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Bout of the corner men and not
the boxers? Contextual effects flex

their muscles

Martin Englund"

Increased use of MRI in the quest to
explain symptoms, and patients’ hope for
a ‘quick-fix’, often challenge healthcare
professionals in their choice of treatment
for the painful ageing knee. In the USA,
there are about one million knee arthros-
copies per year and the majority involve
removal of torn meniscal tissue in middle-
aged patients. The absolute number of
arthroscopic ~ partial ~ meniscectomies
(APMs) in Europe is unknown but may be
even greater due to the larger European
population. The popularity of this proce-
dure is understandable — multiple case
series and randomised controlled trials
(RCTs), not to mention doctors’ personal
observations of patients, show sustained
improvement after APM. However, the
last few years, the efficacy of the actual
therapeutic element, resection of meniscal
tissue, has been called into question.

A hallmark RCT is the exquisitely
designed, randomised, double-blinded,
sham-surgery-controlled Finnish Degener-
ative Meniscal Lesion Study (FIDELITY).!
The main findings of the trial so far are
summarised in these short film clips:

» FIDELITY New Engl ] Med 2013
» FIDELITY Ann Intern Med 2016

In the provocative New Engl | Med
article from 2013, Sihvonen et al reported
that outcomes in the middle-aged patients,
where resection of meniscus was only
simulated during the diagnostic arthros-
copy, were very similar to those of actual
APM. Patients in both the APM arm and
the sham-surgery arm improved substan-
tially and sustainably, indicating that
the improvement observed after APM
is attributable to what are collectively
referred to as contextual effects. Thus, it
was not the actual therapeutic element
of the surgery, which is resection of torn

"Department of Clinical Sciences Lund, Clinical
Epidemiology Unit, Orthopaedics, Lund University, Lund,
Sweden

“Clinical Epidemiology Research and Training Unit,
Boston University, School of Medicine, Boston, MA,
USA

Correspondence to Dr Martin Englund, Clinical
Epidemiological Unit, Wigerthuset, Remissgatan 4, Lund
University, 221 85 Lund, Sweden;
martin.englund@med.lu.se

meniscal tissue. Now, in the present 2-year
follow-up of the FIDELITY patients,
Sihvonen et al strengthen their original
findings. The investigators report that the
lack of treatment effect of APM compared
with sham surgery is sustained even at
longer follow-up. Further, they found no
support that patients with the so-called
‘mechanical  symptoms’ or  certain
meniscal tear characteristics would have
larger improvement.

Contextual effects in chronic pain
conditions predominantly include placebo
response and the regression to the mean
phenomenon. Although placebo remains
an utterly complex entity that is not fully
understood, it is likely to be very powerful
in surgical interventions. It fact, it has
even been suggested that surgery may
offer the ‘ultimate placebo’.®> Additionally,
regression to the mean is highly likely to
contribute, given that the patient with
chronic knee pain often shows a natural
history of flares followed by periods of
improvement, and that he/she consults
and gets included in a trial when he/she
is in a bad phase (figure 1). This phenom-
enon, which substantially may contribute
to the total treatment effect, is unknown
or forgotten by many researchers and
clinicians (and unknown to most medical
writers and patients), who often tend to
attribute improvement solely to the treat-
ment provided.

Patients’ symptoms are typically naturally fluctuating
(1 ) aver time (three patients’ natural history is illustrated).

Pain

The lack of treatment effect of removal
of torn meniscal tissue per se in the painful
ageing knee may be explained by the
misguided reason for which the surgery
is often performed. Meniscal lesions
confirmed by MRI are typically assumed
to explain the patients’ knee symptoms.
The term ‘symptomatic meniscus tear’
is heavily misused. Evidence does not
support such clear-cut assumption of
causality.* ° Additionally, as pointed out
by Neogi et al,® a factor can be strongly
causally associated with pain in osteoar-
thritis, yet it may not be a strong predictor
of the pain on its own because several
other factors may contribute to the pain
experience. Thus, deductive reasoning
that removal of meniscal tissue somehow
would resolve the pain is unfortunately
often too simplistic. Naturally, on one
end of the spectrum of meniscal tears,
there exist cases where a large dislocated
longitudinal (bucket-handle) tear of the
meniscus (typically a result of major knee
trauma) causes painful locking of the knee.
Here, arthroscopy is indicated for repair
or removal of the torn piece of meniscus.
However, there is a grey zone between
such an acute traumatic meniscal tear and
the more slowly developing degenerative
meniscal lesion.” The latter is a frequent
incidental finding suggestive of incipient
osteoarthritis or simply an ageing joint.®

In 2016, the European Society of Sports
Traumatology, Knee Surgery and Arthros-
copy released new treatment guidelines
with the message to refrain from surgery
in favour of non-surgical management
as the first line of treatment in patients
having knee joint symptoms and a degen-
erative meniscal lesion.” Further, most
recently, after an extensive meta-analysis,
the BMJ has also released its clinical guide-
lines firmly recommending against APM
in this patient category.'’ Thus, there is

(2) Armrows indicate hypothetically when the patients consult

and are recruited into a clinical trial (when sheheisina

Pain bad state).

Time
3 In the analysis all patients are pooled in time to a common 4 Average pain levels are illustrated (asterisks). There seems
( ) starting point it ine) when the treatment int tion is ( ) to be a treatment effect at all three follow-up (FU) time
Pain provided or started. Pain points. However, the improvement from baseline (Mack

asterisk) is simply caused by the non-random sampling and

High the Auctuating natural histery of the pain.

#

t

Baseline

lllustration of regression to the mean.

Time

Time

BM)
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currently a strong movement for non-sur-
gical management of the painful knee
— this is typically through a supervised
or non-supervised exercise intervention.
However, while the effect of APM per se
has had its fair share of attention, there is
as of yet no RCT demonstrating any effect
of an exercise intervention above placebo,
either for the osteoarthritic knee or for the
hip. In contrast, the two RCTs that specif-
ically addressed this topic have failed to
demonstrate any effect of exercise above
a placebo intervention.' * Various claims
can be made of the two studies’ limitations,
but the fact remains (in line with APM)
that there is currently 7o evidence that
supports a treatment effect on patient-rel-
evant outcomes above placebo, even for
exercise therapy. In addition, the concept
of strong muscles as preventive of knee
osteoarthritis has recently been challenged
by observational data."’ Vested interests,
publication bias and wishful thinking may
not only exist in the field of orthopaedic
surgery.

Interestingly, so far, the only clin-
ical trial comparing exercise versus
APM without added exercise after APM
yielded essentially the same outcomes
in both arms.'* Now, what does that tell
us? If the effect of APM per se is virtu-
ally ‘nothing’, as strongly suggested by
the FIDELITY trial (and applauded by
the exercise community), is exercise also
all about placebo and regression to the
mean? Or is the placebo response slightly
weaker in the exercise intervention arm,
supplemented by some true treatment
effect? Nota bene, the randomisation is
expected to have balanced the two arms
with respect to regression to the mean.
Thus, that particular component of the
total effect is expected to be equal in both
treatment arms. Unfortunately, we do
not yet know how the placebo responses
compare between a single arthroscopic
intervention and being cared for at regular
intervals by a physiotherapist. Still, I think
it is fair to conclude that the added true
component effect attributable to exercise
per se seems, at best, to be very modest, if
present at all. Thus, it would be intriguing
to tease out the true component effect of
exercise on the total effect on patient-rel-
evant outcomes. Double-blinded, place-
bo-intervention trials in this field may be
challenging to design and execute but are
far from impossible. The challenge is to
remove the actual therapeutic element(s)
of exercise in the sham arm while keeping
the other circumstances of the treatment
interventions as identical as possible. In
fact, one could consider a trial comparing
a very ‘low dose’ versus ‘therapeutic dose’

The bout of the corner men and not the boxers?

of exercise. “Too low dose of exercise’,
after all, is the most commonly heard argu-
ment"” to explain disappointing results
such as those from the two placebo-con-
trolled trials already performed.'! '

Nevertheless, a strong, and in my
opinion pivoting advantage for an exercise
intervention as one of the current primary
treatment modalities for the painful
ageing knee, is that it is safe. Furthermore,
increased physical activity, especially if
the patient has previously been sedentary,
will most likely have a general positive
effect on both mental and physical health.
Consequently, in a pragmatic view, there is
in my mind no doubt that exercise should
be the treatment offered early on given
the current limited availability of other
treatment options. Somewhat cynically
— and provocatively I might add — to
tailor and optimise the most cost-effec-
tive, patient-compliant and safe placebo
intervention for this massive patient cate-
gory should perhaps become an important
research agenda? (figure 2).

Acknowledgements | would like to express my
sincere gratitude to my team members Velocity Hughes
and Aleksandra Turkiewicz for providing helpful input
on this editorial.

Contributors ME fully wrote this editorial.
Competing interests None declared.

Provenance and peer review Commissioned;
externally peer reviewed.

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

CrossMark
To cite Englund M. Ann Rheum Dis 2018;77:159-161.

C%D Linked

» http://dx.doi.org/10.1136/annrheumdis-2017-
211172

Ann Rheum Dis 2018;77:159-161.
doi:10.1136/annrheumdis-2017-211664

1 Sihvonen R, Paavola M, Malmivaara A, et al.
Arthroscopic partial meniscectomy versus sham
surgery for a degenerative meniscal tear. N Engl J Med
2013;369:2515-24.

2 Sihvonen R, Paavola M, Malmivaara A, et al.
Arthroscopic partial meniscectomy versus placebo
surgery for a degenerative meniscus tear: a 2-year
follow-up of the randomised controlled trial. Ann
Rheum Dis 2017.

3 Harris I. Surgery, the Ultimate Placebo: a Surgeon cuts
through the evidence: University of New South Wales
Press, 2016.

4 Englund M, Guermazi A, Gale D, et al. Incidental
meniscal findings on knee MRI in middle-aged and
elderly persons. N Engl J Med 2008;359:1108-15.

5 Zanetti M, Pfirmann CW, Schmid MR, et a/. Patients
with suspected meniscal tears: prevalence of
abnormalities seen on MRI of 100 symptomatic and
100 contralateral asymptomatic knees. AJR Am J
Roentgenol 2003;181:635-41.

6 Neogi T, Felson D, Niu J, et al. Association between
radiographic features of knee osteoarthritis
and pain: results from two cohort studies. BM/
2009;339:02844.

7 Kumm J, Roemer FW, Guermazi A, et al. Natural History
of Intrameniscal Signal Intensity on Knee MR Images:
Six Years of Data from the Osteoarthritis Initiative.
Radiology 2016;278:164-71.

160

Englund M. Ann Rheum Dis Month 2018 Vol 77 No 2


http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2017-211664&domain=pdf&date_stamp=2018-01-11
http://dx.doi.org/10.1136/annrheumdis-2017-211172
http://dx.doi.org/10.1136/annrheumdis-2017-211172
http://dx.doi.org/10.1056/NEJMoa1305189
http://dx.doi.org/10.1136/annrheumdis-2017-211172
http://dx.doi.org/10.1136/annrheumdis-2017-211172
http://dx.doi.org/10.1056/NEJMoa0800777
http://dx.doi.org/10.2214/ajr.181.3.1810635
http://dx.doi.org/10.2214/ajr.181.3.1810635
http://dx.doi.org/10.1136/bmj.b2844
http://dx.doi.org/10.1148/radiol.2015142905
http://ard.bmj.com/
http://group.bmj.com

8

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Englund M, Guermazi A, Roemer FW, et a/. Meniscal
tear in knees without surgery and the development of
radiographic osteoarthritis among middle-aged and
elderly persons: the Multicenter Osteoarthritis Study.
Arthritis Rheum 2009;60:831-9.

Beaufils P, Becker R, Kopf S, et al. Surgical
management of degenerative meniscus lesions: the
2016 ESSKA meniscus consensus. Knee Surg Sports
Traumatol Arthrosc 2017;25:335-46.

Siemieniuk RAC, Harris IA, Agoritsas T, et a/. Arthroscopic
surgery for degenerative knee arthritis and meniscal
tears: a clinical practice guideline. BMJ 2017;357:j1982.

11 Bennell KL, Hinman RS, Metcalf BR, et al. Efficacy
of physiotherapy management of knee joint
osteoarthritis: a randomised, double blind,
placebo controlled trial. Ann Rheum Dis
2005;64:906—12.

12 Bennell KL, Egerton T, Martin J, et al. Effect of physical
therapy on pain and function in patients with hip
osteoarthritis. JAMA 2014;311:1987-97.

13 Turkiewicz A, Timpka S, Thorlund JB, et al. Knee
extensor strength and body weight in adolescent men
and the risk of knee osteoarthritis by middle age. Ann
Rheum Dis 2017.

14

15

Kise NJ, Risberg MA, Stensrud S, et al. Exercise

therapy versus arthroscopic partial meniscectomy for
degenerative meniscal tear in middle aged patients:
randomised controlled trial with two year follow-up.
BM)J 2016;354:i3740.

Juhl C, Christensen R, Roos EM, et al. Impact of
exercise type and dose on pain and disability in knee
osteoarthritis: a systematic review and meta-regression
analysis of randomized controlled trials. Arthritis
Rheumatol 2014;66:622-36.

Englund M. Ann Rheum Dis Month 2018 Vol 77 No 2

161


http://dx.doi.org/10.1002/art.24383
http://dx.doi.org/10.1007/s00167-016-4407-4
http://dx.doi.org/10.1007/s00167-016-4407-4
http://dx.doi.org/10.1136/bmj.j1982
http://dx.doi.org/10.1136/ard.2004.026526
http://dx.doi.org/10.1001/jama.2014.4591
http://dx.doi.org/10.1136/annrheumdis-2016-210888
http://dx.doi.org/10.1136/annrheumdis-2016-210888
http://dx.doi.org/10.1002/art.38290
http://dx.doi.org/10.1002/art.38290
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Viewpoint

Handling editor Tore K Kvien
'Department of Rheumatology/
Immunology, Cleveland Clinic,
Cleveland, Ohio, USA
“Department of Rheumatology,
Hopitaux Universitaires Paris-
Sud, Le Kremlin-Bicétre, France
3Université Paris-Sud, Le Kremlin
Bicétre, France

#IMVA Center, INSERM, Le
Kremlin Bicétre, France

Correspondence to

Dr Leonard Calabrese,
Department of Rheumatology/
Immunology, Cleveland Clinic,
Cleveland, OH 44195, USA;
calabrl@ccf.org

LC and XM contributed equally.

Received 12 July 2017
Revised 5 September 2017
Accepted 8 September 2017
Published Online First

19 September 2017

CrossMark

To cite: Calabrese L,
Mariette X. Ann Rheum Dis
2018;77:162-164.

The evolving role of the rheumatologist in the
management of immune-related adverse events
(irAEs) caused by cancer immunotherapy

Leonard Calabrese,' Xavier Mariette>4

ABSTRACT

The rapid introduction of immunotherapies for cancer-
targeting immunological checkpoints has led to a new
class of toxicities that appear to be of autoimmune and
or autoinflammatory origin. These disorders are now
referred to as immune-related adverse events (irAEs)

and pose considerable challenges to patient care in
terms of how to optimally manage these formidable
toxicities while allowing effective antitumoural therapy to
continue. While rheumatologists will naturally be called
on to manage those irAEs of rheumatic origin, we believe
there is a need and an opportunity for rheumatologists
to participate as central figures in this evolving field, in
large part because of our familiarity with multiorgan
autoimmune disease and our expertise in crafting and
utilising both traditional and biological immune-based
therapies. Rheumatologists urgently need education in
this evolving field to be best positioned as contributors
to care of such patients and investigators of the
underlying mechanisms of these complications.

The risk of immune-related adverse events (irAEs)
secondary to cancer immunotherapy with check-
point inhibitors has provided both a challenge
and an opportunity for rheumatologists to engage
meaningfully in the care and investigation of such
patients. Our viewpoint is that not only do rheuma-
tologists have much to add in terms of diagnostic
and management skills for patients developing
typical rheumatic complications (ie, arthritis,
myositis, sicca syndrome, vasculitis) but we as
a profession are, among all medical specialties,
perhaps the best-equipped to manage the more
complex strata of irAEs that can be life-threatening,
involve multiple organ systems and at times evolve
into chronic diseases.

By way of background, the six currently approved
immune checkpoint inhibitors have added mean-
ingfully to the care of patients with cancer; these
agents have a broad range of activity demonstrating
response rates of 15%-90% in more than 10 cancer
types with the capacity to induce durable responses
in select patients.” While the benefit to risk ratio
of these agents is well established, the antitumour
effects come at a cost: the generation of a unique
spectrum of toxicities referred to as irAEs, including
dermatologic, hepatic, endocrine, pulmonary and
rheumatic complications.”™ It is not uncommon
or checkpoint-treated patients to develop more
than one irAE involving multiple organ systems.®
While these complications are believed to arise due
to off-target immunoenhancement of effector path-
ways,” they pose unique challenges and frequently

require immunosuppressive regimens grounded in
initial glucocorticoids, followed often by the addi-
tion of other non-biological or biological immuno-
modulators depending on the level of severity or
persistence.® Moving ahead, it will also be critical
to assess whether more aggressive immunosuppres-
sive regimens will have deleterious effects on the
antitumoural response for as of now some evidence
suggests that the presence of irAEs in general and
the use of glucocorticoids have not been delete-
rious.” '’ Furthermore, in the absence of compar-
ative effectiveness data in the overall management
of irAEs, clinicians often craft specific regimens
based on complex patient to patient considerations
(ie, end organ involvement with tumour, previous
immunosuppressive chemotherapy history, comor-
bidities and drug-drug interactions, etc). In general,
these complications have been managed by oncol-
ogists guided by a general approach to toxicity
management designed for ipilimumab (an anti-
CTLA4), which was the first approved checkpoint
inhibitor!! and later by consensus opinion such as
the USA-European collaborative for PD-1 agents.'
Recently, a single centre has proposed a manage-
ment algorithm for patients with immune-mediated
inflammatory arthritis.”® It is important to note
that to date no randomised controlled trials in irAE
management to determine if one strategy is superior
to the other has been published. With this in mind,
rheumatologists would appear well positioned to
add meaningfully to the overall approach to irAEs,
particularly in the following settings.

One of the greatest challenges in the growth
of checkpoint therapy surrounds the question of
whether patients with pre-existing autoimmune
diseases, including conditions such as rheumatoid
arthritis, other forms of inflammatory arthritis and
various connective tissue diseases, are candidates
for cancer immunotherapy; these patients were
censored from early clinical trials. Given that in
the USA alone, there may be upward of 50 million
patients with some form of autoimmunity; this is a
formidable problem.'* To date, several small studies
and anecdotal case reports examining the effects
of checkpoint inhibition in patients with under-
lying autoimmunity, including rheumatic diseases,
suggest that these types of patients can be effec-
tively treated but flares of underlying diseases can
and do occur in perhaps 1/3 of patients.”™'” This
issue is of particular importance as it can lead to
an interruption in cancer treatment: when patients
with underlying autoimmunity and cancer are
treated with checkpoint inhibitors and experience
a flare of their underlying disease, they may, as a
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result, require increased immunosuppression; this added immu-
nosuppression may prevent them from continuing their cancer
immunotherapy until the underlying disease can be controlled.
Clearly, maintaining their eligibility for continuing cancer immu-
notherapy must be the first priority, and rheumatologists can
aid in this effort by collaborating on strategies that will allow
this. Surely, from the patient’s perspective, it can be reassuring
to know that their specialist for their underlying autoimmune
disease is actively engaged with their oncologist in the team’s
desire to defeat their cancer.

Another area of interest is predicting irAEs before they occur.
While the early clinical series® '* of rheumatic irAEs failed to
demonstrate the presence of autoantibodies in patients with
inflammatory polyarthritis, several recent reports suggest that
pre-existing autoantibodies such as anticitrullinated protein anti-
bodies® and diabetes-associated islet antibodies'” may be predic-
tive of new-onset rheumatoid arthritis and type 1 diabetes. Thus,
efforts to profile risk for incident irAEs prior to checkpoint
therapy need to be explored and specialists such as rheuma-
tologists may be logical partners to monitor and manage such
complications before they occur.

Obviously, other specialties must be involved in the specific
management of some of these IrAEs: neurologists, endocri-
nologists, internal medicine specialists, intensive care special-
ists, etc. We think that rheumatologists may be best equipped
to orchestrate the management of these IrAEs since they are
the specialists most closely and historically associated to
immunology and mainly to immune treatment of systemic
inflammatory diseases. Rheumatologists may also contribute
meaningfully on the treatment team for the management of
rare and occasionally life-threatening complications of crit-
ical end organs resulting in myocarditis®” or central nervous
system vasculitis*’ among others where prompt and effective
immunosuppression is needed. Treatment algorithms'' 2
for common adverse events such as skin, bowel and liver
endorse first-line glucocorticoids and drugs such as azathi-
oprine, mycophenolate and short-term infliximab but do
not explore other biological agents and strategies that may
offer targeted therapy as our understanding of the under-
lying immunopathogenesis increases. A recent case report
from the New England Journal of Medicine®* exemplifies
the need for more complex approaches to therapy, as they
described a patient flaring with both Crohn’s disease and
psoriasis after treatment with a PD1 targeting agent who was
treated with an anti-interleukin (IL)17 leading to exacerba-
tion of the cancer. A more rational approach perhaps would
have selected an antitumour necrosis factor (anti-TNF) agent
with dual effects for both comorbidities. Of note, in a recent
series of three cases, it was suggested that tocilizumab, an
anti-IL6 receptor antibody, might be an effective alternative
to corticosteroids or TNFa inhibitors for the treatment of
arthritis irAEs.?

We believe this report merely demonstrates the need for more
a sophisticated approach to the expanding spectrum of irAEs.

Finally, in terms of rheumatic complications such as inflamma-
tory arthritis and connective tissue diseases, from early experience
with small numbers of patients, it appears that these complica-
tions may be distinctive, for unlike virtually all other irAEs there
is a high rate of chronicity with perhaps the majority of patients
requiring ongoing therapy with biological and non-biological
disease-modifying antirheumatic drugs. Thus, rheumatologists
will inevitably be involved with the management of increasing
numbers of oncology patients and engaging interprofessionally
with oncologists moving forward.

The management of patients with cancer is undergoing a
frame shift change with the introduction and expansion of
checkpoint therapy which up until recently was only estab-
lished in academic centres but now is rapidly spreading to
community practices. New interprofessional relationships are
needed to optimally manage increasing numbers of patients
with irAEs and these oncology-rheumatology collaborations
will be vital. We conclude by noting that numerous issues now
challenge the rheumatology community in relationship to our
evolving role in caring for patients with irAEs but an imme-
diate challenge is how will we educate ourselves about this
new area of medicine and new area of autoimmune disease?
Merely encouraging rheumatologists to participate in the care
of such patients is inadequate unless we strategise to educate
ourselves on the rapidly expanding base of declarative and
procedural knowledge that is essential to bring informed
care to the patients and a new research agenda to address the
evolving field.
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ABSTRACT

The study aimed to develop evidence-based
recommendations regarding the evaluation and use

of biosimilars to treat rheumatological diseases. The
task force comprised an expert group of specialists

in rheumatology, dermatology and gastroenterology,
and pharmacologists, patients and a regulator from

ten countries. Four key topics regarding biosimilars
were identified through a process of discussion and
consensus. Using a Delphi process, specific questions
were then formulated to guide a systematic literature
review. Relevant English-language publications

through November 2016 were searched systematically
for each topic using Medline; selected papers and
pertinent reviews were examined for additional relevant
references; and abstracts presented at the 2015 and
2016 American College of Rheumatology (ACR) and
European League Against Rheumatism (EULAR) annual
scientific meetings were searched for those about
biosimilars. The experts used evidence obtained from
these studies to develop a set of overarching principles
and consensus recommendations. The level of evidence
and grade of recommendation were determined for
each. By the search strategy, 490 references were
identified. Of these, 29 full-text papers were included

in the systematic review. Additionally, 20 abstracts
were retrieved from the ACR and EULAR conference
abstract databases. Five overarching principles and
eight consensus recommendations were generated,
encompassing considerations regarding clinical trials,
immunogenicity, extrapolation of indications, switching
between bio-originators and biosimilars and among
biosimilars, and cost. The level of evidence and grade of
recommendation for each varied according to available
published evidence. Five overarching principles and eight
consensus recommendations regarding the evaluation
and use of biosimilars to treat rheumatological diseases
were developed using research-based evidence and
expert opinion.

INTRODUCTION

Treatment with biological agents (biologics) has
dramatically improved the outcome for patients
with inflammatory diseases. However, the high cost
of these medications has limited access for many
patients." To make effective biologics more widely
available, biosimilars of products that no longer are
protected by patent have been developed and have
been made available to patients at costs lower than
those of the bio-originator. In the European Union
(EU), the USA, Japan and other countries, biosim-
ilars of adalimumab, etanercept, infliximab and

rituximab have been approved, and those for which
the bio-originator no longer is protected by patent
have been marketed.

Over the past decade, several publications have
examined the scientific, legal and regulatory aspects
of biosimilar development.'® However, little has
been published to guide healthcare providers in
critically evaluating and differentiating the scientific
data available for each of these molecules. Thus, a
multidisciplinary group was convened to develop
consensus, at an international level, among patients
and physicians regarding the evaluation and use of
biosimilars to treat rheumatological diseases.

METHODS

Participants

An international multidisciplinary task force on
biosimilars was convened in 2016, consisting of 25
experts from eight European countries, Japan and
the USA (17 rheumatologists, 1 rheumatologist/
regulator, 1 dermatologist, 1 gastroenterologist, 2
pharmacologists, 2 patients with rheumatic diseases
as patients’ representatives and 1 research fellow).
The objective was to develop an evidence-based and
consensus-based statement about the use of biosim-
ilars to treat inflammatory diseases by identifying
and critically appraising evidence in the literature.
This statement was intended both to guide clini-
cians and to serve as a framework for future educa-
tional efforts.

Experts’ consensus
In August 2016, a steering committee consisting
of six rheumatologists and one research fellow, all
of whom were members of this task force, held a
preliminary meeting in Vienna, Austria. At this
meeting, they identified four key topics for further
discussion by the task force: issues related to clinical
trials of biosimilars, extrapolation of indications,
immunogenicity of biosimilars compared with their
bio-originators, and switching between bio-origina-
tors and biosimilars and among biosimilars. Using a
Delphi process, specific questions were formulated
about these subjects to guide a systematic literature
review (SLR), which was then performed to identify
relevant publications through November 2016.
The Medline database was searched for
English-language publications about biosimilars;
selected papers and pertinent reviews were exam-
ined for additional relevant references. Abstracts
presented at the 2015 and 2016 American College
of Rheumatology (ACR) and European League
Against Rheumatism (EULAR) annual scientific
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meetings were searched for those about biosimilars. The Euro-
pean public assessment reports for human medicines, published
by the European Medicines Agency (EMA) and the US Food and
Drug Administration (FDA) publications (Drugs@FDA), were
reviewed to identify those about biosimilars approved by the
EMA and/or the FDA to treat rheumatological diseases, as of
December 2016 (online supplementary table S1). The EU clin-
ical trials register and ClinicalTrials.gov databases were queried
to identify clinical trials in which a biosimilar was studied in
patients with an inflammatory disease. We included publica-
tions on biosimilars that were approved to treat rheumatolog-
ical diseases. During the initial search process, no quality criteria
were applied for inclusion, but all relevant studies were later
rated using the Oxford Centre for Evidence-Based Medicine
Levels of Evidence 1.

The findings of the SLR were communicated to the steering
committee members, augmented by two pharmacologists and a
rheumatologist/regulator, at a second meeting that was held in
Leiden, the Netherlands, in December 2016. Additional presen-
tations were made about the relative immunogenicity of biosimi-
lars to their bio-originators and about regulatory issues related to
approval of biosimilars by the EMA. Group discussion followed
these talks, during which overarching principles and consensus
statements were developed to propose to the entire task force.

On the following day, a consensus conference took place, at
which all but two members of the full task force were in atten-
dance. At this face-to-face meeting, a summary of the evidence

obtained through the SLR was presented to the entire task force.
Subsequently, the proposed overarching principles and consensus
statements that had been developed by the augmented steering
committee were presented. The task force members deliber-
ated on each statement and modified the wording, if necessary.
Each statement was then voted on and high-level agreement was
achieved for all statements. The two members of the task force
who were absent from the Leiden meeting subsequently voted
on each statement by email and their votes were combined with
those of the other task force members (table 1). Overarching
principles and recommendations were accepted when =80% of
the experts agreed.

RESULTS

Systematic literature review

The initial search strategy (online supplementary table S2) iden-
tified 490 publications in Medline, as of December 2016. After
the selection process had been applied, 29 full-text papers were
included. From the ACR and EULAR conference abstract data-
bases, 20 abstracts were retrieved (online supplementary figure
S1).

Experts’ opinion approach

After discussing the results of the SLR, the consensus process was
initiated. The full task force agreed on five overarching princi-
ples and eight consensus recommendations (table 1).

Table 1 Overarching principles (A-E) and consensus recommendations (1-8) for biosimilars
Level of Grade of
Agreement* (%)  evidencet recommendation#

Overarching principles

A. Treatment of rheumatic diseases is based on a shared decision-making process between patients and their 100 5 D
rheumatologists.

B. The contextual aspects of the healthcare system should be taken into consideration when treatment decisions 100 5 D
are made.

C. A biosimilar, as approved by authorities in a highly regulated area, is neither better nor worse in efficacy and 88 5 D
not inferior in safety to its bio-originator.

D. Patients and healthcare providers should be informed about the nature of biosimilars, their approval process, 96 5 D
and their safety and efficacy.

E. Harmonised methods should be established to obtain reliable pharmacovigilance data, including traceability, ~ 100 5 D
about both biosimilars and bio-originators.

Consensus recommendations

1. The availability of biosimilars must significantly lower the cost of treating an individual patient and increase 100 5 D
access to optimal therapy for all patients with rheumatic diseases.

2. Approved biosimilars can be used to treat appropriate patients in the same way as their bio-originators. 100 1b A

3. As no clinically significant differences in immunogenicity between biosimilars and their bio-originators have 100 2b B
been detected, antidrug antibodies to biosimilars need not be measured in clinical practice.

4. Relevant preclinical and phase | data on a biosimilar should be available when phase Il data are published. 100 5 D

5. Since the biosimilar is equivalent to the bio-originator in its physicochemical, functional and pharmacokinetic 100 5 D
properties, confirmation of efficacy and safety in a single indication is sufficient for extrapolation to other
diseases for which the bio-originator has been approved.

6. Currently available evidence indicates that a single switch from a bio-originator to one of its biosimilars is 96 1b A
safe and effective; there is no scientific rationale to expect that switching among biosimilars of the same bio-
originator would result in a different clinical outcome but patient perspectives must be considered.

7. Multiple switching between biosimilars and their bio-originators or other biosimilars should be assessed in 100 5 D
registries.

8. No switch to or among biosimilars should be initiated without the prior awareness of the patient and the 91 5 D

treating healthcare provider.

*Agreement indicates percentage of experts who approved the recommendation during the final voting round of the consensus meeting.

t1a: systematic review of randomised clinical trials (RCTs); 1b: individual RCT; 2a: systematic review of cohort studies; 2b: individual cohort study (including low-quality RCT;

eg, <80% follow-up); 3a: systematic review of case—control studies; 3b: individual case—control study; 4: case-series (and poor quality cohort and case—control studies); 5: expert
opinion without explicit critical appraisal, or based on physiology, bench research or ‘first principles'.

tA: based on consistent level 1 evidence; B: based on consistent level 2 or 3 evidence or extrapolations from level 1 evidence; C: based on level 4 evidence or extrapolations from
level 2 or 3 evidence; D: based on level 5 evidence or on troublingly inconsistent or inconclusive studies of any level.
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RECOMMENDATIONS

Five main topics related to biosimilars were identified: consid-
erations regarding clinical trials, immunogenicity, extrapolation
of indications, switching between bio-originators and biosimilars
and among biosimilars, and cost. Within each of these areas, key
issues were identified that form the basis for the overarching
principles and consensus recommendations described here
(table 1). We present the overarching principles and consensus
statements in the sequence listed in table 1, followed by an
explanatory discussion of each.

Overarching principles

Treatment of rheumatic diseases is based on a shared decision-
making process between patients and their rheumatologists

A fundamental principle underlying the treatment of all diseases
is that informed patients share in making decisions about therapy
with their healthcare providers. For the rheumatic diseases, the
rheumatologist is obliged to educate the patient both about the
disease process and about appropriate treatment options. Once
informed, the patient can then engage the healthcare provider
in a dialogue in which personal preferences, treatment goals,
and the potential risks and benefits of each treatment option are
discussed and evaluated relative to one another. Such a discus-
sion should result in optimal treatment of the disease process
and empower patients to remain in control of their health.

The contextual aspects of the healthcare system should be taken
into consideration when treatment decisions are made

The structure of healthcare systems varies in different coun-
tries. In some countries, the government oversees the healthcare
system and serves as a single payer to cover the costs of medical
treatment for its citizens. In other countries, such as the USA, a
variety of systems are in place to support access to healthcare:
some patients are covered by government-supported insurance
plans, others purchase private insurance coverage, and some have
no health insurance coverage at all. In single-payer systems, the
payer often supports the cost of medications. However, in coun-
tries in which coverage for healthcare expenses is provided by a
variety of systems, there often is a similar range of approaches to
subsidise the cost of medications. Among those individuals who
have prescription coverage, the proportion of the drug acquisi-
tion cost that is subsidised varies. Although only a small mone-
tary copayment is required of some patients, others are expected
to pay 20% or more of the cost of medications. This can place a
significant burden on some individuals and may make necessary
treatment inaccessible to some. These contextual aspects must be
considered when choosing appropriate drug therapy for a given
patient, since lower drug costs increase affordability.

A biosimilar, as approved by authorities in a highly regulated area,

is neither better nor worse in efficacy and not inferior in safety to its
bio-originator

A biosimilar is a replica of a biopharmaceutical that has met
criteria for biosimilarity, according to a defined pathway estab-
lished to demonstrate equivalent pharmacokinetics (PK), phar-
macodynamics (PD) and efficacy and comparable safety and
immunogenicity, and has been reviewed and approved by a regu-
latory authority in a highly regulated area. Many such regulatory
agencies are members or observers of the International Council
for Harmonisation of Technical Requirements for Pharmaceuti-
cals for Human Use (ICH).® ICH aims to recommend guidelines
and requirements for approval of pharmaceutical products to
achieve harmonisation among regulatory agencies worldwide.

The EMA defines a biosimilar as ‘a biological medicinal
product that contains a version of the active substance of an
already authorised’ bio-originator, for which ‘similarity to the
reference product in terms of quality characteristics, biolog-
ical activity, safety and efficacy’ has been demonstrated.” In
the USA, a biosimilar is defined in the Biologics Price Competi-
tion and Innovation Act of 2009 as a biological product that is
‘highly similar to the reference product notwithstanding minor
differences in clinically inactive components’ and that ‘there
are no clinically meaningful differences between the reference
product and the biologic product in terms of the safety, purity
and potency of the product’.!® In 2005, the EMA proposed a
pathway by which to approve similar biological products.’!
Five years later, the US Congress established a pathway for the
approval of biological products that are ‘highly similar’ to their
bio-originators."

The regulatory pathways for approval of a biosimilar differ
slightly between the EMA and the US FDA, but both follow
a ‘stepwise approach’ and require extensive analytical studies
followed by clinical studies comparing PK and PD parameters,
immunogenicity, efficacy and safety of the proposed biosimilar
to its bio-originator to confirm that there are ‘no clinical mean-
ingful differences’ between the bio-originator and the biosim-
ilar. The US FDA has articulated a ‘totality of the evidence’
approach to evaluating the accumulated data, in which all of
the information is considered in its entirety without giving
greater importance to any one aspect.'”> The EMA follows a
similar process.”> Many other countries have conformed to
this approach and established comparable pathways to approve
biosimilars.?

Biosimilarity is established, following a stepwise approach, by
a series of comparative studies with high face validity. Analyses
must demonstrate that the biosimilar and its bio-originator have
the same primary amino acid sequence. Comparing multiple
batches of a biosimilar candidate with many batches of its
bio-originator, acquired over time, there must be no significant
differences in charge isoforms, glycosylation, other post-trans-
lational modifications or impurities. There may be minor
differences, but these must not affect critical quality attributes
of the biologic. For therapeutic monoclonal antibodies, essen-
tial functional properties include Fc receptor binding, comple-
ment-dependent cytotoxicity and antibody-dependent cellular
cytotoxicity, on which their mechanism of action may depend.
Subsequent clinical studies must demonstrate PK and PD equiva-
lence and equivalent efficacy in at least one disease for which the
bio-originator is approved, as well as comparable safety and no
greater immunogenicity of the biosimilar.

Because a biosimilar can rely on data generated for approval
of its bio-originator, the clinical data required by regulatory
pathways for biosimilar approval in the EU, the USA and most
other countries are abbreviated, contrasted to those required
for approval of bio-originators. PK typically is studied by
comparing single doses of a biosimilar and its bio-originator in
healthy subjects'*2%; multiple dosing is subsequently assessed in
patients.*!* Most regulatory agencies define PK equivalence of
a biosimilar to its bio-originator as when the 90% ClIs for the
ratio of geometric means for area under the curve and maximal
concentration between the biosimilar and its bio-originator fall
within the log-transformed range of 80%-125% (£20%).° ¢ In
published PK studies of approved biosimilar tumour necrosis
factor (TNF) inhibitors, serum concentration time profiles of
the biosimilar and its bio-originator have overlapped closely, and
variability of the ratio of geometric means for PK parameters has
been much less than that allowed by regulatory requirements.” ™2
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Phase III randomised controlled trials (RCTs) comparing the
efficacy of a candidate biosimilar with its bio-originator should
be conducted in a disease that is sensitive for detecting potential
differences in efficacy between the biosimilar and its bio-origi-
nator. However, the same condition may not be the most sensi-
tive in which to detect potential differences in safety, including
immunogenicity. RCTs comparing a candidate biosimilar with
its bio-originator should be of adequate duration to assess
durability of response, safety and immunogenicity. These trials
should use endpoints that are sensitive to detecting potential
differences between a biosimilar and its bio-originator. Assess-
ment of an outcome measure at early time points, during the
rapid rise phase of the time—response curve, provides additional
information.® Assessing response to treatment during the first
3months allows comparison of the rapidity of onset. These
issues must be taken into consideration when designing phase I1I
RCTs comparing biosimilar with their bio-originators.

Since a phase III RCT comparing a biosimilar with its bio-orig-
inator is designed to demonstrate equivalence and aims to prove
the null hypothesis, the primary analysis should be performed
on the per protocol set.?® Although an intention-to-treat analysis
would bias towards the null hypothesis concluding that the two
drugs are equivalent, secondary analyses should be performed on
each endpoint using the intention-to-treat approach to account
for possible differential dropout in the two treatment arms.
The equivalence margin for RCTs comparing the efficacy of a
biosimilar with its bio-originator is derived from a meta-anal-
ysis of the therapeutic effect of the bio-originator in the orig-
inal placebo-controlled RCTs, calculated as the risk difference
in the endpoint of interest between active drug and placebo. To
preserve a proportion of the therapeutic effect of the bio-orig-
inator, the equivalence margin used in a comparative effective-
ness RCT is usually half or less of the mean absolute difference
derived in the meta-analysis.'” Equivalence margins should
be standardised for each bio-originator.”” The EMA defines
two-sided therapeutic equivalence in RCTs comparing a biosim-
ilar with its bio-originator as when the 95% CI for the mean
absolute difference in the primary endpoint between the biosim-
ilar and its bio-originator falls within the predefined equivalence
margin.” However, the US FDA prefers use of the narrower
909% CI to demonstrate therapeutic equivalence.'*

A biosimilar that has satisfied the requirements of a dedicated
pathway for regulatory approval will be neither better nor worse
in efficacy and not inferior in safety to the various batches of the
bio-originator. Since the processes for manufacturing biologics,
including highly sensitive methods to assess quality, have
matured over the past decades, major changes in the manufac-
turing process of the bio-originator are not likely and its efficacy
and safety are unlikely to drift. Thus, efficacy and safety of a
biosimilar can be expected to remain highly comparable to those
of its bio-originator over time.

Patients and healthcare providers should be informed about the
nature of biosimilars, their approval process, and their safety and
efficacy

Given that biosimilars have only recently become available,
many patients and healthcare providers are unfamiliar with this
concept. Since biosimilars are usually marketed at a price lower
than that of their bio-originators, some presume that biosimi-
lars are of lesser quality. This misconception can and must be
corrected by informing patients and healthcare providers about
the nature of biosimilars, the rigorous approval process to which
they are subjected by regulatory agencies, and the equivalent

efficacy and comparable safety of approved biosimilars to their
bio-originators.

Harmonised methods should be established to obtain reliable
pharmacovigilance data, including traceability, about both
biosimilars and bio-originators
During the development of a pharmaceutical product, a limited
number of patients receive treatment with the investigational
drug. Thus, it is important to gather safety and efficacy data
after a drug has been approved and is commercially available.
Especially since the clinical part of the development process for
biosimilars is abbreviated relative to that for bio-originators, it
is critical that postmarketing pharmacovigilance be conducted
to confirm the efficacy and safety of a biosimilar over time in a
much larger number of patients than were studied in RCTs.
Traceability is an issue for all drugs, not only for biosimilars.
To facilitate postmarketing pharmacovigilance, the non-propri-
etary name of a biosimilar must be readily distinguishable from
that of its bio-originator. In 2012, the WHO proposed that a
unique four-letter ‘biological qualifier’ code be appended as a
suffix to the core name. This nomenclature system would be
applied retrospectively to the bio-originator and prospectively
to designate biosimilars.”® The US FDA has followed these WHO
recommendations and, in 2017, issued guidance regarding
non-proprietary naming of biological products, in which it spec-
ifies that the ‘biological qualifier’ code suffix consists of four
lower-case letters and that it is unique and ‘devoid of meaning’.?’
The five biosimilars approved in the USA to treat inflammatory
diseases have been designated as adalimumab-adbm, adalimum-
ab-atto, etanercept-szzs, infliximab-abda, and infliximab-dyyb.
Similarly, a ‘biological qualifier’ code suffix will be appended
retroactively to the core name of each bio-originator, so that
these may be distinguished from biosimilars. This naming
convention for biologics should facilitate traceability and allow
effective postmarketing surveillance of the safety and efficacy of
both biosimilars and their bio-originators. Within the European
medicines regulatory network, pharmacovigilance is organised
primarily at a national level in the Member States of the EU
and the European Economic Area using brand names for post-
marketing surveillance of both biosimilars and bio-originators.
An advantage of using brand names is that these can be easily
recalled and reported by both patients and their healthcare
providers. Suspected adverse events are submitted to the Eudra-
Vigilance database, which allows monitoring safety of medica-
tions across the entire network. However, it is unfortunate that
there has not yet been global agreement on nomenclature for all
biologics. Regardless of the method used to distinguish among
biosimilars and bio-originators, batch numbers are essential for
tracing potential problems. However, although recorded by the
dispensing pharmacist, batch numbers are infrequently noted by
patients or healthcare providers and may be difficult to obtain
when an adverse event occurs.

Consensus recommendations

The availability of biosimilars must significantly lower the cost of
treating an individual patient and increase access to optimal therapy
for all patients with rheumatic diseases

As the prevalence of chronic disease increases in both high-in-
come and lower-income countries, pharmaceutical consumption
must shift to lower cost products so as to improve access to all
who need these medications.>® An approved biosimilar should
provide patients with an equivalent biologic at a cost lower than
that of the bio-originator. Unlike a new medication, a biosimilar
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of equivalent efficacy and comparable safety has no attribute
other than price to distinguish it from its bio-originator.

The expenses associated with developing a biosimilar are but a
fraction of those incurred during the development of a bio-orig-
inator. Thus, once patents for bio-originators have expired,
the use of less expensive biosimilars should help to offset the
necessary expense of using other medications to fulfil unmet
therapeutic needs. Regardless, payers must transfer the savings
realised from the reduced cost of developing a biosimilar back to
the patient by improving access to treatment with lower copay-
ments for medications or by lowering insurance premiums.’'

A 2014 RAND Corporation study estimated the potential cost
savings of biosimilars in the US market to be $44.2billion over
the subsequent decade, of which TNF inhibitors would account
for 21% ($9.3 billion).>? This study assumed that market compe-
tition would result in the price of a biosimilar being 35% lower
than that of its bio-originator. However, at the time of the launch
in September 2015 of filgrastim-sndz (Zarxio), the first biosim-
ilar approved in the USA, its wholesale acquisition cost (WAC)
was only 15% lower than that of bio-originator filgrastim.*
Similarly, at the time of its launch in November 2016, the WAC
of infliximab-dyyb (Inflectra) in the USA was only 15% lower
than that of bio-originator infliximab.>* However, discounts and
ex-post rebates provided to third-party payers and pharmacy
benefit management companies by bio-originator manufacturers
might reduce or even eliminate the price differential between
a biosimilar and its bio-originator. Small price differentials
between biosimilars and bio-originators likely will decrease the
market penetration of biosimilars and further reduce direct cost
savings. A price discounted only 15% below that of the bio-origi-
nator may not be sufficient to motivate use of a biosimilar. Thus,
to ensure market uptake of biosimilars, it is important that they
be priced considerably lower than bio-originators.

In other countries, the price of biosimilars is lowest where
market competition is greatest. In Canada, at the time of its
launch in March 2015, the price of Inflectra was 34% lower
than that of bio-originator infliximab.*® The prices of biosimi-
lars in the EU typically have been 20%—40% lower than those
of the corresponding bio-originators, but this is much less than
the 80% price reduction realised with generic small molecule
drugs.*® However, in Norway, where the national hospital system
has a competitive tender process for the exclusive contracts to
supply medications that are administered in-hospital, the tender
accepted for Remsima in 2014 was 39% lower than that offered
for bio-originator infliximab and that accepted in 2015 was 69%
lower.”” As expected, the market share of biosimilar infliximab is
much larger in those countries where the price of the biosimilar
is much lower than that of bio-originator infliximab.*® The use
of a tender system has important implications for maintaining a
competitive environment and is likely to reduce both the price
of biologics that no longer are protected by patent and that of
biosimilars. However, such a system may also pose a threat to the
level of market competition over the long term and might ulti-
mately result in a market in which only one version of a biologics
(biosimilar or bio-originator) is available (ie, ‘winner-take-all’).

In the EUS (France, Germany, Italy, Spain and the UK), using
a conservative budget impact model, the introduction of an
etanercept biosimilar priced 10%-25%lower than bio-origi-
nator etanercept could yield net savings of €286 to €728 million
over the subsequent 5 years.>’ Such savings could fund treatment
with the biosimilar for many more patients. Presumably, the
proportion of the cost of a biosimilar that is shared by the patient
will be lower than that shared for a bio-originator. Thus, with
more affordable drugs, patients may be more likely to adhere to

their prescribed medication regimens. Moreover, in developing
markets in which access to biologics is restricted by cost, the
availability of a lower cost biosimilar might allow a patient to
receive a treatment that previously was more difficult to obtain
or unavailable. Thus, biosimilars should increase global access to
effective treatments for inflammatory diseases.

Approved biosimilars can be used to treat appropriate patients in
the same way as their bio-originators

Once a biosimilar has demonstrated high structural similarity
and clinical equivalence to its bio-originator in a sensitive popu-
lation and has been granted marketing authorisation, it can be
considered to be essentially the same biologic as a new batch of
the bio-originator. The finding of biosimilarity justifies use of an
approved biosimilar in all the indications for which the bio-orig-
inator is authorised.

As no clinically significant differences in immunogenicity between
biosimilars and their bio-originators have been detected, antidrug
antibodies to biosimilars need not be measured in clinical practice
Antidrug antibodies (ADAs) typically develop in patients who
are treated protractedly with biologics. Virtually all mono-
clonal antibodies induce an immune response with production
of ADAs, often to the antigen-combining region (anti-idiotype
antibodies).*” ADAs bound to therapeutic monoclonal anti-
bodies may form immune complexes which, when cleared by the
reticuloendothelial system, result in lower trough drug concen-
trations and potentially decreased efficacy.! When the titre
and affinity of ADAs for the biologic are high, the therapeutic
effect is neutralised. Neutralising ADAs may be detected within
6 months after initial exposure to the biologic.**

Assays to detect ADAs have evolved over time to become more
sensitive and specific.*' Early studies of therapeutic monoclonal
anti-TNF antibodies, using a bridging ELISA, identified ADAs
in a small proportion of patients.* Subsequent studies have
used assays that are less sensitive to drug interference, such as
the homogeneous mobility shift assay method or the pH-shift
anti-idiotype antigen-binding test, in which acid dissociation of
drug—ADA complexes allows detection both of free ADAs and of
those bound to drug.*** In recent clinical trials, ADAs have been
detected in a larger proportion of patients using the sensitive
electrochemiluminescence bridging immunoassay.*® However,
the clinical relevance of ADAs, especially as to how they might
differentiate biosimilars from their reference drugs, remains
unclear.

The immunogenicity of a candidate biosimilar is best compared
with that of its bio-originator in a clinical trial conducted in treat-
ment-naive patients.'**” These trials often have included a single
crossover from the bio-originator to the candidate biosimilar.
Thus far, such switches have not induced ADA formation. The
proportion of subjects that develop ADAs to a biosimilar and
to its bio-originator should be similar. Since neutralising ADAs
are more clinically relevant, proportion of subjects developing
these should also be reported.*® If immunogenicity findings are
to be extrapolated from a clinical trial in one disease to other
indications, the patient population chosen for study should be
that which is most likely to develop an immune response to
the biologic.'* Accordingly, patients not receiving concomitant
immunosuppressive medications are preferred. However, in the
clinical trials comparing the infliximab biosimilar CT-P13 with
bio-originator infliximab, the prevalence of ADAs was higher in
patients with rheumatoid arthritis receiving infliximab 3 mg/kg
intravenously with concomitant methotrexate than in patients
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with ankylosing spondylitis receiving infliximab 5 mg/kg as
monotherapy.”' * Thus, genetic factors, the underlying disease
process and the dose of the biologic administered may be more
important than concomitant immunosuppressive medications in
determining the predisposition to develop ADAs.

Although not typically measured in clinical practice by
rheumatologists, trough drug concentrations provide a more
relevant, indirect comparative assessment of immunogenicity
between a biosimilar and its bio-originator than does detection
of ADAs. As no clinically significant differences in immunoge-
nicity between biosimilars and their bio-originators have been
detected, ADAs to biosimilars need not be measured in clinical
practice.* 3 However, the assessment of immunogenicity should
not be dismissed completely, as it is a useful measure for active
pharmacovigilance. Evaluating comparative immunogenicity
data, acquired in both clinical and postmarketing studies of
biosimilars, should help to increase confidence in using biosimi-
lars among healthcare providers.’!

Relevant preclinical and phase | data on a biosimilar should be
available when phase lll data are published
As substantial emphasis has been placed on analytical and PK
comparisons in the development of biosimilars, preclinical
analytical data and phase 1 PK data should be available in peer-re-
viewed journals when data from phase III RCTs are published.
Data from relevant physicochemical, in vitro functional and PK
studies of a biosimilar should be published before or simultane-
ously with those from the phase Il comparative effectiveness
RCT. Physicochemical and in vitro functional data comparing the
biosimilar with its bio-originator have been published in peer-re-
viewed journals for the infliximab biosimilar SB2, the etanercept
biosimilars SB4 and GP 2015, and the adalimumab biosimilar
ABP 501.°*7%¢ For the infliximab biosimilar CT-P13, selected
physicochemical and in vitro functional data were published as
supplementary data in appendices to the primary publications
reporting the results of the phase I and phase III studies that
compared CT-P13 with bio-originator infliximab.?! *¢

Phase I PK data comparing biosimilars with their bio-origi-
nators have usually been published in a peer-reviewed journal
before or simultaneously with publication of the results of the
phase III study in manuscript form. Results of the phase I PK
study comparing ABP 501 with bio-originator adalimumab were
published before publication of a manuscript reporting the phase
I data.'® >’ Similarly, results of the phase I PK study comparing
SB2 with bio-originator infliximab were published before the
phase III study was published,'” *® and results of the phase I
PK study comparing SB4 with bio-originator etanercept were
published before the phase Il study was published.'?*® The phase
I and phase III studies comparing CT-P13 with bio-originator
infliximab,”' ** and those comparing GP2015 with bio-origi-
nator etanercept both were published simultaneously.”® ® The
availability of this information, when the phase III RCT data
are published, facilitates assessment of biosimilarity based on a
‘totality-of-the-evidence’ approach.®'

Since the biosimilar is equivalent to the bio-originator in its
physicochemical, functional and pharmacokinetic properties,
confirmation of efficacy and safety in a single indication is sufficient
for extrapolation to other diseases for which the bio-originator has
been approved

Based on the extensive historical clinical experience with the
bio-originator in each of its licensed indications, regulatory
agencies allow efficacy and safety data for a biosimilar to be

extrapolated from one approved indication to others in which the
biosimilar has not been studied, if the mechanism of action of the
bio-originator is considered to be the same in each disease.®*
The comprehensive preclinical comparison of the biosimilar to
its bio-originator, in which their similarity is confirmed by many
different analytical and functional assays, forms the basis for this
‘extrapolation of indications.” Thus, after having demonstrated
efficacy and safety equivalent to its bio-originator in at least one
RCT conducted in patients with a disease for which the bio-orig-
inator is authorised, a biosimilar may apply for approval in any
or all indications for which its bio-originator already has been
authorised without an RCT in each indication.

By this process, biosimilars have usually been granted
marketing authorisation in all indications for which the bio-orig-
inator has been approved but in which the biosimilar has not
been studied. In this context, experts from national and inter-
national organisations have argued that convincing data from
RCTs are needed for each individual indication.®*"* However,
biosimilars have always demonstrated efficacy equivalent to that
of their bio-originators when studied in more than one indica-
tion.>! *¢737* Also, the biosimilar infliximab, CT-P13, has exhib-
ited efficacy and safety comparable to bio-originator infliximab
in several small, prospective case series of patients with indica-
tions for which approval had been based on extrapolation of data
from the RCTs.”>"® Although Health Canada initially denied the
biosimilar infliximab CT-P13 extrapolation of data from clin-
ical trials conducted in patients with rheumatoid arthritis and
ankylosing spondylitis to inflammatory bowel diseases, this deci-
sion was ultimately reversed by the same regulatory authority.””
Nonetheless, biosimilars have demonstrated efficacy and safety
when used in clinical practice to treat approved indications
in which they had not been studied in comparison to their
bio-originators.”®

Currently available evidence indicates that a single switch from a
bio-originator to one of its biosimilars is safe and effective; there is
no scientific rationale to expect that switching among biosimilars of
the same bio-originator would result in a different clinical outcome
but patient perspectives must be considered

Switching patients from bio-originators to their biosimilars
and from one biosimilar to another should be evidence-based.
Current data suggest that treating a patient with an approved
biosimilar should yield results comparable to those achieved
when the patient is treated with the bio-originator. However,
no study to date has evaluated the efficacy or safety of switching
between different biosimilars of the same bio-originator.

Ideally, the consequences of switching from a bio-originator
to a biosimilar should be compared with that of continued treat-
ment with the bio-originator in an RCT, conducted in patients
who are receiving stable treatment with the bio-originator.
Extensions to phase III RCTs of several biosimilars, in which
subjects treated initially with the bio-originator were switched
to the biosimilar, have been published.**™** Observing no loss of
efficacy and no increase in the rate of adverse events following
this single switch supports making this switch in clinical practice,
only if the biosimilar costs less than the bio-originator. However,
if a patient has failed to respond to a specific biologic, a biosim-
ilar of that product should not subsequently be prescribed.

An RCT was conducted in Norway to assess the effect of
switching from bio-originator infliximab (Remicade) to the
biosimilar infliximab CT-P13 on efficacy and safety in the various
indications for which both had been approved. NOR-SWITCH
was a 52-week, double blind, non-inferiority, phase IV RCT that
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enrolled 482 patients with a variety of diseases: Crohn’s disease
(n=155), ulcerative colitis (n=93), spondyloarthritis (n=91),
rheumatoid arthritis (n=78), psoriasis (n=35) and psoriatic
arthritis (n=30), each of whom had been on stable treatment
with bio-originator infliximab for at least 6months.”® The
primary endpoint was worsening in disease-specific composite
measures and/or agreement between the investigator and the
patient that increased disease activity required a change in
treatment by week 52. This study demonstrated non-inferiority
of switching from the bio-originator to the biosimilar, using a
non-inferiority margin of 15%, as compared with continuation
of treatment with the bio-originator for the aggregate of subjects
with the various diseases enrolled. However, NOR-SWITCH
was not powered to compare these two treatment strategies
in subjects with any individual disease. Similar proportions of
patients in each group developed treatment-emergent adverse
events (TEAEs), serious adverse events and TEAEs resulting in
study drug discontinuation, and the prevalence and incidence
of ADAs, as well as trough drugs levels, were similar between
the two groups. Thus, NOR-SWITCH supports the practice of
switching patients with stable disease activity from bio-originator
infliximab to the biosimilar CT-P13. However, these results
cannot be generalised to other biologics and their biosimilars
or to frequent switching back-and-forth between bio-originator
and biosimilar. For each new biosimilar and application device,
an RCT should be conducted to evaluate safety and continued
efficacy after switching from the bio-originator or to another
biosimilar. However, once sufficient experience has been gained,
additional switching studies may no longer be necessary.

Even if data from RCTs support the practice of switching from
a bio-originator to its biosimilar or between biosimilars, patients
must feel comfortable receiving the treatment that they have
been prescribed. To achieve this, rheumatologists should inform
patients about the rigorous development process during which
biosimilars have been assessed and shown to be highly similar
to their bio-originators. Patient perspectives must be taken into
account. Patients should understand that an approved biosim-
ilar may be like another batch of its bio-originator and should
provide similar therapeutic benefit with comparable safety. They
also should be informed about the economic implications of
switching, which should allow more patients to benefit from
treatment with biologics. However, if some patients remain
uneasy about switching from the bio-originator to a biosimilar,
even with this information, their preferences must be considered
when making a therapeutic decision.

Multiple switching between biosimilars and their bio-originators or
other biosimilars should be assessed in registries
Substitution, in which a biosimilar is prescribed in place of its
bio-originator, must be distinguished from interchangeability,
wherein someone other than the prescribing healthcare provider
initiates the switch from bio-originator to biosimilar or between
two biosimilars. Of note, in the EU, the term ‘substitution’
implies what is considered in the USA to be ‘interchange’. Thus,
terminology must be harmonised worldwide. In the EU, the
EMA does not have the authority to designate a biosimilar as
being interchangeable; rather, this judgement must be made by
regulatory agencies in each Member State.®

To support the designation of interchangeability, an RCT that
incorporates multiple switches between the two biologics must
be conducted. The US FDA has issued draft guidance on demon-
strating interchangeability of a biosimilar with its bio-originator,
in which it suggests that postmarketing pharmacovigilance data

should be combined with data from at least one prospective RCT
that compares repeated switching between the bio-originator
and the biosimilar to continuous treatment with the bio-origi-
nator.*® Subjects in the ‘switching arm’ of such a study switch
at least three times between the bio-originator and the biosim-
ilar, whereas subjects in the ‘non-switching arm’ continue treat-
ment with only the bio-originator. After the last switch from the
bio-originator to the biosimilar, subjects in the ‘switching arm’
should remain on the biosimilar. The primary endpoints for such
a study should be PK parameters; secondary endpoints should
evaluate efficacy, safety and immunogenicity. However, to date,
no biosimilar has been evaluated according to this study design.

Systematic postmarketing pharmacovigilance should be carried
out using biologics registries and by conducting long-term,
observational cohort studies to which data are reported regu-
larly by prescribing healthcare providers and patients who are
treated with specific products. Biologics registries in many coun-
tries have provided insight into the short-term and long-term
safety of biologics.””~** Data collected about the use of biosim-
ilars should be integrated into these existing biologics regis-
tries. Pertinent standardised data must be collected to address
any remaining uncertainty regarding the safety of biosimilars.
Although not designed primarily to assess efficacy, the durability
or potential loss of efficacy after switching from a bio-originator
to its biosimilar might become evident in such a registry.

No switch to or among biosimilars should be initiated without the
prior awareness of the patient and the treating healthcare provider
Patients with rheumatological diseases may be reluctant to switch
medications, even when their disease remains active, because of
fear of disease worsening or of developing an adverse effect on
a new medication.” However, the concern that therapeutic effi-
cacy might be lost after switching from a bio-originator to its
biosimilar has not been supported by currently available data.

In the EU, the introduction of infliximab and etanercept
biosimilars has generated market competition, which has
resulted in price reductions for their reference products and
for the other bio-originator TNF inhibitors.*® Patients and their
healthcare providers share the responsibility to consider equity
when choosing a course of treatment and must consider cost
in the decision-making process. However, in some countries,
the choice of biologic is often imposed by payers rather than
being made by either the patient or his or her treating healthcare
provider.

Transparency is of utmost importance in the therapeutic rela-
tionship between a patient and his or her healthcare provider.
Therapeutic decisions must be made jointly by the patient in
consultation with the healthcare provider. As with all changes in
treatment, the patient and the healthcare provider should be fully
aware of any change and should agree with its implementation.

CONCLUSION

The differing opinions about biosimilars that have been published
by various national and international medical subspecialty organi-
sations illustrate the lack of confidence shared by many clinicians
regarding the appropriate use of biosimilars.®*"**”® However,
a rapidly growing body of evidence has begun to reduce residual
uncertainty about their use. This consensus statement aims to
raise awareness about biosimilars and to discuss the key issues
that healthcare providers must consider when using biosimi-
lars to treat their patients. The assembled group of experts and
patients achieved a high level of agreement about the evaluation
of biosimilars and their use to treat rheumatological diseases.
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The participants were confident that biosimilars approved by
authorities in a highly regulated area are unlikely to differ from
their bio-originators in clinically meaningful ways. Nevertheless,
given the complex nature of all biopharmaceuticals, the treating
clinician must be the only one to decide whether to prescribe a
biosimilar in place of a bio-originator on a case-by-case basis with
full awareness of the patient. The group believed that adequate
evidence exists to support the decision to switch from a biologic,
which no longer is protected by patent, to its biosimilar. In
addition, the group concluded that there is sufficient evidence
about safety and efficacy of biosimilars to allow for extrapo-
lation of indications. However, there remained concern about
switching between two biosimilars or between a bio-originator
and its biosimilar on multiple occasions because adequate studies
have not yet been conducted to assess these circumstances. To
facilitate making informed decisions about therapeutic substi-
tution with biosimilars, healthcare providers are encouraged to
gather pharmacovigilance data in registries about the outcome
of such switches made in the context of clinical practice. Data
available as of December 2016 support the use of biosimilars
by rheumatologists to encourage a fair and competitive market
for biologics. Biosimilars now provide an opportunity to expand
access to effective but expensive medications, increasing the
number of available treatment choices and helping to control
rapidly increasing drug expenditures.
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ABSTRACT

The past three decades have witnessed remarkable
advances in our ability to target specific elements of the
immune and inflammatory response, fuelled by advances
in both biotechnology and disease knowledge. As well
as providing superior treatments for immune-mediated
inflammatory diseases (IMIDs), such therapies also

offer unrivalled opportunities to study the underlying
immunopathological basis of these conditions.

In this review, we explore recent approaches to the
treatment of IMIDs and the insights to pathobiology that
they provide. We review novel biologic agents targeting
the T-helper 17 axis, including therapies directed
towards interleukin (IL)-17 (secukinumab, ixekizumab,
bimekizumab), IL-17R (brodalumab), IL-12/23p40
(ustekinumab, briakinumab) and IL-23p19 (guselkumab,
tildrakizumab, brazikumab, risankizumab, mirikizumab).
We also present an overview of biologics active against
type | and Il interferons, including sifalumumab,
rontalizumab, anifrolumab and fontolizumab. Emerging
strategies to interfere with cellular adhesion processes
involved in lymphocyte recruitment are discussed,
including both integrin blockade (natalizumab,
vedolizumab, etrolizumab) and sphingosine-1-phosphate
receptor inhibition (fingolimod, ozanimod). We
summarise the development and recent application of
Janus kinase (JAK) inhibitors in the treatment of IMIDs,
including first-generation pan-JAK inhibitors (tofacitinib,
baricitinib, ruxolitinib, peficitinib) and second-generation
selective JAK inhibitors (decernotinib, filgotinib,
upadacitinib). New biologics targeting B-cells (including
ocrelizumab, veltuzumab, tabalumab and atacicept)

and the development of novel strategies for regulatory
T-cell modulation (including low-dose IL-2 therapy and
Tregitopes) are also discussed. Finally, we explore recent
biotechnological advances such as the development of
bispecific antibodies (ABT-122, COVA322), and their
application to the treatment of IMIDs.

To cite: Baker KF,
Isaacs JD. Ann Rheum Dis
2018;77:175-187.

INTRODUCTION

Rapid progress in both disease knowledge and
biotechnology over the past three decades has
led to an increasingly diverse armamentarium of
therapies for immune-mediated inflammatory
diseases (IMIDs). As well as providing better and
more focused therapies, these novel approaches
can provide unique insights into disease pathogen-
esis or, indeed the complications of therapy. An
early example was the recognition of the central

importance of tumour necrosis factor-o. (TNF-o)
in granuloma maintenance, and hence protection
against reactivation of latent tuberculosis.' In this
review, we discuss recent approaches to the treat-
ment of IMIDs, with a particular focus on biolog-
ical and biotechnological advances, and examine
the insights that they provide.

THE TH17 AXIS

CD4+ T cells sit at the interface between innate
and adaptive immunity, and are considered the
orchestrators of the adaptive immune response.
Early studies of CD4+ T-cell biology described two
mutually exclusive phenotypes, T-helper (Th)1 and
Th2. Th1 cells promote cellular immunity against
intracellular pathogens via the release of cytokines
such as interferon gamma (IFN-y), whereas Th2
cells promote humoral immunity and the response
to helminth infections via the production of inter-
leukin (IL)-4, IL-5 and IL-13.% Th1l cells were
initially regarded as the drivers of many IMIDs,
including rheumatoid arthritis (RA), although both
animal and human data suggested that they were
not always essential, catalysing the search for alter-
native subsets.” Th17 cells appeared to fill this gap,
at least in some diseases. IL-17, one of the cyto-
kines produced by this subset, is a potent pro-in-
flammatory cytokine which, together with TNF-o
and IL-1B, recruits neutrophils as well as inhibiting
chondrocyte metabolism and promoting osteoclas-
togenesis.” Since their discovery, Th17 cells have
been implicated in a variety of IMIDs including
RA, psoriasis, psoriatic arthritis (PsA), ankylosing
spondylitis (AS) and inflammatory bowel disease.”
Blocking the Th17 axis, either by inhibiting IL-17
directly or via preventing Th17 cell differentiation,
is now an area of intense therapeutic development
(figure 1).°

Strategies to block IL-17

IL-17 comprises a family of six homologous cyto-
kines (IL-17A to F), of which IL-17A is the most
abundant, most potent and best characterised.®
Homodimers and heterodimers of IL-17 cytokines
signal via dimeric IL-17 receptors, of which there
are five identified subunits (IL-17RA to E).® The
precise binding affinity, cellular distribution and
downstream action of the various IL-17 recep-
tors are yet to be fully elucidated. Nevertheless, it
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Figure 1
Adapted from Bartlett and Million® and Beringer et al.®

is apparent that blockade of different IL-17 cytokines or their
receptors can yield quantitatively and qualitatively different
therapeutic responses.

Secukinumab is a fully human monoclonal antibody (mAb)
against IL-17A, and is effective in the treatment of plaque psori-
asis, PsA and AS,” although has proved disappointing in the
treatment of RA.® Ixekizumab, a humanised anti-IL-17A mAb,
has similarly shown efficacy to date in psoriasis’ and PsA.* In
PsA trials, articular efficacy of IL-17 blockade is similar to TNF
blockade (and superior to effects in RA), whereas skin efficacy is
clearly superior to that of TNF blockade.” More recently bimeki-
zumab, a humanised mAb directed against a homologous epitope
shared between both IL-17A and IL-17F, has shown promising
results in early phase clinical trials in psoriasis'’ and PsA."
Other biologics that neutralise both IL-17A and F, including true
bispecific antibodies (see the ‘Newer technologies’ section), are
currently in development (table 1). Blockade of IL-17 is associ-
ated with the development of candidiasis, which is not generally
severe, but highlights the importance of IL-17 in fungal defence.

