sians share a common motif in the third hypervari-
able region, the ‘shared susceptibility epitope (SE)’,
which was shown to accommodate citrullinated
(Cit) self-epitopes.’™ Citrulline is post-translation-
ally modified from arginine during inflammation,
endoplasmic reticulum (ER) stress and autophagy.*’
Various RA-associated Cit-autoantigens, recognised
by ACPA, are present in inflamed sites, including
joint tissues. Low-titre ACPA develops in healthy
individuals associated with environmental risk factors
including smoking and periodontitis, but are unre-
lated to HLA-DR SE."" In the immediate pre-RA
period, ACPA isotype diversity and titre increase —
a process associated with antigen-specific CD4+ T
cell help for affinity maturation in germinal centres.®
HLA-DR SE is associated with ACPA™ RA rather than
ACPA, implying that presentation of Cit-autoantigens
bound to HLA-DR SE molecules to CD4" T cells is
associated with RA development in at-risk individuals
carrying HLA-DR SE.

Based on genome-wide studies (GWAS) in patients
of predominantly Caucasian and Asian ethnicity,
HIA alleles associated with ACPA-positive RA,
including HLA-DRB1*04:01, HLA-DRB1*04:05 and
HLA-DRB1%01:01 (ORs of 2.17-4.44), were found to
share a common motif at amino acid positions 11, 13,
71 and 74, influencing the P4 antigen-binding pocket
of DRB.> Moreover, Val11BSer and His13BSer poly-
morphisms within that motif were found in genomic
studies to stratify with ACPA-negative RA in Cauca-
sians.’ The discovery that P4-Cit was accommodated
but the positively charged Arg was excluded from the
electropositive P4 pocket of HLA-DRB1*04:01/04
suggested that preferential presentation of Cit-autoan-
tigens might underpin the association of ACPA™ RA
with the SE."” While HLA-DRB1*04:01-restricted
CD4" memory T cells recognising Cit-autoantigens
have been reported in patients with RA,'* ' their role
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in disease development is unclear. To date it has not been deter-
mined how autoreactive T cells respond to Cit-autoantigen in RA
and whether they undergo clonal expansion due to antigen experi-
ence in patients with RA or in HLA-SE™ at-risk first-degree relatives
(FDRs).

Furthermore, in unravelling antigen presentation by HLA-DR
molecules in RA, the ethnic mix of the samples included in GWAS
may skew interpretations of amino acids contributing to binding
motifs made from genomic studies. The Indigenous North Amer-
ican (INA) population has a twofold to threefold higher prevalence
of RA than Caucasians, with RA onset peaking earlier in the fourth
decade of life."* Moreover, 90% of INA patients with RA are
ACPA™. In this population, FDRs have a high prevalence of joint
symptoms and of ACPA positivity, predisposing them to RA.' '
To date, the HLA association with RA in INA has been sought in
studies of <100 patients."” "’ These studies suggested that the
HLA-SE alleles also predispose to RA in INA. HLA-DRB1*04:04
is the most frequent SE allele in these populations, followed by
HILA-DRB1%14:02. Since HLA-DRB1*14:02 carries the f13Ser
residue, which was interpreted to stratify with ACPA-negative RA,’
we investigated the genetic and underlying molecular bases for the
increased risk of severe ACPA* RA in INA.

MATERIALS AND METHODS

Study participants

RA cases, non-RA controls and FDRs were recruited from INA
populations in Central Canada (Cree, Ojibway and Ojicree) and
Alaska Native people (from Southcentral and Southeast Alaska).
DNA for HLA typing, serum and peripheral blood mononuclear
cells (PBMC) were isolated.

HLA-DRB1*14:02 expression and purification
Peptide-loaded HLA-DRB1*14:02 molecules were purified,
crystallised and structures determined.

Multiplex ACPA assay

Serum levels of antibodies targeting 40 putative RA-associated
autoantigens were measured using a custom bead-based immu-
noassay on a Bio-Plex platform, as previously described.*’

Tetramer staining and analysis of TCR repertoire

Tetramer staining and T cell receptor (TCR) repertoire analysis

used previously published methods, with some modifications.'**! *
Details of all methods are available in online supplementary

methods, supplementary table 1 and supplementary figure 1.

RESULTS

HLA-DRB1*14:02 is independently associated with ACPA* RA
in INA

Although very rare in Caucasians and Asians, HLA-DRB1*14:02
has a prevalence of up to 80% in some INA populations,
suggesting a particular survival advantage against pathogens.'” ™

To determine the HLA-DRBI1 association with ACPA™ RA in
INA, we genotyped the largest cohort available, comprising
344 INA patients with RA and 352 controls. Rheumatoid factor
(RF) and ACPA status was known in 241/344 patients with RA:
90% were seropositive (RF and/or ACPA™). In patients with
seropositive RA, 329 carried HLA-DRB1*14:02 and 45% HLA-
DRB1*04:04. One-third of patients carrying HLA-DRB1*14:02
carried an additional SE allele. In healthy controls (HCs),
28% carried DRB1*14:02, 22% HLA-DRB1*04:04 and 17%
carried an additional SE allele. After stratifying patients with RA
according to HLA status, HLA-DRB1*14:02 was a risk factor
for seropositive RA (OR 2.38) independent of other SE alleles
(table 1). In INA patients with RA, the most commonly associ-
ated other SE allele is HLA-DRB1*04:04 (table 1). In INA, RA
risk was associated with HLA-DRB1 alleles with a conserved SE
motif at 71 and 74 in all RA (OR=2.48, 95%CI 1.70 to 3.60,
p<0.0001) and in seropositive patients with RA (OR=2.46,
95%CI 1.58 to 3.81, p=0.0001) (table 1). We note that without
genome-wide genotyping, we cannot rule out the possibility of
confounding due to case—control differences in ancestry.

To stratify ACPA response with genotype, sera of 232 INA
patients with RA were tested in a multiplex ACPA antigen
array and given an ACPA score (sum of all normalised ACPA
titres divided by number of epitopes).”> ACPA score was higher
in INA patients with RA who were either HLA-DRB1*14:02
homozygotes or HLA-DRB1*14:02/HLA-SE compound hetero-
zygotes than those who were HLA-SE-negative (p<0.05).
ACPA scores in HLA-DRB1*14:02" patients were equivalent
to those in HLA-SE™ patients lacking HLA-DRB1*14:02. ACPA
specificities increased among HLA-DRB1%14:02% patients
and included vimentin-64Cit,  , filaggrin-56Cit,, . and fibrino-
gen-0.—573Cit,, _ (figure 1A,B). Thus, despite polymorphisms
of Val11BSer and His13BSer, INA individuals carrying HLA-
DRB1%14:02 develop a broad ACPA response whether or not
they carry other SE alleles. This implies binding and presentation
of a variety of Cit-autoantigens by HLA-DRB1*14:02 to autore-
active T cells.

Accommodation of arginine and citrulline residues within the
P4 pocket of HLA-DRB1*14:02

The HLA-DRB1 chain contains 12 polymorphic residues
that have been directly implicated in peptide binding.**
HLA-DRB1*14:02 differs from HLA-DRB1%04:01,
HLA-DRB1%04:04 or HLA-DRB1*01:01 in eight of these
residues, which shape P4, P6, P7 and P9 pockets (figure 2A).
To test whether HLA-DRB1*14:02 presents autoantigens
differently from HLA-DRB1*04:01, HLA-DRB1*04:04 or
HLA-DRB1%01:01, we compared the capacity of each HLA
binding pocket to accommodate Cit and Arg residues using
the influenza-derived HA peptide.”®  Conversion of

305-319
Arg to Cit at peptide positions interacting with P4 enhanced

Table 1 Association of HLA-DRB1*14:02 with all RA and seropositive RA in INA patients with RA and controls

HC, n (%) All RA, n (%) OR (CI) p Seropositive RA, n (%) OR (CI) p
SE” 106 (30) 51 (15) Ref 32 (15) Ref
14:02*/Other SE~ 64 (18) 80 (23) 2.60 (1.63 to 4.15) 0.0001 46 (21) 2.38(1.38t0 4.12) 0.0019
14:027/Other SE* 147 (42) 178 (52) 2.52 (1.69 to 3.75) <0.0001 117 (54) 2.64 (1.66 to 4.19) <0.0001
14:02*/0ther SE* 35(10) 35(10) 2.08 (1.17 to 3.70) 0.0127 23(11) 2.18 (1.13 to 4.20) 0.02
Any SE* 246 (70) 293 (85) 2.48 (1.70 to 3.60) <0.0001 186 (85) 2.46 (1.58 to 3.81) 0.0001

Patients and controls were stratified according to the presence of SE. SE-positive individuals were further stratified as shown. Other SE alleles included DRB1*01:01,
DRB1*01:02, DRB1*04:01, DRB1*04:04, DRB1*04:05, DRB1*04:08, DRB1*04:10, DRB1*04:13 and DRB1*10:01.
HC, healthy controls; INA, Indigenous North American; RA, rheumatoid arthritis; SE, susceptibility epitope.
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HLA-DRB1*14:02 is assoaated Wlth a broad ACPA response. Serum Ievels of antibodies targetmg RA-associated Cit-autoantigens were

measured in serum from 232 INA patients with RA using a custom bead-based fluorescence immunoassay. Fluorescence intensities for 10 Cit-
autoantigens and CCP were clustered (A) according to the presence or absence of 1 or 2 HLA-DR-SE alleles or HLA-DRB1*14:02 with any HLA-DR-SE
allele, and (B) according to presence or absence of a single HLA-DR-SE or HLA-DRB1*14:02 allele, as shown. Each column represents one patient
sample. ACPA, anticitrullinated peptide antibody; CCP, cyclic citrullinated peptide; Cit, citrullinated; RA, rheumatoid arthritis; SE, susceptibility epitope.

peptide binding affinity to HLA-DRB1*01:01 by twofold and
to HLA-DRB1%04:01 by tenfold. Conversion of Arg to Cit
at peptide positions interacting with the P6 and P9 pockets
enhanced peptide binding affinity to HLA-DRB1*01:01, and P7
to HLA-DRB1*04:01. In contrast, peptides containing an Arg or
Cit residue at positions interacting with P4 of HLA-DRB1*14:02
had similar binding affinity, and peptides containing Arg at posi-
tions interacting with P6 and P9 had increased affinity relative
to Cit peptides (figure 2B). While the IC50 of the self-peptide,
vimentin-64Cit,, _ , was decreased by 1.3-fold relative to the
64-Arg variant for HLA-DRB1*01:01, and the 64-Arg variant
did not bind HLA-DRB1*04:01, HLA-DRB1*14:02 bound both
64-Arg and 64-Cit variants with IC50 of 19uM (figure 2C),
indicating that both residues could be accommodated within P4
of HLA-DRB1*14:02, or that HLA-DRB1*14:02 presented in
differing peptide binding registers.

Structural basis of peptide presentation by HLA-DRB1*14:02

We solved the structure of HLA-DRB1*14:02 in complex
with  vimentin-64Arg. , vimentin-64Cit,_  and fibrin-
ogen B74Cit,, ., (online supplementary table 3, figure 3A-D).
These HLA-DRB1%*14:02 structures overlaid closely (figure 3E),
ruling out markedly differing binding modes to accommodate
these differing epitopes. Within the HLA-DRB1*14:02-vi-

mentin-64Cit and HLA-DRB1*14:02-vimentin-64Arg,, _,

59-71

structures, Tyr, Ser and Arg occupied the P1, P6 and P9 pockets
of HLA-DRB1*14:02, respectively (figure 3B,C). In the
HLA-DRB1*14:02-fibrinogen B74Cit,, ,, complex, Tyr, Ala and
Ala occupied the P1, P6 and P9 pockets of HLA-DRB1%*14:02,
respectively (figure 3D). The largest structural differences
between the peptides in each binary complex centred on the
residue occupying the P4 pocket of HLA-DRB1*14:02, namely
P4-Cit and P4-Arg in vimentin-64Cit, _,, fibrinogen p74Cit,,
o and vimentin-64Arg . respectively. These structures clearly
show that P4-Arg and P4-Cit are presented in alternative orienta-
tions, whereby the P4-Arg projects inwards, whereas the P4-Cit
projects outwards from the HLA-DRB1*14:02 Ag-binding cleft
(figure 3F-H). The P4-Arg is buried in the pocket to avoid
interactions with the positively charged B71Arg residue. This
orientation is promoted by B11Ser and P13Ser, whereupon
these two small polar residues allow the accommodation of
Arg by providing the necessary space and H-bonding partners
(figure 3F). Larger residues in HLA-DRB1*04:01 (B11Val and
B13His) and HLA-DRB1*01:01 (B11Leu and B13Phe) as well
as the charge repulsion of B13His in HLA-DRB1%04:01 would
prevent the accommodation of Arg at P4.' The P4-Arg residue
is stabilised by H-bonds with Ser11p, Ser13p and Tyr30B, and
a salt bridge with GIu28B (figure 3F). In contrast, the P4-Cit
sits upright in both Cit-epitopes, similar to its orientation in
P4-Cit from Cit epitopes presented by HLA-DRB1*04:01/04:04

Scally SW, et al. Ann Rheum Dis 2017;76:1915-1923. doi:10.1136/annrheumdis-2017-211300 1917


https://dx.doi.org/10.1136/annrheumdis-2017-211300
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Basic and translational research

A % "-".'\\\.
B-chain A y
A,
a-chain T
b
B sz HLA-DRB1*01:01

s & s
= 32 =
2 16 2
Q2 s o

0
Variant 64Arg 64Cit 64Arg B4Cit 64Arg B4CH
HLA-DRB1  *01:01 *04:01 *14:02

HLA-DRB1*14:02

Figure 2 Accommodation of arginine and citrulline residues by HLA-DRB1*01:01, HLA-DRB1*04:01 and HLA-DRB1*14:02. (A) The peptide

binding groove of an HLA-DR molecule is shown in cartoon with polymorphic residues shown as sticks corresponding to the residues present in HLA-
DRB1*14:02, which is associated with RA among the INA. Schematic representation of the differences in pockets between HLA-DRB1*14:02 (red
font), HLA-DRB1%04:01 (black font) and HLA-DRB1*01:01 (blue font). (B) Competitive binding of a biotin-labelled HA, . ... peptide with an unlabelled

HA,, ,,, Peptide or HA

305-319

variants with citrulline or arginine residues in P1, P4, P6, P7 and P9 to HLA-DRB1*01:01, HLA-DRB1*04:01 and HLA-

DRB1*14:02. ND, non-detectable binding affinity. Pooled binding data from at least three experiments are shown and error bars depict the variation

between experiments. (C) Competitive binding of a biotin-labelled HA, . .. - peptide with unlabelled vimentin

and vimentin-64Cit_, . to HLA-

59-71 59-71

DRB1*01:01, HLA-DRB1*04:01 and HLA-DRB1*14:02. INA, Indigenous North American; RA, rheumatoid arthritis.

(figure 3G,H).'”> The P4-Cit is stabilised by H-bonds with
Arg71B and GIn70B (figure 3G,H). Accordingly, we demon-
strate a conserved positioning of the citrulline residue in two
distinct epitopes that contrast the orientation of the non-Cit
residue within the P4 pocket. Similar to its orientation in
HLA-DRB1*04:01 and HLA-DRB1%04:04,' ¥ P4-Cit was
solvent-exposed in HLA-DRB1%14:02 and could potentially
interact with TCR.

Antigen-experienced, oligoclonally expanded T cells

recognise Arg and Cit variants of vimentin,, . presented by
HLA-DRB1*14:02

Although both vimentin-64-Arg and 64-Cit variant peptides
bound HLA-DRB1%*14:02, only P4-Citsits upright, and thereby
potentially able to interact with the TCR. Thus, we addressed
whether autoreactive T cells with TCRs recognising one or
both epitopes were present in the periphery and displayed
evidence of in vivo expansion in response to antigen presen-
tation. We analysed T cells recognising HLA-DRB1*14:02-vi-
mentin-64Cit,, and HLA-DRB1*1402-vimentin, _,
tetramers in 10 HLA-DRB1%14:02" INA patients with RA, 10
HLA-DRB1%14:02* ACPA™ FDRs and 6 HLA-DRB1*14:02"*
non-INA HC subjects. FDRs in the INA population have a
high burden of environmental risk factors for RA, a high
level of background HLA-DR SE genes, high inflammatory

59-7

C-reactive protein (CRP) and a high prevalence of joint
symptoms.’® Among the 13 FDRs studied (online supple-
mentary table 3), 85% were past smokers and 31% had an
abnormal CRP >8. Therefore we could compare T cells
recognising vimentin or Cit-vimentin in individuals both
with RA and with high risk of future RA. Similar frequen-
cies of CD4" T cells recognised vimentin 64-Arg and 64-Cit
variant peptides in HLA-DRB1%14:02" FDRs and patients
with RA, and with similar tetramer staining intensity (mean
fluorescence intensity (MFI)) (figure 4A,B). In all individ-
uals, HLA-DRB1*14:02-vimentin-64Cit,,  -reactive and
HLA-DRB1%14:02-vimentin,, , -reactive CD4" T cells were
significantly enriched in CD257CD127" effector (Teff) and
CD25%*CD127 regulatory T cells (Treg)*® compared with the
total CD4* PB T cell pool (Treg p<0.0001, Teff p<0.05;
figure 4C), consistent with antigen experience in vivo. This
enrichment did not differ between patients with RA and FDRs,
indicating that antigen experience and formation of memory
develop before the onset of ACPA in INA. The numbers of
circulating HLA-DRB1*14:02-vimentin-64Cit,,  -reac-
tive and HLA-DRB1*14:02-vimentin,,  -reactive CD4* T
cells were correlated in each individual patient with RA and
each FDR (r*=0.74, p<0.0001; figure 4D).