In addition to cytokine neutralisation, IL-17 inhibition can
be achieved by blocking the IL-17 receptor. Brodalumab is a
human mAb against IL-17RA, which is required for formation
of the dimeric receptors necessary for IL-17A, IL-17F, IL-17A/F,
IL-17C and IL-17E (IL-25) signalling.”® Brodalumab thus exerts
a much broader blockade of IL-17 signalling than the targeting
of specific cytokines (figure 1). Nevertheless, the inhibition
of IL-17E, which promotes a Th2 response while potentially
inhibiting Th17 differentiation in mice,"* and in human IBD"
and RA,'® could be therapeutically counterproductive in some
disease settings. As discussed by Patel and Kuchroo,® this may
explain the lack of effect of brodalumab in RA,"” despite modest
efficacies of secukinumab'® and ixekizumab." Brodalumab is
licensed for the treatment of psoriasis in Japan and the USA, and
will shortly receive European marketing authorisation.

Similar to RA, IL-17 blockade appears to have limited effi-
cacy in non-infective uveitis.> These observations highlight that

Overview of biologics targeted against elements of the T-helper (Th)17/interleukin (IL)-17 and tumour necrosis factor-o. (TNF-ot) axes.

the presence of a cytokine in diseased tissue does not necessarily
equate to an irreplaceable role in pathogenesis. Furthermore,
both secukinumab® and brodalumab?' have been demonstrated
to worsen Crohn’s disease (CD). Thus, in contrast to its pro-in-
flammatory role in other diseases and locations, IL-17A may
function as a negative regulator of immunity in the gut mucosa,
perhaps via interaction with fungal elements of the intestinal
microbiome.?* % This observation is important in view of the
clinical overlap between seronegative IMIDs, for example, trials
of IL-17 blockade in psoriasis were associated with haemor-
rhagic diarrhoea as an adverse reaction.”* In addition, concerns
surrounding a possible association between brodalumab and
suicidal ideation have hampered the development of this drug,”
although these concerns may have been overstated.”

Th17 differentiation and the IL-12 superfamily
Central to the polarisation of naive CD4+ T cells to distinct
effector phenotypes are members of the IL-12 cytokine super-
family, namely IL-12, IL-23, IL-27 and IL-35.>” These cyto-
kines and their receptors also exist as dimers with considerable
sequence homology between subunits, although with often
opposing roles in immunity. Increasing knowledge of the constit-
uent components of this family, particularly IL-12 and —23, has
brought opportunities for therapeutic intervention aimed at
blocking pathogenic Th17 differentiation® (figure 1, table 1).
Ustekinumab is a fully human mAb against the p40 subunit
common to IL-12 and IL-23, licensed for the treatment of
psoriasis, PsA and CD.?’ It has also shown benefit in AS in an
open-label study®® and a separate post hoc pooled analysis.*!
Intriguingly, and in direct contrast to IL-17A blockade, usteki-
numab is effective in CD with evidence for a prolonged benefit
following a single infusion.*” ** Paradoxically, ustekinumab was
inferior to secukinumab in moderate-to-severe psoriasis with
a comparable safety profile.** These contrasting observations
demonstrate first that blocking Th17 differentiation via 1L-23
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Table 1

Other indications

IBD

AS RA

PsA

Psoriasis

Developer

Biologic agent

P-11 (CD)

Allergan, AstraZeneca, Amgen

Brazikumab
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Review

[AMG 139, MEDI2070]

Risankizumab

Asthma (P-I1)

P-1I (CD)

P-II

P-1ll P-11

Boehringer Ingelheim, AbbVie

[ABBV 066, Bl 655066]

Mirikizumab

P-11 (CD and UQ)

P-1l

Eli Lilly

[LY 3074828]

Adapted from Refs 4 6 122 123. Development status based on http:/adisinsight.springer.com, accessed 30 May 2017.

*LY3114062 mechanism of action is not yet disclosed, but believed to be a dual IL-17/TNF-c inhibitor.

tBrodalumab approved for treatment of psoriatic arthritis in Japan, although currently not approved for this indication in USA or Europe.

AS, ankylosing spondylitis; CD, Crohn’s disease; COPD, chronic obstructive pulmonary disease; IBD. inflammatory bowel disease; IL, interleukin; P-1, phase | clinical trial; P-II, phase Il clinical trial; P-1Il, phase Il clinical trial; PsA, psoriatic arthritis;

mAb, monoclonal antibody; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; Th, T-helper; TNF, tumour necrosis factor; UC, ulcerative colitis.

inhibition is mechanistically distinct from the blockade of IL-17A
itself, and second that the relative effects differ between diseases.

It is also possible to selectively inhibit IL-23 by targeting its
unique p19 subunit, and numerous such mAbs are in develop-
ment for the treatment of psoriasis and IBD (figure 1, table 1).
Purported advantages of selective 1L-23 inhibition over dual
IL-12/IL-23 blockade include the potential for less severe infec-
tions and lower malignancy risk; indeed, postmarketing data in
psoriasis suggest an increased risk of non-melanoma skin cancer
with ustekinumab, which may be a consequence of inhibition
of IL-12-mediated cellular immunity.*> Whether these theoret-
ical advantages translate to clear benefits in the long term awaits
confirmation.

Head-to-head trials in psoriasis

As illustrated above, head-to-head trials in psoriasis have been
particularly illuminating with regard to the relative dominance
of pathogenic pathways in this condition. For example, both
IL-17A blockade with ixekizumab® and IL-23 blockade with
guselkumab®® are superior to TNF-o blockade (with etanercept
and adalimumab, respectively). In other trials, IL-17A blockade
with secukinumab,** IL-17R blockade with brodalumab®” and
IL-23p19 blockade with risankizumab®® all appear superior to
IL-12/23p40 blockade with ustekinumab. IL-17A, IL-17A/F,
IL-17R and IL-23p19 blockade look similarly effective in these
various trials, although, as in CD, IL-23p19 blockade appears to
have particularly long-lasting efficacy.

The reason for the distinct effects of IL-12/23p40 versus
IL-17 blockade is not immediately apparent, particularly the
contrasting effects in different diseases. However, Th17 cells
produce cytokines other than IL-17A (eg, IL-17F and 1L-22),
and IL-17A is also produced by cellular subtypes other than
Th17 cells. These are less influenced by IL-23 family signalling,
and in some environments (eg, the gut), IL-17 may even have
regulatory functions.* * Furthermore, 1L-12/23p40 blockade
also inhibits IL-12 signalling, a pro-Th1 cytokine which plays a
key role in the pathogenesis of CD.*” It is therefore apparent that
simultaneous blockade of multiple cytokines, or blockade of the
same immune axis at different hierarchical levels, can produce
different outcomes dependent on the tissue and disease context
in which it is deployed.

Summary: blocking the IL-17 axis—what have we learnt?

In summary, IL-17 is a key pathogenic cytokine in multiple
IMIDs. However, its mere presence does not necessarily imply
a dominant pathogenic role. Furthermore in a single condition,
such as PsA, its relative role may vary between tissues. Lastly,
blocking the axis at distinct levels can have differing effects, with
distinct hierarchies in different diseases.

THE TYPE | IFN AXIS

IFNs are a family of potent immunostimulatory cytokines that
are broadly divided into three subtypes: type I (IFN-o, B, €,
K and ), type II (IFN-y) and the newly characterised type III
(IFN-0)* (figure 2). Of all the type I IFNs (IFN-I), IFN-a. is the
most abundant and best characterised, and exists in 13 distinct
although homologous subtypes.* IFN-I production is tightly
regulated such that levels are virtually undetectable in health.
However, during pro-inflammatory states, such as viral infec-
tions, IFN-I is rapidly produced in large quantities.*' Especially
notable in their propensity to secrete IFN-I are plasmacytoid
dendritic cells (pDCs), which abundantly express intracellular
pattern recognition receptors such as toll-like receptor (TLR)-7
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and TLR-9.** On ligation of the IFN-I receptor (IFNAR), IFN-I
induces the upregulated expression of a stereotypical set of
genes, known as IFN-stimulated genes (ISGs).*® The effects of
IFN-I are vigorously pro-inflammatory and include dendritic cell
maturation and activation, Th1 and Th17 polarisation, reduced
regulatory T cells (Treg) function and increased B-cell activation
and subsequent antibody production.*!

The role of IFN in autoimmunity is highlighted by observa-
tions of lupus-like autoimmunity arising de novo in patients
receiving treatment with IFN-o for malignancy and chronic viral
hepatitis.* Furthermore, the ISGs are upregulated in several
disease states, most notably systemic lupus erythematosus (SLE),
where their expression correlates with more severe disease. They
are also upregulated in primary Sjégren’s syndrome, systemic
sclerosis and a subset of patients with RA.*' Indeed, the potent
IFN-I production by pDCs observed following TLR-7/9 liga-
tion by endogenous nucleic acid complexes provides a potential
mechanistic basis to explain the provenance of the cytokine in
the pathogenesis of SLE, where therapeutic strategies to block
the IFN-I pathway are currently in development (see online
supplementary Table $1).**

Blocking IFN-a signalling

Sifalimumab is a fully human mAb against multiple IFN-o
subtypes, especially IFN-06, IFN-2b and IFN-2a,* and has
shown promise in a recent phase IIb clinical trial in SLE. In this
study,*® 431 patients were randomised to receive either monthly
infusions of sifalimumab or placebo in addition to standard care.
While the trial just missed its primary end point across dosing
groups, the highest dose was statistically superior to placebo. As
predicted, there was a trend towards a greater effect in patients
with a high IFN gene signature.*® Consistent with the role of
IFN-o in viral immunity, herpes zoster infections were increased
in the sifalimumab group in a dose-dependent manner. Early

phase clinical trials of sifalimumab have also been completed
in other IMIDs. In dermatomyositis/polymyositis, sifalimumab
produced a significant but modest (53%-66%) suppression of a
13-gene IFN signature which positively correlated with clinical
improvement in muscle strength.”” However, in a phase I study
in psoriasis, sifalimumab failed to suppress the IFN gene signa-
ture and had no clinical activity.*”

Rontalizumab, a human mAb against all 12 IFN-o subtypes, has
been trialled in SLE but failed to reach its primary end point.*®
Interestingly, a trend towards efficacy was noted in IFN-low but
not in IFN-high patients, and rontalizumab was not associated
with increased viral infections.*® These observations may suggest
relatively inefficient target engagement, although differences in
study design, particularly around management of concomitant
immunosuppression, make a direct comparison with sifalim-
umab difficult. Differences in IFN-o. subtype blockade between
sifalimumab and rontalizumab may also have influenced their
relative efficacy.

Induction of active immunity against [FN-o in a vaccine-based
approach is also in clinical development. IFN-o kinoid (IFN-K)
is a conjugate protein of inactivated IFN-o coupled to keyhole
limpet haemocyanin.*’ In a placebo-controlled randomised
dose-escalation study of 28 patients with mild-to-moderate SLE,
3 to 4 doses of IFN-K induced anti-INF-o. antibodies.* Interest-
ingly, anti-IFN-o. antibody titres were higher in patients with a
positive baseline IFN gene signature and correlated negatively
with IFN gene expression at day 112.* The safety of such an
approach must await further trials.

In contrast to neutralising IFN-a, it is also possible to block
its receptor. Anifrolumab is a human mAb against subunit 1 of
the IFN-o receptor (IFNAR) which, in a recent phase IIb clinical
trial of 305 patients with SLE, showed efficacy versus placebo
both for global and organ-specific disease activity.*® Anifrolumab
was also more effective in IFN-high patients and carried a
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comparable dose-dependent risk of herpes zoster infection to
that of sifalimumab.’® In an indirect comparison, anifrolumab
appeared to exert a more potent and sustained suppression of
IFN gene expression compared with sifalimumab in two Japa-
nese SLE cohorts.’ Anifrolumab is also in phase I development
for the treatment of systemic sclerosis.’* >

Upstream inhibition of the IFN-I axis

Several strategies for the upstream inhibition of IFN-I production
are currently in early stages of development. BIIB059 is a human-
ised mADb against BDAC-2, a pDC-specific surface receptor that
mediates a reduction in IFN-I production.’* Data from a phase
Ib trial in 12 patients with SLE demonstrated a reduction in IFN
gene expression and improvement in skin lesions.” Talacotu-
zumab is a cytotoxic mAb against CD123, which is expressed
in high levels on pDCs.*® Talacotuzumab depleted pDCs from
the blood of SLE patients in vitro, leading to inhibition of IFN-I
gene expression.’® In addition to antibody-based therapies, a
number of small molecular inhibitors of TLR-7/8/9 signalling
are currently in development for the treatment of SLE and psori-
asis, although results of early phase clinical trials are yet to be
formally published.**

Inhibition of type Il IFNs

Although type T IFNs are the principal inducers of the IFN
gene signature, type II and III IFNs also upregulate these
genes.** IFN-y signals via a different receptor (IFNGR) than
IFN-I, although there is some overlap in downstream signal-
ling cascades®” (figure 2). An mAb against IFN-y, AMG 811, is
in development and has shown dose-dependent reductions in
circulating levels of the IFN-y-dependent protein CXCL10%’
and IFN-y-modulated gene expression in whole blood from
patients with SLE.*® Furthermore, treatment with AMG 811
reduced both of these biomarkers in patients with active lupus
nephritis in a small (n=28) phase I study, although transiently
and with no discernible clinical effect.’” There are currently few
data surrounding the role of IFN-A in autoimmunity, although
evidence of a pathogenic role in SLE is emerging.**

Summary: targeting the IFN axis in SLE—what have we
learnt?

SLE is a notoriously difficult disease in which to develop novel
therapeutics, with many failures and just a single success (beli-
mumab) in the biologic era. While encouraging, the data from
targeting of the IFN axis remain early phase and, in part, contra-
dictory. Nonetheless, the biology appears compelling and a multi-
tude of agents are in development. Furthermore, the regulatory
approval of Janus knase (JAK) inhibitors provides a further route
to directly target IFN signalling, with agents whose pharmaco-
kinetic and pharmacodynamic characteristics are well studied.
With this broad armamentarium, and careful trial design, we can
look forward to the hypothesis linking IFN activity and SLE to
be definitively answered.

TARGETING CELL ADHESION

Integrin blockade

Adhesion molecules play a crucial role in the cell-cell interactions
that are necessary for recruitment of circulating immune cells
from the vasculature to local tissue sites. Especially important
in this regard is the integrin family, which mediates strong adhe-
sion between leucocytes and endothelial and mucosal epithe-
lial cells by binding to extracellular matrix components and
specific receptor molecules. Six integrins are expressed only on

leucocytes: LFA-1 (aLf2), Mac-1 (aMP2), axB2, adp2, a4B7
and oEB7." Especially notable are: LFA-1, which plays a key
role in the formation of the immunological synapse; 04f7,
which mediates gut-specific lymphocyte homing via binding to
MAdCAM-1 on the surface of gastrointestinal endothelial cells;
and oEB7, which binds E-cadherin on gut epithelial cells and
may be important for lymphocyte retention within the mucosa.®
Inhibition of lymphocyte recruitment to end organs can thus be
achieved by blocking these interactions, with a specificity deter-
mined by the cellular tropism of the target cellular adhesion
molecule (figure 3).

One of the first integrin blockers used in the treatment of
autoimmunity was natalizumab, an mAb against the 04 integrin
subunit. Natalizumab exerts a relatively non-specific blockade of
lymphocyte recruitment at both the blood-brain barrier (04p1
integrin) and the gut (04B7 integrin) and is effective in the treat-
ment of multiple sclerosis (MS)®! and CD.** However, postmar-
keting surveillance of patients taking natalizumab demonstrated
the development of progressive multifocal leukoencephalopathy
(PML), a severe and often fatal central nervous system (CNS)
infection caused by the JC virus.®> Thus, while natalizumab
continues to be used for the treatment of MS, its unfavourable
risk:benefit profile limits its use in CD. Although licensed in
the USA, it failed to gain regulatory approval for CD in Europe.®*
Similarly efalizumab, an mAb against the oL integrin subunit
of LFA-1 and effective in the treatment of psoriasis, was with-
drawn from the market in 2009 following case reports of PML.*
Nevertheless, topical ocular use of lifitegrast, a small molecule
inhibitor of LFA-1, has recently been licensed for the treatment
of keratoconjunctivitis sicca.®® Furthermore, two small molecule
inhibitors of a4 integrin, carotegrast methyl®” and firategrast,*®
are in development for the treatment of ulcerative colitis (UC)
and MS, respectively.

In an attempt to reduce the risk of opportunistic infection,
more specific integrin inhibitors have been developed. In partic-
ular, several mAbs have been developed against the gut-specific
04p7 integrin or its ligand, MAdACAM-1 (see online supplemen-
tary Table S2). Furthermore, etrolizumab, an mAb directed solely
against the B7 integrin subunit, additionally inhibits binding of
oEB7 to E-cadherin. Whether this translates to superior clinical
efficacy is yet to be determined. However, in a phase II study
in moderate-to-severe UC, the efficacy of etrolizumab posi-
tively correlated with expression of oE in the intestinal mucosa,
thereby providing a potential stratification marker for its use.®’
To date, these ‘gut-specific’ integrin inhibitors do not appear to
be associated with an increased risk of PML.”

Aside from the (brief) use of efalizumab in psoriasis, integrin
blockade has so far been of limited clinical utility outside of
the setting of CNS and gut autoimmunity. A post hoc analysis
of a randomised controlled trial (RCT) of vedolizumab in CD
suggested a trend towards resolution of extraintestinal manifes-
tations,”* which was mirrored by preliminary data from a sepa-
rate cohort of patients with UC and CD.”> However, a case series
of new-onset or exacerbated arthritis and sacroiliitis in patients
treated with vedolizumab has recently been reported.”” Along-
side a bell-shaped dose-response in the UC trial of etrolizumab,
these observations may suggest that both pro-inflammatory and
anti-inflammatory lymphocyte subsets are targeted by integrin

blockade.

Sphingosine-1-phosphate receptor blockade
The sphingosine-1-phosphate (S1P) receptor family comprises
five members with effects on cell proliferation; migration
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and survival; intercellular communication; vascular tone and
endothelial barrier function.”* In particular, S1P1 receptor has
a key role in the trafficking of lymphocytes out of secondary
lymphoid organs. Receptor agonists, via receptor internalisa-
tion and degradation, prevent B-cell and T-cell egress into the
circulation. Fingolimod, a relatively non-specific small molecule
S1P-receptor agonist, is approved for use in relapsing-remitting
MS but has been associated with severe herpetic infections, as
well as cardiac and hepatic adverse effects.”” Recently , ozan-
imod, another small molecule agonist but more selective for
S1P1 and S1PS receptors, demonstrated efficacy in a phase II
trial in moderate-to-severe UC, with a dose-related reduction in
circulating lymphocytes and an acceptable safety profile.”®

Summary: targeting cell adhesion — what have we learnt?
Targeting the molecules that underpin immune cell trafficking
can have profound effects, both in terms of efficacy but also
safety. In particular, the emergence of PML with natalizumab,
and perhaps herpetic infection with fingolimod, may indicate a
key role in microbiological latency. Nonetheless, an effective and
safe therapy may emerge when it is possible to specifically target
molecules on key effector subsets, such as the integrins expressed
by gut-homing lymphocytes. While long-term safety data are
awaited, mucosal oF expression may facilitate the targeting of
etrolizumab to patients most likely to benefit from its use.

JANUS KINASE INHIBITION

JAKSs are intracellular tyrosine kinases that play a crucial role in
the signalling pathways of many cytokines involved in immunity
and haematopoiesis. On receptor-cytokine binding and receptor
dimerisation, receptor-associated JAKs cross-phosphorylate one
another. Further phosphorylation of receptor-associated tyrosine
residues provides docking sites for STAT proteins, which are also
phosphorylated by JAKs.”” Phosphorylated STAT molecules then

dimerise and translocate to the nucleus, where they act as potent
regulators of gene expression. There are four JAKs—JAKI1,
JAK2, JAK3 and tyrosine kinase 2 (TYK2)—which function as
heterodimers or, in the case of JAK2, also as a homodimer.””
Different JAK dimers associate with different receptors, such
that each JAK mediates signalling from a distinct, although
overlapping, profile of cytokines (figure 4). Inhibition of JAK
signalling therefore offers a novel mechanism by which to block
a range of cytokines using a small-molecule drug.

First-generation JAK inhibitors

Tofacitinib is a pan-JAK inhibitor capable of inhibiting JAK3/1/2
and, to a lesser extent, TYK2.”® Tofacitinib is licensed for its
beneficial effects in RA,” and is currently in development for
a range of other IMIDs including juvenile idiopathic arthritis,
psoriasis, PsA and UC. Baricitinib and ruxolitinib are JAK1/2
inhibitors which, owing to the heterodimeric functionality of
JAKSs, exert a very similar spectrum of cytokine blockade to that
of tofacitinib and have been trialled in a range of autoimmune
diseases (table 2). Ruxolitinib is also licensed for the treatment of
myelodysplasia, although the suppressive effects of first-genera-
tion JAK inhibitors on haematopoiesis are an unwanted adverse
effect in the context of IMIDs. This can be circumvented by
topical formulations for dermatological indications,*® although
may be an issue for pan-JAK inhibitors when systemic treatment
is required.

Second-generation JAK inhibitors

Recent years have seen the development of a ‘second generation’
of JAK inhibitors for the treatment of IMIDs that exert a selec-
tive blockade of JAK1 or JAK3 which, in theory, should have
less risk of haematopoietic toxicity—an effect largely secondary
to JAK2 inhibition (figure 4).”” However, neutropaenia and
lymphopoenia are still encountered in some trials of these agents
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suggesting either non-redundant JAK1/JAK3/TYK2-dependent
haematopoietic mechanisms or, more likely, suboptimal selec-
tivity.*! Indeed, as with most small molecules drugs, target selec-
tivity of JAK inhibitors depends both on the assay used and the
concentration/dose studied in vitro or in vivo.*' Combined with
further recognised adverse effects including transaminitis, dyslip-
idaemia, herpes zoster reactivation and lymphopoenia,® these
drugs have a modestly distinct adverse event profile to biologic
drugs. Thus, while oral dosing and a rapid onset of efficacy may
prove attractive to both practitioners and patients, regulatory
approval has not proved straightforward for either tofacitinib®
or baricitinib.** Furthermore, the focus on JAK1-specific and
JAK3-specific inhibition neglects IL-12/IL-23 signalling, which
relies on JAK2/TYK2 heterodimers. It is thus unsurprising that
JAK1 and JAK3 selective inhibitors have so far proved disap-
pointing in the treatment of psoriasis,®* PsA and AS (table 2).
Selective inhibition of TYK2 should have theoretically greater
efficacy for these diseases, and several such inhibitors are in early
preclinical development.®®

Summary: JAK inhibition — what have we learnt?

The development of JAK inhibitors has brought a new approach
to the treatment of IMIDs, and rapid onset of biologic-like
potency in an oral formulation will prove attractive for diseases
such as RA. Furthermore, JAK inhibition has helped to validate
aspects of immune physiology, such as the role of y-chain cyto-
kines in lymphopoiesis. However, JAK inhibitors are of necessity
less selective than their biologic counterparts, blocking signal-
ling across multiple cytokine axes simultaneously. Furthermore,
as with any small molecule drug, target specificity is not absolute
and will depend on the dose delivered to tissues. Consequently,
efficacy and toxicity in the clinic may differ from that predicted
from in vitro testing, and even from clinical trials. Long-term

safety data are therefore required, combined with head-to-head
studies, to determine the optimal positioning of JAK inhibitors
alongside biologic agents.

TARGETING SPECIFIC CELLULAR SUBSETS

Therapeutic immune modulation can also be achieved via selec-
tive depletion, expansion or blockade of specific immune cell
subsets. Early examples of this approach include the cell-de-
pleting monoclonal antibodies alemtuzumab (anti-CD52) and
rituximab (anti-CD20), which are now licensed for the treat-
ment of MS and RA, respectively. Recent years have seen further
development of novel therapies against B-cells as well as agents
to expand Tregs, with both therapeutic approaches being trialled
in the treatment of IMIDs.

Therapies targeting B cells

Following in the footsteps of rituximab, several other B-cell-de-
pleting mAbs have been developed (see online supplementary
Table S3). Ocrelizumab is a humanised anti-CD20 mAb that
is effective in the treatment of both relapsing-remitting®” and
primary-progressive®® MS. To date, it is the only therapy to
demonstrate efficacy in primary progressive MS; rituximab, in
comparison, has only proven effective in relapsing-remitting
disease.”” It remains to be determined whether this reflects
differences in study design, drug posology or a true biological
difference between rituximab and ocrelizumab. Nevertheless,
development of ocrelizumab in other IMIDs, including RA and
SLE, was terminated due to an adverse safety profile, suggesting
the possibility of a true difference in the biological function of
these two agents despite their common molecular target. Obinu-
tuzumab is an anti-CD20 mAb whose cytotoxic properties
have been refined by glycoengineering. B-cell depletion by this
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afucosylated mAb takes advantage of modified FcyR interactions
as well as reduced redistribution and modulation of CD20.” It
is marketed for certain haematological malignancies and is in
phase II trials for SLE (NCT02550652).

In addition to cellular depletion, recent years have witnessed
the development of several strategies to inhibit B-cell differen-
tiation and survival. B-cell activating factor (BAFF) and APRIL
(a proliferation-inducing ligand) are B-cell stimulating mole-
cules important in B-cell maturation and plasma cell survival/
class-switching, respectively.”’ Attempts to inhibit BAFF and
APRIL have, to date, yielded mixed responses. Belimumab, an
mAb against soluble BAFF, is marketed for the treatment of SLE,
although there is little evidence to support efficacy outside of
joint and skin involvement.”” Tabalumab—an mAb against both
soluble and membrane-bound BAFF—and the anti-BAFF pepti-
body blisibimod both exhibited disappointing efficacy for SLE in
recent phase III clinical trials.”* Both BAFF and APRIL bind
to transmembrane activator and calcium-modulator and cyclo-
philin ligand interactor (TACI).”" Atacicept and RCT 18 are
TACI:IgG-Fc fusion peptides capable of blocking both APRIL
and BAFEF, and both are in development for SLE, although
concerns remain surrounding their associated infection risk.”!
Perplexingly, BAFF/APRIL antagonism has limited efficacy in RA
despite the success of rituximab in this setting. This may in part
be explained by B-cell modulatory effects, such as APRIL-medi-
ated IL-10 production by regulatory B cells,”® and the relative
functional importance of such mechanisms in different disease
settings.

Therapies targeting Treg cells

In contrast to depletion and downregulation of B-cell popu-
lations, alternative strategies have been used to stimulate Treg
populations to abrogate autoimmunity. One area that has
gained recent attention is the use of low-dose recombinant IL-2.
Whereas high doses of IL-2 stimulate effector T cells are used
in the treatment of certain forms of cancer such as malignant
melanoma, low doses preferentially expand Treg populations.”’
Indeed, low-dose IL-2 therapy has shown promise in early
phase clinical trials in a range of IMIDs including hepatitis C
virus-induced vasculitis,”® graft-versus-host disease,” SLE,'*
type 1 diabetes mellitus'®! and alopecia areata.'® Several strat-
egies to boost the tolerogenic effect of low dose IL-2 have been
proposed, including the design of ‘second-generation’ IL-2 mole-
cules with longer half-life and improved target cellular profiles,
the combination of low-dose IL-2 with existing biological agents
and even combination with vaccines to promote antigen-specific
tolerance.”

Various alternative approaches to stimulate Tregs using mAbs
are in development. TGN-1412 is a super-agonist mAb against
the costimulatory molecule CD28. In a notorious phase I study
of healthy volunteers in 2006, it caused a life-threatening
cytokine storm. This was attributed to CD28-mediated activa-
tion of tissue-resident memory T cells—an effect not observed
in preclinical cynomolgus macaque studies, in which CD28 is
downregulated on these cells.'® Nevertheless, when used at a
much lower dose, TGN-1412 can specifically activate Tregs and
development has now been relaunched under the name theralix-
imab.!** Tregalizumab is an mAb against CD4 and, in contrast to
other CD4 mAbs, binds to a distant epitope and has been shown
to specifically activate Tregs in preclinical studies.'® Never-
theless, a phase IIb study in RA failed to show improvement in
ACR20 response compared with placebo,'® and further devel-
opment of the drug for this indication has been discontinued.

Recent years have seen growing interest in so-called Treg
epitopes (Tregitopes)—highly conserved amino acid sequences
within IgG molecules which can be presented on a wide range
of major histocompatibility complex-II alleles to selectively acti-
vate Tregs.! It has been proposed that Tregitopes represent an
evolutionary mechanism by which to suppress autoreactivity to
the wide array of different immunoglobulin molecules that are
created during immune development,'”” and may be the mech-
anism underlying the efficacy of intravenous immunoglobulin
in the treatment of IMIDs.'”® Tregitopes can ameliorate inflam-
mation in several murine models of autoimmunity, and are in
preclinical stages of development for the treatment of IMIDs.'"”

Several cellular therapeutic approaches to enhance Treg func-
tion are also in the early stages of development for the treatment
of IMIDs, including exogenous Treg transfer'’” and tolerogenic
dendritic cell therapies.'!® !

Summary: targeting specific cellular subsets — what have we
learnt?

Recent years have witnessed a rapid expansion in the array of
biologic therapies to selectively deplete or inhibit B-cells, and the
emergence of therapeutic strategies aimed at expanding Tregs.
Novel aspects include glycoengineering to optimise depleting
potency, where required. However, despite apparent success
in preclinical development, efficacy in later stage clinical trials
has been somewhat mixed. For B-cell targeted therapy this may
reflect the various B-cell subsets and their heterogeneous func-
tion(s). Thus, more focused therapy may be required to optimise
efficacy. Posology of these agents is also clearly of importance, as
demonstrated by the widely contrasting effects of low -dose and
high-dose IL-2 and TGN-1412 therapies. In terms of cellular
therapies , the long-term stability of therapeutically expanded
Tregs and the risk of conversion to an effector phenotype remains
uncertain.''? Furthermore, antigen-specific approaches are likely
to provide the optimal route for cell-targeted therapies.

NEWER TECHNOLOGIES
Bispecific antibodies
Despite the potent blockade of cytokine signalling afforded by
biologic therapies, many patients have only a partial or tran-
sient response. In some cases, this is attributable to immunoge-
nicity against the biologic agent, although in other cases likely
reflects redundancy and/or plasticity in the underlying autoim-
mune processes. Attempts to block multiple cytokines through
the simultaneous use of different biologics have, however,
been limited by unacceptable adverse effects without superior
efficacy. 3113

With advances in mAb technology, a number of approaches
enable the targeting of multiple molecular species by a single
therapeutic."'® For example, ABT-122 is a so-called dual vari-
able domain mAb against both IL-17 and TNF-o. In small,
early phase studies it appears to have a similar safety profile to
adalimumab in PsA and RA."” Furthermore, in a phase II trial
in patients with PsA with an inadequate response to metho-
trexate, there was some evidence of superiority of ABT-122
when compared with adalimumab for both ACR70 (ABT-122 vs
ADA, 31.5% vs 15.3%, p<0.05) and PASI7S (77.6% vs 57.6%,
p<0.05) responses.''® In contrast, a phase Ib/IIa trial in psoriasis
of COVA322, a so-called fynomab that targets both IL-17 and
TNF-o, was terminated due to safety concerns (NCT02243787,
results not published).

The original trials combining two biologic drugs can be criti-
cised for not studying sufficiently low doses of these potentially
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synergistic combinations. A disadvantage of bispecific and trispe-
cific reagents, however, is that they only allow fixed ratios of
cytokine blockade to be tested.

Gene therapy approaches

Mongersen is a modified release antisense nucleotide to mothers
against decapentaplegic homolog 7 (SMAD-7), designed to
be released into the terminal ileum and proximal colon.'”
SMAD-7 is central to transforming growth factor-B1 signal-
ling, itself important in the pathogenesis of CD.'*° In a phase II
trial, a short course of mongersen proved superior to placebo at
inducing remission in patients with active CD.'*! Most adverse
events were attributable to the disease itself, and this trial
provides proof of principle that it is possible to interfere with
immunopathological processes at the level of gene transcription,
by local delivery of a nucleotide-based therapy.

Summary — what have we learnt from newer technologies?
It is early days but the first trials of bispecific antibodies have
provided mixed results. A raft of agents are in development,
including trivalent nanobodies and PEGylated single chain frag-
ment variables.'** Not all of these drugs will reach the clinic,
certainly in IMIDs. Furthermore, in some cases, the anticipated
advantages of poly-targeting could be offset by lack of effector
function and short half-lives, but careful choice of disease and
trial design should mitigate against these potential shortcom-
ings. In terms of gene therapy, it is again early days but there is
clearly the potential for local delivery of such agents in articular
diseases, as in CD.

CONCLUSIONS

The future remains exciting for clinicians treating IMIDs, and
for their patients. Targeted therapies, as well as providing new
treatment paradigms, continue to inform us about the pathogen-
esis of disease and its complications. In this brief review, we have
highlighted just a few examples of novel approaches, particu-
larly where data have provided new downstream knowledge
and teachings. However, many challenges remain—in partic-
ular, the ability to target these various approaches to both the
diseases and the patients who are most likely to benefit. Equally
challenging is the need for head-to-head comparisons between
different agents, to reliably dissect the relative contributions of
distinct pathways to a particular disease. Future trials will need
to become increasingly sophisticated in order to address these
varying requirements.
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Arthroscopic partial meniscectomy versus placebo
surgery for a degenerative meniscus tear: a 2-year
follow-up of the randomised controlled trial

Raine Sihvonen,' Mika Paavola, Antti Malmivaara, Ari 1tala,* Antti Joukainen,’
Heikki Nurmi,® Juha Kalske,? Anna lkonen,” Timo Jarvel,” Tero A H Jarvinen,®

Kari Kanto,' Janne Karhunen,? Jani Knifsund,* Heikki Kréger,” Tommi K&aridinen,”
Janne Lehtinen,' Jukka Nyrhinen,® Juha Paloneva,® Outi P4ivaniemi," Marko Raivio,'
Janne Sahlman,” Roope Sarvilinna,” Sikri Tukiainen,? Ville-Valtteri Valimaki,?

Ville Adrimaa,* Pirjo Toivonen,gTeppo L N Jarvinen,’ The FIDELITY (Finnish
Degenerative Meniscal Lesion Study) Investigators

ABSTRACT

Objective To assess if arthroscopic partial
meniscectomy (APM) is superior to placebo surgery in
the treatment of patients with degenerative tear of the
medial meniscus.

Methods In this multicentre, randomised, participant-

blinded and outcome assessor-blinded, placebo-
surgery controlled trial, 146 adults, aged 35-65 years,
with knee symptoms consistent with degenerative
medial meniscus tear and no knee osteoarthritis were
randomised to APM or placebo surgery. The primary
outcome was the between-group difference in the
change from baseline in the Western Ontario Meniscal
Evaluation Tool (WOMET) and Lysholm knee scores
and knee pain after exercise at 24 months after
surgery. Secondary outcomes included the frequency
of unblinding of the treatment-group allocation,
participants’ satisfaction, impression of change, return
to normal activities, the incidence of serious adverse
events and the presence of meniscal symptoms in
clinical examination. Two subgroup analyses, assessing
the outcome on those with mechanical symptoms and
those with unstable meniscus tears, were also carried
out.

Results In the intention-to-treat analysis, there were
no significant between-group differences in the mean
changes from baseline to 24 months in WOMET score:
27.3 in the APM group as compared with 31.6 in the
placebo-surgery group (between-group difference,
—4.3;95% Cl, —=11.3 to 2.6); Lysholm knee score: 23.1
and 26.3, respectively (—3.2; —8.9 to 2.4) or knee pain
after exercise, 3.5 and 3.9, respectively (-=0.4; —1.3 to
0.5). There were no statistically significant differences
between the two groups in any of the secondary
outcomes or within the analysed subgroups.
Conclusions In this 2-year follow-up of patients
without knee osteoarthritis but with symptoms of a
degenerative medial meniscus tear, the outcomes after
APM were no better than those after placebo surgery.
No evidence could be found to support the prevailing
ideas that patients with presence of mechanical
symptoms or certain meniscus tear characteristics or
those who have failed initial conservative treatment
are more likely to benefit from APM.

INTRODUCTION

Arthroscopic partial meniscectomy (APM) is one
of the most common orthopaedic operations,' with
an incidence that has increased steadily from 1990s
until late 2010s.” Most APMs are carried out in
middle-aged and older patients with knee symptoms
and degenerative knee disease.' > Several recent
meta-analyses based on randomised controlled
trials (RCTs) have failed to show a treatment-ben-
efit of APM over conservative treatment or placebo
surgery for these patients.®'°

Aligned with the evidence, most guidelines and
expert opinion now refrain from recommending
APM as the first-line treatment for patients with a
degenerative meniscus tear, but still advocate surgery
after a failed attempt of conservative treatment.''*¢
Such recommendations rest on three issues: gener-
ally favourable clinical experience, some before-after
studies on patients undergoing APM due to persisting
symptoms despite conservative treatment'’ '® and
particularly the evidence from three RCTs"™' in
which one-third of participants initially allocated
to non-surgical treatment opted for crossing over to
APM due to persisting knee symptoms or insufficient
improvement. After undergoing APM, participants
achieved similar outcomes compared with those
initially assigned to surgery and those responding
favourably to initial non-surgical/conservative treat-
ment."”?" These findings have been interpreted as
evidence that APM should be performed after failed
conservative treatment.”> Although such hypotheses
might well be true, an alternative accounting can
explain the number of crossovers and the beneficial
treatment effects of surgery after failed conservative
treatment: lack of blinding (participants’ knowledge
of not having undergone surgery) may drive conser-
vatively treated patients to request surgery and also
make them feel more content with the outcome once
having undergone surgery.” **

In addition to patients failing to improve after
conservative treatment, other subgroups consid-
ered to benefit from APM are those with so-called
‘mechanical symptoms>~* or those with ‘unstable’
meniscal tear.’ 1728
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Figure 1  Participant enrolment flow diagram.

Accordingly, the aim of this extension of our recently published
Finnish Degenerative Meniscal Lesion Study (FIDELITY) trial*’
was twofold: (a) to assess if APM is superior over placebo surgery
over the course of 24-month follow-up determined using patient
relevant outcomes, the frequency of unblinding of the treat-
ment-group allocation and clinical examination of the knee and
(b) to assess whether our data corroborates or refutes common
assertions regarding existence of subgroups of patients likely to
benefit from APM.

MATERIALS AND METHODS

We conducted a multicentre, randomised, participant-blinded
and outcome assessor-blinded, placebo-surgery controlled effi-
cacy trial involving participants aged 35-65 years with knee
symptoms over 3 months, consistent with degenerative medial
meniscus tear and unresponsive to conventional conservative
treatment and no clinical® or radiographic (Kellgren-Lawrence
grade <1)*' knee osteoarthritis. The study took place in five
orthopaedic centres in Finland during the period from December
2007 through March 2014. All patients had a suspicion of a
meniscus tear based on symptoms and clinical tests, a tear that
was later verified on both MRI and knee arthroscopy. Patients

with an obvious trauma-induced onset of symptoms or with a
recent history of a locked knee were excluded from the trial. On
entering the study, participants were informed that they would
be allowed to consider a reoperation 6 months or later after the
procedure if they did not have adequate relief of symptoms.

Participants first underwent diagnostic knee arthroscopy
and then (during the same operation) were assigned to APM
or placebo surgery. For the randomisation, the sequentially
numbered, opaque, sealed envelopes were prepared by a stat-
istician. Randomisation was performed in a 1:1 ratio with a
block size of 4, and with stratification according to study site,
age (35-50 or 51-65 years), sex and the absence or presence
of minor degenerative changes on a radiograph (Kellgren-Law-
rence grade 0 or 1, respectively).

The participants, all caregivers and those assessing the
outcomes were blinded to the treatment assignment. Partici-
pants were followed-up by questionnaires at 2, 6, 12 and 24
months. At the 24-month follow-up, all participants were also
clinically examined by an independent orthopaedic surgeon
unaware of the treatment allocation. Standardised clinical exam-
ination included clinical meniscal tests**: McMurray test,>® pain
provoked by joint line palpation and pain provoked by forced
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flexion and varus. Also, range of knee motion, knee crepitus,
bony enlargement, effusion, location of pain at palpation and
knee stability was recorded.

The study was registered at ClinicalTrials.gov (NCT00549172).
We have described the design®* and published the 12-month
results? of the trial previously. The protocol was approved by the
institutional review board of the Pirkanmaa Hospital District (R
06157). The study was conducted in accordance with the Decla-
ration of Helsinki. All participants gave written informed consent.

Interventions

Arthroscopic evaluation included recording the presence of
intra-articular pathology (meniscus tears, loose bodies and
characterisation of chondral lesions of both tibiofemoral and
patellofemoral chondral surfaces) according to the International
Cartilage Repair Society cartilage injury classification scale®
and the International Society of Arthroscopy, Knee Surgery and
Orthopaedic Sports Medicine classification of meniscal tears.>®

During the APM, the damaged and loose parts of the meniscus
were removed with the use of arthroscopic instruments until
solid meniscal tissue was reached with preservation of as much
of the meniscus as possible. No other surgical procedure was
performed. For the placebo surgery, APM was simulated to
mimic the sensations and sounds of a true APM. The participants
were also kept in the operating room for the amount of time
required to perform an actual APM.

In both the APM and the placebo-surgery groups, postoper-
ative care was delivered according to a standardised protocol
specifying that all participants receive the same walking aids
and instructions for the same graduated home-based exercise
programme.

Outcomes
Primary outcomes were the change in Western Ontario Meniscal
Evaluation Tool (WOMET), the Lysholm knee score and pain
after exercise from baseline to 24 months after surgery. The
WOMET? is a meniscus-specific health-related quality-of-life
instrument, validated especially for patients with a degenerative
meniscal tear.*® The Lysholm knee score is a validated, condi-
tion-specific outcome measure.”” ** WOMET and Lysholm
scores each range from 0 to 100, with 0 indicating the most
severe symptoms and 100 the absence of symptoms. Knee pain
(during the preceding week) was assessed on an 11-point numer-
ical rating scale ranging from 0 (no pain) to 10 (extreme pain).

As a secondary outcome, the frequency of patients in the two
treatment groups who did not have adequate relief of symptoms
and whose treatment-group allocation was therefore unblinded
was determined. Participants were also asked to respond to
the following questions: “Are you satisfied with your knee at
present?” and “Is your knee better than before the intervention?”
on a S-point Likert scale. As before,*' the responses ‘very satis-
fied” or ‘satisfied” were categorised as satisfied, while responses
‘neither satisfied nor dissatisfied’, ‘dissatisfied” and ‘very dissatis-
fied” were categorised as dissatisfied. Similar to satisfaction, the
responses ‘much better’ and ‘better’ were considered to indicate
improvement, while responses ‘unchanged’, ‘worse’ or ‘much
worse’” were deemed not improved. Serious adverse events were
registered. In addition, the participants were asked whether or
not they were able to return to their previous activities. Finally,
the frequency of participants with a positive meniscus test at
clinical examination was assessed.

APM was also compared with placebo surgery within two
subgroups of participants, those with mechanical symptoms of

Table 1 Baseline characteristics of the participants allocated
to APM or placebo surgery. Values are numbers (percentages),
means=SD or medians (ranges)

APM Placebo surgery
(n=70) (n=76)
Sex
Female 28 (40) 29 (38)
Male 42 (60) 47 (62)
Age (years) 52.1£6.9  52.0+7.2
Body mass index (kg/m?) 26.9+4.0 27.9+4.0
Duration of symptoms (months) 10 (3-50) 10 (3-47)
Kellgren-Lawrence grade*
0 35 (50) 36 (47)
1 35 (50) 40 (53)
Meniscal tests
Positive McMurray testt 16 (23) 15 (20)

Pain provoked by forced flexion and compression 50 (71) 59 (78)
Pain provoked by palpation at the joint line 63 (90) 74.(97)
Symptoms of catching or locking 32 (46) 37 (49)
Unstable tear at knee arthroscopy+ 34 (49) 41 (54)

WOMET score§ 56.4+17.3 52.8+18.1

Lysholm scoreq| 60.2+14.7 60.1+14.6
Pain after exercise (VAS)** 5.8+2.0 6.1+2.0

*The Kellgren-Lawrence scale is a radiographic classification of the severity

of knee osteoarthritis. Grade 0 denotes no abnormalities and grade 1 denotes
minor degenerative changes (doubtful narrowing of the joint space or possible
osteophytic lipping).

tResults of a McMurray test are positive if a ‘click’ over the medial tibiofemoral
joint line is felt by the examiner during flexion and extension of the knee under
varus stress.

tLongitudinal, bucket handle or flap tear at arthroscopy.

§The WOMET contains 16 items addressing three domains: 9 items addressing
physical symptoms; 4 items addressing disabilities with regard to sports, recreation,
work and lifestyle and 3 items addressing emotions. The score indicates the
percentage of a normal score; therefore, 100 is the best possible score and 0 is the
worst possible score.

fIThe Lysholm knee score is based on an eight-item questionnaire designed to
evaluate knee function and symptoms in activities of daily living. Scores range from
0 to 100; higher scores indicate less severe symptoms.

**Knee pain after exercise (during the preceding week) was assessed on a rating
scale of 0—10, with 0 denoting no pain and 10 denoting extreme pain.

APM, arthroscopic partial meniscectomy; WOMET, Western Ontario Meniscal
Evaluation Tool; VAS, visual analogue scale.

the knee and those with unstable meniscus tear. The presence
of mechanical symptoms was assessed using the locking domain
question of the Lysholm knee score.*” In brief, we asked patients
to choose one out of five following responses that best reflected
the status of their knee: i) no locking or catching, ii) catching
sensations but no locking, iii) occasional locking, iv) frequent
locking or v) locked at present. Meniscus tears with longitu-
dinal tear pattern, bucket handle tear or flap were determined
as unstable, whereas radial, horizontal and complex were deter-
mined as stable.'

Patient involvement

There was no active patient involvement in the design of the study,
in the recruitment to or conduct of the study. However, one of
the main outcome measures (the WOMET) was initially developed
with a patient-centred approach: the items included in the final
version of the questionnaire were those identified by patients to
impact most significantly on their quality of life.”” The results of
this RCT will be conveyed to the participants in lay language in a
pamphlet distributed by mail after the 5-year follow-up.

190 Sihvonen R, et al. Ann Rheum Dis 2018;77:188—195. doi:10.1136/annrheumdis-2017-211172


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

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

Table 2 Primary outcomes of the trial at 24-month follow-up. Values are means with 95% Cls

Placebo surgery

Between-Group Difference in

Primary outcomes APM (n=70) (n=74) Improvement from baseline Improvement from Baseline
APM Placebosurgery
Unadijusted
WOMET score® 83.7(79.0 to 88.3) 83.9(79.910 87.9) 27.3(22.11032.4) 31.6 (26.9 t0 36.3) -43(-11.3102.6)

83.3(79.5 t0 87.1)
23(1.7102.9)

85.9 (83.1 t0 88.8)
23(1.71t02.9)

Lysholm knee scoret

Pain after exerciset
Adjusted§

WOMET score

Lysholm knee score

Pain after exercise

80.9 (75.4 to 86.5)
82.2 (78.2 t0 86.3)
23(1.5103.1)

86.1 (80.5 t0 91.8)
86.5 (82.3 to 90.6)
1.9(1.1t02.7)

23.1 (18.8 t0 27.4)
35(2.8104.2)

26.6 (21.1 10 32.2)
22.3 (18.3 10 26.3)
3.7(29104.5)

26.3 (22.6 to 30.0)
3.9(3.31t04.6)

-3.2(-8.9102.4)
-0.4(-1.3100.5)

31.8(26.2 t0 37.5)
26.6 (22.4 t0 30.7)
41(33104.9)

-5.2(-13.11t02.7)
-4.3(-10.0to 1.5)
-0.4(-1.51t00.7)

*The WOMET contains 16 items addressing three domains: 9 items addressing physical symptoms; 4 items addressing disabilities with regard to sports, recreation, work and
lifestyle and 3 items addressing emotions. The score indicates the percentage of a normal score; therefore, 100 is the best possible score and 0 is the worst possible score.
tThe Lysholm knee score is based on an eight-item questionnaire designed to evaluate knee function and symptoms in activities of daily living. Scores range from 0 to 100;

higher scores indicate less severe symptoms.

tKnee pain after exercise (during the preceding week) was assessed on a rating scale of 0—10, with 0 denoting no pain and 10 denoting extreme pain.
§Values are adjusted with the baseline score, study site, age, sex and the absence or presence of minor degenerative changes on a radiograph (Kellgren—Lawrence grade 0 or 1,

respectively).

APM, arthroscopic partial meniscectomy; WOMET, Western Ontario Meniscal Evaluation Tool.

Statistical methods

The trial was designed to ascertain whether APM is superior to
placebo surgery in treating patients with knee pain and a degen-
erative meniscus tear. Baseline characteristics were analysed
with the use of descriptive statistics. For the primary analysis,
the change in each score (mean with 95% CI) from baseline to
24 months was compared between the two study groups. This
analysis was also performed after adjustment for the baseline
score and for the stratifying variables used for randomisation.
The study was powered to detect a minimal clinically important
improvement in the WOMET and Lysholm scores (described
as improvements of at least 15.5 and 11.5 points, respectively)
and in the score for knee pain after exercise (improvement of at
least 2.0 points).** For the secondary analyses, the frequency of
assessed outcomes were compared between the two groups. Two
subgroup analyses were carried out, for those with mechanical
symptoms and for those with unstable meniscus tear; p values
for interaction were calculated for the subgroup analyses.

A Student’s t-test and non-parametric test (Mann-Whitney
U test) were used to compare continuous variables (normally
distributed and not normally distributed, respectively) between
the groups, and Fisher’s exact test was used with binomial and
categorical variables. All statistical analyses were performed on
an intention-to-treat basis; as the frequency of crossover was
low, no per-protocol analysis was performed. A p value of 0.05
was considered to indicate statistical significance. SPSS Statistics,
V.23 (IBM), was used for all statistical analyses.

RESULTS

The flow chart of the trial is shown in figure 1. Of the 205 eligible
patients, 146 underwent randomisation; 70 were assigned to APM
and 76 to placebo surgery. The baseline characteristics of the two
groups were similar. On average, half of the participants in both
groups reported mechanical symptoms preoperatively. There were
34 participants with a tear morphology defined as ‘unstable’ in the
APM group and 41 in the placebo-surgery group (table 1). There
were 24 patients who were eligible but declined to participate in
the study. They were similar to those who underwent randomisa-
tion with respect to age, sex and body mass index at baseline, and
all of them underwent arthroscopic partial meniscectomy. At the
24-month follow-up, two participants were lost to follow-up (one

not responding to contact attempts and one deceased), both from
the placebo-surgery group.

Both groups showed a marked improvement in all primary
outcomes. However, the difference between the two groups did
not reach statistical significance and 95% Cls excluded clinically
relevant effect in any of the three primary outcomes over the
course of the 24-month follow-up (table 2 and figure 2). Five
participants (7.1%) in the APM group and seven (9.2%) in the
placebo-surgery group complained of symptoms severe enough
to result in the unblinding of the treatment-group allocation
(p=0.767). Most of the participants, in both groups, were satis-
fied and reported improvement with no statistically significant
difference between the two treatment groups. One participant
in the APM group had a serious adverse event (a knee infection
4 months after the initial operation). No between-group differ-
ence was observed in the participants’ frequency in returning to
normal activity level or in the frequency of mechanical symp-
toms. No statistically significant difference was found between
the two groups in the meniscal tests during clinical examination
either (table 3). The outcome of the patients who declined to
participate (n=17, five lost to follow-up) were similar with those
randomised, excluding the change in WOMET score (SD), which
was greater for those declined (43.2%+22.4) as compared with
those randomised (29.5+21.1) with a between-group difference
—13.7 (95% CI —25.6 to —2.9).

In the two subgroup analyses, one assessing the effect of
preoperative mechanical symptoms and the other the effect of
unstable tear on the treatment outcome, there was no difference
in any of the primary or secondary outcomes between the APM
and placebo-surgery groups (tables 4 and 5).

DISCUSSION

In this extension of the FIDELITY trial,” we found no statisti-
cally significant difference between the APM and placebo surgery
for symptomatic patients with a degenerative meniscus tear and
no osteoarthritis (OA) in any of the used outcome measures over
the course of 24-month follow-up. No evidence could be found to
support the prevailing ideas that patients with presence of mechan-
ical symptoms or certain meniscus tear characteristics or those who
failed initial conservative treatment are more likely to benefit from
APM.
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Figure 2 Mean values with 95% Cls in all three primary scores during the 24-month follow-up for both groups. APM, arthroscopic partial
meniscectomy; NRS, numerical rating scale; WOMET, Western Ontario Meniscal Evaluation Tool.

The strengths of the FIDELITY trial have been elaborated
in detail previously.”” ** In brief, our study was a multicentre,
randomised, placebo-controlled efficacy trial with a 2-year

Table 3 Secondary outcomes of the trial at 24-month follow-up.
Values are numbers (percentage)

APM Placebo surgery

Outcome (n=70) (n=74) P Value
Satisfied patients 54 (77.1) 58 (78.4) 1.000
Improved patients 61(87.1) 63 (85.1) 0.812
Treatment-group unblinding 5(7.1) 709.2) 0.767
Reoperations 4(5.7) 709.2) 0.537

Arthroscopy 2(2.9 6(7.9) 0.279

HTO/TKR 2(2.9) 1(1.3) 0.607
Returned to normal activities 50 (72.5) 58(78.4) 0.442
Serious adverse events 1(1.4) 0 0.479
Mechanical symptoms 18 (25.7)  15(20.3) 0.552
Meniscal tests

Positive McMurray test 6 (8.6) 5 (6.8) 0.760

Pain provoked by forced flexionand  8(11.4) 10 (13.5) 0.803

compression

Pain provoked by palpation at the 22 (31.4) 21 (28.8) 0.855

joint line

At least one positive meniscal test 26 (37.1)  25(33.8) 0.729

HTO, high tibial osteotomy; TKR, total knee replacement.

follow-up. Controlling for the possible placebo effects of surgery
requires that besides participants, all caregivers and outcome
assessors are blinded to the treatment allocation.*” The use of
multiple validated outcomes covering many different possible
symptoms related to degenerative knee and meniscus tear can
also be considered strength of this trial.

There are also some limitations worth discussing. We excluded
patients with a truly ‘traumatic’ onset of symptoms, so our
results are only directly applicable to patients with non-trau-
matic meniscus tears. Obviously, the concepts ‘degenerative’ or
‘traumatic’ in the context of meniscal injuries are very vague by
nature. In this trial, all patients with sudden injuries related to
their own voluntary muscle activities (such as kneeling, bending
or kicking) and patients with a minor twisting of the knee were
included. In essence, our criteria for labelling a tear as ‘trau-
matic’ required a more substantial event, such as falling from
a chair, stairs or bicycle, or slipping on ice. In this context, to
our knowledge, the only study specifically testing the assump-
tion that meniscal tear outcomes would be any better for those
with a traumatic onset of symptoms than for those without does
not support such hypothesis.* Moreover, a very recent study
showed that patients with traumatic meniscal tears do not expe-
rience greater improvements in patient-reported outcomes after
APM than patients with degenerative tears.**

The generalisability of the FIDELITY trial has been ques-
tioned.” * *¢ Although the design of the FIDELITY has been
elaborated in detail previously,* it is worth reasserting that it was
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Table 4 Primary and secondary outcomes at 24-month follow-up for the subgroup of patients with mechanical symptoms at baseline. Values are

means with 95% Cls and numbers (percentage)

Between-Group Difference in

Placebo Improvement from Baseline or

APM (n=32) surgery (n=37) Improvement from baseline P value
Primary outcomes APM Placebo surgery
WOMET score 79.9 (72.4 t0 87.5) 86.4 (81.5t0 91.3) 27.6 (18.0 to 37.1) 37.4(30.1 to 44.7) -9.8(-21.5t01.8)
Lysholm knee score 81.8 (75.8 0 87.7) 86.9 (82.8 t0 91.0) 28.3(21.0 to 35.5) 34.1 (28.8 t0 39.4) -5.9 (-14.6 0 2.8)
Pain after exercise 2.6(1.7103.5) 1.9(1.2 10 2.6) 33(2.2t04.4) 4.5(3.7105.3) -1.2(-2.51t00.2)
Secondary outcomes
Satisfied patients 25 (78.1) 30 (81.1) p=0.774
Improved patients 27 (84.4) 33(89.2) p=0.723
Treatment-group unblinding 2 (6.3) 1(.7) p=0.593
Returned to normal activities 20 (64.5) 29 (78.4) p=0.279
Mechanical symptoms 11 (34.4) 11 (29.7) p=0.797
At least one positive meniscal test 14 (43.8) 14 (37.8) p=0.633

One patient missing return to activity in APM group (n=31). p Values for interaction (randomisation and mechanical symptoms) were 0.113, 0.268 and 0.097 for the change in

WOMET score, Lysholm knee score and pain after exercise, respectively.

APM, arthroscopic partial meniscectomy; WOMET, Western Ontario Meniscal Evaluation Tool.

designed as an efficacy trial to test the therapeutic potential of APM.
Accordingly, we recruited a sample that potentially would have an
‘optimal response’ to APM (medial meniscus tear, no OA). Such
patients are rare to find among ordinary patients with a degener-
ative meniscus tear. This explains the lengthy recruitment period
(4years) despite five high-volume centres, but given our finding of
lack of efficacy, this methodological choice actually increases —
rather than diminishes—the generalisability of our study.

Some have criticised the FIDELITY trial for recruiting patients
with symptoms that were not attributable to a meniscal tear,” yet
our subjects’ eligibility was confirmed by both MRI and arthros-
copy. APM is typically advocated for patients with knee symptoms
in whom a tear is confirmed by MRI, particularly those without
concomitant knee osteoarthritis.*” Increasing evidence, however,
suggests that a degenerative meniscal tear may be an early sign
of knee osteoarthritis rather than a separate clinical problem that
causes symptoms. " Moreover, specific meniscal pathology and
other structural joint pathologies found at meniscal surgery were
not associated with preoperative self-reported pain and function
in patients with meniscal tears.’! We interpret our findings as

supportive of the idea that degenerative meniscus tear does not
cause specific symptoms even in knees without osteoarthritis.*>

We are also aware of the limitations related to post hoc subgroup
analyses®: the number of participants in our subgroups was small,
the analyses were not planned a priori and there was no formal
power calculation. However, as patients with mechanical symp-
toms and with unstable tear have been—and still are—widely
suggested as the ideal subgroup to benefit from APM* 75456 and
the hypothesis is backed by a credible biological rationale, we felt
that our analyses were of high clinical relevance.’®

We set out to address a few apparent gaps in the existing evidence
base regarding arthroscopic surgery for patients with knee pain and
degenerative meniscus tear/knee disease. First, although a 24-month
follow-up is a commonly held ‘minimal requirement’ for any proce-
dure in orthopaedics, only three'”*”*® of the eight previous RCTs
on this topic have followed-up patients longer than 12 months. Our
24-month data show that most of the improvement observed with
both APM and placebo surgery was evident already at 6 months
after surgery and the extended follow-up did not have an effect
on our primary finding.”’ Second, many authors and organisations

Table 5 Primary and secondary outcomes at 24-month follow-up for the subgroup of patients with unstable meniscus tear. Values are means with

95% Cls and numbers (percentage)

Placebo surgery

Between-Group Difference in
Improvement from Baseline or P

APM (n=34) (n=39) Improvement from baseline (or 24mo) value
Primary outcomes APM Placebo surgery
WOMET score 84.6 (78.0t0 91.3) 84.5 (78.9 to 90.0) 27.7 (19.5 to 35.9) 33.3(27.51t039.1) 5.6 (-15.3t0 4.1)
Lysholm knee score 84.5 (78.7 t0 90.3) 86.7 (83.2 10 90.3) 23.4(16.7 t0 30.2) 27.5(22.6 t0 32.4) —4.0 (-12.1 t0 4.0)
Pain after exercise 2.2 (1.4103.0) 2.2 (1.5t03.0) 3.5(2.6t04.4) 4.1(3.21t04.9) —0.6 (-1.81t0 0.6)
Secondary outcomes
Treatment-group unblinding 3(8.8%) 3(7.3%) p=1.000
Satisfied patients 26 (76.5%) 31 (79.5%) p=0.784
Improved patients 30 (88.2%) 35 (89.7%) p=1.000
Returned to normal activities 23 (67.6%) 30 (76.9%) p=0.436
Mechanical symptoms 8(23.5) 10 (25.6) p=1.000
At least one positive meniscal test 10 (29.4) 13(33.3) p=0.803

Two patients lost to follow-up, both in placebo-surgery group. p Values for interaction (randomisation and unstable tear) were 0.701, 0.754 and 0.623 for the change in WOMET

score, Lysholm knee score and pain after exercise, respectively.

APM, arthroscopic partial meniscectomy; WOMET, Western Ontario Meniscal Evaluation Tool.
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advocate APM for patients ‘unresponsive to conservative treat-
ment’,'*° a strategy based on the previous unblinded trials."”~'
These trials showed that about 30% of participants initially allo-
cated to conservative treatment have opted to crossover to surgery
due to persisting symptoms. Although such behaviour is intuitively
rational, it should be recalled that when patients are told of the
possibility of surgical treatment but are allocated to conservative
care, this so-called “failed opportunity’ may drive patients to seek
surgery if symptoms persist.** In our blinded trial, the frequency
of unblinding of the treatment-group allocation due to persisting
symptoms was clearly lower than in the previous—unblinded—
studies and we found no difference between our two treatment
groups. Our data thus highlight the vital importance of proper
blinding of study participants in surgical RCTs. Considering the
rationale to carry out APM on those having failed previous conser-
vative treatment further, a recent study comparing exercise therapy
to APM alone (with no postoperative rehabilitation) showed that
although 19% of participants allocated to exercise therapy crossed
over to surgery during the 2-year follow-up, APM did not result in
any additional benefit for them.’®

Another widely held assertion is that the presence of mechan-
ical symptoms (sensation of knee catching or locking) represents a
valid indication for arthroscopic surgery.> ">’ This is premised on
a rationale that mechanical symptoms are caused by a joint struc-
ture lodging between the gliding articular surfaces. Our recently
published secondary analysis (1-year follow-up of this trial) showed
that resection of a torn meniscus has no added benefit over placebo
surgery in relieving knee catching or occasional locking.®® The
findings of this 2-year extension corroborate our previous find-
ings. The absence of an effect of APM on patients with mechan-
ical symptoms is also supported by previous subgroup analyses of
controlled trials* ® and our own recent prospective cohort study
of 900 consecutive patients undergoing APM.** With respect to the
present data, patients with a true locked knee (unable to extend
their knee fully) were excluded from the FIDELITY and thus some
caution may be warranted in the interpretation of our current
findings. Finally, meniscus tear morphology is often asserted to
explain the success of APM,'” #* © ** but our data fail to support
such notion.

In conclusion, the results of this randomised, placebo-controlled
trial with 24 months follow-up show that APM provides no signif-
icant benefit over placebo surgery in patients with a degenerative
meniscal tear and no knee osteoarthritis. These results support the
evolving consensus that degenerative meniscus tear represents an
(early) sign of knee osteoarthritis, rather than a clinical entity on
its own, and accordingly, caution should be exercised in referring
patients with knee pain and suspicion of a degenerative meniscal
tear to MRI examination or APM, even after a failed attempt of
conservative treatment.

Unanswered questions and future research

Arthroscopic surgery for knee pain in middle-aged and older
patients is one of the most rigorously studied orthopaedic proce-
dures. The evidence base shows very consistently that APM offers
no benefit over conservative treatment or placebo surgery.®® Still,
hundreds of thousands of procedures are performed worldwide
each year. Given the mounting evidence, anyone still advocating
APMs should promptly launch methodologically rigorous, prac-
tical, real-world trial(s) embedded in the flow of practice to prove
that APM truly works in the asserted subgroups of patients.

Author affiliations
"Department of Orthopedics and Traumatology, Hatanpaa Hospital, Tampere,
Finland

Department of Orthopedics and Traumatology, Helsinki University Hospital, Helsinki,
Finland

3Center for Health and Social Economics, National Institute for Health and Welfare,
Helsinki, Finland

“Department of Orthopedics and Traumatology, Turku University Hospital, Turku,
Finland

>Department of Orthopedics and Traumatology, Kuopio University Hospital, Kuopio,
Finland

SDepartment of Orthopedics and Traumatology, Central Finland Central Hospital,
Jyvaskyla, Finland

" Arthroscopic and Sports Medicine Center Pohjola Sairaala, Helsinki, Finland
®Department of Orthopedics and Traumatology, Tampere University Hospital,
Tampere, Finland

°Department of Orthopaedics and Traumatology, Helsinki University, Té616 Hospital,
Helsinki, Finland

Acknowledgements We thank the patients for their participation. We would like
to thank research nurses Marja-Liisa Sutinen, Sari Karesvuori, Pekka Karppi, Saara-
Maija Hinkkanen, Johanna Koivistoinen, Kirsi Saarioja, Elina Jalava, Ina Fagerlund
and Marketta Rautanen for their vital role in the implementation of the study.

Contributors The Finnish Degenerative Meniscal Lesion Study (FIDELITY) trial
(patient enrolment and execution of follow-up assessments in 2007-2015) is
carried out by the FIDELITY Investigators. Conception and design: RS, MP, AM and
TLNJ. Analysis and interpretation of the data: RS and TLNJ. Drafting of the article: RS
and TLNJ. Critical revision of the article for important intellectual content and final
approval: all authors. Ensuring the accuracy of the work: RS and TLNJ. Obtaining of
funding: TLNJ. All authors had full access to all of the data in the study and can take
responsibility for the integrity of the data and the accuracy of the data analysis.

Funding This study was supported by the Jane and Aatos Erkko Foundation, the
Sigrid Juselius Foundation, the State funding for university-level health research
(Tampere and Helsinki University Hospitals), the Social Insurance Institution of
Finland (KELA) and the Academy of Finland. Dr Sihvonen is supported also by The
Finnish Medical Foundation and Orion-Pharmos Research Foundation. The funding
sources had no role in in the collection, analysis and interpretation of data; in the
writing of the report and in the decision to submit the article for publication.

Competing interests All authors have completed the ICMJE uniform

disclosure form at www.icmje.org/coi_disclosure.pdf and declare: no support

from any organisation for the submitted work; no financial relationships with any
organisations that might have an interest in the submitted work in the previous
three years; no other relationships or activities that could appear to have influenced
the submitted work.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Given that the informed consent forms of the Finnish
Degenerative Meniscal Lesion Study trial did not include a provision for data sharing
(trial launched in 2007), the full dataset cannot be shared due to a potential breach
of the Finnish Personal Data Act. Scientists with a specific question regarding the
trial data are encouraged to contact the corresponding author (TLNJ).

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) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Cullen KA, Hall MJ, Golosinskiy A. Ambulatory surgery in the United States, 2006. Nat/
Health Stat Report 2009;11:1-25.

2 Abrams GD, Frank RM, Gupta AK, et al. Trends in meniscus repair and meniscectomy
in the United States, 2005-2011. Am J Sports Med 2013;41:2333-9.

3 Thorlund JB, Hare KB, Lohmander LS. Large increase in arthroscopic meniscus surgery
in the middle-aged and older population in Denmark from 2000 to 2011. Acta Orthop
2014;85:287-92.

4 Kim S, Bosque J, Meehan JP, et al. Increase in outpatient knee arthroscopy in the
United States: a comparison of National surveys of ambulatory surgery, 1996 and
2006. J Bone Joint Surg Am 2011;93:994-1000.

5 Montgomery SR, Zhang A, Ngo SS, et al. Cross-sectional analysis of trends in
meniscectomy and meniscus repair. Orthopedics 2013;36:¢1007-e1013.

6 Khan M, Evaniew N, Bedi A, et al. Arthroscopic surgery for degenerative tears of the
meniscus: a systematic review and meta-analysis. CMAJ 2014;186:1057-64.

7 Thorlund JB, Juhl CB, Roos EM, et al. Arthroscopic surgery for degenerative knee:
systematic review and meta-analysis of benefits and harms. BMJ 2015;350:h2747.

194 Sihvonen R, et al. Ann Rheum Dis 2018;77:188—195. doi:10.1136/annrheumdis-2017-211172


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1177/0363546513495641
http://dx.doi.org/10.3109/17453674.2014.919558
http://dx.doi.org/10.2106/JBJS.I.01618
http://dx.doi.org/10.3928/01477447-20130724-15
http://dx.doi.org/10.1503/cmaj.140433
http://dx.doi.org/10.1136/bmj.h2747
http://ard.bmj.com/
http://group.bmj.com

8

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

Lamplot JD, Brophy RH. The role for arthroscopic partial meniscectomy in knees with
degenerative changes: a systematic review. Bone Joint / 2016;98-B:934-8.