T cell effector function is balanced by the
suppressive  activity  of  Treg’' The ratio of
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Figure 3 Crystal structure of HLA-DRB1*1402 in complex with vimentin

B-chains of (A) the HLA-DRB1*1402 in complex with vimentin

59-71

respectively, while peptide is displayed as sticks. Side view of (B) HLA-DRB1*1402-vimentin,, .., (C) HLA-DRB1*1402-vimentin-64Cit
The carbons are coloured deep salmon, light orange and teal for vimentin
«o.5 F€Spectively; nitrogens are coloured in blue and oxygens are coloured in red. The B-chain is transparent to help visualise the

HLA-DRB1*1402-fibrinogen p74Cit
fibrinogen B74Cit

69-81"

59-71" 59-71

vimentin-64Cit,, .. and fibrinogen B 74Cit_, ...The a-chains and

69-81
are shown in cartoon representation and coloured in light green and light blue,

and (D)
and

59-71

vimentin-64Cit

59-71" 59-71

peptide. The unbiased 2Fo-Fc electron density map of the peptides is shown in blue and contoured to 1 . (E) Superposition of the three peptides

bound to HLA-DRB1*1402. The P4 pocket of HLA-DRB1*1402 bound to (F) vimentin
, peptide is buried in the P4 pocket. The P4-Cit of the vimentin-64Cit

Arg in the vimentin
conformation.
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HLA-DRB1*14:02-vimentin,, . Cit-64-reactive and
HLA-DRB1*14:02-vimentin,  -reactive Teff/Treg was signifi-
cantly lower than that of the total CD4™" T cell pool in patients
with RA and FDRs (p<0.001, figure 4E), consistent with
active regulation of the autoreactive T cells. To understand
the particular role of CD4™ T cells of each vimentin specificity
further, we analysed an additional six HLA-DRB1*14:02*
INA individuals (three with RA, three FDRs; clinical details

59-71

G) vimentin-64Cit_, ., and (H) fibrinogenB74Cit
and fibrinogenp74Cit

s+ The P4-
, peptide adopts an upright

59-71" (

59-71 69-8

in online supplementary table 3) and six HLA-DRB1*14:02"
HC for markers of memory T cell activation and differen-
tiation relative to total CD4+ T cells. In INA patients with
RA and FDRs, the proportion of CD28" memory T cells was
significantly higher among vimentin,, , -reactive CD4" T cells
(p<0.05; figure 4F). Moreover, cells expressing CD69 were
significantly enriched among vimentin,,  -reactive CD4" T

cells in these individuals. Some CD69" vimentin,, . -reactive
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Figure 4  Presentation of vimentin, . and vimentin-64Cit,, . self-antigens in context of HLA-DRB1*14:02 to CD4" T cells in individuals with
and at high risk of ACPA* RA. (A-D) PBMC from HLA-DRB1*14:02* RA patients W1:1-10 and HLA-DRB1*14:02* FDR W1:1-10 were stained with
PE-labelled HLA-DRB1*1402-vimentin64Cit,, ,, or HLADRB1*14:02-vimentin,, ., tetramer, CD4-APC, CD25-PE/Cy7, and CD127-BV421. Live CD4+
FITC-lineage-negative tetramer+ T cells were gated based on an FMO sample stained with unlabelled primary and conjugated secondary antibodies.
The number calculated relative to the CD4+ T cell count, (A) and mean fluorescence intensity (MFI) (B) of tetramer™ cells within the total CD4*
population is shown for RA patients and FDR; (C) the proportion of CD4*CD257CD127* Teff and CD4*CD25"CD127 Treg within vimentin64Cit
reactive and vimentin,,  -reactive CD4+ T cell gates and the total CD4" gate is shown for pooled RA patients and FDR. (D) The numbers of
vimentin64Cit,, . -reactive and vimentin,, , -reactive CD4* T cells were correlated in pooled RA patients and FDR (R” 0.74, p<0.0001). (E) The Teff/
Treg ratio of vimentin64Cit,, ,, and vimentin,, ., -reactive CD4" T cells is plotted relative to total CD4" T cell ratio in pooled RA patients and FDR; (F)
- reactive CD4", vimentin64Cit, , -reactive CD4* and total CD4* T
+0.5,-SPecific

CD45R0*CD28", (G) CDA5RO*CD69" and CD45R0O*CD69* NKG2D* vimentin,, . 5071

cells are plotted in pooled RA patients W2:1-3 and FDR W2:1-3. (H) Frequencies of V-J pairing for TCRo: and TCRB among vimentin64Cit

and vimentin59,7l-specific CD4* T cells from HLADRB1*14:02" RA patients (n=5) and FDR (n=5), and tetramer-negative CD3* T cells sorted from
DRB1*14:02* RA patients (n=3). The width of the bands is proportional to the frequency of TCR sequences with a particular V-J pairing. Details

of productive TCRow and TCRP sequences in online supplementary table 2 and 4. The figures were generated using the Circos online Table Viewer
software (http://mkweb.bcgsc.ca/tableviewery). (I) 10° P2F3 SKW3 cells were stimulated with 5 ng/mL unlabelled HLA-DRB1*14:02-vimentin,, .. or
HLA-DRB1*14:02-vimentin-64Cit,, ., tetramer for 4 hours at 37°C. Cells were fixed and permeabilised, then stained with PerCP/ Cy5.5-ERK1/2 and

PB-CD3. Live CD3+ cells expressing the GFP marker gene were gated. Representative of 2 experiments.

5971

memory CD4" T cells also expressed NKG2D (figure 4G).
In contrast, HC vimentin-64-Cit, _ -reactive and vimen-
i -reactive CD4" T cells did not differ in phenotype from

TCR bias and oligoclonal TCR reactive with vimentin-64-Cit
and vimentin,
To obtain evidence of in vivo expansion in HLA-DRB1*14:02*

59-71

ting, .,
totagl CD4" T cells (online Supplementary figure 2). Thus, in
INA FDRs and patients with RA but not HC, vimentin-64-
Cit,, ,-reactive and vimentin,,  -reactive CD4" T cells reflect
antigen-driven activation and differentiation.

INA, we used multiplex PCR to sequence the TCRs from a total
of 53 single vimentin,  -reactive and 71 vimentin-64Cit,, _ -re-
active tetramer-positive CD4" T cells derived from five patients
with HLA-DRB1*14:02" RA and five HLA-DRB1*14:02*

1920
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Table 2 Repeated TCR TRAV, TRBV and TRAV/TRBV clonotypes used by HLA-DRB1*14:02-restricted vimentin,, . or vimentin-64Cit_, . -reactive
CD4* T cells
Subject Tetramer TRAV CDR3a TRAJ Frequency number/Total, (%) HLA-DRB1
RAW1:1 Cit-vimentin 13-2 SQPGTAL 15 2/17 (11.8%) 14:02, 14:02
RAW1:2 Vimentin 261 SGAGSYQL 28 5/13 (38%) 04:04, 14:02
Subject Tetramer TRBV CDR3p TRBJ Frequency* (%)
RAW1:1 Cit-vimentin 2 SEAADNEQ 2-1 2/14 (14.2%) 14:02, 14:02
RAW1:2 Vimentin 10-3 GGTRTESSYEQ 2-7 2/5 (40%) 04:04, 14:02
FDR W1:3* Cit-vimentin 30 SIGAGNQPQ =5 119 (5.2%) 04:04, 14:02
FDRW1:3* Vimentin 30 SIGAGNQPQ 1-5 3/7 (42.8%)
FDRW1:5% Cit-vimentin 30 SVGAGNQPQ 1-5 2/2 (100%) 13:02, 14:02
FDRW1:51 Vimentin 30 SVGAGNQPQ 1-5 2/6 (33%)
TRAV/
Subject Tetramer TRBV CDR3a/CDR3p TRAJ/TRBJ Frequency* (%)
RAW1:1 Cit-vimentin 13-2/2 SQPGTAL/ SEAADNEQ 15/2-1 2/12 (16.6%) 14:02, 14:02
Subject TRBV
FDR W1:31 S | G A G N Q P Q
agt atc ggg acg ggc aat cag ccc cag
FDRW1:5t S \ G A G N Q P Q
agt gtg ggg gca ggc aat cag ccc cag

TCR repertoire analysis was undertaken in RA patients W1:1-5 and FDR W1:1-5. Productive single TRAV and TRBV clonotypes detected from two patients with RA and three

FDRs are shown.

*Frequency reflects the frequency of the repeated TRAV or TRBV clonotype divided by the total number of tetramer™ cells with productive TRAV or TRBV sequence, for each

individual.

tNucleotide sequences encoding each of the public CDR3f amino acid sequences, which require a minimal number of N or P additions to be produced. Nucleotides attributed
by the germline VB, DB and JB genes are shown in blue, red and green, respectively. N-additions are in black and P-additions in purple text. The nucleotides at the D-J junction

encoding the same amino acid are underlined in each case.
FDR, first-degree relatives; RA, rheumatoid arthritis.

FDRs. TRAV and TRBV gene usage among CD4" T cells reac-
tive to each vimentin epitope was generally diverse in RA and
FDR (online supplementary table 4). However, TRBV20-1 and
TRBV30 were preferentially used variable gene segments for
recognition of vimentin 64-Arg and 64-Cit variant peptides
bound to HLA-DRB1%14:02 (figure 4H). TRAV13-2 and
TRAV26-1 were preferentially used variable gene segments
among both vimentin,,  -reactive and vimentin-64Cit, _,
active TCRs. Use of preferential variable gene segments in the
repertoires of T cells recognising each epitope was observed in
both patients with RA and FDRs and suggested underlying oligo-
clonality of the autoreactive T cell populations when compared
with the total CD3" T cell population (figure 4H). Indeed,
multiple vimentin-64Cit,, _ -reactive and vimentin,  -reactive
CD4" T cells bearing the same CDR3 0. and/or CDR3j3 sequences
were identified among the single cells sorted from two of the
patients with RA and two FDRs (table 2). In two FDRs, CD4" T
cells bearing the same TRBV30 CDR3 sequences were identified
multiple times among single cells reactive for vimentin 64-Arg
and 64-Cit variant peptides bound to HLA-DRB1*14:02. In
one patient with RA, the same TRBV2 CDR3 sequences were
identified multiple times among single vimentin-64Cit,, _ -reac-
tive CD4" T cells, and in another patient the same TRBV10-3
CDR3 sequences were identified multiple times among single
vimentin,, , -reactive CD4" T cells. These repeated CDR3o.
and CDR3p sequences indicate antigen-reactive clonal expan-
sion within the blood of these HLA-DRB1%14:02" patients and
at-risk FDRs (table 2). In all cases, clonally expanded tetramer*
T cells were CD47CD25*CD127" Teff, as determined by
index sorting. Individuals in whom any oligoclonal sequences
were detected in peripheral blood (PB) were more likely to be
HLA-DRB1%*14:02 homozygous or HLA-DRB1*14:02/*04:04

-re-

compound heterozygous than individuals without oligoclonal
expansion (p<0.05, X* test). Remarkably, a common TRBV30
CDR3 sequence (SI/VGAGNQPQ) was expanded in the blood of
two individual FDRs, which in each case encoded TCRs recog-
nising vimentin,, _, as well as vimentin-64Cit, . Of 34 sorted
antigen-reactive T cells yielding productive TRBV gene sequences
from FDRs, 23.5% contained this CDR3p sequence. We used
retroviral vectors encoding HLA-DR14:02-vimentin,, _ -re-
stricted TCR P2F3 (online supplementary table 4, bold) to trans-
duce the ap TCR-deficient SKW-3 cell line.*?%* When stimulated
with HLA-DRB1%14:02-vimentin,, , or vimentin-64Cit,
tetramers, P2F3 SKW-3 cells upregulated phospho- extracellular
signal-related kinases (pERK) relative to HLA-DRB1*14:02-
CLIP tetramers (figure 41I), confirming that TCR identified from
cells with HLA-DRB1*14:02-vimentin,, , tetramer reactivity
recognises vimentin, . and vimentin-64Cit, _, in the context of
HLA-DRB1*14:02.

The biased TCR usage suggests a structural requirement for
conserved amino acid sequences to recognise vimentin,, , and
vimentin-64Cit,, . Nucleotide sequences encoding TRBV30
CDR3 reveal that although the second N region at the D-J junc-
tion in each TCR is different, they encode the same amino acid
sequence (table 2). These data implicate convergent recombina-
tion events in the selection of this sequence during TCR gene
rearrangement.’*

DISCUSSION

HLA-DRB1%*14:02 and HLA-DRB1%*04:04 are shown to be
independent risk alleles for ACPA™ RA in the INA popula-
tion. Analysis of the structures and T cell responses to Cit and
non-Cit epitopes shows that, consequent to the His13BSer
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polymorphism and altered P4 pocket, HLA-DRB1*14:02 can
present both variant peptides. This contrasts with structures of
HLA-DRB1*04:01 and *04:04, in which Cit but not Arg can
be accommodated in P4."> ** Presentation of both 64-Cit and
64-Arg vimentin,, ,, variants promoted autoreactive CD4" T cell
activation and differentiation to Teff and Treg, and clonal expan-
sion of Teff in patients with HLA-DRB1*14:02% RA and at-risk
FDRs. In HLA-DRB1*14:02+ HC, we observed no activation or
differentiation of antigen-specific T cells above the background
total CD4+ T cells. Previous studies of CD4+ T cells in individ-
uals carrying Caucasian SE alleles show that T cell responses to
Cit-autoantigenic peptides are increased relative to Arg-variant
peptides,’? % 3 3¢ reinforcing that T cell function aligns with
HLA-DR-peptide structure.

We show preferential variable gene segments and clon-
ally expanded TCR among vimentin,,  -reactive and vimen-
tin-64Cit,, ,-reactive CD4"CD257CD127" Teff sorted from
patients with RA and FDRs, including a public TRBV CDR3.
These data suggest that presentation of vimentin self-epitopes in
vivo continues in genetically predisposed individuals before and
after onset of RA, and selects T cells making productive TCR
rearrangements, as identified by the nucleotide sequences, for
antigen recognition and T cell expansion.

Although limited by small sample numbers, the phenotypic
profiles of 64-Cit and 64-Arg variant-specific autoreactive T
cells appeared to be different. The fibroblast antigen, vimentin,
has widespread tissue expression.’” Vimentin 64-Arg-specific
memory CD4+ T cells specifically expressed CD69. CD69 is
a marker of recent activation or tissue residency and exposure
to cytokines such as tumour necrosis factor (TNF),*” suggesting
that vimentin, _,-reactive T cells are activated in tissue inflam-
matory sites. NKG2D signifies Teff costimulatory function and
is TNF-activated.’! Intriguingly, our data suggest cross-reactivity
of some TCRs for the 64-Cit and 64-Arg variants: cell frequency
of each specificity was correlated, the public clonotype occurred
in T cells reactive with each variant, and T cells expressing TCR
P2F3 were activated with both tetramers. In general, coexpan-
sion of T cells recognising Cit and Arg variants might be advan-
tageous, for example, for cross-protection against infectious
antigens requiring rapid immunity.**** This suggests a hypoth-
esis for persistence of HLA-DRB1*14:02 in the INA population,
even though its molecular structure permits presentation of
multiple self-antigens driving ACPA™ RA.

Low-titre ACPA develops in healthy individuals independent
of HLA-DR SE, particularly in inflammatory contexts.®™ ' 1!
In HLA-DR SE* individuals, memory T cells driven by antigen
experience would provide required B cell help for increased titres
and epitope spreading in patients developing RA.® *' ** Since
HLA-DRB1*14:02 broadens capacity for autoantigen presenta-
tion and T cell expansion, our study provides a mechanism for
enhanced risk of early onset of ACPA+ RA in INA.
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Dominant B cell receptor clones in peripheral blood
predict onset of arthritis in individuals at risk for

rheumatoid arthritis

Paul P Tak," Marieke E Doorenspleet,* Maria J H de Hair," Paul L Klarenbeek,**
Marian H van Beers-Tas," Antoine H C van Kampen,” Dirkjan van Schaardenburg,”
Danielle M Gerlag,' Frank Baas, Niek de Vries?

ABSTRACT

Background The onset of seropositive rheumatoid
arthritis (RA) is preceded by the presence of specific
autoantibodies in the absence of synovial inflammation.
Only a subset of these at-risk individuals will develop
clinical disease. This impedes efforts to implement

early interventions that may prevent onset of clinically
manifest disease. Here we analyse whether clonal
changes in the B cell receptor (BCR) repertoire can
reliably predict onset of signs and symptoms.

Methods In a prospective cohort study in 21
individuals at risk for RA based on the presence of
autoantibodies, the BCR repertoire of paired peripheral
blood and synovial tissue samples was analysed using
next-generation BCR sequencing. BCR clones that were
expanded beyond 0.5% of the total repertoire were
labelled dominant. The relative risk (RR) for onset of
arthritis was assessed using the presence of =5dominant
BCR clones as cut-off. Findings in peripheral blood were
validated in an independent prospective cohort of 50
at-risk individuals. Based on the test cohort, individuals
in the validation cohort were considered positive if
peripheral blood at study entry showed =5 dominant
BCR clones.

Findings Both in the test and validation cohort, the
presence of =5dominant BCR clones in peripheral blood
was significantly associated with arthritis development
after follow-up (validation cohort RR 6.3, 95% Cl 2.7
to 15, p<1 x107%. Even when adjusted for a recently
described clinical prediction rule the association
remained intact (RR 5.0, 95% CI 1.2 to 20, p=0.024).
When individuals developed arthritis, dominant BCR
clones disappeared from peripheral blood and appeared
in synovial tissue, suggesting a direct role of these clones
in disease pathogenesis.

Interpretation Dominant BCR clones in peripheral
blood predict onset of clinical signs and symptoms of
RA in at-risk individuals with high accuracy. Our data
suggest that during onset of RA these clones shift from
peripheral blood to the target tissue.

INTRODUCTION

Rheumatoid arthritis (RA) is a prototypic chronic
autoimmune disease with partly unknown aeti-
ology. Clinically manifest arthritis due to syno-
vial inflammation is the hallmark feature of RA.
However, it is not the first sign of disease, as
patients may already experience arthralgia and

the development of synovial inflammation may be
preceded by the presence of disease-specific auto-
antibodies.™ This situation is reminiscent of that
in several other immune-mediated inflammatory
diseases.*”

RA-specific  autoantibodies, IgM-rheumatoid
factor (RF) and/or anticitrullinated protein anti-
bodies (ACPA), can be present up to 15 years before
onset of disease." ®” Towards the onset of clinically
evident arthritis the ACPA repertoire may broaden
due to epitope spreading,'®!" and levels of inflam-
matory cytokines and chemokines may increase.'?
Although the presence of ACPA is highly specific
for RA™ and may precede its onset, only 20% of the
autoantibody positive subjects will develop arthritis
within 4 years."

The presence of these autoantibodies preceding
the development of RA clearly points to a role for
B cells and plasma cells in the pathogenesis of RA.
The pathogenic role of B cells in established RA is
supported by the known association with autoan-
tibodies,'® marked infiltration of the synovium by
B cells and plasma cells,'” the production of auto-
antibodies in the synovial compartment'® and the
response to B cell-depleting therapy."” Consistent
with this notion, B-cell receptor (BCR) repertoire
analysis showed that dominant clones were found
in the inflamed synovial tissue of patients with
established RA.?°

We hypothesised that dominant clones may
be detected by BCR sequencing in the peripheral
blood during the preclinical phase of RA. This
might help predict which a¢-risk individuals will
develop arthritis over time. We tested this hypoth-
esis analysing paired peripheral blood and synovial
tissue samples from individuals at risk for devel-
oping RA in a prospective cohort study. We found
that the presence of dominant peripheral blood
BCR clones can predict future onset of RA, and we
validated these findings in an independent cohort.
Of interest, during the transition to clinically mani-
fest arthritis the BCR clones were not traceable in
peripheral blood anymore, but they were found in
synovial tissue as highly dominant clones, pointing
to a shift of BCR clones to the synovial compart-
ment. The observation that dominant peripheral
blood BCR clones can predict future onset of
disease may be relevant for other B cell-mediated
autoimmune diseases as well.
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Table 1

Clinical characteristics of healthy controls, at-risk individuals who did not develop arthritis over time and at-risk individuals who

developed arthritis. At-risk individuals have elevated titres for IgM-RF (>12.5kU/L) and/or anti-CCP (>25kAU/L). Healthy individuals have low titres

for IgM-RF (<12.5kU/L) and anti-CCP (<25 kAU/L)

At-risk individuals no arthritis At-risk individuals arthritis developed

Healthy individuals (n=10) developed (n=10) (n=11)

Female sex, n (%) 7 (70) 5 (50) 7 (64)
Age, years, median (IQR) 34 (28-51) 50 (39-60) 48 (42-54)
IgM-RF positive, n (%) 0(0) 7 (70) 7 (64)

Level low positive, n (%)*t - 6 (86) 4 (57)

Level high positive, n (%)*t - 1(14) 3(43)
ACPA positive, n (%) 0(0) 7 (70) 9(82)

Level, median (IQR)*+ = 920 (549-2491) 470 (144-1781)
IgM-RF/ACPA double positive, n (%) - 4 (40) 5 (46)
ESR, median (IQR)§ - 3(2-23) 8 (7-15)
CRP, median (IQR) 0.9 (0.4-2.9) 2.1(1.6-6.3) 6.2 (1.5-10.0)
68TJC, median (IQR) 0(0) 2 (0-7) 4(1-10)
665JC, median (IQR) 0(0) 0(0) 0(0)

Positive IgM-RF: >12.5 kUI/L.
Positive anti-CCP2 >25 kAU/L.
*Only in individuals who were positive.

tLevels were categorised into high/low positive according to cut-off levels used in the 2010 ACR/EULAR criteria for rheumatoid arthritis because of changed reference values

over time.

$Measured in KAU/L
§Measured in mm/hour.
fIMeasured in mg/L.

ACPA, anticyclic citrullinated peptide antibodies (using anti-CCP2 test); CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IgM-RF, rheumatoid factor of the IgM isotype;
66SJC, swollenjoint count assessed in 66 joints; 68TJC, tender joint count assessed in 68 joints.