Monk P, Garfjeld Roberts P, Palmer AJ, et al. The Urgent Need for evidence in
arthroscopic meniscal surgery: a systematic review of the evidence for Operative
Management of Meniscal Tears. Am J Sports Med 2016.

van de Graaf VA, Wolterbeek N, Mutsaerts EL, et al. Arthroscopic partial
meniscectomy or conservative treatment for Nonobstructive Meniscal Tears: a
systematic review and Meta-analysis of Randomized Controlled Trials. Arthroscopy
2016;32:1855-65.

Katz JN, Jones MH. Treatment of meniscal tear: the more we learn, the less we Know.
Ann Intern Med 2016;164:503.

Howell R, Kumar NS, Patel N, et al. Degenerative meniscus: Pathogenesis, diagnosis,
and treatment options. World J Orthop 2014;5:597-602.

Mordecai SC, Al-Hadithy N, Ware HE, et al. Treatment of meniscal tears: an evidence
based approach. World J Orthop 2014;5:233-41.

Carr AJ, Price AJ, Glyn-Jones S, et al. Advances in arthroscopy-indications and
therapeutic applications. Nat Rev Rheumatol 2015;11:77-85.

Price A, Beard D. Arthroscopy for degenerate meniscal tears of the knee. BM/
2014,;348:92382.

Katz N, Losina E. Arthroscopic partial meniscectomy for degenerative tears: where do
we stand? Osteoarthritis Cartilage 2014;22:1749-51.

El Ghazaly SA, Rahman AA, Yusry AH, et al. Arthroscopic partial meniscectomy is
superior to physical rehabilitation in the management of symptomatic unstable
meniscal tears. Int Orthop 2015;39:769-75.

Hutt JR, Craik J, Phadnis J, et al. Arthroscopy for mechanical symptoms in
osteoarthritis: a cost-effective procedure. Knee Surg Sports Traumatol Arthrosc
2015;23:3545-9.

Herrlin SV, Wange PO, Lapidus G, et al. Is arthroscopic surgery beneficial in treating
non-traumatic, degenerative medial meniscal tears? A five year follow-up. Knee Surg
Sports Traumatol Arthrosc 2013;21:358-64.

Katz JN, Brophy RH, Chaisson CE, et al. Surgery versus physical therapy for a meniscal
tear and osteoarthritis. N Engl J Med 2013;368:1675-84.

Gauffin H, Tagesson S, Meunier A, et al. Knee arthroscopic surgery is beneficial to
middle-aged patients with meniscal symptoms: a prospective, randomised, single-
blinded study. Osteoarthritis Cartilage 2014,22:1808-16.

Katz JN, Wright J, Spindler KP, et al. Predictors and outcomes of Crossover to surgery
from physical therapy for Meniscal Tear and Osteoarthritis: a Randomized Trial
comparing physical therapy and surgery. J Bone Joint Surg Am 2016;98:1890-6.
Buchbinder R. Meniscectomy in patients with knee osteoarthritis and a meniscal tear?
N Engl ] Med 2013;368:1740-1.

Katz IN. Surgery for lumbar spinal stenosis: informed patient preferences should
weigh heavily. Ann Intern Med 2015;162:518-9.

Krych AJ, Carey JL, Marx RG, et al. Does arthroscopic knee surgery work? Arthroscopy
2014;30:544-5.

Stuart MJ, Lubowitz JH. What, if any, are the indications for arthroscopic debridement
of the osteoarthritic knee? Arthroscopy 2006;22:238-9.

Jevsevar DS, Yates AJ, Sanders JO. Arthroscopic partial meniscectomy for degenerative
meniscal tear. N £ngl J Med 2014;370:1260.

Sadoghi P, Gomoll AH. New England journal of medicine article evaluating the
usefulness of meniscectomy is flawed. Arthroscopy 2014;30:659-60.

Sihvonen R, Paavola M, Malmivaara A, et al. Arthroscopic partial meniscectomy versus
sham surgery for a degenerative meniscal tear. N Engl / Med 2013;369:2515-24.
Altman R, Asch E, Bloch D, et al. Development of criteria for the classification and
reporting of osteoarthritis. classification of osteoarthritis of the knee. diagnostic and
therapeutic Criteria Committee of the american Rheumatism Association. Arthritis
Rheum 1986;29:1039-49.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis
1957;16:494-502.

Solomon DH, Simel DL, Bates DW, et a/. The rational clinical examination. does

this patient have a torn Meniscus or ligament of the knee? value of the physical
examination. JAMA 2001;286:1610-20.

McMurray TP. The semilunar cartilages. Br J Surg 1942;29:407-14.

Sihvonen R, Paavola M, Malmivaara A, et al. Finnish degenerative meniscal lesion
study (FIDELITY): a protocol for a randomised, placebo surgery controlled trial on
the efficacy of arthroscopic partial meniscectomy for patients with degenerative
Meniscus injury with a novel ‘RCT within-a-cohort’ study design. BMJ Open
2013;3:€002510.

Brittberg M, Winalski CS. Evaluation of cartilage injuries and repair. / Bone Joint Surg
Am 2003;85-A(Suppl 2):58-69.

Anderson AF, Irrgang JJ, Dunn W, et al. Interobserver reliability of the International
Society of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine (ISAKOS)
classification of meniscal tears. Am J Sports Med 2011;39:926-32.

Kirkley A, Griffin S, Whelan D. The development and validation of a quality of life-
measurement tool for patients with meniscal pathology: the Western Ontario Meniscal
Evaluation Tool (WOMET). Clin J Sport Med 2007;17:349-56.

38

39

40

4

42

43

44

45

46

47

48

49

50

5

52

53

54

55

56

57

58

59

60

61

62

63

64

Sihvonen R, Jarvela T, Aho H, et al. Validation of the Western Ontario Meniscal
evaluation Tool (WOMET), a Meniscal pathology-specific Quality-of-Life index, for
patients with a Degenerative Meniscus tear. J Bone Joint Surg Am 2012;94:e65-1-8.
Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament injuries. Clin
Orthop Relat Res 1985;198:43-9.

Briggs KK, Kocher MS, Rodkey WG, et al. Reliability, validity, and responsiveness of the
Lysholm knee score and Tegner activity scale for patients with meniscal injury of the
knee. J Bone Joint Surg Am 2006;88:698-705.

Hamilton DF, Lane JV, Gaston P, et al. What determines patient satisfaction

with surgery? A prospective cohort study of 4709 patients following total joint
replacement. BMJ Open 2013;3:002525.

Dowrick AS, Bhandari M. Ethical issues in the design of randomized trials: to sham or
not to sham. J Bone Joint Surg Am 2012;94(Suppl 1):7-10.

Kim JR, Kim BG, Kim JW, et a/. Traumatic and non-traumatic isolated horizontal
meniscal tears of the knee in patients less than 40 years of age. Eur J Orthop Surg
Traumatol 2013;23:589-93.

Thorlund JB, Englund M, Christensen R, et al. Patient reported outcomes in patients
undergoing arthroscopic partial meniscectomy for traumatic or degenerative meniscal
tears: comparative prospective cohort study. BMJ 2017,356:j356.

Elattrache N, Lattermann C, Hannon M, et al. New England journal of medicine article
evaluating the usefulness of meniscectomy is flawed. Arthroscopy 2014,30:542-3.
Rossi MJ, D'Agostino RB, Provencher MT, et al. Could the New England

journal of medicine be biased against Arthroscopic knee surgery? Arthroscopy
2014;30:536-7.

Lyman S, Oh LS, Reinhardt KR, et al. Surgical decision making for arthroscopic partial
meniscectomy in patients aged over 40 years. Arthroscopy 2012;28:492-501.
Englund M, Guermazi A, Roemer FW, et a/. Meniscal tear in knees without surgery
and the development of radiographic osteoarthritis among middle-aged and elderly
persons: the Multicenter Osteoarthritis Study. Arthritis Rheum 2009;60:831-9.
Badlani JT, Borrero C, Golla S, et al. The effects of meniscus injury on the development
of knee osteoarthritis: data from the osteoarthritis initiative. Am J Sports Med
2013;41:1238-44.

Dervin GF, Stiell IG, Wells GA, et al. Physicians’ accuracy and interrator reliability for
the diagnosis of unstable meniscal tears in patients having osteoarthritis of the knee.
Can J Surg 2001,44:267-74.

Tornbjerg SM, Nissen N, Englund M, et al. Structural pathology is not related to
patient-reported pain and function in patients undergoing meniscal surgery. Br J
Sports Med 2017;51:525-30.

Englund M, Niu J, Guermazi A, et al. Effect of meniscal damage on the
development of frequent knee pain, aching, or stiffness. Arthritis Rheum
2007;56:4048-54.

Sun X, loannidis JP, Agoritsas T, et al. How to use a subgroup analysis: users' guide to
the medical literature. JAMA 2014;311:405-11.

Conaghan PG, Dickson J, Grant RL, et al. Care and management of osteoarthritis in
adults: summary of NICE guidance. BMJ 2008;336:502-3.

Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the management
of hip and knee osteoarthritis, part I: critical appraisal of existing treatment guidelines
and systematic review of current research evidence. Osteoarthritis Cartilage
2007;15:981-1000.

Krych AJ, Stuart MJ, Levy BA. Arthroscopic partial meniscectomy for degenerative
meniscal tear. N Engl J Med 2014;370:1259.

Yim JH, Seon JK, Song EK, et al. A comparative study of meniscectomy and
nonoperative treatment for degenerative horizontal tears of the medial meniscus. Am
J Sports Med 2013;41:1565-70.

Kise NJ, Risberg MA, Stensrud S, et a/. Exercise therapy versus arthroscopic partial
meniscectomy for degenerative meniscal tear in middle aged patients: randomised
controlled trial with two year follow-up. BMJ 2016;354:i3740.

NICE. Osteoarthritis: care and Management in adults. London: National Institute for
Health and Care Excellence (UK), 2014.

Sihvonen R, Englund M, Turkiewicz A, et al. Mechanical symptoms and

arthroscopic partial meniscectomy in patients with degenerative Meniscus

tear: a secondary analysis of a Randomized Trial. Ann Intern Med 2016;164:449-55.
Kirkley A, Birmingham TB, Litchfield RB, et a/. A randomized trial of

arthroscopic surgery for osteoarthritis of the knee. N Engl J Med
2008;359:1097-107.

Sihvonen R, Englund M, Turkiewicz A, et al. Mechanical symptoms as an
indication for knee arthroscopy in patients with degenerative Meniscus

tear: a prospective cohort study. Osteoarthritis Cartilage

2016;24:1367-75.

Richmond JC. Surgery for osteoarthritis of the knee. Rheum Dis Clin North Am
2013;39:203-11.

Scillia AJ, McDermott JD, Issa K, et al. Arthroscopic partial meniscectomy for Meniscal
Tears: a review and commentary on a study by NEJM. J Knee Surg 2016;29:387-90.
Roos EM, Thorlund JB. It is time to stop meniscectomy. Br J Sports Med
2017,51:490-1.

Sihvonen R, et al. Ann Rheum Dis 2018;77:188-195. doi:10.1136/annrheumdis-2017-211172

195


http://dx.doi.org/10.1302/0301-620X.98B7.37410
http://dx.doi.org/10.1016/j.arthro.2016.05.036
http://dx.doi.org/10.7326/M16-0049
http://dx.doi.org/10.5312/wjo.v5.i5.597
http://dx.doi.org/10.5312/wjo.v5.i3.233
http://dx.doi.org/10.1038/nrrheum.2014.174
http://dx.doi.org/10.1136/bmj.g2382
http://dx.doi.org/10.1016/j.joca.2014.07.016
http://dx.doi.org/10.1007/s00264-014-2539-z
http://dx.doi.org/10.1007/s00167-014-3220-1
http://dx.doi.org/10.1007/s00167-012-1960-3
http://dx.doi.org/10.1007/s00167-012-1960-3
http://dx.doi.org/10.1056/NEJMoa1301408
http://dx.doi.org/10.1016/j.joca.2014.07.017
http://dx.doi.org/10.2106/JBJS.15.01466
http://dx.doi.org/10.1056/NEJMe1302696
http://dx.doi.org/10.7326/M15-0360
http://dx.doi.org/10.1016/j.arthro.2014.02.012
http://dx.doi.org/10.1016/j.arthro.2006.01.008
http://dx.doi.org/10.1056/NEJMc1401128#SA2
http://dx.doi.org/10.1016/j.arthro.2014.03.016
http://dx.doi.org/10.1056/NEJMoa1305189
http://dx.doi.org/10.1136/ard.16.4.494
http://dx.doi.org/10.1002/bjs.18002911612
http://dx.doi.org/10.1136/bmjopen-2012-002510
http://dx.doi.org/10.2106/00004623-200300002-00008
http://dx.doi.org/10.2106/00004623-200300002-00008
http://dx.doi.org/10.1177/0363546511400533
http://dx.doi.org/10.1097/JSM.0b013e31814c3e15
http://dx.doi.org/10.1097/00003086-198509000-00007
http://dx.doi.org/10.1097/00003086-198509000-00007
http://dx.doi.org/10.2106/00004623-200604000-00003
http://dx.doi.org/10.1136/bmjopen-2012-002525
http://dx.doi.org/10.2106/JBJS.L.00298
http://dx.doi.org/10.1007/s00590-012-1028-6
http://dx.doi.org/10.1007/s00590-012-1028-6
http://dx.doi.org/10.1136/bmj.j356
http://dx.doi.org/10.1016/j.arthro.2014.02.010
http://dx.doi.org/10.1016/j.arthro.2014.02.013
http://dx.doi.org/10.1016/j.arthro.2011.09.004
http://dx.doi.org/10.1002/art.24383
http://dx.doi.org/10.1177/0363546513490276
http://dx.doi.org/10.1136/bjsports-2016-096456
http://dx.doi.org/10.1136/bjsports-2016-096456
http://dx.doi.org/10.1002/art.23071
http://dx.doi.org/10.1001/jama.2013.285063
http://dx.doi.org/10.1136/bmj.39490.608009.AD
http://dx.doi.org/10.1016/j.joca.2007.06.014
http://dx.doi.org/10.1056/NEJMc1401128#SA1
http://dx.doi.org/10.1177/0363546513488518
http://dx.doi.org/10.1177/0363546513488518
http://dx.doi.org/10.7326/M15-0899
http://dx.doi.org/10.1056/NEJMoa0708333
http://dx.doi.org/10.1016/j.joca.2016.03.013
http://dx.doi.org/10.1016/j.rdc.2012.10.008
http://dx.doi.org/10.1055/s-0035-1559580
http://dx.doi.org/10.1136/bjsports-2016-097273
http://ard.bmj.com/
http://group.bmj.com

Handling editor Tore K Kvien
Division of Rheumatology,
Immunology and Allergy,
Brigham and Women's Hospital
and Harvard Medical School,
Boston, Massachusetts, USA

Correspondence to

Dr Medha Barbhaiya,
Department of Medicine,
Division of Rheumatology,
Immunology and Allergy,
Brigham and Women'’s Hospital,
Harvard Medical School, 60
Fenwood Road, Boston, MA
02115, USA;
barbhaiyam@hss.edu

Received 19 April 2017
Revised 31 July 2017
Accepted 15 September 2017
Published Online First

7 October 2017

@ CrossMark

To cite: Barbhaiya M,
Tedeschi SK, Lu B,
et al. Ann Rheum Dis

2018;77:196-202.

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

EXTENDED REPORT

Cigarette smoking and the risk of systemic lupus
erythematosus, overall and by anti-double stranded
DNA antibody subtype, in the Nurses’ Health

Study cohorts

Medha Barbhaiya, Sara K Tedeschi, Bing Lu, Susan Malspeis, David Kreps,
Jeffrey A Sparks, Elizabeth W Karlson, Karen H Costenbader

ABSTRACT

Objectives Systemic lupus erythematosus (SLE) is a
heterogeneous autoimmune disease, subtyped according
to clinical manifestations and autoantibodies. Evidence
concerning cigarette smoking and SLE risk has been
conflicting. We investigated smoking and SLE risk, overall
and by anti-double stranded DNA (dsDNA) presence, in
two prospective cohort studies.

Methods The Nurses’ Health Study (NHS) enrolled
121701 US female nurses in 1976; Nurses' Health
Study Il (NHSII) enrolled 116430 in 1989. Lifestyle,
environmental and medical data were collected through
biennial questionnaires. Incident SLE was confirmed by
medical record review. Cox regression models estimated
HRs of SLE, overall and by dsDNA subtype, in association
with time-varying smoking status and cumulative
smoking pack-years through the 2-year cycle prior to
diagnosis, controlling for potential confounders.

Results Among 286 SLE cases identified (159 in NHS
(1978-2012) and 127 in NHSII (1991-2013)), mean age
was 49.2 (10.3) years and 42% were dsDNA+ at SLE
diagnosis. At baseline, 45% of women had ever smoked,
51% of whom currently smoked. Compared with never
smokers, current smokers had increased dsDNA+
SLErisk (HR 1.86 (1.14-3.04)), whereas past smokers
did not (HR 1.31 (0.85-2.00)). Women who smoked
>10 pack-years (vs never) had an elevated dsDNA+
SLErisk (HR 1.60(95% Cl 1.04 to 2.45)) compared with
never smokers. No associations were observed between
smoking status or pack-years and overall SLE or dsDNA—
SLE.

Conclusion Strong and specific associations of current
smoking and >10 pack-years of smoking with dsSDNA+
SLE were observed. This novel finding suggests smoking
is involved in dsDNA+ SLE pathogenesis.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a heteroge-
neous autoimmune disease with subtypes defined
by autoantibodies and clinical manifestations. Anti-
double stranded DNA (dsDNA) antibodies are
specific for SLE, involved in lupus nephritis patho-
genesis and disease activity biomarkers.'™ Patients
with the dsDNA positive (dsDNA+) subtype have
increased risk for a more aggressive disease course,
particularly with lupus nephritis and vasculitis.

SLE pathogenesis involves both genetic and envi-
ronmental factors.’ Past studies suggest smoking

is related to increased SLE risk, although results
are conflicting, with two prior null prospective
cohort studies.”'? In a SLE case-only study, current
smokers were more likely than never smokers to
have dsDNA antibodies (OR 4.0 (95% CI 1.6 to
10.4)).1!

We investigated smoking and risk of developing
SLE and SLE subtypes according to dsDNA status
among women. We hypothesised that current
smokers compared with never smokers would have
an increased risk of overall and dsDNA+ SLE. We
evaluated smoking and other SLE-related antibody
subtypes characterised by anti-Ro and/or anti-La
(Ro/La), or anti-Smith (Sm) antibodies. To our
knowledge, no prior study has prospectively inves-
tigated smoking and risk of incident SLE stratified
by autoantibody status.

PATIENTS AND METHODS
Study population
The Nurses’ Health Study (NHS) and Nurses’
Health Study II (NHSII) are prospective cohorts
of registered female nurses who completed a base-
line and biennial questionnaires on risk factors,
lifestyle, health practices and diagnoses. In 1976,
NHS enrolled 121700 nurses aged 30-55 years
from 11 US states. In 1989, NHSII enrolled
116670 nurses aged 25-42 years from 14 states.
Both cohorts are predominantly White (>90%),
with >90% response rates to follow-up question-
naires and 5.0% of person-time lost to follow-up.'?
Deaths are reported by family members and ascer-
tained via National Death Index searches, with
cause of death validated by medical record review.
We excluded participants who reported preva-
lent SLE or other connective tissue diseases (CTD)
and those without smoking information on base-
line questionnaires. After exclusions, 117 157 NHS
participants and 113 527 NHSII participants were
included.

Identification of incident SLE

SLE self-reports were confirmed by CTD
screening questionnaire and medical record
review by two independent rheumatologists.'® '*
SLE cases fulfilled at least four American College
of Rheumatology 1997 SLE classification criteria
on medical record review." '® Anti-dsDNA, Sm,
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Ro, La status at SLE diagnosis was determined by medical
record review.

The primary outcome was SLE, overall and by dsDNA status
(including dsDNA+ ordsDNA— (dsDNA negative) SLE). As
secondary outcomes, we stratified by other SLE-related antibody
subtypes including: (1) dsDNA and/or Sm positive (dsDNA+/
Sm+) versus dsDNA and Sm negative (dsDNA— and Sm—) SLE,
(2) Ro and/or La positive (Ro+/La+) versus Ro and La nega-
tive (Ro— and La—) SLE, and (3) positivity for any SLE-related
antibody (dsDNA+/Sm+/Ro+/La+ SLE) versus none of these.
Too few SLE cases had only anti-Ro, La, Sm or ribonucleopro-
tein (RNP) at diagnosis for separate analyses.

Smoking exposure

At baseline, participants reported smoking status (never/past/
current) and age of smoking initiation. Current smokers provided
number of cigarettes smoked per day, whereas past smokers
reported age at quitting smoking and cigarettes/day before
quitting. On subsequent questionnaires, participants reported
smoking status and smoking intensity (1-4, 5-14, 15-24, 25-34
or 35-44 cigarettes/day). Smoking pack-years were derived by
multiplying packs per day (20 cigarettes per pack) with years
smoked. All smoking variables were time varying, updated every
2 years, as smokers often stop and restart.

Assessment of covariates

Sociodemographic data included age, race/ethnicity and US
Census tract-based median household income as a measure of
area socioeconomic status. Updated body mass index (BMI) was
reported and caloric intake was calculated from a semiquantita-
tive food frequency questionnaire.'” Alcohol consumption was
categorised as never, >0to <5 g/day, =5 g/day as in a previous
analysis."® Reproductive covariates, including oral contracep-
tive use, menarche onset age, menopausal status and postmeno-
pausal hormone use, were examined as potential confounders. '
Missing covariate data were carried forward one cycle and if
missing beyond one cycle, we included a missing data variable
category.

Statistical analysis

In our primary analyses, we assessed the association between
time-varying smoking status and SLE risk, overall and by dsDNA
subtypes, through the 2-year cycle prior to SLE diagnosis. Person-
years of follow-up accrued from return of baseline questionnaire
until the 2-year cycle prior to SLE diagnosis, end of follow-up,
death or date of censor, whichever came first. Participants were
censored for self-reported CTD (SLE, rheumatoid arthritis (RA),
scleroderma, Sjogren’s syndrome, mixed CTD or inflammatory
myositis) not confirmed as SLE. We carried forward the last
observation up to two questionnaire cycles for missing smoking
status or duration.

We examined baseline characteristics across smoking status
categories by cohort. We determined cut-points for categories of
continuous exposure variables non-parametrically with restricted
cubic splines.”” We used Cox proportional hazards models to
assess the HRs and 95% CI for smoking status and overall SLE,
dsDNA+ and dsDNA— SLE in separate models, controlling for
time-varying covariates. We constructed three models for each
endpoint: (1) age and questionnaire period adjusted; (2) addi-
tional adjustment for alcohol; and (3) additional adjustment for
race, socioeconomic status and reproductive factors. Based on
the generalised Wald test for a joint hypothesis on all covariate—
time interactions in the models, the proportional hazards

assumption was not violated. NHS and NHSII data were pooled.
In a sensitivity analysis to evaluate the robustness of pooling the
data, HR estimates from the two cohorts were meta-analysed
using a fixed effects model.

We conducted several secondary analyses. First, we inves-
tigated cumulative smoking in pack-years and risk of SLE and
dsDNA subtypes. Second, we cross-classified smoking status and
pack-years and examined SLE risk overall and by dsDNA. Third,
we separately evaluated the associations of smoking intensity
(collapsed to >0to <15or =15 cigarettes/day) and duration
(=20 years or <20 years) with SLE risk. Fourth, we conducted
a ‘lagged analysis’ in which the exposure window ended two
questionnaire cycles (at least 4years) prior to the outcome
window, as SLE may develop insidiously prediagnosis and illness
could change smoking behaviour. Fifth, we examined smoking
cessation. Lastly, we investigated the association between time-
varying smoking and SLE with other autoantibody subtypes.

Data analyses were performed using SAS V.9.3 (SAS Institute).
The Partners’ HealthCare Institutional Review Board approved
all aspects of this study.

RESULTS

Among 230672 women with S5.6million person-years of
follow-up, we identified 286 incident SLE cases: 159 SLE cases
in NHS and 127 in NHSIIL Average annual SLE incidence rates
in each cohort were 4.9 per 100000 person-years for NHS
and 5.3 per 100000 person-years for NHSII, as expected for
predominantly White women aged =235 years at cohort entry. At
baseline, 45% of women in both cohorts were ever smokers, of
whom 519% were current smokers. Table 1 displays age-adjusted
baseline characteristics of study participants categorised by
smoking status. Age, race, caloric intake, BMI, postmenopausal
status, postmenopausal hormone use and early menarche were
similar across smoking categories within each cohort. Alcohol
consumption was higher among smokers than non-smokers.
Most current smokers had smoked >10 pack-years, although
women in NHS were heavier smokers than those in NHSII.

The presenting manifestations at SLE diagnosis, overall and by
dsDNA subtype, are shown in table 2. Of the 286 incident SLE
cases, 42% were dsDNA+ atdiagnosis. Mean age at SLE diag-
nosis was 49.2 years (SD 10.3). There were more non-Whites in
the dsDNA+ (12.6%) versus dsDNA— (6.1%) subgroup. Among
women with dsDNA+ SLE, there were lower rates of arthritis
(65.3% vs 79.4%), higher rates of haematological involvement
(65.3% vs 53.3%) and similar rates of renal involvement (16.5%
vs 16.4%) compared with dsDNA— SLE in records reviewed
around the time of SLE diagnosis.

Among SLE cases, the largest proportion of past and current
smokers smoked 15-24 cigarettes/day (34.4% and 37.5%). Mean
smoking duration among SLE cases was greater for current than
past smokers (26.4 (SD 8.9) vs 16.1 (SD 10.8) years). Among
SLE cases, mean time since quitting among past smokers was
16.8 (SD 12.8) years. The mean age at SLE diagnosis was similar
between dsDNA+ SLE (51.0 (SD 10.0) years) compared with
dsDNA— SLE (50.9 (SD 11.3) years), yielding a nearly iden-
tical interval between age at smoking initiation among SLE
ever-smokers (18.4 (SD 3.7) years) and age at SLE diagnosis for
dsDNA+ and dsDNA— SLE cases.

No significant risk was observed among past or current
smokers (vs never smokers) for SLE overall or dsDNA— SLE
risk (table 3). However, current smoking was associated
with a strongly increased risk of dsDNA+ SLE after age and
sex adjustment (HR 1.77 (95% CI 1.09 to 2.88)) and additional
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Table 1
1989 categorised by smoking status

Baseline age-standardised characteristics of participants in the Nurses' Health Study (NHS) in 1976 and Nurses’ Health Study Il (NHSII) in

NHS (n=117 145)

NHSII (n=113527)

Characteristics Never Past Current Never Past Current
Number of participants (%) 51655 (44.1) 26889 (23.0) 38601 (33.0) 74166 (65.3) 24152 (21.3) 15209 (13.4)
Mean age in years (SD)* 42.4(7.4) 42,6 (7.1) 42.4(7.1) 34.0 (4.7) 35.2 (4.5) 34.8 (4.6)
White race (%) 92 94 94 91 94 93
Median income =$60 000 (%)t 46 53 49 43 50 40
Mean calorie intake (kcal/day, SD) 1588 (502) 1553 (488) 1546 (510) 1799 (547) 1783 (542) 1753 (559)
Mean body mass index (kg/m?, SD) 24.1 (4.3) 23.9(4.3) 23.2(3.9) 24.1 (5.1) 24.1 (5.0) 24.1 (5.0)
Smoking in pack-year categories

0 (%) 100 0 0 100 0 0

>0to <10 (%) 0 58 20 0 69 36

>10 (%) 0 42 80 0 31 64
Oral contraceptive use, ever (%) 45 49 49 81 89 89
Postmenopausal (%) 31 30 34 6 6 8
Any postmenopausal hormone use (%) 13 14 15 3 3 4
Early menarche (<10years) (%) 6 6 6 8 8 9
Alcohol use in categories (g/day) (%)#

None 33 19 19 43 28 28

>0to <5 27 27 24 42 43 40

=5 19 34 32 15 28 32

Means (SD) or percentages, age standardised to distribution of study population.
*Not age standardised.

tZip code-level median household income from the US Census.

tCumulative average daily alcohol consumption.

g/day, grams per day; kcal/day, kilocalories per day.

adjustment for alcohol use (HR 1.91 (95% CI 1.17 to 3.12)).
This risk remained significant in the multivariable (MV) model
(HR 1.86 (95% CI 1.14 to 3.04)). Meta-analysing HRs from the
two cohorts produced similar results for current versus never
smoking (MV-adjusted HR for dsDNA+ SLE 1.81 (95% CI 1.10
to 2.96), Q value=0.01 with p=0.94, Tau?>=0), and no associ-
ation with overall SLE or dsDNA— SLE. In a ‘lagged’ analysis
allowing 4 years before SLE diagnosis, the risk of dsSDNA+ SLE
was potentially even more elevated among current versus never
smokers (MV-adjusted HR 1.93 (95% CI 1.17 to 3.18)).

In secondary analyses, we examined smoking in pack-years
(table 4). Based on the results of the restricted cubic splines, we
defined pack-years using an ordinal variable (0 pack-years, >0to

Table 2 Characteristics of participants at SLE diagnosis in Nurses’
Health Study and Nurses' Health Study Il by anti-double stranded
DNA (dsDNA) antibody status

Characteristics at SLE Overall SLE dsDNA+ SLE dsDNA- SLE
diagnosis (n=286) (n=121) (n=165)
Mean age at diagnosis, 49.2 (10.3) 49.9 (9.6) 48.7 (10.8)
years (SD)

White race (%) 91.6 88.4 93.9
Antinuclear antibody 97.6 98.4 97.0
positive (%)

Arthritis (%) 73.4 65.3 79.4
Haematological involvement 58.4 65.3 53.3

(%)

Renal involvement (%) 16.4 16.5 16.4
Mean number of ACR SLE 49(1.1) 5.2(1.2) 4.7 (0.9)
criteria met (SD)

Diagnosed by ACR member  79.0 76.0 81.2

rheumatologist (%)

ACR, American College of Rheumatology; dsDNA+, double stranded DNA positive;
dsDNA—, doublestranded DNA negative; SLE, systemic lupus erythematosus.

<10 pack-years, >10 pack-years). Although no significant associa-
tion for smoking in pack-years and risk of overall SLE or dsDNA—
SLE was demonstrated, women who smoked >10 pack-years had
a significantly elevated risk of dsDNA+ SLE (HR 1.60 (95% CI
1.04 to 2.45), p trend 0.04) compared with never smokers. In an
analysis cross-classifying smoking status with pack-years, current
smokers who smoked >10 pack-years had a potential 67%
increased risk of dsDNA+ SLE (HR 1.67 (95% CI 0.98 to 2.85),
p trend 0.07 across pack-year categories), but no increased risk of
SLE overall (HR 1.05 (95% CI 0.72 to 1.51), p trend 0.81). No
association was demonstrated between increased pack-years and
all SLE or dsDNA+ SLE among past smokers.

Among current smokers, increasing smoking intensity (=15
vs >0to <15 cigarettes/day) was not associated with increased
dsDNA+ SLErisk after MV adjustment (p=0.38). However,
among current smokers, increasing smoking duration was
related to increased dsDNA+ SLErisk (MV HR 1.85 (95% CI
1.09 to 3.13)) for those continuing to smoke for =20 years
compared with never smokers. No association was demonstrated
for increasing smoking duration and overall or dssDNA— SLE, or
among past smokers.

Among past smokers, no association between time since quit-
ting and risk of SLE or dsDNA— SLE was found. However, after
quitting smoking for >35 years, the risk of dsSDNA+ SLE was no
longer significantly elevated (HR 1.11 (95% CI 0.69 to 1.79)
vs never smokers), demonstrating a significant threshold in risk
reduction at >3§ years (figure 1).

Current smoking, but not past smoking (compared with never
smoking), was associated with a significantly increased risk
of dsDNA+/Sm+ SLE (HR 1.87 (95% CI 1.14 to 3.06)) and
dsDNA+/Sm-+/Ro+/La+ SLE (HR 1.84 (95% CI 1.15 to 2.93)).
However, no association was demonstrated between current or
past smoking (vs never smoking) and other SLE subtypes identi-
fied by autoantibody profiles (table 5).
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Table 3 Association between cigarette smoking status and risk of incident SLE among participants in Nurses' Health Study and Nurses’ Health
Study I1, overall and by anti-double stranded DNA (dsDNA) antibody status

Cigarette smoking status

Never Past Current
Overall SLE
Cases/person-years 148/3 074178 90/1 759 984 43/808 162
Age-adjusted HR (95% Cl)* 1.00 (ref) 1.12 (0.86 to 1.47) 1.07 (0.77 to 1.50)
Alcohol-adjusted HR (95% Cl)t 1.00 (ref) 1.22 (0.93 to 1.60) 1.17 (0.8 to 1.65)
Multivariable-adjusted HR (95% Cl)+ 1.00 (ref) 1.18 (0.89 to 1.55) 1.14 (0.81 to 1.61)
dsDNA+ SLE
Cases/person-years 56/3 073 263 39/1 759 395 26/807 828
Age-adjusted HR (95% CI)* 1.00 (ref) 1.29(0.85 to 1.95) 1.77 (1.09 to 2.88)
Alcohol-adjusted HR (95% ClI)t 1.00 (ref) 1.37 (0.89 t0 2.09) 1.91 (1.17 to 3.12)
Multivariable-adjusted HR (95% Cl)# 1.00 (ref) 1.31(0.85 to 2.00) 1.86 (1.14 to 3.04)
dsDNA- SLE
Cases/person-years 92/3 073 468 51/1 759 406 22/807 827
Age-adjusted HR (95% Cl)* 1.00 (ref) 1.02 (0.72 to 1.45) 0.72 (0.44 10 1.16)
Alcohol-adjusted HR (95% Cl)t 1.00 (ref) 1.13(0.79to 1.61) 0.79 (0.49 t0 1.29)
Multivariable-adjusted HR (95% Cl)$ 1.00 (ref) 1.09 (0.76 to 1.56) 0.76 (0.47 to 1.24)

p for heterogeneity between the cohorts >0.05 for all analyses.
*Adjusted for age (months), questionnaire cycle, cohort.
tAdditionally adjusted for alcohol intake (never, >0to <5 g/day, =5 g/day).

tAdditionally adjusted for race (White vs non-White), body mass index in WHO categories (18.5 to <25, 25 to <30, =30), zip code-level median household income from
US Census (=60000vs <60000), oral contraceptive use (ever/never), age at menarche (<10vs >10years), menopausal status and postmenopause hormone (PMH) use

(premenopausal, postmenopausal/never used PMH, postmenopausal/ever used PMH).
Bold numbers meet statistical significance threshold of p<0.05.

dsDNA+, double stranded DNA positive; dsDNA—, double stranded DNA negative; SLE, systemic lupus erythematosus; WHO, World Health Organization.

DISCUSSION

In these large prospective cohorts of women followed for many
years prior to SLE onset, we found a strong and specific asso-
ciation between smoking and dsDNA+ SLE. While no asso-
ciation was seen between smoking and risk of overall SLE,
dsDNA+ SLErisk was increased nearly twofold among current

smokers and by 60% among women who smoked >10 pack-
years, compared with never smokers. Risks of dsSDNA+/Sm+ and
dsDNA+/Sm+/Ro+/La+ SLE were similarly elevated among
current smokers. Among current smokers, dsDNA+ SLErisk
was nearly doubled after smoking =20 years and we found a
significant reduction in dsSDNA+ SLE risk after quitting smoking

Table 4 Association between cigarette smoking in pack-years and risk of incident SLE among participants in Nurses’ Health Study and Nurses’
Health Study II, overall and by anti-double stranded DNA (dsDNA) antibody status

Pack-years
Never smoker >0to <10 p Trend
Overall SLE
Cases/person-years 148/3 074 178 52/1 032 876 86/1 535 233
Age-adjusted HR (95% CI)* 1.00 (ref) 1.03 (0.75 to 1.41) 1.16 (0.88 to 1.54) 0.28
Alcohol-adjusted HR (95% Cl)t 1.00 (ref) 1.11 (0.81 to 1.54) 1.27 (0.96 to 1.68) 0.10
Multivariable-adjusted HR (95% Cl)+ 1.00 (ref) 1.09 (0.79 to 1.51) 1.22 (0.92 to 1.61) 0.18
dsDNA+ SLE
Cases/person-years 56/3 073 263 24/1 032 491 41/1 534 731
Age-adjusted HR (95% CI)* 1.00 (ref) 1.27 (0.78 to 2.05) 1.57 (1.04 to 2.39) 0.04
Alcohol-adjusted HR (95% ClI)t 1.00 (ref) 1.35(0.83 t0 2.20) 1.68 (1.10 to 2.58) 0.02
Multivariable-adjusted HR (95% Cl)$ 1.00 (ref) 1.32 (0.81 t0 2.16) 1.60 (1.04 to 2.45) 0.04
dsDNA- SLE
Cases/person-years 92/3 073 468 28/1 032 494 45/1 534 739
Age-adjusted HR (95% Cl)* 1.00 (ref) 0.88 (0.57 to 1.35) 0.93 (0.64 to 1.35) 0.75
Alcohol-adjusted HR (95% Cl)t 1.00 (ref) 0.97 (0.63 to 1.49) 1.03 (0.70 to 1.50) 0.87
Multivariable-adjusted HR (95% Cl)+ 1.00 (ref) 0.94 (0.61 to 1.46) 0.98 (0.67 to 1.44) 0.96

p for heterogeneity between the cohorts >0.05 for all analyses.
*Adjusted for age (months), questionnaire cycle, cohort.
tAdditionally adjusted for alcohol intake (never, >0to <5 g/day, =5 g/day).

tAdditionally adjusted for race (White vs non-White), body mass index in WHO categories (18.5 to <25, 25 to <30, >30), zip code-level median household income from
US Census (=60000vs <60000), oral contraceptive use (ever/never), age at menarche (<10vs >10years), menopausal status and postmenopause hormone (PMH) use

(premenopausal, postmenopausal/never used PMH, postmenopausal/ever used PMH).
Bold numbers meet statistical significance threshold of p<0.05.

dsDNA+, double stranded DNA positive; dsDNA—, double stranded DNA negative; SLE, systemic lupus erythematosus; WHO, World Health Organization.
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Figure 1 Association of smoking cessation and risk of anti-double

stranded DNA positive (dsDNA+) SLE among participants in Nurses'
Health Study and Nurses’ Health Study II. p for heterogeneity between
the cohorts >0.05 for all analyses. *Adjusted for age (months),
questionnaire cycle, cohort, alcohol intake (never, >0 to <5 g/day,
=5 g/day), race (White vs. non-White), body mass index in WHO
categories (18.5 to <25, 25 to <30, =30) , zip code-level median
household income from U.S. census (=60,000 versus <60,000), oral
contraceptive use (ever/never), age at menarche (<10 vs. >10 years),
menopausal status and post-menopause hormone (PMH) use (pre-
menopausal, post-menopausal/never used PMH, post-menopausal/
ever used PMH). Cl, confidence interval; HR, hazard ratio; MV,
multivariable; SLE, systemic lupus erythematosus.

for >5 years. Thus, we found positive short-term risk using time-
varying updated smoking status and long-term risk using cumu-
lative cigarette smoking in pack-years over up to 37 years. This
is the largest and longest prospective study to investigate SLE
risk using repeated measures of smoking exposure. These studies
newly describe a specific association between current smoking
and the subtype of SLE characterised by dsDNA antibodies.

Our findings are consistent with and extend prior studies.
Although epidemiologic studies of smoking and SLE risk have
been somewhat conflicting,® *° 2! our earlier meta-analysis
of seven case—control and two cohort studies demonstrated
elevated SLE risk among current smokers (OR 1.5, 95% CI 1.09
to 2.08) compared with non-smokers, but not past smokers
(OR 0.98, 95%CI 0.75 to 1.27).% Since then, additional case—
control studies have demonstrated an elevated SLE risk among
smokers compared with never smokers.”® % Prior studies
included heterogeneous groups with varying race/ethnicities—
with no association for smoking and SLE among black women, "’
a significantly increased risk among predominantly Hispanic
smokers®” and varied risks among Asian subgroups.®®

Several case—control studies have reported dose-response
relationships for SLE risk with increasing pack-years.® *' ** Two
past prospective cohort studies, the NHS (1996) and the Black
Women’s Health Study (BWHS, 2003), did not demonstrate
significant associations between smoking and SLE risk.” '° Both
cohorts were limited at the time by small sample size, one-time
baseline assessment of exposure in BWHS and short exposure
duration.

In a recent case—control study, current smoking was associated
with presence of =1SLE-related autoantibody (OR 1.53 (95%
CI 1.04 to 2.24)) and an increased rate of anti-RNP A positivity
among patients with SLE, whereas former smoking was associ-
ated with increased risk of anti-Ro positivity among unaffected
first-degree relatives.”® Although our study was underpowered to
evaluate the risk of all SLE-related antibody subtypes individu-
ally, our results demonstrate a strong association between current
smoking and dsDNA+/Sm+ and dsDNA+/Sm+/Ro+/La+ SLE

subtypes. Anti-dsDNA+ SLE may also be a more homogeneous
and severe phenotype than dsDNA— SLE, possibly explaining
the stronger association with smoking.

Epidemiologic evidence suggests that tobacco smoke exposure
is associated with other autoimmune diseases such as RA, Graves’
disease and primary biliary cirrhosis.**>° Notably, our find-
ings parallel RA studies demonstrating an association between
smoking and increased risk of seropositive RA (with rheuma-
toid factor and/or anti-cyclic citrullinated peptide antibodies),
but not seronegative RA.**! We have previously demonstrated
increased risk of seropositive RA among both current (relative
risk (RR) 1.58 (1.21-2.06)) and past smokers (RR 1.60 (1.27-
2.02)), and with =10 pack-years of smoking, as well as with
increased smoking duration and intensity compared with never
smokers.”’ However, whereas RA risk remained elevated until 20
years after smoking cessation,” here we find dsDNA+ SLE risk
was reduced after >3 years of smoking cessation.

Our results suggest a biological role for smoking in the devel-
opment of dsDNA+ SLE, although the mechanistic basis is not
yet understood. Exposures to toxic components from cigarette
smoke (eg, tars, nicotine, carbon monoxide, polycyclic aromatic
hydrocarbons and free radicals) induce oxidative stress, damage
endogenous proteins and DNA, and lead to genetic mutations
and gene activation.* Toxic smoke components also induce
epigenetic changes, resulting in altered gene expression affecting
immunity* ** and production of proinflammatory cytokines
including tumour necrosis factor-o. and interleukin-6.*"
Smoking also stimulates surface expression of CD95 on B and
CD4+ T cells, potentially leading to ineffective clearing of
apoptotic neutrophils and dsDNA autoantibody production.®” *
Reactive oxygen species from tobacco damage DNA, forming
immunogenic DNA adducts, which may result in dsDNA anti-
body production.”® * As in many tobacco-induced complex
diseases, genetic background likely plays a role in whether a
smoker will develop dsDNA antibodies and SLE. In a past case—
control study, the cytochrome P450 1A1 rs4646903 and gluta-
thione S-transferase M1 deletion genotypes, both involved in
detoxification pathways, were associated with greatly increased
SLE risk among smokers (OR 17.5 (95% CI 3.20 to 95.9)).%
Our study was not designed to investigate disease mechanisms,
and future research investigating gene—environment interactions
and epigenetic modifications is warranted.

A major strength of the current study is the use of two
large cohorts with over 5.6million person-years of prospec-
tive follow-up. Detailed exposure data updated every 2years
allowed for evaluation of smoking status, cumulative smoking
in pack-years, duration, intensity and time since quitting,
enhancing precision and reducing the likelihood of misclassi-
fication of exposure, within-subject variation and recall biases.
Autoantibody status was assessed at SLE diagnosis, minimising
the possibility that SLE-specific antibodies may have normalised
after drug treatment. Furthermore, our ‘lagged’ analysis demon-
strated a potentially greater risk of current smoking for incident
dsDNA+ SLE, suggesting that smokers may quit in the years
immediately preceding SLE diagnosis. Our stringent method for
SLE classification along with identification of SLE-associated
antibodies increased the likelihood that identified cases were
truly SLE.

Given our stringent definition of SLE, we may have excluded
possible SLE cases upon medical record review that later may
have become more clinically apparent. As we assessed dsDNA,
Sm, Ro, La seropositivity at SLE diagnosis, cases that later devel-
oped these antibodies may have been misclassified as being
negative. However, given that SLE-related antibodies become
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Table 5 Association between cigarette smoking status and risk of incident systemic lupus erythematosus (SLE) among participants in Nurses’
Health Study and Nurses' Health Study Il, overall and by SLE autoantibody subtypes

Cigarette smoking status

Never

Past

Current

dsDNA+/Sm+ SLE
Cases/person-years

56/3 073 179

40/1 759 315

26/807 775

Age-adjusted HR (95% Cl)* 1.00 (ref) 1.31(0.87 to 1.98) 1.77 (1.09 to 2.88)

Multivariable-adjusted HR (95% Cl)t 1.00 (ref) 1.33(0.87 t0 2.03) 1.87 (1.14 to 3.06)
dsDNA- and Sm— SLE

Cases/person-years 92/3 073 375 50/1 759 273 22/807 765

Age-adjusted HR (95% Cl)* 1.00 (ref) 1.00 (0.71 to 1.43) 0.72 (0.44 t0 1.16)

Multivariable-adjusted HR (95% Cl)t 1.00 (ref) 1.07 (0.75 to 1.54) 0.76 (0.47 to 1.24)

Ro+/La+ SLE

Cases/person-years 19/3 072 720 15/1 759 053 3/807 523

Age-adjusted HR (95% Cl)* 1.00 (ref) 1.37 (0.68 to 2.75) 0.85 (0.25 t0 2.94)

Multivariable-adjusted HR (95% Cl)t 1.00 (ref) 1.42 (0.69 to 2.91) 0.85 (0.25 to 2.94)
Ro- and La— SLE

Cases/person-years 129/3 073 859 7511 759 629 45/808 032

Age-adjusted HR (95% Cl)* 1.00 (ref) 1.08 (0.81 to 1.45) 1.09 (0.77 to 1.55)

Multivariable-adjusted HR (95% Cl)t 1.00 (ref) 1.14 (0.85 to 1.54) 1.18 (0.82 to 1.68)
dsDNA+/Sm+/Ro+/La+ SLE

Cases/person-years 63/3 073 307 48/1 759 419 28/807 833

Age-adjusted HR (95% Cl)* 1.00 (ref) 1.39 (0.94 t0 2.03) 1.75 (1.10 to 2.78)

Multivariable-adjusted HR (95% Cl)t 1.00 (ref) 1.41 (0.95 to 2.09) 1.84 (1.15 to0 2.93)
dsDNA- and Sm— and Ro— and La— SLE

Cases/person-years 85/3073 202 42/1 759 200 20/807 715

Age-adjusted HR (95% Cl)* 1.00 (ref) 0.92 (0.63 to 1.35) 0.67 (0.41 t0 1.11)

Multivariable-adjusted HR (95% CI)t 1.00 (ref) 0.99 (0.67 to 1.45) 0.72 (0.43 t0 1.20)

p for heterogeneity between the cohorts >0.05 for all analyses.
*Adjusted for age (months), questionnaire cycle, cohort.

tAdditionally adjusted for alcohol intake (never, >0to <5 g/day, =5 g/day), race (White vs non-White), body mass index in WHO categories (18.5 to <25, 25 to <30, =30) , zip
code-level median household income from US Census (=60000vs <60 000), oral contraceptive use (ever/never), age at menarche (<10vs >10years), menopausal status and
postmenopause hormone (PMH) use (premenopausal, postmenopausal/never used PMH, postmenopausal/ever used PMH).

Bold numbers meet statistical significance threshold of p<0.05.

dsDNA, anti-double stranded DNA antibodies; dsDNA+/Sm-+, dsDNA and/or Sm positive; dsDNA+/Sm-+/Ro+/La+, dsDNA and/or Sm and/or Ro and/or La positive; dsSDNA—/Sm—/
Ro—/La—, dsDNAand Sm and Ro and La negative; dsDNA— and Sm—, dsDNA and Sm negative; La, anti-La antibodies; Ro, anti-Ro antibodies; Ro+/La+, Roand/or La positive;
Ro- and La—, Roand La negative; Sm, anti-Smith antibodies; WHO, World Health Organization.

positive years before diagnosis,*" this misclassification was likely
uncommon. Furthermore, as NHS/NHSII enrolled women
between the ages of 25 and 55, our study may not have captured
early-onset SLE. Additionally, given that the NHS cohorts
include mostly healthy, White US women working in advanced
nursing professions, there is a potential lack of generalisability to
younger women, men and non-Whites. It is not known whether
the association between smoking and dsDNA+ SLE may vary by
sex, age or race/ethnicity.?

This study demonstrates a strong and specific association
between current smoking and risk of dsDNA+ SLE, a severe
subtype of SLE. Current smoking and smoking >10 pack-years
were associated with increased risk of dsDNA+ SLE, and SLE
subtypes characterised by dsDNA+/Sm+ or dsSDNA+/Sm+/Ro+/
La+. Further studies may be able to assess the association between
smoking and SLE with individual autoantibodies, although this
may be challenging as they are highly intercorrelated. Smoking
cessation was shown to reduce dsDNA+ SLErisk to that of
non-smokers after 5 years, suggesting that dsDNA+ SLErisk is
modifiable. These findings have implications for SLE prevention
efforts using personalised strategies for risk stratification and
modification. They also demonstrate the importance of studying
specific SLE subtypes and provide insight into potential mecha-
nisms of disease pathogenesis warranting further research.
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EXTENDED REPORT

Anticitrullinated protein/peptide antibody
multiplexing defines an extended group of ACPA-
positive rheumatoid arthritis patients with distinct
genetic and environmental determinants

Johan Rénnelid," Monika Hansson,? Linda Mathsson-Alm,"* Martin Cornillet,*
Evan Reed.’ Per-Johan Jakobsson,? Lars Alfredsson,” Rikard Holmdahl.® Karl Skriner’

Guy Serre,* Karin Lundberg,® Lars Klareskog?

ABSTRACT

Introduction The second generation
anticycliccitrullinated peptide (anti-CCP2) assay detects
the majority but not all anticitrullinated protein/peptide
antibodies (ACPA). Anti-CCP2-positive rheumatoid
arthritis (RA) is associated with HLA-DRB1* shared
epitope (SE) alleles and smoking. Using a multiplex assay
to detect multiple specific ACPA, we have investigated
the fine specificity of individual ACPA responses and the
biological impact of additional ACPA reactivity among
anti-CCP2-negative patients.

Methods We investigated 2825 patients with RA and
551 healthy controls with full data on anti-CCP2, HLA-
DRB1* alleles and smoking history concerning reactivity
against 16 citrullinated peptides and arginine control
peptides with a multiplex array.

Results The prevalence of the 16 ACPA specificities
ranged from 9% to 58%. When reactivity to arginine
peptides was subtracted, the mean diagnostic sensitivity
increased by 3.2% with maintained 98% specificity.

Of the anti-CCP2-negative patients, 16% were found

to be ACPA positive. All ACPA specificities associated
with SE, and all but one with smoking. Correction for
arginine reactivity also conveyed a stronger association
with SE for 13/16 peptides. Importantly, when all ACPA
specificities were analysed together, SE and smoking
associated with RA in synergy among ACPA positive, but
not among ACPA-negative subjects also in the anti-
CCP2-negative subset.

Conclusions Multiplexing detects an enlarged group
of ACPA-positive but anti-CCP2-negative patients with
genetic and environmental attributes previously assigned
to anti-CCP2-positive patients. The individual correction
for arginine peptide reactivity confers both higher
diagnostic sensitivity and stronger association to SE than
gross ACPA measurement.

INTRODUCTION

The first publication on the highly specific antic-
itrullinated protein/peptide antibodies (ACPA)
already showed that there was vast epitope hetero-
geneity between individual patients with rheuma-
toid arthritis (RA)." The anticyclic citrullinated
peptide 2 (anti-CCP2) assay includes a mixture of
peptides aiming at optimising diagnostic sensitivity
while keeping the diagnostic specificity high.* This

test and other general ACPA tests have allowed the
subcategorisation of patients with RA with respect
to ACPA status.’ *

Since the discovery of ACPA, there has been
an extensive search for citrullinated autoantigens
inside and outside rheumatic joints with an aim to
define structures of importance for the initiation
and progression of ACPA responses in patients with
RA. The list of autoantigens encompasses epitopes
on, for example, filaggrin,”™® fibrin/fibrinogen,” "
vimentin,*™ alpha-enolase'® and collagen type
ILY7 18 Such compartmentalisation of the ACPA
response has proven useful. In 2009, Madhi ez al
showed that the smoking-HLA-DRB1* shared
epitope (SE) association previously attributed to
anti-CCP2-positive RA patients was mostly confined
to patients double positive for antibodies against
CCP2 and CEP-1, the immunodominant citrul-
linated alpha-enolase epitope, whereas patients
single positive for anti-CCP2 showed a much lower
degree of association.'® ' Such studies have since
been repeated with larger panels of specific ACPA
reactivities including citrullinated vimentin peptides
and being used for the immunological subsetting of
RA in the context of genes such as SE and PTPN22,
as well as smoking.*’*!

To facilitate such subsetting studies, we have
developed a peptide microarray for the parallel
detection of autoantibodies against multiple citrul-
linated peptides. A proof-of-concept study was
published in 2012, where we investigated reac-
tivity against 12 different citrullinated peptides
in 927 patients with RA and 461 healthy controls
from the Epidemiological Investigations in Rheu-
matoid Arthritis (EIRA) case—control study.*?
We described varying sensitivity at the same
predefined high specificity (98%) for individual
ACPA, with some of them approaching but never
surpassing the anti-CCP2 sensitivity. Although the
majority of ACPA peptide-positive patients were
also anti-CCP2 positive, there were a considerable
number of ACPA peptide-positive patients also in
the anti-CCP2 negative subset.

A number of studies have described non-specific
anti-CCP2 responses in, for example, tubercu-
losis,” ** hepatitis C,° %* autoimmune hepatitis*’
and Leishmania donovani infection.”®  Such
non-specific responses have been demonstrated by
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comparing the ELISA reactivity against the CCP2 with reactivity
against identical plates coated with the parallel native peptides
containing the original arginine residues instead of citrulline
or only blocked wells. Due to conventional assay configura-
tion, such individual controls are almost never performed in
routine ACPA testing in clinical laboratories. The microarray
format, however, easily allows simultaneous evaluation of reac-
tivity against citrullinated peptides and their arginine-containing
counterparts.”*

In the present study, we have investigated the biolog-
ical significance of additional ACPA reactivity among
anti-CCP2-negative individuals, and we have related each
individual ACPA response to reactivity with the analogue argi-
nine-containing peptide.

PATIENTS AND METHODS

Subjects

Patients and controls from the EIRA case-control study were
included, for the RA patients within 12 months after first symp-
toms. Patients were aged between 18 and 70 years and diagnosed
according to the 1987 American College of Rheumatology
(ACR) criteria by a rheumatologist, and sampling was performed
at the first visit before disease-modifying anti-rheumatic drug
(DMARD) treatment.”’ Controls were matched for age, sex and
residential area. Data on smoking habits were retrieved by ques-
tionnaire at inclusion, and patients and controls were genotyped
for HLA-DRB1* and grouped in relation to SE alleles. More
information about EIRA can be found elsewhere.’ *°

In total 2934 patients and 624 controls were investigated.
Due to the propensities of certain sera (eg, direct binding to all
peptides containing streptavidin) and high background reac-
tivity to the microarray surface, 118 samples (74 patients and 44
controls) were excluded. Two patients and two controls lacked
anti-CCP2 data, 24 patients and 13 controls lacked information
about HLA-DRB1* alleles and smoking information was missing
for 24 patients and 13 controls. A total of 109 patients and 73
controls were excluded, leaving 2825 patients and 551 controls
for the final analysis.

Serum samples were drawn at the time of inclusion in EIRA
and thereafter stored frozen at —70°C. All subjects had given
informed consent, and ethical approval was granted by the Karo-
linska Institutet ethics committee.

ACPA microarray

ACPA reactivity was measured using a custom-made microarray
based on the ImmunoCAP ISAC system (Phadia AB, Uppsala,
Sweden), originally constructed for evaluation of multiple
allergy reactivities.”' ** A full description of the microarray tech-
nology was published previously.?” Sixteen citrullinated ACPA
peptides were investigated (see online supplementary table 1).
Reactivity against non-citrullinated arginine-containing control
peptides were investigated in parallel for all peptides, except for
the citrullinated collagen type II peptide CII359-369 (citC1),
where the control peptide is an autoantigen in itself and where
the conformational epitopes are destroyed by citrullination.'®
Fluorescense intensities were normalised and expressed as arbi-
trary units.

Statistics

As ACPA responses are non-normally distributed, non-para-
metric statistics were used throughout the study. Diagnostic
sensitivity was calculated in two ways. In the first (henceforth

referred to as gross reactivity), gross data were evaluated and
the 98th percentile among the controls were used as cut-off.
In the second, net ACPA reactivity defined as the difference
in arbitrary units between citrullinated and arginine peptides
were calculated, and the 98th percentile for that difference
among the controls used as cut-off. Additive sensitivity and
specificity was calculated either from the full cohort, or
starting from the anti-CCP2 sensitivity of 64.46% (1821/2825
patients positive) and specificity of 98.37% (9/551 controls
positive) and thereafter adding the ACPA peptide that added
most patients. Thereafter, the process was reiterated seven
times, each time defining the ACPA specificity with the highest
prevalence in the remaining group, and finally performed
for all 16 peptides. For the calculation of the additive sensi-
tivity and specificity for multiple ACPA reactivities as well
as for determination of SE and smoking association among
anti-CCP2 negative subjects, an alternative 99.5% specificity
cut-off was evaluated in parallel. SE and smoking associations
were expressed as OR with 95% ClIs. Statistics were performed
using the JMP11 and Prism 6 softwares.

RESULTS

Use of arginine-subtracted ACPA data conveys higher
diagnostic sensitivity and stronger association to SE alleles
To address the question concerning whether correction
for background reactivity against arginine peptides would
enhance the performance of the assay, the diagnostic sensi-
tivity for individual ACPA peptides was evaluated both using
gross and arginine-subtracted data. Out of the 15 peptides
investigated in both ways, 12 showed higher diagnostic sensi-
tivity when using arginine-subtracted data. There was a size-
able difference in sensitivity gain by using arginine-subtracted
data, with total sensitivity for the two peptides Pept Z2 and
Fibo:621-635 increasing 10.55% and 7.36%, respectively. The
mean increase in diagnostic sensitivity for all ACPA specific-
ities was 3.20% (table 1). For the three peptides where raw
data showed the highest sensitivity, the difference was negli-
gible (0.11%-0.25%). Co-occurrence of reactivity against
individual citrullinated peptides is described in online supple-
mentary table 2.

We then compared the individual association to SE for 15
peptides using both gross and arginine-subtracted data among
the 2825 patients with RA, for each comparison using the
negative patients as controls. The arginine-subtracted data
yielded higher OR for SE for 12/15 peptides, whereas only
3/15 showed higher OR when gross data were used (table 2).
The three peptides showing marginally decreased sensitivity
after arginine subtraction (table 1) were also the same showing
a marginal decrease in OR. The differences in OR were
however small and overlapping between raw and arginine-sub-
tracted data (table 2).

We hypothesised that the increase in sensitivity after subtrac-
tion of arginine peptide reactivity might be due to differences
between patients and controls concerning reactivity against
arginine peptides. Indeed, as shown in (see online supple-
mentary table 3), controls showed higher reactivity to 13/15
arginine-containing peptides than did patients with RA. Thus,
individual subtraction of arginine peptide values increased the
difference between mostly ACPA-positive patients and mostly
ACPA-negative controls.

As arginine-subtracted data both increased the diagnostic
sensitivity and association to HLA SE among patients with RA,
arginine-subtracted data have been used below.

204 Ronnelid J, et al. Ann Rheum Dis 2018;77:203—211. doi:10.1136/annrheumdis-2017-211782


https://dx.doi.org/10.1136/annrheumdis-2017-211782
https://dx.doi.org/10.1136/annrheumdis-2017-211782
https://dx.doi.org/10.1136/annrheumdis-2017-211782
https://dx.doi.org/10.1136/annrheumdis-2017-211782
https://dx.doi.org/10.1136/annrheumdis-2017-211782
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com
Clinical and epidemiological research

Table 1 Comparison of diagnostic sensitivity for 16 ACPA peptides between raw data for citrullinated peptides and net data where the responses
for the corresponding arginine-containing control peptides had been subtracted from patients and controls before calculation

Difference in sensitivity

Number positive Diagnostic sensitivity between arginine-
Number positive Diagnostic sensitivity ~ arginine-subtracted arginine-subtracted subtracted and raw data
raw data raw data (%) data data (%) (%)
Fil307-324 (CCP1) 1193 42.23 1234 43.68 1.45
Vim60-75 1235 43.72 1232 43.61 -0.11
Vim2-17 877 31.04 911 32.25 1.20
Fibp36-52 1313 46.48 1413 50.02 3.54
Fibo:563-583 1134 40.14 1210 42.83 2.69
Fibo580-600 579 20.50 572 20.25 -0.25
Fibat621-635 923 32.67 1131 40.04 7.36
Fiba36-50 458 16.21 467 16.53 0.32
Fibp60-74 1635 57.88 1631 57.73 -0.14
Eno5-21 (CEP-1) 1332 47.15 1410 49.91 2.76
Pept Z1 1392 49.27 1513 53.56 4.28
Pept 72 1018 36.04 1316 46.58 10.55
Pept-1 854 30.23 1017 36.00 5.77
Pept-5 1474 52.18 1504 53.24 1.06
Bla-26 859 30.41 900 31.86 1.45
ClI359-369 (citC1) 255 9.03 NA NA NA
mean
3.20

Anti-CCP2 (conventional cut-off) 1821 64.46

Data are based on investigation of the 2825 RA patients with full anti-CCP2, HLA and smoking data, and the cut-offs were set at the 98% specificity level determined from 551
healthy controls. For comparison, raw data have been included on the collagen peptide where no arginine subtraction has been made. In the bottom right, the mean change in
diagnostic sensitivity when using arginine-subtracted data is shown.

ACPA, anticitrullinated protein/peptide antibodies; CCP2, cyclic citrullinated peptide 2; NA, notapplicable; RA, rheumatoid arthritis.

Table 2 HLA-DRB1* shared epitope (SE) association for 16 citrullinated peptides among patients with RA from the EIRA cohort

No SE Any SE

No SE Any SE Number not reacting/ Number not reacting/ OR

Number not reacting/ Number not reacting/ OR number reacting number reacting (95%Cl)

number reacting number reacting (95%Cl) Arginine-subtracted  Arginine-subtracted  Arginine-subtracted
Peptide Raw data Raw data Raw data data data data
Fil307-324 (CCP1) 542/201 1090/992 2.45 (2.04 to 2.95) 536/207 1055/1027 2.52(2.10 to 3.02)
Vim60-75 610/133 980/1102 5.16 (4.20 to 6.34) 612/131 981/1101 5.24 (4.26 to 6.45)
Vim2-17 630/113 1318/764 3.23(2.60t0 4.02)  623/120 1291/791 3.18 (2.57 to 3.94)
Fibp36-52 530/213 982/1100 2.79 (2.33 to 3.34) 520/223 892/1190 3.11(2.60 to 3.72)
Fibo:563-583 586/157 1105/977 3.30(2.71 to 4.01) 577166 1038/1044 3.50 (2.88 to 4.24)
Fiba580-600 668/75 1578/504 2.84(2.20to 3.69)  668/75 1585/497 2.79(2.16 to 3.62)
Fiba621-635 607/136 1295/787 2.71(2.21 to 3.33) 567/176 11271955 2.73 (2.26 to 3.30)
Fiba:36-50 636/107 1731/351 1.20 (0.95to 1.52) 634/109 1724/358 1.21(0.96 to 1.52)
Fibp60-74 510/233 680/1402 4.51 (3.77 to 5.40) 511/232 683/1399 4.51 (3.77 to 5.40)
Eno5-21 (CEP-1) 5731170 920/1162 4.26 (3.51 to 5.16) 559/184 856/1226 4.35 (3.61 to 5.25)
Pept Z1 555/188 878/1204 4.05 (3.36 to 4.88) 5317212 781/1301 4.17 (3.48 to 5.01)
Pept 72 605/138 1202/880 3.21(2.62 to 3.94) 558/185 951/1131 3.59 (2.97 to 4.33)
Pept-1 619/124 1352/730 2.70 (2.18 to 3.33) 600/143 1208/874 3.04 (2.48 to 3.72)
Pept-5 525/218 826/1256 3.66 (3.06 to 4.39) 519224 802/1280 3.70 (3.09 to 4.43)
Bla-26 607/136 1359/723 2.37 (1.93 to 2.92) 608/135 1317/765 2.61(2.13 to 3.22)
Cl1359-369 (citC1) 702/41 1868/214 1.96 (1.39 to 2.77) NA NA NA

Data are shown both for raw data and for net data where the responses for the corresponding arginine-containing control peptides had been subtracted for each peptide
(arginine-subtracted data). For each ACPA peptide, the OR version showing the strongest association is italicised and significant associations are depicted in bold letters. The
reference groups are the patients not reacting with the investigated peptide in that comparison. For comparison, data have been included on the collagen peptide where no
arginine subtraction has been made. Data are based on investigation of the 2825 RA patients with full anti-CCP2, HLA and smoking data, and the cut-offs were set at the 98%
specificity level determined from 551 healthy controls.

ACPA, anticitrullinated protein/peptide antibodies; CCP2, cyclic citrullinated peptide 2; EIRA, Epidemiological Investigations in Rheumatoid Arthritis; NA, notapplicable; RA,
rheumatoid arthritis.
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patients. In (A) and (B), all patients were investigated, and in (C) and (D), the anti-CCP2 negative subset. Sensitivity (64.46%) and specificity (98.37%)
for anti-CCP2 are marked as horizontal dotted lines. In each panel, two optional lines are shown, based on 98% and 99.5% diagnostic specificity

for the individual peptides, determined from 551 healthy controls. In panels (A) and (B), the order of the first eight peptides are FibB60-74, Pept-5,
FibB36-52, Eno5-21, Fibai36-50, Fiba621-635, Pept-1 and Fil307-324 at the 98% specificity level, and Pept-5, Fib360-74, Pept-1, Pept-Z1, Fib336-52,
Eno5-21, FibB621-635 and Fil307-324 at the 99.5% specificity level. In panels (C) and (D), the corresponding orders were Fib360-74, Fibo36-50,
Pept-5, Fiba621-635, FibB36-52, Fiba'580-600, Pept-1 and Pept-Z1 at the 98% specificity level, and Fib360-74, Pept-5, Pept-1, Fib336-52, Fiba:36-50,
Fibat621-635, Eno5-21 and Bla-26 at the 99.5% specificity level. CCP2, cyclic citrullinated peptide 2.

Increase in sensitivity and decrease in specificity by
sequentially adding individual peptides to the assay

The individual diagnostic sensitivity for the evaluated peptides
are shown in table 1 and varied between 16.53% and 57.73%
after arginine subtraction. For the citrullinated type II collagen
peptide CII359-369 where no arginine subtraction was
performed, the sensitivity was 9.03%.

Thereafter, combinations of individual peptides were evalu-
ated concerning their propensity to identify patients in the full
RA group and within the anti-CCP2-negative RA subset. When
using 98th percentile cut-offs, sequential addition of peptides
increased the sensitivity from 57.73% for 1 peptide to 74.69%
for 8 peptides and 77.95% for all 16 peptides. This increase
in sensitivity was associated with a drop in diagnostic speci-
ficity from 98.19% for one peptide, 87.11% for eight peptides
and 80.22% for all 16 peptides. When using 99.5% specificity
cut-offs, addition of eight peptides increased the total sensi-
tivity to 66.65% with maintenance of a rather high specificity
(97.46%). For all 16 peptides, sensitivity was 68.04% and
specificity was 95.10% (figure 1A, B).

Using the 98th percentile cut-off, sequential addition of
peptides increased the anti-CCP2 sensitivity (64.46%) to 76.04%
for eight added peptides and to 78.69% for all 16 peptides; the
corresponding specificities were 98.37% (anti-CCP2 only),
86.75% and 79.67%. With 99.5% percentile cut-offs, addition
of eight peptides increased the total sensitivity to 70.09% with
95.64% specificity. For all 16 peptides, sensitivity was 70.73%
and specificity was 94.01% (figure 1C, D).