METHODS

Study subjects

Sixty-five consecutive individuals without arthritis, but at risk
for the development of RA defined by the presence of IgM-RF
and/or ACPA (anti-CCP2 test, Eurodiagnostica), were prospec-
tively followed (further denoted as ‘az-risk individuals’).”*! From
the 65 included individuals, we randomly selected 10 autoanti-
body positive at-risk individuals who did not develop arthritis
(median follow-up 69 (range 42-78) months), and 11 individ-
uals who did develop arthritis (median follow-up 15 (range
0-65) months) as test cohort. Nine individuals of the latter
group fulfilled the 2010 ACR/EULAR criteria for RA at onset of
arthritis,*> ?* while two had unclassified arthritis at the moment
of development of arthritis but subsequently did fulfil RA criteria
over time. In addition, 10 autoantibody negative healthy indi-
viduals without any joint complaints were included as controls
(clinical characteristics of all three groups described in table 1
and online supplementary table S1).

In total, 21 at-risk individuals and 10 healthy controls were
included in this part of the study.

A validation cohort was used consisting of 50 consecutively
included individuals with elevated ACPA and/or IgM-RF without
any signs of arthritis and at least 36 months follow-up (further
details are described in ref **). During sequencing and bioinfor-
matic analysis for dominant clones laboratory personnel was
blinded for clinical data and outcome.

The cohort studies were approved by the local medical
ethical committees of the Academic Medical Center/University
of Amsterdam and MC Slotervaart Amsterdam, and all study
subjects gave written informed consent.

Peripheral blood and synovial tissue sampling and processing
In the 21 at-risk individuals of the test cohort, mini-arthroscopic
synovial biopsy sampling was performed upon inclusion in a
(non-arthritic) knee joint as previously described.” Peripheral

blood samples were drawn and stored in PAXGene Blood RNA
tubes according to the manufacturer’s instructions (catalogue
#762165, PreAnalytiX, Breda, the Netherlands). Storage of
synovial biopsies, isolation and quantification of RNA, and
cDNA synthesis were performed as described previously.?
Mini-arthroscopy in at-risk individuals who subsequently devel-
oped arthritis was performed on the same joint, after patients
fulfilled the 2010 ACR/EULAR criteria for RA** ** and before
initiation of treatment.

Linear amplification and next-generation sequencing (NGS)
The linear amplification protocol has been extensively
described before.?® Details are provided in the online supple-
mentary methods. Samples were prepared for next-generation
sequencing according to the manual for amplicon sequencing,
and sequenced on a Roche Genome Sequencer FLX (Titanium
platform). 10,000 BCR, = sequences were analysed for each
peripheral blood sample and 7500 BCR, = sequences for each
synovial tissue sample. We use the term dominant BCR clone to
denote clones whose unique BCR signals represent =0.5% of
the repertoire, as described earlier.”’

Bioinformatics pipeline and data analysis

The bioinformatics pipeline used to obtain the BCR sequences
was described previously in detail?” and contains four modules:
multiplex identifier sorting, identification of V and ] gene
segments, CDR3 detection and removal of artefacts. Immuno-
globulin isotype homology was determined using the National
Center for Biotechnology Information’s open-access web tool
Megablast and reference sequences for the human immuno-
globulin heavy-chain constant regions, allowing a sequence
homology >97%.* Values are expressed as mean and SD or
median and IQR range, according to criteria for (non-)para-
metric analysis. Differences between groups were analysed
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Figure 1 (A) Scatterplot of the BCR repertoire in peripheral blood of 11 at-risk individuals who developed arthritis (at-risk - developed arthritis),

10 at-risk individuals who did not develop arthritis (at-risk - no arthritis developed) and 10 autoantibody negative healthy individuals. Each dot
represents one clone. The size of the clones is depicted as percentage of the total BCR,,,, Sequences. (B) The absolute number of dominant BCR clones
(clonal size =0.5% of the total repertoire), (C) the impact of all dominant clones combined and (D) the size of the single most dominant clone, in at-
risk individuals who developed arthritis (at-risk arthritis, n=11) versus at-risk individuals who did not develop arthritis yet (at-risk no arthritis, n=10),
and healthy individuals (healthy, n=10). Bars show mean and SD, ***p<0.0001, **p<0.001 using one-way ANOVA. ANOVA, analysis of variance;

BCR, B-cell receptor.

using Student’s t-test, Mann-Whitney U test, one-way analysis of
variance or y” test where appropriate. Receiver operating char-
acteristic (ROC) curves were used to determine cut-off values
for the prediction of arthritis development in the test cohort.
Logistic regression analysis was used to predict the added value
of high-throughput fingerprinting and quantitation of BCR
clones compared with an existing prediction model for the
development of RA.** GraphPad Prism software version 6 and
PASW Statistics version 22 were used to perform the analyses.
p-values <0.05 were considered statistically significant.

RESULTS

Identification of dominant peripheral blood BCR clones
before onset of arthritis

Based on earlier observations that dominant BCR clones are
present in the synovial tissue during clinically manifest RA, we
hypothesised that these clones might be detectable in the periph-
eral blood before development of arthritis. Indeed, multiple
dominant BCR clones were detected in peripheral blood of all
11 prospectively followed at-risk individuals who developed
arthritis from the test cohort, as long as 66 months before the
clinical onset of arthritis. In contrast, dominant BCR clones
were nearly absent both in the 10 at-risk individuals who did not
develop arthritis and in the 10 healthy individuals (figure 1A).
We observed that the number of dominant BCR clones, the
impact of all dominant BCR clones combined (size of all domi-
nant clones combined as percentage of the total repertoire) and
the impact of the most dominant BCR clone were increased in
at-risk individuals who developed arthritis during follow-up,
compared with those who did not develop arthritis and healthy
individuals (number of dominant clones mean 9.7+8.0 vs

0.8%0.8 vs 0.7+0.7,respectively, p=0.001 (figure 1B), impact
of the dominant clones median 16.4% of the total reper-
toire, IQR 3.7%-33.7% vs 0.7% IQR 0%-1.7% vs 0.5% IQR
0%-1.1%, respectively, p<0.0001 (figure 1C) and impact of the
single most dominant clone mean 5.5%+4.6% vs 0.7%=0.7%
vs 0.6%=+0.4%), respectively, p<0.0003 (figure 1D)). Subse-
quently, we analysed synovial tissue biopsies in at-risk individ-
uals obtained during the preclinical phase, but these samples
contained BCR mRNA levels that were too low to allow
next-generation sequenting (NGS). The low BCR mRNA levels
in the synovium during the preclinical stage of the disease are
explained by the absence of B cell infiltration as demonstrated
before using immunohistochemistry.’

Collectively, these observations demonstrate that dominant
BCR clones are readily detectable in peripheral blood during the
preclinical phase in all a¢-risk individuals who will develop RA
after follow-up, but not in those who did not.

The presence of dominant BCR clones predicts future arthritis
development

Having shown that the presence of BCR clones can be detected in
peripheral blood in all at-risk individuals who will subsequently
develop RA, in some cases after several years, we next aimed to
develop a biomarker that can be used to identify individuals who
have a high risk of developing arthritis in the short term. Such
patients might be treated in the at-risk phase to prevent onset of
arthritis.”’ A clinically relevant follow-up period of 36 months
was chosen to evaluate arthritis development. This time period
may carry a risk high enough to justify preventive pharmacolog-
ical intervention, while being short enough to infer urgency for
treatment.
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Figure 2 Receiver operating characteristic curves for (A) the number of dominant clones, (B) the impact of all dominant clones combined and

(C) the impact of the most dominant clone in at-risk individuals (n=21). The development of arthritis was analysed after 36 months of follow-up.

The arrow points to the cut-off value chosen, and the corresponding value is shown. (D) Kaplan-Meier curve for BCR-clone positive and BCR-clone
negative individuals in the test cohort, assuming the at-risk individuals analysed represent a random selection of the total at-risk individuals (n=65).
(E) Kaplan-Meier curve for BCR-clone positive and BCR-clone negative individuals in the validation cohort. (F) Table describing sensitivity, specificity,
PPV and NPV including 95% Cls for the BCR-clone model, in the test cohort and the validation cohort. AUC, area under the curve; BCR, B-cell receptor;

NPV, negative predictive value; PPV, positive predictive value.

We designed three tests based on the number of dominant BCR
clones present, the impact of all dominant clones combined on
the BCR repertoire and the impact of the single most dominant
BCR clone; ROC curves are depicted in figure 2A—C. Based on
these ROC curves, optimal cut-offs were determined at =5 domi-
nant BCR clones in peripheral blood, a combined impact =3.7%
and an impact of the most dominant clone =2.5%, respectively.
We decided to use the presence of =5 dominant BCR clones as
comprehensible and intuitive marker for further studies. This is
further denoted as ‘BCR-clone positive,” and <5 dominant BCR
clones as ‘BCR-clone negative,” and collectively as the BCR-clone
model.

The cut-off of =5 dominant clones in peripheral blood resulted
in two clearly distinguishable groups, and corresponding sensi-
tivity of 78%, specificity of 92%, positive predictive value (PPV)
of 72% and negative predictive value (NPV) of 94% (figure 2D,
2F for the Kaplan-Meier curve, log rank test p<0.001). We had
access to a second independent cohort of 50 subjects to validate
our findings using the same cut-off value. Fifteen at-risk individ-
uals developed arthritis within 36 months; the characteristics are
described in table 2.

Analysis in this validation cohort showed that BCR-clone
positive at-risk individuals had an 83% risk of developing RA

within 36 months (PPV), while this risk was 13% in at-risk
BCR-clone negative individuals (1-NPV), resulting in a relative
risk of 6.3 (95% CI 2.7 to 15, p<0.0001, log rank test p<0.001,
figure 2E). Post hoc analysis on both cohorts revealed that within
60 months, all BCR-clone positive individuals developed arthritis
(after 47, 48 and 60 months, respectively, online supplementary
figure S1).

The 50 at-risk individuals in the validation cohort were previ-
ously used to develop a prediction model for the development
of RA,* the risk rule model. This describes a composite score of
multiple clinical parameters categorising at-risk individuals into
low, intermediate and high-risk individuals (respectively 17, 20
and 13 individuals). Using logistic regression analysis to calculate
the added value of the BCR-clone model to the existing risk rule,
an overall relative risk of 5.0 (95% CI 1.2 to 20, p=0.024) was
found. In the low, intermediate and high-risk groups the rela-
tive risk contributed by BCR-clone positivity was estimated at
18 (95% CI 0.6 to 520), 6.1 (95% CI 1.9 to 20) and 1.2 (95%
CI 0.6 to 2.7), respectively.

In conclusion, we show that at-risk individuals with five or
more dominant BCR clones in peripheral blood have an 83%
risk of developing arthritis within 36 months, compared with
a risk of 13% in individuals with four or less dominant BCR
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Table 2 Clinical characteristics of at-risk individuals in the
validation cohort

At-risk individuals  At-risk individuals

no arthritis arthritis developed
developed (n=35) (n=15)
Female sex, n (%) 22 (63) 8(53)
Age, years, median (IQR) 51 (43-55) 47 (37-52)
IgM-RF positive, n (%) 28 (80) 11 (73)
Level low positive, n (%)*t 20 (57) 7 (64)
Level high positive, n (%)*t 15 (43) 4 (36)
ACPA positive, n (%) 20 (57) 14 (93)
Level, median (IQR)** 1333 (364-9650) 342 (155-1016)
IgM-RF/ACPA double positive, 13 (37) 10 (67)
n (%)
ESR, median (IQR)§ 12 (4-18) 10 (3-19)
CRP, median (IQR)1 2.4(0.9-4.5) 2.3(1.1-9.4)
53TJC, median (IQR) 0 (0-0) 0(0-1)
Risk rule model**
Low risk, n (%) 17 (49%) 0 (0%)
Intermediiate risk, n (%) 14 (40%) 6 (40%)
High risk, n (%) 4 (11%) 9 (60%)

Positive IgM-RF: >12.5kU/L.

Positive anti-CCP2 >25kAU/L.

*Only in individuals who were positive.

tLevels were categorised into high/low positive according to cut-off levels used in
the 2010 ACR/EULAR criteria for rheumatoid arthritis because of changed reference
values over time.

$Measured in KAU/L.

§Measured in mm/hour.

fiMeasured in mg/L.

**Score based on the risk rule®® scaled 0-13 points.

ACPA, anticyclic citrullinated peptide antibodies (using anti-CCP2 test); CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; IgM-RF, rheumatoid factor of
the IgM isotype; 53TJC, tenderjoint count assessed in 53 joints.

clones. Moreover, analysis after 5 years revealed that all individ-
uals who initially tested positive developed arthritis.

Dominant BCR clones present in peripheral blood during the
preclinical phase have migrated to synovial tissue in clinically
manifest RA

We hypothesised that if the observed dominant BCR clones are
involved in synovial inflammation, then these clones might also
be detectable in synovial tissue after onset of RA. To this end, we
analysed peripheral blood samples obtained during the preclin-
ical stage, and paired blood and synovial tissue after onset of
arthritis in eight individuals who developed arthritis.

Up to 29.3% (median, IQR 9.9%-45.8%) of all preclin-
ically detectable dominant peripheral blood BCR clones were
detectable in synovial tissue after development of arthritis.
All ranked within the top 25 most dominant clones in syno-
vial tissue (figure 3A-C). Most strikingly, none of the preclin-
ically detectable dominant peripheral blood BCR clones could
be recovered from peripheral blood after arthritis developed
(figure 3B,C). Additional analyses of the dominant clones found
in both peripheral blood and synovial tissue showed that these
clones are class switched to the IgG1 isotype and enriched for
IGHV4-34, features that are all associated with autoreactivity,
while IGHV3-23, IGHV1-69, CDR3 length, ACPA or I[gM-RF
titres, and HLA-DRB1 shared epitope positivity (SE) are compa-
rable between the three groups (described in online supplemen-
tary results, supplementary figures 2 and 3, and supplementary
table 2).3033

Together, these analyses show that dominant BCR peripheral
blood clones present during the preclinical phase of arthritis are
in part retrievable as dominant clones in synovial tissue once
arthritis becomes clinically apparent. At this time point, the
clones are no longer found in peripheral blood anymore. These
migratory clones have features that have been associated with
autoreactivity.

DISCUSSION

The results presented here show that the presence of dominant
BCR clones in peripheral blood predicts with high accuracy the
onset of arthritis in patients who are at risk of developing RA.
Moreover, we found support that these dominant clones may
migrate to synovial tissue once arthritis becomes apparent. These
findings are consistent with the notion that B-cell abnormalities
occur up to several years before the onset of synovial inflam-
mation, and that the development of RA is a multistep process.
Conceivably, a ‘second hit,” for instance a trauma or viral infec-
tion, may lead to synovial inflammation, subsequent migration
of autoreactive B-cell clones towards the synovium and impaired
resolution of inflammation in patients with pre-existing systemic
autoimmunity.” ** This work provides the rationale for future
studies on B-cell abnormalities during the preclinical stage in
other immune-mediated inflammatory diseases like systemic
lupus erythematosus (SLE), multiple sclerosis (MS) and type
1 diabetes (T1D), and opens up the perspective of preventive
intervention.

Since not all individuals with RA-specific antibodies prog-
ress to clinically manifest RA, the relation between RA-specific
antibodies and clonal expansions is unclear. The current data
stress once more that the antibodies in the preclinical phase are
produced by plasmablasts and long-lived plasma cells located
elsewhere (eg, bone marrow and spleen),” and B cells and
plasmablasts present in blood represent migrating cell popu-
lations. Moreover, better biomarkers are needed to predict
which at-risk individuals will develop RA. Autoantibody and
cytokine profiles, specific gene signatures, body mass index,
current smoking and autonomic nervous system dysfunction all
contribute to the risk of developing RA.>*™*! Our data provide a
novel biomarker that has superior predictive power compared
with other available biomarkers evaluated so far. It increases the
accuracy of the previously reported prediction rule for the devel-
opment of arthritis in autoantibody positive subjects.**

Identification of at-risk individuals who will develop RA in
the short term enables development of early preventive strat-
egies.”” * Our findings support the rationale for B cells or the
interaction between B cells and T cells as targets for preventive
therapy. The cut-off used here (five or more dominant clones)
was chosen to be able to identify subjects with a high risk of
developing RA with an acceptable NPV to avoid unnecessary
treatment. Whether a preventive pharmacological interven-
tion will be considered acceptable is of course dependent on
the benefit/risk profile and the cost-effectiveness of the specific
treatment.

As discussed above, there is strong evidence for a role of B
cells and plasma cells in the pathogenesis of RA. The develop-
ment of RA is associated with defects in central and periph-
eral tolerance leading to autoreactive B cells,* and circulating
autoantibodies can be detected years before the onset of the
disease. It is tempting to speculate that the clones identified
in the present study are pathogenic B cells since (1) they are
not detected in healthy controls nor in subjects at risk who do
not develop RA after follow-up, (2) their dominance suggests
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Figure 3 Scatterplot of the BCR repertoire in synovial tissue (A) and peripheral blood (B) after arthritis development in eight patients. Each dot
represents one clone. Clones in red represent clones that were dominantly present in peripheral blood during the preclinical phase. The size of the
clones is depicted as percentage of the total BCR, , sequences. (C) Dot plot showing the overlap between dominant BCR clones in the preclinical
phase and after arthritis development (n==8). The y-axis depicts the rank of the clones found in blood during the preclinical phase (all eight patients
pooled). On the left x-axis the overlap with dominant clones in peripheral blood after arthritis development, on the right x-axis the overlap with
dominant clones in synovial tissue after arthritis development. In case no overlap was found, the dots were marked ‘no overlap.’ BCR, B-cell receptor;

PB, peripheral blood; ST, synovial tissue.

activity, (3) the clones seem to migrate to the inflamed syno-
vial tissue after arthritis development, and (4) these clones show
additional features associated with autoreactivity.

There are technical limitations to the study; first, we measure
the BCR, = chain repertoire on mRNA level since it only iden-
tifies expressed BCRs and limits the number of amplifications.
However, we cannot distinguish whether clonal signatures are
derived from memory B cells or plasma cells. Nevertheless, the
presence of dominant BCR clones in the preclinical phase of RA
is a robust and reproducible marker. Second, to analyse mRNA,
cells were lysed preventing further phenotypic characterisa-
tion of dominant clones. Further unravelling the phenotype of
BCR clones in the preclinical phase is essential to better under-
stand the role of these cells in the earliest phase of disease, and
might lead to even more specific biomarkers. Third, coupling
of BCR heavy and light chains is prevented by the technique
used, thus limiting determination of reactivity. This should be
addressed in a future study.

All patients had clinically manifest arthritis at the time of the
second synovial biopsy but the joint that was biopsied was not
clinically inflamed except for one patient. Still, these biopsies
showed a diverse repertoire resembling the repertoires of clin-
ically inflamed joints, containing the dominant predictive BCR
clones identified in peripheral blood in the preclinical phase.
This can be explained by the fact that clinically uninvolved joints
of patients with established RA exhibit histological signs of syno-
vial inflammation, as described before.**

Taken together, we show the presence of increased BCR
clonal signatures in peripheral blood obtained during the
preclinical stage of RA. During onset of arthritis, these BCR
clones disappear from blood and appear in the target tissue,
where they may drive autonomous disease progression. Our
observations show that the presence of dominant BCR clones
in peripheral blood in the at-risk stage accurately predicts
short-term onset of clinically manifest disease. Consequently,
they may serve as a biomarker that could help guide decisions
about pharmacological treatment to prevent the onset of clin-
ically manifest disease. This is important since recent studies
clearly indicate that early intervention may be more effective
and lead more often to drug-free remission.* There are already
studies that focus on intervention during the pre-RA phase.
An example is the recently completed “PRAIRI” study (http://
www.trialregister.nl/trialreg/ admin/rctview.asp?TC=1969), in
which individuals at risk of developing RA were treated with
a single course of rituximab to delay development of clinically
manifest arthritis. The current marker determined during the
preclinical phase can be used to further investigate the effect of
therapeutical intervention on the clonal distribution over time.
Similar studies are currently under way with abatacept and
simvastatin. Future work should explore whether BCR clones
might also predict onset of disease in other immune-mediated
inflammatory disorders like type 1 diabetes, multiple sclerosis,
SLE and vasculitis.
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EXTENDED REPORT

Pan-PPAR agonist IVA337 is effective in experimental
lung fibrosis and pulmonary hypertension

Jerome Avouac, "* Irena Konstantinova,” Christophe Guignabert,*” Sonia Pezet,’
Jeremy Sadoine,® Thomas Guilbert," Anne Cauvet,' Ly Tu,*> Jean-Michel Luccarini®
Jean-Louis Junien,? Pierre Broqua,’ Yannick Allanore

ABSTRACT

Objective To evaluate the antifibrotic effects of

the pan-peroxisome proliferator-activated receptor
(PPAR) agonist IVA337 in preclinical mouse models of
pulmonary fibrosis and related pulmonary hypertension
(PH).