The distribution of number of ACPA specificities is shown in
online supplementary figure 1. All patients analysed together
showed a bimodal distribution with maxima around 0 and 13
specificities respectively (mean 6.27). This distribution was
explained as an overlap of anti-CCP2 positive with mode 13
and mean 9.21 specificities and anti-CCP2-negative patients
with mode 0 and mean 0.94 specificities. The low mean for
the anti-CCP2-negative patients was however more than
three times higher than for the healthy controls with mean
0.30 specificities. Only two controls had more than 4 ACPA
specificities, 11 and 14 respectively, and both were anti-CCP2
positive.
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Individual peptide reactivity and association to SE and
smoking

When RA patients showing reactivity to individual ACPA
peptides were compared with patients not reacting with any
ACPA peptides, all peptides showed a significant association
to SE and all but one associated to a history of ever smoking.
The OR for SE association varied between 3.16 and 8.09 (mean
OR 5.69, 18.0% coefficiency of variation (CV%)) and was
substantially higher than for the association to smoking (OR
between 1.34 and 1.98, mean OR 1.71, 8.4 CV%). We there-
after investigated the SE and smoking associations among the
anti-CCP2-negative patients for individual peptides. Six out of
16 peptides showed an individual SE association (mean OR for
all 16 peptides 1.76, 40.4 CV%), and only 1/16 associated with
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Figure 2

smoking (mean OR 1.14, 27.7 CV%) and OR was generally
much lower and showed higher variability than for the full RA
cohort (figure 2 and online supplementary table 4).

The number of ACPA specificities varied with occurrence of SE,
with a mean of 3.45 ACPA peptides for SE-negative and 7.28 for
SE-positive patients (see online supplementary figure 2). Number
of ACPA also related to the number of SE alleles; SE heterozygous
patients showed a bimodal distribution very much like the total
RA population with a mean of 6.59 peptides, while SE homozy-
gous individuals showed a clear mode around 12, with a mean of
8.67 reactivities. When two-way analysis of variance (ANOVA)
was applied using anti-CCP2 and SE status as independent vari-
ables, both associated to number of ACPA peptides (p<0.0001 for
both), with a significant interaction (p=0.0010, data not shown).
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Individual association between (A and B) HLA-DRB1* shared epitope or (C and D) smoking with the occurrence of antibodies against 16

citrullinated peptides among 2825 RA patients. Analysis was performed for both (A and C) all patients and (B and D) the anti-CCP2-negative patient
subset (n=1004). Arginine control values have been subtracted before calculation for the first 15 peptides, and raw data have been used for the
collagen type Il peptide Cl1359-369. Cut-off was set at the 98th percentile for 551 healthy controls. Results are shown as ORs with 95% Cls. ORs for
significant associations are depicted as filled quadrants and for non-significant associations as filled circles. The corresponding figures are shown in

online supplementary table 4. CCP2, cyclic citrullinated peptide 2.
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A history of smoking also associated with higher number
of ACPA specificities: never smokers reacted with a mean of
5.14 peptides, whereas ever smokers had 6.79 peptide reactiv-
ities as a mean (see online supplementary figure 2). Although
this smoking association partly depended on the co-occurrence
with HLA SE, a significant difference (p=0.0035) remained
between the number of ACPA specificities among SE negative
never smokers (mean 2.59, median 1) and SE negative ever
smokers (mean 3.90, median 1; data not shown). Two-way
ANOVA confirmed that number of ACPA specificities asso-
ciated with both ever smoking status and SE (p<0.0001 for
both), but without any interaction (p=0.55, data not shown).

Among anti-CCP2-negative patients HLA SE and smoking act
in synergy as risk factors for ACPA peptide-positive but not
for ACPA peptide-negative RA

We next investigated whether ACPA peptide reactivity asso-
ciate with RA risk independent of anti-CCP2. Anti-CCP2-neg-
ative subjects (1004 patients with RA and 542 controls) were
investigated in relation to SE and smoking history. As the
combination of any of 16 peptide reactivities at the 98% spec-
ificity level creates a very low specificity (figure 1), we defined
=2 peptide reactivities as the cut-off for general ACPA peptide

/" Ever smokers
Vs
/" Never smokers

/' Ever smokers
S

i Never smokers
No SE

—

Any SE

positivity, in agreement with a previous publication.*® Occur-
rence of SE together with smoking history associated with
significantly increased OR for RA (OR 3.55, CI 1.24 to 10.14),
but only among ACPA-positive subjects (figure 3A, B and
table 3). Also, using the 99.5% cut-off for individual peptides,
SE and smoking history in synergy associated with RA risk
among ACPA peptide positive (OR 3.86, CI 1.08 to 13.83) but
not among ACPA-negative subjects in the anti-CCP2-negative
subgroup (figure 3C, D and online supplementary table 5).

When using a 98% specificity cut-off for individual peptides
and regarding =1reactivity as positive, the corresponding
association remained barely significant (OR 1.86; CI 1.02 to
3.39; see online supplementary table 6).

DISCUSSION

In this study we have shown that our ACPA microarray defines
an ACPA-positive subgroup among anti-CCP2-negative patients
that shows the same HLA SE/smoking association as previously
described for anti-CCP2-positive patients. Indeed, our figure 3
on anti-CCP2-negative subjects dichotomised according to
ACPA reactivity mimics a previously published figure on unse-
lected patients with RA from EIRA dichotomised according
to anti-CCP2 status although with smaller statistical effect.’
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Figure 3  ORs for developing RA among anti-CCP2 negative subjects in relation to HLA-DRB1* SE alleles and a history of smoking, including 1004
RA patients and 542 healthy controls. In (A) and (B), ACPA positivity was defined as reacting with =2 peptides where the cut-off for each individual
peptide was set at the 98th percentile of 551 healthy controls, and in (C) and (D) ACPA was defined as reacting with =1 peptide at the 99.5%
specificity level. In (A) and (C) data are shown for ACPA peptide positive patients and in (B) and (D) data for ACPA peptide negative individuals

are depicted. Significant OR with Cl not involving one are shown with an asterisk. Full statistical data are shown in table 3 for panels (A) and (B),
and online supplementary table 5 for panels (C) and (D). ACPA, anticitrullinated protein/peptide antibodies; CCP2, cyclic citrullinated peptide 2; RA,

rheumatoid arthritis; SE, shared epitope.
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Table 3 Association to RA diagnosis for reactivity against 16 citrullinated peptides, HLA SE and smoking among anti-CCP2-negative subjects

Double SE
positive

Double SE

Single SE positive Single SE

controls

Any SE

Any SE positive

controls

No SE

No SE

controls positive cases OR (95%Cl)

positive cases OR (95% Cl)

OR (95%Cl)

positive cases

121

OR (95%Cl)
(ref)
(ref)

Cases
68
26

Controls

7.82 (1.00 to 61.29)

2.16 (0.98 to 4.76)
1.73 (0.51 t0 5.88)

93

2.60 (1.21 to 5.59)
2.70 (0.81 t0 8.97)

13

Peptide positive

10.40 (0.56 to 191.9)*

5

39

9

Peptide positive

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

Never smokers
Peptide positive
Ever smokers

4.85 (0.56 to 42.26)

3.36 (1.14 to 9.96)

7

3.55(1.24t0 10.14)

1.45 (0.52 to 4.05) 8 82

42

0.72 (0.48 to 1.08)

0.94 (0.75t0 1.19)

352
135

221

0.90 (0.72 t0 1.13)

414

272
102

(ref)
(ref)

401

238

Peptide negative

1.04 (0.52 to 2.08)

15

0.97 (0.67 to 1.41)

0.98 (0.69 to 1.41)

160

150

94

Peptide negative
Never smokers

0.64 (0.38 t0 1.09)

36

1.02 (0.72 to 1.42)

217

134

0.94 (0.68 to 1.29)

254

144 251 1.09(0.79t0 1.52) 170

Peptide negative
Ever smokers

Data are based on 1546 anti-CCP2 negative individuals (1004 RA patients and 542 controls) with complete data on anti-CCP2, HLA-SE and smoking. Out of them, 242 (208 patients and 34 controls) are positive for =2 of the 16 peptides

(peptide positive), and 1304 (796 RA patients and 508 controls) are positive for 0-1 peptides (peptide negative). Arginine-subtracted data were used for the 15 non-collagen ACPA peptides and raw data for the collagen peptide. Cut-offs for the

16 individual peptides were set at the 98% specificity level determined from 551 healthy controls. Significant associations are italicised. The corresponding data are graphically depicted in figure 3A,B.

ACPA, anticitrullinated protein/peptide antibodies; CCP2, cyclic citrullinated peptide 2; RA, rheumatoid arthritis; SE, shared epitope. *OR was calculated by adding 0.5 to each value.

Therefore, it is plausible that the use of additional peptides can
diagnose an extended group of ACPA-positive patients that will
respond to therapies like anti-CCP2-positive patients.

Individual sample correction for reactivity against argi-
nine peptides both increases diagnostic sensitivity and slightly
increases association to SE among the patients. As shown in online
supplementary table 3, arginine peptide reactivities were higher
among controls than among patients with RA for most peptides,
thus explaining a larger difference between mostly ACPA-nega-
tive controls and mostly ACPA-positive patients after individual
subtraction of arginine peptide reactivity. In our previous proof
of concept study, we raised the question on whether subtrac-
tion of reactivity against arginine peptides would enhance assay
performance.”” Including more peptides and patients, we, this
time, obtained quite unequivocal results showing that arginine
subtraction yields a considerable increase in diagnostic sensi-
tivity at an unchanged specificity level, together with increased
association to SE among patients with RA for the majority of
peptides. The microarray format easily allows such sample
specific controls to be performed. Among routine clinical diag-
nostic tests, very few ACPA assays include such sample-specific
normalisation, as that would imply almost the double number of
ELISA wells needed and thus a considerable increase in cost per
patient analysis.

Sample-specific normalisation is however not generally used
in other ACPA multiplexing formats, for example, in the recently
published study by Wagner et al** using addressable laser bead
immunoassay.

In a recent study by van Heemst et al** using the same assay
but considerably fewer samples, no association was found
between SE and smoking among anti-CCP2 negative subjects.
In that study, the mean +2SDs among controls were used as
cut-off for each peptide in an additive manner, thus creating a
considerably lower total specificity. When using a comparable
low-specificity approach, also our corresponding results became
considerably weaker, although our study includes >5 times more
patients with SE data than the Leiden study. We conclude that to
be meaningful, microarrayed ACPA tests have to be combined
with high specificity approaches.

In our study, 118 samples were excluded due to specific
properties of the individual sera, including general sticky
binding to the microarray surface and general background
reactivity to all streptavidin-containing spots. In the absence
of individual controls and control over the full reaction
surface, such sera would probably be regarded as positive
for the measured analyte. We found only two controls with a
high number of ACPA reactivities, and both belonged to the
minority (9/551) of anti-CCP2-positive controls. Hypotheti-
cally, these two individuals might be in a pre-RA phase, as the
number of ACPA peptide reactivities increase during the years
before RA diagnosis.>® We believe that our assay format helped
us to exclude non-assessable samples, with ensuing clear differ-
ence in frequency distribution between anti-CCP2-positive and
anti-CCP2-negative patients as shown in online supplementary
figure 1B and C.

Using the eight most discriminatory peptides and high indi-
vidual specificity (99.5%), the total sensitivity was increased
by 5.5% as compared with anti-CCP2 alone, with the preser-
vation of total specificity of 95.64%. This implies that 16%
of the anti-CCP2-negative patients can be diagnosed as ACPA
positive with a total specificity in agreement recommendations
for rheumatoid factor in the previous ACR classification criteria
(>95%), which is the only directive so far for cut-off setting for
RA autoantibodies.”’

Ronnelid J, et al. Ann Rheum Dis 2018;77:203-211. doi:10.1136/annrheumdis-2017-211782 209


https://dx.doi.org/10.1136/annrheumdis-2017-211782
https://dx.doi.org/10.1136/annrheumdis-2017-211782
https://dx.doi.org/10.1136/annrheumdis-2017-211782
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

This assay has been used to study the sequential appearance
of individual ACPA reactivities the years predating RA.*> We
envisage that this assay can be used to study which ACPA reactiv-
ities might appear in patients with arthralgia and in first-degree
relatives of patients with RA as has previously been done with
isotypes of anti-CCP2 and rheumatoid factor.*®

In conclusion, our study demonstrates that the multiplex assay
can identify a substantial proportion of anti-CCP2-negative
patients that display ACPA reactivities, and in addition that this
subset of patients with RA shows similarities with the classical
anti-CCP2-positive RA group concerning major genetic and envi-
ronmental determinants. This extended group of ACPA-positive
patients will most likely use similar molecular pathways towards
disease and respond similar to therapies as anti-CCP2-positive
patients where therapeutic responses are contingent on ACPA
status.
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EXTENDED REPORT

Safety and efficacy of subcutaneous tocilizumab in
systemic sclerosis: results from the open-label period
of a phase Il randomised controlled trial (faSScinate)

Dinesh Khanna,' Christopher P Denton,” Celia J F Lin,? Jacob M van Laar,*

Tracy M Frech,” Marina E Anderson,® Murray Baron,” Lorinda Chung,®

Gerhard Fierlbeck,® Santhanam Lakshminarayanan,'® Yannick Allanore, "’

Janet E Pope,'* Gabriela Riemekasten, " Virginia Steen,"* UIf Miiller-Ladner, "

Helen Spotswood,'® Laura Burke, "® Jeffrey Siegel,® Angelika Jahreis,® Daniel E Furst'’

ABSTRACT

Objectives Assess the efficacy and safety of
tocilizumab in patients with systemic sclerosis (SSc) in a
phase Il study.

Methods Patients with SSc were treated for 48 weeks
in an open-label extension phase of the faSScinate
study with weekly 162 mg subcutaneous tocilizumab.
Exploratory end points included modified Rodnan Skin
Score (mRSS) and per cent predicted forced vital capacity
(%pFVC) through week 96.

Results Overall, 24/44 (55%) placebo-tocilizumab

and 27/43 (63%) continuous-tocilizumab patients
completed week 96. Observed mean (SD (95% Cl))
change from baseline in mRSS was 3.1 (6.3 (-5.4

to —0.9)) for placebo and —5.6 (9.1 (-8.9 to-2.4)) for
tocilizumab at week 48 and 9.4 (5.6 (-8.9 to —2.4))
for placebo-tocilizumab and =9.1 (8.7 (-12.5 to —5.6))
for continuous-tocilizumab at week 96. Of patients who
completed week 96, any decline in %pFVC was observed
for 10/24 (42% (95% Cl 22% to 63%)) placebo-
tocilizumab and 12/26 (46% (95% Cl 27% to 67%))
continuous-tocilizumab patients in the open-label period;
no patients had >10% absolute decline in %pFVC.
Serious infection rates/100 patient-years (95% Cl) were
10.9 (3.0 to 27.9) with placebo and 34.8 (18.0 to 60.8)
with tocilizumab during the double-blind period by week
48 and 19.6 (7.2 to 42.7) with placebo-tocilizumab and
0.0 (0.0 to 12.2) with continuous-tocilizumab during the
open-label period.

Conclusions Skin score improvement and FVC
stabilisation in the double-blind period were observed in
placebo-treated patients who transitioned to tocilizumab
and were maintained in the open-label period. Safety
data indicated increased serious infections in patients
with SSc but no new safety signals with tocilizumab.
Trial registration number NCT01532869; Results.

INTRODUCTION

Systemic sclerosis (SSc) is a rare, debilitating
autoimmune disorder of the connective tissue
and vasculature that is characterised by inflam-
mation, fibrosis and microvascular injury of
multiple organs.'™ Patients with SSc experience
high morbidity and mortality rates,” particularly
those who have pulmonary, cardiac or renal organ
involvement.* Indeed, lung disease is the primary

cause of scleroderma-related deaths.' > Few treat-
ment options are available for patients with SSc,
and there is an unmet need for disease-modifying
therapy.®

Interleukin 6 (IL-6) appears to play a role in SSc
pathogenesis.” ® Patients with SSc have increased
IL-6 expression in endothelial cells and skin fibro-
blasts.” Serum IL-6 levels are elevated in patients
with $S¢,'® " particularly those with early diffuse
cutaneous skin involvement.!? * Furthermore,
some studies have suggested a role for IL-6 as a
marker for disease progression and clinical outcome
in patients with SSc.'! C reactive protein (CRP) is
correlated with IL-6, and CRP levels are elevated in
patients with active SSc, especially those with early
diffuse cutaneous SSc.'

Tocilizumab is a monoclonal anti-IL-6 receptor-o.
antibody for the treatment of patients with rheuma-
toid arthritis, systemic juvenile idiopathic arthritis,
polyarticular juvenile idiopathic arthritis and giant
cell arteritis.” Initial investigations of tocilizumab
in patients with SSc demonstrated improvements in
skin sclerosis and SSc-associated polyarthritis.'® 7
The faSScinate clinical trial was the first double-
blind, randomised controlled trial investigating the
efficacy and safety of subcutaneous tocilizumab in
patients with SSc. Results from the 48-week double-
blind period of faSScinate, including the primary
end point, were published previously and demon-
strated that treatment with tocilizumab resulted
in a clinically meaningful but not statistically
significant decline in modified Rodnan Skin Score
(mRSS) compared with placebo through week 48
for patients receiving tocilizumab.'® Exploratory
efficacy results and safety through week 96 of the
faSScinate trial, including the 48-week open-label
period, are now reported.

METHODS

Study design

faSScinate was a multicentre, randomised, double-
blind, placebo-controlled, two-arm, parallel-group,
phase II clinical trial conducted at 35 hospitals
across Canada, France, Germany, the UK and
USA. The study design and patient enrolment
criteria have been published.'® Briefly, the 96-week
trial consisted of a 48-week double-blind period
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followed by a 48-week open-label period. Patients were randomly
assigned (1:1) to receive weekly subcutaneous injections of
tocilizumab 162 mg or placebo during the 48-week double-blind
period (tocilizumab group or placebo group, respectively) with
the option for escape therapy with methotrexate, hydroxychlo-
roquine or mycophenolate mofetil (MMF) after 24 weeks if they
had worsening SSc. Randomisation was stratified according to
joint involvement at baseline (<4 or =4 joints on the 28 tender
joint count). At week 48, all patients in the tocilizumab and
placebo groups transitioned to open-label weekly injections of
tocilizumab 162mg for another 48 weeks (continuous-tocili-
zumab and placebo-tocilizumab groups, respectively).

Patients

Eligible patients were 18 years of age or older; received a diag-
nosis of SSc according to the 1980 American College of Rheu-
matology Criteria," with less than 5 years since their first
non-Raynaud’s sign or symptom; had an mRSS score of 15 to 40
with clinical skin involvement proximal to the elbows, knees or
both, with or without facial involvement; and had active disease.
Active disease was defined as at least one of the following features
at screening: increase =3 in mRSS units compared with the last
visit within the previous 1 month to 6 months or new-onset SSc
within 1year before screening, involvement of one new body
area with =2 mRSS units or two new body areas with =1 mRSS
unit, documentation of worsening skin thickening (patients
with new-onset SSc only), or =1tendon friction rub plus CRP
level =10 mg/L, erythrocyte sedimentation rate =28 mm/hour

Randomly Assigned
N =87

or platelet count =330 X 10%/uL. All patients provided written
informed consent.

Assessments

Exploratory efficacy end points included mean change from
baseline to week 96 in mRSS; proportions of patients with
improvements in mRSS of =20%, =40%and =60%; propor-
tions of patients achieving minimal clinically important differ-
ence (MCID) in mRSS (change from baseline of =4.7)%
per cent predicted forced vital capacity (%pFVC); per cent
predicted diffusing capacity for carbon monoxide corrected for
haemoglobin (%pDLCO (Hb corr)) and Clinician Global Visual
Analogue Scale (VAS). Patient-reported outcomes included
Health Assessment Questionnaire-Disability Index (HAQ-DI),
Patient Global VAS, Functional Assessment of Chronic Illness
Therapy (FACIT)-Fatigue Score and Pruritus 5-D Itch Scale.
Safety was reported as rates of adverse events (AEs) and serious
AEs (SAEs) per 100 patient-years (PY) with 95% Cls.

Statistical analysis

Although a mixed-model, repeated-measures analysis was
performed on the placebo-controlled period at weeks 24 and
48, observed data were analysed for the week 96 period because
all end points during the open-label period were exploratory.
Exploratory efficacy end points in the open-label period were
assessed in the modified intent-to-treat population (all randomly
assigned patients who received any study drug). Safety was

Placebo QW SC
n=44

Received Treatment
n = 44 (100%)

Escape therapy
n =12 (27.3%)

Y
Completed to Week 48
n = 33 (75.0%)

Discontinued Study
n=2(4.5%)

¥

OL TCZ 162 mg QW SC
1 (70.5%)

Discontinued Treatment

Escape Therapy
n=6(19.4%)

hd

Completed Study to Week 96
n = 24 (54.5%)

Figure 1

—_—

Patient disposition (intent-to-treat population). *Methotrexate, n=>5; hydroxychloroquine, n=2; mycophenolate mofetil, n=>5.

tMethotrexate, n=2; hydroxychloroquine, n=2; mycophenolate mofetil, n=1. $One patient who continued as an escape patient at week 48'® was later
removed by the site and was not included at week 96. §Methotrexate, n=1; hydroxychloroquine, n=1; mycophenolate mofetil, n=4 (1 patient who
received mycophenolate mofetil in the double-blind period and received it again in the open-label period was not counted in the open-label period).
fiHydroxychloroquine, n=2; mycophenolate mofetil, n=2. OL, open-label; QW, every week; SC, subcutaneously; TCZ, tocilizumab.
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Table 1  Baseline demographics and disease characteristics (safety population)
Patients randomly assigned in the double-blind period  Patients who transitioned to the open-label period*
Placebo- tocilizumab 162mg  Continuous-tocilizumab 162 mg
Placebo QW SC Tocilizumab 162 mg QW SC QW sC QW sC
n=44 n=43 n=31 n=30
Age, years 48 (12.9) 51 (11.7) 47 (11.9) 52 (11.8)
Female, n (%) 35 (80) 32 (74) 26 (84) 23(77)
White, n (%) 40 (91) 38 (88) 28 (90) 26 (87)
Duration of SSc, months 19.5(17.0) 17.6 (13.9)8 20.0(18.2) 17.7 (13.5)
Total mRSSt 25.6 (5.9 26.4(1.2) 246 (5.4) 25.2 (6.9
TJC28 7.4 (8.5)% 7.4(8.9) 8.3(9.1) 8.1(10.0)
TJC28 >4, n (%) 21 (49)% 20 (47) 16 (52) 12 (40)
Overall HAQ-DI Score 1.4(0.7) 1.3(0.6)§ 1.2(0.7) 1.2(0.6)1
Clinician Global VAS, mm 60.9 (15.2) 64.1 (15.1) 57.9 (15.2) 62.5(15.7)
Patient Global VAS, mm 61.9(21.0) 59.8 (18.3) 60.2 (22.9) 56.6 (18.3)
FACIT-Fatigue 26.5 (11.6)¢ 25.6 (11.4) 27.9 (12.1)** 26.2 (10.5)
Pruritus 5-D Itch 13.5(5.1)F 13.1 (4.5)8 13.2 (4.8)** 13.0 (4.2)9
CRP, mg/L 10.3 (13.5)¢ 10.0 (13.5) 1.7(7.2) 7.4 (12.7)
%pFVC 82 (13)8 80 (14) 83 (14)** 78 (13)
%pDLCO (Hb corr) 74 21)% 73 (19)8 75 (23)** 73(17)

All values are mean (SD) unless stated otherwise.
*Original baseline data for patients who entered the OL period.

tPossible scores: mRSS, 0-51; HAQ-DI, 0-3; Clinician Global VAS, 0-100; ULN for CRP, 3mg/L.

tn=43.
§n=42.
fIn =29.
**n =30.

%pDLCO (Hb corr), per cent predicted diffusing capacity of the lung for carbon monoxide corrected for haemoglobin; %pFVC, per cent predicted forced vital capacity; CRP, C
reactive protein; FACIT, Functional Assessment of Chronic Iliness Therapy; HAQ-DI, Health Assessment Questionnaire-Disability Index; mRSS, modified Rodnan Skin Score; QW,
every week; SC, subcutaneously; SSc, systemic sclerosis; TJC28, tender joint count based on 28 joints; ULN, upper limit of normal; VAS, Visual Analogue Scale.

assessed in all patients who received study drug and provided
at least one safety assessment after treatment (safety population)
and was summarised by treatment received. The study was not
designed or powered for formal statistical comparison of the two
treatment arms within the open-label period or with the original
tocilizumab arm at week 48 because of inherent biases of open-
label results. However, 95% Cls were calculated as descriptive
statistics using the Pearson Clopper method for exact binomial,
and CIs for rates of AEs were based on Poisson distribution.?’
Data from escape patients were not censored.

RESULTS

Patients

Eighty-seven patients were enrolled in the faSScinate trial
(figure 1); in the double-blind period, 44 patients were origi-
nally assigned to receive weekly subcutaneous placebo (placebo
group) and 43 patients were originally assigned to receive weekly
subcutaneous tocilizumab 162 mg (tocilizumab group). At week
48, 31 (70.5%) patients originally assigned to double-blind
placebo transitioned to open-label weekly tocilizumab 162 mg
(placebo-tocilizumab group) and 30 (69.8%) patients originally
assigned to double-blind tocilizumab transitioned to open-label
weekly subcutaneous tocilizumab 162mg (continuous-tocili-
zumab group) until they completed the study or withdrew from
treatment. Twenty-four (54.5%) patients in the placebo-tocili-
zumab group and 27 (62.8%) patients in the continuous-tocili-
zumab group completed week 96. During the open-label period,
five patients discontinued because of AEs (four patients in the
placebo-tocilizumab group and one patient in the continuous-to-
cilizumab group). Other reasons for study withdrawal were
non-compliance (one patient in the placebo-tocilizumab group),

lack of efficacy (one patient in each treatment group) and patient
consent withdrawn (one patient in each treatment group).
Escape therapy was received by 18 patients originally assigned to
receive placebo (12 in the placebo group during the double-blind
period and 6 in the placebo-tocilizumab group during the open-
label period) and by 9 patients originally assigned to receive
tocilizumab (5 in the tocilizumab group during the double-blind
period and 4 in the continuous-tocilizumab group during the
open-label period) (figure 1).

Baseline characteristics were similar between patients who were
randomly assigned in the double-blind period and those who tran-
sitioned to open-label treatment, with the exception of HAQ-DI
scores and CRP values, which were numerically lower, on average,
in patients who transitioned to the open-label period (table 1).

Efficacy

Improvements in mRSS were observed during the double-blind
period with tocilizumab treatment (mean (SD; 95% CI) change
from baseline to week 48: 5.6 (9.1; -8.9 to —2.4)). In addition
to the =5.6 improvement from baseline to week 48 with tocili-
zumab treatment, further improvement was seen in the open-
label period, bringing the total mean improvement to =9.1 (8.7;
-12.5 to -5.6) from baseline to week 96 (figure 2). Furthermore,
patients in the placebo group experienced similar improvements
after receiving open-label tocilizumab from week 48 to week 96
(figure 2) (mean (SD; 95% CI) change from baseline -3.1 (6.3;
-5.4 t0 —0.9) to week 48 during double-blind placebo treatment
and -9.4 (5.6;-11.8 to =7.0) to week 96 after 48 weeks of open-
label tocilizumab treatment). There were incremental improve-
ments between weeks 48 and 96 in the proportions of patients
who experienced improvements in mRSS of =20%, =40% and
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PBO
Wi Mean (SD) [95% CI]
change from BL observed score

24 -2.1(6.7) 23.2(9.3)
[-4.3,0.1] [20.2, 26.3]
48 -3.1(6.3) 22.3(8.1)
[-5.4, -0.9] [19.4, 25.1]
72 -5.2(7.9) 19.8 (8.0)
[-8.1, -2.3] [16.9, 22.7]
96 -9.4 (5.6) 15.3 (7.6)
[-11.8,-7.0] [12.1, 18.6]
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TCZ

Mean (SD) [95% CI] Mean (SD) [95% CI] Mean (SD) [95% ClI]

change from BL observed score

-4.1(7.3) 21.8(9.9)
[-6.5,-1.7] [18.5, 25.1]
5.6 (9.1) 19.6 (10.1)
[-8.9,-2.4] [15.9, 23.2]
9.3 (7.5) 16.0 (9.1)

[-12.2,-6.3] [12.4,19.7]
9.1 (8.7) 16.2 (9.8)

[-12.5, -5.6] [12.3,20.1]

Figure 2 Mean change (95% Cl) in mRSS from baseline to week 96 (intent-to-treat population; observed data). Negative values denote
improvement. Patients randomly assigned to PBO 162 mg QW SC received OL TCZ 162 mg QW SC from week 48. BL, baseline; DB, double-blind; mRSS,
modified Rodnan Skin Score; OL, open-label; PBO, placebo; %pFVC, per cent predicted forced vital capacity; QW, every week; SC, subcutaneously; TCZ,

tocilizumab.

=60%and change in mRSS equal to or greater than the MCID
of 4.7 units in the continuous-tocilizumab group (table 2).
Improvements in Clinician Global VAS and patient-reported
outcomes, as indicated by negative change in HAQ-DI, Clini-
cian Global VAS, and Patient Global VAS and positive change
in FACIT-Fatigue Score, observed at week 48 in the tocilizumab
group were maintained through the open-label period in the
continuous-tocilizumab group (table 2). Furthermore, greater
improvements in patient-reported outcomes were observed in
placebo-tocilizumab patients after they switched to tocilizumab
during the open-label period than during the double-blind
placebo period. Patients in the placebo group experienced mean
(95%CI) changes from baseline in HAQ-DI of 0.17 (0.05 to
0.30) after 48 weeks of double-blind placebo treatment and -0.29
(-0.46 to —0.13) at week 96 after 48 weeks of open-label tocili-
zumab treatment (placebo-tocilizumab). Changes from baseline in
Clinician Global VAS were -7.69 (-15.06 to —0.32) and -20.61
(-29.52 to —11.7), respectively, changes in Patient Global VAS were
—4.03 (-12.42 to 4.36) and —23.75 (-38.95 to —3.46), respectively,

and changes in FACIT-Fatigue Scores were 1.37 (-1.37 to 4.11) and
11.26 (5.72 to 16.81), respectively.

Among patients who completed the study to week 96 (completers
analysis), similar proportions in both treatment groups experienced
worsening in %pFVC (figure 3); 42% of patients in the placebo-to-
cilizumab group and 46% of patients in the continuous-tocilizumab
group had absolute decreases (>0) in %pFVC during the open-
label period from weeks 48 to 96 compared with 83% of patients
receiving placebo and 54% of patients receiving tocilizumab during
the double-blind period from weeks 0 to 48. During the open-label
period, no patients in either treatment group who completed week
96 or withdrew experienced >10%absolute decline in %pFVC
after receiving tocilizumab, in contrast to three in the placebo group
and one in the tocilizumab group during the double-blind period.

Safety
SAE rates (95% CIs) were 76.1 (50.6-110.0) in the placebo
group and 66.7 (42.3-100.1) in the tocilizumab group by week
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Table 2 Change from baseline to week 48 (double-blind period) or week 96 (including open-label period) in exploratory end points (intent-to-

treat population; observed data)

Double-blind period, week 48

Open-label period, week 96

Placebo Tocilizumab Placebo- tocilizumab Continuous-tocilizumab
QW sC 162mg QW SC 162mg QW SC 162mg QW SC
n=44 n=43 n=31 n=30
Change from baseline in mRSS, n (% (95% Cl))*
=20% 13 (29.5 [16.8 to 45.2]) 18 (41.9[27.0 t0 57.9]) 18 (40.9 [26.3 to 56.8]) 22 (51.2 [35.5 t0 66.7])
> 40% 3(6.8[1.41018.7]) 10(23.3 [11.8 to 38.6]) 13 (29.5 [16.8 to 45.2]) 15 (34.9 [21.0 to 50.9])
=60% 0(0.0[0.0 to 8.0]) 5(11.6 [3.9t0 25.1]) 7(15.9 (6.6 to0 30.1]) 6 (14.0 [5.3 10 27.9])

>4.7 units (MCID)2°

TJC28, mean (95% Cl) change from baseline

[min, max]

HAQ-DI, mean (95% Cl) change from

baselinet
[min, max]

Clinician Global VAS, mean (95% Cl) change

from baselinet
[min, max]

Patient Global VAS, mean (95% Cl) change

from baselinet
[min, max]

FACIT-Fatigue score, mean (95% Cl) change

from baselinet
[min, max]

Pruritus 5-D Itch Score, mean (95% Cl)

change from baselinet
[min, max]

%pFVC, mean (95% Cl) change from

baseline
[min, max]

% pDLCO (Hb corr), mean (95% Cl) change

from baseline
[min, max]

12 (27.3 [15.0, 42.8])
n=33

-0.97 (-2.85t0 0.91)

[-16,12]
n=33

0.17 (0.05 to 0.30)

[-0.63, 0.88]
n=34

—7.69 (-15.06 to -0.32)

[-45, 39]
n=32

—4.03 (-12.42 to 4.36)

[-64, 57]
n=34

1.37 (137 to 4.11)

[-18.0, 15.0]
n=32

-1.87 (-3.26 t0 —0.48)

[-10, 5]
n=30

-0.06 (-0.10 to —0.03)

[-0.33,0.13]
n=32

-0.03 (-0.07 t0 0.01)

[-0.23, 0.28]
n=31

18 (41.9 [27.0, 57.9])
n=32

—2.28 (-4.16 to -0.40)

[~14,9]
n=32

-0.01 (-0.25t0 0.23)

[-1.13,1.75]
n=31

-18.57 (-26.89 to —10.25)

[-60, 14]
n=30

-9.13 (-18.68 to 0.43)

[-59, 36]
n=32

3.69 (0.34 to 7.04)

[-15.0, 22.0]
n=32

-2.03 (-3.91 to —0.16)

[-15,7]
n=30

-0.02 (-0.04 to 0.00)

[-0.15, 0.04]
n=30

-0.03 (~0.06 to 0.00)

[-0.26, 0.12]
n=27

19 (43.2 [28.3,59.0])
n=24

—4.88 (-7.99 to —1.76)

[-23,2]
n=24

-0.29 (-0.46 to —0.13)

[-1.25, 0.50]
n=24

-20.61 (-29.52 to -11.7)

[-57, 21]
n=23

—23.75 (-38.95 to -8.55)

[-90, 38]
n=24

11.26 (5.72 to 16.81)

[-15.0, 29.0]
n=23

—4.43 (-6.32 to -2.55)

[-14,1]
n=23

-0.03 (-0.07 t0 0.01)

[-0.25, 0.20]
n=25

-0.03 (-0.10 to 0.05)

[-0.71, 0.25]
n=24

22 (51.2 [35.5, 66.7])
n=27

-3.39 (-6.14 to -0.65)

[-25,7]
n=28

-0.13 (-0.33 t0 0.08)

[-1.25,1.38]
n=27

-21.30 (-31.05 to —11.54)

[-73, 14]
n=27

-11.11 (-18.75 to —3.46)

[-44, 33]
n=28

4.15(1.51 t0 6.79)

[-10.0, 19.0]
n=27

-3.23 (-5.38 t0 -1.09)

[-14, 9}
n=26

-0.01 (-0.03 t0 0.02)

[-0.15, 0.15]
n=28

-0.03 (-0.08 t0 0.01)

[-0.25, 0.21]
n=25

n denotes number of patients with valid assessments at the time point. Escape data were not censored.
*Percentages were calculated based on n=43 (tocilizumab) and n=44 (placebo), the intent-to-treat population; thus, patients with missing change in mRSS Scores were

considered non-responders.

tNegative change from baseline indicated improvement for all efficacy measures except FACIT-Fatigue, FVC and DLCO, for which positive change from baseline indicated

improvement.

%pDLCO (Hb corr), per cent predicted diffusing capacity of lung for carbon monoxide corrected for haemoglobin; %pFVC, per cent predicted forced vital capacity; FACIT,
Functional Assessment of Chronic lliness Therapy; HAQ-DI, Health Assessment Questionnaire—Disability Index; max, maximum; MCID, minimal clinically important difference; min,

minimum; mRSS, modified Rodnan Skin Score; QW, every week; SC, subcutaneously; TJC28, tender joint count based on 28 joints; VAS, Visual Analogue Scale.

48 compared with 36.0 (18.0-64.4) in the placebo-tocilizumab
group and 16.5 (5.4-38.5) in the continuous-tocilizumab group
from week 48 to week 96 (table 3). Infections were the most
frequently reported AEs and SAEs during double-blind tocili-
zumab treatment and in placebo patients who transitioned to
open-label tocilizumab. In the placebo-tocilizumab group, rates
of serious infection increased after the switch to open-label
tocilizumab; the rate (95%CI) of serious infections was 10.9
(3.0-27.9) per 100 PY during the 48 weeks of double-blind
placebo treatment compared with 19.6 (7.2-42.7) per 100 PY
from week 48 to 96, with four patients (12.9%) in this group
reporting at least one serious infection after switching to open-
label tocilizumab (see online supplementary appendix table 1

for details of serious infections). Patients in the tocilizumab
group had a serious infection rate of 34.8 (95% CI 18.0 to 60.8)
per 100 PY by week 48. No serious infections were reported
after the switch from double-blind to open-label tocilizumab
(continuous-tocilizumab).

No deaths were reported during the open-label period in either
treatment group, and no serious hepatic AEs, anaphylactic reac-
tions, gastrointestinal perforations or demyelination SAEs were
reported during the 96-week treatment period. Changes in labo-
ratory parameters of interest for tocilizumab, including alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
levels, neutrophil counts and platelet counts, were usually <5 X the
upper limit of normal (ULN) over the 96-week treatment period.
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%pFVC Change From Baseline

Weeks 0-48 (DB)

— PBOQWSC(n=24) = TCZ 162 mg QW SC (n=26)

—— PBO-TCZ 162 mg QW SC (n = 24)

Weeks 48-96 (OL)
= Continuous-TCZ 162 mg QW SC (n = 26)

Weeks 0-48 (DB) Weeks 48-96 (OL)
PBO TCZ 162 PBO-TCZ | Continuous-
QW sc mg QW 162 mg QW TCZ 162
(n = 24) SC SC mg QW SC
(n = 26) (n =24) (n =26)
%pFVC change from baseline, n (%) [95% CI]
Absolute decrease >0 20 (83) 14 (54) 10 (42) 12 (46)
[63, 95] [33, 73] [22, 63] [27, 67]
Absolute decrease >10% 3(13) 1(4) 0 (0) 0 (0)
[3, 32] [0, 20] [0, 14] [0, 13]

Figure 3  Cumulative distribution plot of change from baseline in %pFVC (completers analysis). Data for TCZ 162 mg QW SC and PBO 162 mg QW
SC treatment groups show change from baseline to week 48. Patients receiving PBO-TCZ 162 mg QW SC and continuous-TCZ 162 mg QW SC started
OLTCZ from week 48 (mean (SD) %pFVC at week 48 was 0.78 (0.14) for the PBO group and 0.80 (0.11) for the TCZ group), and change from week 48
to week 96 is shown. Only patients with data at week 96 are included in any arm (completers); one completer had a missing FVC assessment at week
96 and was excluded from the completers analysis. DB, double-blind; OL, open-label; PBO, placebo; %pFVC, per cent predicted forced vital capacity;

QW, every week; SC subcutaneously; TCZ, tocilizumab.

ALT elevation >5% ULN was reported in one patient receiving
placebo and one patient receiving tocilizumab during the double-
blind period and one placebo-tocilizumab patient after switching to
open-label tocilizumab. AST elevation >5 X ULN was reported in
one patient receiving placebo during the double-blind period (see
online supplementary appendix table 2).

DISCUSSION

The phase II faSScinate Study was the first double-blind,
randomised controlled trial to show evidence of a potential
disease-modifying effect in patients with SSc. By week 48, at
the end of the double-blind period of the study, treatment with
tocilizumab was associated with clinically relevant, though not
statistically significant, improvements in skin thickness measured

by mRSS and lung function measured by %pFVC.'® It has been
suggested that tocilizumab may be the first efficient, molecularly
targeted treatment for patients with SSc.**

Results from the open-label period of the faSScinate trial show
that patients originally assigned to receive placebo in the double-
blind period who transitioned to open-label tocilizumab at week
48 experienced improvements in mRSS by week 96 that were
similar to those of patients who received tocilizumab throughout
the study. Furthermore, patients originally assigned to receive
tocilizumab during the double-blind period maintained and
continued the improvements in mRSS observed during the first
48 weeks of treatment on receiving another 48 weeks of open-
label tocilizumab. Although the mean change in mRSS appeared
to flatten from week 72 in the continuous-tocilizumab group,
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Table 3  Adverse events (AEs, safety population)

Double-blind period

Open-label period

Placebo Tocilizumab Placebo-tocilizumab Continuous-tocilizumab
QW sC 162mg QW SC 162mg QW SC 162mg QW SC
n=44 n=43 n=31 n=30
Exposure, PY 36.8 345 30.6 30.3
AEs, n 244 283 126 153
Rate/100 PY (95% Cl) 663.5 (582.9 to 752.2) 820.6 (727.8 t0 922.0) 412.4 (343.510491.0)  504.4 (427.6 to 590.9)
SAEs, n 28 23 1" 5
Rate/100 PY (95% Cl) 76.1 (50.6 to 110.0) 66.7 (42.3 to 100.1) 36.0 (18.0 to 64.4) 16.5 (5.4 to 38.5)
Patients with =1 SAE, n (%) 16 (36.4) 14 (32.6) 7 (22.6) 4(13.3)
Patients with =1 serious infection, n (%)* 3(6.8) 9(20.9) 4(12.9) 0
AEs leading to death, n 1 3 0 0
Rate/100 PY 2.72 8.70 0.00 0.00
Patients with AEs leading to withdrawal, n (%) 5(11.4) 6(14.0) 4(12.9)t 0
Rate/100 PY 13.60 17.40 13.09 0.00
Patients with injection site reactions, n* 2 (4.5) 3(7.0) 4(12.9) 1(3.3)
SAEs according to system organ class, number of events (rate/100 PY [95% Cl])
Infections and infestations 4(10.9 [3.0 to 27.9]) 12 (34.8 [18.0 t0 60.8]) 6(19.6 [7.2 t0 42.7]) 0(0.0[0.0to0 12.2])
Cardiac disorders 5(23.6 [4.41031.7]) 1(2.9[0.1t016.2]) 0(0.0[0.0 to 12.1]) 1(3.3[0.1 to to 18.4])
Gastrointestinal disorders 6(16.3 [6.0 to 35.5]) 1(2.9[0.1 to 16.2]) 0(0.0[0.0 to 12.1]) 0(0.0[0.0t0 12.2])
Musculoskeletal and connective tissue disorders 2 (5.410.7 to 19.7]) 2 (5.8 10.7 to 21.0]) 1(3.3[0.11018.2]) 0(0.0[0.0t0 12.2])
Skin and subcutaneous tissue disorders 2 (5.4 0.7 t0 19.7]) 2 (5.8 0.7 to 21.0]) 0 (0.0 [0.0 to 12.1]) 1(3.3[0.1t0 18.4])
Vascular disorders 4(10.9[3.0t0 27.9]) 1(2.9[0.1t016.2]) 0(0.0[0.0to 12.1]) 0(0.0[0.0t0 12.2])
Blood and lymphatic system disorders 1(2.7[0.1t0 15.2]) 1(2.9[0.1t0 16.2]) 1(3.3[0.11018.2]) 0(0.0[0.0to 12.2])
Renal and urinary disorders 2 (5.410.7 to 19.7]) 0(0.0[0.0to 10.7]) 1(3.3[0.11018.2]) 0(0.0[0.0t0 12.2])

General disorders and administration site conditions
Neoplasms, benign, malignant and unspecified
Nervous system disorders

Endocrine disorders
Psychiatric disorders

0(0.0[0.0 to 10.0])
0(0.0[0.0 to 10.0])
2(5.410.7 t0 19.7])
0(0.0[0.0 to 10.0])
0(0.0[0.0 to 10.0]

2 (5.8[0.7 t0 21.0])
0(0.0[0.0 to 10.7])

0(0.0[0.0 to 12.1])
1(3.3[0.11t018.2])

0(0.0[0.0t0 12.2])
1(3.3[0.1to 18.4])

Reproductive system and breast disorders

)
0 (0.0 [0.0 to 10.0])
Respiratory, thoracic and mediastinal disorders )

0(0.0[0.0to 10.0]

0(0.0[0.0to 10.7]) 0(0.0[0.0 to 12.1]) 0(0.0[0.0 to 12.2])
0(0.0[0.0 to 10.7]) 0(0.0 [0.0to 12.1]) 1(3.3[0.1 to 18.4])
1(2.9[0.1t0 16.2]) 0(0.0[0.0to 12.1]) 0(0.0[0.0t0 12.2])
0(0.0[0.0 to 10.7]) 0(0.0[0.0 to 12.1]) 1(3.3[0.1 to 18.4])
0(0.0[0.0to 10.7]) 1(3.3[0.11018.2]) 0(0.0[0.0to 12.2])

*Multiple occurrences in the same patient are counted once.

t0steomyelitis (one case serious, one case not serious), scleroderma renal crisis and breast cancer metastatic.

tAccording to the Medical Dictionary for Regulatory Activities, version 18.0.

AEs, adverse events; PY, patient-years; QW, every week; SAEs, serious adverse events; SC, subcutaneously.

there were improvements for individual patients between weeks
72 and 96. Of the 27 patients receiving continuous tocilizumab
who completed the study through week 96, 14/27 (52%) had
further, primarily modest, improvements (range, —1 to —8
change in mRSS). However, there were two outliers who expe-
rienced considerable worsening (+9and+14change in mRSS)
during this period. Overall, this culminates in a flattened average
response. The potential for improvement may be more limited
at this time point; 7/27 (26%) patients among the contin-
uous tocilizumab completers had observed mRSS scores <9 at
week 72 compared with 2/24 (8%) among the placebo-tocili-
zumab group.

Improvements from weeks 48 to 96 in mRSS were supported
by improvements in patient-reported outcomes, including
HAQ-DI, Patient Global VAS and FACIT-Fatigue Scores,
observed in patients initially assigned to placebo who transi-
tioned to open-label tocilizumab and were comparable to those of
patients who received tocilizumab continuously, consistent with
trends observed with tocilizumab treatment during the double-
blind period.”® Consistent as well with exploratory analyses
in the double-blind period showing fewer tocilizumab-treated
(10%) than placebo-treated (23%) patients experienced abso-
lute decline (>10%) in %pFVC after 48 weeks,'® no patients

who completed week 96 of the study experienced >10% decline
in %pFVC during the open-label period while receiving tocili-
zumab. Of note, the primary end point was change in mRSS,
and, at the time the study was designed, the patient populations
had not been enriched for patients with SSc-associated intersti-
tial lung disease.

Safety results over the 96-week treatment period were
consistent with the known safety profile of tocilizumab; infec-
tions were the most frequently reported AEs and SAEs, and an
increased rate of serious infections was observed after patients
transitioned from placebo to tocilizumab. AEs tended to occur
more frequently in the first few months after patients transi-
tioned from placebo to tocilizumab but less frequently in longer-
term follow-up. Infections were the most frequently reported
SAEs in clinical trials of tocilizumab in patients with rheumatoid
arthritis (RA).** ** Rates of SAEs and serious infections in this
study in patients with SSc were approximately five times and
eight times higher, respectively, than those reported in patients
with RA,» 2* which is expected given the high morbidity and
mortality in patients with SSc." The frequencies of SAEs and
serious infections observed in faSScinate are consistent with
those in other SSc studies.”>* Patients with SSc¢ may be prone to
digital ulcers,' and complications of digital ulcers occur in 15%
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of patients with $Sc.?® The occurrence of two cases of infected
digital ulcers and one of osteomyelitis in patients who transi-
tioned from placebo to open-label tocilizumab suggested that
tocilizumab may increase infections in patients with SSc-asso-
ciated digital ulcers, likely over pressure areas such as proximal
interphalangeal joints.

The present study had some important limitations. First, all
patients received open-label tocilizumab after week 48; therefore,
the data collected during the open-label period were uncontrolled.
There was a high discontinuation rate. During the open-label
period, 7 of the 31 (23%) patients originally assigned to placebo
who entered the open-label period and 3 of the 30 (10%) patients
originally assigned to tocilizumab who entered the open-label
period withdrew from the study. The discontinuation rate from
48 to 96 weeks (16%) was lower than it was in the first 48 weeks
of the study (28%). Overall, 63% of patients originally assigned
to receive tocilizumab and 55% of patients originally assigned to
receive placebo completed the full 96 weeks of treatment. It is likely
that patients who completed week 48 and entered the open-label
period were less ill or responded better to treatment and perhaps
had already experienced more improvement. This selection bias is
a common problem associated with open-label, long-term exten-
sion studies.”” Withdrawal of patients who experience AEs leads
to the selection of healthier patients, which should be considered
when interpreting the longer-term rates of AEs and SAEs. Second,
patients with elevated acute-phase reactants were enrolled in this
study; therefore, further studies may be needed to investigate the
efficacy and safety of tocilizumab in other patient subsets. Third,
given the limited numbers of patients with serious infections, anal-
ysis of the data to identify potential risk factors, in particular for
any interaction of risk factors with tocilizumab, would be under-
powered and was not performed. A phase III study with a larger
sample size is under way. Last, another limitation is that the study
was not designed or powered for formal statistical comparison of
the two treatment arms during the open-label period, and formal
testing of this exploratory data was not prespecified. For the same
reason, a comparison of placebo patients who completed the open-
label phase with those in the tocilizumab treatment arm at week
48 is not appropriate. Therefore, although trends can be observed,
comparative analyses could not be interpreted in a meaningful way,
and formal statistical testing was not feasible.

No disease-modifying therapies have been approved for the
treatment of patients with SSc, but some may control symptoms.
Treatment options for patients with SSc are largely dependent
on the organs affected.’® *' For example, cyclophosphamide has
demonstrated improvement’ or trends for improvement’ in lung
function in patients with SSc and interstitial lung disease, though
its use has been associated with significant toxicity.> Similarly, stem
cell transplantation has resulted in improvements in skin fibrosis
and prevention of lung decline and mortality but is associated with
significant costs and risks.**® Methotrexate has demonstrated
trends for improvement in skin scores in randomised controlled
trials in patients with early $Sc.”” ** Recently, MMF has shown
efficacy similar to that of cyclophosphamide for lung and skin
fibrosis.*”” *° Tocilizumab may be the first targeted agent to show
benefit in the amelioration of skin sclerosis and the prevention of
pulmonary decline in patients with SSc.'®

Opverall, the open-label results of the faSScinate study support
observations reported from the double-blind period in that the
placebo and tocilizumab groups improved similarly when placebo
patients were switched to active treatment. Further studies are
required to investigate the efficacy and safety of tocilizumab in the
treatment of patients with SSc and to determine whether tocili-
zumab produces significant improvement in skin sclerosis and

stabilisation of lung function. A double-blind, phase III randomised
controlled trial (NCT02453256) will investigate the efficacy and
safety of tocilizumab compared with placebo in a 48-week double-
blind period and a 48-week open-label period to further investi-
gate the findings of the phase II faSScinate trial.

In conclusion, together with the results from the first 48 weeks
of double-blind treatment,'® results from the open-label period
of the faSScinate trial suggest that treatment with tocilizumab is
associated with benefits for skin fibrosis, lung fibrosis and phys-
ical function in patients with SSc but increased risk for serious
infections. Tocilizumab may be a promising targeted therapy for
patients with progressive SSc who have few treatment options.
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Evaluation of the change in structural radiographic
sacroiliac joint damage after 2 years of etanercept
therapy (EMBARK trial) in comparison to a
contemporary control cohort (DESIR cohort) in recent

onset axial spondyloarthritis
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Annette Szumski,'" Bonnie Vlahos,” Désirée van der Heijde’

ABSTRACT

Objective To compare 2 years of radiographic sacroiliac
joint (S1J) changes in patients with recent onset axial
spondyloarthritis (axSpA) receiving etanercept in a
clinical trial (EMBARK) to similar patients not receiving
biologics in a cohort study (DESIR).

Methods Endpoints were changes at week 104 per
the modified New York (mNY) grading system in total SIJ
score (primary endpoint) and net percentage of patients
with progression defined three ways. Treatment effect
was analysed with and without adjustment for baseline
covariates.

Results At 104 weeks, total SIJ score improved in

the etanercept group (n=154, adjusted least-squares
mean change: —0.14) and worsened in the control
group (n=182, change: 0.08). The adjusted difference
between groups (etanercept minus control) was —0.22
(95% Cl—0.38 to —0.06), p=0.008. The net percentage
of patients with progression was significantly lower

in the etanercept versus the control group for two of
three binary endpoints: —1.9% versus 1.6% (adjusted
difference for etanercept minus control: —4.7%,95% Cl
—9.9t0 0.5, p=0.07) for change in mNY criteria; —=1.9%
versus 7.8% (adjusted difference: —18.2%,95% Cl -30.9
to —5.6, p=0.005) for change =1grade in >15SlJ; and
—0.6% versus 6.7% (adjusted difference: —16.4%,95%
Cl-27.9 to -5.0, p=0.005) for change >1grade in
>1SJ, with shift from 0 to 1 or 1 to 0 considered no
change.

Conclusion Despite the slow radiographic SIJ
progression rate over 2 years in axSpA, this study
suggests a lower rate of progression in the SIJ with
etanercept than without anti-tumour necrosis factor
therapy.

Trial registration

numbers NCT01258738,NCT01648907; Post-results.

INTRODUCTION

The most frequently observed symptoms in spon-
dyloarthritis (SpA) are axial.!* The various criteria
for SpA (eg, Amor, European Spondyloarthrop-
athy Study Group and, more recently, the Assess-
ment of SpondyloArthritis international Society

(ASAS) criteria) enable classification of patients
in the absence of radiographic structural damage,
that is, non-radiographic axial SpA (nr-axSpA).>”
In patients with an inadequate response to non-ste-
roidal anti-inflammatory drugs (NSAIDs) with
radiographic (r-) or nr-axSpA, anti-tumour necrosis
factor (TNF) agents have demonstrated a beneficial
effect on symptoms,®™! but their structural effect is
still unclear.'*"”

Structural evaluation of axSpA can be performed
using conventional radiographs or MRI at the
spine or pelvic level. Radiographic axSpA studies
have focused on the spine using a radiography
scoring system, and data suggest that a structural
effect either does not exist'® ¥ or requires studies
>2 years to be observed.?’ *! Questions exist about
the risk of future structural damage, particularly
at the sacroiliac joint (SIJ) level, in patients with
nr-axSpA. Approximately 10% of patients with
nr-axSpA develop SIJ radiographic damage within
2 years and 60% within 10 years.?>*

The conventional method for assessing SIJ
structural damage on radiography is the modified
New York (mNY) grading system, consisting of a
semiquantitative scale from 0 (normal) to 4 (total
ankylosis).” However, this method has been criti-
cised because of its poor reliability.”> Moreover, this
grading system has no accepted method to evaluate
change in radiographic damage except the cate-
gorisation of a patient as having either nr-axSpA or
r-axSpA: r-axSpA is considered to be at least grade
2 bilaterally or at least grade 3 unilaterally. Alter-
native outcome measures appear to be more sensi-
tive, such as change in the total score over time, and
percentage of patients with a change of at least one
grade in at least one SIJ.** %

Ideally, a long-term controlled clinical trial would
address the structural impact of long-term treat-
ment. Additionally, a robust study should include
both a treatment and a control group. However, it is
not possible to conduct a study of sufficient length,
that is, at least 2 years, with a placebo control.”!

Another option is to compare a treatment
cohort from one study to a control cohort in
another study. This technique has been used to
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evaluate the structural changes observed at the spine level in
r-axSpA in patients receiving an anti-TNF. These patients have
been compared with a control group consisting of patients in
a study evaluating the natural history of r-axSpA, the OASIS
cohort. 13161727

All of these considerations prompted us to conduct a study in
patients with early axSpA aimed at evaluating the radiographic
changes in the SIJ observed after 2 years of etanercept therapy
in patients enrolled in a clinical trial (EMBARK) compared
with usual care in patients enrolled in an observational cohort
(DESIR).

PATIENTS AND METHODS

Details of the EMBARK trial have been described previously.® 8%’
All patients fulfilled the ASAS criteria for axSpA, but based on a
central reading procedure, none of them met the mNY criteria
for radiographic status. Patients were aged =18and <50 years
with symptoms for >3 months but <35 years, had a Bath Anky-
losing Spondylitis Disease Activity Index (BASDAI) score =4 of
10, and had symptoms of back pain with an inadequate response
to =2 NSAIDs. After a 12-week, double-blind, placebo-con-
trolled period, all patients received etanercept 50mg once
weekly during a 92-week open-label period.

The DESIR cohort has been described in detail.” The study
included patients aged >18and <50 years with inflammatory
back pain for >3 months but <3 years, suggestive of axSpA
according to the treating rheumatologist. Patients with a history
of treatment with any biological therapy were excluded.

The present analysis included the patients from the EMBARK
trial with available baseline and 2-year pelvic radiographs, and
patients from the DESIR cohort who met the ASAS criteria for
axSpA, did not receive any biological therapy during the first
two years of follow-up and had baseline and 2-year pelvic
radiographs.

Grading of radiographic sacroiliitis

Radiographic sacroiliitis was graded using the 0-4 grade scale

for the left and right SIJ from the mNY grading system.> The

scale is provided below:

» Grade 0: normal.

» Grade 1: suspicious changes.

» Grade 2: minimal abnormality—small localised areas with
erosion or sclerosis, without alteration in the joint width.

» Grade 3: unequivocal abnormality—moderate or advanced
sacroiliitis with one or more of erosions, evidence of scle-
rosis, widening, narrowing or partial ankylosis.

» Grade 4: severe abnormality—total ankylosis.

Reading the radiographs

The SIJ radiographs from the DESIR and EMBARK cohorts were
anonymised so that the readers were unaware of the chronology
of the films and the original patient cohort. The three trained and
experienced readers, who were not readers used for screening in
either DESIR or EMBARK, met via videoconference for a cali-
bration session prior to the start of this analysis. They graded
each joint at each time point, with a scale from 0 to 4 per the
mNY grading system.

Assessments

The primary endpoint was change in total SIJ score at week
104. Total SIJ score was obtained by adding the scores of both
SIJs according to the mNY grading system (0—4 per SIJ, range
from 0 to 8); thus the change could range from -8 to +8. For

this endpoint, the mean change of the three readers’ values was
used. Three binary endpoints were also evaluated: (1) propor-
tion of patients switching from mNY criteria negative at base-
line to mNY criteria positive at week 104 and the proportion
of patients switching from mNY criteria positive at baseline to
mNY criteria negative at week 104 (based on the central reading
for the current analysis); and (2) proportion of patients with
change (improvement or worsening in SIJ score of =1) in at least
one SIJ. The third binary endpoint excluded minimal or doubtful
changes (changes from normal appearance (grade 0) to ‘suspi-
cious’ abnormalities of the SIJ (grade 1)) from the improved
or worsened categories: proportion of patients with change
(improvement or worsening in SIJ score of =1) in at least one
SIJ, with a shift from 0 to 1 (in the worsened joint) or from 1 to
0 (in the improved joint) considered no change. For these binary
endpoints, improvement or worsening was assigned only if at
least two of the three readers agreed on the direction of change.

Other collected data

In both studies, patient demographics and clinical outcome
measures of disease activity were collected at baseline and
throughout the duration of the follow-up. The baseline SIJ
MRI evaluating the presence of inflammation according to the
Spondyloarthritis Research Consortium of Canada (SPARCC)
method®® was assessed separately in EMBARK and DESIR using
a central reading procedure previously described.?” *! A score =2
was considered an indicator of SIJ inflammation on MRIL>?

Statistical analysis
This analysis included the completer population, defined as
having pelvic radiographs available at baseline and 2 years.
Baseline characteristics were analysed using either the Wilcoxon
rank-sum or the Mantel-Haenszel > test. The radiographic
analyses were conducted without covariates (unadjusted anal-
ysis) and also with the following covariates as potential base-
line confounders (adjusted analysis): sex, symptom duration,
smoking status, human leucocyte antigen (HLA)-B27 status,
Ankylosing Spondylitis Disease Activity Score (ASDAS) with
C reactive protein, SPARCC MRI SIJ score and total SIJ score
based on the mNY grading system. One-way analysis of variance
was used to compare study cohorts for the unadjusted difference,
and analysis of covariance was used for the adjusted difference.
The a priori primary outcome measure was the absolute change
in total SIJ score adjusted for baseline covariates. For each of the
three binary endpoints, the percentage of patients with disease
progression (worsening) and the percentage of patients with
disease regression (improvement) was determined per group.
Additionally, the net percentage of patients with progression
was defined as the number of patients with worsening minus the
number of patients with improvement, divided by the total study
population. The between-group difference in the net percentage
of patients with progression was reported for each of the three
binary endpoints. A cumulative probability plot was generated
to compare the change in SIJ radiography score from baseline
to week 104 for the control and etanercept cohorts. Change was
defined as the average change of the three readers.

RESULTS

The EMBARK trial included 225 randomised patients; a
complete data set was available for 162 patients. The DESIR
cohort study enrolled 708 patients; 506 of these patients did not
receive a biological therapy during the 2 years of follow-up, 283
of these 506 patients fulfilled the ASAS criteria for axSpA and
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Table 1 Demographics and baseline disease characteristics
Etanercept (EM-
Control (DESIR) BARK)

n=193 n=162 p Value
Age, years 32.2 (7.0) 31.8(7.7) 0.47*
Male, n/N (%) 100/193 (51.8) 106/162 (65.4) 0.01f
Symptom duration, years 1.7 (1.0) 2.4(1.8) <0.001*
Current smoker, n/N (%) 70/192 (36.5) 37/162 (22.8) 0.006t
HLA-B27(+), n/N (%) 162/193 (83.9) 113/156 (72.4) 0.009t
BASDAI (0-10) 3.6(1.9) 5.9(1.8) <0.001*
ASDAS 2.2(0.9) 3.0 (1.0) <0.001*
BASFI (0-10.cm VAS) 2.2(2.0) 4.0(.4) <0.001*
CRP, mg/L 5.4 (7.5) 6.9(11.2) 0.06*
SPARCC MRI SIJ score (0-72) 5.8 (9.5) 8.4 (11.0) <0.001*
SPARCC MRI SUJ score =2, 78/191 (40.8) 95/159 (59.7) <0.0011
n/N (%)
Total SIJ score (mNY grade 1.9(1.6) 1.5(1.2) 0.03*
0-8)
Sl score met mNY 39/193 (20.2) 19/162 (11.7) 0.03t

criteria, n/N (%)

Values are mean (SD) unless otherwise noted.

*Wilcoxon rank-sum.

tMantel-Haenszel.

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing
Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional
Index; CRP, C-reactive protein; HLA, human leucocyte antigen; mNY, modified
New York; SlJ, sacroiliac joint; SPARCC, Spondyloarthritis Research Consortium of
Canada; VAS, visual analogue scale.

193 had both baseline and 2-year pelvic radiographs available
and qualified for this study. Demographics and baseline disease
characteristics are provided in table 1.

At baseline, several differences existed between the groups:
a higher proportion of males and longer disease duration in
the etanercept group, and a higher proportion of smokers
and HLA-B27-positive patients in the control group. Because
all EMBARK patients were eligible for initiation of anti-TNF
therapy and none of the DESIR cohort received an anti-TNF
during the 2-year follow-up period, it is not surprising that the
disease activity markers of BASDAI, ASDAS and SPARCC MRI
SIJ inflammation were significantly higher in the etanercept
group at baseline. Conversely, total SIJ score was slightly but
significantly higher in the control group.

After 104 weeks, there was a slightly positive change (wors-
ening) in the total SIJ score for the control group versus a
slightly negative change (improvement) in the etanercept group
in the adjusted analysis (least-squares mean change: 0.08 (95%
CI —0.04 to 0.20) vs —0.14 (95% CI —0.26 to —0.01)). The
adjusted between-group difference in change (etanercept —
control) was significant: —0.22 (95% CI —0.38 to —0.06,
p=0.008); the unadjusted between-group difference was not
significant: —0.11 (95% CI —0.25 to 0.02, p=0.10).

Figure 1 presents the cumulative probability plot for the
change in SIJ radiography score over 104 weeks. The control
cohort trended towards worsening, with more patients having a
positive score. In contrast, the etanercept cohort trended towards
improvement, with more patients having a negative score.

The observed radiographic changes from baseline to week
104 are shown in table 2. For change in mNY criteria, the net
percentage of patients with progression was lower in the etaner-
cept versus the control group; however, the difference between
the groups was not statistically significant: —1.9% versus 1.6%
(adjusted difference for etanercept minus control: —4.7%, 95%

ao
e ]
M

Average of Readers

Change in Total SIJ Score, Baseline to Week 104,

O  Control {DESIR)
-4 T 4 T T T T T T T d

@® Etanercept (EMBARK)

00 01 02 03 04 05 06 07 08 08 1.0

Cumulative Probability

Figure 1 Cumulative probability of change in sacroiliac joint (SIJ)
radiography score from baseline to week 104 for the control and
etanercept cohorts, average of the readers.

CI -9.9 to 0.5, p=0.07). For the other two binary endpoints,
the net percentage of patients with progression was significantly
lower in the etanercept versus the control group: —1.9% versus
7.8% (adjusted difference: —18.2%, 95% CI —30.9 to —35.6,
p=0.005) for change =1grade in at least one SIJ; and —0.6%
versus 6.7% (adjusted difference: —16.4%, 95% CI —27.9 to
—5.0, p=0.005) for change =1grade in at least one SIJ, with
shift from 0 to 1 or 1 to 0 considered no change.

Figure 2 presents the net percentage of patients with progres-
sion in the two study groups for the three binary endpoints.

DISCUSSION

This study supports the existence of a small structural effect
of anti-TNF therapy in the SIJ using plain pelvic radiographs
as the primary assessment tool and the mNY grading system as
the outcome measure. It also confirms the relatively slow rate
of radiographic progression in the SIJ in terms of shifting from
non-radiographic to radiographic status according to the mNY
criteria over a 2-year period.

An assessment of 2-year SIJ radiographic progression in early
axSpA was also conducted in the German Spondyloarthritis
Inception Cohort (GESPIC), a cohort comparable to DESIR.** A
similar rate of SIJ radiographic progression was observed, with a
mean change in the SIJ score of 0.07 (95% CI-0.05 to 0.19) and
0.09 (95% CI -0.03 to 0.21) for the left and right SIJ, respec-
tively.>* Moreover, in the GESPIC cohort, after 2 years, 11 of the
95 patients with nr-axSpA at baseline met the mNY criteria for
r-axSpA (ie, worsened).”* Additionally, 3 of the 115 patients with
r-axSpA at baseline did not fulfil the mNY criteria at year 2 (ie,
improved).* Calculating the net rate of progression for the full
study population results in a rate of 3.8% ((11 - 3)/(95+1135)).
This is similar to the data observed in the present study for the
DESIR patients (control group), with a net progression rate of
1.6% (95% CI —1.3% to 4.4%). The slight difference between
the two studies may be due to chance or may be explained by
different patient phenotypes, in particular, the proportion of
patients with SIJ inflammation on MRI (greater in the GESPIC
cohort than in this DESIR subgroup).

When considering an outcome parameter based on a semiquan-
titative variable (score 0—4 per side), including different types of
damage, collected in the left and right joints, some concerns may
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Table 2 Observed radiographic changes from baseline to week 104

Between-group differences in net % patients
with progression,
Etanercept—Control (95% Cl)

Net % patients
with progression,*t

unadjusted

Endpoint Cohort Improved n/N (%)  Worsened n/N (%) (95% Cl) Unadjusted analysis  Adjusted analysis*
Ain mNY criteria Control 3/193 (1.6) 6/193 (3.1) 1.6% (-1.3 to 4.4) —3.4% (-7.6 10 0.8) —4.7% (-9.9 to 0.5)

Etanercept 4/162 (2.5) 1/162 (0.6) -1.9% (-4.9t0 1.2) p=0.11 p=0.07
A =1grade in =1 SIJ Control 21/193 (10.9) 36/193 (18.7) 7.8% (0.6 to 15.0) -9.6% -18.2%

Etanercept 19/162 (11.7) 16/162 (9.9) —1.9% (-9.7 t0 6.0) (-20.310 1.0) (=30.9 to -5.6)

p=0.08 p=0.005

A >1grade in 215IJ; Control 16/193 (8.3) 29/193 (15.0) 6.7% (0.3t0 13.2) ~7.4% -16.4%
shift from0to1or1to0 Etanercept 15/162 (9.3) 14/162 (8.6) —0.6% (~7.6 to 6.4) (-16.9t02.2) (=27.9 to -5.0)
considered no A p=0.13 p=0.005

Based on two of three readers assigning same category; otherwise considered no change.