Methods [VA337 has been evaluated in the mouse
model of bleomycin-induced pulmonary fibrosis and in
Fra-2 transgenic mice, this latter being characterised by
non-specific interstitial pneumonia and severe vascular
remodelling of pulmonary arteries leading to PH. Mice
received two doses of IVA337 (30 mg/kg or 100 mg/
kg) or vehicle administered by daily oral gavage up to 4
weeks.

Results IVA337 demonstrated at a dose of 100 mg/
kg a marked protection from the development of lung
fibrosis in both mouse models compared with mice
receiving 30 mg/kg of IVA337 or vehicle. Histological
score was markedly reduced by 61% in the bleomycin
model and by 50% in Fra-2 transgenic mice, and total
lung hydroxyproline concentrations decreased by 28%
and 48%, respectively, as compared with vehicle-
treated mice. IVA337 at 100 mg/kg also significantly
decreased levels of fibrogenic markers in lesional lungs
of both mouse models. In addition, IVA337 substantially
alleviated PH in Fra-2 transgenic mice by improving
haemodynamic measurements and vascular remodelling.
In primary human lung fibroblasts, IVA337 inhibited in
a dose-dependent manner fibroblast to myofibroblasts
transition induced by TGF-B and fibroblast proliferation
mediated by PDGF.

Conclusion We demonstrate that treatment with

100 mg/kg IVA337 prevents lung fibrosis in two
complementary animal models and substantially
attenuates PH in the Fra-2 mouse model. These
findings confirm that the pan-PPAR agonist IVA337

is an appealing therapeutic candidate for these
cardiopulmonary involvements.

INTRODUCTION

Fibrotic diseases impose a major socioeconomic
burden on modern societies and account for up
to 45% of deaths in the developed world.! The
identification of key factors that drive fibrosis are
of interest for clinical therapy because, to date,
very few drugs have been approved, and they
have limited efficacy in preventing progression
or reverting existing fibrosis. Fibrosis occurs as a
result of sustained injury to the epithelium, which
causes the overproduction of cytokines and growth

factors. These latter promote the recruitment and
differentiation of mesenchymal cell precursors into
myofibroblasts, which produce high amounts of
collagen and other extracellular matrix proteins.

Nuclear receptors are a family of transcription
factors with key roles in fibrotic responses.” Peroxi-
some proliferator-activated receptors (PPARs) are
nuclear receptors, the activation of which is known
to display antifibrotic and anti-inflammatory prop-
erties”’: PPARo. activators prevent lung fibrosis,
PPARS agonists reduce bleomycin-induced inflam-
mation and PPARY agonists attenuate skin, lung and
vascular fibrosis.* ®

IVA337 is a new chemical entity that activates
the three PPAR isoforms. The antifibrotic proper-
ties of this product have been assessed in several
in vitro and in vivo preclinical studies: IVA337 has
been shown to prevent and induce the regression of
pre-existing fibrotic damage in the liver and in the
skin.®? These preclinical promising results together
with the good safety profile of this product in
phase I and phase Ila studies have led to further
clinical development, investigating the efficacy
of TVA337 on skin fibrosis in patients with early
diffuse systemic sclerosis (SSc) (NCT02503644).
SSc is a life-threatening connective tissue disease
of autoimmune origin, considered as a prototype
entity for fibrotic diseases. SSc is characterised by
pathological fibrosis of the skin and internal organs
(2). Pulmonary fibrosis, a common complication of
SSc, is associated with substantial mortality and has
no approved therapy.' Pulmonary hypertension
related to SSc (SSc-PH) is also associated with high
morbidity and mortality, as well as poorer response
to therapy and worse outcomes compared with the
idiopathic form of PAH (IPAH). Moreover, the
current therapies of SSc-PH or IPAH remain essen-
tially palliative and do not reverse the progressive
remodelling of the pulmonary vasculature, which
causes increased pulmonary artery pressures and
fatal heart failure.'"™"

Thus, given the very severe prognosis and the
lack of efficient treatment of pulmonary fibrosis
and PH, our objective was to evaluate the potential
efficacy of IVA337 in two preclinical mouse models
of these complications: the bleomycin-induced
lung fibrosis mouse model and the Fra-2 transgenic
mouse model.

MATERIAL AND METHODS
An extended method section is available in the
online data supplement.
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Effects of IVA337 in bleomycin-induced lung fibrosis and Fra-
2 transgenic mice

Mice were treated with oral gavage once a day with vehicle or
IVA337 (30mg/kg or 100 mg/kg) for 15 days in the bleomycin
mouse model and 4 weeks in the Fra-2 mouse model.

Assessment of fibrosing alveolitis
The severity of fibrosing alveolitis was assessed in both mouse
models according to semiquantitative histological analyses
performed on paraffin-embedded lung sections stained with
H&E and to the measurement of collagen content in lesional
lung samples by the hydroxyproline assay.'*

In the Fra-2 mouse model, lung fibrosis was also assessed by
micro-CT and non-linear microscopy with second harmonic
generation processing, as previously reported.'®

Lung biomarker measurement

Selected fibrogenic markers were quantified by real-time PCR or
ELISA in the lesional lungs of bleomycin-treated mice and Fra-2
transgenic mice.

Haemodynamic measurements and assessment of pulmonary
vascular changes in Fra-2 transgenic mice

Right ventricular systolic pressure (RVSP) and heart rate were
determined in unventilated mice under isoflurane anaesthesia.
Right ventricular hypertrophy (RVH) was determined by the
Fulton index measurement.”’ ™ Morphometric analyses were
performed on paraffin-embedded lung sections stained using
H&E and alpha smooth muscle actin (0-SMA).*°

Immunostaining of lesional lung sections

The expression of PPARo, PPARS and PPARy was assessed by
immunofluorescence using appropriate antibodies. Myofibro-
blast quantification was performed by immunohistochemistry
for 0-SMA. The numbers of infiltrating T cells, B cells and
macrophages were quantified by immunohistochemistry using
antibodies targeting CD3, CD22 and CDé68, respectively.
The nuclear accumulation of phosphorylated smad2/smad3
(pSmad2/3) detected by immunofluorescence was used to reflect
the activation of TGF-B signalling.

Lung fibroblast proliferation and activation

The proliferation of human primary pulmonary fibroblasts (HPF
cells) on Platelet-derived growth factor (PDGF) stimulation
was assessed by the measurement of 5-ethynyl-2’-deoxyuridine
(EdU) incorporation. TGF-B-induced fibroblast to myofibroblast
transition was assessed by immunostaining with o-SMA.

Statistical analysis

All data are expressed as mean values=SEM. Multiple group
comparisons were analysed by using post hoc Dunnett’s test.
Unpaired or paired t-test was used for a two-group comparison.
p<0.05 (all two sided) was considered significant.

RESULTS

Tolerance to IVA337

Treatment with TVA337 was well tolerated in both mouse
models with no weight loss during the whole treatment period
(vehicle: +0.69+1.27g, IVA337 30mg/kg: +0.51+1.15g
and TVA337 100mg/kg: +1.41=1.17g) and a clinical score of
welfare (ranging from 0 to 3) not significantly different between

the different groups (vehicle: 0.50+0.63, TVA337 30mg/kg:
0.12+0.35and IVA337 100 mg/kg: 0.25+0.38).

IVA337 prevents bleomycin-induced lung fibrosis

IVA337 demonstrated a marked protection from the devel-
opment of lung fibrosis induced by bleomycin comparatively
to vehicle-treated mice. Indeed, IVA337 100 mg/kg strongly
reduced by 61% tissue density on histological measurements
(p<0.01) when compared with vehicle-treated mice (figure 1A
and B). Consistent with histological analysis, IVA337 100 mg/
kg reduced total lung hydroxyproline concentrations by 28%
(p<0.05) and myofibroblast counts by 60% (p<0.05), as
compared with vehicle (figure 1C and D andonline supple-
mentary file). IVA337 100 mg/kg also significantly decreased
mRNA levels of Collal, Col3al (all p<0.001) and Fnl
(all p<0.05) in lesional lungs (online supplementary figure
S2A-C).

IVA337 alleviates lung fibrosis in the Fra-2 mouse model

We next tested the efficacy of IVA337 in the Fra-2 mouse model,
characterised by the spontaneous development of a progressive
non-specific interstitial pneumonia. At week 17, Fra-2 mice
treated with TVA337 100 mg/kg displayed a significant 21%
decrease in lung density (in Hounsfield units (HU)) as compared
with Fra-2 mice receiving the vehicle (—524.4 vs —432.2 HU,
p<0.05) when assessed by chest micro-CT imaging (figure 2A
and B). Consistent with this finding, functional residual capacity
increased significantly by 30% in mice treated with IVA337
100 mg/kg (72.8% vs 54.1%, p<0.05) (figure 2C).

Lung specimens from Fra-2 mice treated with vehicle exhibited
features of non-specific interstitial pneumonia (33) (figure 3A).
On treatment with IVA337, a significant 58% reduction of the
lung fibrosis score was observed at a dose of 100 mg/kg compared
with mice treated with the vehicle (figure 3A and B). Consis-
tent with CT and histological analysis, hydroxyproline content
and myofibroblast counts were also reduced by 54% (p<0.05)
and 48% (p<0.03), respectively (figure 3C and D). In addition,
mRNA levels of Collal, Colla2 and Fnlwere decreased by
IVA337 (online supplementary figure S2D-F).

Second harmonic generation showed in vehicle-treated
mice a preferential perivascular distribution of fibrosis, which
was consistent with fibrosing alveolitis (figure 3E). Scoring of
fibrillar collagen deposits confirmed a significant decrease in
collagen scoring in Fra-2 mice receiving IVA337 100 mg/kg, as
compared with Fra-2 mice treated with the vehicle or with IVA
30mg/kg (figure 3F).

IVA337 reverses PH in the Fra-2 mouse model

On treatment with IVA337 100 mg/kg, a substantial reduction
in values of RVSP (29.1+1.4mm Hg vs 34.3*1.3mm Hg,
p<0.05) and RVH (0.29+0.01 vs 0.34+0.01 arbitrary units
(AU), p<0.01) was observed compared with vehicle-treated
mice (figure 4A and B). Consistent with these findings, IVA337
100 mg/kg was associated with significant decrease in percent
medial wall thickness (figure 4C and E) and numbers of muscu-
larised distal pulmonary arteries (figure 4D and F).

IVA337 decreases the levels of fibrogenic markers in lesional
lungs

Successful targeting of the TGF-f signalling axis was observed on
treatment with IVA337 in both mouse models. In the bleomycin
model, treatment with IVA337 100 mg/kg led to a marked reduc-
tion of Tgfb1 (p<0.01), Tgfb2 (p<0.05) and Tgfbrl (p<0.01)
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IVA337 100 mg/kg prevents bleomycin-induced lung fibrosis. (A) Lung fibrosis was significantly higher in mice treated with the vehicle

or IVA337 30 mg/kg than in those receiving IVA337 100 mg/kg. Representative lung sections stained by H&E are shown. Scale bar=2000 ym and

100 ym (higher magnification). (B) Fibrosis lung histological score was significantly decreased in mice treated with IVA337 100 mg/kg compared with
those receiving IVA 30 mg/kg or vehicle-treated mice. (C) Hydroxyproline content was significantly reduced in mice treated with IVA337 100 mg/kg
compared with mice receiving IVA337 30 mg/kg or vehicle-treated mice. (D) Myofibroblast counts were also markedly decreased on treatment with
IVA337. A total of 44 mice were used (11/group). Values are the mean+SEM. Statistical analyses: one-way ANOVA followed by Dunnett's multiple

comparison test. *p<0.05; **p<0.01. ANOVA, analysis of variance.

mRNA levels (online supplementary figure S3A-C), which
was not significant at the TGF-B-protein level (online supple-
mentary figure S3D). A significant decrease of nuclear levels
of phosphorylated Smad2/Smad3 (pSmad2/3) compared with
vehicle-treated mice was also observed on both doses of IVA337
(online supplementary figure S3E and F).

In the Fra-2 model, reduced TGF-B protein levels were
detected in lesional lungs (online supplementary figure S4A) and
a significant decrease of nuclear levels of phosphorylated Smad2/
Smad3 (pSmad2/3) was observed compared with vehicle-treated
mice (online supplementary figure S4B).

A striking reduction of TIMP1 protein levels was also detected
on treatment with IVA337 compared with vehicle-treated mice
in the bleomycin model (figure 5A) and in Fra-2 transgenic
mice (figure 5B). Levels of osteopontin (OPN) and monocyte
chimoattractant protein-1 (MCP1) were also markedly reduced
on treatment with IVA337 100 mg/kg in Fra-2 mice, but not in
the bleomycin model (figure SC-F).

IVA337 reduces T cell, B cell and macrophage infiltration in
lesional lungs

To analyse whether treatment with IVA337 influences the outcome
of both mouse models by regulating inflammatory infiltrates, we
next counted the number of T cells, B cells and macrophages in
lesional lungs. T cell, B cell and macrophage counts detected by
immunohistochemistry for CD3, CD22 and CDé68, respectively,
were markedly reduced on IVA337 100mg/kg in both mouse
models (online supplementary figures SSA-D and S6A-D).

IVA337 restores PPARs expression in lesional lungs

To assess a role of IVA337 in regulating the expression levels of
PPARs, we examined PPAR expression in both mouse models. The
expression of the three PPAR isoforms was markedly decreased
after bleomycin challenge. Pan-PPAR activation by IVA337 led
to the restoration of PPARc, PPARS and PPARy expressions
(figure 6A and B). Consistently, IVA337 at 100 mg/kg also mark-
edly restored PPARo and PPARY expression in lesional lungs of

Avouac J, et al. Ann Rheum Dis 2017;76:1931-1940. doi:10.1136/annrheumdis-2016-210821 1933


https://dx.doi.org/10.1136/annrheumdis-2016-210821
https://dx.doi.org/10.1136/annrheumdis-2016-210821
https://dx.doi.org/10.1136/annrheumdis-2016-210821
https://dx.doi.org/10.1136/annrheumdis-2016-210821
https://dx.doi.org/10.1136/annrheumdis-2016-210821
https://dx.doi.org/10.1136/annrheumdis-2016-210821
https://dx.doi.org/10.1136/annrheumdis-2016-210821
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on October 15, 2017 - Published by group.bmj.com

Basic and translational research

Fra-2
vehicle

A C57BL/6
vehicle

(=]

-200+

4

Lung density at micro-CT
( in Hounstfield units)

-600+ % %

C57BLI6  Fra2  Fra2  Fra2
vehicle vehicle IVA IVA
30mg/kg 100mg/kg

Figure 2

Fra-2 Fra-2

IVA 100 mg/Kg

(@]

% %k
100~
*
SR [—
)
E
% 60+
>
g
§ 40
|
@
x 20+
0 T
C57BL/6 Fra-2 Fra-2 Fra-2
vehicle vehicle IVA IVA

30mg/kg 100mg/kg

IVA-337 100 mg/kg prevents lung fibrosis in Fra-2 transgenic mice: evaluation by CT-scan. (A) Treatment with [IVA337 100 mg/kg prevents

lung fibrosis in Fra-2 transgenic mice: representative pictures of micro-CT. (B) Decreased lung density at micro-CT in Fra-2 transgenic mice treated with
IVA337 100 mg/kg compared with vehicle-treated mice. (C) Reduced residual lung volume, expressed as the percentage of functional residual capacity
on total lung volume, in Fra-2 transgenic mice treated with IVA337 100 mg/kg compared with vehicle-treated mice. A total of 28 mice were used (five
C57BL6 mice, seven Fra-2 vehicle, eight Fra-2 IVA337 30 mg/kg and eight Fra-2 IVA337 100 mg/kg). Values are the mean+SEM. Statistics: one-way
ANOVA followed by Dunnett’s multiple comparison test (comparison of the three groups of Fra-2 mice) or unpaired t test (comparison of the two
groups of vehicle-treated mice). *p<0.05; **p<0.01. ANOVA; analysis of variance.

Fra-2 transgenic mice (figure 6C and D). A trend was observed for
increased PPARS expression on treatment with 100 mg/kg IVA337
in Fra-2 mice lungs (figure 6D).

IVA337 inhibits lung human fibroblast proliferation and
differentiation

We next aimed to determine whether antifibrotic effects of
IVA337 might be due to reduced lung fibroblast proliferation
induced by PDGF and/or activation induced by TGF-B. As
expected, PDGF-induced proliferation of primary HPF as indi-
cated by an increase of EdU-positive cells (online supplemen-
tary figure S7A). PDGF-induced proliferation of primary HPF
was markedly inhibited by IVA337, as indicated by a dose-de-
pendent decrease of EdU-positive cells (online supplemen-
tary figure S7B).

TGF-B induced fibroblast to myofibroblast transdifferentiation
(FMT) in primary HPF as indicated by an increase of SMA-pos-
itive cells (measured by immunofluorescence) (online supple-
mentary figure S7C). FMT induced by TGF-B was efficiently
inhibited by IVA337, as indicated by a dose-dependent decrease
of SMA-positive cells (online supplementary figure S7D).

IVA337 engages PPARy in primary human lung fibroblasts

In HPF, the antifibrotic and antiproliferative effects of IVA337
are mainly due to PPARy activity. To evidence PPARy target
engagement, we performed a loss of function experiment using
a siRNA approach in primary HPF (online supplementary figure
S8A). The knockdown of PPARY in primary HPF resulted in a
potentiated proliferation in response to PDGF (online supple-
mentary figure S8B). In cells transfected with PPARy siRNA,
the efficacy of IVA337 in inhibiting proliferation was markedly
reduced in comparison with the control cells (online supplemen-
tary figure S8C), which supports that antiproliferative effects of
IVA337 are mediated by PPARYy engagement.

DISCUSSION

Our results highlight the substantial interest of activating PPARs
to prevent severe organ damages and fibrosis characterising SSc,
in addition to the beneficial effects previously observed in exper-
imental skin fibrosis (3). Indeed, we demonstrate that treatment
with IVA337 100 mg/kg reduces lung fibrosis in two complemen-
tary animal models and substantially attenuates PH in the Fra-2
mouse model. An originality of this study is the assessment of
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Figure 3 IVA-337 100 mg/kg prevents lung fibrosis in Fra-2 transgenic mice: evaluation by histology. (A) Treatment with IVA337 100 mg/kg prevents
lung fibrosis in Fra-2 transgenic mice: representative lung sections stained by H&E. Scale bar: 2000 pm and 100 pm (higher magnification). (B)
Histological lung fibrosis score decreased significantly on treatment with [IVA337 100 mg/kg, as compared with mice receiving IVA337 30 mg/kg and
vehicle-treated mice. (C) Hydroxyproline content in lesional lungs of Fra-2 mice markedly decreased on treatment with IVA337 100 mg/kg compared
with vehicle-treated mice. (D) Decreased number of myofibroblasts in lesional lungs on treatment with [IVA337. (E) Second harmonic generation
showed fibrillar collagen in Fra-2 mice treated with vehicle (in pink), but not in mice receiving IVA337 100 mg/kg. Scale bar: 50 pm. (F) Second
harmonic scores were higher in Fra-2 mice receiving the vehicle or IVA337 30 mg/kg, as compared with Fra-2 mice treated with [VA337 100 mg/
kg. A total of 28 mice were used (five C57BL6 mice, seven vehicle, eight IVA337 30 mg/kg and eight IVA337 100 mg/kg). Values are the mean+SEM.
Statistics: one-way ANOVA followed by Dunnett's multiple comparison test. *p<0.05; **p<0.01; ****p<0.0001. ANOVA, analysis of variance.
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Figure 4 IVA337 100 mg/kg alleviates PH in Fra-2 transgenic mice. (A and B) Right ventricular systolic pressure (RVSP) (A) and right ventricular
hypertrophy assessed by the Fulton index (B). A total of 28 mice were used (five C57BL6 mice, seven Fra-2 vehicle, eight Fra-2 IVA337 30 mg/kg
and eight IVA337 100 mg/kg). Values are the mean=SEM. Statistics: one-way ANOVA followed by Dunnett’s multiple comparison test (comparison
of the three groups of Fra-2 mice) or unpaired t-test (comparison of the two groups of vehicle-treated mice). *p<0.05; **p<0.01; ****p<0.0001.
(C—F) Representative images of H&E staining (C) showing substantial reduction in the percentage medial wall thickness in Fra-2 mice treated with
IVA337 100 mg/kg when compared with Fra-2 mice receiving IVA337 30 mg/kg or the vehicle (E). Representative images of ai-smooth muscle actin
(0-SMA) immunohistostaining (D) showing significant reduction in the percentage of distal artery muscularisation in lungs of Fra-2 mice treated with
IVA337 100 mg/kg when compared with Fra-2 mice receiving IVA337 30 mg/kg or the vehicle (F). Scale bar=100 pm. A total of 28 mice were used
(five C57BL6 mice, seven vehicle, eight IVA337 30 mg/kg and eight IVA337 100 mg/kg). Statistical analyses: one-way ANOVA followed by Dunnett's
multiple comparison test. *p<0.05; ***p<0.001; ****p<0.0001. ANOVA, analysis of variance.
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Figure 5 IVA337 100 mg/kg decreases levels of fibrogenic markers in lesional lungs of mice challenged with bleomycin and Fra-2 transgenic
mice. (A and B) Protein levels of TIMP1 were markedly decreased on treatment with IVA337 100 mg/kg, as compared with vehicle-treated mice

in lesional lungs of mice challenged with bleomycin (A) and Fra-2 transgenic mice (B). (C—F) Protein levels of osteopontin (C) and MCP1 (G) were
markedly decreased on treatment with IVA337 100 mg/kg in Fra-2 transgenic mice, as compared with vehicle-treated mice. A trend was observed

for decreased concentrations of osteopontin (D) and MCP1 (F) in the bleomycin model. Twenty-three Fra-2 mice and 38 C57BL/6 mice were used for

these experiments. Values are represented by dot blots with means+SEM. Statistics: one-way ANOVA followed by Dunnett’s multiple comparison
test. *p<0.05; **p<0.01; ***p<0.001 versus vehicle (bleomycin vehicle for B and Fra-2 vehicle for D). ANOVA, analysis of variance; TIMP1, TIMP

metallopeptidase inhib

itor-1.
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Figure 6 IVA337 engages the different PPAR isoforms in lesional lungs of mice challenged with bleomycin and Fra-2 transgenic mice. (A) PPAR

isoform expression in lesional lungs on treatment with IVA337 30 mg/kg, 100 mg/kg or vehicle in the bleomycin mouse model. Representative lung
sections stained for PPARc, PPARS and PPARYy. Scale bar: 100 um. (B) The expression of the three PPAR isoforms was markedly decreased after
bleomycin challenge. IVA337 100 mg/kg led to the activation of its molecular targets in this model, leading to the restoration of PPARo., PPARS and
PPARY expressions, with a similar level as saline control mice. (C) PPAR isoform expression in lesional lungs on treatment with IVA337 30 mg/kg,

100 mg/kg or vehicle in Fra-2 transgenic mice. Representative lung sections stained for PPARo., PPARS and PPARY. Scale bar: 100 pm. (D) IVA337
restored PPARc. and PPARY expressions in Fra-2 transgenic mice. A trend was also observed for increased PPARS expression on treatment with
IVA337. Twenty-three Fra-2 mice (seven vehicle, eight IVA337 30 mg/kg and eight IVA337 100 mg/kg) and 49 C57BL/6 mice (controls of Fra-2 mice:
one group of five mice, bleomycin model, 11/group) were used for these experiments. Values are represented by dot blots with means+SEM. Statistics:
one-way ANOVA followed by Dunnett’s multiple comparison test. *p<0.05; **p<0.01. ANOVA, analysis of variance; PPAR, peroxisome proliferator-

activated receptor.

pulmonary fibrosis by micro-CT and PH by right heart cathe-
terisation, two procedures routinely used in Human pathology.

Despite the positive signal observed with IVA337 30 mg/kg
at the molecular level, a significant improvement of pulmonary
interstitial and vascular diseases was reached only with the dose
of 100 mg/kg in both animal models. This result differs from
what was observed in dermal fibrosis, in which the effects of
IVA337 30mg/kg and 100 mg/kg were similar. The activation
level of different molecular targets may explain this result.
Indeed, TVA337 100 mg/kg substantially restored PPARo., PPARS
and PPARY expression in lesional lung sections of both mouse
models, whereas IVA337 at 30 mg/kg only led to a mild effect on
the expression of the three PPAR isoforms.

The tolerance of the two dose regimens was similar, and no
substantial changes were observed. This emphasises the good
safety profile of this drug at 100 mg/kg in the preclinical setting
in mice.

Treatment with TVA337 markedly prevents the development
of pulmonary fibrosis in the bleomycin mouse model, extending

the findings obtained with the PPARo or PPARy specific
agonists.’ *' 2 The advantage to target several PPAR isoforms has
been previously suggested by the study of concomitant adminis-
tration of fenofibrate (PPARo agonist) and rosiglitazone (PPARy
agonist), which enhanced the beneficial effects produced by
either fenofibrate or rosiglitazone alone on bleomycin-induced
lung fibrosis.” Concomitant administration of low doses of feno-
fibrate and rosiglitazone also provided synergistic renoprotective
effect against the development of diabetes-induced nephropathy
and fibrosis.”> IVA337 also displayed potent antifibrotic effects
in the Fra-2 mouse model, which is complementary to the bleo-
mycin model since it adds vascular remodelling to inflamma-
tion-driven lung fibrosis.** Interestingly, Fra-2 directly binds to
the PPARY2 promoter and represses PPARY2 expression.”

The antifibrotic properties of IVA337 are, at least partly, related
to a reduction of inflammatory infiltrates, as it was recently
shown in inflammation-driven experimental skin fibrosis.® * %
These data are consistent with the regulation by PPARY ligands
of inflammation associated with acute lung disease, including

1938
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decreasing release of chemokine/cytokine by alveolar macro-
phages and neutrophils as well as decreasing migration of these
inflammatory cells.?’

In addition to suppression of the inflammatory response,
the attenuation of fibrosis in these models on IVA337 could
be attributable to the direct antifibrotic effects of this product.
Indeed, TVA337 restores the expression of PPAR isoforms in
lesional lung fibroblasts from mice challenged with bleomycin
and Fra-2 transgenic mice (online supplementary figure S9) and
reduces TGF-B-induced canonical and non-canonical cascades
in human fibroblasts.> IVA337 also inhibits TGF-B induced
collagen synthesis in dermal fibroblasts® and directly interferes
with primary HPF, the effector cells of pulmonary fibrosis. In the
present study, IVA337 inhibited HPF proliferation induced by
PDGEF in a concentration dependent manner. The knockdown of
PPARY decreased the inhibitory effects of IVA337 on cell prolif-
eration, which supports the hypothesis that this effect is depen-
dent on PPARy. The antiproliferative effects of PPARy ligand
have been previously demonstrated in some cell types. Ward
et al showed that the PPARy ligands 15d-PG]J2 and rosiglitazone
could inhibit the proliferation of human cultured airway smooth
muscle cells.”® Treatment with rosiglitazone induced a dose-de-
pendent inhibition of lung adenocarcinoma cells (A549) growth,
which was predominantly due to the inhibition of cell prolif-
eration.” In addition, IVA337 reduced the o-SMA expression
in HPF cells induced by TGF-B. This finding is consistent with
the reduction of the TGF-B-induced a-SMA expression observed
with TVA337 in dermal fibroblasts® and with rosiglitazone in
MRC-5 cells.>* Moreover, potent attenuation of TGF-B-induced
collagen protein production has been observed on treatment
with PPARY agonists in human lung fibroblasts.*!

IVA337 decreases the levels of fibrogenic markers in lesional
lungs. In both mouse models, IVA337 markedly reduced the acti-
vation of TGF- signalling. In addition, decreased levels of OPN,
a fibrogenic cytokine that promotes migration, adhesion and
proliferation of fibroblasts in the development of lung fibrosis,*
and TIMP1, a key factor to fibrogenic response,* were observed
on treatment with IVA337 in the bleomycin model and in Fra-2
mice.

PH remains a devastating condition, particularly in patients
with SSc. Despite advances in medical therapies, PH continues to
cause significant morbidity and mortality, highlighting the need
for progress in the identification and validation of potential new
targets for therapeutic development against this life-threatening
disease. PPARs and particularly PPARY are expressed in the lung
and pulmonary vasculature, and PPARY expression is reduced
in the vascular lesions of patients with PH.>* Furthermore, it
has been demonstrated that the disruption of PPARY signalling
in endothelial cell in mice is sufficient to cause mild PH and to
impair recovery from chronic hypoxia-induced PH."” In addi-
tion, PPARY is also reduced in the vascular lesions of rats with
severe PH caused by treatment with hypobaric hypoxia and a
vascular endothelial growth factor receptor antagonist. In our
study, pan-PPAR activation mediated by IVA337 alleviated PH
in Fra-2 transgenic mice, with a significant improvement of signs
of PH (RVSP and RVH), vascular remodelling and myointimal
proliferation. Our findings are in agreement with the previous
studies supporting that PPARy agonists have the capacity to
reduce PH and vascular remodelling in several models of exper-
imental PH, like the monocrotaline-induced or hypoxia-induced
mouse models.* *® Studies elucidating the mechanisms of PPAR
ligand effects in the pulmonary vasculature point to PPAR-me-
diated alterations in vascular cell proliferation and signalling,
progenitor cell function and the production of vasoactive reactive

oxygen and nitrogen species.** Our findings may have important
clinical implications, as at the time of PH diagnosis, the majority
of patients have already developed some form of pathological
pulmonary arterial remodelling. Therefore, activating PPARs
during the pathogenesis of PH or once PH is established holds
promise as a therapeutic approach for the disease.

Our study has several limitations that deserve consider-
ation. The preventive setting applied for lung fibrosis in both
mouse models may limit the clinical applicability of our results.
However, a curative approach was used for PH, since oblitera-
tion of pulmonary arteries is usually present at the time IVA337
treatment was initiated.>* We have also not compared the effi-
cacy of IVA337 to an already used agonist, but similar antifi-
brotic effects were observed with IVA337 and rosiglitazone in
the model of bleomycin-induced dermal fibrosis.’

In conclusion, we demonstrate that treatment with 100 mg/
kg IVA337 display beneficial effects on inflammatory/immune
changes and fibrosis, which are key aspects of SSc. These find-
ings confirm that the pan-PPAR agonist IVA337 is an appealing
therapeutic candidate for SSc both for skin and key cardiopul-
monary complications.
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EXTENDED REPORT

Nintedanib inhibits macrophage activation and
ameliorates vascular and fibrotic manifestations in
the Fra2 mouse model of systemic sclerosis

Jingang Huang,' Christiane Maier," Yun Zhang,' Alina Soare,' Clara Dees,’
Christian Beyer,' Ulrike Harre,' Chih-Wei Chen," Oliver Distler? Georg Schett,’

Lutz Wollin,? Jérg HW Distler'

ABSTRACT

Background Nintedanib is an inhibitor targeting
platelet-derived growth factor receptor, fibroblast
growth factor receptor and vascular endothelial growth
factor receptor tyrosine kinases that has recently been
approved for the treatment of idiopathic pulmonary
fibrosis. The aim of this study was to analyse the effects
of nintedanib in the fos-related antigen-2 (Fra2) mouse
model of systemic sclerosis (SSc).

Methods The effects of nintedanib on pulmonary
arterial hypertension with proliferation of pulmonary
vascular smooth muscle cells (PVSMCs) and luminal
occlusion, on microvascular disease with apoptosis of
microvascular endothelial cells (MVECs) and on fibroblast
activation with myofibroblast differentiation and
accumulation of extracellular matrix were analysed. We
also studied the effects of nintedanib on the levels of key
mediators involved in the pathogenesis of SSc and on
macrophage polarisation.

Results Nintedanib inhibited proliferation of PYSMCs
and prevented thickening of the vessel walls and luminal
occlusion of pulmonary arteries. Treatment with nintedanib
also inhibited apoptosis of MVECs and blunted the
capillary rarefaction in Fra2-transgenic mice. These effects
were associated with a normalisation of the serum levels
of vascular endothelial growth factor in Fra2 mice on
treatment with nintedanib. Nintedanib also effectively
blocked myofibroblast differentiation and reduced
pulmonary, dermal and myocardial fibrosis in Fra2-
transgenic mice. The antifibrotic effects of nintedanib were
associated with impaired M2 polarisation of monocytes
and reduced numbers of M2 macrophages.

Conclusion Nintedanib targets core features of SSc

in Fra2-transgenic mice and ameliorates histological
features of pulmonary arterial hypertension, destructive
microangiopathy and pulmonary and dermal fibrosis.
These data might have direct implications for the
ongoing phase Ill clinical trial with nintedanib in SSc-
associated interstitial lung disease.

Systemic sclerosis (SSc) is characterised by vascular
remodelling with loss of capillary and pulmonary
arterial hypertension (PAH) and progressive tissue
fibrosis of the skin and internal organs such as the
lungs." Although therapies are approved for the
treatment of vascular manifestations, targeted ther-
apies for the treatment of fibrosis in SSc are not yet
available for clinical use.”

Nintedanib, which has recently been approved
for the treatment of idiopathic pulmonary
fibrosis (IPF), may be an interesting candidate
for antifibrotic therapies in SSc. Nintedanib is a
potent inhibitor of platelet derived growth factor
receptor (PDGFR)-o. and PDGFR-B, vascular
endothelial growth factor receptor (VEGFR)-1,
2, 3, fibroblast growth factor receptor (FGFR)-1,
2, 3 and SRC family kinases.” Recent data
demonstrate that nintedanib in pharmacologi-
cally relevant concentrations effectively inhibits
colony-stimulating factor (CSF)-receptor.* All of
those pathways have been implicated into the
pathogenesis of fibrosis and have been discussed
as candidates for targeted therapies in S$Sc.’~
Nintedanib may thus offer the potential to simul-
taneously inhibit multiple profibrotic pathways
with a single drug. Indeed, we demonstrated
potent antifibrotic effects of nintedanib in several
preclinical models of skin fibrosis’ and a phase
IIT clinical trial with nintedanib in SSc-associ-
ated interstitial lung disease is currently ongoing
(SENSCIS trial; NCT02597933). However, the
effects of nintedanib on vascular manifestations
have not been investigated so far.

While its inhibitory effects on PDGFRs may
be beneficial in PAH, the effects of nintedanib
on microvascular disease in SSc are of concern.
Given that PDGF, VEGF and FGF signalling as
well as SRC kinases have all been implicated in
angiogenesis,'’ ! nintedanib may interfere with
vascular repair and regeneration. Although no
adverse events related to inhibition of angio-
genesis have been observed in clinical trials with
patients with IPE,'? patients with SSc might be
more sensitive due to the pre-existing micro-
vascular disease. On the other hand, accumu-
lating evidence suggests that uncontrolled VEGF
signalling in SSc may actually promote microvas-
cular disease and capillary loss in $Sc.>”

Fos-related antigen-2 transgenic (Fra2 transgenic)
mice resemble the core clinical features of SSc as
they display fibrotic and vascular manifestations of
$Sc.3716 Fra2 transgenic mice develop a destructive
microvascular disease with apoptosis of endothelial
cells followed by systemic fibrotic manifestations and
PAH. In this study, we used Fra2 transgenic mice as
a model system to study the effects of nintedanib on
vascular and fibrotic manifestations of SSc.
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MATERIALS AND METHODS

Fra2 transgenic mice

Treatment of Fra2 transgenic mice with nintedanib was initiated
at an age of 10 weeks and mice were sacrificed at an age of
16 weeks. Non-transgenic littermates served as controls. Each
group consisted of six mice. Nintedanib was administered by
oral gavage. Controls received vehicle treatment.

Quantification of pulmonary, dermal and cardiac fibrosis

Skin fibrosis was assessed histologically and in addition by
quantification of the hydroxyproline content and analyses of
myofibroblast counts. Interstitial lung changes were analysed
histologically by H&E and trichrome staining, by quantification
of myofibroblasts, by immunofluorescence and biochemically by
determination of hydroxyproline contents.” '7** Assessment of
cardiac fibrosis also followed established protocols.*!

Evaluation of vascular remodelling of the pulmonary arteries
Vascular changes were evaluated according to the Dana Point
consensus criteria using established protocols and readouts.** >}
Muscular blood vessels were identified by positive staining for
Smooth Muscle Protein 22-alpha, green (0-SMA) and o smooth
muscle actin (SM220). While a-SMA is also expressed by myofi-
broblasts, the expression of SM22a is restricted to vascular
smooth muscle cells. The vessel wall thickness of pulmonary
arteries was measured on H&E stained sections captured at
400-fold magnification. For analysis, only the circular-shaped
vessels were included, the oblique and longitudinal sectioned
vessels were excluded. The thickness of vessel walls was eval-
uated by a minimum of three measurements per vessel'* by
using the following equation: (outside diameter-inside diam-
eter)/outside diameter. The results were express as x-fold
changes.** As an additional outcome for vascular remodelling,
the degree of luminal occlusion of pulmonary arteries (0-SMA
and SM22q-positive) was examined by counting the numbers
of occluded lumina/high-power field (HPF).” The percentage
of proliferating vascular smooth muscle cells was evaluated by
triple staining for 4’,6-Diamidin-2-phenylindol (DAPI) (visuali-
sation of nuclei), Ki67 (proliferation marker) and SM22¢. 1416

Assessment of microvascular changes

The percentage of apoptotic endothelial cells in the skin of
Fra2 mice was determined by triple staining with the endothe-
lial cell (EC) marker CD31, DAPI and with the TdT-mediated
dUTP-biotin nick end labeling (TUNEL) assay'* *® in five HPF

1427
per mouse.

IMMUNOFLUORESCENCE STAININGS

M2 macrophages can be identified by immunohistochem-
istry using a combination of pan-macrophage markers (F4/80
in mice) and prototypical M2 markers such as arginase and
cMAF, a transcription factor that has recently been shown to be
required for the expression of arginase.”* M1 macrophages were
defined by staining for inducibile nitric oxide synthase (iNOS),
CD11c and F4/80. According to established protocols,” the
following primary antibodies were used: F4/80 (Biorad, Puch-
heim, Germany), arginase (Santa Cruz, San Diego, California,
USA), cMAF (Abgent, San Diego, California, USA) iNOS (Invi-
trogen) and CD11c¢ (Abcam, Cambridge, UK). In a subset of
experiments, costainings of F4/80 with either interleukin (IL)-12
(LSBIO, Seattle, Washington, USA), IL-4 (Santa Cruz) or IL-13
(Bioss, Woburn, Massachusetts, USA) were performed. Addi-
tional stainings included vimentin (mesenchymal cells, Merck,

Darmstadt, Germany) and CD45 (leukocytes (Abcam)). The
following secondary antibodies were used: Alexa Fluor 647
chicken anti-rat (Invitrogen, Germany), Alexa Fluor 488 donkey
anti-rabbit (Abcam), Alexa Fluor 594 donkey anti-goat (Invit-
rogen).”” Sections were counterstained with DAPI.

Quantification of the staining intensity

The staining intensity was quantified as described using Image].*
A density threshold was set to quantify the positive staining by
using the respective negative controls. The threshold was selected
to exclude unspecific background staining. The same thresholds
and system settings were used for all slides. The number of pixels
falling within the threshold, indicating the quantity of staining
positivity, was recorded for each field.