Some patients started with lowest possible score and could not improve.

*Net % patients with progression=number of patients with worsening minus the number of patients with improvement, divided by the study population.

tOne-way analysis of variance.

*Adjusted for these covariates at baseline: sex, symptom duration, smoking status, human leucocyte antigen-B27 status, Ankylosing Spondylitis Disease Activity Score,

Spondyloarthritis Research Consortium of Canada MRI SIJ score and Sl mNY grade.
A, change; mNY, modified New York; SIJ, sacroiliac joint.

be raised. Semiquantitative scores may not be translated into
continuous scores without consideration since it is unknown if
the steps in the semiquantitative score are equidistant. While this
is a technical limitation of our study, this approach is frequently
used in medicine in general and in rheumatology in particular,
and we do not believe that it has influenced the results.

Dichotomisation is a frequently used technique to overcome
scaling issues related to semiquantitative scores and interpreta-
tional concerns from continuous scores. Dichotomisation also
assists in the analysis of non-normally distributed data. It is
tempting for clinicians to interpret radiographic change scores as
dichotomies (those that progress vs those that do not; those that
have nr-axSpA vs those that have r-axSpA). However, dichoto-
misation is a simplification of the truth because it largely ignores
measurement error. Measuring radiographic change in patients
with SpA is a challenge since the true change (‘the signal’) in a
patient is usually outweighed by spurious change (‘the noise’)
due to differences in technique and inherent rater variability. An
observed difference between groups is only credible if the scores
have been obtained under unbiased conditions and all possible
directions of change have been considered.

‘Net percentage of patients with progression’ is a concept
we explored to combine the advantages of dichotomisation
(‘progressor’ or ‘non-progressor’) while preserving the option
of adjusting for measurement error. It is an artificial concept
in terms of interpretation since it appears possible in a single
patient to adjust the true signal for the noise of measurement
error, which is not the case. Net percentage of patients with
progression should be interpreted at the group level. Although
more patients had disease progression than disease regression
overall, this difference cannot be translated to an individual
patient. Therefore, the concept does not elementarily differ
from the comparison of group means.

Another potential issue when using the mNY grading system
as an outcome measure is that two concepts are mixed: repair
(sclerosis) and destruction (joint erosion). One patient may have
a change in sclerosis and another may have a change in erosion,
and the grade change could be the same. Additionally, the results
can vary between readers since the inter-reader reliability of this
approach is known to be quite poor.”® ** In EMBARK there was

a greater proportion of patients with regression than progres-
sion, resulting in a negative parameter estimate for progression
rate. This may be due to measurement error or a true repair
process with a reduction in erosions.

The switch from a continuous or semiquantitative to a binary
variable (progression yes/no) necessitates choosing a cut-off.
Because the conventional yet arbitrary mNY criteria distin-
guish between radiographic and non-radiographic status, it was
tempting to use these to describe a patient at a particular time
point and to estimate the natural disease history. It was also
tempting to present the results in a simpler, more understand-
able manner, such as change of =1grade in =1SIJ. We used
the approach proposed by the GESPIC investigators. However,
because of the difficulty in distinguishing a grade 0 from a grade
1, we modified this system by excluding the change from grade
0 to grade 1 for the worsened joint or from grade 1 to 0 for the
improved joint.?®

These results suggest a significant structural effect of etanercept
in the SIJ. The treatment group was not compared with a control
group within a prospective randomised controlled trial; rather,
it was compared with a contemporary cohort of patients. Conse-
quently, the baseline characteristics differed between the two
groups, particularly the disease activity. All patients in EMBARK
were eligible for anti-TNF therapy; the DESIR patients in this
study did not receive biological therapy. Therefore, we adjusted
for covariates that may affect radiographic progression.?* 2633

To our knowledge, this is the first study to evaluate the
anti-TNF structural effect in the SIJ using plain pelvic radiog-
raphy as the assessment tool and the mNY grading system as
the scoring method. These results should be considered within
the context of the literature. Previous studies of radiographic
progression in axSpA evaluated the spine since structural damage
in the spine correlates with functional impairment. However,
study results suggest that a longer period of evaluation is needed
to observe a structural anti-TNF effect in the spine.'? 1617343
The clinical relevance of our study may be more difficult to
interpret since the correlation between a change in radiographic
SIJ damage and the functional capacity of a patient is usually
considered poor. Future studies are needed to better evaluate the
predictive validity of this outcome measure.
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Figure 2 Net percent of patients with progression (number of patients with worsening minus the number of patients with improvement, divided by
the study population) from baseline to week 104 in each study group for the three binary endpoints: (A) change in modified New York (mNY) criteria,
adjusted analysis and (B) unadjusted analysis; (C) change of =1 grade in =1 sacroiliac joint (SIJ), adjusted analysis and (D) unadjusted analysis; and
(E) change of =1 grade in =1 SIJ with shift from 0 to 1 and from 1 to 0 considered no change, adjusted analysis and (F) unadjusted analysis.
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Our study has several strengths. First, both study cohorts had a
large sample size. Second, the scoring methodology was designed
to avoid and adjust for bias, that is, the three independent, trained
readers were unaware of the chronology of the radiographs and
the patient cohort. Third, the study included a control group. Even
though both cohorts were not randomised as a whole, the control
group was an appropriate comparison for the etanercept group.

These results further support a structural anti-TNF effect in the
SIJ.* The data are promising, but additional studies are needed
to confirm the validity of these outcome measures and to evaluate
the structural effect of various therapies in the SIJ using advanced
imaging techniques.
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Lack of placental transfer of certolizumab pegol
during pregnancy: results from CRIB, a prospective,
postmarketing, pharmacokinetic study

Xavier Mariette,' Frauke Forger,” Bincy Abraham,® Ann D Flynn,* Anna Molté,”
René-Marc Flipo,® Astrid van Tubergen,” Laura Shaughnessy,® Jeff Simpson,®
Marie Teil,” Eric Helmer,"® Maggie Wang,® Eliza F Chakravarty’

ABSTRACT

Objectives There is a need for effective and safe
treatment during pregnancy in women with chronic
inflammatory diseases. This study evaluated placental
transfer of certolizumab pegol (CZP), an Fc-free anti-
tumour necrosis factor drug, from CZP-treated pregnant
women to their infants.

Methods CRIB was a pharmacokinetic (PK) study

of women =30 weeks pregnant receiving commercial
CZP for a locally approved indication (last dose <35
days prior to delivery). Blood samples were collected
from mothers, umbilical cords and infants at delivery,
and infants again at weeks 4 and 8 post-delivery. CZP
plasma concentrations were measured with a highly
sensitive and CZP-specific electrochemiluminescence
immunoassay (lower limit of quantification 0.032 pg/
mL).

Results Sixteen women entered and completed the
study. Maternal CZP plasma levels at delivery were
within the expected therapeutic range (median [range]
24.4 [5.0-49.4] pg/mL). Of the 16 infants, 2 were
excluded from the per-protocol set: 1 due to missing
data at birth and 1 due to implausible PK data. Of

the remaining 14 infants, 13 had no quantifiable CZP
levels at birth (<0.032 pg/mL), and 1 had a minimal
CZP level of 0.042 pg/mL (infant/mother plasma ratio
0.0009); no infants had quantifiable CZP levels at weeks
4 and 8. Of 16 umbilical cord samples, 1 was excluded
due to missing data; 3/15 had quantifiable CZP levels
(maximum 0.048 pg/mL).

Conclusions There was no to minimal placental
transfer of CZP from mothers to infants, suggesting lack
of in utero foetal exposure during the third trimester.
These results support continuation of CZP treatment
during pregnancy, when considered necessary.

Trial registration number NCT02019602; Results.

INTRODUCTION

Most chronic inflammatory diseases (CIDs) are
more prevalent in women.' Disease onset tends to
overlap with peak reproductive age, and women
with CIDs are increasingly choosing to have chil-
dren following diagnosis.”> Adequate disease control
is crucial to ensure the best foetal and maternal
health, since high disease activity is associated with
an increased risk of adverse pregnancy outcomes,
including miscarriage, preterm delivery and
low birth weight.>” While disease activity may

spontaneously improve during pregnancy, approx-
imately 50% of women with rheumatic CIDs need
effective therapeutic intervention and are faced with
difficult questions regarding the impact of active
disease on the foetus and the safety of different
therapies during pregnancy.®'?

Anti-tumour necrosis factor (anti-TNF) drugs
provide an effective therapeutic option that signifi-
cantly improves the signs and symptoms of CIDs."?
However, anti-TNF therapies are often discon-
tinued after the first trimester to limit placental
transfer of drug to the foetus.'*® Active transpla-
cental transport of immunoglobulin G (IgG) from
mother to infant is mediated by the neonatal frag-
ment crystallisable (Fc) receptor (FcRn), a process
that takes place mainly during the second and third
trimesters of pregnancy.” Certolizumab pegol
(CZP) is a PEGylated, Fc-free anti-TNF approved
for the treatment of rheumatoid arthritis (RA), axial
spondyloarthritis/ankylosing spondylitis (axSpA/
AS), psoriatic arthritis (PsA), and Crohn’s disease
(CD). Because it lacks an IgG Fc region, unlike
other anti-TNFs, CZP does not bind FcRn and is
consequently not expected to undergo FcRn-medi-
ated transfer across the placenta.'” Preclinical data
and findings from two investigator-initiated studies
of pregnant women treated with anti-TNFs support
the hypothesis that there is minimal placental
transfer of CZP in humans.'®*' However, the
enzyme-linked immunosorbent assay (ELISA) used
to measure CZP plasma levels in these studies was
not specific for CZP, and it was not developed to
measure the low CZP concentrations expected
from placental transfer. Consequently, there is a
need for more accurate and robust information to
guide therapeutic decision making in women with
CIDs regarding CZP treatment during pregnancy.

CRIB is the first industry-sponsored study
designed to evaluate placental transfer of CZP from
mothers to infants, by using a highly sensitive and
specific assay to accurately measure the CZP plasma
concentration in mothers, umbilical cords and
infants at delivery, and in infants again at weeks 4
and 8 post-delivery.

METHODS

Study design and patients

CRIB (ClinicalTrials.gov, NCT02019602) was a
prospective, postmarketing, multicentre, pharma-
cokinetic (PK) study designed to evaluate placental
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Screening Sampling Safety
Period Period Follow-Up
Start of Screening 4 weeks (17 days) B8 weeks (7 days) 5 weeks (5 days)
Pregnancy (230 weeks pregnant) Birth postpartum postpartum after final sample
| : ! | : :
1 N=21 n=16 | - H
1 i ] 1 1 1 1
] i [P . ! 1 I L !
! 11 A =35days prior ., ! Home health nursing visits i
! 1: V todeivery 1 i i :
* < <
*
il
CZP Dosing: Primary Endpoint: Secondary Endpoints: Exploratory Endpoint:

A = czp 200 mg Q2w
V = czpP 400 mg Q4w

@ = Infant blood sampling
(birth)

Figure 1 CRIB study design.
¥Last certolizumab pegol (CZP) dose given within 35 days prior to delivery.

transfer of CZP from mothers to infants (figure 1). This study
was conducted between January 2014 and November 2016
across 11 sites in France, Netherlands, Switzerland and the
USA and was approved by local Institutional Review Boards. All
women provided informed consent to participate and, together
with the designated holder of parental rights, to enrol their
infant in the study.

Eligible women were =30 weeks pregnant at the time of
informed consent. Since CRIB was a postmarketing study, all
women enrolled were being treated with commercial CZP for
a locally approved indication (RA, axSpA/AS, PsA, and CD), as
prescribed by their treating physicians. Patients were required to
receive a CZP dose within 35 days prior to delivery. The decision
to continue CZP treatment during pregnancy was made by the
treating physicians prior to and independently from study partic-
ipation. CZP was not provided by the study sponsor.

Patients with any pregnancy-related, clinically significant
abnormality noted on obstetric ultrasound or other imaging
assessment, with significant laboratory abnormalities during
pregnancy, or with any evidence suggesting chronic or acute
uteroplacental insufficiency were ineligible to participate.
Mothers who had received treatment with any biologic or any
anti-TNF other than CZP during pregnancy were excluded, as
were mothers who were taking or had taken any medication
with a strong risk of human foetal teratogenicity during preg-
nancy. Also excluded were mothers with a positive or indetermi-
nate tuberculosis (TB) test at screening, with active or latent TB
infection or at high risk for TB infection.

Study procedures

Mothers received commercial CZP on either the 2-weekly dose
(CZP 200 mg every 2 weeks [Q2W]) or 4-weekly dose regimen
(CZP 400 mg every 4 weeks [Q4W]), per their prescribers’
discretion.

Maternal blood samples (<4 mL per sample) were collected
within 24 hours before or after delivery. Umbilical cord samples
(=4 mL per sample) were collected within 1 hour of birth. Infant
blood samples (<1.2 mL per sample) were collected within 24
hours after birth and at weeks 4 and 8 postpartum (figure 1).
Samples collected at delivery/birth were obtained in the hospital
setting, while in-home nursing visits at weeks 4 and 8 minimised
the burden on mothers.

CZP concentration was measured in all plasma samples.
Volume permitting, anti-CZP antibodies and total polyethylene
glycol (PEG) levels (intact CZP, deconjugated PEG or other

* = Mother blood sampling
B = Cord blood sampling

€ = Infant blood sampling
(4 and B weeks)

sources of PEG) were also measured. CZP and anti-CZP levels
were measured at Covance Inc. (Chantilly, VA, USA). Total
PEG levels were measured at Intertek Pharmaceutical Services
(Manchester, UK).

CZP concentrations were measured using an electrochemi-
luminescence immunoassay validated in human plasma.** The
assay was developed for optimal sensitivity and specificity: CZP
was captured by a TNF-coated multiarray electrode and detected
with an anti-PEG antibody, prior to reading on a MESO SCALE
DISCOVERY platform (MSD; Rockville, MD, USA).** The assay
is CZP-specific and >10 times more sensitive (lower limit of
quantification [LLOQ] 0.032 ug/mL) than the previous ELISA
used in other CZP PK studies.”’ ** ** Anti-CZP antibodies were
measured using a previously validated ELISA (samples were
positive if anti-CZP antibody levels were >2.4 units/mL).* Total
PEG concentration was determined by nuclear magnetic reso-
nance spectroscopy (LLOQ 2.5 ug/mL).

Study endpoints

The primary endpoint was the concentration of CZP in the
infants’ plasma at birth. CZP and anti-CZP antibody levels in the
mothers’ plasma and umbilical cords were secondary endpoints.
Exploratory endpoints included CZP levels in the infants’
plasma at weeks 4 and 8, anti-CZP antibody levels in the infants’
plasma at birth and weeks 4 and 8, and PEG concentrations in
the plasma of mothers, cords and infants.

Safety analyses included all mothers who received at least one
dose of CZP, including screen failures, and infants of all mothers
who entered the sampling period. Adverse events (AEs) were
captured from the time of informed consent until the safety
follow-up (5 weeks=5 days after final sample/withdrawal) and
were coded using MedDRA V.18.1.

Statistical analysis

No formal sample size calculations were performed, as no statis-
tical hypotheses were tested. The planned sample size was 20
mother—infant pairs. All PK variables were based on observed
values; no imputation was used.

RESULTS

Patient disposition and baseline characteristics

A total of 21 CZP-treated pregnant women were screened. Five
women discontinued screening, one due to serious AEs (SAEs)
of placental insufficiency and premature baby, and four due
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Table 1 Baseline characteristics of mothers and infants
Median (min, max), unless stated otherwise Mothers (n=16)?
Age, years 31 (18, 40)
Mother's indication for CZP treatment, n

Rheumatoid arthritis 1"

Crohn's disease 3

Psoriatic arthritis 1

Axial spondyloarthritis/ankylosing spondylitis 1
Delivery type, n

Vaginal 14

Caesarean section 2

Median (min, max), unless stated otherwise Infants (n=16)

Female, n (%) 10 (62.5)
Gestational age at birth, weeks 39.9(37.7,41.7)
Weight at birth, kg 3.3(2.6,4.0)

Length at birth,” cm

Head circumference at birth,® cm

Normal APGAR score (7 to 10),°n
At 1 min 16
At 5 min 16

*Mothers who entered the sampling period.

Pn=15 (1 infant with missing data).

‘APGAR scores range from 0 to 10; scores of 7 to 10 are considered normal.
APGAR, Appearance, Pulse, Grimace, Activity, Respiration; CZP, certolizumab pegol;
max, maximum; min, minimum; Q2W, every 2 weeks; Q4W, every 4 weeks.

49.5 (46.0, 55.9)
34.5(32.5, 37.0)

to ineligibility. Based on preliminary PK and safety analyses,
which showed consistent data for the initial mother—infant pairs
enrolled in the study, a final enrolment of 16 pregnant women
was deemed sufficient to assess the primary objective.

All 16 mothers who entered the sampling period completed
the study (no missed visits); 15 were on CZP 200 mg Q2W
and one on CZP 400 mg Q4W. Median time between the last
CZP dose and delivery was 11 days (range 1-27 days). Baseline
characteristics of all participating mothers and their infants are
shown in table 1. The gestational age and weight at birth of the
16 infants were within the expected range for healthy infants.

CZP plasma concentrations

Median CZP plasma level at delivery for all 16 participating
mothers was 24.4 ug/mL (range 5.0-49.4 ug/mL). Of the 16
umbilical cord samples, one was excluded (sample not collected).
Of the 15 remaining cord samples, only three had quantifiable
CZP levels (0.035 ug/mL, 0.040 ug/mL, and 0.048 ug/mL); the
maximum cord/mother plasma ratio for these three cords was
0.0025.

Of the 16 infants, two were excluded from the per-protocol
set: one due to missing data at birth and one due to implau-
sible PK data. The latter infant exhibited a high plasma CZP
concentration at birth (0.485 wg/mL), while the week 4 and
week 8 sample results were below the assay LLOQ (<0.032
upg/mL). Using two different PK modelling approaches, there
was a very low probability (<0.1%) of an infant with this CZP
concentration at birth to display levels below the LLOQ at week
4 (see online supplementary appendix for full investigation).

Of the 14 infants in the per-protocol set, 13 had no quan-
tifiable CZP plasma levels at birth (<0.032 wug/mL), and
one infant had a minimal CZP level at birth of 0.042 pg/mL
(infant/mother plasma ratio 0.0009). No infants had quantifi-
able CZP plasma levels at week 4 (two samples missing) and
week 8 (figure 2; online supplementary table 1). Nine mothers

1001=
—_— 3 ® . - -
) q *® I
3 1 ok xxx % Mothers
El 1 TN ¥ Infants
2 104 i |
5 x
E O]
2
3 3
e 1
g
o
N
U 019
3 % LLOG=0.032 pg/mL
BLQ PR RS E S HAAKKHK KKK KA EE R TSR

Delivery® Week 4¢ Week 8¢

Figure 2 Plasma CZP concentrations in mothers and infants (n=14
mother—infant pairs?). “Two of 16 infants were excluded from the

final per-protocol set: one due to missing data at birth and one due to
implausible PK data (ie, data not consistent with a paediatric CZP PK
model, based on the expected range of clearance, volume of distribution
and subsequent elimination half-life; see online supplementary
appendix); "Infant samples were collected within 24 hours post-delivery,
while mother samples could be collected within 24 hours before or
after delivery; “+7 days (two samples missing); “+7 days. BLQ, below
the LLOQ (<0.032 pg/mL); CZP, certolizumab pegol; LLOQ, lower limit of
quantification.

continued CZP postpartum and breastfed their infants; none of
these infants had quantifiable CZP plasma levels.

PEG plasma concentrations

Median PEG plasma level at delivery for all 16 mothers was 30.0
ug/mL (range 10.1-59.9 ug/mL). Of 15 available umbilical cord
samples, 14 had no quantifiable PEG; the remaining cord had
9.8 ug/mL PEG (corresponding CZP level was below LLOQ).
Infant data were not interpretable, due to PEG contamination of
the blood collection tubes (see online supplementary appendix).

Safety and immunogenicity analyses

Safety follow-up (up to 5 weeks=5 days after final sample/with-
drawal) included the 21 CZP-exposed mothers screened and
the 16 infants of all participating mothers. Overall, 15 mothers
(71.4%) experienced 34 AEs, and 5 infants (31.3%) experienced
13 AEs; most AEs were mild to moderate (table 2). Two mothers
reported severe AEs (arrested labour and prolonged labour),
which were also classified as SAEs. All SAEs in the mothers were
resolved, except for delivery of a premature baby. A severe AE
of infection was reported in one infant, which was also an SAE
(table 2). This infant had an unspecified infection indicated
by elevated white blood cell count with no clinical signs. All
infant SAEs were resolved. No congenital malformations were
observed. No anti-CZP antibodies were detected in the mothers,
umbilical cords or infants at any time point during the study.

DISCUSSION

Women diagnosed with CIDs during their reproductive years
may need effective treatment to control disease activity during
pregnancy.'”” However, the limited data published so far leave
women and treating physicians in a difficult situation when
deciding whether to continue anti-TNF therapy during preg-
nancy.> 12 1% Although some recent treatment recommenda-
tions in rheumatology and gastroenterology state that CZP can
be continued throughout pregnancy,”>’ implementation in
clinical practice varies greatly across the different specialities
involved in the care of pregnant women. Disease flares during
pregnancy are associated with an increased risk of miscarriage,

230 Mariette X, et al. Ann Rheum Dis 2018;77:228-233. doi:10.1136/annrheumdis-2017-212196


https://dx.doi.org/10.1136/annrheumdis-2017-212196
https://dx.doi.org/10.1136/annrheumdis-2017-212196
https://dx.doi.org/10.1136/annrheumdis-2017-212196
https://dx.doi.org/10.1136/annrheumdis-2017-212196
https://dx.doi.org/10.1136/annrheumdis-2017-212196
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

Table 2 Safety overview

n (%)° Mothers (n=21)° Infants (n=16)
Any TEAES 15 (71.4) 5(31.3)
Mild TEAEs 4(19.0) 2(12.5)
Moderate TEAEs 9 (42.9) 2 (12.5)
Severe TEAEs 2 (9.5) 1(6.3)
Discontinuation dueto 2 (9.5) 0
TEAEs
Drug-related TEAEs 3(14.3) 1(6.3)
Serious TEAEs® 7(33.3) 2 (12.5)
Deaths 0 0
Serious TEAEs by mother-infant pair
SF Placental insufficiency N/A
Premature baby
1 Arrested labour None
2 Arrested labour None
3 Prolonged labour None
4 Gestational diabetes None
Polyhydramnios
5 None Hypoglycaemia
Infection
Perineal abscess None
Vaginal laceration Macrosomia

Meconium in amniotic fluid

TEAEs were defined as any adverse event (AE) captured from the time of informed
consent until the safety follow-up; bold text indicates severe TEAEs.

*Number of mothers or infants reporting at least one AE for the indicated category.
bSal‘ety set for mothers (includes five screen failures).

“Serious TEAEs were classified using the United States Food and Drug
Administration regulatory definition of serious AEs.

TEAE, treatment-emergent adverse event; SF, screen failure; N/A, not applicable.

preterm delivery and low birth weight,>” and may be more dele-
terious to neonatal outcomes than any potential risks associated
with anti-TNF therapy.'* 1® Therefore, disease activity should be
controlled through optimised medical therapy throughout preg-
nancy, taking into consideration the possible influence of anti-
TNFs on the immune response of the in utero exposed infant.
CRIB was the first industry-sponsored PK study evaluating
placental transfer of a biologic, CZP, from mothers to their
infants. Maternal CZP plasma concentrations were within the
expected therapeutic range,” ** confirming that all mothers in
the CRIB study were adequately exposed to CZP at the time
of delivery. Using the new, highly sensitive and CZP-specific
assay, 13 of 14 infants had no quantifiable CZP plasma levels
at birth. In the single infant with a measurable level at birth,
the CZP concentration was 0.09% of the maternal CZP plasma
level, which is unlikely to have any clinical relevance. At weeks 4
and 8 postpartum, there were no quantifiable CZP levels in the
infants’ plasma. Umbilical cord data were in agreement with the
infant plasma results. AEs in the mothers were consistent with
the known safety profile of CZP, and events expected during
pregnancy in unexposed women with these underlying CIDs.
AEs experienced by the infants did not show any patterns or
clusters of events suggesting a specific safety signal in children.?®
To date, two investigator-initiated studies on placental transfer
of anti-TNFs have been published: one in women with CD by
Mahadevan et al. (maternal, cord and infant samples collected
at birth)*® and one in women with RA and axSpA by Forger et
al. (maternal and cord samples collected at birth).'” CRIB greatly
expands on the available data, because it was designed to eval-
uate placental transfer of CZP and to further understand the PK
profile of CZP at 4 and 8 weeks in the in utero exposed infant,

in the event of placental transfer. Furthermore, to enhance the
accuracy of CZP measurement, a new electrochemiluminescence
assay was developed.”” This technology offered significantly
improved specificity and sensitivity over the ELISA previously
used by Mahadevan et al. and Forger et al.>* > **

ELISAs provide a relatively simple, high-throughput method of
measuring drug concentrations in human blood. Using this type
of assay, Mahadevan et al. showed low levels of placental transfer
of CZP (median cord/mother percentage 3.9%), compared
to adalimumab (median cord/mother percentage 153%) and
infliximab (median cord/mother percentage 160%).%° Forger
et al. reported similar findings for CZP (maximum cord/
mother percentage 3.8%)."" Although the ELISA used in these
two studies conforms to regulatory guidelines and has been
validated to measure the therapeutic range of CZP concentra-
tions typically seen in treated adults, it was not developed to
measure the low CZP concentrations expected from placental
transfer (LLOQ of the ELISA 0.41 ug/mL). Furthermore, the
detection reagent used was an anti-human kappa light chain
antibody, which is not specific for CZP and can detect other
TNEF-binding antibodies, such as other therapeutic anti-TNF
antibodies, or naturally occurring autoantibodies to TNFa,
which can be found both in patients with CIDs and otherwise
healthy individuals.?’ By contrast, the new electrochemilumines-
cence assay used in CRIB is highly specific for CZP, since it uses
a TNF-coated electrode to capture CZP and an anti-PEG anti-
body as the detection reagent. In addition, at an LLOQ of 0.032
ug/mL, the new assay is over 10 times more sensitive than the
previous ELISA.** Consequently, this assay enabled us to provide
much more accurate data regarding placental transfer of CZP,
which can be translated with greater confidence into evidence-
based clinical practice.

One limitation of the CRIB study is the fact that the PK
profile of CZP in pregnant women was not fully characterised
during pregnancy, since maternal samples were collected only
at delivery. It would be valuable to measure maternal CZP
concentrations earlier in pregnancy and to investigate the poten-
tial impact of the loading dose (CZP 400 mg at weeks 0, 2 and
4) in women initiating CZP treatment while pregnant. Further
research is needed to answer these questions.

It has been suggested that TNFo. may play a role in the normal
development of the immune system.>’ However, TNFo.-defi-
cient mice generated by gene targeting have normal secondary
lymphoid organs, suggesting that TNFo is not necessary for
lymphoid organogenesis.’' Surprisingly, these mice lack primary
B cell follicles in the spleen, although this functional defect can
be rescued by complementation of TNFo. expression.*! *2 While
rodents develop B cell follicles and germinal centres early in
pregnancy, in humans, this process starts in the third trimester
and continues through week 8 postpartum.®® The results of the
CRIB study suggest no to minimal placental transfer of CZP
during the third trimester, and the minimal level detected in
one infant at birth (<0.1% of the adult therapeutic level) can
be assumed to have no effect on immune system development.
Furthermore, a study in pregnant macaque monkeys examined
the effect of the anti-TNF golimumab during organogenesis and
the perinatal/postnatal period. Golimumab, which has an Fc
portion and is therefore expected to actively cross the placenta,
was found at high concentrations in neonatal macaques and
persisted for 6 months postpartum. However, there were no
significant repercussions on lymphoid organ development
and immune function, suggesting once again that TNFo may
be dispensable for the immune system development during
pregnancy.”*
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Humans are born with an immature immune system and have
an increased risk of infection compared to adults, relying on
innate immune responses and maternal antibodies transferred
across the placenta and via breast milk.*® So far, few studies
have examined the long-term safety of anti-TINFs in antenatally
exposed children.* *® With the exception of CZP, all approved
anti-TNFs (infliximab, adalimumab, golimumab and etanercept)
contain an IgG1 Fc region, which enables FcRn-mediated trans-
port across the placenta.”’ *® In a prospective study of infants
born to mothers who received anti-TNFs during pregnancy, adali-
mumab and infliximab could be detected in infant blood until
12 months of age, due to IgG recycling in neonates via FcRn.*
This has raised concerns regarding the potential risk of infection
and the challenges of vaccinating infants exposed to anti-TNFs
in utero. By contrast, in CRIB, there were no quantifiable CZP
levels in the infants’ plasma at weeks 4 and 8 after birth, and
AEs experienced by the infants did not suggest a specific safety
signal. While these results can be considered reassuring, long-
term observational studies are needed to fully characterise the
safety profile of CZP in the infants of exposed mothers.

In addition to the influence of anti-TNFs on the neonatal
immune system, it is also important to take into account the
potential impact of intrauterine exposure earlier in pregnancy,
particularly during the first trimester, before the placenta is fully
formed and when organogenesis takes place. Recent systematic
reviews and meta-analyses have found no association of anti-TNF
exposure during the first trimester with adverse pregnancy
outcomes.” 37 3% Furthermore, evidence gathered through phar-
macovigilance reporting supports the conclusion that maternal
CZP exposure during the first trimester does not appear to
increase the risk of adverse neonatal outcomes or major congen-
ital malformations.> Of note, 10 of the 14 infants in CRIB were
born to mothers exposed during the first trimester.

In conclusion, our data indicate no to minimal placental
transfer of CZP from mothers to infants, suggesting a lack of in
utero foetal exposure during the third trimester. Combined with
the evidence currently available regarding pregnancy outcomes
in women exposed to CZP during the first trimester, which
indicate no increased rate of major congenital malformations,*
the results of the CRIB study support the continuation of CZP
treatment throughout pregnancy when considered necessary to
control disease activity.
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EXTENDED REPORT

Safety, immunogenicity and efficacy after switching
from reference infliximab to biosimilar SB2 compared
with continuing reference infliximab and SB2 in
patients with rheumatoid arthritis: results of a
randomised, double-blind, phase Il transition study

Josef S Smolen,’ Jung-Yoon Choe,” Nenad Prodanovic, Jaroslaw Niebrzydowski,*

Ivan Staykov, Eva Dokoupilova,®’ Asta Baranauskaite,® Roman Yatsyshyn,’

Mevludin Mekic,'® Wieslawa Porawska,'" Hana Ciferska, '?

Krystyna Jedrychowicz-Rosiak, " Agnieszka Zielinska,"* Younju Lee, " Young Hee Rho '

ABSTRACT

Objectives Efficacy, safety and immunogenicity results
from the phase IIl study of SB2, a biosimilar of reference
infliximab (INF), were previously reported through 54
weeks. This transition period compared results in patients
with rheumatoid arthritis (RA) who switched from INF
to SB2 with those in patients who maintained treatment
with INF or SB2.

Methods Patients with moderate to severe RA despite
methotrexate treatment were randomised (1:1) to receive
SB2 or INF at weeks 0, 2 and 6 and every 8 weeks
thereafter until week 46. At week 54, patients previously
receiving INF were rerandomised (1:1) to switch to

SB2 (INF/SB2 (n=94)) or to continue on INF (INF/INF
(n=101)) up to week 70. Patients previously receiving
SB2 continued on SB2 (SB2/SB2 (n=201)) up to week
70. Efficacy, safety and immunogenicity were assessed
up to week 78.

Results Efficacy was sustained and comparable across
treatment groups. American College of Rheumatology
(ACR) 20 responses between weeks 54 and 78 ranged
from 63.5% to 72.3% with INF/SB2, 66.3%%—69.4%
with INF/INF and 65.6%—68.3% with SB2/SB2.
Treatment-emergent adverse events during this time
occurred in 36.2%, 35.6% and 40.3%, respectively,
and infusion-related reactions in 3.2%, 2.0% and
3.5%. Among patients who were negative for antidrug
antibodies (ADA) up to week 54, newly developed ADAs
were reported in 14.6%, 14.9% and 14.1% of the INF/
SB2, INF/INF and SB2/SB2 groups, respectively.
Conclusions The efficacy, safety and immunogenicity
profiles remained comparable among the INF/SB2,
INF/INF and SB2/SB2 groups up to week 78, with

no treatment-emergent issues or clinically relevant
immunogenicity after switching from INF to SB2.

Trial registration number NCT01936181; EudraCT
number: 2012-005733-37.

INTRODUCTION

The introduction of biosimilars has significantly
impacted medical practice and the pharmaceutical
industry.! * While biologicals are effective, they are
also expensive, thus creating inequity by limiting

their accessibility to patients and countries that can
afford them.® * Biosimilars have the potential to
improve access to treatment by reducing the finan-
cial burden on healthcare systems.’

While from a physician’s perspective, biosimi-
lars may be considered akin to chemical generics,
making identical copies of biologicals is not tech-
nically feasible, and biosimilars undergo a more
comprehensive regulatory pathway. This includes
preclinical quality analysis, pharmacokinetic and
pharmacodynamic assessments and phase III clin-
ical evaluation, which is usually conducted in a
randomised, double-blind fashion in at least one
of the originator’s indications.®” Clinical trials of
biosimilars are usually parallel-arm equivalence
studies, with the primary aim to test that the biosim-
ilar has equivalent efficacy and comparable safety to
the reference product.®™°

An important issue surrounding biosimilars that
cannot be tested by this approach is whether patients
can be switched from the originator without major
concerns.! Because the main objective of biosim-
ilars is to reduce drug costs and make biologicals
more affordable to a larger population,' switching
patients from the original biological to a biosim-
ilar is a likely consideration in clinical practice to
capitalise on the cost reduction. However, as previ-
ously mentioned, biosimilars are not identical to
their original counterparts. Additionally, biologicals
commonly have issues with immunogenicity, which
can be associated with decreased efficacy and, in
some cases, with adverse events (AEs).'? There-
fore, data regarding switching from originators to
biosimilars are desirable to strengthen the demon-
stration of biosimilarity.

SB2 (Samsung Bioepis, Incheon, Republic of
Korea) and reference infliximab (INF; Remicade,
Janssen Biotech, Horsham, Pennsylvania, USA)
have been shown to have equivalent efficacy and
comparable structure, function, pharmacokinetic
parameters, immunogenicity and safety.® 1 ' SB2
was approved in the USA on 21 April 2017 and
has also been approved in Norway, Liechtenstein,
Iceland and Australia, in addition to having been
approved in the European Union" and Korea.'®

2 auylar
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The clinical efficacy and safety results of SB2 for the treatment
of rheumatoid arthritis (RA) were previously reported, up to 54
weeks, based on a phase III equivalence study conducted using
the aforementioned parallel-arm design.® ' The objectives of
the present transition-extension period (described as transi-
tion period hereafter) of the phase III study were to investigate
whether individuals on INF could be readily switched to SB2
without major concerns and whether comparable efficacy, safety
and immunogenicity were maintained after the switch when
compared with both ongoing reference INF as well as SB2.

METHODS

Methods for the initial randomised, double-blind period of this
multinational, multicentre, parallel group study (weeks 0-54)
have been previously described.®'” The study originally enrolled
patients 18-75 years of age diagnosed with moderate to severe
RA (1987 American College of Rheumatology (ACR) criteria)
despite methotrexate therapy. The methods below focus on the
transition period (weeks 54-78).

Patients

Those who completed the week 54 visit of the randomised,
double-blind period and were willing to participate were eligible
for the transition period. Patients who experienced any signifi-
cant medical condition(s) during the randomised, double-blind
period, such as the occurrence of a serious AE (SAE) or intol-
erance of SB2 or INF, and who were determined to be unfit for
further treatment were excluded.

Study design

Patients were initially randomised (1:1) to receive either SB2
or INF at weeks 0, 2 and 6 and then every 8 weeks thereafter
until week 46 (randomised, double-blind period). The protocol
was amended during this period to accommodate the transition

design. At week 54, enrolled patients in the INF group were
rerandomised (1:1) to either transition (switch) to SB2 (INF/
SB2) or to continue on INF (INF/INF) up to week 70 (transition
period, figure S1 in online supplementary appendix). Patients
in the SB2 group continued to receive SB2 up to week 70 (SB2/
SB2) but followed the randomisation procedure to maintain
double-blind status. The final visit was at week 78. An interac-
tive web response system was used for randomisation and treat-
ment allocation.®

Treatment with SB2 or INF was initiated at an intravenous
dose of 3 mg/kg at week 0. The dose could have been increased
stepwise by 1.5 mg/kg, up to a maximum of 7.5 mg/kg, starting
at week 30 and every 8 weeks thereafter if the patient’s RA
symptoms were not well controlled by the existing dose. At the
time of switching to SB2 from INF (or continuing INF or SB2
in the other arms), the dosing schedule continued from the last
dose applied before switching (ie, week 54). An oral or paren-
teral stable dose of methotrexate (10-25 mg/week) was taken
with folic acid (5—10 mg/week) throughout the study. No other
disease-modifying antirheumatic drugs were permitted. Parac-
etamol, antihistamines and/or corticosteroids were allowed as
premedications at the investigator’s discretion to prevent infu-
sion-related reactions.

Assessments

At each clinic visit, efficacy was evaluated by ACR response rates
(ACR20, ACR50 and ACR70), disease activity score based on
a 28-joint count (DAS28 score) and European League Against
Rheumatism (EULAR) responses. Clinical Disease Activity Index
(CDAI) and Simplified Disease Activity Index (SDAI) scores'®
were calculated post hoc. Safety was monitored throughout the
study by evaluation of treatment-emergent AEs (TEAEs), SAEs
and AEs of special interest (serious infections or tuberculosis);
latent tuberculosis was monitored with QuantiFERON Gold

Figure 1
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SB2, n=4 in INF). INF, reference infliximab.
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Table 1

Patient demographics and disease characteristics of the rerandomised population at baseline (A and B) and rerandomisation (C)

Variable INF/SB2 (n=94)

INF/INF (n=101) SB2/SB2 (n=201)

A. Demographics at baseline (week 0)

Age, years 53.0+11.0
Female, n (%) 77 (81.9)
Race white, n (%) 87 (92.6)
Height, cm 165.7+8.0
Weight, kg 72.2+14.9
BMI, kg/m? 26.3+5.1
Disease duration, years 6.3+5.4
Rheumatoid factor positive, n (%) 67 (71.3)

B. Disease characteristics at baseline (week 0)
Tender joint count (0-68) 23.7+11.3
Swollen joint count (0—66) 14.6+7.6
Duration of MTX use, months 49.7+45.4
MTX dose at baseline, mg/week 14.3+3.9
C reactive protein, mg/L 13.8+21.9
ESR, mm/hour 45.7+23.0
HAQ-DI (0-3) 1.5+0.6
Patient pain VAS (0-100), mm 60.9+20.4
Patient VAS (0-100), mm 62.8+18.1
Physician VAS (0-100), mm 61.9+16.2
DAS28 (ESR) 6.5+0.7
SDAI 40.2+11.6
CDAI 38.8+11.3

C. Disease characteristics at rerandomisation (week 54)

Tender joint count (0-68) 6.2+7.0
Swollen joint count (0-66) 2.7+4.4

C reactive protein, mg/L 6.6+12.4
ESR, mm/hour 27.7+21.9
HAQ-DI (0-3) 1.0+0.6
Patient pain VAS (0-100), mm 35.9+23.4
Patient VAS (0-100), mm 35.5+22.6
Physician VAS (0-100), mm 24.5+18.1
DAS28 (ESR) 3.9+1.3
SDAI 13.2+10.0
CDAI 12.5+9.8
Infliximab dose, mg/kg 3.78+1.16

51.5+11.2 51.8+12.1
79 (78.2) 158 (78.6)
88 (87.1) 183 (91.0)
165.4+7.5 165.2+9.0
73.1£17.4 72.7+14.7
26.8+6.4 26.6+5.0
6.7£6.1 6.3+6.2

66 (65.3) 140 (69.7)
24.6+11.6 23.9+12.2
14.3+7.2 14.1+6.8
52.1+50.6 51.1+46.8
15.2+4.0 14.7+4.1

13.7£18.8 12.0£19.1
45.3+19.7 43.0+17.5
1.5+0.5 1.5+0.6

66.7+19.0 60.0+17.9
64.3+17.4 61.7+17.3
62.0+14.5 60.8+15.1
6.6+0.8 6.4+0.8

40.2+11.0 38.9+11.0
38.9+10.6 37.7£10.7
8.2+10.5 7.31£9.2

4.0£6.1 3.4+5.2

8.2+12.7 8.4+12.6
28.3+19.6 28.3+20.0
1.0£0.6 1.0£0.7

35.8+22.7 35.6+23.8
35.8+21.9 34.8+23.3
25.0+17.1 25.1+18.0
41£15 4.0+1.4

15.2+12.0 14.6+£12.2
143117 13.8£11.8
3.91+1.38 3.85+1.25

Values represent mean+SD or number (percentage) of patients.

BMI, body mass index; CDAI, Clinical Disease Activity Index; DAS28, disease activity score based on a 28-joint count; ESR, erythrocyte sedimentation rate; HAQ-DI, Health
Assessment Questionnaire of Disability Index; INF, reference infliximab; MTX, methotrexate; SDAI, simplified disease activity index; VAS, visual analogue scale.

blood tests at weeks 54 and 78. Immunogenicity was assessed
by the development of serum antidrug antibodies (ADAs) and
neutralising antibodies (NAb) among who were ADA positive.®

Statistical analysis

Sample size and power calculations based on the primary
endpoint of the study (ACR20 response at week 30) were previ-
ously described.® All results obtained during the transition period
were analysed using descriptive statistics. Efficacy results were
based on the extended full analysis set (Ex-FAS), which follows
the intent-to-treat principle and comprises available data (ie, no
imputation) in all patients who were rerandomised at week 54
and who received at least one dose of SB2 or INF during the
transition period. To evaluate efficacy changes over the entire
duration of the study in the three treatment groups, a retrospec-
tive analysis of efficacy was performed in the Ex-FAS population
from week 54 back to week 0. AEs and immunogenicity were
analysed in the extended safety set (Ex-SAF), which comprised

all patients who received at least one dose of SB2 or INF during
the transition period. Analyses were performed using SAS V.9.2.

RESULTS
Patients
The study started in August 2013, and the transition period
was completed in August 2015. Patient disposition is shown in
figure 1. At week 54, 396 patients were rerandomised to receive
SB2/SB2 (n=201), INF/SB2 (n=94) or INF/INF (n=101) and
were included in this analysis. The majority of patients in each
treatment group completed the transition period (92.5%, 93.6%
and 95.0%, respectively). The number and pattern of with-
drawals were comparable among the three treatment groups.
Patient demographics and disease characteristics of the reran-
domised population were well balanced among the three treat-
ment groups at baseline, and disease characteristics were also
comparable at the time of rerandomisation (table 1). At weeks
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Figure 2 Mean disease activity score based on a 28-joint count
(DAS28 (ESR)) (A), Clinical Disease Activity Index (CDAI) score (B)
and Simplified Disease Activity Index (SDAI) score (C) up to week
78. ESR, erythrocyte sedimentation rate; INF, reference infliximab.

54, 62 and 70, the proportion of patients treated with 3, 4.5, 6
or 7.5 mg/kg of investigational product was similar in the INF/
SB2, INF/INF and SB2/SB2 groups (table S1 in online supple-
mentary appendix).

Efficacy

The time-response pattern of mean DAS28, SDAI and CDAI in
this transition study population is shown in figure 2. The pattern
of disease activity improvement was highly similar among the
three treatment groups during the entire study period. Figure 3
and table S2 (see online supplementary appendix) show the
ACR20, 50 and 70 response rates, which were comparable
across the double-blind randomised and transition period.
While a somewhat higher variance was observed, especially in
patients initially treated with INF who either transitioned to
SB2 or continued INF, this pattern was already evident during
the pretransition period before rerandomisation (assessed

retrospectively), and the overall pattern did not deviate mean-
ingfully during the period after the switch. The proportion of
EULAR responses classified as good or moderate was compa-
rable at week 78 across the treatment groups (good: 32.9%-
35.6% of patients; moderate: 50.5%-51.8% of patients; figure
S2 in online supplementary appendix).

When considering efficacy after dose increase of INF was
permitted (ie, week 30 and thereafter), the efficacy response
pattern was comparable among the three treatment groups,
both in patients who had received at least one dose increment
and in those who did not receive any dose increments (figure
S3 in online supplementary appendix). Patients who needed at
least one dose increment of INF or SB2 had experienced lower
response rates than patients who did not have a dose increment,
and patients who had a dose increment experienced an increase
in efficacy across treatment groups. Such response patterns were
generally consistent before and after rerandomisation (week 54).
At week 78, patients who did not receive any dose increment
and who had transitioned from INF to SB2 had a numerically
lower ACR20 response rate than those who did continue treat-
ment with either INF or SB2 throughout the entire study (figure
S3 in online supplementary appendix). Thus, some variance in
response pattern was observed in the INF/SB2 treatment group,
which is thought to be a reflection of the overall efficacy pattern
seen in figure 3.

Safety

The overall incidence of TEAEs reported during the transition
period in the Ex-SAF population was comparable in each treat-
ment group (table 2). The most commonly reported TEAEs
during this period were latent tuberculosis, nasopharyngitis and
RA (worsening); there were no deaths or new cases of active
tuberculosis during the transition period. Three cases of malig-
nancy were reported during the transition period: lip and/or oral
cavity cancer and basal cell carcinoma in the INF/SB2 group and
papillary thyroid cancer in the INF/INF group. Rates of serious
TEAESs, serious infections and infusion-related reactions were
low and comparable across the three treatment groups (table 2).
There were four serious infections reported: two events in the
INF/SB2 treatment group of arthritis bacterial and haematoma
infection, one event in the INF/INF treatment group of respi-
ratory tract infection and one event in the SB2/SB2 treatment
group of urosepsis.

Immunogenicity

The incidence of overall ADA after transition and newly devel-
oped ADA after transition was comparable in the three treatment
groups (figure 4). The incidence of overall positive ADA during
the transition period among patients with overall negative ADA
up to week 54 was 14.6% for INF/SB2, 14.9% for INF/INF
and 14.1% for SB2/SB2 (NAb 33.3%, 71.4% and 63.6%) indi-
cating that immunogenicity after switching from INF to SB2 was
similar to that from continuing either INF or SB2.

DISCUSSION

Here we report results from the transition period of the phase
III study of the INF biosimilar, SB2, in patients with moder-
ate-to-severe RA despite methotrexate treatment. Our main goal
was to demonstrate clinical comparability of switching from
INF to SB2 with both ongoing reference INF as well as SB2.
This type of comparative approach may be considered unique in
INF biosimilar studies done hitherto; for example, switching of
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Figure 3 American College of Rheumatology (ACR) responses up to week 78. The responses before week 54 are retrospective analyses based on
the extended full analysis set. For the actual percentages, please refer to online supplementary appendix table S2. INF, reference infliximab.

INF to CT-P13 was compared with continuing CT-P13, but not
with a parallel, continuing reference INF arm."

When switched from INF to SB2, there was no clinically
meaningful difference in terms of efficacy, safety and immunoge-
nicity compared with the INF/INF group. Likewise, the SB2/SB2
group also maintained long-term efficacy, safety and immuno-
genicity, again comparable with that of the long-term INF/INF
group or the INF/SB2 group. Even dose increment patterns after
week 54 were comparable among the three treatment groups,
with a similar efficacy response. These results are consistent with
our previous reports of SB2% 7 but provide additional insight on
switching and longer term treatment. Also, our study is unique
among INF biosimilar studies in that it employed a switching
design and continued with dose increments, both of which can
be situations encountered in the clinical setting.

Our data showing that switching from originator to biosim-
ilar is safe and effective are corroborated by the recent obser-
vations in the NOR-SWITCH and DANBIO study.” *° In the
NOR-SWITCH study, efficacy and safety in patients with
multiple diagnoses who were switched from reference INF to
biosimilar CT-P13 were compared with those maintaining refer-
ence INF, revealing similar results, while in the DANBIO study,
prior INF-receiving patients were non-medically switched to
CT-P13 due to national policy yet maintaining similar disease
activity compared with historical INF data. In both studies,
comparison with a continuing biosimilar could not be tested,
because it had not been available prior to initiation of the trial or
non-medical switch.'” 2

Recently, various study designs have been proposed to address
the issue of biosimilar switching. Early switching designs
employed a total group switch in which the originator treatment
group was switched entirely to the biosimilar and compared with
the ongoing biosimilar treatment group.?! * Others employed
a multiple switch design, switching back and forth in both the
originator and biosimilar treatment groups.”® Our study design
split the originator treatment arm into two groups and switched
one of these groups to the biosimilar. While it is not clear which

design is best for assessing biosimilar switching, our study allows
simultaneous comparison of the switched group with both
the ongoing originator and biosimilar groups, respectively, as
mentioned previously.

Another important factor in switching designs is mainte-
nance of study blinding. Because patients might exhibit different

Table 2 Summary of safety profile during the transition period

INF/ INF/INF SB2/SB2
SB2 (n=94) (n=101) (n=201)
At least one TEAE 34 (36.2) 36 (35.6) 81 (40.3)
Frequently reported TEAEs (=2% in any treatment group)
Latent tuberculosis 7(7.4) 4 (4.0) 11 (5.5)
Nasopharyngitis 2(2.1) 4 (4.0) 11 (5.5)
Rheumatoid arthritis 2(2.1) 4 (4.0) 7 (3.5)
ALT increased 4(4.3) 1(1.0) 5(2.5)
AST increased 4 (4.3) 2 (2.0) 4(2.0)
Upper respiratory tract infection 3(3.2) 5(5.0) 1(0.5)
Bronchitis 1(0.5) 2 (2.0) 5(2.5)
Pharyngitis 2(2.1) 0(0.0) 1(0.5)
Tonsillitis 2(2.1) 1(1.0) 0(0.0)
Headache 2(2.1) 0(0.0) 1(0.5)
Antinuclear antibody positive 0(0.0) 2 (2.0) 0(0.0)
Any serious TEAE 6 (6.4) 3(3.0) 7 (3.5)
Serious infection 2(2.1) 1(1.0) 1(0.5)
Infusion-related reaction* 3(3.2) 2 (2.0) 7 (3.5)
Malignancyt 2(2.1) 1(1.0) 0(0.0)

Values represent n (%) of patients. Latent tuberculosis was diagnosed as having a
newly positive QuantiFERON test that was negative at week 0.

*There were two serious infusion-related reactions (drug hypersensitivity in INF/SB2
group, anaphylactic reaction in SB2/SB2 group), which led to discontinuation of the
investigational product.

tSee text for details.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INF,

reference infliximab; TEAE, treatment-emergent adverse event.
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Figure 4  Incidence of immunogenicity during the transition period.
*Patients having at least one positive ADA result during the transition-
extension period among all patients regardless of prior ADA result up
to week 54 (n=94 in INF/SB2, n=101 in INF/INF, n=201 in SB2/SB2).
tPatients having at least one positive ADA result during the transition
period among patients with overall negative ADA results up to week
54 (n=41 in INF/SB2, n=47 in INF/INF, n=78 in SB2/SB2). NAb was
measured among ADA positive subjects (n=6, 7 and 11). ADA, antidrug
antibody; NAb, neutralising antibody; INF, reference infliximab.

attitudes when becoming aware of receiving a biosimilar, this
could potentially affect the study outcomes. Such ‘nocebo’ effects
have been reported with chemical generic drug switching.** To
avoid these effects, our study was fully blinded throughout,
even including mock-randomisation procedures for the SB2/
SB2 treatment group that did not change during the entire study
period, thus minimising possible bias.

As a limitation of our study, because the INF population was
split into two groups, the sample size for each treatment group
decreased by half. This may have increased the potential for
greater variation in clinical outcomes, possibly making compar-
isons between the treatment groups somewhat more difficult.
This is suggested by the wider efficacy fluctuations seen in the
INF/SB2 and INF/INF groups compared with the more stable
pattern seen in the SB2/SB2 group; however, this variability
already existed in the pretransition period on post hoc analysis.
Thus, it is reassuring that despite such potential variations, the
efficacy, safety and immunogenicity outcomes were comparable
among the three treatment groups.

CONCLUSIONS

SB2, an INF biosimilar, maintained comparable efficacy, safety
and immunogenicity up to 78 weeks, even after switching from
the originator INF. Our results suggest that the clinical profile of
SB2, when administered long term or when switched from INF,
is comparable with INF.
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ABSTRACT

Objectives This study aimed to develop consensus

on an internationally agreed dataset for juvenile
dermatomyositis (JDM), designed for clinical use, to
enhance collaborative research and allow integration of
data between centres.

Methods A prototype dataset was developed

through a formal process that included analysing items
within existing databases of patients with idiopathic
inflammatory myopathies. This template was used to aid
a structured multistage consensus process. Exploiting
Delphi methodology, two web-based questionnaires
were distributed to healthcare professionals caring for
patients with JDM identified through email distribution
lists of international paediatric rheumatology and
myositis research groups. A separate questionnaire was
sent to parents of children with JDM and patients with
JDM, identified through established research networks
and patient support groups. The results of these parallel
processes informed a face-to-face nominal group
consensus meeting of international myositis experts,
tasked with defining the content of the dataset. This
developed dataset was tested in routine clinical practice
before review and finalisation.

Results A dataset containing 123 items was formulated
with an accompanying glossary. Demographic and
diagnostic data are contained within form A collected at
baseline visit only, disease activity measures are included
within form B collected at every visit and disease damage
items within form C collected at baseline and annual
visits thereafter.

Conclusions Through a robust international process,

a consensus dataset for JDM has been formulated that
can capture disease activity and damage over time.

This dataset can be incorporated into national and
international collaborative efforts, including existing
clinical research databases.

INTRODUCTION

Juvenile dermatomyositis (JDM) is associated with
significant morbidity and mortality.'” To better
understand this rare disease,* international collab-
oration is essential. This is feasible with the devel-
opment of national and international electronic
web-based registries and biorepositories.” ¢ For
good clinical care and to aid comparison of data

between groups, it is crucial to have a common
dataset that clinicians and researchers collect in
a standardised way, with items clearly defined.
The International Myositis and Clinical Studies
(IMACS) Group”” and Paediatric Rheumatology
International Trials Organisation (PRINTO)!™2
JDM core sets were developed predominantly for
research studies. Existing myositis registries include
partially overlapping but different dataset items,
making comparison between groups challenging.
This study aimed to define optimal items from
existing datasets that would be useful to collect in
routine practice, within accessible disease-specific
registries, that, when measured over time, would
help capture disease outcome/treatmentresponse,
which would facilitate both patient care and trans-
lational research.

METHODS

The study protocol and background work have been
published.” ' The study is registered on the Core
Outcome Measures in Effectiveness Trials initiative
database."® The Core Outcome Set—STAndards for
Reporting standards for reporting were followed.'®
The study overview is shown in figure 1.

Background work

A steering committee (SC) developed a prototype
dataset by scrutinising all items within existing
international databases of juvenile-onset myositis
(JM) and adult-onset myositis,! =" informed by
a literature search and detailed analysis of the UK
Juvenile Dermatomyositis Cohort Biomarker Study
and Repository (JDCBS).”* ¥ Leading representa-
tives of each partner organisation” '* 7 2% detailed
in the study protocol'* approved the template/
provisional dataset.

Stakeholder groups

This study design aimed to employ representation
from healthcare professionals with experience
in myositis working as physicians, allied health
professionals or clinical scientists in paediatric or
adult medicine within rheumatology, neurology or
dermatology'® and consumers (patients with JM
and their parents or carers).
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Healthcare Professional Delphi:
Developed from background work. Items listed to be
scored for usefulness in clinical practice & research.

Piloted by trainees & physicians.
123 items: 70 stem items + up to 53 additional items if
answer to preceding question is ‘yes.’

v

Delphi round 1:
Scoring of 123 items using a scale 1-9
(low importance - critical).
181 completed = 75% of round 1.
165 agreed to take part in round 2.

¥

Delphi round 2:
146 responses received for round 2.
(129% attrition).

v

Results of Healthcare Professional Delphi 2

|

Consensus Meeting

Attended by 18 voting experts in myositis. Results of Clinician and Patient /
parent survey discussed by Nominal Group Technique (NGT) followed by re-

voting to define optimal dataset.

|

Further voting post consensus meeting
Survey Monkey of expert group (n=18).

|

l

Patient / Parent survey preparation:
Developed by modification of Healthcare Professional
Delphi by steering committee (23 items).
Addition of 7 items after patient/parent focus groups
relating to school, fatigue, pain, puberty, adverse effects
of medications and patient/parent perception of
collecting data (30 items).

v

Patient / Parent survey:
Scoring of 30 items by 198 parents and 103 patients
(total = 301).

Results of patient / parent
questionnaires available at time of
consensus meeting (n=38)

 J

Final patient / parent analysis
(n=301)
Reviewed by steering committee.

|

Refinement of Dataset & Testing in practice
Tested by healthcare professionals (n=20) in clinical practice, each completing patient-
anonymised data and a feasibility questionnaire

!

Review and sign off
Results reviewed in detail by steering committee & modifications made.
Reviewed by NGT group and partner organisations before sign off.

Figure 1 Flow chart showing study overview.

Healthcare professional Delphi process

A two-stage Delphi process was undertaken.'® Items contained
within the prototype dataset were listed and further modified
by the SC to ensure clarity. The items were formatted into a
custom-made electronic questionnaire, piloted before distri-
bution. After modifications, the Delphi template included 70
items with an additional 53 conditional on previous response
(detailed in online supplementary table S1). Participation was
invited via membership lists of IMACS, Childhood Arthritis and
Rheumatology Research Alliance (CARRA), Juvenile Dermato-
myositis Research Group (JDRG) UK and Ireland, Paediatric
Rheumatology European Society (PReS) JDM working party and
PRINTO Centre Directors. These are representative of interna-
tional paediatric rheumatology and myositis specialty groups,
capturing opinion of clinicians, scientists and allied health
professionals. The estimated membership of these groups totals
more than 1000. However, the majority of members belong
to more than one organisation and membership lists include
retired/non-active members or specialists working in adult-onset
myositis potentially less inclined to answer a paediatric-specific
survey.'* Participants were asked to rate the importance of each
item for clinical practice and separately for value in research,

using a scale of 1-9: 1-3 (of low importance), 4—6 (important
but not critical) and 7-9 (critical)."* An option of ‘unable to
score’ was given and free text comments were allowed. Delphi
2 was sent to participants who scored 75% or more of the items
in round 1 of the Delphi. Each participant was asked to re-score
each item, having been shown the distribution of scores for the
group as a whole and their own score.

Patient and parent survey

The healthcare professionals’ survey was modified into separate
parent and patient questionnaires as per protocol,'* formatted
for computer or paper format completion. The questionnaires
and age-appropriate information leaflets were reviewed by
patient and public involvement coordinators and by parent/
young people’s focus groups.'® The focus groups also reviewed
patient/parent-reported outcome measures (PROMs) used
for JDM and other rheumatology conditions,””?” and opin-
ions were summarised (online supplementary table S2). Thirty
items were included in patient/parent questionnaires; 23 from
adaptation of the Delphi (combining or simplifying items from
the healthcare professional questionnaire and selecting items
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Table 1

Definition of consensus for each stage of the study (defined a priori)

Definition of consensus

Consensus

classification ~ Description

Healthcare professionals’ Delphi

Patient/parent survey Consensus meeting*

Consensus that outcome should be
included in core set

Consensus in

Consensus out

included in the core outcome set ‘low importance’

Equivocal Uncertainty about importance of All other responses

outcome

>70% of participants scoring ‘7-9"
‘critical for decision-making’

Consensus that outcome should not be  >70% of participants scoring 1-3"

>70% of participants scoring ‘really
important’

>70% of participants scoring ‘'not that <80% of participants voting for
important’ inclusion in core outcome set

All other responses

>80% of participants voting for
inclusion in core outcome set

Further discussion by NGT and re-
voting allowed

*More stringent consensus cut-off for consensus meeting.
NGT, nominal group technique.

particularly relevant to patients/parents), 2 additional questions
added by the SC to determine patient/parent perspectives on
collecting and storing information, plus 5 questions suggested
by patients/parents within focus groups (online supplementary
table S1). The scoring system was simplified into three categories
of ‘not that important’, ‘important” and ‘really important’. An
option of ‘unable to score’ was given and free text comments
were allowed. Participation was open to any patient with JM—
child/adult, or any parent/carer of a child with JM. Patients with
adult-onset myositis (onset =18 years) were excluded. Informa-
tion leaflets and questionnaires were in English only; translators
could be used if available. Patients/parents were signposted to
the study via email distribution lists/websites of North American
and UK patient support groups (Cure JM and Myositis UK),* *
the lead of the JDRG patient/parent groups and JDRG coordi-
nator.”” In addition, following site-specific ethics approval, UK
centres participating in the JDCBS' 3® and a Netherlands site
invited patients/parents to participate.

Data analysis

For each item, the number and percentage of participants who
scored the item and the distribution of scores (grades 1-9) were
summarised for each stakeholder group. Consensus definitions
were applied as ‘consensus in’ versus ‘equivocal’ or ‘consensus
out’ according to predefined consensus definitions (table 1).

Consensus meeting

Eighteen voting delegates were invited to a 2-day consensus
meeting, led by a non-voting facilitator (MWB). International
representatives were experts in myositis from paediatric rheuma-
tology/myositis groups and professionals who care for patients
with myositis including neurologists, dermatologists, adult
rheumatologists and physiotherapists. Prior to the meeting,
delegates were sent a summary of results to review. During the
consensus meeting, Delphi 2 results and patient/parent results
were presented for each item—as shown in online supplemen-
tary figure 1. Items achieving ‘consensus in” within the Delphi
and patient/parent questionnaires were voted on immediately.
Those not achieving ‘consensus in” were discussed by nominal
group technique. Consensus was defined a priori as =80%
(table 1). Discussion and re-voting allowed refinement of items
or associated definitions. The process continued until consensus
was reached or until it was clear that consensus would not be
reached.

Testing in practice

The proposed dataset was formatted into three sections (forms
A, B and C) and tested in clinical practice. Members of the
expert group were asked to test the dataset themselves and/
or delegate a member of their department unfamiliar with the

dataset. Clinicians completed patient-anonymised data on one
to two patients under their care and a feasibility questionnaire
(online supplementary table S3). Feedback was considered
by the SC and refinements made. The dataset was sent to the
expert group, including representatives of partner organisations
(IMACS, CARRA, PRINTO, PReS JDM working group, JDRG,
Euromyositis) for comment.

RESULTS

Two hundred and sixty-two healthcare professionals accessed
the system (26% of the estimated total membership of specialty
groups). 181/262 (69%) completed =75% of Delphi 1 (June-
September 2014). One hundred and sixty-five agreed to take part
in Delphi 2 (November 2014-January 2015); from these, 146
replies were received (12% attrition). One hundred and seven-
ty-two participants provided full demographic data in round
1 showing that survey responses were received from Europe
(449%), North America (34%), Latin America (12%), Asia (6%),
Australia/Oceania (0.5%), Middle East (3%) and Africa (0.5%).
Respondents primarily were paediatric or adult rheumatologists
(85%) or had an interest in rheumatology (8%), but also included
clinical academics (specialty not defined, 4%), dermatologists
(0.5%), neurologists (0.5%), physiotherapists (1%) or other
professionals (1%). The majority of respondents had substan-
tial experience in the specialty (74% with =10 years of experi-
ence) and worked within paediatrics/mainly paediatrics (82.5%
vs 17.5% of respondents working with adults). Responses were
summarised as percentages of participants ranking items as
critical for decision-making (score 7-9) for each item (clinical/
research), shown in online supplementary table S1. Availability
of investigations to clinicians within clinical practice was also
summarised from responses received in Delphi 1 (online supple-
mentary table S4 and online supplementary figure S1).

Patient/parent surveys

In total, 301 surveys were completed (198 from parents, 103
patients). To allow time for sufficient data capture for parent/
patient questionnaires, data collection continued after the
consensus meeting. At the consensus meeting, data were avail-
able from 16 completed patient surveys and 22 parent surveys.
Decisions made at the consensus meeting with 38 responses still
held true in the final analysis of 301 replies. Responses were
received from Europe (53%), North America (44%) and other
continents (3%). Patients completing the questionnaire were a
median of 15 years of age (IQR 12-17). Parents completed ques-
tionnaires for children who had a median age of 11 years (IQR
7-15). Overall, there was good agreement between patient/
parent surveys and the healthcare professionals’ Delphi and
items agreed at the consensus meeting (online supplementary
table S1). Key exceptions are summarised in table 2.
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Table 2 Key differences between opinions of patients/parents and healthcare professionals

Healthcare Outcome from
Patients’ professionals’  consensus
Item opinion Parents’ opinion opinion meeting Comments/reasons for retaining in dataset
Raynaud's phenomenon Equivocal Equivocal Consensus in Consensus in Important for overlap phenotypes especially
myositis—scleroderma
Use of an age-appropriate patient/ Equivocal Equivocal Consensus in Consensus in Retained (with the option of using alternative tools
parentmeasure of function to allow for country-specific requirements) since
Use of an age-appropriate patient/ Equivocal Equivocal Consensus in Consensus in these are standard outcome measures for research
parentmeasure of quality of life in JODM
Parent/patient global assessment VAS Equivocal Equivocal Consensus in Consensus in
Physician global assessment VAS Equivocal Equivocal Consensus in Consensus in
Fatigue due to myositis (within PROM) Equivocal Consensus in Consensus in Consensus in—as Quantifiable outcome measure
part of a PROM
Questions related to physiotherapy Equivocal Equivocal Consensus in Consensus in Increasingly a defined therapeutic intervention;
omitting would be akin to not asking about
medicines
Pubertal assessment Equivocal Equivocal (Not asked)* Consensus in Important outcomes of disease activity/damage/
Height of patient Equivocal Consensus in Consensus in Consensus in adverse effects of medication
Weight of patient Equivocal Consensus in Consensus in Consensus in

Items related to major organ involvement— Equivocal Consensus in

cardiac/pulmonary/gastrointestinal

Consensus in

Consensus in Important implications for disease severity,

treatment and prognosis

Specific questions about pain Consensus in Consensus in (Not asked) Consensus out Thought to be part of standard care (questions that
Specific questions about medicines Consensus in Consensus in (Not asked) Consensus out would be asked by a clinician in a clinic consultation)
Irritability due to JDM Equivocal Consensus in (Not asked) Consensus out Too non-specific and variable interpretation in

different countries

*Added to patient/parent questionnaire after discussion in patient/parentfocus groups.

JDM, juvenile dermatomyositis; PROM, patient/parent-reported outcome measure; VAS, Visual Analogue Scale.

Consensus meeting and output

All invited experts (n=18) attended the consensus meeting
(Liverpool, March 2015), representing Europe (n=10), North
America (n=6), Latin America (n=1) and Asia (n=1). Specialties
included paediatric rheumatology (n=13), adult rheumatology
(n=2), paediatric dermatology (n=1), paediatric neurology
(n=1) and physiotherapy (n=1). Parents/patients were not
included. Output from the consensus meeting is shown in online
supplementary table S1. A set of recommendations for first
visit, for each visit and for annual assessment was made. Refine-
ment took place following the consensus meeting via three
rounds of SurveyMonkey, principally to better define myositis
overlap features and disease damage items (shown in online

supplementary table S1), with the same members of the expert
group (100% response rate).

Testing the dataset in practice

Glossaries of definitions/instructions to aid completion, along
with muscle strength-testing sheets, were formulated into
appendices, approved by the SC. Twenty clinicians tested the
dataset (October 2016-April 2017); eight were present at the
consensus meeting, three had completed the Delphi and nine
were new to the dataset. Time taken to complete the dataset in
clinical practice ranged from 5 to 45 min (median time 15 min).