Isolation, selection and culture of macrophages

Peripheral blood mononuclear cells (PBMCs) were isolated
from six healthy volunteers using Lymphoflot (Bio-Rad,
Hercules, California, USA). CD14-microbeads (Miltenyi
Biotech, Bergisch-Gladbach, Germany) were used for positive
selection of human monocytes and macrophages.”® Monocytes/
macrophages were seeded in RPMI medium supplemented with
10% fetal bovine serum (FBS) (all Gibco, Basel, Switzerland)
with or without 25nM human M-CSF (Peprotech, Rocky Hill,
New Jersey, USA) for 6 days at 37°C and 5% CO,. At days 3
and 6, the medium was replaced by fresh medium. At day 6,
cells were treated with 100 nM of nintedanib. Twenty-four hours
later, cells were stimulated with 10nM IL—4 and 10nM IL-13
(both Peprotech). Twenty-fourhours after stimulation, the
expression of M1 and M2 markers was measured.

Microtitre tetrazolium assay

The microtitre tetrazolium [3, (4, 5-dimethylthiazol-2-yl)2,
5-diphenyl-tetrazolium-bromide] assay is an established method
to analyse proliferation. The effect of nintedanib on primary
human vascular smooth muscle cells was analysed in the pres-
ence or absence of PDGE.

Cytokine measurements

Cytokines in the serum of mice were quantified using the mouse
inflammation multianalyte profile, which is based on ultrasen-
sitive immunoassays for 37 cytokines (Myriad-RBM, Austin,
Texas, USA).

Statistics

All data are presented as median+IQR. Differences were anal-
ysed using the Mann-Whitney U test. p Values are expressed as
follows: 0.05 > p=0.01 as *; 0.01 > p=0.001 as **; p<0.001
as **,

RESULTS
Treatment with nintedanib reduces dermal, pulmonary and
myocardial fibrosis in Fra2 transgenic mice
We first evaluated the effect of nintedanib on fibrosis of the
skin and the lungs. Treatment with nintedanib was well toler-
ated and reduced the weight loss in Fra2 transgenic mice
(see online supplementary figure S1). We did not observe
changes in activity, in texture of the fur or in the consistency of
the stool at both doses.

Doses of 60 mg/kg qd or 50 mg/kg/two times per day strongly
ameliorated skin fibrosis. Both doses of nintedanib were equally
effective and significantly reduced dermal thickening, collagen
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Nintedanib reduces dermal and pulmonary fibrosis in fos-related antigen-2 (Fra2) transgenic mice. (A—C) Effects on skin fibrosis.

Representative images of Masson trichrome-stained skin sections at 100-fold magnification and quantification of dermal thickness (A), hydroxyproline
content (B) and myofibroblast count (C). (D—F) Effects on pulmonary fibrosis. Representative images of Sirius red-stained sections of lungs at 40-

fold magnification and quantification of the fibrotic area (D), of the hydroxyproline content (E) and of myofibroblast counts (F). *0.01<p<0.05;
**0.001<p<0.01 versus vehicle-treated Fra2-transgenic mice (Fra2 tg). WT, vehicle-treated wild-type mice, n=6 mice per group.

accumulation and myofibroblast differentiation as compared
with vehicle-treated Fra2 transgenic mice (figure 1A-C).

Nintedanib-treated mice also demonstrated reduced pulmo-
nary fibrosis with decreased fibrotic area, lower hydroxyproline
content and decreased myofibroblast counts compared with
control mice (figure 1D-F).

Myocardial changes in patients with SSc¢ are mimicked in
Fra2 transgenic mice.”' Treatment with nintedanib at 60 mg/
kg/qd reduced the extent of fibrosis, ameliorated perivascular
inflammation and decreased apoptosis of endothelial cells
(see online supplementary figure S2A-F).

Nintedanib inhibits remodelling of the pulmonary arteries

Fra2 transgenic mice also develop pulmonary arterial hyper-
tension with extensive remodelling of the pulmonary arteries.
Both doses of nintedanib significantly reduced thickening of
the walls of pulmonary arteries (figure 2A, B) and decreased
the number of occluded vessels compared with vehicle-treated
Fra2 transgenic mice (figure 2C). Consistent with these find-
ings, the number of proliferating vascular smooth muscle cells
was strongly decreased in nintedanib-treated mice (figure 2D,
E). We observed a trend towards higher efficacy with nintedanib

at 50mg/kg/two times per day as compared with 60 mg/kg/
qd, which, however, did not reach statistical significance.
Nintedanib in a concentration-dependent manner also inhibited
proliferation of human pulmonary vascular smooth muscle cells
in vitro, both under basal conditions and on stimulation with
PDGF (figure 2F).

Nintedanib ameliorates microvascular disease in

Fra2 transgenic mice

Another characteristic feature of Fra2 transgenic mice is apop-
tosis of endothelial cells with subsequent loss of capillaries.
The number of apoptotic endothelial cells in the skin and
lungs of Fra2 transgenic mice was reduced by treatment with
nintedanib (figure 3A, B and online supplementary figure S3).
Consistently, capillary loss was reduced and increased numbers
of vessels in the skin were observed in the dermis of nintedan-
ib-treated mice (figure 3C). As for remodelling of pulmonary
arteries, doses of 50mg/kg/two times per day tended to be
more effective than 60 mg/kg/qd and statistically significant
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Figure 2 Treatment with nintedanib reduces vascular remodelling of the pulmonary arteries in Fra2 transgenic mice. (A) Representative images
of H&E-stained lung sections with thickened vessel walls shown at 400-fold magnification. Arrows indicate thickened vessel walls, stars indicate
occluded vessels. (B) Percentage of occluded vessels. (C) Average thickness of the vessel wall. (D) Representative examples of triple staining

for DAPI (nuclear staining), Ki67 (proliferation marker) and SM22a. (vascular smooth muscle cells) at 200-fold and 600-fold magnification. (E)

Relative proportion of proliferating vascular smooth muscle cells per total number of vascular smooth muscle cells. (F) Effects of nintedanib on the
proliferation of human pulmonary artery vascular smooth muscle cells at basal conditions and on stimulation with platelet-derived growth factor
(PDGF). *0.01<p<0.05; **0.001<p<0.01; ***p<0.001 versus vehicle-treated Fra2 transgenic mice. DAPI, 4’,6-diamidin-2-phenylindol, blue; Fra2 tg,

Fra2-transgenic mice; SM22a, smooth muscle protein 22-alpha, green; WT, vehicle-treated wild-type mice.

differences were found for total microvessel counts between
both groups.

Treatment with Nintedanib normalises the levels of M-CSF1
and VEGF in Fra2 transgenic mice

To gain additional insights into the mechanisms underlying the anti-
fibrotic and vasoprotective effects of nintedanib in the Fra2 model,
we screened for differences in the serum levels of central inflamma-
tory, fibrotic and angiogenic mediators. Several of these cytokines
and growth factors such as epithelial growth factor (EGF), IL-1j,
IL-5, IL-6, IL-10, IL-18, IP-10, MCP-1, MCP-3, MCP-5, M-CSF,
macrophage inflammatory protein (MIP)-1c, MIP-1f, stem cell
factor (SCF), tissue inhibitor of MMP (TIMP)-1, thrombopoietin
and VEGF were upregulated in Fra2 transgenic mice as compared
with non-transgenic littermates (figure 4A). Of those, two mediators
were significantly affected by treatment with nintedanib. Treatment
with nintedanib decreased the levels of M-CSF (figure 4B) and of
VEGEF (at a dose of 60 mg/kg/qd) in Fra2 transgenic mice (figure 4C).

Nintedanib inhibits M2 differentiation of monocytes

M-CSF is a central growth factor for monocytes and macro-
phages and favours their alternative activation and differentia-
tion into M2 macrophages.*® M2 macrophages are implicated
into the pathogenesis of fibrosis.’' ** Changes in the expression
of M2 genes have recently been linked to clinical responses in
tocilizumab-treated patients with SSc.** ** Based on the down-
regulation of M-CSF, we hypothesised that nintedanib may
inhibit M2 polarisation in Fra2 transgenic mice. Indeed, we
observed highly increased numbers of M2 macrophages in the
skin of Fra2 transgenic mice compared with wildtype (WT)
littermates. Treatment with nintedanib completely prevented
the increase in M2 macrophages with M2 counts comparable to
those in non-transgenic control (figure 4D and online supple-
mentary figure S4). In contrast to M2 macrophages, the number
of M1 macrophages (defined by the expression of iNOS and
CD11c in combination with F4/80) did not differ between Fra2
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Nintedanib ameliorates microvascular manifestations in fos-related antigen-2 (Fra2) transgenic mice. (A) Representative images of skin
sections stained for TdT-mediated dUTP-biotin nick end labeling (TUNEL) (apoptosis marker), CD31 (endothelial cells) and 4’,6-diamidin-2-phenylindol
(DAPI) (nuclear staining) shown at 400-fold magpnification. (B) Quantification of apoptotic microvascular endothelial cells in the skin. (C) Relative
numbers of CD31-positive vessels. n=6 mice per group. *0.01<p<0.05 versus vehicle-treated Fra2 transgenic mice. Fra2 tg, Fra2-transgenic mice; WT,

vehicle-treated wild-type mice.

transgenic mice and non-transgenic littermates and M1 macro-
phage counts were not affected by treatment with nintedanib
(figure 4E).

To confirm that inhibitory effects of nintedanib are not
restricted to the Fra2 model or to murine monocytes, we tested
the effects of nintedanib on alternative activation of human
monocytes induced by M-CSF1, IL-4 and IL-13. Nintedanib
reduced M2 counts with suppression of the expression levels of
individual M2 markers such as CD163 or CD206 (figure 5A).
The expression of M1 markers such as CD86, toll-like receptor
4 (TLR4) and human leukocyte antigen-DR (HLA-DR)
(figure 5B) or general markers of monocytes such as CD14 was
unchanged or even increased by incubation with nintedanib (data
not shown). The effects of nintedanib on macrophage polarisa-
tion could be explained by its direct inhibitory effects on CSF1R
(recent, unpublished information by Boehringer Ingelheim). In
support of this hypothesis, individual inhibition of PDGFR,
FGFR or VEGFR did not affect M2 polarisation of macrophages
(see online supplementary file S5A and B). Together, these data
demonstrate that nintedanib inhibits M2 polarisation of macro-
phages, likely by direct inhibition of CSF1R.

To confirm the functional relevance of those findings, we
analysed the release of M1 and M2 cytokines in Fra2 transgenic
mice. The numbers of macrophages positive for IL-4 or for IL-13
were strongly increased in Fra2 transgenic mice. Treatment with

nintedanib reduced the number of IL-4 and IL13-positive macro-
phages (figure 5C) back to the levels of non-transgenic mice.
In contrast, the number of IL-12 positive macrophages was not
increased in Fra2-transgenic mice and was not affected by treat-
ment with nintedanib (figure 5C). Similar results were obtained
for the total numbers of IL-4, IL-13 and IL-12 positive cells (data
not shown).

Fra2 transgenic mice resemble the clinical manifestations of SSc
and develop not only systemic fibrotic disease, but also SSc-like
microvascular disease and PAH."™® Evidence provided by
studies on the efficacy of imatinib, which rather selectively targets
PDGF signalling and cellular abelson kinase (c-ABL) in fibrotic
diseases, indicates that Fra2 transgenic mice may reflect the acti-
vation levels of profibrotic pathways in human SSc more closely
and may better predict responses as compared with other mouse
models.”* ***¥ Indeed, the tyrosine kinase inhibitor imatinib that
did not reach its primary end point in clinical trials in SSc was
also not effective in Fra2 transgenic mice, but reduced fibrosis
induced by bleomycin.”> We now demonstrate that nintedanib,
which inhibits FGFRs, PDGFRs, VEGFRs, SRC family kinases
and, according to very recent data, also CSF1R, effectively
reduces dermal and pulmonary fibrosis in Fra2 transgenic mice,
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Figure 4  Treatment with nintedanib alters the levels of macrophage (M)-colony-stimulating factor (CSF) and vascular endothelial growth

factor (VEGF) and reduces M2 macrophage counts in fos-related antigen-2 (Fra2) transgenic mice. (A) Serum levels of major inflammatory, fibrotic
and angiogenic mediators in Fra2 transgenic mice and littermate controls in pg/mL. Effects of nintedanib on the levels of M-CSF1 (B) and VEGF (C)
in Fra2 transgenic mice. n=6 mice per group. (D) Fold changes in M2 macrophage counts defined as F4/80, cMAF, arginase triple-positive cells. (E)
Fold changes in M1 macrophage counts defined as F4/80, iINOS, CD11c triple-positive cells. *0.01<p<0.05; **0.001<p<0.01 versus vehicle-treated
Fra2 transgenic mice. Fra2 tg, Fra2-transgenic mice; HPF, high-power field; IL, interleukin; WT, vehicle-treated wild-type mice.

thereby extending previous results on cultured fibroblasts and
localised skin fibrosis.”

In addition to its direct effects on fibroblasts, we provide
here novel evidence that nintedanib may also target fibroblast
activation indirectly by blocking alternative activation and M2
polarisation of macrophages. Nintedanib inhibits M2 polarisa-
tion of healthy human macrophages in vitro and also strongly
reduces M2 macrophage counts in Fra2 transgenic mice. These
inhibitory effects of nintedanib on macrophage polarisation are
likely mediated by direct inhibition of CSF1R. Selective inhibi-
tion of PDGFR, VEGFR or FGFR did not block M2 polarisation
in vitro, whereas targeted inhibition of CSF1R is known to inter-
fere with the alternative activation of macrophages.*® However,
confirmation of the findings with monocytes from patients
with SSc is warranted. Given that M2 macrophages are a rich
source of profibrotic mediators™ and M2 macrophages have

been shown to strongly affect the outcome in various preclin-
ical models of fibrosis®’ and that changes in M2 mRNA signa-
ture have recently been linked to clinical outcomes in patients
with $S¢,2°*° the effects of nintedanib on M2 polarisation might
significantly contribute to the antifibrotic effects of nintedanib in
vivo and may be of direct clinical relevance.

Although our study is limited by the lack of functional assess-
ment by echocardiography or right heart catheter, we provide
clear evidence that treatment with nintedanib also inhibited the
proliferation of pulmonary vascular smooth muscle cells and
ameliorated the histological features of PAH. Further studies are
required to unravel whether those effects are solely mediated
by inhibition of PDGFR or whether other targets of nintedanib
contribute to the potent inhibitory effects. Despite the technical
challenges of right heart catheterisation in mice, i.p. with wide-
spread organ involvement as in Fra2 transgenic mice, right heart
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Figure 5 Nintedanib inhibits alternative activation of monocytes. (A) Effects of nintedanib on M2 polarisation of human macrophages incubated
with macrophage (M)-colony-stimulating factor (CSF), interleukin (IL)-4 and IL-13 as analysed by changes in the mean fluorescence intensity of
CD163and CD206. (B) Expression levels of M1 markers CD86,toll-like receptor 4 (TLR4) and human leukocyte antigen-DR (HLA-DR). (C) Fold changes
in the number of IL-4, IL-13 and IL-12 positive macrophages in fos-related antigen-2 (Fra2) transgenic mice with or without nintedanib treatment.

*0.01<p<0.05; **0.001<p<0.01.

catheterisation in follow-up studies would further confirm the
beneficial effects of nintedanib on PAH. At the molecular level,
inhibition of PDGFR with impaired proliferation of vascular
smooth muscle cells is likely to play a central role for the benefi-
cial effects of nintedanib on PAH. As recent data provide elegant
evidence that apoptosis of endothelial cell may promote PAH,*”
further studies should investigate whether the positive effects of
nintedanib on the histological features of PAH are in part medi-
ated by inhibition of pulmonary vascular EC apoptosis.
Treatment with nintedanib also reduced apoptosis of micro-
vascular endothelial cells of the skin and ameliorated the loss of
capillaries in Fra2 transgenic mice. These findings seem unexpected
on first view given the inhibition of multiple proangiogenic medi-
ators by nintedanib. However, excessive upregulation of angio-
genic factors such as VEGF has previously been shown to perturb,
rather than to promote angiogenesis and to induce microvascular
alterations reminiscent of those observed in SSc.” 7 Treatment
with nintedanib may thus improve microvascular manifestations
in Fra2 transgenic mice by preventing the deleterious effects of

excessive, uncontrolled activity of angiogenic factors. This hypoth-
esis is supported by the finding that the levels of VEGF are upreg-
ulated in Fra2 transgenic mice and that treatment with nintedanib
in doses of 60mg/kg/qd normalised the levels of VEGF. Mecha-
nistically, nintedanib may inhibit VEGF expression by inhibiting
inflammation and in particular macrophage activation, as macro-
phages are a major source of VEGE.*' ** The effects of nintedanib
on M-CSF may have also contributed to the beneficial effects
on vascular alterations. M-CSF has been shown to be capable of
modulating angiogenesis directly, but can also regulate the activa-
tion of endothelial cells indirectly by inducing the expression of
VEGE* However, further studies are required to decipher the
molecular regulation of VEGF by nintedanib. Moreover, it will be
crucial to assess the effects of nintedanib on angiogenesis during
wound healing that demands increased formation of new vessels to
initiate tissue repair.

Apart from potential effects on physiological wound healing,
common side effects of nintedanib with particular relevance to SSc
are gastrointestinal adverse events. Although mild in most patients,
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gastrointestinal side effects were common in IPF studies and may
complicate gastrointestinal involvement in SSc.

In summary, our data provide preclinical evidence that treat-
ment with nintedanib may not only improve fibrosis of skin,
lungs and heart, but also ameliorate vascular manifestations as
the other major cause of morbidity and mortality in SSc. We also
provide evidence that nintedanib may not only exert its anti-
fibrotic effects by direct inhibition of fibroblast activation, but
also by inhibition of alternative activation of macrophages. It
will be important to follow-up on these preclinical findings in
the ongoing clinical study and to carefully monitor microvas-
cular disease and PAH.

Correction notice This article has been corrected since it published Online First.
The title has been corrected to: Nintedanib inhibits macrophage activation and
ameliorates vascular and fibrotic manifestations in the Fra2 mouse model of systemic
sclerosis.
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Interleukin-6 blockade raises LDL via reduced
catabolism rather than via increased synthesis: a
cytokine-specific mechanism for cholesterol changes

in rheumatoid arthritis

Jamie Robertson," Duncan Porter,? Naveed Sattar Chris J Packard,> Muriel Caslake,?

lain Mclnnes,' David McCarey”

ABSTRACT

Objectives Patients with rheumatoid arthritis (RA)
have reduced serum low-density lipoprotein cholesterol
(LDL-c), which increases following therapeutic IL-6
blockade. We aimed to define the metabolic pathways
underlying these lipid changes.

Methods In the KALIBRA study, lipoprotein kinetic
studies were performed on 11 patients with severe active
RA at baseline and following three intravenous infusions
of the IL-6R blocker tocilizumab. The primary outcome
measure was the fractional catabolic rate (FCR) of LDL.
Results Serum total cholesterol (4.8 vs 5.7 mmol/L,
p=0.003), LDL-c (2.9vs 3.4mmol/L, p=0.014) and
high-density lipoprotein cholesterol (1.23vs 1.52 mmol/L,
p=0.006) increased following tocilizumab therapy. The
LDL FCR fell from a state of hypercatabolism to a value
approximating that of the normal population (0.53vs
0.27 pools/day, p=0.006). Changes in FCR correlated
tightly with changes in serum LDL-c and C-reactive
protein but not Clinical Disease Activity Index.
Conclusions Patients with RA have low serum LDL-c
due to hypercatabolism of LDL particles. IL-6 blockade
normalises this catabolism in @ manner associating

with the acute phase response (and thus hepatic IL-6
signalling) but not with RA disease activity as measured
clinically. We demonstrate that IL-6 is one of the key
drivers of inflammation-driven dyslipidaemia.