Table 3  Summary of items included in the JDM optimal dataset, form A (completed at first/baseline visit only)

Additional items conditional on previous response

Section heading Items (summary)
Personal factors/ 1 Date of birth (year and month of birth+day of birth)
demographics 2 Sex of patient
Diagnostic factors 3 Date (year and month) of first symptom of myositis
4 Date (year and month) of diagnosis of JDM
5 At the time of diagnosis did the patient have proximal muscle weakness?
6 At the time of diagnosis did the patient have typical skin features of JDM

(Gottron's/heliotrope)?

7 Was an MRI scan done at diagnosis?
8 Was a muscle biopsy done at diagnosis?
9 Were myositis-specific antibodies tested at diagnosis?

10 Were myositis-associated antibodies tested at diagnosis?
Did this patient receive systemic glucocorticoid prior to diagnosis of JDM?
Did this patient receive any synthetic or biologic disease modifying anti-

Treatments received prior to 11
diagnosis of JDM 12

rheumatic drug prior to the diagnosis of JDM?

Choice of options for MRI result (four options)

Choice of options for biopsy result (four options plus total
biopsy score if available)

If positive, asked to select all that apply (eight options)
If positive, asked to select all that apply (nine options)
If yes, asked to select all that apply (three options)

If yes, asked to select all that apply (13 options)

JDM, juvenile dermatomyositis.
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Table 4 Summary of items included in the JDM optimal dataset, form B (completed at every visit representing status of the patient at the current

time point)

Additional items conditional on previous

Section heading Items response (summary)
Growth 1 Height of patient (in centimetres)
2 Weight of patient (in kilograms)
Muscular involvement 3 Presence of symmetrical proximal muscle weakness
4 Childhood Myositis Assessment Scale score State score (out of 52)
5 Manual Muscle Testing score State score (out of 80)
6 VAS score for global muscle disease activity If measured, mark score on 10cm line*
Skeletal involvement 7 Arthritis due to myositis
8 Joint contractures due to myositis
9 VAS score for global skeletal disease activity If measured, mark score on 10cm line*
Cutaneous involvement 10 Gottron's papules or Gottron's sign
11 Heliotrope rash
12 Periungual capillary loop changes (plus measure of capillary density if available)
13 Malar or facial erythema
14 Linear extensor erythema
15 'V'sign
16 Shawl sign
17 Non sun-exposed erythema
18  Extensive cutaneous erythema, which may include erythroderma
19 Livedo reticularis
20  Cutaneous ulceration
21 Mucus membrane lesions
22 Mechanic’s hands
23 Cuticular overgrowth
24 Subcutaneous oedema
25 Panniculitis
26  Alopecia (non-scarring)
27  Calcinosis (with active disease)
28  VAS score for global cutaneous disease activity If measured, mark score on 10cm line*
Features suggestive of 29  Does this patient have a myositis overlap condition? If yes, asked to select all that apply (four options)
myositis overlap 30  Raynaud's phenomenon
31  Sclerodactyly
Gastrointestinal involvement 32 Dysphagia due to myositis
33 Abdominal pain due to myositis
34  Gastrointestinal ulceration due to myositis
35  VAS score for global gastrointestinal disease activity If measured, mark score on 10cm line*
Pulmonary involvement 36  Pulmonary involvement/respiratory muscle weakness or interstitial lung disease due to
myositis
37  Dysphonia due to myositis
38  VAS score for global pulmonary disease activity If measured, mark score on 10cm line*
Cardiovascular involvement 39  Cardiovascular involvement due to myositis
40  BP recording State systolic and diastolic measurement
41 BP elevated suggesting hypertension (for age of patient)
42 VAS score for global cardiovascular disease activity If measured, mark score on 10cm line*
Constitutional features 43 Fever (>38°C) due to myositis
44 Weight loss (>5%) due to myositis
45  Fatigue due to myositis
46 VAS score for global constitutional disease activity If measured, mark score on 10cm line*
Global disease assessment 47  Physician VAS score of global disease activity If measured, mark score on 10cm line*
by clinician 48  Physician VAS score of extramuscular disease activity If measured, mark score on 10cm line*
Global disease assessment 49  Patient/parentVAS score for global disease activity If measured, mark score on 10cm line* and state
by patient/parent who completed (four options)
50 Patient/parentVAS score for pain If measured, mark score on 10cm line*
PROM 51  Use of an age-appropriate PROM of function Asked to state PROM used and score
52 Use of an age-appropriate patient/parent-reported measure of quality of life Asked to state PROM used and score
Continued
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Table 4 Continued

Section heading Items

Additional items conditional on previous
response (summary)

Investigations 53
normal range

Specimens available 54

Treatment 55

Is the patient on treatment (now or since last visit)?

Elevation of any muscle enzyme (including CPK, LDH, aldolase, AST/SGOT, ALT/SGPT) above If elevated, asked to select which apply (five

options)

Has this patient had specimens taken that may be available for specific research projects?  If answer is ‘yes’, asked to select which apply
This may include DNA, serum, biomarkers, biopsy tissue or other material

(three options)

Asked to select all that apply (16 options) and
to state dose, route and frequency for each
medication

56 Is the patient doing a regular exercise routine prescribed by a healthcare professional

aimed at improving/maintaining:
(A) range of movement?
(B) muscle strength?

*0 is inactive or lowest score and 10 is most active or highest score on 10.cm VAS scores.

ALT, alanine transaminase; AST, aspartate aminotransferase; BP, blood pressure; CPK, creatine phosphokinase; JDM, juvenile dermatomyositis; LDH, lactate dehydrogenase; PROM,
patient/parent-reported outcome measure; SGOT, serum glutamic oxaloacetic Transaminase; SGPT, serum glutamic-pyruvic transaminase; VAS, Visual Analogue Scale.

In addition, 15/20 (75%) found the dataset helpful in practice.
Feedback was reviewed in detail by the SC and refinements
made.

Completed optimal dataset

The resulting optimal dataset is summarised within tables 3-5
representing three forms. They consist of 123 items: 12 (plus 6
items conditional on responses to the initial 12) within form A, to
be completed at first/baseline data entry only; 56 (plus 20 condi-
tional on responses to the 56) within form B, to be completed at
every clinic visit representing status of the patient at the current
time point; and 55 (plus 15 conditional on responses to the 55)
within form C, to be completed at baseline and then annually to
capture disease damage. The complete dataset with glossary of
definitions and muscle strength-testing sheets can be found in
the website of University of Liverpool (http://ctre.liv.ac.uk/
JDMY/) and online supplementary table SS.

DISCUSSION

An internationally agreed JDM dataset has been designed for
use within a clinical setting, with the potential to significantly
enhance research collaboration and allow effective communica-
tion between groups. The accompanying glossary of definitions
may be particularly helpful to those in training or physicians less
familiar with JDM and for standardisation of the information.
Key items are included within the dataset that allow documen-
tation of disease activity and damage with the ability to measure
change over time. If adopted widely, the dataset could enable
analysis of the largest possible number of patients with JDM
to improve disease understanding. It is anticipated that further
ratification of the dataset will take place when incorporated
into existing registries and national/international collaborative
research efforts. It is acknowledged that updates may be needed
in the future to incorporate advances in JDM.

When tested in practice by a small number of clinicians, the
forms took between 5 and 45 min to complete. The wide range
is likely to be due to some respondents interpreting this question
as time taken to complete the actual forms, while others may
have documented time taken to complete all the tasks within the
forms, including clinical examination. It is likely that comple-
tion time will be reduced as clinicians become familiar with the
questions over time and employment of electronic data entry
systems. The dataset does not encompass every aspect of a clinic
consultation. Other factors such as adverse effects to medication

or details of pain (ranked important by patients/parents) should
be covered as part of standard care.

This study has benefited from the enormous contribution of
patients and parents. It is interesting that patients do not neces-
sarily perceive items such as shortness of breath, chest pain and
abdominal symptoms as important in JDM whereas for clini-
cians, major organ involvement has important implications for
prognosis and treatment choices.’’™” Likewise, growth and
pubertal parameters were rated less important by patients/
parents but retained due to impact of active disease and corti-
costeroid treatment on growth.*® *” Self-assessment is allowable
to make pubertal assessment more acceptable to patients.*
Notable discrepancies in healthcare professional and patient/
parent opinion included the use of PROMs capturing func-
tion and health-related quality of life (HRQOL). The benefits
and limitations of individual tools have been described.”* %’
Within this study, comments from patient/parent surveys and
focus groups suggested a dislike of 0-10cm scales used in VAS
measurements (data not shown). It is possible that a pain/general
VAS is not adequate to capture the complexity of pain or overall
feelings for a patient, particularly due to the variability of the
disease. Despite this caveat, clinicians recognise the need to have
outcome-driven data that include measures of activity, participa-
tion, pain and HRQOL.? Patients with JDM have been found
to have significant impairment in their HRQOL compared with
healthy peers.*' PROMs used within the IMACS and PRINTO
core sets, including the Childhood Health Assessment Question-
naire and Child Health Questionnaire, are not designed specif-
ically for JDM but have been evaluated and endorsed for use
in juvenile myositis.”* The Juvenile Dermatomyositis Multidi-
mensional Assessment Report (JDMAR) is a multifunctional tool
that includes function, quality of life, fatigue and adverse effects
of medications that has been specifically developed for JDM.*
It is currently undergoing further validation. Fatigue, rated as
important by parents in this work, is included within the JDMAR.
During the consensus meeting, it was not possible to define a
single agreed PROM for function (activity) or HRQOL (partici-
pation) despite taking into consideration results of the healthcare
professionals’ Delphi, patient/parent surveys and feedback from
patients within a UK focus group (online supplementary table
S2). The difficulty of PROMs being internationally accepted was
discussed and noted. Specifically, items within tools developed
in Europe/North America may not be relevant in economically
less developed countries. It was agreed that the dataset would
include a recommendation to use ‘an age-appropriate patient/
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Table 5 Summary of items included in the JDM optimal dataset, form C (completed at baseline visit and then annual visits only)

Additional items conditional on

Section heading Items previous response (summary)
Muscular damage items 1 Muscle atrophy (clinical)

2 Muscle weakness not attributable to active muscle disease

3 Muscle dysfunction: decrease in aerobic exercise capacity

4 VAS for global muscle disease damage Mark score on 10cm line*
Skeletal damage items 5 Joint contractures (due to myositis)

6 Osteoporosis with fracture or vertebral collapse (excluding avascular necrosis)

7 Avascular necrosis

8 Deforming arthropathy

9 VAS for global skeletal disease damage Mark score on 10cm line*
Cutaneous damage items 10 Calcinosis (persistent)

1 Alopecia (scarring)

12 Cutaneous scarring or atrophy (depressed scar or cutaneous atrophy)

13 Poikiloderma

14 Lipoatrophy/lipodystrophy

15 VAS for global cutaneous disease damage Mark score on 10cm line*
Gastrointestinal damage items 16 Dysphagia (persistent)

17 Gastrointestinal dysmotility, constipation, diarrhoea or abdominal pain (persistent)

18 Infarction or resection of bowel or other gastrointestinal organs

19 VAS for global gastrointestinal disease damage Mark score on 10cm line*
Pulmonary damage items 20 Dysphonia (persistent)

21 Impaired lung function due to respiratory muscle damage

22 Pulmonary fibrosis

23 Pulmonary hypertension

24 VAS for global pulmonary disease damage Mark score on 10cm line*
Cardiovascular damage items 25 Hypertension requiring treatment for >6 months

26 Ventricular dysfunction or cardiomyopathy

27 Assessed in adults (>18years of age) only: angina or coronary artery bypass

28 Assessed in adults (>18years of age) only: myocardial infarction

29 VAS for global cardiovascular damage Mark score on 10cm line*
Peripheral vascular damage items 30 Tissue or pulp loss

31 Digit loss or limb loss or resection

32 Venous or arterial thrombosis with swelling, ulceration or venous stasis

33 Assessed in adults (>18years of age) only: claudication

34 VAS for global peripheral vascular disease damage Mark score on 10cm line*
Pubertal status of patient 35 Pubertal assessment completed by physician or by patient (self-assessment) Tanner score (1-5)
Endocrine damage items 36 Growth failure

37 Delay in development of secondary sexual characteristics (>2 SD beyond mean for age)

38 Hirsutism or hypertrichosis

39 Irregular menses

40 Primary or secondary amenorrhoea

41 Diabetes mellitus

42 In adults (>18years of age): infertility—male or female

43 In adults (>18years of age): sexual dysfunction

44 VAS for global endocrine disease damage Mark score on 10cm line*
Ocular damage items 45 Cataract resulting in visual loss

46 Visual loss, other, not secondary to cataract

47 VAS for global ocular disease damage Mark score on 10cm line*
Infection damage items 48 Chronic infection

49 Multiple infections

50 VAS for global infection damage Mark score on 10cm line*
Malignancy 51 Presence of malignancy

52 VAS for malignancy (complications) Mark score on 10cm line*
Other damage 53 Death Include cause and date of death

54 VAS for any other damage Mark score on 10cm line* and add details

of other damage

Global disease assessment damage 55 Physician VAS of global disease damage Mark score on 10cm line*

*0 is inactive or lowest score and 10 is most active or highest score on 10cm VAS scores.
JDM, juvenile dermatomyositis; VAS, Visual Analogue Scale.
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parent-reported outcome of function’ and ‘an age-appropriate
patient/parent-reported measure of quality of life’. More work
is needed to make PROM:s acceptable to patients/parents and
applicable to their disease.****

This study is limited by the fact that patient/parent ques-
tionnaires were available in English only, reducing the number
of countries that could contribute; hence, there is low patient
participation outside of Europe and the USA. Complete data
from patient/parent surveys were not available at time of the
consensus meeting. However, reanalysis of outcomes after
the close of the patient/parent survey showed that decisions
made at the consensus meeting still held. Initial response rate
to Delphi 1 was low (estimated at 26% of potential specialty
group membership). However, not all members of the respec-
tive organisations contacted would be expected to answer a
paediatric-specific survey as described previously. Response rates
and attrition between Delphi 1 and 2 were as expected from
paediatric rheumatology studies with similar methodology.**~*
Despite inclusion of neurology and dermatology experts in the
consensus meeting, the participants of this study were primarily
rheumatologists.

Considerable discussion took place during the consensus
meeting regarding the assessment of cutaneous disease in
myositis. There are many tools available,”* but no single tool
has been universally accepted. It can be difficult to define skin
activity versus damage, particularly without a skin biopsy.
After voting on individual skin items and comparing two tools
endorsed in JDM, the abbreviated Cutaneous Assessment Tool
(aCAT) and Disease Activity Score (DAS) skin score,”* agreement
was reached to use items within the aCAT as disaggregated skin
manifestations. These items are recognised to reflect cutaneous
lesions associated with disease activity and damage in juvenile
and adult myositis.”* Within the item ‘periungual capillary loop
changes’, ‘measure of nailfold capillary density if available’
was added in recognition of nailfold density relating to prog-
nosis.*” ¥ A direct comparison of all available skin tools was
outside the remit of this study. Recent published work evalu-
ating the Cutaneous Dermatomyositis Disease Area and Severity
Index (CDASI) and the Cutaneous Assessment Tool Binary
Method (CAT-BM) in JDM confirms the reliability of both tools
when used by paediatric dermatologists or rheumatologists.*’

The consensus-driven dataset developed in this study, like
IMACS and PRINTO core sets, includes physician and patient/
parent global activity, each of which is included in recently
defined response criteria for minimal, moderate and major
improvement in JDM.? IMACS measures muscle strength using
Manual Muscle Testing, whereas CMAS is used within the
PRINTO core set. Both were retained in the consensus dataset.
Both tools have been found to have very good inter-rater reli-
ability (when summary scores are used)** and either is allowed
in the recently defined American College of Rheumatology/
European League Against Rheumatism—approved response
criteria.® The overlap between the IMACS/PRINTO core sets
and items contained within the consensus dataset is unsurprising
as all core sets aim to capture and measure disease activity and
damage over time. A key difference is that the consensus dataset
does not use specific tools to record disease activity, such as the
Myositis Disease Activity Assessment Tool or the DAS, but rather
uses disaggregated items, each of which has been evaluated by
a multistage consensus-driven process that considered value
for both clinical use and research. The dataset was developed
with a key aim for it to be incorporated into existing registries,
allowing comparison of data between groups. The already avail-
able web-based Euromyositis registry, www.euromyositis.eu, is

free to use in clinical practice and for research and includes a
JDM proforma, which will be modified where needed to include
items in this new dataset. Likewise, at the time of writing, the
CARRA Registry is in the final stages of adding JDM (https://
carragroup.org/) and will include the items contained in this
consensus dataset. The JDCBS (https://www.juveniledermatomy
ositis.org.uk/) aims to incorporate this dataset as far as possible.

Research priorities defined during the consensus meeting
included the need to further develop skin assessment tools that
are practical within a busy clinical setting, develop an abbrevi-
ated muscle assessment tool that removes redundant items from
a combined Childhood Myositis Assessment Scale and Manual
Muscle Testing and to further develop PROMs so that they are
applicable to JDM and acceptable to patients.

CONCLUSION

Through a robust international consensus process, a consensus
dataset for JDM has been formulated that can capture disease
activity and damage over time. This dataset can be incorporated
into national and international collaborative research efforts,
including existing clinical research databases and used routinely
while evaluating patients with JDM.
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EXTENDED REPORT

|deal target for psoriatic arthritis? Comparison of
remission and low disease activity states in a real-

life cohort

Leonieke J J van Mens,' Marleen G H van de Sande,' Ao W R van Kuijk,?

Dominique Baeten,' Laura C Coates®

ABSTRACT

Background Psoriatic arthritis (PsA) recommendations
state that the target of treatment should be remission or
low disease activity (LDA). We used a real-life dataset to
compare different potential targets.

Methods 250 patients with PsA considered in

an acceptable disease state according to their
rheumatologist were included. Targets for remission
were the Disease Activity Index for Psoriatic Arthritis
(DAPSA) and clinical DAPSA (cDAPSA) remission (<4),
very low disease activity (VLDA) and Psoriatic Arthritis
Disease Activity Score <1.9. LDA targets analysed were
the DAPSA <14, cDAPSA <13, minimal disease activity
(MDA) and adjusted MDA targets: MDAjoints with both
tender joint count (TJC) and swollen joint count (SJC)
mandated, MDAskin (psoriasis area and severity index
(PASI) mandated) and MDA|oints&skin with TJC, SJC and
PASI mandated.

Results Comparison of the several candidate targets
demonstrates that VLDA is achieved by the lowest
proportion of patients and includes patients with the
lowest residual disease activity compared with the
other remission targets. The modified MDA measures
are the most stringent targets for LDA in terms of
residual disease on joints, psoriasis and enthesitis
within patients achieving the target. In both remission
and LDA, the inclusion of C reactive protein did not
show an added value. The exclusion of a skin domain,
as in the DAPSA measures, resulted in negligence of
skin disease and a negative impact on the quality of life
in some patients.

Conclusions The different remission and LDA targets
show us significant overlap between measures, but these
measures targeting the same definition do differ in terms
of allowance of residual disease. Inclusion of laboratory
markers seems unnecessary, although exclusion of a
skin domain may result in psoriasis not being assessed
resulting in residual impactful skin disease.

INTRODUCTION

Treatment guidelines for psoriatic arthritis (PsA) by
European League Against Rheumatism and Group
for Research and Assessment of Psoriasis and Psori-
atic Arthritis (GRAPPA) recommend to aim for
remission or the lowest possible disease activity
in all involved domains of the disease.' * Clinical
remission in psoriatic arthritis is mostly defined
as a complete absence of disease activity, with no
signs or symptoms of in all domains of the disease.’
However, the specific target to define remission or

low disease activity is not specified further by the
treatment recommendations.

It is still under debate what the target to measure
the disease state should be. Several composite scores
are developed specifically for PsA, most focusing on
multiple domains considered important to assess:
(1) the minimal disease activity (MDA), which is a
seven-component score including skin, enthesitis,
tender and swollen joint counts (SJCs) and patient
reported domains including pain and global disease
activity score as well as the Health Assessment
Questionnaire (HAQ),*® (2) the Psoriatic Arthritis
Disease Activity Score (PASDAS), which includes
SJW, enthesitis, dactylitis, skin, C reactive protein
(CRP), patient-reported and physician-reported
global disease activity and the short form 36 ques-
tionnaire (SF-36) questionnaire on physical func-
tioning® and (3) the Disease Activity Index for
Psoriatic Arthritis (DAPSA), which focuses on
peripheral arthritis and includes tender and SJCs,
CRP and patient-reported pain and global disease
activity scoring adjusted later to exclude the CRP,
the clinical DAPSA (cDAPSA).”

All three measures can be used to define remis-
sion or low disease state. For MDA, a modified
version was developed to use as a remission target,
the very low disease activity (VLDA).® Further-
more, adjusted versions of the MDA, with a focus
on joint and skin symptoms, were developed.
Specific cut-off values to define remission or low
disease activity were developed for (c)DAPSA, as
well as a cut-off for near remission in PASDAS.” '
However, little data are published on comparing
these measures, and it is unknown if these measures
reflect the same clinical disease activity on the
various disease domains. We have previously set up
a cohort of patients with psoriatic arthritis focusing
on a quiescent disease state.!’ As the disease targets
will be a complimentary tool in clinical practice,
this cohort is an ideal group of patients to assess
their performance in.

In the present study, we aimed to compare these
composite scores proposed as a target for remission
or low disease activity in PsA using an existing real-
life data set of PsA patients with quiescent disease
according to their rheumatologist. We investi-
gated which patients fulfil definitions of these
criteria, how much overlap there is in fulfilling the
different targets and how much residual disease
in the various domains is present in the different
composite scores.
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METHODS

An existing dataset was used: data from a cross-sectional study of

250 PsA patients with quiescent disease according to the treating

rheumatologist was used and recruited from routine clinical

visits. Patients had to have been on stable treatment for at least

6 months, regardless of therapy. Mean age 55 years, two-thirds

of the patients were male, mean disease duration was 12.7 (9.2)

years, age at arthritis onset was 42.7 (12.3) years. On group

level, disease activity was low, with a mean swollen joint count

(SJC) of (median(IQR)) 0 (0-1), tender joint count of 1 (0-3),

psoriasis area and severity index (PASI) score of 0.3 (0-1.5),

enthesitis present in 17 of 250 patients and dactylitis in 2 of 250

patients. The patients’ characteristics are shown in more detail in

see online supplementary file 1."!

Four potential definitions of remission/inactive disease were
used where all items required for the definitions were available
in this dataset:

1. VLDA where all seven of the MDA cut points are met: tender
joint count (TJC) =1; SJC <1; enthesitis count <1; PASI <1;
patient global visual analogue scale (VASptGlobal) <20 mm;
patient pain (VASptPain) <15 mm; and HAQ <0.5.

2. DAPSA remission® where DAPSA <4: TJC+SJC+VASpt-
Global (cm)+VASptPain (cm)+CRP (mg/L).

3. cDAPSA remission where cDAPSA <4: TJC+SJC+VASpt-
Global (cm)+VASptPain (cm).

4. Near remission in the psoriatic arthritis disease activity score
(PASDAS) where PASDAS <1.9.

Six potential definitions for low or minimal disease activity
were used:

1. DAPSA low disease (DAPSA=T]JC+SJC+Dbal+VASptPain
+CRP) <14.

2. cDAPSA  low  disease
Global+ VASptPain) <13.

3. MDA 5/7 where any five of the seven cut points are required
to be met.

4. MDA joints where both the tender and swollen joint count
cut points are required to be met with any 3/5 of the
remaining cut points (enthesitis, skin, VASptGlobal, VASpt-
Pain and HAQ).

5. MDA skin where skin is required plus 4/6 remaining cut
points (TJC, SJC, enthesitis, VASptGlobal, VASptPain and
HAQ).

6. MDA joints and skin where the TJC, SJC and skin cut points
are required to be met with any 2/4 of the remaining cut
points (enthesitis, VASptGlobal, VASptPain and HAQ).

Proportions achieving each criteria were calculated. The agree-
ment between the tested definitions was established using 2x2
tables and percentage exact agreement (PEA) and calculation
of a kappa. The proportion of residual disease was established
for key clinical domains of PsA (peripheral arthritis, enthesitis,
psoriasis and dactylitis) and levels of systemic inflammation, as
measured by CRP, were assessed.

(DAPSA=TJC+S]JC+VASpt-

RESULTS

Comparisons of the measures for remission/inactive disease
Of the total population (250 patients), 107 (43.7%) fulfilled
DAPSA remission, 113 (45.7%) were in cDAPSA remission,
56 (22.5%) met VLDA and 37 (19.5%) were in PASDAS near
remission. The DAPSA could not be calculated in 4/250 patients
due to missing CRP values; 1/250 patients had incomplete data
to calculate the VLDA (missing PASI score), the PASDAS score
could not be calculated in 23/250 patients due to missing SF36
scores and the majority of these patients did not fulfil any of

Table 1 Kappa scores

(A) Kappa scores of remission/inactive disease and low disease activity
measures

PASDAS VLDA cDAPSA DAPSA
PASDAS X 0403 0321 0319
VLDA 0.403 X 0516 0544
cDAPSA 0321 0516 X 0959
DAPSA 0319 0544 0959 X
(B) Kappa scores of low disease activity measures

MDA MDA MDA cDAPSA  DAPSA
MDA skin  joints skin&joints LDA LDA

MDA X 0668 0647 0425 0611 0596
MDA skin 0668 X 0431 0700 0356 0343
MDA joints 0647 0431 X 0722 0372 0360
MDA joints&skin 0425 0700 0722 X 0227 0218
cDAPSA_LDA 0611 0356 0372 0227 X 0988
DAPSA LDA 0596 0343 0360 0218 0988 X

cDAPSA, clinical DAPSA; DAPSA, Disease Activity Index for Psoriatic Arthritis; LDA,
low disease activity; MDA, minimal disease activity; PASDAS, Psoriatic Arthritis
Disease Activity Score; VLDA, very low disease activity

the remission targets (18/23). There was a very high agreement
between DAPSA and ¢cDAPSA remission (kappa 0.959) reflecting
the similarity of the two definitions (the inclusion of CRP is
different). The agreement between both DAPSA/cDAPSA and
VLDA was moderate (kappa of 0.516 and 0.544, respectively).
The agreement between VLDA/cDAPSA/DAPSA and PASDAS is
considered fair, with a kappa of 0.403, 0.321, 0.319, respec-
tively (table 1A).

The concordance in fulfilment of the criteria is presented in
figure 1. VLDA and PASDAS are the most stringent, and the
DAPSA scores the least. All patients who met VLDA were in
DAPSA/cDAPSA remission. Of those patients in DAPSA remis-
sion but not in VLDA, 43/56 patients did not fulfil 1/7 domains,
while nine did not fulfil 2/7 domains. Domains not fulfilled
were skin (n=33), tender joints (n=7), swollen joints (n=1),
enthesitis (n=3), VAS scores (n=6) or HAQ (n=9). In the nine
patients who did not achieve VLDA due to a high HAQ score,
eight of them met the MDA criteria suggesting that they would
have fulfilled an alternative LDA target. In 4/9, the HAQ domain
was the only criteria that was not met; in 5/9, there were other

Not in any remission state

DAPSA 101
PASDAS. 3? e
: T 0
e 3 S ¢DAPSA 105
. |
\
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0 1
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1
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Figure 1 Venn diagram representing the number of patients meeting
different remission criteria. The graph only includes those patients
where all criteria were available (n=226). cDAPSA, clinical DAPSA;
DAPSA, Disease Activity Index for Psoriatic Arthritis; PASDAS, Psoriatic
Arthritis Disease Activity Score; VLDA, very low disease activity.
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Table 2 Residual disease activity in different measures for
remission

cDAPSA DAPSA PASDAS
remission  remission  VLDA (total <1.9
(total 113) (total 107) 56) (n=37)

PASDAS  Mean (SD)  2.16(0.52) 2.13(0.49) 1.97 (0.42) 1.6 (0.20)
Swollen 0 101 (89) 96 (90) 53 (95) 33 (89)
jointcount 13 12 (1) 11 (10) 3(5) 4(11)
N g 0() 0@ 00 0()
Tender joint 0 93 (82) 89 (83) 51(91) 28 (76)
count 1-3 20 (18) 18(17) 5(9) 6 (16)
Nt gy 06) 00 06 29)
8+ 0(-) 0(=) 0(-) 0(=)
Leeds 0 108(96) 102 (96) 56(100) 37 (100)
,e";hesiﬁs 12 4(-) 4() 0(-) 0(-)
Index
n (%) 4 1(-) 1(-) 0(-) 0(-)
Dactylitis 0 113(100) 107 (100)  56(100) 37 (100)
count n (%)
PASIn (%) 0-1 79 (70) 74 (69) 56(100) 32 (86)
>1 34 (30) 33(31) 0(-) 5(14)
CRP >normalvalue (5mg/L) 11 (10) 8(7.5) 5(9) 1(3)
n (%)

cDAPSA, clinical DAPSA; CRP, C reactive protein; DAPSA, Disease Activity Index for
Psoriatic Arthritis; PASDAS, Psoriatic Arthritis Disease Activity Score; PASI, psoriasis
area and severity index; VLDA, very low disease activity.

residual domains (PASI n=2, enthesitis score n=2 and VASglobal
n=2).

Residual disease activity in patients fulfilling the remission/
inactive disease measures

Levels of residual disease activity in patients meeting the different
measures for remission/inactive disease are shown in table 2 and
figure 2.

These measures do not represent similar numbers of residual
disease in all domains. The presence of swollen joints and active
enthesitis was similar across the different measures (SJC =1 in
5%-10% of patients and enthesitis =1 in 4%-0% of patients).
TJCs were lower in VLDA (TJC =1 in 9%) and higher in the
DAPSA, ¢cDAPSA and PASDAS remission groups (TJC =1 in
17%, 18% and 25%, respectively). Skin disease was more preva-
lent in both DAPSA measures (a PASI =1 in resp. 30% of cDAPSA
and 31% of patients with patients) in contrast with 14% in the
PASDAS patients and 0% in VLDA. ¢cDAPSA and VLDA had
similar proportions of patients with raised CRP (10% and 9%)
in comparison with DAPSA and PASDAS (8%), although CRP is
not assessed in either cDAPSA or VLDA definitions.

VLDA presents as a more stringent cut-off with the least
residual disease in PASI and tender joint count. PASDAS seems to
include more patients with tender joints but less with an elevated
CRP and less patients with active skin disease in comparison
with the other measures. Both DAPSA scores considered more
patients in remission but did allow for more residual disease
activity in the domains tender joints, skin disease and enthesitis
in comparison with the other measures.

Residual disease activity in remission measures related to
quality of life (QoL)

In those patients with a raised CRP, no differences were found
on patient reported outcomes (PROs) on QoL and functionality.
Very few patients had residual enthesitis in any definition and

those in remission with an enthesitis did not report significantly
worse functioning or QoL, although some of the BASDAI scores
were higher. Residual skin disease did affect DLQ], although not
to a very high extent. For patients with ‘active’ skin disease (with
PASI scores =1), no effect is seen on all quality-adjusted life year
measures and the 74/110 patients fulfilling DAPSA with a PASI
of =1 do not present with a higher score on the DLQI scale.
The group with a PASI of >2 (present in 20/110 pts achieving
DAPSA remission) was reflected by an impact on DLQI (2.85
(SD 2.9) vs 1 (2.3) p=0.003). No conclusions can be drawn on
the effects of residual dactylitis as this cohort presented with a
very low amount of patients with an active dactylitis during the
trial visit.

Low disease activity and inactive disease measures
Comparisons of the low disease activity/inactive disease measures
Of the total population, 162 (65%) achieved MDA, 113 (45.6%)
achieved MDAjoints, 114 (46%) achieved MDAskin, 79 (31.6%)
achieved MDAjoints&skin, 195 (78%) achieved DAPSA LDA,
195 (78%) achieved cDAPSA LDA.

The concordance in fulfilment of the criteria is presented in
figure 3.

A high agreement is seen between the DAPSA/cDAPSA and
the MDAS/7 (kappa of 0596 and 0611, respectively) table 1B.
Agreement between the DAPSA and the alternative MDA
measures (MDAjoints, MDAskin and MDAjoints&skin) is lower
as these targets are more stringent.

Residual disease activity in patients fulfilling low disease
activity/inactive disease measures

Levels of residual disease activity in patients meeting low disease
activity/ MDA/new MDA measures are shown in table 3 and
figure 3.

Higher levels of tender and swollen joint counts and skin
disease are seen in the DAPSA LDA measures in comparison
with all four MDA scores. By their definition, MDAjoints and
MDAjoints&skin show an even stricter cut-off on joint involve-
ment, with a single swollen joint in only 10% and 5%, respec-
tively, and a tender joint in only 14% and 2% of the patients.

Between the different outcome measures, the presence of
patients with a raised CRP is similar (approximately 12% in all
measures).

Residual disease activity in remission measures related to
QoL

Not including an enthesitis measure in the score does not seem
to make much difference; it does not result in a group of patients
with active disease and a high disease burden, as only five
patients with an active enthesitis fulfil (DAPSA) LDA criteria,
these patients did not differ in QoL scores in comparison with
other DAPSA LDA patients. No differences were found on PROs
on QoL and functionality between patients with and without a
raised CRP. A PASI score >1 was more prevalent in the DAPSA
cut-off groups in comparison with the MDA/new MDA measures
(46% in DAPSA LDA n and between 0% and29% in the different
MDA measures). The patients with active psoriasis in the DAPSA
LDA group did report significantly larger impact of skin disease
on dermatology related QoL (DLQI scale) (PASI 0-1: 1 to 25
(SD2,4) vs PASI >1: 1.55 (SD2.7), p=0024.

DISCUSSION
The analysis of different remission and low disease activity
targets in this real life clinical cohort do show significant overlap
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Figure 2 The remaining residual disease activity in different disease domains within the subgroups of patients meeting the different remission
criteria. The graphs show residual disease on different disease activity measures (top to bottom: swollen joints, tender joints, enthesitis, skin and CRP)
in the patient groups fulfilling the different remission measure (left graphs) or LDA measure (right graphs). Stacked bars divide the patients fulfilling
each remission/LDA measure in groups according to the amount of residual disease present. cDAPSA, clinical DAPSA; CRP, C reactive protein; DAPSA,
Disease Activity Index for Psoriatic Arthritis; LDA, low disease activity; MDA, minimal disease activity; PASDAS, Psoriatic Arthritis Disease Activity Score;
VLDA, very low disease activity.
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Figure 3 Venn diagram representing the number of patients meeting different low disease activity criteria. The graphs only include those patients
where all criteria were available (n=245). cDAPSA, clinical DAPSA; DAPSA, Disease Activity Index for Psoriatic Arthritis; LDA, low disease activity;

MDA, minimal disease activity.

between the measures. However, it is clear that these different
measures targeting the same conceptual definition (ie, remission
or low disease activity) do result in different levels of residual
disease present in individuals. Comparison of the several candi-
date measures demonstrates that VLDA is achieved by the lowest
proportion of patients in this cohort. This suggests that it may
be the most stringent target for remission of inactive disease,
although it could be difficult to attain and may be more stringent
than patient and physician opinion of acceptable disease states.
The modified MDA measures are the most stringent targets for
low disease activity in terms of residual disease on joints, psori-
asis and enthesitis within patients achieving the target. In both
remission and LDA measures the addition of CRP did not show

an added value. The exclusion of a domain for psoriasis, as in
the DAPSA measures, resulted in negligence of skin disease and
a negative impact on the QoL in some patients.

For this study, we used three different measure concepts vali-
dated for psoriatic arthritis, the MDA and the adjusted versions
(MDAskin/MDAjoints and MDAjoints&skin as well as VLDA),
DAPSA and PASDAS. The MDA and adjusted MDA measures
all use a modular approach where an individual cut-off for
each domain is specified and depending on the measure used,
a number of cut-offs need to be met. In contrast, the DAPSA
and PASDAS measures sum the scores of the individual compo-
nents into one final number. In both the DAPSA and PASDAS
measures for remission and low disease activity, higher levels

Table 3 Residual disease activity in different measures for low disease activity

DAPSA LDA cDAPSA LDA MDA joints MDA skin &
(195) (195) MDAS5/7 (162)  (117) MDA skin (120) joints (83)
PASDAS Mean (SD) 2.49 (0.66) 2.48 (0.66) 2.3(0.6) 2.26 (0.60) 2.29 (0.59) 2.2(0.63)
Swollen joint count 0 143 (74) 143 (73) 126 (78) 101 (86) 92 (77) 78 (94)
n (%) 1-3 48 (25) 48 (25) 33 (20) 16 (14) 26 (22) 5 (6)
46 4(2) 4(Q2) 3Q) 0(0) 2Q) 0(0)
Tender joint count n (%) 0 110 (56) 111 (56) 103 (64) 106 (91) 76 (63) 75 (90)
1-3 56 (29) 56 (29) 39 (24) 11(9) 28(23) 8(10)
4-7 19 (10) 19 (10) 12(7) 0(0) 12 (10) 0(0)
8+ 6(3) 5(3) 6 (4) 0(0) 43) 0(0)
Enthesitis count n (%) 0 186 (95) 187 (96) 157 (97) 112 (96) 116 (97) 79 (95)
1-2 7(4) 6(3) 4(2) 4(3) 3(2) 3(4)
3-4 2(1) 2(1) 1(1) 1(1) 1(1) 1(1)
Dactylitis count n (%) 0 195 (100) 195 (100) 162 (100) 117 (100) 120 (100) 83 (100)
PASI n (%) 0-1 136 (70) 136 (70) 120 (74) 83 (71) 120 (100) 83 (100)
>1 59 (30) 59 (30) 42 (26) 34 (29) 0(0) 0(0)
CRP (normal <5mg/dL) n (%) Raised 22 (11) 22 (11) 18 (11) 12 (10) 15 (13) 10(12)

cDAPSA, clinical DAPSA; CRP, C reactive protein; DAPSA, Disease Activity Index for Psoriatic Arthritis; LDA, low disease activity; MDA, minimal disease activity.
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of residual musculoskeletal disease were seen in comparison
with the VLDA and the MDAskin/joint measures. An active
domain can be hidden when other domains are relatively unaf-
fected, resulting in the inclusion of patients with active disease
within the group of patients seen as in remission or low disease
activity state.

The DAPSA focuses specifically on peripheral joint disease,
and some argue that this is ideal as it can reflect change
accurately in this single domain. However, because it does
not measure other domains of the disease, active disease in
these domains is missed. Residual skin disease was highest
in patients achieving DAPSA or cDAPSA remission when
compared with the other remission targets as well as for the
DAPSA and cDAPSA low disease cut-offs in comparison with
the adjusted MDA measures. Within our group of patients, this
resulted in a group of patients, seen as in a low disease activity
state, with remaining skin disease impacting their QoL. This
analysis highlights the need for multiple separate measures for
different domains to be assessed if a multidimensional defini-
tion is not used to ensure that remission retains face validity
for the patients.

The MDA domains include a measure of function as they were
taken from the core domain of PsA and are in line with similar
definitions in RA."> 3 Concern has been raised that, as the HAQ
will be affected by non-reversible damage as well as disease activity,
this may limit their applicability."* In this cohort with established
disease (mean disease duration of 12.7 years), very few patients
failed to achieve VLDA due to HAQ alone, but they did achieve
MDA and its more stringent variations. Another concern that
has been raised is the influence of comorbid fibromyalgia on the
outcome measures and potential targets. Brikman et al have shown
that fibromyalgia impacts on both DAPSA, MDA and other scores.
Unfortunately, we do not have fibromyalgia data on these patients
but given that the items within the targets overlap significantly, we
do not anticipate a differential effect of fibromyalgia between the
different measures.

Not all measures used in this comparison included an
inflammatory marker. The DAPSA and PASDAS include a CRP,
and ¢cDAPSA and MDA measures do not. These data suggest
that the inclusion of CRP is unnecessary to include as a similar
proportion of patients have a raised CRP in all definitions.
Those patients with a raised CRP that fulfilled the disease
targets did not show a difference in other disease activity
measures or on PRO scores. A target without an inflammatory
marker will be more practical in clinical practice and if routine
laboratory assessment is not needed for other reasons a lower
burden for the patient as well.

Another important factor worth considering when choosing
a tool for clinical practice is the feasibility and practicality of
the tool. The tool should ideally be easy to calculate, as limited
time during daily practice makes a simple to obtain target easier
to incorporate in clinical practice. Second, when many different
outcomes need to be assessed, it will be laborious to calculate
these individual scores and the chance increases that information
is missing. Third, the transparency and presentation of the tool
after calculation is of importance as the individual components
will still remain important to consider when targeting a therapy.

Several considerations can be made to the assessed measures
in this study, all having their own strengths and weaknesses:
the DAPSA focuses only on peripheral joint disease and does
not include a skin or enthesitis component; the PASDAS is less
transparent on individual components, and the complexity
makes it more time consuming to calculate this measure; the
MDA is a binary measure (and not a continuous one), therefore

scores do not show an increase in disease activity after the bar
for remission or LDA is achieved.

It is important to note that we made no attempt to perform new
psychometric analyses on measures and only restricted our work to
answer the question how the available, validated measures perform
and compare with one each other. With the ongoing efforts on
gaining consensus on a target for the treatment of PsA, more infor-
mation on the impact of residual disease is needed. The cut-off for
acceptable disease activity is of importance as with a stricter target
more intensive treatments might be started, might lead to a more
intensive treatment, and this eventually could result in overtreat-
ment of patients with consequences in terms of side effects and an
increase in costs. The ideal stringency of a target with assessment
of residual disease in the various clinical domains of PsA should
be a focus of future research. An observational study shows lower
levels of disease activity in remission versus LDA states and better
QoL." It remains unknown whether meeting a strict target such
as VLDA is superior in reducing impact on patient outcomes such
as QoL, radiographic progression and functioning, in comparison
with less stringent targets. Ideally a trial comparing remission and
low disease activity, incorporating efficacy, safety, cost-benefit and
patient opinion is needed.
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patient-reported outcome measure to assess fears in
rheumatoid arthritis and axial spondyloarthritis: the
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ABSTRACT

Objectives To develop and validate an outcome
measure for assessing fears in patients with rheumatoid
arthritis (RA) and axial spondyloarthritis (axSpA).
Methods Fears were identified in a qualitative study,
and reformulated as assertions with which participants
could rate their agreement (on a 0—10 numeric rating
scale). A cross-sectional validation study was performed
including patients diagnosed with RA or axSpA.
Redundant items (correlation >0.65) were excluded.
Internal consistency (Cronbach'’s o) and factorial
structure (principal component analysis) were assessed.
Patients were classified into fear levels (cluster analysis).
Associations between patient variables and fear levels
were evaluated using multiple logistic regression.
Results 672 patients were included in the validation
study (432 RA, 240 axSpA); most had moderate

disease activity and were prescribed biologics. The

final questionnaire included 10 questions with high
internal consistency (ou: 0.89) and a single dimension.
Mean scores (+SD) were 51.2 (+25.4) in RA and 60.5
(£22.9) in axSpA. Groups of patients with high (17.2%),
moderate (41.1%) and low (41.7%) fear scores were
identified. High fear scores were associated with high
Avrthritis Helplessness Index scores (OR 6.85, 95% Cl
(3.95 to 11.87)); high Hospital Anxiety and Depression
Scale anxiety (OR 5.80, 95% CI (1.19 to 4.22)) and
depression (OR 2.37, 95% Cl (1.29 to 4.37)) scores; low
education level (OR 3.48, 95% Cl (1.37 to 8.83)); and
high perceived disease activity (OR 2.36, 95% CI (1.10
t0 5.04)).

Conclusions Overall, 17.2% of patients had high fear
scores, although disease was often well controlled. High
fear scores were associated with psychological distress.
This questionnaire could be useful both in routine
practice and clinical trials.

INTRODUCTION

Chronic inflammatory rheumatic diseases (CIRDs)
such as rheumatoid arthritis (RA) and axial spondy-
loarthritis (axSpA) have a major impact on quality
of life.! They interfere with many aspects of daily
functioning, including recreational activities, work,
family life and relationships.> These aspects of

disease burden are frequently underestimated or
unrecognised by the patient’s family and friends,
as well as the treating physician.” ® In addition,
these diseases may be associated with considerable
psychological distress, including anxiety or depres-
sion.*® Several studies, including a recent qualita-
tive study in France,” have shown that patients with
CIRDs have specific fears about how their disease
will progress, limitations in daily activities, being a
burden on others and treatment.””™ Although these
aspects are important to patients, they are currently
difficult to assess due to the lack of a specific eval-
uation tool.

Although several patient-reported outcome
(PRO) measures assess emotional status or anxiety
levels,'”™"® many of these are generic and none, to
our knowledge, specifically assess fears.'* A ques-
tionnaire focusing on CIRD-related fears would
potentially be useful both in the context of everyday
care (eg, to help understand patients’ motivations
and reluctance towards treatments) and in clinical
trials, since such fears may have an impact on the
efficacy of a study drug.” Current recommenda-
tions on PRO development and validation include
grounding PROs in the patient perspective, and
performing adequate psychometric validation of all
such measures.'®>°

The objectives of the present study were to
develop a PRO for fear assessment in patients with
RA or axSpA, and to perform a preliminary psycho-
metric validation of the resulting instrument.

METHODS

This study was part of a larger programme of
research on patient perceptions in chronic progres-
sive rheumatic diseases. The programme was
supervised by a steering committee (the authors
of this manuscript), composed of rheumatologists,
psychologists, methodologists and representatives
of the scientific staff of the Arthritis Fondation
Courtin and of UCB Pharma, who jointly funded
the programme.

Development of a preliminary questionnaire
In a previously published qualitative study,” 25
patients with RA and 25 with axSpA participated
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in semistructured interviews about their perceptions of the
diseases. Interviews were transcribed verbatim, and the data
extracted inductively from the interview transcripts. Fears about
the future course of the disease, the impact of disease and its
treatment were frequently expressed, and appeared to be shared
in common between patients with axSpA and those with RA.

In the present study, all fears that were expressed by >5%
of patients in the qualitative study were used. Non-redundant
statements were then rephrased as assertions over two working
sessions involving members of the Steering Committee and a
patient research partner (a member of the EULAR PARE (People
with Arthritis and Rheumatism) programme). The agreement
with each item was assessed on a scale of 0-10 (‘totally disagree’
to ‘totally agree’). The questions were then tested in a sample of
10 patients with RA and 10 with axSpA for linguistic validation,
and cognitive debriefing was performed during individual face-
to-face interviews with trained interviewers. This preliminary
questionnaire contained 23 items related to fears.

Validation study

This was a prospective, cross-sectional study in patients with RA
or axSpA in France. Participants were recruited by hospital and
community rheumatologists between July 2014 and October 2015.

Participants

All rheumatologists currently practising in France were invited
to participate in the study through post and email. Each partici-
pating rheumatologist was expected to invite up to 20 consecu-
tive patients with RA or axSpA attending a routine consultation
who were aged >18 years, and had a diagnosis of RA according
to the ACR/EULAR (American College of Rheumatology/Euro-
pean League Against Rheumatism) classification criteria,” or of
axSpA according to the ASAS (Assessment in Spondyloarthritis
International Society) classification criteria.** Patients with
psoriatic arthritis or other CIRDs, and those who were unable to
complete a questionnaire, were excluded.

Data collection

Patients were asked to complete the preliminary questionnaire,
as well as the patient global assessment of overall disease activity
(scored from 0 to 10), the Hospital Anxiety and Depression Scale
(HADS)," the Arthritis Helplessness Index (AHI)* and, for patients
with axSpA, the Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI).** The patient also provided information on sociodemo-
graphic indicators, health insurance coverage, disease duration and
family history of rheumatic disease. In parallel, the rheumatologist
provided information on the patient’s disease activity, as measured
by the 28-item Disease Activity Score calculated with erythrocyte
sedimentation rate (DAS28(ESR))* for RA, and an overall assess-
ment of disease activity scored from 0 to 10. Information on current
treatment was also collected.

In order to assess the reproducibility of the questionnaire,
30 randomly selected patients were provided with two question-
naires and invited to complete and return the second one 2 weeks
later.

Finalisation and psychometric validation of the Fear
Assessment in Inflammatory Rheumatic diseases
questionnaire

Finalising the questionnaire

The number of items on the fear dimensions was reduced to
avoid redundancy. Interitem Pearson’s correlation coefficients
between each pair of items were determined across the entire

data set, and pairs presenting an r>0.65 were considered redun-
dant. In such cases, the item considered most clear in wording
by the Steering Committee was retained. In addition, items
only relevant to a subgroup of patients, such as those relating
to pregnancy (only applicable to women of childbearing age)
or to professional activity (only applicable to people in work),
were eliminated. The finalised questionnaire was translated from
French into English through two independent forward and back-
ward translations and reconciliation of the translated texts.*

Preliminary validation

All patients for whom both patient and physician question-
naires had been received were considered. Missing values were
replaced according to a Missing at Random hypothesis. When
the proportion of missing data was <5%, individual missing
items were replaced with the median value of the corresponding

Table 1 Patient characteristics
RA axSpA Total
(n=432) (n=240) (n=672)
Age (years) n=368 n=207 n=575
58.3+13.1 47.0+13.2 54.2+14.2
Gender n=373 n=208 n=581
Female 276 (74.0%) 94 (45.2%) 370 (63.7%)
Male 97 (26.0%) 114 (54.8%) 211 (36.3%)
Professional activity n=424 n=237 n=661
In employment 162 (38.2%) 167 (70.5%) 329 (49.8%)
Student 2 (0.5%) 1 (0.4%) 3 (0.5%)
Unemployed 8 (1.9%) 19 (8.0%) 27 (4.1%)
Retired 201 (47.4%) 30 (12.7%) 231 (34.9%)
Other 51 (12.0%) 20 (8.4%) 71 (10.7%)
Education level n=427 n=238 n=665
Primary 77 (18.0%) 11 (4.6%) 88 (13.2%)
Secondary 219(51.3%) 134 (56.3%) 353 (53.1%)
Tertiary 131 30.7%) 93 (39.1%) 224 (33.7%)
Disease duration (years) n=358 n=203 n=561
13.1£11.4 13.8+10.6 13.41£11.1
Disease activity n=427 n=236
DAS28 2.6x1.2 - -
BASDAI - 3.3+2.2 -
Physician global assessment of n=419 n=232 n=651
disease activity (NRS)
2.75+2.12 3.44+2.41 3.00+2.25
Patient global assessment of ~ n=382 n=216 n=598
disease activity (NRS)
3.03+2.45 4.27+2.61 3.48+2.58
Treatments n=326 n=238 n=564
None 5 (1.5%) 7 (2.9%) 12 (2.1%)
Corticosteroids alone 6 (1.8%) - 6 (1.1%)
NSAIDs alone = 36 (15.1%) 36 (6.4%)
Synthetic DMARDs + 61 (18.7%) - 61 (10.8%)
corticosteroids
Synthetic DMARDs + NSAIDs ~ — 15 (6.3%) 15 (2.7%)
Biological DMARDs (alone or 252 (77.3%) 173 (72.7%) 425 (75.4%)
in combination)
Other 2 (0.6%) 7 (2.9%) 9(0.7%)

Data are presented as mean values=SD for continuous variables, and as frequency
counts (%) for categorical variables.

axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease
Activity Index; DAS28, 28-item Disease Activity Score; DMARD, disease-modifying
antirheumatic drug; NRS, numerical rating scale; NSAID, non-steroidal anti-
inflammatory drug; RA, rheumatoid arthritis.
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Table 2 Mean scores for each item of the FAIR scale in patients with RA or axSpA

RA axSpA Total population
n=432 n=240 n=672 p Value
Fears related to the progression and consequences of the disease
I am afraid of suffering like I did before 6.4+3.4 6.9+3.3 6.6+£3.4 0.082
| am afraid that my disease will progress quickly 5.0+£3.4 6.0+3.2 5.4+3.4 <0.001
| am afraid that my spine or some of my bones will fuse together 41+3.6 6.4+3.4 5.0+3.7 <0.001
| am afraid | won't get any help if | lose my autonomy 4.4+3.7 4.9+3.7 4.6+3.7 0.066
| am afraid | won't be able to cope with my daily tasks 6.3+3.2 6.9+2.9 6.5+3.1 0.028
| am afraid | will be considered as a disabled person 4.9+3.8 5.4+3.7 5.1+3.7 0.118
| am afraid that a time will arrive when no treatment will work for me anymore 5.2+3.8 6.3+3.7 5.6+3.8 <0.001
Fears related to treatment
| am afraid of the side effects of treatment for my disease 6.0+3.2 6.3£3.1 6.1+3.2 0.245
| am afraid that treatments for my disease may cause cancer 4.1+3.6 4.8+3.5 4.4+3.6 0.013
| am afraid that treatments for my disease will become less effective 5.7+3.3 6.6+2.9 6.0+3.2 0.001

Probability values were determined using the Wilcoxon signed-rank test.

axSpA, axial spondyloarthritis; FAIR, Fear Assessment in Inflammatory Rheumatic diseases; RA, rheumatoid arthritis.

variable. When the proportion exceeded 5%, multiple imputation
methods based on Markov chains and Monte Carlo simulations
were used. Score distribution was assessed using mean=SD and
median with IQR scores for each disease population.

The factorial structure of the questionnaire was determined
using principal component analysis, and eigenvalues calculated.
A confirmatory factor analysis was then performed to determine
goodness of fit, restricted to dimensions with eigenvalue >1.%
Internal coherence was assessed with Cronbach’s o coefficient.?®
Test—retest stability of the PRO was evaluated by determining
the Pearson’s correlation coefficient for total scores between
two questionnaires completed at 2 weeks’ interval by 30 respon-
dents. Coefficients >0.70 were considered to represent a strong
correlation, and coefficients 0.50-0.70, a moderate correlation.
The discriminative validity of the PRO was assessed by evaluating
the relationship between the scores and other study variables
expected to be related to the PRO score, such as HADS anxiety
score, helplessness (AHI score) or disease activity score. Anxiety/
depression and helplessness were expected to be moderately

100
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201

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 B80-90 90-100

FAIR score
Figure 1 Distribution of FAIR (Fear Assessment in Inflammatory
Rheumatic diseases) scores in the full study population. The full study
population includes 368 patients with rheumatoid arthritis (RA) and 207
with axial spondyloarthritis (axSpA).

to strongly correlated with fears, whereas disease activity was
expected to be only moderately correlated.

Identification of patient clusters and characteristics
associated with fears

Subgroups of patients were identified according to their fear
scores using descending cluster analysis (Ward method®).
Optimal thresholds to distinguish between high and low fear
score clusters were identified using receiver operating charac-
teristic (ROC) curves based on the Youden index (optimal sensi-
tivity and specificity).*

Univariate, then multivariate logistic regression was used to
identify patient variables (including demographic, social and
economic characteristics; disease status, and anxiety/depres-
sion and helplessness levels) independently associated with the
highest compared with the lowest fear score cluster. Variables
identified in the univariate analysis (p<0.20) were entered into
a backward stepwise multiple logistic regression model.

All statistical analyses were performed using SAS V.9.2.

Ethics

The study was performed in accordance with Good Epidemi-
ological Practice’® and relevant French guidelines for patient
surveys. Verbal informed consent was obtained from all partici-
pating patients.

RESULTS

Participants

All 1618 rheumatologists in France were contacted: 134 agreed
to participate in the study, and 100 enrolled at least 1 patient.
Twenty were exclusively community based, 51 exclusively
hospital based and the remaining 29 had a mixed practice. A
total of 796 patients were enrolled, of whom 672 (84.4%) were
retained for analysis (see online supplementary figure 1). Patient
characteristics are presented in table 1. Disease was moderately
active, and use of biologics exceeded 70% in both the RA and
axSpA patient populations.

Finalisation of the Fear Assessment in Inflammatory
Rheumatic diseases questionnaire

Factorial analysis of the initial 44-item questionnaire (which
dealt with both fears and opinions) revealed two highly
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B87: "l am afraid of suffering like |
did before."
10

C4: "I am afraid that treatments
for my disease will become less
effective.”

C3: "l am afraid that treatments
for my disease may cause
cancer."”

C2: "l am afraid of the side effects
of treatment for my disease.”

C6: "I am afraid that a time will
arrive when no treatment will
work for me anymore.”
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—o—Cluster 1
—@—Cluster 2
—dr— Cluster 3

D3: "l am aofraid that my diseose
will progress quickly.”

D5: "l am afraid that my spine or
some of my bones will fuse
together."

07: "l am afraid | won't get any
help if I lose my autonomy."

E1: " am afraid | won't be able to
cope with my daily tasks."

E5: "l am afraid | will be
considered as a disabled person.”

Figure 2 Distribution of FAIR (Fear Assessment in Inflammatory Rheumatic diseases) scores in patients with rheumatoid arthritis (RA) and axial
spondyloarthritis (axSpA). Red: high fear cluster, n=116; orange: moderate fear cluster, n=276; green: low fear cluster, n=280.

correlated dimensions related to fears: one to disease outcome,
and the other to treatment. After exclusion of redundant items
with interitem correlation coefficients >0.65 (see online supple-
mentary table 1), the final scale comprised 10 items (table 2
and online supplementary tables 2 and 3). Each item is scored
on a 10-point numerical rating scale ranging from 0 (no fear) to
10 (strong fear). The total score ranges from 0 to 100 and was
calculated as the sum of the 10 individual item scores.

Psychometric validation

Internal consistency was high (Cronbach’s o coefficient: 0.89).
Principal component analysis identified a single dimension
(eigenvalue: 5.1), which accounted for 51.2% of variance in the
item scores. Confirmatory factor analysis matching the data to
a unidimensional factorial structure revealed a goodness-of-fit
index of 0.91. Twenty-eight patients (13 RA and 15 axSpA)
provided two questionnaires completed 2weeks apart. The
test—retest correlation coefficient was =0.81. Total FAIR (Fear
Assessment in Inflammatory Rheumatic diseases) scores were
correlated with HADS anxiety (r=0.47; p<0.001) and depres-
sion (r=0.40; p<0.001) scores, and with AHI scores (r=0.50;
p<0.001) (see online supplementary figure 2).

Distribution of scores in patients with RA and axSpA

The mean and median FAIR scores were 54.9+24.9and 57
(IQR: 35-75), respectively. Scores were higher in patients
with axSpA (60.5+22.9; 65 (43-79)) than in patients with RA
(51.8+25.4; 52 (33-71)). The distribution of PRO scores for the
full data set is presented in figure 1. The mean item scores on
the FAIR scale are presented in table 2 for the total study popu-
lation, for patients with RA and for patients with axSpA. Mean
fear scores were consistently higher for all items in patients with
axSpA compared with those with RA.

Subgroups of patients

Hierarchical cluster analysis identified three groups of patients
characterised by high (cluster 1; n=116; 17.2%; mean score
87.0+7.9), moderate (cluster 2; n=276; 41.1%; mean score
65.8+11.4) and low levels of fear (cluster 3; n=280; 41.7%;
mean score 31.1=14.7) (figure 2). These three clusters accounted
for 68.3% of the variance in the data set. The most discrim-
inating cut-off threshold to distinguish the high fear cluster
from the other two was 77 (sensitivity: 0.90; specificity: 0.91).
The most sensitive cut-off threshold to distinguish the low fear
cluster from the other two was 51 (sensitivity: 0.92; specificity:
0.93). The area under the ROC curve was >0.97 in both cases
(see online supplementary figure 3).

Multiple logistic regression analysis was used to determine
patient characteristics independently associated with high fear
scores, discriminating between patients in cluster 1 and those in
cluster 3 (figure 3). Cluster 1 (high fear scores) was associated
with higher global rating of disease activity by the patient, high
AHTI helplessness scores and high HADS anxiety and depression
scores. With respect to sociodemographic variables, low educa-
tion level, not working and living alone were also associated
with higher FAIR score, as was immigrant status. No significant
effects of disease type (axSpA vs RA) or age were observed. With
respect to the patients in cluster 2 (moderate fear scores), the
same variables were identified, although the ORs were lower.

DISCUSSION

This large national survey of patients with RA or axSpA gener-
ated two principal results. First, almost one-fifth (17.2%) of eval-
uated patients had high fear scores, despite both diseases being
typically well managed, and these scores were associated with
psychological distress. Thus, the fears identified in this study
may reflect psychological distress, and need to be addressed even
in patients who have moderate to low disease activity. Second,
we have developed the FAIR questionnaire: a disease-specific,
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Factors associated with fear scores (multiple logistic regression)

AHI Score
220 vs <20

HADS Anxiety Score

8-10vs <8
—

>10 vs <8

HADS Depression score

28vs <8 o

Disease activity
evaluated by the patient

30-60 vs s30

—e— >75
—e— 50-75

>60 vs =30

Place of birth

Foreign vs France

Education level

Primary vs tertiary

4——

Secondary vs tertia
ry ry —_—

Professional activity
In employment vs retired
Unemplaoyed vs retired
Entourage

—] o—

Living alone vs with others

0.1 1 10
Figure 3 Variables independently associated with a high or moderate
FAIR (Fear Assessment in Inflammatory Rheumatic diseases) score
versus a low score in patients with rheumatoid arthritis (RA) and axial
spondyloarthritis (axSpA). High scores indicate those >75 (shown in
red); moderate scores, 50—75 (shown in blue); and low scores, <50. Data
are presented as ORs (95% Cls). AHI, Arthritis Helplessness Index; HADS,
Hospital Anxiety and Depression Scale.

psychometrically validated PRO to measure disease and treat-
ment-related fears in patients with RA or axSpA. This instru-
ment demonstrated acceptable psychometric properties: notably
unidimensionality, high internal coherence, good discriminant
validity and adequate test-retest stability. The FAIR is short (10
items), simple to score and may be a useful tool both in routine
practice and clinical trials.

The strengths of this study include the size of the study popu-
lation, the high level of patient involvement in the development
of the questionnaire and the psychometric validation'®2° of this
instrument in line with the recommended guidelines. Limita-
tions include a potential cultural bias, since the items were
derived from a qualitative survey of patients in France, and
potential redundancy with existing disease-specific PROs for
CIRDs."**** These aspects will need to be evaluated in future
studies. Although some questions within the questionnaire may
seem redundant, statistical tests were used to remove truly
redundant questions, and all questions underwent validation
with patients.

In this study, it was possible to classify patients according to
their level of fear using the FAIR score. Fear scores did not appear
to be related to objective disease activity scores (DAS28(ESR) or
BASDAI), although patients with high perceived disease activity

(>6) were more frequently classified in the high fear cluster. In
contrast, a strong association was observed between FAIR scores
and scores on the AHI (=20) or HADS (=10 for anxiety and =8
for depression), all of which are non-specific markers of psycho-
logical distress.

Patients with RA commonly present a higher level of psycho-
logical distress compared with the general population.®® *® In
agreement with this, we observed a robust association between
fears and non-specific measures of psychological distress, such
as the AHI, the HADS anxiety score and, to a lesser extent,
the HADS depression score. Moreover, the fears expressed
by our patients are likely to represent specific expressions of
psychological distress in inflammatory rheumatic diseases. This
would suggest that the FAIR questionnaire could be employed
to measure psychological distress in a disease-specific way in
patients with RA or axSpA. To this end, it might be beneficial to
compare the FAIR questionnaire with existing generic scales, such
as the mental component score of the SF-36 or SF-12 (36-Item
and 12-Item Short Form Health Survey),'® or the anxiety and
depression items of the Arthritis Impact Measurement Scales,
in future studies. The FAIR instrument will also need to be tested
in independent populations to verify its robustness and psycho-
metric validity.

An association, although less marked, was also observed
between FAIR scores and disease activity as rated by the patient.
Four sociodemographic variables were also associated with high
fear scores, namely low education level, living alone, being born
outside France and either being in or seeking employment. Low
education levels may be associated with lower access to, or
more limited understanding of, information about the disease;
this may also be the case for immigrants. Patients living alone
may lack adequate social support for coping with stressful situa-
tions, and patients in employment or seeking employment may
be particularly worried about the impact of their disease on
their future career and income. On the other hand, age, gender,
diagnosis (RA or axSpA) and treatment were not independently
associated with high fear scores. Previous studies have identified
female gender, lack of social support and a lower educational
level as being associated with anxiety and depression (or both) in
patients with RA.%’

The FAIR questionnaire may be a useful PRO in several
contexts. First, it may be helpful for physicians taking care of
patients with RA and axSpA to evaluate the levels of fear and
psychological distress in their patients, in order to provide an
appropriate level of psychological support and to initiate a
physician—patient dialogue to dispel unwarranted fears and facil-
itate adaptive coping. In clinical research, the questionnaire may
be useful for investigating differences in psychological distress
between patient groups, and to provide a basis for explaining
such differences. Finally, the FAIR could be included in clinical
trial protocols to measure the impact of specific interventions
on psychological distress; however, this would first require
an assessment of the instrument’s sensitivity to change. In this
context, a disease-specific PRO might be more sensitive than a
non-specific tool such as the HADS.
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Influence of disease activity and medications on
offspring birth weight, pre-eclampsia and preterm
birth in systemic lupus erythematosus: a population-

based study
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ABSTRACT

Objectives Exploring the associations between disease
activity and medications with offspring birth weight,
pre-eclampsia and preterm birth in systemic lupus
erythematosus (SLE).

Methods Data from the Medical Birth Registry of
Norway (MBRN) were linked with data from RevNatus,
a nationwide observational register recruiting women
with inflammatory rheumatic diseases. Singleton births
in women with SLE included in RevNatus 2006-2015
were cases (n=180). All other singleton births registered
in MBRN during this time (n=498 849) served as
population controls. Z-score for birth weight adjusted
for gestational age and gender was calculated. Disease
activity was assessed using Lupus Activity Index in
Pregnancy. We compared z-scores for birth weight,
pre-eclampsia and preterm birth in cases with inactive
disease, cases with active disease and population
controls.

Results Z-scores for birth weight in offspring were
lower in inactive (—0.64) and active (—0.53) diseases
than population controls (—0.11). Inactive disease did
not predict pre-eclampsia while active disease yielded OR
5.33 and OR 3.38 compared with population controls
and inactive disease, respectively. Preterm birth occurred
more often in inactive (OR 2.57) and active (OR 8.66)
diseases compared with population controls, and in
active compared with inactive disease (OR 3.36).
Conclusions SLE has an increased odds for low birth
weight and preterm birth, amplified by active disease.
The odds for pre-eclampsia is elevated in active, but not
inactive disease. This calls for tight follow-up targeting
inactive disease before and throughout pregnancy.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic
rheumatic disease often affecting women in fertile
age. In SLE, there is an increased risk of unfa-
vourable pregnancy outcomes including low birth
weight and preterm birth and complications like
pre-eclampsia, even though there is evidence for
less elevated risk over the last decades.' Pre-ec-
lampsia is one of the risk factors for preterm birth.
The increased risk of pre-eclampsia including early-
onset pre-eclampsia (before 34 weeks) in SLE may
be independent of traditional risk factors such as

pregestational hypertension and body mass index
(BMI).> High disease activity and flare shortly
before or during pregnancy are factors predictive
for complications,”™ whereas no or low disease
activity is favourable.® A recent population-based
study reported lower mean birth weight and gesta-
tional age in both first and subsequent births in
women with SLE compared with references.” Low
birth weight caused by intrauterine growth restric-
tion is associated with an increased risk of cardio-
vascular disease and diabetes in the offspring.®
Pre-eclampsia, preterm birth and low offspring birth
weight are events associated with a future higher
risk of maternal cardiovascular disease’ and death.'’
Prednisolone use in pregnancy has been associated
with preterm birth and a lower birth weight."
In SLE, prednisolone is commonly used to treat
disease flares, and confounding by indication may
explain this finding. Most studies investigating the
influence of disease activity on pregnancy outcomes
have found high disease activity or disease flare to
be risk factors for adverse pregnancy outcomes.
To our knowledge, prospective studies comparing
pregnancy outcomes in SLE women with inactive
disease, SLE women with active disease and popu-
lation controls have not been reported. We regard
birth weight adjusted for gestational age and gender
(z-score) as the relevant birth weight outcome in
this context. The aim of this study was to explore
the possible associations of disease activity and
medications with offspring birth weight z-score and
the occurrence of pre-eclampsia and preterm birth
in women with SLE.

PATIENTS AND METHODS

Study population

In this population-based cohort, we linked data from
the Medical Birth Registry of Norway (MBRN) with
data from RevNatus. MBRN is a national health
registry with mandatory registration of variables on
all births in Norway. It includes information about
maternal health before and during pregnancy as
well as maternal and neonatal complications during
pregnancy and birth. The variables were decided by
consensus among obstetricians, neonatologists and
epidemiologists. Since December 1998, pre-preg-
nant maternal diseases including rheumatic diseases
have been coded according to the International
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Table 1 Characteristics of patients (SLE) and population controls,
reported as n (%) unless specified as mean (SD)
Population
Characteristic SLE controls P value
Number of deliveries 180 498 849
Maternal age (years), mean (SD) 31.5 (5.0) 30.4 (5.1) 0.004
<35 138 (76.7) 402064 (80.6)
=35 42 (23.3) 96569 (19.4)
Missing — —
Parity 0.91
No children 77 (42.8) 209978 (42.1)
=1 child 103 (57.2) 288871 (57.1)
Missing = =
Smoking in pregnancy 12 (6.9) 47137 (11.2) 0.09
Missing 6 79171
BMI first trimester, mean (SD) 23.8 (4.9) 24.3 (4.8) 0.30
Underweight (<18.5) 7(8.3) 8298 (4.1)
Normal weight (18.5-24.9) 50 (59.5) 123903 (61.5)
Overweight (=25) 27 (32.1) 69294 (34.4)
Missing 96 297354

BMI, body mass index; SLE, systemiclupus erythematosus.

Statistical Classification of Diseases and Related Health Prob-
lems, 10th Revision (ICD-10).

RevNatus is a nationwide Norwegian multicentre, prospec-
tive observational register recruiting women with inflamma-
tory rheumatic diseases who plan pregnancy or are pregnant.
Women 18 years or older are included, with follow-up in each
trimester and at 6 weeks, 6 and 12 months after birth. All
women are diagnosed by a specialist in rheumatology prior
to inclusion. Information on obstetric history, disease activity
and medications as well as maternal and neonatal outcomes
including complications is registered. In the present study,
singleton births recorded in MBRN 2006-2015 were eligible
for inclusion. Births among women with the diagnosis of SLE
recorded in MBRN (ICD-10 codes M32.1, M32.8 and M32.9)
and included in RevNatus formed the patient group (n=180).
Population controls were all other singleton births registered
in MBRN during the same period (n=498 849), but excluding
births among women with any rheumatic inflammatory disease
(n=2492) according to ICD-10 diagnoses (online supplemen-
tary figure S1). The 2015 age cohort was excluded from the
population controls as the registration of ICD diagnoses of
maternal pre-pregnant disease was not completed. One woman
could have several births during the study period. This applied
to 28 (15.6 %) of 180 women in the patient group and an
unknown proportion of the women in the control population.

Ethics

All women signed a written informed consent before inclu-
sion. Access to data from MBRN was granted in September 2016
(MBRN assignment 15-1819).

Variables

For both patients and population controls, data on maternal
age, parity, smoking and BMI were derived from MBRN, as
were data on newborns and complications including pre-ec-
lampsia,” '* preterm birth (<37 gestational weeks) and very
preterm birth (<34 gestational weeks). BMI was included
as a variable in MBRN in 2012 and reported by 40% of the
birth institutions, resulting in high missing numbers. For the

patient group, educational status, prior obstetric history and
disease-specific information were retrieved from RevNatus.
Fulfilment of the 1997 American College of Rheumatology
criteria for classification of SLE required =4 criteria.'® A posi-
tive test for lupus anticoagulant, anticardiolipin antibody IgG
and antibeta2 glycoprotein 1 IgG was defined according to
thresholds for positivity at the time of the test.

Assessment of disease activity

Disease activity was assessed by the Lupus Activity Index in
Pregnancy (LAI-P), a modification of the Lupus Activity Index
(LAI) validated for use in pregnancy.'® LAI-P is described in
detail elsewhere.!” Briefly, disease activity is assessed on a scale
from 0 (inactive disease) to 2.6 (very high disease activity),
with a score above 0.5 considered moderate disease activity.
It is a composite score, including items describing general
and organ-specific clinical manifestations, current medication
and certain laboratory findings. LAI-P was assessed in each
trimester and at 6 weeks after birth, and dichotomised to inac-
tive disease (LAI-P=0) and active disease of any severity (LAI-
P>0). There were missing data on disease activity at all visits,
and most frequently among the preterm (39% missing) and
very preterm (50% missing) births in the third trimester. The
data were not missing completely at random, as many of these
women did not attend the third trimester visit due to birth
before scheduled visit. Data on disease activity were more
complete in the second trimester (missing in 20% of term and
6% of preterm outcomes).

Calculation of birth weight z-score adjusted for gestational
age and gender

Recorded pregnancy outcomes in MBRN included birth weight
(grams), gender and gestational age at delivery in days based
on a mid-trimester ultrasound examination. Birth weight is
influenced by gestational age and gender, differs from country
to country and has secular changes. Accordingly, z-score for
birth weight was calculated using Norwegian birth weight by
gestational age standards covering 20-44 completed weeks,
separately for males and females.'® The z-scores were calcu-
lated using gestational age in days, with linear interpolation
between weeks.

Statistical analyses

Group comparisons were performed using independent t-test
for continuous variables and the Pearson x? test or the uncon-
ditional z-pooled test for categorical variables."” We used linear
regression with z-score as dependent variable, and logistic
regression for dichotomous-dependent variables (pre-ec-
lampsia and preterm birth). As covariates, we compared popu-
lation controls with cases with inactive disease (LAI-P=0) and
cases with active disease (LAI-P>0) in the second trimester. We
carried out the analyses unadjusted, and adjusted for maternal
age (<35years/=35 years), parity (no birth/=1birth) and
smoking in pregnancy (yes/no). We also carried out analyses
for first and subsequent births separately. Separate analyses
were performed concerning use of prednisolone (yes/no) in the
second trimester, and adjusting for hydroxychloroquine (yes/
no) and azathioprine (yes/no). Missing values were handled by
available case analysis. Two-sided P values less than 0.05 were
considered statistically significant, and 95% ClIs are reported
where relevant. The statistical analyses were performed using
SPSS V.22.
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Table 2 Clinical characteristics of all patients (SLE), and grouped according to disease activity in second trimester, reported as n (%) unless

specified as mean (SD)

Inactive disease

Active disease

Not registered disease

Characteristic SLE (total) (LAI-P=0) (LAI-P>0) activity P value*

Number of deliveries 180 85 63 32

Maternal age, mean (SD) 31.5(5.0) 31.9 (4.6) 31.3(5.5) 30.8 (4.9) 0.47
<35 138 (76.7) 65 (76.5) 47 (74.6) 26 (81.3)
>35 42 (23.3) 20 (23.5) 16 (25.4) 6(18.8)
Missing — — — —

Nullipara 77 (42.8) 32 (37.6) 29 (46.0) 16 (50.0) 0.39
Missing = = = =

Smoking in pregnancy 12 (6.9) 2(2.4) 7(11.1) 3(10.3) 0.032t
Missing 6 3 = 3

BMI first trimester, mean (SD) 23.8 (4.9) 22.7 (4.4) 24.7 (5.8) 24.5 (3.9) 0.11
<185 7(8.0) 6 (15.0) 1(3.4) 0
18.5-25 52 (59.1) 24 (60.0) 19 (65.5) 9 (47.4)
>25 29 (33.0) 10 (25.0) 9(31.0) 10 (52.6)
Missing 92 45 34 13

Educational level 0.44
Low# 13(7.4) 6(7.2) 5(8.1) 2(6.5)
Intermediate§ 46 (26.1) 18 (21.7) 19 (30.6) 9(29.0)
High] 117 (66.5) 59 (71.1) 38(61.3) 20 (64.5)
Missing 4 2 1 1

ACR criteria fulfilled** 114 (82.3) 51(77.3) 47 (90.4) 16 (84.2) 0.10
Missing 43 1" 19 13

Disease duration, mean (SD) 8.7 (6.2) 8.8 (5.6) 8.6 (6.2) 8.3(7.4) 0.86
Missing 9 5 2 2

Prior pregnancy loss 30 (18.0) 13 (16.9) 15 (24.2) 2(7.1) 0.39
Missing 13 8 1 4

Prior pre-eclampsia 13(7.2) 6(7.1) 6 (9.5) 13.1) 0.53
Missing 2 1 1 =

Positive LAC 29 (23.6) 14(21.9) 12 (27.9) 3(18.8) 0.63
Missing 57 21 20 16

Positive aCL IgG 13(7.4) 8(9.8) 5(8.1) 0 0.73
Missing 5 3 1 1

Positive AB2GPI IgG 9(5.0) 3(6.1) 6(18.8) 0 0.089t
Missing 83 36 31 16

Prior kidney manifestation 40 (35.0) 21(31.3) 22 (40.0) 7(33.3) 0.42
Missing 37 18 8 1

*P value for active compared with inactive disease.
tThe unconditional z-pooled exact test.

$10 years.
§12-13 years.
91>15 years.

**>4 criteria according to 1997 American College of Rheumatology diagnostic criteria for SLE.
AB2GPI 1gG, anti-beta2 glycoprotein | IgG; aCL IgG, anti-cardiolipin IgG; ACR, American College of Rheumatology; BMI, body mass index; LAC, lupus anticoagulant; LAI-P, Lupus

Activity Index in Pregnancy; SLE, systemiclupus erythematosus.

RESULTS

Patient recruitment

During 2006-2015, 237 inclusions among 203 women diag-
nosed with SLE were registered in RevNatus. Of known
outcomes (n=223), 5% did not become pregnant, miscarriage
was reported in 12%, and 83% resulted in live birth. There were
180 singleton and 6 twin deliveries. Among the singleton births,
26 women had two deliveries and 2 women had three deliveries.
The majority (141/180) were included in the first trimester,
and the remaining in the second trimester. A total of 498 849
singleton births registered in MBRN during 2006-2014 served
as population controls. Maternal mean age among patients was
significantly higher compared with population controls (mean

difference 1.09 years), a lower proportion smoked, and parity
and BMI were similar (table 1).

The cases were grouped according to inactive disease (LAI-
P=0) and active disease (LAI-P>0) of any severity in the second
trimester. In 32 patients, disease activity was not registered.
Clinical characteristics of the disease activity groups and the
above group are presented in table 2. The disease activity groups
showed no differences of statistical significance except smoking,
which was more common in women with active disease.

Between 56.6% and 59.9% of women with SLE had inac-
tive disease during pregnancy and 6 weeks after birth, and
less than 10% experienced moderate disease activity or higher
(LAI-P>0.5) (table 3). Women delivering preterm mainly had
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Table 3 Number and percentages of patients with inactive and active diseases in each trimester and 6 weeks after birth

Inactive disease

Active disease

Missing data on

n (%) n (%) disease activity
LAI-P=0 Preterm LAI-P>0 LAI-P>0.5 Preterm n (%)
First trimester 69 (56.6) 10 (14.5) 53 (43.4) 5(4.1) 15 (28.3) 58 (32.2)
Second trimester 85 (57.4) 11(12.9) 63 (42.6) 7(4.7) 20 (31.7) 32(17.8)
Third trimester 88 (59.9) 5(5.7) 59 (40.1) 8(5.4) 15 (25.4) 33(18.3)
6weeks pp 90 (59.2) 9(10.0) 62 (40.8) 11(7.2) 21(33.9) 28 (15.6)

LAI-P, Lupus Activity Index in Pregnancy; pp, post partum.

active disease (LAI-P>0) on the four scheduled visits (60.0%,
64.5%, 70.0% and 64.7%, respectively). Active disease in the
first or second trimester resulted in very preterm birth in 15.4%
and 12.9%,respectively, whereas inactive disease resulted in
very preterm birth in 6.0% in both groups. The most common
disease manifestations in the first and second trimesters were
skin (36.0% and 26.3%), joint (26.0% and 17.5%) and haema-
tologic (17.4% and 14.8%). Only 4.2% and 3.6% had active
kidney disease, respectively.

Association between SLE disease activity and birth weight
z-score, pre-eclampsia and preterm birth

The birth weight z-score was significantly lower in offspring of
women with SLE than of population controls (mean difference
0.47). We found significantly lower birth weight z-scores in
both disease activity groups compared with population controls,
but no significant difference between disease groups (table 4).
There was a significantly higher odds of small for gestational
age (SGA, =10 percentiles) in inactive as well as active diseases
compared with population controls (OR 2.45, 95%CI 1.47 to
4.08, P=0.001and OR 2.66, 95%CI 1.49 to 4.75, P=0.001,
respectively). We found no significant differences between
disease groups.

Women with SLE had a statistically significantly higher odds
of pre-eclampsia and preterm birth compared with population
controls, OR 2.70 (95% CI 1.56 to 4.65), P<0.001and OR
4.03 (95% CI 2.78 to 6.59), P<0.001, respectively. Regarding
pre-eclampsia, we found no statistically significant difference
between population controls and women with inactive disease,
but statistically significantly higher odds when women had active
disease. There was substantially higher odds for pre-eclampsia
in women with active compared with inactive disease (table 5).
Concerning preterm birth, there was a statistically significantly
higher odds compared with population controls, both in women

Table 4 Birth weight z-scores in offspring of population controls,
women (SLE) with inactive disease and women (SLE) with active
disease*

Mean difference

Group n Mean (SD) (95% ClI) P value
Population 497 959 -0.11 (0.98)

controls

Inactive disease 85 —-0.64(0.81) 0.53 (0.32 t0 0.74) <0.001t
(LAI-P=0)

Active disease 63 —0.54(0.90) 0.43 (0.18 t0 0.67) 0.001t
(LAI-P>0)

-0.10(-0.40t0 0.22)  0.53%

with inactive and active diseases. Active disease had a more
than twofold increased odds compared with inactive disease. In
table 5, OR and P value for pre-eclampsia and preterm birth are
shown for inactive disease compared with population controls,
for active disease compared with population controls, and for
active compared with inactive disease.

We adjusted for factors known to influence outcomes.”*°! The
results presented in tables 4 and 5 were substantially unchanged
after adjusting for maternal age (<35years/=35 years), parity
(no birth/=1birth) and smoking in pregnancy (yes/no) (data not
shown). In separate analyses for first and subsequent births, the
observed association was greater for subsequent than for first
births for z-score and pre-eclampsia, while this was not the case
for preterm birth (online supplementary tables S1 and S2). The
P values for the interaction between parity and disease activity
were 0.78, 0.24 and 0.51, respectively. Although not considered
statistically significant, we find it noteworthy that these effects of
parity are observed for both disease activity groups.

Influence of medications on birth weight z-score, preterm
birth and pre-eclampsia

Prednisolone was used significantly more often in the second and
third trimesters among women with active (58.1% and 57.9%)
compared with inactive disease (38.1% and 37.5%). There were
no significant differences in the use of hydroxychloroquine or
azathioprine between the groups in any of the trimesters, or of
prednisolone in the first trimester (51.0% and 38.8%). There
was similar use of acetylsalicylic acid (online supplementary table

Table 5 Risk of pre-eclampsia and preterm birth in population
controls, women (SLE) with inactive disease and women (SLE) with
active disease. Logistic regression with adverse event as outcome*

Group n n (%) OR (95% CI) P value
Population controls 498 849
Pre-eclampsia 15132 (3.0)
Preterm birth 27063 (5.5)
Inactive disease 85
(LAI-P=0)
Pre-eclampsia 4(4.7) 1.58 (0.58 to 4.31) 0.37t
Preterm birth 11(12.9) 2.57(1.37 t0 4.85) 0.003t
Active disease 63
(LAI-P>0)
Pre-eclampsia 9(14.3) 5.33(2.631010.79) <0.001t
3.38 (0.99 to 11.51) 0.052%
Preterm birth 21(33.3) 8.66(5.13 to 14.62) <0.001t
3.36 (1.48 to 7.65) 0.004%

*Unadjusted analysis.

tCompared with population controls.

+Compared with inactive disease.

LAI-P, Lupus Activity Index in Pregnancy; SLE, systemiclupus erythematosus.

*Unadjusted analysis.

tCompared with population controls.

+Compared with inactive disease.

LAI-P, Lupus Activity Index in Pregnancy; SLE, systemiclupus erythematosus.
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Table 6 Effect of prednisolone use on birth weight z-score, pre-
eclampsia and preterm birth*

No Mean difference
Mean (SD) or prednisolone Prednisolone (95%Cl) or OR
n (%) n=78 n=68 (95% ClI) P value
Z-score —0.44 (0.84) —0.77 (0.83) 0.33 (0.05t0 0.61)  0.022
Pre-eclampsia 5(5.2) 9(12.5) 2.33(0.67t08.16) 0.19
Preterm birth 11 (11.5) 23(31.90 3.36(1.40t08.09) 0.007

*Unadjusted analysis.

S3). Birth weight z-score was statistically significantly lower in
offspring of women using prednisolone (mean difference 0.33).
There was a substantially higher odds of pre-eclampsia when
using prednisolone (OR=2.33), and we found a statistically
significant threefold increase in preterm birth (table 6). Results
were substantially unchanged after adjusting for hydroxychloro-
quine (yes/no) and azathioprine (yes/no) (data not shown).

DISCUSSION

We found a lower birth weight z-score in offspring of the disease
group compared with population controls, both in inactive
and active diseases. The occurrence of SGA was also increased
in the disease groups. Our observations of lower birth weight
and restricted fetal growth are in accordance with previous
studies.” 7 2 * There was no evidence of lower birth weight
z-score in offspring of women with active compared with inac-
tive disease. There may be several explanations. Our patients had
mainly mild disease, with only 4.7% experiencing moderate to
high disease activity in the second trimester (LAI-P>0.5). Anti-
phospholipid syndrome (APS) is a factor independent of disease
activity that increases the risk of intrauterine growth restriction
and lower birth weight.>* There were positive anticardiolipin
antibodies of similar occurrence in the two disease groups, even
though we do not know the occurrence of APS, representing an
increased risk for lower birth weight. We found prednisolone use
to be a risk factor for a lower birth weight z-score, contributing
in both disease activity groups.

Our findings concerning the occurrence of pre-eclampsia and
preterm birth support our hypotheses that disease activity of
any severity increases the risk of adverse events. A higher risk
of pre-eclampsia in women with SLE is well known.>” % To our
knowledge, it has not been demonstrated earlier that women
with inactive disease do not have increased risk compared
with population controls. The two disease groups were similar
concerning risk factors for pre-eclampsia like maternal age,
parity, BMI, diabetes, hypertension, prior kidney disease, posi-
tive anticardiolipin antibodies and multiple pregnancies. We
believe that a threefold higher odds in active versus inactive
disease is clinically relevant, even though it did not reach statis-
tical significance. The odds of preterm birth was elevated both in
active and inactive diseases compared with population controls,
and in active compared with inactive disease. The most vulner-
able, very preterm children were also most commonly delivered
in women with active disease. In our cohort, we found a lower
proportion of women with active kidney disease than reported in
other studies.® 2° Active kidney disease is an important predictor
of pre-eclampsia and preterm birth.*> 2 %’ Our results showed
similar occurrence of these events to other studies,’ 2* which
implies that even less serious disease is an important contributor.
There was a twofold increase in the odds of pre-eclampsia in
women using prednisolone, and a statistically significant three-
fold increased odds for preterm birth. The assessment of disease

activity (LAI-P) includes medication as one of four groups,
contributing to the score if medication is increased. However,
there was a stable use of medication in our cohort, indicating
that it did not influence the score. We therefore do not believe
this to be a confounding factor. It is difficult to delineate prednis-
olone use from active disease as prednisolone is the medication
of choice to treat flares in pregnancy. Treatment with prednis-
olone does in itself indicate more severe disease. However, we
cannot exclude the independent effect of prednisolone use.
In clinical practice, this finding emphasises the importance of
stable disease-modifying treatment with hydroxychloroquine
and azathioprine, minimising the need for prednisolone when
the disease is not active.

A limitation of this study is a possible selection of patients.
Women with more severe disease may choose not to become
pregnant, and adverse events can discourage later pregnancies.
Another limitation is missing data on disease activity scores. We
knew from our recent longitudinal study on disease activity in
this patient group that disease activity was not higher in third
than in second trimester,”” and used this registration. The 32
women with missing scores had similar outcomes to the inac-
tive disease group (online supplementary table S4). Since
there were lacking data on antiphospholipid antibody status in
many patients, we cannot exclude a role for these antibodies
concerning our outcomes. Another limitation is that we could
not account for dependent observations due to multiple births
from the same woman, since this information was unavailable
for the population controls. Hence, the precision may be effec-
tively smaller than reported.

Strengths include the utilisation of two nationwide registers.
MBRN has existed for more than 40 years. The validity of
information on gestational age including birth weight, preterm
birth and pregnancy-related hypertensive complications is very
good.>® According to Norwegian guidelines,®’ women with
SLE are offered a multidisciplinary follow-up in pregnancy. We
therefore believe there are few women who are not followed
up closely and included in RevNatus. The tight follow-up
through RevNatus contributes to better controlled disease and
improved outcomes. Due to the linkage of registers, we could
also confirm a good compliance concerning diagnoses. Of 180
women in RevNatus with the diagnosis of SLE, only 10 (5.6%)
did not have this diagnosis in MBRN. This is a lower misclassi-
fication rate than earlier reported for pre-pregnant rheumatic
diseases in MBRN.?? Furthermore, the diagnosis in RevNatus
had to be confirmed by a rheumatologist prior to inclusion,
securing the correct diagnosis. An additional strength is the
utilisation of a disease activity score validated for use in preg-
nancy, avoiding pregnancy-related symptoms to be interpreted
as active disease. Finally, the birth weight z-score was based
on Norwegian standards and gives a more precise estimate
for difference in birth weight. However, birth weights in
Scandinavian populations cannot be generalised to all ethnic
populations.'®

In conclusion, we found that offspring of women with SLE
have lower birth weight than offspring of population controls
without rheumatic diseases. Preterm birth is more common
in SLE than population controls, and the risk is amplified by
active disease. The risk of pre-eclampsia is elevated in active,
but not inactive disease. This calls for tight follow-up targeting
inactive disease before and throughout pregnancy.
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EXTENDED REPORT

Stepwise dose increase of febuxostat is comparable
with colchicine prophylaxis for the prevention of
gout flares during the initial phase of urate-lowering
therapy: results from FORTUNE-1, a prospective,
multicentre randomised study

Hisashi Yamanaka, " Shigenori Tamaki,® Yumiko Ide,® Hyeteko Kim,* Kouichi Inoue,®
Masayuki Sugimoto,® Yuji Hidaka,” Atsuo Taniguchi,' Shin Fujimori®

Tetsuya Yamamoto®

ABSTRACT

Objectives To determine whether febuxostat with
stepwise dose increase is as useful as colchicine
prophylaxis in reducing gout flares during the initial
introduction of urate-lowering therapy in patients

with gout in comparison with febuxostat with no dose
titration.

Methods In this prospective, multicentre, randomised
open-label comparative study, patients were randomised
to group A (stepwise dose increase of febuxostat from
10 to 40 mg/day), group B (fixed-dose febuxostat 40 mg/
day plus colchicine 0.5mg/day) or group C (fixed-dose
febuxostat 40 mg/day) and observed for 12 weeks. Gout
flare was defined as non-steroidal anti-inflammatory
drug use for gout symptoms.

Results A total of 255 patients were randomised, and
241 patients were treated. Among the treated patients,
gout flares were experienced by 20/96 (20.8%) in group
A, 18/95 (18.9%) in group B and 18/50 (36.0%) in
group C. The incidence of flare was significantly lower

in groups A and B than that in group C (P=0.047 and
P=0.024, respectively), although the differences were
not significant after correction for multiple comparisons.
No significant difference was noted between the
incidence of gout flare in groups A and B.

Conclusions Our data suggested that stepwise

dose increase of febuxostat and low-dose colchicine
prophylaxis effectively reduced gout flares in comparison
with fixed-dose febuxostat alone. Stepwise dose increase
of febuxostat may be an effective alternative to low-dose
colchicine prophylaxis during the introduction of urate-
lowering therapy.

Trial registration number UMIN 000008414,

INTRODUCTION

The number of patients with gout is increasing, '™
and the debilitating pain of gout flare can
severely impact quality of life. In addition, gout
and hyperuricaemia are closely associated with
diseases related to metabolic syndrome and
renal impairment and may be causally related
to cardiovascular disease.*® Gouty arthritis and
gouty tophus, clinical presentations of monoso-
dium urate (MSU) crystal deposition, result from

persistent hyperuricaemia and can be treated by
reducing the body urate pool. This can decrease
the long-term incidence of gout flares and urate
tophi.”"!

However, gout flares frequently develop
during the first several months of urate-low-
ering therapy (ULT).'®'? The initial serum
urate level, the presence of tophus and the dose
of urate-lowering drugs can affect the risk of
gout flares during ULT. Unfortunately, medica-
tion adherence is poor,>™'¢ partly because gout
flares decrease the motivation of patients to
continue treatment.'” '® The prevention of gout
flares is thus of key importance when initiating
ULT.

Concomitant colchicine can help' '; recent
publications from the European League Against
Rheumatism and the American College of Rheu-
matology recommend colchicine for at least the
first 6 months.! 2° However, although widely
used for both therapeutic and prophylactic
purposes, colchicine is potentially toxic and
caution is advised.*' >

ULT induces the shedding of deposited MSU
crystals in the joints. Such crystal shedding
may be facilitated by the dissolution of urate
crystals, and also by decreased urate levels
in the joint fluid.** Thus, a rapid decrease in
serum urate could contribute to gout flares,
whereas a gradual decrease should favour flare
prevention.'*1?

In Japan, clinical trials using a stepwise
increase in febuxostat dose at the initiation of
treatment have shown a lower incidence of gout
flares than trials using fixed-dose febuxostat.? 2
Thus, there are at least two potential strategies
to reduce early treatment-related gout flares:
stepwise dose increase and colchicine prophy-
laxis. However, no prospective clinical trials
have been conducted to compare the efficacy of
these two strategies.

The present study was designed to investigate
the incidence of gout flares during early-stage
febuxostat treatment, comparing fixed-dose mono-
therapy both to stepwise dose increase and to
low-dose colchicine prophylaxis.
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PATIENTS AND METHODS

Patients

Men with gout who had at least one episode of gouty arthritis
within 1year before study entry, whose serum urate exceeded
7.0mg/dL (416.39 pmol/L) and who had not received treat-
ment with any urate-lowering drugs for at least 1 month prior
to entry were enrolled after giving written informed consent.
Diagnosis of gout was based on the 1977 criteria.”” Patients
experiencing gouty arthritis within 2 weeks before study entry
were excluded. Other exclusion criteria were age <20 years,
history of allergic reaction to febuxostat, colchicine or non-ste-
roidal anti-inflammatory drugs (NSAIDs), presence of serious
comorbidities including serum creatinine level of 2.0 mg/dL or
higher and the judgement of the investigator that the patient
was not an appropriate candidate for study participation.
Inclusion and exclusion criteria are detailed in online supple-
mentary table 1.

Study design

This prospective, multicentre, randomised, open-label compar-
ative study was conducted by the Febuxostat Outcome Research
Towards Urate Lowering in the Next Decade (FORTUNE)
consortium, organised by multiple clinical sites across Japan,®
and was designated the FORTUNE-1 study. Patients were
randomised as follows: group A, stepwise dose increase of febux-
ostat from 10 mg/day (4 weeks), 20 mg/day (4 weeks) and 40 mg/
day (until the end of the study); group B, febuxostat 40 mg/day
from the start of the study, with concomitant colchicine 0.5 mg/
day; or group C, febuxostat 40 mg/day from the start of the study.
Patients took oral febuxostat one time per day in the morning,
or oral febuxostat and colchicine at the same time one time per
day in the morning.

This randomised treatment was conducted during the first 12
weeks (randomised period), after which all patients were treated
with febuxostat 40 mg/day for another 12 weeks (observation
period).

Because we anticipated that the incidence of gout flares might
be higher in group C, the randomisation ratio for groups A, B
and C was set at 2:2:1 for ethical reasons.

The allocation sequence was computer generated by a data
centre (Mebix, Tokyo), using a random number table. Randomi-
sation was by minimisation,” adjusted by baseline serum urate
(<8.0mg/dL (475.88 pmol/L) or =8.0 mg/dL (475.88 pmol/L)),
age (<50 or =50 years), previous anti-hyperuricaemic therapy
(<1lor =1) and previous incidence of gouty flare (1 or =2 per
year). The investigators initiated treatment after being informed
of the results of assignment by the data centre.

This study used an open-label design; investigators and patients
were aware of their treatment arm. Investigators handled patient
assessment and data collection.

The attending investigator evaluated each adverse event (AE)
and graded the severity as mild (awareness of sign or symptom
but no significant discomfort), moderate (discomfort requiring
intervention) or severe (prevents daily routine activity or has a
clinically important effect). If a causal relationship with febux-
ostat could not be ruled out, attending physicians could reduce
the dose or discontinue febuxostat. During the study, other
urate-lowering drugs and drugs that are known to increase or
decrease the serum urate level were prohibited. Attending physi-
cians were requested to prescribe NSAIDs at the start of the
study for use in managing gout flares. Patients who did not ther-
apeutically respond to NSAIDs or had multiple flares were given
corticosteroids.

Sample size

The sample size for the study was based on the primary end
point. A previous study noted that a lower percentage of patients
experienced gout flares in groups A and B than that in group C.>°
Based on earlier reports in the literature,” 2°** we estimated that
the incidence of gout flares during a 12-week treatment period
would be 5% for groups A and B and 25% for group C in this
study. Thus, for ethical reasons, we set the ratio of treatment
groups at 2:2:1. To achieve a 5% two-sided significance level
and 89% power to detect the differences between group A and
group C and between group B and group C, we calculated that
90 patients were required for group A, 90 patients for group B
and 45 patients for group C. We estimated a 10% dropout rate
from the study and, thus, set the sample size to 100, 100 and 50
patients, respectively.

End points

The primary end point was the incidence rate of gouty arthritis
(gouty aura not included) during the ‘treatment period’ (the first
12 weeks of the study), defined as the percentage of patients
who needed analgesic treatment with NSAIDs or adrenal corti-
costeroid to manage gout symptoms.

Patients were instructed to record symptoms and NSAID use
in the specified patient record form. Rubor, swelling and other
symptoms were verified by the attending investigator during the
patient’s next visit. Visits occurred every 4 weeks. Mild attacks
that were tolerable without NSAID use were not defined as gout
flares. Any use of NSAIDs for reasons other than gouty arthritis
was excluded from analysis.

The secondary end points included the number of gout flares
per patient during the first 12 weeks (randomised period), the
number of gout flares per patient during the second 12 weeks
(observation period) and the percentage of patients with serum
urate <6.0mg/dL (356.91 pmol/L) in the second 12 weeks
(observation period).

An AE was defined as any untoward medical occurrence
in a subject given the study drug, without requiring a causal
relationship to the treatment. An adverse reaction (AR)
was defined as any event for which a causal relationship to
febuxostat could not be ruled out.

Statistical analysis

All statistical analyses were performed on the full analysis
set (FAS) as defined in the Results section. Baseline patient
demographics were presented as mean and SD for contin-
uous variables and as frequency for categorical variables. In
the primary end point analysis, the statistical analysis was
corrected for multiple comparisons. A Pearson x> test on a
3 x2table was used to compare group A with group C. The
higher of the two P values was used to test for significance
using a threshold of 0.05. This preserves the family-wise
error rate when only three groups are involved.®!

For secondary end point analyses, corrections for multiple
testing were not performed.

The Wilcoxon rank-sum test was used for the number of gout
flares, and the Fisher exact test was used for the percentage of
patients with serum urate <6.0mg/dL (356.91 pmol/L).

All tests were two-sided. Statistical significance was at
P<0.05. Baseline demographics were summarised using SAS
V.9.4 (SAS Institute). Other analyses were performed using R
V3.0.3.%
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Figure 1  Patient disposition.

RESULTS
Patient disposition and baseline characteristics
The trial was conducted at 24 centres between August 2013 and
February 2015. As shown in figure 1, a total of 283 patients
agreed to participate in this study (intention-to-treat group).
After excluding patients who met the exclusion criteria or did
not meet the inclusion criteria, we randomised 255 patients
(group A, 101; group B, 102; group C, 52) for the study.
Patients received treatment for 12 weeks and were monitored
for an additional 12 weeks. A total of 14 patients were excluded
from primary end point analysis: 13 patients because treatment
was declined by the doctor or the patient and 1 patient without
informed consent. The remaining 241 patients were defined as
the FAS. The data from these 241 patients (group A, 96; group
B, 95; group C, 50) were used for subsequent analyses (figure 1).
Table 1 summarises the baseline characteristics of these 241
patients. One-third of the patients had received prior ULT;

urate-lowering drugs were washed out for more than 1 month in
these patients. No statistically significant differences were noted
in the baseline features of the three groups.

Incidence of gout flares in the first 12 weeks (randomised
period)

Gout flares were experienced within the first 12 weeks
(randomised period) by 20 of 96 (20.8%) patients in group
A, 18 of 95 patients (18.9%) in group B and 18 of 50 patients
(36.0%) in group C (figure 2). In an overall Pearson y? test, the
P value was 0.054, and for the comparison of groups A and C,
the P value was 0.048. Although this P value was below 0.05,
the null hypothesis for the primary end point was not rejected
because the higher P value of the two tests (0.054) was above
the 0.05 threshold. The difference in flare incidence was statis-
tically significant between group B and group C (P=0.024)

Table 1 Baseline demographics of patients (FAS)

Group A (n=96) Group B (n=95) Group C (n=50)

Febuxostat dose increasing 10-40 mg Febuxostat 40 mg+colchicine Febuxostat 40mg
Age, mean (SD) 47.4 (10.5) 47.6 (11.1) 46.4 (12.7)
Height, mean (SD), cm 171.0(5.7) 170.8 (5.8) 169.8 (6.9)
Weight, mean (SD), kg 77.3 (12.4) 76.5 (11.7) 76.8 (16.4)
BMI, mean (SD), kg/m2 26.4 (3.6) 26.2 (3.5) 26.5 (5.1)
Systolic blood pressure, mean (SD), mm Hg 132.6 (14.4) 132.8 (16.3) 132.6 (17.6)
Diastolic blood pressure, mean (SD), mm Hg 84.5 (12.0) 84.3(11.9) 82.6 (14.0)
Any history of 2 gout flares, n (%) 74 (77.1) 70 (73.7) 38 (76.0)
Prior urate-lowering therapy, n (%) 31(32.3) 31(32.6) 16 (32.0)
eGFR at entry, mean (SD), mL/min/1.73 m? 75.8 (16.2) 76.6 (13.7) 76.8 (17.5)
Serum urate at entry, mean (SD), mg/dL 8.67 (1.38) 8.51 (1.19) 8.57 (1.17)
Serum creatinine at entry, mean (SD), mg/dL 0.90 (0.16) 0.88 (0.14) 0.89 (0.15)
With any comorbidity, n (%) 51 (53.1) 47 (49.5) 29 (58.0)

BMI, body mass index; eGFR, estimated glomerular filtration rate; FAS, full analysis set.
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Figure 2 Incidence of gout flares during the randomised period.

Incidence of gout flares during the first 12 weeks (randomised period)
in group A (stepwise dose increase of febuxostat from 10 to 40 mg/day),
group B (febuxostat 40 mg/day plus colchicine 0.5 mg/day) and group C
(febuxostat 40 mg/day). The overall Pearson ” test was not significant.
See text for details. *P<0.05vs group C.

and between group A+group B and group C (19.9%, 95% CI
14.2 to 25.6, P=0.016) but not between group A and group B
(P=0.744).

The incidence of gout flare was compared in patients previ-
ously treated with ULT and those who were treatment naive at
baseline. There was no significant difference in the incidence of
gout flares in patients with or without previous ULT within each
treatment group or within the entire study group (online supple-
mentary table 2).

Number of gout flares per patient in the study period

To investigate the characteristic time course of gout flares in
each group, we analysed the number of gout flares in each study
period.

During the first 12 weeks (randomised period), a total of 27
flares were identified in 20 patients (1.35 flares/patient) in group
A, 24 flares in 18 patients (1.33 flares/patient) in group B and
37 flares in 18 patients (2.06 flares/patient) in group C. There
was no significant difference between group A and group C or
between group B and group C. In the second 12 weeks (obser-
vation period), there were 18 flares in 15 patients (1.20 flares/
patient) in group A, 26 flares in 17 patients (1.53 flares/patient)
in group B and 8 flares in six patients (1.33 flares/patient) in
group C. There was no significant difference between treatment
groups. The number of flares in each patient who had gout flares
in the first 12 weeks and the second 12 weeks is illustrated in
figure 3A,B, respectively.

During the 24 weeks (randomised + observational periods),
there were 45 flares in 30 patients (1.50 flares/patient) in group
A, 59 flares in 28 patients (1.79 flares/patient) in group B and 45
flares in 19 patients (2.37 flares/patient) in group C. The number
of flares in each patient is illustrated in online supplementary
figure 1.
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Figure 3 Number of gout flares during the study period. Number of
gout flares per patient during the first 12 weeks (randomised period) (A)
and the second 12 weeks (observation period) (B). Group A (stepwise
dose increase of febuxostat from 10 to 40 mg/day), group B (febuxostat
40 mg/day plus colchicine 0.5 mg/day) and group C (febuxostat 40 mg/
day).

Percentage of patients with serum urate <6.0mg/dL (356.91
pmol/L)

Urate-lowering effects of treatment were investigated in the 241
patients. Some data were missing because treatment had been
discontinued or were otherwise unavailable. Figure 4 shows the
percentage of patients whose serum urate decreased to 6.0 mg/
dL (356.91 umol/L) or below at weeks 4, 8, 12, 16, 20 and 24,
and the number of patients used for calculations for each time
point and each group.

A significantly lower percentage of patients reached the
target level of serum urate at 4 weeks (P<0.001) and 8 weeks
(P<0.001) in group A compared with group B or group C. There
was no significant difference among the three treatment groups
after 12 weeks.

Safety profile
AFEs and ARs are listed in table 2. No clinically important AEs or
serious AEs were reported. No differences were identified in the
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Figure 4  Percentage of patients with serum urate level <6.0 mg/dL
(356.91 pmol/L) in the three randomised groups. Group A (stepwise
dose increase of febuxostat from 10 to 40 mg/day), group B (febuxostat
40 mg/day plus colchicine 0.5mg/day) and group C (febuxostat 40 mg/
day). The number of patients for calculations based on urate data

at each weekly time point in each group is shown below the figure.
*P<0.001 vs group B or group C.

incidence of ARs among the three groups. Moderate diarrhoea
was reported in one patient in group B, but not in any patients
in group A or group C.

DISCUSSION

Febuxostat is a xanthine oxidase inhibitor with a potent serum
urate-lowering effect and a reliable safety profile.”” **** In the
first clinical studies of febuxostat in Japan, gout flare was the
major AE; subsequent study designs incorporated a stepwise
dose increase, which reduced the incidence of gout flares.”® 2
As a result, the official labelling for Feburic (commercial name
of febuxostat in Japan) specifies a stepwise increase in the febux-
ostat dose.

There are two possible ways to reduce gout flares during the
initial period of ULT: colchicine prophylaxis and stepwise dose
increase. Our study is the first to compare these two strategies,
using febuxostat as the urate-lowering drug. As a control, febux-
ostat 40mg without colchicine prophylaxis and without step-
wise dose increase (group C) was included. For ethical reasons
(to minimise the disadvantage to patients), fewer patients were
randomised to this arm, and all patients were instructed to take
an NSAID if a flare should occur.

The result of the primary end point analysis that included the
correction for multiple comparisons was negative. However, as
shown in figure 2, the incidence of gout flares was significantly
lower in group A (stepwise dose increase) than that in group
C (without stepwise dose increase or colchicine prophylaxis)
and was also significantly lower in group B (low-dose colchicine
prophylaxis) than that in group C. These findings were further
confirmed by comparing incidence of flares between groups A
plus B and group C.

We found no difference in the incidence or the number of
gout flares between group A and group B. This suggests that,

Table 2

Incidence of adverse events and adverse reactions by system organ class (safety population)

Total (n=241)

Group A (n=96) Group B (n=95) Group C (n=50)

Febuxostat
40mg-+colchicine

Febuxostat dose increasing

stepwise from 10 to 40mg Febuxostat 40mg

Patients (events) %

Patients (events) % Patients (events) % Patients (events) %

Adverse events 51(74) 21.2
Infections and infestations 25 (35) 10.4
Neoplasms benign, malignant and unspecified 1(1)0.4
Metabolism and nutrition disorders 2(2)0.8
Vascular disorders 1(1)0.4
Respiratory, thoracic and mediastinal disorders 4(0)1.7
Gastrointestinal disorders 1(1)0.4
Hepatobiliary disorders 5(5) 2.1
Skin and subcutaneous tissue disorders 2(2)0.8
Musculoskeletal and connective tissue disorders 9(10) 3.7
Renal and urinary disorders 2(2)0.8
Investigations 4(4)1.7
Injury, poisoning and procedural complications 4(4)1.7
Surgical and medical procedures 1(1)0.4

Adverse reactions 21(24) 8.7
Infections and infestations 7(8)2.9
Metabolism and nutrition disorders 1(1)0.4
Respiratory, thoracic and mediastinal disorders 1(1)0.4
Hepatobiliary disorders 4(4)1.7
Skin and subcutaneous tissue disorders 2(2)0.8
Musculoskeletal and connective tissue disorders 3(4)1.2
Renal and urinary disorders 2(2)0.8
Investigations 1(1)0.4
Injury, poisoning and procedural complications 1(1)04

21(35)21.9 19 (23) 20.0 11 (16) 22.0
9(15)9.4 11 (13)11.6 5(7) 10.0
1(1)1.0 - -

2(2) 241 - -
1(1)1.0 - -
2(4) 2.1 1(1)1.1 1(1)2.0
E 1(1)1.1 E
4(4)42 - 1(1)2.0
1(1)1.0 1(1)1.1 E
4(5)4.2 3(3)32 2(2) 4.0
1(1)1.0 1(1)1.1 =
- 3(3)32 1(1)2.0
1(1)1.0 = 3(3)6.0
- - 1(1)2.0
7(9)73 9(10)9.5 5(5) 10.0
- 6(7)6.3 1(1)2.0
1(1)1.0 - -
- 1111 -
3(3)3.1 - 1(1)2.0
T(Mm10 1(1)1.1 -
2(3)241 - 1(1)2.0
1T(M10 1(1)1.1 -
- - 1(1)2.0
- - 1(1)2.0

Number of events, tabulated by system organ class (SOC, MedDRA 17.1).
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when introducing ULT with febuxostat, stepwise dose increase
of febuxostat is better than the single-dose method and is compa-
rable with low-dose colchicine prophylaxis for the prevention
of gout flares. Because colchicine prophylaxis has been shown
to decrease gout flares during the introduction of allopurinol,**
stepwise dose increase of febuxostat is also likely to be beneficial
for gout patients.

Non-inferiority or equivalence testing of gout flares between
group A and group B would confirm whether febuxostat step-
wise dose increase is comparable with colchicine prophylaxis in
reducing gout flares. However, such tests were not performed in
the present study because of insufficient sample size. Under the
current concept of treat to target, the recommended serum urate
level is to be maintained below 6.0 mg/dL (356.91 umol/L).** >
Under stepwise dose increase, lowering of urate to the target
level (6.0mg/dL (356.91 pmol/L)) was delayed in group A, but
by week 12, the same percentage of patients had achieved serum
urate at or below 6.0 mg/dL (356.91 pmol/L) as in the other two
groups. This suggests that stepwise dose increase is a practical
treatment option. This is particularly important because colchi-
cine can be toxic in large amounts,” ¥ suggesting that the use
of colchicine should potentially be restricted in patients with
multiple comorbidities. Thus, we propose stepwise dose increase
of febuxostat as a useful alternative option to minimise the
occurrence of gout flares when starting ULT.

Limitations of this study include the open-label design
(patients and investigators were informed of the patient’s treat-
ment arm, which might have affected study results) and the
definition of gout flare (under discussion in the literature®®; the
provisional definition®” may not apply in studies of real-world
clinical therapy). For this study, we defined gout flares as symp-
toms of gout requiring NSAID treatment. This definition is not
universally accepted,’”*® but we consider it reasonably useful for
comparing the incidence of gout flares among three treatment
arms in our study. The severity of gout may also be a consider-
ation. Japanese patients generally have milder forms of gout than
patients in the USA or Europe, as measured by the percentage
of patients with tophi®® 2¢ or the dose of febuxostat required.*
The usual dose of febuxostat for lowering serum urate to below
6.0mg/dL (356.91 pmol/L) is 40 mg/day in Japan and 80 mg/day
in the USA or Europe, perhaps due to smaller body size and
earlier intervention for hyperuricaemia in Japan. Also, the dose
of colchicine for gout flare prophylaxis in group B was consis-
tent with Japanese labelling for colchicine but lower than that
in other countries. Thus, the results of this study may not be
directly applicable to patients with gout in the USA or Europe.
Finally, this study may have failed to meet the primary end point
because of insufficient sample size, especially in group C. This
should influence the design of future studies.

In conclusion, our results suggested that a stepwise dose
increase of febuxostat reduced the incidence of gout flares to
an extent comparable with low-dose colchicine prophylaxis.
Because of issues related to the safety of colchicine, a stepwise
dose increase of febuxostat can be a recommended option for
reducing the incidence of gout flares. We hope that this strategy
can increase patient adherence and improve long-term outcomes.
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ABSTRACT

Objectives To determine the risk of uveitis and
inflammatory bowel disease (IBD) in patients with
psoriatic arthritis (PsA) compared with the general
population and patients with psoriasis.

Methods A cohort study using data from the UK
Clinical Practice Research Datalink between 1998 and
2014. Patients with incident PsA aged 18-89 years
were identified and matched to a cohort of patients with
psoriasis and a general population cohort. The incidence
of uveitis, all IBD, Crohn’s disease and ulcerative colitis
was calculated for each study cohort and adjusted
relative risks (RRadj) were calculated using conditional
Poisson regression.

Results 6783 incident cases of PsA were identified
with a median age of 49 years. The risk of uveitis

was significantly higher in the PsA cohort than in the
general population and psoriasis cohorts (RR_; 3.55,
95% C12.21t05.70 and RR_; 2.13, 95% Cl 1.40to
3.24, respectively). A significant increase was observed
for Crohn’s disease (RRadJ 2.96,95% Cl 1.46 t0 6.00
and RRad13.60,95% C11.83 to 7.10) but not for
ulcerative colitis (RRadJ1 .30,95% Cl 0.66 to 2.56 and
RR,;0-98,95% C10.50 to 1.92).

Conclusions In a primary care-based incidence
cohort of patients with PsA, there were substantial
risks of developing uveitis and/or Crohn’s disease, but
not ulcerative colitis, when compared with the general
population and psoriasis controls.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic inflammatory
arthritis which has been reported to affect between
10% and 40% of individuals with psoriasis." In
the majority of patients, PsA presents after, or
synchronously with, the onset of psoriasis. PsA is
well recognised to be progressive and may result in
severe disability, reduced quality of life and work
disability.” ° Patients with PsA can often suffer
from multiple comorbidities, resulting in increased
morbidity and mortality.

Uveitis and inflammatory bowel disease (IBD)
are known to be associated with spondyloar-
thritis*; however, there is limited information on
the prevalence and incidence of these conditions in
patients with PsA and current estimates and study
designs vary. Recent Danish and Taiwanese nation-
wide cohort studies, using administrative data, have

reported an increased risk of uveitis associated with
psoriatic disease.’ ® The Danish study demonstrated
a bidirectional association, with patients with psori-
asis and PsA having an increased risk of uveitis
and patients with uveitis having an increased risk
of psoriasis and PsA, suggesting a shared patho-
genic pathway.’ Another study, using the same
Danish data source, has reported an increased risk
of Crohn’s disease and ulcerative colitis among
patients with psoriasis and PsA,” as have two studies
using data from US Health Claims databases,®® and
one looking at PsA using data from an Israeli health-
care database.'” A further study analysing data
on 174476 women participating in a US Nurses’
Health Study, however, reported an increased risk
of Crohn’s disease in patients with psoriasis and/or
PsA but not an increased risk of ulcerative colitis.'!

This study aimed to determine the risks of uveitis
and IBD in patients with PsA in the UK and compare
these with the risks in a matched cohort of patients
with psoriasis without PsA and a general population
cohort.

METHODS

A cohort study was conducted using data from the
Clinical Practice Research Datalink (CPRD), which
is generally representative of the UK population'?
and contains anonymised primary care medical
records for ~15 million individuals.

The study period was from 1 January 1998 to
31 December 2014. A cohort of patients with
incident PsA were identified in the CPRD who
were 18-89 years at diagnosis and had =1year of
up-to-standard (UTS) data contribution prior to
the diagnosis date. Cases of PsA were matched at
a 1:4 ratio to two randomly selected cohorts based
on date of PsA diagnosis (their index date), year of
birth, sex and general practice: the first matched
cohort (general population cohort) included
patients with no psoriasis, no PsA and no other
inflammatory arthritis diagnoses, and the second
cohort (psoriasis cohort) included patients with
psoriasis but no diagnosis of PsA or other inflam-
matory arthritis. Patients in the comparator cohorts
were assigned the index date of the matched case
and were required to have =1year of UTS data
prior to their index date. All patients were followed
from the index date until the date they were no
longer eligible for the cohort or were diagnosed
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Table 1 Baseline characteristics of the PsA, psoriasis and general population cohorts
PsA Psoriasis cohort General population cohort
N % N % N %
N 6783 27132 27132
Sex (% male) 3327 49.05 13308 49.05 13308 49.05
Median age*, years (IQR) 49 (39-59) 49 (39-59) 49 (39-59)
Mean follow-up postindex, years (SD) 5.8 4.1) 5.5 4.1) 5.5 4.1)
Mean duration of psoriasis, * years (SD) 1.3 (10.9) 11.8 (10.6) - -
Uveitis prevalencet# 100 1.47 205 0.76 193 0.71
Inflammatory bowel disease prevalencet 51 0.75 323 1.19 249 0.92
Crohn's diseaset 16 0.24 122 0.45 95 0.35
Ulcerative colitist 24 0.35 150 0.55 127 0.47

*On index date.
t=1 diagnosis recorded in the CPRD on or before the index date.

+0f all the uveitis records identified, 71.5% were anterior, 1.5% were posterior, 0.3% were panuveitis, and for 26.7% the anatomic subtype was unknown. There was one case of
posterior uveitis in the PsA cohort and six cases in both the psoriasis and general population cohorts.

CPRD, Clinical Practice Research Datalink; PsA, psoriatic arthritis.

with the outcome of interest. Patients in the general population
and psoriasis cohorts who developed psoriasis or PsA respec-
tively after the index date had their person-time contribution
censored the day before the diagnosis date.

The outcomes of interest were uveitis and IBD. Diagnoses
were identified based on Read codes and IBD was categorised
as ‘Crohn’s disease’, ‘ulcerative colitis’ and ‘other/unspecified’.
A full description of the methods can be found in the online
supplementary file 1.

Statistical analyses

The incidence of uveitis, all IBD, Crohn’s disease and ulcerative
colitis was calculated for each of the study cohorts. For each
outcome, crude and adjusted relative risks (RR) were calculated
using conditional Poisson regression to compare the risk in the
PsA cohort with the psoriasis and general population cohorts.
The adjusted models accounted for smoking status, body mass

index and psoriasis severity on the index date. Analyses were
performed using R V.3.3.0 (R Core Team, 2017).

RESULTS

We identified 6783 eligible incident cases of PsA that were
matched to 27132 patients with psoriasis and 27132 patients
from the general population. The median age at PsA diagnosis
was 49 years (IQR 39-59). The baseline patient characteris-
tics for each cohort are shown in table 1. The mean duration
of follow-up postindex date was similar in all three cohorts at
approximately 5.5 years. The baseline prevalence of uveitis was
2.07 times higher in the PsA cohort than the general population
(95% CI 1.63 to 2.64).

The median age at incident uveitis and ulcerative colitis was
lower in the PsA cohort than psoriasis and general population
cohorts (table 2). The incidence and risk of uveitis were signifi-
cantly higher in the PsA cohort than in the general population

Table 2 Incidence of uveitis and IBD in the PsA, psoriasis and general population cohorts
Incidence rate per 10000 person-years
Cases Median age at diagnosis (IQR) Person-years (95% ClI)
Uveitis
General population 46* 55.0 (41.0-62.0) 146738 3.13 (2.30 t0 4.18)
Psoriasis 74t 55.0 (48.0-65.0) 145482 5.09 (3.99 t0 6.39)
PsA 421 47.0 (40.0-58.0) 38678 10.86 (7.83 10 14.68)
Inflammatory bowel disease (all)
General population 67 55.0 (43.5-67.5) 146345 4,58 (3.55 t0 5.81)
Psoriasis 67 53.0 (44.0-68.0) 144793 4.63 (3.59 to 5.88)
PsA 30 51.5 (42.0-60.0) 39077 7.68 (5.18 t0 10.96)
Crohn's disease
General population 25 50.0 (43.0-68.0) 146345 1.71 (1.11 t0 2.52)
Psoriasis 22 50.5 (44.0-62.0) 144793 1.52 (0.95 to 2.30)
PsA 16 49,5 (33.0-56.5) 39077 4.09 (2.3410 6.65)
Ulcerative colitis
General population 35 57.0 (44.0-66.0) 146345 2.39 (1.67 t0 3.33)
Psoriasis 38 60.5 (46.0-71.0) 144793 2.62 (1.86 to 3.60)
PsA 1" 54.0 (46.0-61.0) 39077 2.81 (1.41 t0 5.04)

*31 anterior, 15 subtype unknown.

50 anterior, 1 panuveitis, 23 subtype unknown.

$29 anterior, 1 panuveitis, 12 subtype unknown.

IBD, inflammatory bowel disease; PsA, psoriatic arthritis.
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Table 3 Risk of uveitis and inflammatory bowel disease in patients with PsA compared with patients in the general population and patients with

psoriasis
PsA compared with a general population cohort
(no PsA and no psoriasis) PsA compared with a psoriasis cohort (psoriasis and no PsA)
Unadjusted Adjusted* Unadjusted Adjustedt
Comorbidity RR 95% Cl P RR 95% Cl P RR 95% Cl P RR 95% CI P
Uveitis 3.83 24510599 <0.0001 355 22110570 <0.0001 217 146t03.22 <0.0001 213 1.40t03.24 <0.001
All inflammatory bowel ~ 1.95 12810298 <0.0001 1.90 1.211t03.00 0.0056 1.7 1.13t02.61  <0.01 1.7 1.12t02.61  <0.05
disease
Crohn'’s disease 3.08 1.64t05.80 <0.0001 2.96 1.46to 6.00 0.0025 355 1.83t06.88 <0.0001 3.60 1.83t07.10 <0.001
Ulcerative colitis 1.30 0.68 to0 2.46 0.43 1.30  0.66to 2.56 0.44 1.08  0.58t02.02 0.80 098  0.50t01.92 0.96

*Adjusted for smoking status and body mass index (in the 3 months prior to the index date).
tAdjusted for smoking status and body mass index (in the 3 months prior to the index date) and psoriasis disease severity on the index date.

PsA, psoriatic arthritis; RR, relative risk.

and psoriasis cohorts (RRadj 3.55, 95% CI 2.21 to 5.70 and
RR ; 2.13, 95% CI 1.40 to 3.24) (table 3). The incidence of
all IBD was higher among patients with PsA, and when looking
at Crohn’s disease and ulcerative colitis separately, a significant
increase was observed for Crohn’s disease (RR ;2.96,95% CI
1.46 to 6.00 and RR ; 3.60,95% CI 1.83 to 7.10 for general
population and psoriasis cohorts, respectively) but not for ulcer-
ative colitis (RR ;1.30,95% CI 0.66 to 2.56 and RR_0.98,95%
CI 0.50 to 1.92). Of interest, current smokers had a higher inci-
dence of Crohn’s disease than ex-smokers or non-smokers but
the numbers were too small to be meaningful (data not shown).

DISCUSSION

This UK population-based study identified over a threefold and
twofold increase in the risk of uveitis in patients with PsA when
compared with the general population and patients with psori-
asis respectively. A significant increase in risk was also observed
for Crohn’s disease among patients with PsA but this was not
found for ulcerative colitis.

The increase in risk of uveitis associated with PsA, observed
in our study, is in line with Danish and Taiwanese nationwide
cohort studies.’ ¢ The incidence rates of uveitis in our study,
however, were approximately 50% higher than in the Danish
cohorts and lower than the Taiwanese cohorts which may be
related to differences in methods of data collection. Genetic
factors may also play a role, given the close association between
HLA-B27 and acute anterior uveitis,"® although the background
prevalence of HLA-B27 is lower in Taiwan than in the UK.
Nonetheless, a threefold increase in risk of uveitis compared
with the general population is clinically meaningful in terms
of prospectively managing and informing patients of potential
relevant comorbidities. Furthermore, the risk appears more
associated with PsA than with psoriasis, with the latter showing
a similar baseline prevalence and incidence of uveitis to the
general population. The baseline prevalence in the PsA cohort in
our study is in line with an Irish study which included patients
with <1year PsA disease duration and reported a prevalence
of uveitis of 1.55%" but is considerably lower than the 9.09%
reported in an Italian study which also included newly diagnosed
patients with <1year disease duration.'®

The increased risk observed between PsA and Crohn’s disease,
but not ulcerative colitis, is in line with a study by Li et al, using
data from the Nurses’ Health study in the USA."* The majority of
other studies to date, however, have identified an increased risk
for both Crohn’s disease and ulcerative colitis, although many
do report a higher magnitude of risk for Crohn’s disease than
ulcerative colitis.”’

There are genes in risk loci common to psoriasis, PsA and
Crohn’s disease such as IL12B, 5q31, IL23R and IL2/IL21 that
may explain our findings.'” Dysbiosis leading to an upregulated
Th17-driven immune response in a genetically susceptible host
is another potential common pathogenic pathway.'® Indeed, a
recent study reported a specific dysbiosis in patients with spondy-
litis and a history of IBD."? Lifestyle factors such as smoking may
also have an important role, especially considering that smoking
is a known risk factor for Crohn’s disease while smoking is asso-
ciated with a lower risk of developing ulcerative colitis.”’ It is
likely that an interaction of all these factors is important and
worthy of study in larger data sets.

Strengths of our study include its population-based nature,
the large number of patients with PsA, previous validation
of the codes used to identify psoriasis and PsA, inclusion of
both a psoriasis and general population-matched comparator
group, and the length of follow-up after PsA diagnosis. The
inclusion of only patients with incident PsA was an advantage
for looking at the temporal relationship; however, one chal-
lenge when studying PsA, particularly when looking at comor-
bidities and risk factors, is disentangling preclinical PsA from
psoriasis and/or delayed diagnosis.”! It is therefore possible
that some patients within the psoriasis only group may have
actually had PsA and this could potentially have elevated the
incidence rates in this group. In addition, as PsA is likely to
develop some time before a patient visits their general practi-
tioner, it is also possible that some patients identified as having
prevalent disease, prior to their PsA diagnosis, may have devel-
oped the comorbidity of interest after the initial onset of PsA,
but before a formal diagnosis was made, which would result in
an underestimate of the incidence rates. Although unlikely for
uveitis, assessment/detection bias could also have played a role
for mild IBD cases, with patients with PsA being likely to visit
their healthcare professionals more regularly than those in
the comparator groups. Unfortunately, the absence of data on
tumour necrosis factor-alpha inhibitor therapy in the CPRD
meant it was not possible to explore the effect of PsA therapy
on the incidence of uveitis and IBD.

The results of our study demonstrate an increased risk of
developing uveitis and Crohn’s disease in patients with PsA that
in addition to pointing to shared genetic and pathogenic mech-
anisms has important implications for surveillance and manage-
ment. More precise information on the estimated risk of these
particular comorbidities can be shared with patients, alongside
advice on lifestyle factors such as smoking, the latter of which in
addition to its association with Crohn’s disease?® has also been
shown to have a negative effect on long-term PsA outcome.?
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EXTENDED REPORT

Predictors of revision, prosthetic joint infection
and mortality following total hip or total knee
arthroplasty in patients with rheumatoid
arthritis: a nationwide cohort study using Danish

healthcare registers

Rene Lindholm Cordtz, " Kristian Zobbe, " Pil Hejgaard, " Lars Erik Kristensen,’
Soren Overgaard,”* Anders Odgaard,”® Hanne Lindegaard,*’ Lene Dreyer'#®

ABSTRACT

Objectives To investigate predictors of 10-year risk of
revision and 1-year risk of prosthetic joint infection (PJI)
and death following total hip/total knee arthroplasty
(THA/TKA) in (1) patients with rheumatoid arthritis (RA)
compared with patients with osteoarthritis (OA); and
(2) patients with RA treated with biological disease-
modifying antirheumatic drugs (bDMARD) within 90 days
preceding surgery compared with non-treated.
Methods Register-based cohort study using the Danish
National Patient Register, the DANBIO rheumatology
register (RA-specific confounders and treatment
episodes) and the Danish Hip and Knee Arthroplasty
Registers. Survival analyses were used to calculate
confounder-adjusted sub-HRs (SHR) and HRs.

Results In total, 3913 patients with RA with THA/

TKA were compared with 120 499 patients with OA.
Patients with RA had decreased risk of revision (SHR
0.71(0.57-0.89)), but increased risk of PJI (SHR=1.46
(1.13-1.88)) and death (HR=1.25 (1.01-1.55)). In
DANBIO, 345 of 1946 patients with RA with THA/

TKA had received hbDMARD treatment within 90 days
preceding surgery. bDMARD-treated patients did not
have a statistically significant increased risk of revision
(SHR=1.49 (0.65-3.40)), PJI (SHR=1.61 (0.70-3.69))
nor death (HR=0.75 (0.24—2.33)) compared with non-
treated. Glucocorticoid exposure (HR=2.87 (1.12—7.34))
and increasing DAS28 (HR=1.49 (1.01-2.20)) were risk
factors for mortality.

Conclusion Patients with RA had a decreased 10-
year risk of revision while the risk of death and PJI was
increased compared with patients with OA following
THA/TKA. bDMARD exposure was not associated with
statistically significant increased risk of neither PJI

nor death in this study. Glucocorticoid exposure and
increased disease activity were associated with an
increased risk of death.

BACKGROUND

The introduction of biological disease-modifying
antirheumatic drugs (bDMARD) has improved
the treatment of patients with rheumatoid arthritis
(RA), but due to their immunosuppressive actions,
they could potentially increase the risk of prosthetic
joint infection (P]JI) following major joint surgery
such as total hip arthroplasty (THA) and total knee

arthroplasty (TKA).! * PJI is a serious complica-
tion associated with inferior outcomes in terms of
pain, morbidity and mortality®; and it constitutes
an economic burden in healthcare budgets with
longer duration of hospital stays, extensive antibi-
otic treatment and prolonged recovery.* Most,’ ™!
but not all studies,” ® have found increased risk of
PJI and surgical complications in patients with RA
following THA and TKA but not with regard to the
overall risk of revision.'* Results have been contra-
dictory as to whether bDMARD treatment affects
the risk of PJL.* 131

Patients with RA have increased mortality rates
compared with the general population. However,
with few exceptions,’® 7 existing studies have
reported no difference or decreased risk of short-
term mortality in RA compared with other THA/
TKA recipients.’™® It is unknown whether
bDMARD treatment affects the mortality risk.

The aim of this study was to estimate the risk
of revision due to non-infectious causes, PJI and
death among patients with RA following primary
THA or TKA. We compared (1) patients with RA
with patients with osteoarthritis (OA) and (2)
bDMARD-treated with non-bDMARD-treated
patients with RA using Danish healthcare regis-
ters. Further, we aimed at estimating the impact of
glucocorticoid treatment and disease activity on
the risk of revision, PJI and death among patients
with RA.

PATIENTS AND METHODS

Study design and setting

Register-based cohort study from Denmark from 1
January 2000 to 31 December 2014. Every Danish
resident receives a 10-digit personal identification
number consistent throughout all national registers
making register linkage possible. Study methods and
results are presented in accordance with Strength-
ening the Reporting of Observational Studies in
Epidemiology guidelines.'®

Data sources

The Civil Registration System (CRS): registers
dates of deaths and migrations among all Danish
citizens."
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Table 1 Baseline characteristics of patients with RA and patients with OA who had primary total hip or knee arthroplasty during 2000-2014
RA OA P value
Total, n 3913 120 499
Age at surgery, mean (SD) 66.6 (11.3) 69.1 (9.8) <0.001
Female sex, n (% of group) 2849 (72.8) 70 177 (58.2) <0.001
Follow-up in years, mean (SD) 5.47 (3.3) 5.38 (3.3) 0.088
Primary THA/ TKA, n (% of cohort) 1677 (43)/2236 (57) 71 481 (59)/49 018 (41)
THA Cement with antibiotics 869 (52) 30926 (43) <0.001
Cement without antibiotics 17(1) 1286 (2)
Uncemented 766 (46) 38321 (54)
Missing information 25(2) 948 (1)
TKA Cement with antibiotics 1713 (77) 36 566 (75) 0.049
Cement without antibiotics 18 (1) 409 (1)
Uncemented 454 (20) 11113 (23)
Missing information 51 (2) 946 (2)
Duration of surgery (min), mean (SD) 72.37 (23.0) 69.13 (23.3) <0.001
Calendar period of surgery, n (%) 2000-2002 748 (19) 17 788 (15) <0.001
2003-2005 741 (19) 20260 (17)
2006-2008 757 (19) 25488 (21)
2009-2011 852 (22) 29 446 (24)
2012-2014 815 (21) 27517 (23)
Previously hospitalised due to infection, n (%) 1041 (27) 15439 (13) <0.001
Chronic obstructive pulmonary disease, n (%) 332 (9) 5283 (4) <0.001
Diabetes mellitus, n (%) 323 (8) 7016 (6) <0.001
Diagnosed with obesity, n (%) 290 (7) 8307 (7) 0.219
Ischaemic heart disease, n (%) 204 (5) 4582 (4) <0.001

OA, osteoarthritis; RA, rheumatoid arthritis; THA, total hip arthroplasty; TKA, total knee arthroplasty.

The National Patient Register (NPR): includes information
on all inpatient (1977-) and outpatient (1995-) visits at Danish
hospitals.?’ Discharge diagnoses are registered in accordance
with the International Classification of Diseases (ICD) (ICD-8:
1977-1993; ICD-10: 1994-) with up to 20 diagnoses for each
discharge.

DANBIO: established in 2000 as a national register for use
and efficacy of bDMARD:s in treatment of inflammatory arthritis
(coverage >91%), and more than 25 000 patients with RA
are registered. 2! Information includes date of diagnosis, anti-
rheumatic treatment series, Health Assessment Questionnaire
Disability Index (HAQ-DI), Disease Activity Score using the
28-joint count (DAS28) and C-reactive protein (CRP).

Danish Hip Arthroplasty Register (DHR): is a nationwide
register used for mandatory registration of all primary and
revision THA surgeries established in 1995.% The coverage for
primary THA surgery is 97%. Only PJIs treated with surgery are
registered in DHR.”

Danish Knee Arthroplasty Register (DKR): established in 1997,
DKR is a nationwide database in which orthopaedic surgeons
register all primary and revision TKA surgeries.”* In 2010, the
completeness of registration was estimated to 97% for both
primary and revision surgeries.