INTRODUCTION

Patients with rheumatoid arthritis (RA) have serum
low-density lipoprotein cholesterol (LDL-c) levels
lower than those of age-matched and sex-matched
controls,'™ despite also having an approximately
50% greater risk of developing cardiovascular
disease.* > Conversely, increases in LDL-c or LDL
particle numbers have also been observed following
treatment of RA with the interleukin-6 (IL-6)
receptor blocker tocilizumab®™® and the Janus kinase
(JAK) inhibitors.” The mechanisms underlying this
so-called ‘lipid-paradox’, and the influence of ther-
apy-driven LDL-c changes on cardiovascular risk,
remain only partially understood.”

Reduced serum LDL-c might be due to reduced
LDL synthesis (predominantly from lipolysis of
very low-density lipoprotein (VLDL) and interme-
diate-density lipoprotein (IDL)) or increased LDL
turnover. Hypercatabolism of LDL has previously

been identified in patients with hypertrigliceri-
daemia, with catabolic rates normalising following
reduction of serum triglyceride (TG) with fibrates."'

Tocilizumab is an established and effective treat-
ment for RA which has been shown to increase
LDL-c by up to 20% on average.” We therefore
hypothesised that tocilizumab would reduce LDL
catabolism and thus increase serum LDL-c in
patients with active RA.

METHODS

In the KALIBRA study (Kinetics of the ApoB-con-
taining Lipoproteins in IL-6 Blockade for RA) we
performed kinetic studies on patients with active
RA before and after 10 weeks’ treatment with
tocilizumab. The primary outcome measure was
the change in fractional catabolic rate (FCR) of
LDL-associated apolipoprotein (Apo) B).

Recruitment
Subjects were recruited from rheumatology clinics
in Glasgow, UK. Patients were provided with infor-
mation on the study for at least 48 hours before
a screening visit where written, informed consent
was provided. All further assessments took place
at the Clinical Research Facility of the Western
Infirmary Glasgow. Subjects met the following
inclusion criteria: RA (2010 ACR criteria); DAS28
>5.1; failure of two conventional disease-modi-
fying antirheumatic drugs, including methotrexate;
and suitability for tocilizumab therapy. Exclusion
criteria included: familial dyslipidaemia; ApoE 2/2
homozygosity; diabetes mellitus; use of lipid-low-
ering therapeutics; fasting total cholesterol (TC)
=6.5 mmol/L; fasting TG =3 mmol/L; pregnancy
or untreated hypothyroidism. Use of oral steroid
was permitted at a steady dose, but parenteral corti-
costeroid was prohibited.

Ethical approval for the KALIBRA study was
granted locally by the West of Scotland Research
Ethics Committee.

Kinetic studies

Each subject underwent a kinetic study at baseline,
followed by at least 10 weeks (ie, three infusions)
of tocilizumab 8 mg/kg intravenously, and a subse-
quent ‘on-treatment’ kinetic study.
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Table 1 Demographic data of KALIBRA subjects at baseline (n=12)
Mean (%)

Age 49.9

Sex (F) 10 (83)
RF/ACPA + 10 (83)
Methotrexate 4(33)

Other DMARD 8 (67)
Prednisolone 2(17)

NSAID 8 (67)

Previous biological therapy 3(25)

ACPA, anti-citrullinated peptide antibody; DMARD, disease-modifying antirheumatic
drug; NSAID, non-steroidal anti-inflammatory drug; RF, rheumatoid factor.

In each kinetic study, a tracer in the form of the stable isotope
d3-leucine at 10 mg/kg body weight bolus was administered.
Leucine is taken up by hepatocytes and incorporated into ApoB.
Fasting blood samples were obtained at 23 timepoints over
96 hours. Density-gradient ultracentrifugation, precipitation
and gas chromatography mass spectrometry could then be used
to determine the tracer/tracee ratio in all the ApoB-containing
lipoproteins at each timepoint. A 15-compartment mathematical
model was used to analyse the the lipolytic pathway through
VLDL1, VLDL2, IDL and LDL. SAAM software was then
employed to calculate the production rate (PR) and FCR of LDL.

Sample handling and processing

At each kinetic study, blood samples were obtained for
beta-quantification of lipids; CRP and erythrocyte sedimen-
tation rate (ESR); lipoprotein (a) (Lp(a)); insulin; proprotein
convertase subtilisin kexin type 9 (PCSK9) levels; apolipopro-
teins by immunoturbidimetry; and activity of cholesteryl ester
transfer protein (CETP) and heparin-inducible lipases. DAS28
and Clinical Disease Activity Index (CDAI) were assessed by a
clinical research fellow in rheumatology.

Statistical analyses

Statistical analysis was performed at the Robertson Centre for
Biostatistics, University of Glasgow. Pretreatment and post-treat-
ment analyses were performed using paired t-test or Wilcoxon
matched-pairs test. Correlations were performed using Spear-
man’s 7, due to the high prevalence of non-parametric data.

In normal subjects, the FCR of LDL-associated ApoB is around
0.3 pools per day. In those with increased catabolism due to
hypertriglyceridaemia in a previous study, the FCR is around 0.5
pools per day; this corresponded to a large decrease in LDL-c of
around 1.5 mmol/L." In contrast, ciprofibrate has been shown to
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Figure 1
fractional catabolic rate; LDL, low-density lipoprotein.

increase LDL FCR from 0.32 to 0.38 pools per day, with a 22%
fall in LDL-c." This is similar to LDL-c changes seen following
tocilizumab therapy, and reflects a biologically significant change
in FCR. Using these figures, we used a conservative change in
FCR of around 0.05 pools per day to determine power. A sample
size of 15 subjects allows us to detect a difference in FCR of 0.05
with SD 0.05 at 90% power and alpha error at 5%. This sample
size is typical for kinetic trials of this type.

Reagent supply

D3-Leucine was prepared by Tayside Pharmaceuticals Ltd,
Dundee, UK. Tocilizumab for this study was graciously provided
by Roche Products Ltd.

RESULTS

Demographics

Twelve subjects were recruited (table 1). One subject withdrew
before their second kinetic study, leaving useable data for 11
subjects.

Clinical response

At baseline, mean DAS28-CRP and CDAI were 5.16 and 29.9,
respectively. Changes in parameters of disease activity are
summarised in the online supplementary figure S1. After treat-
ment, seven subjects were in DAS28 remission, while one met
the criteria for CDAI remission.

Serum cholesterol

Beta-quantification of serum lipids is shown in the online supple-
mentary table S1. Elevations were observed in TC, LDL-c and
high-density lipoprotein cholesterol (HDL-c). No change was
seen in the TC/HDL-c ratio.

LDL kinetics

Production and catabolic rates for LDL are displayed in figure 1.
Median (IQR) FCR, the primary outcome measure for the study,
fell from 0.53 (0.32-0.68) pools/day to 0.27 (0.19-0.37) pools/
day (p=0.002), with median change from baseline of —30%.
LDL PR also fell significantly, with reduced ApoB transfer from
VLDL-2 through IDL to LDL.

LDL FCR associated strongly with LDL-c both at baseline and
in degree of change from baseline (figure 2A). At baseline, FCR
correlated with CRP (r=0.74, p=0.012) and showed a non-sig-
nificant trend to association with ESR (r=0.54, p=0.091).
However, FCR did not associate at all with clinical assessment
of disease activity, as measured by CDAI (r=0.04, p=0.91)
(figure 2B). Similar, non-significant trends were seen in degree
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disease activity. N=11. R and p values calculated by Spearman’s r test. CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; FCR, fractional catabolic rate; LDL-c, low-density lipoprotein cholesterol; RA, rheumatoid arthritis.

of change for FCR versus CRP (r=0.46, p=0.15), ESR (r=0.30,
p=0.37) and CDAI (r=-0.37, p=0.26)

Secondary outcomes

Serum Lp(a) fell, while ApoAl, ApoAll and ApoB increased.
Activity levels of CETP, lipoprotein lipase and hepatic lipase,
and serum levels of insulin or PCSK9, did not change (online
supplementary table S2).

Safety

Two serious adverse events were reported. One patient devel-
oped a subcutaneous abscess; this was successfully treated, and
the patient resumed therapy and completed the study. Another
patient developed paronychia and withdrew from the study.

DISCUSSION

KALIBRA is the first study to demonstrate increased catabolism
of LDL particles in active RA. This hypercatabolism correlates
tightly with serum LDL-c and acute-phase reactants but not

with clinical measures of RA activity, and normalises following
IL-6 blockade with tocilizumab. Tocilizumab also reduced LDL
production, though this appears to be of negligible biochemical
significance as LDL-c is ultimately increased.

These findings allow us to draw some conclusions. First, [L-6
appears to be a key driver of LDL change in RA. We surmise this
from tocilizumab’s mechanism of action, but also from the asso-
ciation of LDL kinetics with the acute-phase response (driven
by IL-6) rather than clinical disease activity; hence, hepatic IL-6
signalling, rather than synovitic bulk, might lie behind LDL
changes. Finally, these results are reassuring in terms of the safety
of IL-6 blockade, as normalisation of pathological LDL hyperca-
tabolism seems unlikely to drive new atheroma formation.

Charles-Schoeman et al previously performed lipid kinetic
studies in 33 RA subjects before and after 6 weeks of treatment
with tofacitinib, a Janus kinase (JAK) inhibitor, and 31 healthy
volunteers.'* This cohort had increased catabolism of choles-
terol ester (but not LDL-associated ApoB) at baseline, which
was reduced by tofacitinib. The authors hypothesised decreasing
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process of reduced hepatic HDL clearance, with LDL then
gaining cholesterol via CETP, reflecting a potentially different
mechanism to our own observations.

We believe that KALIBRA holds some advantages over this
earlier work. First, using tocilizumab allows us to identify IL-6 as
the key molecule behind our results. Tofacitinib, as an inhibitor
of multiple JAKs (and thus many upstream cytokines), cannot
provide such precise mechanistic information. Second, all our
patients had severe active RA with DAS28 =5.1. This makes our
results more relevant to clinical practice, and gives greater scope
for detectable inflammation-driven pathology (and subsequent
detectable reversal of that pathology). Charles-Schoeman did
not provide values for DAS28, CDAI, ESR or CRR, though the
inclusion criteria seem to indicate lower disease activity than our
own cohort. Third, our collection of clinical data pretreatment
and post-treatment allowed us to ascertain clinical response to
the drug and correlate this with metabolic changes.

Our study has some important limitations. The small sample
size, while in keeping with previous such kinetic studies, limited
our ability to analyse secondary outcome data. Local technical
limitations precluded a control group; however, the magnitude
of kinetic changes observed are close to previously-described
population values of hypercatabolism (at baseline) and normal
metabolism (post-treatment).

In conclusion, we demonstrate for the first time that serum
LDL-c levels are reduced in active RA due to abnormally elevated
LDL catabolism. Additionally, we show that this hypercatabolic
state is exquisitely linked to IL-6 signalling, and normalises
following therapeutic IL-6 blockade regardless of any clinical
reduction in disease activity.
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Population-based screening for ACPAs:
a step in the pathway to the prevention
of rheumatoid arthritis?

Anticitrullinated protein/peptide antibodies (ACPAs), in addition
to rheumatoid factor (RF), represent a serological hallmark in
the diagnosis of rheumatoid arthritis (RA). In this context and
with interest I read the recent article by van Zanten et al'
summarising the results from the Dutch ‘Lifelines Study’, a
large population-based study of 40 132 individuals. In this
setting and using an adjusted cut-off for the ACPA assay, the
prevalence of ACPAs was 1.0% and associated older age, female
gender, smoking, joint complaints, RA and first-degree relatives
with rheumatism.

The early identification of patients in the preclinical phase of
RA is of high importance as it became evident during the last
decade that early intervention can prevent joint damage in
patients with RA. Consequently, several ongoing studies are
focused on the prevention of RA based on the treatment of indi-
viduals at high risk to develop RA.> All these prevention trials
leverage the concept of the ‘window of opportunity’ to prevent
or delay the clinical ravages and attending healthcare expendi-
tures associated with RA. Although a recent trial was unable to
prevent the onset of RA (PRAIRI, unpublished data), the study
clearly demonstrated that the treatment in the preclinical phase
of RA postponed the development of the disease. Most studies
aim to treat patients as early as possible, an approach which
seems intuitive. However, it is unclear if treatment too early in
the clinical course also leads to failure of response. Most con-
ventional approaches to the prevention of RA are based on the
concept of restoring the lost tolerance of the immune system.

The risk for the development of RA depends on many factors,
which can be divided into two main categories: the modifiable
(eg, smoking, behaviour) and the constant risk factors (eg, gene-
tics).> * The preclinical phase of RA may be initiated by modifi-
cation of the risk profile (eg, smoking) and is characterised by
break of tolerance as part of the autoimmune processes, leading
to increasing joint inflammation and eventually tissue damage
and significant morbidity. The development of RA has primarily
been linked to factors that affect the gastrointestinal, the respira-
tory and reticuloendothelial systems.* An additional challenge
to identify the right time for treatment is the patient-specific
rate of the evolution from preclinical to clinical RA. In some
patients, the preclinical phase can take several years, whereas in
other patients, this conversion happens in a shorter period of
time. Factors contributing, to defining or accelerating this transi-
tion are not fully understood.

Based on all the findings about the possible treatment in the pre-
clinical phase of RA, reliable biomarkers are needed to identify
patients who are on the trajectory to develop RA. Once a panel
of biomarkers has been found and carefully validated, popula-
tion screening for evidence-based, effective treatment is a con-
ceivable approach in the efforts to prevent RA. In this context,
recently, the combination of ACPAs, RF and anticarbamylated
peptide (CarP) autoantibodies’ has been shown to provide a
very high odds ratio for RA.® Unfortunately, RF and anti-CarP
autoantibody data were not available for the population
described by van Zanten et al.' As the Lifelines Study is a

prospective longitudinal cohort study with a targeted 30-year
follow-up, it might be possible to gain follow-up information on
this study population. It will be interesting to see which partici-
pants will eventually develop RA. In addition, it would be valu-
able to test the stored serum samples for as many biomarkers as
possible in order to identify patients who develop RA in a
certain period of time. Lastly, combining biomarker data with
clinical parameters might result in sufficient power to precisely
predict the development of RA.”

Several studies have now repeatedly shown that ACPAs and
other biomarkers (eg, autoantibodies, inflammatory proteins,
cytokines and microRNA) can antedate the development of RA
by many years.” ® Although these data are intriguing, it would
be more valuable to have biomarkers that are able to provide
insights into the evolution of RA within the next 6-12 months,
corresponding to the so-called window of opportunity.” ©
When it comes to population screening, health economics
becomes an important factor in the equation. Since the global
healthcare expenditures are constantly increasing and reaching
non-sustainable thresholds in many jurisdictions, health eco-
nomic studies of direct and indirect costs will be needed to dem-
onstrate that investments in screening for pre-RA and early
interventions or therapies are not outweighed by poor clinical
outcomes. Based on remarkable healthcare expenditures on the
management of RA, there is a significant opportunity to achieve
meaningful savings.> ' 12

The design of the different RA prevention trials is rather diverse
in terms of the treatment used and the inclusion criteria for the
individuals at risk to be treated.> Therapeutic agents range from
hydroxychloroquine to biologics (eg, tumour necrosis factor-
alpha inhibitors). Different treatments surely require also differ-
ent timings in the preclinical phase of the disease. Lastly, infor-
mation as to who will develop RA in the distant future might be
more useful in case preventive drugs (such as vaccines) become
available.
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Identification of Lifelines participants at high
risk for development of rheumatoid arthritis

We would like to thank Michael Mahler! for his letter,
‘Population-based screening for anticitrullinated protein anti-
bodies (ACPA): A step in the pathway to the prevention of
rheumatoid arthritis?’ In his letter, Dr Mahler makes a plea to
analyse and define reliable biomarkers to identify subjects who
are on the trajectory to develop rheumatoid arthritis (RA). We
agree with this notion of Dr Mahler as current efforts are
increasingly focusing on the possibility to install early preclinical
treatment to prevent progression to RA. For example, several
randomised placebo-controlled trials (RCTs) have been initiated
recently. These clinical trials will investigate the therapeutic
potential of several immunomodulatory agents such as
rituximab (PRAIRI study: NTR No. 1969), abatacept (APIPPRA
study: ISRCTN No. 46017566 and ARIAA study: EudraCT No.
2014-000555-93), hydroxychloroquine (StopRA trial: NCT
No. 02603146) and methotrexate (TREAT EARLIER: NTR
No. 4853) in individuals at risk of RA. A study evaluating the
immunomodulatory effect of atorvastatin in patients with
seropositive arthralgia has also been initiated (STAPRA study:
NTR No. 22389).

Our publication contributes to these and other efforts as it
describes the presence of a prominent biomarker for RA,
ACPAs, in a large population-based study and thereby aids to
the development of predictive algorithms identifying individuals
at risk for RA development. As outlined in this publication, we
determined the prevalence of ACPA positivity and its association
with known RA risk factors in 40 136 participants from the
Lifelines cohort.” Lifelines is a large ongoing prospective
population-based cohort study and biobank to investigate the
interaction between environmental and genetic factors in the
development of chronic diseases. The standardised protocol
includes physical examination, extensive questionnaires, and
biobanking of serum, plasma, urine and DNA. Participants will
be followed up according to a fixed protocol for at least
30 years.® * Within the existing infrastructure, additional collec-
tion of data and additional studies in already biobanked and
future samples can be performed. For example, the composition
of the microbiome is currently being analysed in over 900 sub-
jects participating in the Lifelines deep cohort,’ eventually facili-
tating the contribution of the microbiome composition to the
risk to develop RA. Likewise, genetics such as whole genome
sequencing including human leukocyte antigen (sub-) typing can
be performed, thereby allowing the analyses of the contribution
of the microbiome in the susceptible genetic background to the
development of autoimmunity.® Other described predictive
markers like the acute-phase reactants erythrocyte sedimentation
rate and C reactive protein and additional markers can be incor-
porated in the development of prediction models. Indeed,
recent insight into the specificity of the combined presence of
ACPA, rheumatoid factor and anticarbamylated protein anti-
bodies provides interesting possibilities in further narrowing
down persons at risk.” ®

Overall, Lifelines will give us the unique opportunity to gain
follow-up information on our study population. With funding, it
will be possible to measure additional biomarkers as indicated
above. Therefore, this cohort is well suited for subsequent analyses
on other biomarkers and risk factors, as also advocated by Dr
Mahler.

Our future goal is to build a prediction model that can distin-
guish participants at high risk from those at low risk to develop

RA. Such a model is relevant because both animal data and clin-
ical data suggest that prevention of RA may be possible and
early treatment aiming at drug-free remission is possible.” '
The performance of RCTs on preventive treatment strategies
in individuals at risk for RA is challenging. The development of
reliable assays and predictive algorithms to define a population
with high enough at risk is crucial to allow the design of effect-
ive preventive therapy aiming to restore immune homeostasis
with a great specificity, low toxicity and long-term effectiveness.
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Prospective MRI score to predict negative
EULAR response in patients with rheumatoid
arthritis (RA) before therapy-escalation to a
biological therapy

Dear Editor

We read with great interest the article by Baker et al' who
showed that early MRI measures independently predict erosive
progression on X-ray and MRI after 1 and 2 years in therapy-
naive patients with rheumatoid arthritis (RA) from the
randomised-controlled GO-BEFORE trial. Due to these findings,
we re-evaluated MRI data from the German REMISSION-PLUS
Cohort” * at our centre to verify if a MRI score may predict nega-
tive response in patients with RA before therapy-escalation to a
biological therapy. MRI was performed in 257 patients before
therapy-escalation (T0) and after 12 months (T1) and analysed
by using the Outcome Measures in Rheumatology (OMERACT)
rheumatoid arthritis MRI score (RAMRIS). In addition, clinical
and laboratory parameters (Disease Activity Score 28 (DAS-28)
and C-reactive protein (CRP)) were collected for each visit.
Logistic regression combining clinical and MRI parameters was
performed resulting in a combination of the patients’ age and the
RAMRIS-TO performing best for prediction of non-response.
Bootstrapping with 5000 resamples was performed to estimate
the accuracy of the model.

Of the patients included, 29 were escalated to a biological
therapy (20 women, median age 57 years (IQR 46-65), 95%
anti-tumour necrosis factor (TNF)-alpha therapy). Poor respon-
ders (n=5) and responders (n=24) had a mean RAMRIS-TO
score of 14.4 and 52.0, respectively (Wilcoxon test p<0.01).
High RAMRIS score showed a trend towards a protective effect
against non-response (OR 0.90 per RAMRIS point, 95% CI
0.79 to 1.03, p=0.12). The strength of the association was
stable after adjusting for age, CRD anti citrullinated peptide anti-
bodies (ACPA)/rheumatoid factor and DAS-28 at baseline. The
median area under the curve in the bootstrap analysis was
88.9% with 95% CI 84.0% to 92.8%.

Thus, while Baker et al clearly demonstrated that a high
inflammatory activity on MRI (ie, RAMRIS) is associated with
an unfavourable prognosis (ie, radiographic progression), our
observations suggest that this may be overcome by administration
of a highly effective therapy, for example, a biologic agent.

Indeed, patients with a prognostic unfavourable high RAMRIS
were even more likely to respond, making them ideal candidates
for these costly drugs.

In summary, both studies emphasise the value of an MRI
before therapy initiation or escalation. Hence, further studies
are needed to improve our data in established patients with RA
before escalating the therapy to biological disease-modifying
anti-rheumatic drug ([ DMARD).
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Is MRI a predictive biomarker for clinical
response to biologics in rheumatoid arthritis?

We thank Sewerin et al' for the data they have provided on the
predictive role of MRI for clinical response in rheumatoid arth-
ritis (RA). This study follows on from our previous study dem-
onstrating the predictive value of MRI for radiographic damage
progression.” This study by Sewerin builds on the evidence for
MRI as an imaging biomarker by demonstrating a prediction
of clinical response. The investigators used the German
REMISSION-PLUS? cohort and studied 29 patients who were
being escalated to biologic therapy due to inadequate disease
control. Clinical FEuropean League Against Rheumatism
response to the biologic was more likely in those with higher
RA MRI scores prior to the escalation of therapy. While these
study results need to be replicated in a larger cohort, this study
provides initial evidence that MRI measures can help predict
who is most likely to benefit from more aggressive
interventions.

The concept that MRI more accurately identifies clinically
relevant synovitis than clinical assessment is well established.*
One hypothesis for why MRI might be a useful predictive bio-
marker for therapeutic response is that some patients with
apparently active RA have elevated disease activity measures due
to comorbid conditions, rather than active joint inflammation.
For example, a recent study showed that obese patients are less
likely to reach clinical remission.’ Those with elevated disease
activity measures without objective evidence of inflammatory
disease would be very unlikely to improve with more aggressive
treatment of the RA. In contrast, those with greater
MRI-detected activity might be expected to have a greater pro-
portion of their clinical disease activity explained by active RA.

Limitations of this study are the small sample size and lack of
a more detailed characterisation of the study population.
However, this study begins to answer an important question in
RA, namely—can MRI help rheumatologists make more accur-
ate decisions about escalation of therapy? Given that escalation
to biologic therapy involves increased risk of side effects and
cost, biomarkers that define both cases at greatest risk of joint
destruction and those most likely to benefit clinically are of
major interest. MRI, despite being expensive, is likely to be cost-
effective in circumstances when its use prevents unnecessary or
inappropriate use of much more expensive and long-term
therapies.
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How to diagnose IgG4-related disease

We read with great interest the editorial by Fox and Fox'
describing the use of serum immunoglobulin G4 (IgG4) concen-
trations as a marker for IgG4-related disease (IgG4-RD).
IgG4-RD is a fascinating clinical entity including a wide variety
of diseases, formerly diagnosed as Mikulicz’s disease, auto-
immune pancreatitis (AIP), interstitial nephritis, prostatitis and
retroperitoneal  fibrosis. However, universal criteria for
IgG4-RD have not yet been established at present, making its
diagnosis in some patients ambiguous leading to many IgG4-RD
mimickers.

A 3-year investigation by the Japanese IgG4 team, organised
by the Ministry of Health, Labour and Welfare (MHLW) of
Japan, has reached a consensus, in that IgG4-RD can occur in
various organs, with clinical symptoms depending on lesion
location. Characteristics common to all forms of IgG4-RD
include elevated serum IgG4 concentration and tissue in-
filtration by IgG4-positive plasma cells, accompanied by tissue
fibrosis and sclerosis.” In 2011, the Japanese IgG4 team pub-
lished comprehensive diagnostic (CD) criteria for IgG4-RD,*
with the major characteristics being serum IgG4 concentration
>135 mg/dL, the infiltration of >10 IgG4+ cells per high-
powered field (HPF) and an IgG4+/IgG+ cell ratio >40%. The
cut-off of 135 mg/dL was based on receiver operating character-
istic curves and its validity was confirmed in patients with
AIP® © Since then, serum IgG4 levels have been widely used as a
reliable criterion for the diagnosis of IgG4-RD.* ¢

However, Dr Fox mentioned drawbacks of using serum IgG4
levels in diagnosing IgG4-RD, citing studies reporting that the
IgG4 cut-off >135 mg/dL had a low sensitivity and specificity
for the diagnosis of IgG4-RD.” ® As increased serum concentra-
tions of IgG4 have been observed in several diseases with aber-
rant immunological condition unrelated to I1gG4-RD, such as
malignant tumours, autoimmune diseases especially rheumatoid
arthritis and allergic diseases,” '° increased IgG4 concentration
is not a specific marker for IgG4-RD. In contrast, recent large
cohort studies from the UK, Taiwan and Japan showed that
serum IgG4 concentration >135 mg/dL had overall sensitivities
of 82.8%, 86% and 88%, respectively, in diagnosing

IgG4-RD."7'2 As no universal criteria for IgG4-RD have been
developed to date, three criteria such as international consensus
diagnostic criteria for AIR'® consensus statement on the path-
ology'* and CD criteria* have been often used for diagnosis of
IgG4-RD. Therefore, the sensitivity and specificity of specific
markers may differ among studies that use different diagnostic
criteria.

Since this complex multisystem disease represented a single
pathogenetic disorder manifesting in a variety of target organs,
the diagnosis of IgG4-RD is largely based on biopsy results
showing enhanced infiltration by IgG4-positive plasma cells,
storiform fibrosis, obliterative phlebitis and moderate eosino-
philia, all of which are frequently observed in the affected
tissues of these patients.” > A high number of IgG4-positive
plasma cells in tissue is a hallmark of IgG4-RD, even when
serum IgG4 concentrations are below the cut-off level. The
number of IgG4-positive plasma cells differ among organs, and
consensus statement on the pathology emphasises tissue IgG4
cell counts in each organ for diagnosis of IgG4-RD.'* However,
these counts should be supplemented by IgG4+/IgG+ plasma
cell ratio of more than 40% to distinguish IgG4-RD.*

As stated by Fox and Fox,! IgG4-RD tends to be both under-
diagnosed and overdiagnosed. Underdiagnosis is due to a lack of
recognition of this disease, and overdiagnosis results from the well-
intentioned enthusiasm of physicians and/or pathologists who rec-
ognise IgG4-RD and diagnose similar conditions as IgG4-RD.
Therefore, simple and strict criteria are required in the diagnosis
of patients with IgG4-RD. In this point, a definite diagnosis of
IgG4-RD by CD criteria requires that patients satisfy all three diag-
nostic characteristics: clinical evidence, high (>135 mg/dL) serum
IgG4 and pathological certification (>10 IgG4+ cellsHPF and
IgG4+/1gG cell ratio >40%), although some patients may not
satisfy these specific serological and/or histopathological criteria
because of the difficulty of obtaining biopsies, and therefore
cannot be diagnosed with definite [gG4-RD.*

To resolve this problem, several Japanese medical societies,
including those for gastroenterology, pancreas, biliary tract,
rheumatology, ophthalmology and respiratology, have published
organ specific criteria for IgG4-RD."* >='® Each criterion con-
tains organ-specific clinical symptom and characteristic radio-
logical findings of IgG4-RD, even with steroidal trial in some
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and organ-specific criteria for
diagnosing IgG4-related disease
(IgG4-RD). HPF, high powered field;
IgG4, immunoglobulin G4.

*Chest CT
- Another organ
involvement

-1gG4>50/HPF

-orbital nerves

-swelling of 2 pair glands

-extraocular muscles

-Images (Echo, CT, MRI)
- Steroid option

Dacryo sialo- Type 1

adenitis pancreatitis
==

CD criteria
for IgG4-RD

-Images (Echo, CT,
MRI)
- Steroid option

' Sclerosing
cholangitis

1) Organ involvement
- 2) Serum IgG4>135mg/dl
3) 1gG4+/IgG+ cells>40%

-urinary protein
-enhanced CT
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criteria. We recently published a paper describing the optimal
method of diagnosing IgG4-RD, based on combinations of CD
and organ-specific criteria'® (figure 1).

None of the diagnostic criteria have been approved to date by
the American College of Rheumatology for reasons that include
insufficient sensitivity and specificity, implications for billing and
reimbursement, healthcare priorities and treatment implications
for patients.”® Physicians in every field of medicine, however,
may encounter this new disease in daily practice, and proper
diagnostic criteria are required immediately. Therefore, we
believe that a careful and intensive judgement using combination
of CD and organ-specific criteria is the current best way for
diagnosis of IgG4-RD.
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2016 update of the EULAR recommendations
for the management of rheumatoid arthritis:
a utopia beyond patients in low/middle
income countries?

We read with great interest the recently published recommenda-
tions by the European League against Rheumatism (EULAR) on
the management of rheumatoid arthritis (RA)."! The EULAR
recommendations, although primarily targeted towards
European countries, are read and followed across the world
including low/middle income nations. Consequently, we were
disappointed to note that the updated guidelines recommend
the use of biological disease-modifying anti-rheumatic drugs
(bDMARDs) or targeted synthetic DMARDs (tsDMARD:s)
immediately following failure of monotherapy with conven-
tional synthetic DMARDs (csDMARDs) in those patients with
poor prognostic factors such as seropositivity for rheumatoid
factor (RF) or anticitrullinated peptide antibodies (ACPA),
highly active disease or early radiographic joint damage (recom-
mendation number 8)." This is in contrast to the 2015 guide-
lines provided by the American College of Rheumatology (ACR)
for the management of RA,> which offer the option of either
combining c¢sDMARDs or using bDMARDs or tofacitinib
(tsDMARD) following failure of methotrexate monotherapy in
RA, irrespective of the presence or absence of such poor prog-
nostic indicators. Early use of bDMARDs in the management of
RA poses certain specific problems, as discussed below.

Rheumatoid arthritis is one of the most common rheumatic
diseases.> We exemplify India to provide an estimate of the
actual burden of RA in a low/middle income country. The popu-
lation prevalence of RA in India is 0.75%.% According to the
2011 Census of India, with a population of 1.21 billion,” an
estimated 9 million people could be affected with RA.
Approximately 30% patients with RA will respond to metho-
trexate monotherapy.® A vast majority of patients with RA have
an adverse prognostic factor in the form of seropositivity for RF
or ACPA. Hence, in a country like India, most of 6.3 million
patients with RA would require bDMARD:s as per current guide-
lines. The healthcare costs of providing long-term bDMARD:s to
such a large number of patients, mostly without medical insur-
ance or social security, are beyond the capacity of individual
patients or governments of most low/middle income countries.
This is an even bigger problem when one considers that there is
a paucity of guidelines on when to taper and stop DMARDs,
including bDMARDs in RA, as also mentioned in the current
EULAR recommendations (recommendations 11 and 12).!

With this background, we strongly suggest that the cost-
effective strategy of treating RA with a combination of
c¢sDMARDs when methotrexate monotherapy fails should not
be ignored, despite the presence of poor prognostic factors. The
TACIT trial confirmed that use of csDMARDs was non-inferior
to the use of anti-tumor necrosis factor (TNF) agents in the
management of RA, but associated with substantially lesser
costs.” It is pertinent to note that most of the trials on
bDMARD:s in RA, which established their utility for this indica-
tion, did so with a combination of bDMARDs and methotrex-
ate.® This is emphasised in the current EULAR guidelines which
recommend the addition of methotrexate or other csDMARD
to bDMARD or tsDMARD in phase II of the treatment strategy
(recommendation 9).' This brings forth an interesting conun-
drum, that is, how much of the disease-modifying effect of the
bDMARDs was attributable to itself vis-a-vis methotrexate? For

example, a closer look at the PREMIER study® shows that out-
comes at 2 years in terms of the proportion of patients attaining
ACR 20, ACR 50 and ACR 70 responses were numerically
better or equal for methotrexate monotherapy when compared
with adalimumab monotherapy. Two excellent meta-analyses by
Graudal et al'® '! reaffirm that the use of bDMARDs is asso-
ciated with earlier attainment of ACR 50 and ACR 70 responses
and numerically lesser radiographic progression of RA in the
first 2 years. However, the difference disappears at 2 years of
therapy. Moreover, the use of csDMARDs in combination is
associated with significantly lesser costs.

Nevertheless, it cannot be denied that the advent of
bDMARDs has revolutionised the management of RA in the
modern era. However, this must be weighed against the marked
immunosuppressive state resulting from the use of bDMARD:s,
which is a major concern in low/middle income countries
wherein infections like tuberculosis are endemic. Use of
anti-TNF bDMARDs has been reported to cause infections like
leprosy in regions of the world where this disease was not
believed to exist like the USA, in a patient who never reported
travelling outside this geographical region.'” This suggests that
the use of bDMARDs should be undertaken with due caution
under all circumstances.

To conclude, we suggest that combination of csDMARDs
should still be considered a viable alternative to bDMARDs or
tsDMARD:s in patients with RA failing initial monotherapy with
methotrexate under most circumstances. A strategy of using a
combination of csDMARDs upfront in patients with poor prog-
nostic factors, as suggested by the previous ACR recommenda-
tions,'”> may be more reasonable in resource-constrained
scenarios. Such patients who fail csDMARDs in combination at
3-6 months should be considered for bDMARDs or
tsDMARDs. This might help rationalise the economic burden
due to bDMARDs or tsDMARDs, while not depriving the
appropriate patient of timely treatment with these drugs. The
enthusiasm of using bDMARDs upfront should be tempered
with pragmatism and caution given lack of definitive evidence
of superiority to ¢sDMARDs in combination, significantly
higher costs and risk of infections, especially in low/middle
income countries.
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Response to: ‘2016 update of the EULAR
recommendations for the management of
rheumatoid arthritis: no utopia for patients in
low/middle-income countries?’ by Misra et al

We appreciate the comments provided by Misra et al' on
the 2016 update of the European League Against Rheuma-
tism (EULAR) recommendations for the management of rheuma-
toid arthritis (RA).> They raise a very good point by stating that
the use of biologic (b) and targeted synthetic (ts) disease-modi-
fying antirheumatic drugs (DMARDs) in countries like India and
many others, is limited by unjustifiable drug prices that are the
consequence of various policies by drug manufacturers. There-
fore, highly effective drugs are not widely accessible to patients
in many countries. While EULAR is highly concerned by this
reality, the recommendations are not primarily meant to improve
accessibility of drugs worldwide. The EULAR recommendations
provide what is regarded to be the optimal therapeutic approach
according to the evidence derived from systematic literature
reviews (SLRs)*™ and expert opinion. If the best therapeutic
approach may not be feasible in some countries, alternatives
have to be sought. Of course such alternatives would be to switch
to another conventional synthetic DMARD (csDMARD) or to
add a csDMARD, rather than to add a bDMARD or tsDMARD.
Misra et al try to imply, though, that such an alternative is as
efficacious as adding a bDMARD, and this is a comment that the
task force did not agree with.

Misra et al refer to the tumour necrosis factor inhibitors against
combination intensive therapy (TACIT) trial.® However, they did
not notice that over the first 6 months the disease activity score
28 (DAS28) continued to be quite high in the triple therapy group
compared with the antitumour necrosis factor (anti-TNF) group,
suggesting that the treatment target, remission or at least low
disease activity, which is not reported, was missed in a vast majority
of the patients. Only after a TNF-blocker had been added, clin-
ical disease activity decreased to the levels seen with bDMARD
therapy already long before. These data confirm the notion
provided by Kiely et al, another British group, that the use of addi-
tional csDMARDs when methotrexate (MTX) has failed does not
convey much benefit.” On the other hand, the CareRA trial clearly
showed that about three of four patients treated with MTX mono-
therapy plus glucocorticoids (GC) achieved a DAS28-C-reactive
protein<2.6; this is the treatment recommended in the EULAR
document. It is therefore unclear, why Misra et al call the achieve-
ment of 75% excellent outcomes already on application of phase I
of the EULAR recommendations a utopia.

Misra et al then refer to papers by Graudal et al but they fail
to refer to the methodological criticism on at least one of these
papers® and also do not appreciate a Cochrane review revealing
that combination therapy is not more beneficial than mono-
therapy.’ Finally, by pointing to the data from the PREMIER
trial, they just reiterate what the task force has stated regarding
combinations of csDMARDs with bDMARDs—many more data
also support this decision of the EULAR task force.

Misra et al suggest that after failure of MTX triple
c¢sDMARD therapy should be commenced. While this may be
a good option in certain situations, Misra et al apparently do
not appreciate that in the Behandel Strategieen trial switching
to another monotherapy was as efficacious as step-up combi-
nation therapy.'’ The higher rate of adverse events seen with
c¢sDMARD combinations versus csDMARD monotherapy does
not speak for using csDMARD combinations.® !

We are convinced that Misra et al will agree on today’s thera-
peutic target of at least low disease activity in patients with estab-
lished disease.'* To this end, they should be reminded that in the
Rheumatoid Arthritis: Comparison of Active Therapies trial of
patients who failed MTX therapy ACR70 response rates were
only 5% with the use of triple sDMARD therapy, but more than
three times as high with the use of a bDMARD at week 24."
This and other data informing the updated EULAR recommen-
dations have been provided in our publication.”

Still, we are fully aware that an optimal therapeutic approach
may not be affordable in certain countries. In these countries,
deviations from the optimal route may have to come into place,
as has been suggested by Asia Pacific League of Associations
for Rheumatology (APLAR)." Of note, the current task force
included representatives from Asia, Latin America and North
America, including an APLAR president.

The comments presented and references provided by Misra
et al raise a number of additional points, which have been quite
clearly addressed in the recommendations. First, do Misra et al
use rapid escalation of MTX to 25 mg (weight adjustment may
have to be done)? This has been shown to lead to a state of low
disease activity in 40% of patients even without GC use"; on
addition of GC, the rate of low disease activity may be even
much higher, as mentioned above. Second, do Misra et al follow
their patients regularly using validated disease activity measures
and do they record the results as well as the treatment target and
the shared decision making with their patients in their charts?
And third, do Misra et al indeed intensify therapy if at least
50% improvement is not attained at 3 months or the target not
reached at 6 months? In line with the T2T strategy,'* the last two
points are of utmost importance, irrespective of the availability
of specific drugs.'” In this context, we would highly recom-
mend to use short-term GCs on switching to or adding another
c¢sDMARD, in line with the recommendation provided for
patients with lack of bad prognostic markers. Finally, it should
be borne in mind that the availability of biosimilar (bs) DMARDs
may increase the accessibility of bBDMARD and tsDMARD ther-
apies, since they may put pressure on current drug prices. Rheu-
matologists in countries like India also have a responsibility to
point drug manufacturers to this source of inequity. The aspect
of bsDMARDs has been addressed in the EULAR recommenda-
tions too.

Thus, overall, the EULAR recommendations are based on
the evidence provided by three SLRs. The fact that represen-
tatives from all regions of the world were included in the task
force ensured that regional aspects would be accounted for.
However, the EULAR recommendations are ‘recommendations’
and may be used as a guidance to develop local recommenda-
tions in accordance with respective needs. That these may not
be always fully in line with the core recommendations, and that
some items may have to be adjusted to local needs and finan-
cial constraints, is well understood. However, the reasons for
such deviation should be clearly stated and not be based on
constructed evidence.
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