Study population

Fatients with RA. Patients with RA were identified in DANBIO
and NPR. Until 2006, only patients treated with bDMARDs were
mandatorily registered in DANBIO. To include more bDMARD-
naive patients, we identified patients registered in NPR with a
diagnosis of RA at an inpatient or outpatient facility special-
ised in rheumatology or general internal medicine.” Identified
patients with RA were subsequently linked with DHR and DKR
to identify those with primary THA/TKA during 2000-2014.
Only surgeries performed after RA diagnosis were included;

and patients only contributed with their first primary THA/
TKA in case of multiple (eg, bilateral THA/TKA). Patients were
excluded if, according to DHR/DKR, THA/TKA was performed

Table 2 Number of patients with RA and patients with OA and
associated PY of observation, events and crude rate ratios (95% Cl)
for 10-year risk of revision due to non-infectious reasons, and 1-year

risk of prosthetic joint infection and death, respectively

Outcome RA OA
10-year risk of ~ Number of patients 3913 120 499
revision Person-years of 20 900 642 739
observation
Number of revisions 81 3031
Crude incidence rate per 3.9 (3.1-4.8) 4.7 (4.6-4.9)
1000 PY
Rate ratio (95% Cl) 0.82 (0.66 to 1.03)  Ref
1-year risk of Person-years of 3652 112 660
prosthetic joint  observation
infection Number of PJls 63 1226
Registered as revision in 40 1037
DHR/DKR
Crude incidence rate per 17.3 (13.5-22.1) 10.9 (10.3-11.5)
1000 PY
Rate ratio (95% Cl) 1.59(1.23t02.05) Ref
1-year risk of Person-years of 3746 115 007
death observation
Number of deaths 86 2077
Crude mortality rate per 23.0 (18.6-28.4) 18.1(17.3-18.9)
1000 PY
Rate ratio (95% Cl) 1.27 (1.02t0 1.58)  Ref

DHR, Danish Hip Arthroplasty Register; DKR, Danish Knee Arthroplasty Register;
OA, osteoarthritis; PJI, prosthetic joint infection; PY, person-years; RA, rheumatoid

arthritis; Ref, reference.
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Table 3 Long-term risk of revision due to other causes than PJI and 1-year risks of PJI and death among patients with RA compared with patients with OA following total hip or knee arthroplasty

1-year risk of death

1-year risk of prosthetic joint infection

10-year risk of revision

Model 1 Model 2 Univariate Model 1 Model 2 Univariate Model 1 Model 2

Univariate

HR (95% Cl)
1.25(1.01 to 1.55)

0.56 (0.51 t0 0.61)

HR (95% Cl)
1.58 (1.27 to 1.96)
0.53 (0.49 to 0.58)
1.08 (1.08 to 1.09)

SHR (95% CI) SHR (95% CI) SHR (95% Cl) SHR (95% Cl) SHR (95% Cl) HR (95% Cl)

SHR (95% Cl)

1.27 (1.02to 1.58)
0.63 (0.58 to 0.69)
1.09 (1.09 to 1.09)

1.46 (1.13 10 1.88)
0.70 (0.63 to 0.78)
1.01 (1.00 to 1.01)

1.70 (1.32t0 2.19)

0.70 (0.63 to 0.78)

1.59 (1.23 t0 2.04)
0.72 (0.65 to 0.80)
1.01 (1.00 to 1.01)

0.79 (0.64 to 0.99) 0.76 (0.61 t0 0.95) 0.71 (0.57 t0 0.89)
0.95 (0.89 to 1.02)

0.91 (0.85 to 0.98)
0.98 (0.98 to 0.98)

RA versus OA

0.96 (0.89 to 1.03)

Female versus male
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1.08 (1.07 to 1.08)

1.01 ((1.00 to 1.02)

Ref

0.98 (0.98 to0 0.98)

Ref

0.98 (0.98 to0 0.98)

Age at surgery (years)

Ref
0.85 (0.74 t0 0.97)

0.78 (0.69 to 0.89)
0.68 (0.60 to 0.78)
0.49 (0.42 t0 0.57)

Ref
0.90 (0.79 to 1.02)

Ref
0.88 (0.77 to 1.00)

Ref
1.10 (0.90 to 1.34)

1.21(1.00 to 1.45)
1.05 (0.87 to 1.27)
1.07 (0.88 to 1.29)
1.23(1.12 t0 1.35)
1.92 (1.67 t0 2.22)
1.17(0.92 to 1.49)

Ref
1.11 (0.91 to 1.35)

1.18 (0.99 to 1.42)
1.03 (0.86 to 1.24)
1.08 (0.89 to 1.30)
1.25(1.15 to0 1.35)
2.11 (1.86 to 2.40)
1.53(1.21 to 1.94)
1.88 (1.54 to 2.29)
1.66 (1.38 to 2.01)

Ref
0.93 (0.83 to 1.03)

Ref
0.93 (0.83 to 1.04)

1.06 (0.95 to 1.17)

2000-2002

Calendar year of

surgery

1.14 (0.93 to 1.38)
1.25(1.04 to 1.51)
1.11(0.92 t0 1.33)
1.17 (0.96 to 1.41)
1.25(1.15 to 1.36)

0.91 (0.81 to 1.01)

2003-2005
2006-2008
2009-2011

0.83 (0.73 t0 0.95)
0.75 (0.66 to 0.85)
0.56 (0.48 to 0.66)
1.29(1.19t0 1.39)

0.76 (0.67 to 0.86)
0.66 (0.58 t0 0.75)
0.50 (0.43 t0 0.58)
1.38(1.30 to 1.46)
2.79 (2.54 to 3.06)
2.84(2.47 10 3.27)

1.02 (0.91 to 1.13)

1.04 (0.94 to 1.16)

1.08 (0.96 to 1.20)
1.09 (0.96 to1.25)
0.91(0.82 to 1.01)

1.12 (1.00 to 1.25)
1.17(1.02 t0 1.33)

1.14(1.02 to 1.27)
1.18 (1.03 to 1.35)
0.87 (0.79 t0 0.97)
1.40 (1.27 to 1.54)
1.15(0.97 to 1.36)
1.23 (1.05 to 1.44)

1.01 (0.87 to 1.18)
COPD, chronic obstructive pulmonary disease; OA, osteoarthritis; PJI, prosthetic joint infection; RA, rheumatoid arthritis; Ref, reference; SHR. sub-HR.

2012-2014

Duration of surgery (hours)

1.25(1.15t0 1.37)
1.98 (1.79 t0 2.18)
1.62 (1.40 to 1.87)
2.01 (1.77 to 2.30)

1.48 (1.34 t0 1.64)
1.18 (0.99 to 1.40)
1.17(0.99 to 1.37)
0.95(0.81 to 1.11)

Previously hospitalised due to infection

Ischaemic heart disease

COPD

3.21(2.83 t0 3.64)
2.40 (2.1 10 2.72)

1.41 (1.14- 10 0.74)
1.35(1.11 to 1.64)

1.90(1.67 to 2.16)

Diabetes mellitus

for reasons other than RA or OA sequelae (eg, fracture, avascular
necrosis etc.).

Fatients with OA. In DHR and DKR, we identified patients
with a first primary THA/TKA due to OA and no history of RA.

bDMARD treatment in patients with RA. Patients with RA
registered in DANBIO were used for these analyses to obtain
information on treatment episodes of DMARD and gluco-
corticoids as well as disease activity and severity markers. For
each patient, information on start and stop dates for treatment
episodes was obtained and categorised according to drug types
(b DMARD, conventional synthetic DMARD (csDMARD) and
glucocorticoid).”’  bDMARD, c¢sDMARD or glucocorticoid
exposure was defined as treatment within 90 days preceding
surgery. bDMARD-treated patients were compared with patients
registered in DANBIO who had not been exposed to bDMARDs
during this 90-day window (non-bDMARD treated).

Outcomes

Primary outcomes were 10-year risk of revision for non-infec-
tious reasons, 1-year risk of PJI treated with or without surgery*
and 1-year risk of death following primary THA/TKA. Revision
and PJIs treated surgically were captured in DHR and DKR
where the cause of revision surgery is preoperatively registered
by the surgeon. The positive predictive value (PPV) of PJI in
DHR is 66%.%° We further captured PJIs not registered in DHR/
DKR using the NPR (ICD-10: T84.5, infection and inflamma-
tory reaction due to internal joint prosthesis; PPV=8500).>
Mortality data were obtained by linkage to CRS. Secondary
outcomes were 10-year risk of PJI and death.

Follow-up

Follow-up started at date of primary THA/TKA. In analyses of
revision, follow-up ended at date of revision, PJI, death, emigra-
tion, at 10 years of follow-up or the end of 2014, whichever
came first. In PJT analyses, follow-up ended at date of PJI, death,
emigration, end of 2014 or at 1 year of follow-up, whichever
came first. In mortality analyses, follow-up ended at date of
death, emigration, end of 2014 or at 1 year of follow-up, which-
ever came first.

Confounders

Demographics

All multivariable analyses were adjusted for age at surgery, sex,
calendar period and duration of surgery.

Comorbidities

Through linkage with NPR, we obtained information on diag-
noses of chronic obstructive pulmonary disease (COPD),
diabetes mellitus, ischaemic heart disease and hospitalisation due
to infection with a look-back window of 20 years (see online
supplementary table 1 for details).

RA-specific confounders

We adjusted for seropositive RA (DANBIO-reported positive
IgM-rheumatoid factor and/or anti-citrullinated protein anti-
bodies; or an ICD-10 code of seropositive RA (M05.8/M05.9)
in NPR). For DANBIO patients, registration of DAS28-CRP and
HAQ-DI within 1 year prior to surgery was obtained.

Statistical analyses

Demographic and descriptive data are presented as means and
SDs. Groups were compared by independent t-test and ¥ test as
appropriate. For each exposure group and outcome, the number
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Table 4 Baseline characteristics of patients with rheumatoid arthritis registered in DANBIO who received a bDMARD within 90 days prior to total

hip or knee arthroplasty compared with non-bDMARD-treated patients

bDMARD treated* Non-bDMARD treated P value

Total, n 345 1601
Age at surgery, mean (SD) 61.3(12.0) 65.2 (10.7) <0.001
Female sex (% of group) 246 (71) 1182 (74) 0.480
Mean follow-up time 4.7 3.4) 5.9 (3.4) <0.001
Duration of surgery (min), mean (SD) 72 (23) 72 (23) 0.927
Calendar year of surgery, n (%) 2000-2004 61(18) 465 (29) <0.001

2005-2009 136 (39) 511 (32)

2010-2014 148 (43) 625 (39)
Seropositive (ACPA and/or IgM-RF), n (%) 310 (90) 1357 (85) 0.014
DAS28-CRP, mean (SD) 5.02 (1.43) 3.82 (1.48) <0.001
Categorised DAS28-CRPt Remission 66 (26) 93 (28) <0.001

Low 51 (20) 79 (24)

Moderate 111 (44) 131 (39)

High 25(10) 30 (9)
HAQ-DI, mean (SD)t 1.34(0.74) 1.12 (0.76) <0.001
Treated with TNFi (%) 321 (93)
Treated with csDMARD (%) 216 (54) 519 (29) <0.001
Treated with glucocorticoids (%) 200 (58) 493 (31) <0.001
Previously hospitalised due to infection (%) 99 (29) 404 (25) 0.183
COPD, n (%) 24 (7) 114 (7) 0.895
Diabetes mellitus, n (%) 18 (5) 114 (7) 0.634
Diagnosed with obesity, n (%) 19 (6) 115 (7) 0.318
Ischaemic heart disease, n (%) 13 (4) 68 (4) 0.328

*Type of bDMARD: adalimumab 103; certolizumab 3; etanercept 124; infliximab 93; tocilizumab 25 (3 switched bDMARD during the 3 months preceding surgery, resulting in
348 treatment series among 345 patients: 1 switched from infliximab to adalimumab, 1 from adalimumab to tocilizumab and 1 from etanercept to adalimumab).

tNon-imputed values.

ACPA, anti-citrullinated protein antibody; bDMARD, biological DMARD; COPD, chronic obstructive pulmonary disease; csDMARD, conventional synthetic DMARD; DAS28-CRP,
Disease Activity Score using the 28-joint count and C-reactive protein; HAQ-DI, Health Assessment Questionnaire Disability Index; IgM-RF, immunoglobulin M rheumatoid factor;

TNFi, tumour necrosis factor-alpha inhibitor.

of events, person-years at risk, crude incidence rates and rate
ratios with 95% CIs were calculated.

Univariable and multivariable Fine-Gray competing risks
regression analyses were used to calculate sub-HRs (SHR) for
revision and PJI, whereas Cox proportional hazard models were
used to calculate HRs for death. Time since surgery was used
as underlying time scale in all models. The proportional hazard
assumption was checked by tests based on Schoenfeld residuals.
Different confounder adjustment approaches were applied in
multivariable analyses as described below.

Analyses of patients with RA versus patients with OA

(1) A basic model containing age at surgery (1-year increments),
sex, calendar time of surgery (2000-2002, 2003-2005, 2006—
2008, 2009-2011, 2012-2014) and duration of surgery. (2) A
model that further included adjustment for comorbidities.

Analyses of bDMARD-treated compared with non-bDMARD-treated
patients with RA

First, a basic model with bDMARD treatment (yes/no) as the
key exposure variable and adjusted for age at surgery, sex and
calendar period of surgery (2000-2009 vs 2010-2014) was
created. Due to few events and our main interest being impact of
bDMARD treatment, we used the change-of-estimate approach
to decide on confounders to be included in the final model.®
Covariates changing the SHR/HR with =10% for the bDMARD
exposure variable when added to the basic model were tested in
a stepwise forward-selection manner. Tested covariates are listed

in the confounder section above. We tested for (and found no)
effect modification between bDMARD and glucocorticoid expo-
sure, and csDMARD and glucocorticoid exposure on each of the
outcomes.

Multiple imputation
Due to missing values for DAS28-CRP and HAQ, multiple impu-
tation by chained equations (MICE) was carried out using the
MI suite in Stata® (see online supplementary files).

In all tests, P values <0.05 were considered statistically signif-
icant. Statistical analyses were performed using Stata (V.13.1,
StataCorp, Texas, USA) and R V.3.3.0.%°

Sensitivity analyses

Sensitivity analyses included adjustment for comorbidities using
the Charlson Comorbidity Index (CCI) (see online supplemen-
tary table 2).>! Also, to distinguish a potential spike in mortality
caused by surgery from the generally increased mortality associ-
ated with RA, we calculated crude mortality rates, and adjusted
HRs for years 0-1 and 1-10 after surgery.

In exploratory analyses, we investigated if there was a dose—
response effect of glucocorticoid exposure on risks of PJI
and death comparing users treated with doses <7.5 mg and
doses >7.5 mg, respectively with non-users.** Similarly, we
compared patients who received intra-articular/ intramuscular
glucocorticoid injections prior to surgery with glucocorticoid
non-users.

284 Cordtz RL, et al. Ann Rheum Dis 2018;77:281-288. doi:10.1136/annrheumdis-2017-212339


https://dx.doi.org/10.1136/annrheumdis-2017-212339
https://dx.doi.org/10.1136/annrheumdis-2017-212339
https://dx.doi.org/10.1136/annrheumdis-2017-212339
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

Table 5 Number of patients with rheumatoid arthritis treated

and not treated with bDMARDs within 90 days prior to surgery,
respectively, and associated person-years of observation, events and
crude rate ratios (95% Cl) for 10-year risk of revision due to other
causes than PJI and 1-year risks of PJI and death

Non-bDMARD
Outcome bDMARD treated treated
10-year risk of  Number of patients 345 1601
revision Person-years of 1712 9027
observation
Number of revisions 9 28
Crude incidence rate 5.3(2.7-10.1) 3.1(2.1-4.5)
per 1000 PY
Rate ratio (95% Cl) 1.63(0.78t03.42)  Ref
1-year risk of Person-years of 318 1497
prosthetic joint  observation
infection Number of PJls 9 28
Registered as revision 7 19
in DHR/DKR
Crude incidence rate ~ 28.3 (14.7-53.3) 18.7 (12.9-27.1)
per 1000 PY
Rate ratio (95% Cl) 1.50 (0.71t03.19)  Ref
1-year risk of Person-years of 329 1535
death observation
Number of deaths 5 19
Crude mortality rate 15.2 (6.3-36.6) 12.4(7.9-19.4)
per 1000 PY
Rate ratio (95% Cl) 1.24(0.461t03.33) Ref

bDMARD, biological DMARD; DHR, Danish Hip Arthroplasty Register; DKR, Danish
Knee Arthroplasty Register; PJI, prosthetic joint infection; PY, person-years; Ref,
reference.

RESULTS

Patients with RA compared with patients with OA

Following register linkage, 3913 patients with RA and primary
THA/TKA were available for comparison with 120 499 patients
with OA (patient flow chart in online supplementary figure 1).
Patients with RA were more likely to be female, younger at time
of surgery and suffer from comorbidities (table 1).

Revision

Of 3913 patients with RA, 81 had surgical revision for reasons
other than PJI within 10 years of primary THA/TKA resulting
in a crude rate ratio of 0.82 (95% CI 0.66 to 1.03) for revision
(table 2). A decreased risk of revision among patients with RA
remained in the final multivariable model (table 3).

Prosthetic joint infection

Within a year of surgery, 63 patients with RA had a PJI, and
were at increased risk of PJI in univariable and multivariable
analyses with a final adjusted SHR of 1.46 (95% CI 1.13 to
1.88) (tables 2 and 3). Other risk factors for PJI were male sex,
increasing duration of surgery, a history of hospitalisation due to
infection, COPD and diabetes mellitus (table 3).

Death

During the first year, 86 patients with RA died and RA was asso-
ciated with increased mortality risk in univariable and multivari-
able analyses (HR in final adjusted model 1.25; 95% CI 1.01
to 1.55) (table 2). Other risk factors were comorbidities and
increasing duration of surgery, whereas women had a decreased

risk of death.

bDMARD-treated compared with non-bDMARD-treated
patients with RA

In DANBIO, 1946 patients with RA and primary THA/TKA
were identified. Of these, 345 had received bDMARD treat-
ment within 90 days preceding surgery (table 4). On average,
bDMARD-treated patients were younger at time of surgery,
had higher DAS28-CRP and HAQ-DI, and a higher proportion
was seropositive and treated with concomitant csDMARD and
glucocorticoids (table 4).

Revision

Nine revisions occurred among the 345 bDMARD-treated
compared with 28 among 1601 non-bDMARD-treated patients
(table 5). In the basic model, the SHR for long-term revision
was 1.69 (95% CI 0.79 to 3.61) among bDMARD-treated
compared with non-bDMARD-treated patients (table 6).
Following the change-of-estimate procedure, glucocorticoid
was added to the final model resulting in an SHR of 1.49 (95%
CI 0.65 to 3.40).

Prosthetic joint infection

Only nine PJI cases were observed in the first year following
surgery among bDMARD-treated patients (table 5). Following
the change-in-estimate procedure, glucocorticoid exposure and
DAS28-CRP were added to the model resulting in an SHR of
1.61 (0.70-3.69) for PJI among bDMARD-treated patients
(table 6).

Death

Five deaths occurred among 329 bDMARD-treated patients
during the first year following surgery resulting in an HR of
1.44 (95% CI 0.53 to 3.88) in the basic model compared with
non-bDMARD-treated patients (tables 5 and 6). This estimate,
however, was reduced to 0.75 (95% CI 0.24 to 2.33) when
glucocorticoid treatment was added to the model (table 6).

Sensitivity analyses

Adjusting for CCI did not change the results in analyses of
RA compared with OA nor bDMARD-treated compared with
non-bDMARD-treated patients (online supplementary tables
3 and 4). Analysing 10-year risk of PJI and death in patients
with RA compared with OA increased the risk estimates (PJI:
SHR=1.84 (1.55-2.18); death: HR=1.58 (1.47-1.69)) (online
supplementary table 5). Mortality rates among patients with RA
in years 0-1 compared with years 1-10 did not reveal increased
mortality in the first year compared with later years (HR 1.26
(1.01-1.56) inyear 0-1vs 1.62 (1.51-1.75) in years 1-10) (online
supplementary table 6). Ten-year risk of PJI and death did not
differ from 1-year risk among bDMARD-treated compared with
non-bDMARD-treated patients (online supplementary table 7).
For glucocorticoids, there was a dose-response relation on the
risk of PJT and death with highest risk estimates observed among
users treated with doses >7.5 mg (PJI: SHR=3.21, 95% CI 1.07
to 9.67; death: HR=4.16, 95% CI 1.32 to 13.08), but users
treated with doses <7.5 mg also had increased risk compared
with non-users (PJI: SHR=1.21, 95% CI 0.35 to 4.15; death:
HR=3.32, 95% CI 1.06 to 10.41) (online supplementary table
8). Intra-articular/intramuscular glucocorticoid injections within
90 days prior to surgery were associated with increased risk of
death (HR=10.80, 95% CI 2.93 to 39.80) (online supplemen-
tary table 9).
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DISCUSSION

In this nationwide register-based cohort study, we investigated
the risk of long-term revision due to non-infectious causes and
1-year risks of PJI and death among patients with RA following
THA/TKA: our main findings were increased risks of PJI and
death, but a decreased long-term risk of revision in patients with
RA compared with patients with OA. bDMARD-treated patients
with RA were not at increased risk of PJI nor death. Glucocorti-
coid treatment proved a significant risk factor for PJI and death
with clear dose-response relations.

One previous study and a meta-analysis of two studies have
also reported a decreased risk of revision among patients with
RA.* 2 Possible explanations for a reduced risk of revision are
decreased wear of the implant due to lower physical activity in
patients with RA compared with patients with OA, and surgeons
possibly being less prone to perform revisions on patients with
RA due to comorbidities and fragile bone stocks.>* ** bDMARD
treatment did not have an impact on the risk of revision, and we
are not aware of other studies that have investigated this.

In line with previous studies, we found an increased risk of PJI
among patients with RA.” 10113537 Ip 4 study from Canada, Ravi
et al reported an HR of 1.47 for the 2-year risk of PJI among
patients with RA compared with patients with OA following
TKA, similar to our 1-year risk estimate (HR 1.46).” We investi-
gated the 1-year risk of PJI as most PJIs occur during this peri-
od.®However, in the analysis of 10-year risk of PJI, the risk
estimates increased further (SHR 1.84). Scandinavian studies
have reported increased risk of late, haematogenous PJIs among
patients with RA compared with other THA/TKA recipients,
which might explain the increase in long-term risk estimates in
our study.'' **3° We did not find a statistically increased risk of P]I
among patients with RA treated with bDMARDs. A meta-anal-
ysis from 2014 reported an increased risk of surgical site infec-
tion with perioperative exposure to tumour necrosis factor-alpha
inhibitor treatment.” However, the meta-analysis was limited by
the heterogeneity of the included studies and use of unadjusted
estimates. Our results indicate that ongoing inflammation (high
DAS28) and use of glucocorticoids may constitute even greater
risk factors for PJI than bDMARD treatment. In accordance with
our results, a recent study by George et al reported an increased
risk of infection and PJI with perioperative glucocorticoid treat-
ment (HR 2.70 for >10 mg/day compared with non-users) in
relation to THA/TKA among 4288 patients receiving infliximab
treatment for various inflammatory diseases.”” We report even
higher risk estimates with an SHR of 2.31 for PJI within the first
year for glucocorticoid users (any dose); and a SHR of 4.88 for
doses >7.5 mg compared with non-users. Crowson et al and
Zink et al have published risk scores for serious infections in
patients with RA that support our findings: glucocorticoid expo-
sure increases the risk of serious infections in a dose-dependent
fashion, whereas bBDMARDs do not have the same impact.** 4
Recently published US guidelines on the perioperative manage-
ment of antirheumatic medication in patients with RA under-
going THA/TKA recommend withholding bDMARDs before
and after surgery, whereas glucocorticoids can be continued in
daily doses but should not be given in ‘stress-doses’.*!

Our finding of an increased 1-year mortality in patients with
RA versus patients with OA is in agreement with an Australian
study.'” The increased mortality rates in years 1-10 compared
with year 0-1 after surgery in our study suggest disease-spe-
cific rather than surgery-induced mortality. This does, however,
not explain why other studies have reported similar or even
decreased short-term (<90 days) risk of death among patients

with RA compared with other THA/TKA recipients.” & 3¢ 4*~#
bDMARD exposure was not associated with increased 1-year
mortality risk in our study, whereas glucocorticoid treatment
proved a risk factor in a dose-dependent manner, which to our
knowledge is a novel finding.

Our study has several strengths of which the most important is
the nationwide set-up utilising registers with no loss to follow-up.
We adjusted for several important confounders in our analysis
of the impact of bDMARD treatment, including disease-specific
factors such as DAS28-CRP and glucocorticoid treatment.

However, our study also has some important limitations:
the number of events in bDMARD analyses was low thereby
decreasing the statistical power. Also, we cannot exclude some
degree of misclassification in DMARD and glucocorticoid treat-
ment episodes: currently, there is no validation study of medi-
cation data from DANBIO, which is also the reason we did not
investigate the risk with preoperative pausing versus continued
bDMARD treatment. Furthermore, PJI can be difficult to diag-
nose, and this carries over to the (lack of) registration in arthro-
plasty and healthcare registers with sometimes less than optimal
PPVs, although we have no reason to believe this problem should
be particularly biased in one patient group over another. Lastly,
we cannot rule out that the increased risk of death and PJIs
among patients with RA and particularly glucocorticoid-treated
patients with RA could be due to residual confounding although
we believe the risk of this being the case is minimal.

In conclusion, patients with RA had increased 1-year risks of
PJI and death and decreased risk of long-term revision compared
with patients with OA following THA/TKA. bDMARD treatment
within 90 days preceding surgery was not associated with statis-
tically significant increased risk of revision, PJI nor death. On
the contrary, glucocorticoid treatment was a strong risk factor
for 1-year mortality and increased DAS28 was independently
associated with 1-year PJI risk.
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CONCISE REPORT

Testing treat-to-target outcomes with initial
methotrexate monotherapy compared with initial
tumour necrosis factor inhibitor (adalimumab) plus
methotrexate in early rheumatoid arthritis

Arthur Kavanaugh,1 Ronald F van Vollenhoven,? Roy Fleischmann,? Paul Emery,“'5
lain Sainsbury,® Stefan Florentinus,® Su Chen,® Benoit Guérette,® Hartmut Kupper,”

Josef S Smolen®

ABSTRACT

Objectives To compare responses in patients

with early rheumatoid arthritis (RA) initially treated
with the tumour necrosis factor inhibitor (TNFi)
adalimumab-+methotrexate (MTX) versus MTX
monotherapy who may have continued receiving MTX or
switched to adalimumab rescue therapy after inadequate
response to MTX.

Methods OPTIMA enrolled MTX-naive patients
with active RA for <1year. This post hoc analysis
determined the proportion of patients, stratified by
initial treatment, who achieved 28-joint modified
Disease Activity Score based on C reactive protein
<3.2, normal function and/or no radiographic
progression at weeks 26, 52 and 78.

Results Significantly greater proportions of patients
initially treated with adalimumab+MTX (n=466)
compared with MTX monotherapy (n=460) achieved
good clinical (53% vs 30%), functional (45% vs 33%)
and radiographic (87% vs 72%) outcomes at week

26. From weeks 26 to 78, adalimumab rescue patients
achieved similar clinical and functional outcomes
versus patients initially treated with adalimumab+MTX.
However, significantly more patients initially treated with
adalimumab+MTX had no radiographic progression at
weeks 52 and 78 versus patients initially treated with
MTX (both timepoints: 86% vs 72%).

Conclusions In early RA, starting with MTX
monotherapy and adding TNFi after 26 weeks yields
similar longer term clinical results as starting with
TNFi+MTX combination therapy but allows a small but
significant accrual of radiographic damage.

INTRODUCTION

The European League Against Rheumatism (EULAR)
and American College of Rheumatology (ACR)
recommend clinical remission or low disease activity
(LDA) if remission is unlikely to be obtained, as
the treatment goal for rheumatoid arthritis (RA).!2
Conventional synthetic disease-modifying antirheu-
matic drugs (DMARDs), particularly methotrexate
(MTX), are recommended as part of an initial treat-
ment strategy. If disease activity has not improved at
3 months, or the clinical target is not attained within
6 months and the patient has unfavourable prog-
nostic markers, addition of a biological DMARD

(bDMARD), such as a tumour necrosis factor inhib-
itor (TNFi), is recommended.!

This analysis evaluated the treat-to-target
strategy by assessing whether patients with early RA
who started on MTX monotherapy, followed by
addition of adalimumab on treatment failure, had a
similar or worse outcomes compared with patients
who started on adalimumab+MTX combination
therapy.

METHODS

Study design

OPTIMA was a 78-week, randomised, double-
blind, phase 4, two-period study.’ * In period 1,
patients received MTX monotherapy weekly or
adalimumab 40mg every other week plus MTX
weekly for 26 weeks.® The protocol defined stable
LDA as 28-joint modified Disease Activity Score
based on C reactive protein (DAS28(CRP)) <3.2
at weeks 22 and 26. In period 2, patients with
stable LDA continued MTX monotherapy or were
rerandomised to adalimumab+MTX continuation
or adalimumab withdrawal (MTX only).* Patients
who did not achieve stable LDA in period 1
continued open-label MTX+adalimumab (adalim-
umab carry-on) or received open-label adalimumab
added to MTX monotherapy (adalimumab rescue).
All patients remained blinded to their initial treat-
ment allocation in period 1.

Post hoc populations

A ‘merged adalimumab continuation’ group
(including the ADA continuation arm, adjusted
with a scaling factor based on the total number
of patients in the adalimumab continuation and
adalimumab withdrawal arms, so that both arms
contributed equally) was combined with the
adalimumab carry-on arm, comprising the total
population randomised to adalimumab+MTX
at baseline (online supplementary figure 1). The
MTX monotherapy and adalimumab rescue arms
were combined. These two main groupings allowed
comparison of the validity of the EULAR and ACR
recommendations of starting with MTX mono-
therapy followed by addition of a TNFi in patients
who do not achieve the treatment target versus
starting with TNFi+MTX.
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HAQ-DI, Disability Index of the Health Assessment Questionnaire; LDA, low disease activity; mTSS, modified total Sharp score; MTX, methotrexate;

PBO, placebo.

Efficacy assessments

The main assessments were the proportion of patients who
achieved DAS28(CRP) <3.2, normal function and no radio-
graphic progression at weeks 52 and 78. Normal function was
defined as Disability Index of the Health Assessment Ques-
tionnaire (HAQ-DI) <0.5and radiographic non-progression as
change in modified total Sharp score (AmTSS) <0.5. We also
assessed Boolean-based remission,® Simplified Disease Activity
Index (SDAI) remission (<3.3), response rates for 20%/50%/70%
improvements in ACR criteria and patient-reported outcomes
(global assessment, pain, Functional Assessment of Chronic
Illness Therapy and EuroQoL-5 dimensions).

Statistical analyses

Outcomes were assessed using the last observation carried
forward method, except radiographic analyses used multiple
imputation (missing values imputed in 10 steps, Markov chain
Monte Carlo method).® Categorical outcomes were compared
using the Pearson % test* and continuous outcomes using
one-sample or two-sample t-tests.

RESULTS

As reported previously, a significantly greater proportion of patients
receiving adalimumab+MTX, compared with those starting on
MTX only, achieved LDA, normal function and radiographic
non-progression at week 26. However, after therapy adjustment
at week 26 in patients who failed to attain LDA, the proportions
achieving LDA at weeks 52 and 78 and normal function were
similar between the groups (figure 1A,B). Results were independent
of glucocorticoid use (online supplementary figure 2). Moreover,
the proportion of patients with radiographic non-progression (from
week 0) remained stable from weeks 26 to 52 and 78, indicating that
as soon as adalimumab rescue therapy began at week 26, progres-
sion of joint damage stopped (figure 1C). Likewise, the propor-
tion of patients with radiographic non-progression from week 26
(‘reset’ baseline) to week 52 or 78 was similar between the groups
(figure 1D). Moreover, the proportion of MTX monotherapy
responders without radiographic progression at week 26 remained
stable (AmTSS <0.5: 89/109 (81.7%) at week 52, 85/109 (78.0%)
at week 78). Although significantly greater proportions of patients
starting with adalimumab+MTXalso achieved Boolean-based
remission at weeks 26 and 52 and SDAI remission at week 26 versus
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patients starting with MTX monotherapy, the differences were no
longer significant subsequently (data not shown). Mean changes in
clinical, functional and radiographic scores were significantly better
in patients starting with adalimumab+MTX (P<0.001) from base-
line to week 26, whereas mean changes (except radiographic scores)
were significantly better in patients starting with MTX mono-
therapy (P<0.001) from week 26 to weeks 52 and 78 (ie, after
possible addition of adalimumab; data not shown). Mean changes
in patient-reported outcomes from week 26 to weeks 52 and 78
were similar in the two groups (data not shown).

ACR response rates from baseline to week 26 were higher on
starting with adalimumab-+MTXversus starting with MTX mono-
therapy, whereas in those starting with MTX monotherapy, the
ACR rates were higher from week 26 to weeks 52 and 78 (figure 2).
However, response rates were similar between groups from week
52 to week 78 or baseline to week 78.

DISCUSSION

This post hoc analysis of patients with early, active RA
(disease duration: ~4 months®) compared 78-week outcomes
in patients initially treated with MTX monotherapy, followed
by addition of adalimumab if treatment target was not

achieved, versus patients initially treated with adalimum-
ab+MTX combination therapy. Patients initially treated
with MTX monotherapy had similar clinical, functional and
patient-reported outcomes at weeks 52 and 78 as patients
initially treated with adalimumab+MTX. Although initial
adalimumab+MTX combination therapy resulted in mini-
mally superior radiographic outcomes at a group level
compared with initial MTX monotherapy, these mean differ-
ences were not deemed clinically relevant because, per an
established formula, this 1-point difference on the radio-
graphic scale translates to a negligible extent of irreversible
functional impairment at the group level (0.01 HAQ points).”
Also, patients starting with adalimumab+MTX had higher
ACR response rates in period 1 than patients starting with
MTX monotherapy, but this pattern was reversed at week
52 when the baseline was ‘reset’ to week 26, so overall ACR
response rates were similar by week 78. Thus, at a population
level, starting with MTX monotherapy followed by addition
of adalimumab in patients with early RA who did not respond
to MTX within 6 months conveyed almost identical clinical,
functional and quality of life (but not radiological) results at
weeks 52 and/or 78 versus starting with adalimumab+MTX.
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EULAR and ACR recommend starting with MTX monotherapy
or MTX+glucocorticoids' 2 ® but not with a bDMARD+MTX, in
all patients with RA. In patients who do not achieve a treatment
target of at least LDA and who have unfavourable prognostic
factors (as in OPTIMA), adding a bDMARD is recommended. Our
data fully validate this treat-to-target strategy” by showing that the
overall population of patients starting on MTX monotherapy, over
time, fared as well in clinical, functional and structural respects as
those starting on adalimumab+MTX. Furthermore, among those
starting on MTX monotherapy, 24% achieved stable LDA at week
26,% with little or no radiographic progression and mostly norma-
tive physical function thereafter; thus, the treat-to-target strategy
allows for a good outcome without the need for a bDMARD,
despite negative prognostic factors, and prevents overtreatment
of one in four patients with active RA. Overall, by applying this
strategy, approximately two of three patients with early RA achieve
LDA or remission, the major therapeutic targets, within 1year with
essentially no or minimal joint damage.

To our knowledge, no previous study has addressed whether
rapid addition of TNFi after MTX failure leads to different
disease outcomes compared with an initial combination of
TNFi+MTX. A further strength is the prospective design of this
study. Limitations include the inherent bias of post hoc anal-
yses and that the target was defined a priori as DAS28(CRP)
<3.2, rather than a more stringent response. Patients were also
not allowed alterations in glucocorticoids as recommended in
treatment guidelines.' > ® Additionally, all patients who failed
to achieve a clinical target received adalimumab and MTX,
without comparisons with other rescue treatment options (eg,
triple DMARD therapy and another bDMARD). The adalim-
umab+MTX population was not treated-to-target, unlike the
MTX monotherapy population, since no treatment adjustment
was made in patients who did not achieve stable LDA with
adalimumab+MTX at week 26. Nonetheless, many adalimu-
mab+MTX patients had further clinical/functional improve-
ments and maintained the halt of radiographic progression.
Furthermore, treatment was switched to MTX monotherapy in
a subset of patients starting with adalimumab+MTXwho had
LDA at weeks 22 and 26; no equivalent removal of a therapeutic
component was allowed in patients starting with MTX mono-
therapy who achieved stable LDA. Finally, rescue therapy was
open label, which could have biased patient responses, particu-
larly for the more subjective endpoints (eg, HAQ-DI); however,
the initial treatment allocation remained blinded throughout the
trial.

CONCLUSIONS

Consistent with current treatment recommendations, starting
with MTX monotherapy and optimising treatment by adding
adalimumab after treatment failure at 26 weeks allowed patients
with early RA to achieve comparable long-term clinical, func-
tional and disease activity outcomes with patients who started
with initial adalimumab+MTX combination therapy. This
strategy also prevented potential overtreatment of approxi-
mately 25% of patients with early RA.
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EXTENDED REPORT

Low-dose CT detects more progression of bone
formation in comparison to conventional radiography
in patients with ankylosing spondylitis: results from

the SIAS cohort

Anoek de Koning,' Freek de Bruin,” Rosaline van den Berg,' Sofia Ramiro,'
Xenofon Baraliakos, Juergen Braun,? Floris A van Gaalen,' Monique Reijnierse,?

Désirée van der Heijde'

ABSTRACT

Objectives To compare the CT Syndesmophyte

Score (CTSS) for low-dose CT (IdCT) with the modified
Stoke Ankylosing Spondylitis Spine Score (mSASSS)

for conventional radiographs (CR) in patients with
ankylosing spondylitis (AS).

Methods Patients with AS in the Sensitive Imaging in
Ankylosing Spondylitis cohort had lateral cervical and
lumbar spine CR and whole spine IdCT at baseline and
2years. CR and IdCT images were scored by two readers,
paired by patient, blinded to time order, per imaging
modality. For the total score analysis, we used average
scores of readers per corner on CR or quadrant on IdCT.
For the syndesmophyte analysis we used individual
reader and consensus scores, regarding new or growing
syndesmophyte at the same corner/quadrant.

Results 50 patients were included in the
syndesmophyte analysis and 37 in the total score
analysis. Mean (SD) status scores for mSASSS (range
0-72) and CTSS (range 0-552) at baseline were 17.9
(13.8) and 161.6 (126.6), and mean progression

was 2.4 (3.8) and 17.9 (22.1). Three times as many
patients showed new or growing syndesmophytes at
>3 quadrants on IdCT compared with =3 corners on

CR for individual readers; for consensus this increased
to five times. In 50 patients, 36 new or growing
syndesmophytes are seen on CR compared with 151 on
|dCT, most being found in the thoracic spine.
Conclusions |dCT, covering the whole spine, detects
more progression in the form of new and growing
syndesmophytes in patients with AS compared with CR,
which is limited to the cervical and lumbar spine. Most
progression occurred in the thoracic spine.

INTRODUCTION

Ankylosing spondylitis (AS) is a disease with
progressive structural damage of the spine, mainly
characterised by the development of syndes-
mophytes, which is associated with impairment
of spinal mobility and functional disability.!”
Currently, structural damage is assessed on conven-
tional radiographs (CR), using the modified Stoke
Ankylosing Spondylitis Spine Score (mSASSS).* In
this score, lateral CRs of the cervical and lumbar
spine are assessed for new bone formation, as well
as for erosions, sclerosis and squaring. This method

has a scoring range of 0-72, with a mean progres-
sion score over 2years of 2.1 if scored with known
chronology and of 1.0 if scored without known
chronology.” The shortest period to reliably assess
progression using the mSASSS is 2years, which
limits the applicability of this method in research
(eg, medication trials).®

Due to technological advances, it is now possible
to perform CT of the spine with the relatively low
radiation dose of 4mSv (low-dose CT (IdCT)).”
With 1dCT it is possible to assess the entire verte-
bral column, thus including the thoracic spine,
which doubles the number of available vertebrae. It
is known both from CR and MRI that many abnor-
malities are seen in the (lower) thoracic spine.?
Moreover, on 1dCT vertebrae can be viewed from
multiple angles and without overprojection. These
advantages of 1dCT could make it a more sensi-
tive method for the assessment of radiographical
progression in AS and lead to a reliable measure-
ment of progression over a period shorter than
2 years. This would make research in AS, with struc-
tural damage as an outcome, more feasible.

Recently, the CT Syndesmophyte Score (CTSS)
for the analysis of bone proliferation has been
developed for IdCT.” This method has been shown
to have good inter-reader reliability and sensitivity
to pick up changes. The next step in the validation
process is the comparison of the CTSS and the
mSASSS for the assessment of structural progres-
sion in AS.

METHODS

Study population

For this study data from the Sensitive Imaging in
Ankylosing Spondylitis (SIAS) cohort were used.
This is an observational cohort including 60
patients with a diagnosis of AS and fulfilling the
modified New York criteria from the Netherlands
and Germany.” The follow-up period was 2years.
Inclusion criteria were age 18 years or older, at least
one syndesmophyte in either the cervical or lumbar
spine on lateral CR, and at least one inflammatory
lesion on MRI of the whole spine. All treatments
were allowed according to the treating rheuma-
tologist. Exclusion criteria were >18vertebral
corners (VCs) affected by syndesmophytes in the
cervical and lumbar spine combined, circumstances
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Table 1 Description of the mSASSS and CT scoring methods

mSASSS CTSS

Spinal segments assessed

Cervical spine Lower border of C2 to Lower border of C2 to upper

upper border of T1 border of T1
Thoracic spine Not included Lower border of T1 to upper
border of T12
Lumbar spine Lower border of T12 to S1 Lower border of T12 to S1
Range of scoring system 0-72 0-552

Sites per vertebral endplate

Assessment at Anterior corner 4 quadrants

Scoring grades

0 No abnormalities No abnormalities
1 Erosion, sclerosis, Syndesmophyte <50% of
squaring IDS
2 Syndesmophyte Syndesmophyte >50% of
IDS but not bridging
3 Bridging syndesmophyte  Bridging syndesmophyte

Definitions of syndesmophytes
New Score 0, 12,3 Score 01,2, 3
Growth Score 12,3 or 2—3

C, cervical; CTSS, CT Syndesmophyte Score; IDS, intervertebral disc space; L, lumbar;
mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; S, sacral; T, thoracic.

Score 2—3

that would invalidate informed consent or limit the ability of
the patient to comply with protocol requirements, routine MRI
contraindications and pregnancy. Clinical data and MRI of the
whole spine were collected at baseline, 1 and 2 years. Lateral CR
of the cervical and lumbar spine and IdCT of the whole spine with
coronal and sagittal reconstructed images were obtained at base-
line and 2years.” For the present study patients were included
if CR and 1dCT were present at baseline and 2years. The study
fulfilled the Good Clinical Practice guidelines. Before inclusion,
written informed consent was obtained from all patients.

Scoring methods

The two scoring methods are presented in table 1. For CR this
was the mSASSS, scoring two anterior VCs per vertebral unit
(VU) of the cervical and lumbar spine on a lateral view (12 VUs
in total).” The total score ranges from 0 to 72. For I1dCT, the
anterior and posterior quadrants of the cervical, thoracic and
lumbar spine were scored in coronal and sagittal planes (23 VUs
in total), scoring eight quadrants per VU.” The total score ranges
from 0 to 552. In order to compare bone formation between CR
and IdCT, levels were defined per VU. Level 1 refers to the upper
border of a VU (which is the lower half of the vertebra) and level
2 to the lower border of the VU (which is the upper half of the
vertebra). For CR every level incorporates one corner, for IdCT
every level incorporates four quadrants.

CR and IdCT were scored independently in separate sessions
by two trained readers (RvdB and FdB). Images for the two
time points were paired by patient, blinded to time order, patient
information and the other imaging technique. LdCT recon-
structed images were performed by the CT technicians in the
sagittal and coronal planes.

Comparison of mSASSS with CTSS

Average scores of both readers per VC for CR and per quad-
rant for IdCT were used. If one reader indicated a VC or quad-
rant as missing, the score of the other reader was used. Patients
were only included if =75% of the VCs or quadrants per spinal
segment (ie, cervical, thoracic and lumbar) were present. For CR,

this meant a maximum of three missing VCs for the cervical and
lumbar spine separately. For IdCT, this meant a maximum of 12
missing quadrants for the cervical and lumbar spine separately
and 22 for the thoracic spine. Missing scores, after applying the
previous two rules, were imputed using a method previously
described by Ramiro et al.'® Briefly, if the 2-year status score was
missing, the mean spinal segment progression score (ie, based
on the present VCs/quadrants in the same segment) was added
to the baseline status score of the same corner/quadrant and
ensuring that a score of 3 (maximum score per VC/quadrant)
would never be surpassed. Similarly, for baseline missing scores,
the mean spinal segment progression score was subtracted from
the 2-year VC/quadrant score ensuring that the minimum value
possible was 0 and also ensuring 0 was considered for baseline
when the same VC/quadrant had a score of 0 at 2years. If a
score was missing at both time points, the average spinal segment
score per time point was used for that VC/quadrant for baseline,
followed by the imputation of the mean segment progression
to obtain the 2-year score, as previously explained. Progres-
sion scores were calculated by subtracting the baseline status
score from the 2-year status score. This was done for the whole
spine as well as per spinal segment. The net number of patients
with progression above 0, 0.5 or the smallest detectable change
(SDC) were calculated by subtracting the number of patients
with a change score <0, <—0.5or <—SDC from the number of
patients with a change score >0, >0.5 or >SDC.

Comparison of syndesmophytes on CR and IdCT

For this analysis, there was no requirement regarding the
minimum number of VCs or quadrants present. Scores from
separate readers and a consensus score were used. Consensus
was present if both readers agreed on a new or growing syndes-
mophyte at the same VC or quadrant. For the definitions of
new or growing syndesmophytes for CR and IdCT, see table 1.
The formation of new syndesmophytes and growth of syndes-
mophytes were compared per level. Therefore, a patient had
four times the chance of showing a new or growing syndesmo-
phyte per level on IdCT compared with CR. Three separate
analyses were performed for this comparison. The first analysis
compared the number of patients with syndesmophyte forma-
tion or growth per reader, and for the consensus score taking all
levels together. The second analysis also focuses on the number
of patients with syndesmophyte formation or growth; however,
this is now analysed per level. The third analysis focuses on the
number of new or growing syndesmophytes (and thus not of
patients) per level based on the consensus score. The analyses
were performed separately for newly formed syndesmophytes,
for growth of syndesmophytes only, and for the combination of
newly formed and growth of syndesmophytes.

Statistical analysis

Disease characteristics were assessed using descriptive statis-
tics. Interobserver reliability was assessed for both CR and
IdCT by Bland-Altman plots and SDC, and additional reliability
assessments (eg, intraclass correlation coefficient (ICC)) have
been presented in the manuscript on the development of the
CTSS.” ™ The SDC is the smallest change that can be detected
beyond measurement error and was calculated as follows:
SDC=1.96xSD,/(VkxV2)."” SD is the standard deviation of
the difference in progression scores between two readers, and k
is the number of readers. Comparisons of the number of patients
with new or growing syndesmophytes on CR versus IdCT per
reader and for the consensus score are presented as a heatmap,

294 de Koning A, et al. Ann Rheum Dis 2018;77:293-299. doi:10.1136/annrheumdis-2017-211989


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

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

Number of patients in SIAS
n=60

y

Number of patients with CR
Baseline: n=60
2 years: n=54

WV

Number of patients with CR at baseline
AND 2 years
n=54

y

Number of patients with CT
Baseline: n=54
2 years: n=51

N

Number of patients with CT at baseline
AND 2 years
n=51

y

Number of patients with CR AND CT at
baseline AND 2 years
n=51

y

Too many* missing
cormers/quadrants <
CR: n=9
CT: n=5

N

One time point not scored
o by one reader
n=1

Patients included in comparison of
mSASSS with CTSS
n=37

Patients included in syndesmophyte
analysis
n=50

Figure 1

Flow chart for the analysis of syndesmophytes on CR and CT. *>25% of the corners/quadrants of the cervical thoracic or lumbar spine

missing. CR, conventional radiography; CTSS, CT Syndesmophyte Score; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score; SIAS, Sensitive

Imaging in Ankylosing Spondylitis.

showing results of all individual spinal levels. In a similar way,
the new and growing syndesmophytes are presented. The corre-
sponding progression score of the mSASSS and CTSS per patient
is presented by a double probability plot. All analyses were
performed using STATA SE V.14.

RESULTS
Of the 60 patients in the cohort, a total of 51 had both CR
and 1dCT at baseline and 2 years (figure 1). Because of exclusion
of patients due to missing VCs or quadrants, 37 patients were
included in the comparison of mSASSS and CTSS. Reasons for
these missing VCs on CR were the inability to score the lower
four cervical VCs due to overprojection (n=6) or the absence
of CR of either the cervical or lumbar spine (n=3). Reasons for
the missing quadrants on 1dCT were either bad quality of the
IdCT (n=3) or missing cervical spine (n=2). In the comparison
of syndesmophytes, 50 patients were included (figure 1).
Baseline demographics and clinical characteristics are
summarised in online supplementary table 1. The following were
the characteristics of the patients included in the syndesmophyte
analysis: 84% male, mean age of 50years (SD 9.8), 86% were
human leukocyte antigen (HLA-)B27-positive, 38% had elevated
C reactive protein, mean Ankylosing Spondylitis Disease Activity
Score (ASDAS) was 2.5 (SD 1.2), 62% used non-steroidal anti-in-
flammatory drugs, 26% used disease-modifying antirheumatic
drugs and 22% used tumour necrosis factor alpha blockers. For

patients included in the comparison of mSASSS and CTSS, the
characteristics were similar (see online supplementary table 1).

Comparison of mSASSS with CTSS

The mean mSASSS status score at baseline was 17.9 (SD 13.8)
and the mean progression was 2.4 (SD 3.8). The mean CTSS
status score at baseline was 161.7 (SD 126.6) and the mean
progression was 17.9 (SD 22.1). The mean status and progres-
sion scores for all patients for whom the mSASSS (n=45) and
CTSS (n=46) could be calculated were similar to the values of
patients included in the analysis. Data for separate groups and
spinal segments are presented in online supplementary table 2.

Bland-Altman plots of the progression scores for CR and IdCT
showed that the data were homoscedastic; there was however a
small systematic error for both CR and 1dCT. Reader 2 scored
on average 0.37 points lower on CR and 1.75 points higher on
1dCT compared with reader 1. The SDCs were 3.8 and 14.6 for
CR and IdCT, respectively.

Table 2 presents the patients showing a change (positive, nega-
tive or net) according to various cut-offs (ie, 0, 0.5 and SDC) for
mSASSS and CTSS. Comparing any net change, a much higher
percentage of patients showed positive change on 1dCT versus
CR (84% vs 46%, respectively). These numbers were similar for
a cut-off of 0.5. However, using the SDC as cut-off, this differ-
ence disappeared (27% vs 32%, respectively). Figure 2 pres-
ents a double cumulative probability plot of the progression of
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Table 2 Number of patients showing progression on CR or CT

Number of patients with progression according to mSASSS and CTSS* (n=37)

CR, n (%) CT, n (%)

Change >0.0

Positive 24 (65) 33 (89)

Negative 7 (20) 2 (5)

Net 17 (46) 31 (84)
Change >0.5

Positive 22 (59) 33(89)

Negative 6(16) 2 (5)

Net 16 (43) 31 (84)
Change >SDC

Positive 11 (30) 12 (32)

Negative 1(3) 0(0)

Net 10 (27) 12 (32)

Number of patients with progression defined by newly formed or growth of syndesmophytest (n=50)

Reader 1 Reader 2 Consensus¥
New CR, n (%) CT,n (%) CR, n (%) CT, n (%) CR, n (%) CT,n (%)
>1 27 (54) 43 (86) 30 (60) 44 (88) 19 (38) 21 (42)
>2 14 (28) 38 (76) 14 (28) 41 (82) 7(14) 15 (30)
>3 6(12) 32 (64) 8(16) 30 (60) 2(4) 10 (20)
Growth
=1 10 (20) 35(70) 7(14) 32 (64) 3(6) 16 (32)
=2 8(16) 36 (52) 6(12) 27 (54) 3 (6) 11 (22)
>3 2(4) 23 (46) 4(8) 18 (36) 1(2) 6(12)
New or growth
>1 28 (56) 45 (90) 33 (66) 438 (96) 21 (42) 25 (50)
>2 18 (36) 42 (82) 19 (38) 44 (88) 9(18) 20 (40)
>3 12 (24) 36 (72) 12 (24) 38 (76) 3(6) 15 (30)

*In the comparison of progression according to the mSASSS and CTSS, any progression is defined as progression above 0. SDC for CR was 3.8, and for CT 14.6.
tIn the comparison of progression according to syndesmophytes, a comparison of the number of patients with =1, >2 and =3 newly formed syndesmophytes and
syndesmophytes that grew, as well as for the combination of new formation or growth, is given.

+Both readers agree about the formation or growth of a syndesmophyte at the same vertebral corner/quadrant.

CR, conventional radiography; CTSS, CT Syndesmophyte Score; mSASSS, modified Stoke AS Spine Score; SDC, smallest detectable change.
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Figure 2 Cumulative probability plot of the progression of individual
patients for mSASSS and CTSS (n=37). Average progression scores

of the two readers for mSASSS and CTSS, ordered by mSASSS, are
presented in a vertical line per patient. CTSS, CT Syndesmophyte Score;
mSASSS, modified Stoke Ankylosing Spondylitis Spine Score.

mSASSS and CTSS scores of individual patients. For 33 out of
37 patients, progression scores were higher for CTSS compared
with mSASSS, although the scales of the two scoring methods
are different.

Comparison of syndesmophytes on CR and IdCT

By comparing the number of patients with new and growing
syndesmophytes on CR and IdCT for separate readers, it was
clear that IdCT detected more patients with progression for both
new formation and growth of syndesmophytes and for all cut-off
levels (table 2). Also, with the strict consensus definition, this
difference between CR and 1dCT was present. It was especially
apparent in case of growth and for cut-offs of a higher number of
syndesmophytes per patient. For individual readers, three times
as many patients showed any bony proliferation at =3 quadrants
on IdCT compared with corners on CR. With the consensus defi-
nition, five times as many patients showed any bony prolifera-
tion at =3 quadrants on IdCT compared with corners on CR.
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Figure 3 Heatmap of the number of patients with a new
syndesmophyte or growth of a syndesmophyte per corner/quadrant
from the Sensitive Imaging in Ankylosing Spondylitis cohort (n=50) for
individual readers and consensus. CR, conventional radiograph; L, level;
NA, not applicable; VU, vertebral unit.

When comparing the number of patients with new or growing
syndesmophytes per level, it was apparent that the largest number
of patients showed this bony proliferation in the thoracic spine
(figure 3; for actual values per level, see online supplementary
table 3). This was evident for both the individual readers and
for the consensus score. For the lumbar spine and the upper and
lower sections of the cervical spine, more patients showed bony
proliferation on IdCT than on CR when comparing scores for
individual readers. This advantage of the IdCT was not present
for the middle section of the cervical spine. When comparing
the cervical and lumbar spine using the consensus score, the
difference between CR and IdCT was still present, but much less
obvious. As analysing the number of patients with bony prolif-
eration is an insensitive method to detect differences between
CR and 1dCT, we subsequently analysed the number of new or
growing syndesmophytes per level. We present this only for the
consensus score.

When comparing the number of new or growing syndesmo-
phytes per level on 1dCT and CR, more syndesmophytes were
seen on IdCT on almost all levels (figure 4; for actual values
per level, see online supplementary table 4). Consistent with the
analysis on patient level, most syndesmophytes were seen in the
thoracic spine. When combining the cervical and lumbar spine,
28 new syndesmophytes were seen on CR compared with 38
on IdCT. The difference was much larger for growing syndes-
mophytes, with 8 on CR compared with 29 on 1dCT. When
comparing all available levels on CR (cervical and lumbar) with
IdCT (cervical, thoracic and lumbar), the difference was even
larger, with 28 new syndesmophytes seen on CR as opposed to
104 on I1dCT and 8 growing syndesmophytes on CR compared
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Figure 4 Heatmap of the number of new syndesmophytes,

growing syndesmophytes, or the combination of new or growing
syndesmophytes per corner/quadrant for 50 patients from the Sensitive
Imaging in Ankylosing Spondylitis cohort for the consensus definition.
CR, conventional radiograph; CS, cervical spine; L, level; LS, lumbar
spine; NA, not applicable; synd, syndesmophytes; TS, thoracic spine; VU,
vertebral unit.

with 47 on IdCT. When looking at any bony proliferation, 36
new or growing syndesmophytes were seen on CR compared
with 151 on IdCT.

DISCUSSION

The present study, performed in a cohort of patients with AS,
found that more bone proliferation was detected on 1dCT
compared with CR. Most progression was detected in the
thoracic spine. 1dCT detected nearly five times more new or
growing syndesmophytes compared with CR. The difference
between CR and IdCT was most striking for the detection of
growing syndesmophytes. Furthermore, even with the strict
consensus definition, five times more patients showed any bone
proliferation at =3 quadrants on I[dCT compared with corners
on CR, and almost five times as many new or growing syndes-
mophytes were seen.

Compared with CR, IdCT has multiple advantages. The most
important difference is the volume data acquisition with the possi-
bility of multislice multiplanar reconstruction. This increases the
sensitivity to detect bone formation. Lateral CRs only show an
overprojection of the medial and lateral part of a vertebra, and
the posterior corners on the lateral view of the CR cannot be
assessed reliably.” The thoracic spine is even not included in the
scoring system of the CR, since overprojection of soft and bony
tissues but also scoliosis or kyphosis limit correct interpretation
or measurement of syndesmophytes. On 1dCT, syndesmophytes
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can be analysed in any plane, correcting for spinal curvatures.
Moreover, in a previous study of the spatial distribution of
syndesmophytes along the vertebral rim in patients with AS, it
was found that most syndesmophytes are present on the postero-
lateral rim."* On 1dCT both endplates of a vertebra are divided
in four quadrants in which syndesmophytes can be analysed
compared with only one anterior corner on CR. Another advan-
tage is the high spatial resolution, showing more detailed bony
anatomy and the possibility to detect smaller syndesmophytes.
This could enable earlier identification of progression; however,
it could also introduce measurement error. The fact that there
is a major reduction in the percentage of patients showing any
progression of bony proliferation if we switch from the indi-
vidual reader (at least 90%) to the consensus score (50%) could
be interpreted as modest reliability. However, it should be real-
ised that the agreement is at the level of the quadrant. Moreover,
IdCT is superior to CR with regard to the number of patients
excluded from analyses due to too many missing VCs or quad-
rants. This is mostly due to the fact that IdCT does not have the
problem of overprojection, while on lateral CR of the cervical
spine the lowest VCs are often missing because shoulders are
raised due to a fixed kyphosis. All these advantages will likely
help in enhancing the feasibility of trials in AS. Finally, the sacro-
iliac joints can also be assessed on CT, thereby eliminating the
need for CR of these joints.

This study is unique in that, to our knowledge, it is the first
study to directly compare the assessment of bone proliferation
on CR and IdCT in a cohort of patients with AS. One of the
strengths of this study is that both CR and 1dCT were assessed by
the same readers, although in separate reading sessions. Another
important strength is that the strictest consensus definition was
used. Even with this definition, the advantage of 1dCT over
CR for the identification of new or growing syndesmophytes is
obvious.

The disadvantage of 1dCT is the radiation dose, which is in
general 10 times lower than the dose of a regular CT but 10
times higher than the dose of CRs. Using a phantom study this
was confirmed for the SIAS study.” "® The dose for 1dCT of the
whole spine is approximately 4 mSv. With further technical
advances, it may be expected that additional reduction in dosing
will become possible. The mean radiation dose in a study by
Diekhoff et al'® on 1dCT of the sacroiliac joints was 0.51 (SD
0.18) mSv. In general, the use of IdCT is in line with the guide-
lines from the European Commission.'” '* However, we would
like to stress that the use of IdCT is intended for clinical research
and not daily clinical practice. Other possible disadvantages are
the accessibility and costs.

Most gain in sensitivity is in the thoracic spine when both
the formation of new syndesmophytes and growth of existing
syndesmophytes are taken into account. If the aim is to reduce
radiation exposure, it could be an option to image the thoracic
spine only. However, it should be kept in mind that this could
easily lead to a method with ceiling problems as >30% of the
patients had already the maximum score in 9 of the 12 thoracic
VUs.

Another point of discussion is that the SDC of the mSASSS
in our study is rather large (3.8) compared with earlier studies
(between 2 and 2.9)."° " 2° This difference can partly be
explained by the fact that in our study readers were blinded
to time point, while in two of these studies chronology was
known, which is known to reduce reader variability.’ Further-
more, in the current study, the mSASSS progression was higher
than in the other cohorts.”’ However, by using consensus
scores when comparing the detection of new and/or growth of

syndesmophytes between imaging techniques, we took variation
in reading into account.

In summary, we compared scoring methods for the analysis of
bone proliferation on IdCT and CR and found that IdCT detects
more bone proliferation in patients with AS. The biggest advan-
tages of IdCT were the ability to analyse the thoracic spine and
the opportunity to analyse growth of syndesmophytes in more
detail. With this scoring method, it has now become feasible to
use 1dCTs, with a relatively low radiation dose, in research (eg,
medication trials). Next steps will be to evaluate discrimination
between treatments and test if a shorter interval for IdCT can
pick up sufficient change.

Contributors DvdH designed the study. AdK, FdB, RvdB, SR performed the data
analyses. XB, JB, FAVG, MR, RvdB performed the data collection. AdK, FdB prepared
the first draft of the manuscript. All authors interpreted the results, commented on
the draft manuscript and approved the final submission.

Funding The authors would like to thank the Dutch Rheumatism Association for
providing a grant for the SIAS study. Reumafonds, 9-1-301.

Competing interests None declared.
Ethics approval Medical Ethics Committee in Leiden and in Herne.
Provenance and peer review Not commissioned; externally peer reviewed.

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

REFERENCES

1 Machado P, Landewé R, Braun J, et a/. Both structural damage and inflammation
of the spine contribute to impairment of spinal mobility in patients with ankylosing
spondylitis. Ann Rheum Dis 2010;69:1465-70.

2 Wanders A, Landewé R, Dougados M, et al. Association between radiographic
damage of the spine and spinal mobility for individual patients with ankylosing
spondylitis: can assessment of spinal mobility be a proxy for radiographic evaluation?
Ann Rheum Dis 2005;64:988-94.

3 Landewé R, Dougados M, Mielants H, et al. Physical function in ankylosing spondylitis
is independently determined by both disease activity and radiographic damage of the
spine. Ann Rheum Dis 2009;68:863—7.

4 Creemers MC, Franssen MJ, van't Hof MA, et al. Assessment of outcome in
ankylosing spondylitis: an extended radiographic scoring system. Ann Rheum Dis
2005;64:127-9.

Wanders A, Landewé R, Spoorenberg A, et al. Scoring of radiographic progression in

randomised clinical trials in ankylosing spondylitis: a preference for paired reading

order. Ann Rheum Dis 2004;63:1601-4.

6 Spoorenberg A, de Vlam K, van der Linden S, et a/. Radiological scoring methods

in ankylosing spondylitis. Reliability and change over 1 and 2 years.J Rheumatol
2004;31:125-32.

7 de Bruin F, de Koning A, van den Berg R, et al. Development of the Computed
Tomography Syndesmophyte Score (CTSS) in patients with Ankylosing Spondylitis:
data from the SIAS cohort [submitted companion manuscript].

8 Braun J, Baraliakos X. Imaging of axial spondyloarthritis including ankylosing
spondylitis. Ann Rheum Dis 2011;70(Suppl 1):i197-i103.

9 van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for
ankylosing spondylitis. A proposal for modification of the New York criteria. Arthritis
Rheum 1984:27:361-8.

10 Ramiro S, van Tubergen A, Stolwijk C, et al. Scoring radiographic progression in
ankylosing spondylitis: should we use the modified Stoke Ankylosing Spondylitis Spine
Score (mSASSS) or the Radiographic Ankylosing Spondylitis Spinal Score (RASSS)?
Arthritis Res Ther 2013;15:R14.

11 Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet 1986;1:307—-10.

12 Bruynesteyn K, Boers M, Kostense P, et al. Deciding on progression of joint damage
in paired films of individual patients: smallest detectable difference or change. Ann
Rheum Dis 2005;64:179-82.

13 Wanders AJ, Landewé RB, Spoorenberg A, et al. What is the most appropriate
radiologic scoring method for ankylosing spondylitis? A comparison of the available
methods based on the outcome measures in rheumatology clinical trials filter. Arthritis
Rheum 2004;50:2622-32.

14 Tan S, Dasgupta A, Yao J, et al. Spatial distribution of syndesmophytes along the
vertebral rim in ankylosing spondylitis: preferential involvement of the posterolateral
rim. Ann Rheum Dis 2016;75:1951-7.

15 Teeuwisse W, Geleijns J, Veldkamp W. An inter-hospital comparison of patient dose
based on clinical indications. Eur Radiol 2007;17:1795-805.

wl

298 de Koning A, et al. Ann Rheum Dis 2018;77:293-299. doi:10.1136/annrheumdis-2017-211989


http://dx.doi.org/10.1136/ard.2009.124206
http://dx.doi.org/10.1136/ard.2004.029728
http://dx.doi.org/10.1136/ard.2008.091793
http://dx.doi.org/10.1136/ard.2004.020503
http://dx.doi.org/10.1136/ard.2004.022038
http://dx.doi.org/10.1136/ard.2010.140541
http://dx.doi.org/10.1186/ar4144
http://dx.doi.org/10.1016/S0140-6736(86)90837-8
http://dx.doi.org/10.1136/ard.2003.018457
http://dx.doi.org/10.1136/ard.2003.018457
http://dx.doi.org/10.1002/art.20446
http://dx.doi.org/10.1002/art.20446
http://dx.doi.org/10.1136/annrheumdis-2015-208802
http://dx.doi.org/10.1007/s00330-006-0473-1
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Clinical and epidemiological research

16 Diekhoff T, Hermann KG, Greese J, et al. Comparison of MRI with radiography for
detecting structural lesions of the sacroiliac joint using CT as standard of reference:
results from the SIMACT study. Ann Rheum Dis 2017;76:1502-8.

17 Mettler FA, Huda W, Yoshizumi TT, et al. Effective doses in radiology and diagnostic
nuclear medicine: a catalog. Radiology 2008;248:254-63.

18 Radiation protection 99. Guidance on medical exposures in medical and
biomedical research. Brussels, Belgium: European Commission, 1998:p. 1-14.
https://ec.europa.eu/energy/sites/ener/files/documents/099_en.pdf (accessed 27
June 2017).

19 Baraliakos X, Listing J, Rudwaleit M, et al. Progression of radiographic damage in

20

21

patients with ankylosing spondylitis: defining the central role of syndesmophytes. Ann

Rheum Dis 2007;66:910-5.

Maas F, Arends S, Brouwer E, et al. Reduction in spinal radiographic progression
in ankylosing spondylitis patients receiving prolonged treatment with TNF-alpha
inhibitors. Arthritis Care Res 2016.

Ramiro S, Stolwijk C, van Tubergen A, et al. Evolution of radiographic damage in
ankylosing spondylitis: a 12 year prospective follow-up of the OASIS study. Ann
Rheum Dis 2015;74:52-9.

de Koning A, et al. Ann Rheum Dis 2018;77:293-299. doi:10.1136/annrheumdis-2017-211989

299


http://dx.doi.org/10.1136/annrheumdis-2016-210640
http://dx.doi.org/10.1148/radiol.2481071451
https://ec.europa.eu/energy/sites/ener/files/documents/099_en.pdf
http://dx.doi.org/10.1136/ard.2006.066415
http://dx.doi.org/10.1136/ard.2006.066415
http://dx.doi.org/10.1136/annrheumdis-2013-204055
http://dx.doi.org/10.1136/annrheumdis-2013-204055
http://ard.bmj.com/
http://group.bmj.com

OPEN ACCESS

Handling editor Tore K Kvien

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2017-211649).

"Department of Rheumatology
and Clinical Immunology,
Charité Universitatsmedizin,
Berlin, Germany

“Department of Pathophysiology
and Immunology, National
Institute of Geriatrics,
Rheumatology and
Rehabilitation, Warsaw, Poland
*Deutsches Rheuma
Forschungszentrum Berlin
(DRFZ), A Leibniz Institute,
Berlin, Germany

Correspondence to

Dr. Thomas Haupl, Department
of Rheumatology and

Clinical Immunology, Charité
Universitatsmedizin, Berlin,
10117, Germany;
thomas.haeupl@charite.de

AR and EK-W contributed
equally.

Received 13 April 2017
Revised 12 October 2017
Accepted 10 November 2017
Published Online First

30 November 2017

CrossMark

To cite: Smiljanovic B,
Radzikowska A,
Kuca-Warnawin E,

et al. Ann Rheum Dis
2018;77:300-308.

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Basic and translational research

EXTENDED REPORT

Monocyte alterations in rheumatoid arthritis are
dominated by preterm release from bone marrow and
prominent triggering in the joint

Biljana Smiljanovic,' Anna Radzikowska,” Ewa Kuca-Warnawin,” Weronika Kurowska,’
Joachim R Griin, Bruno StuhImiiller," Marc Bonin,' Ursula Schulte-Wrede,?

Till Sérensen,’ Chieko Kyogoku,® Anne Bruns,' Sandra Hermann," Sarah Ohrndorf,'
Karlfried Aupperle,' Marina Backhaus," Gerd R Burmester," Andreas Radbruch,’

Andreas Griitzkau,® Wlodzimierz Maslinski,2

ABSTRACT

Objective Rheumatoid arthritis (RA) accompanies
infiltration and activation of monocytes in inflamed
joints. We investigated dominant alterations of RA
monocytes in bone marrow (BM), blood and inflamed
joints.

Methods CD14" cells from BM and peripheral blood
(PB) of patients with RA and osteoarthritis (OA) were
profiled with GeneChip microarrays. Detailed functional
analysis was performed with reference transcriptomes
of BM precursors, monocyte blood subsets, monocyte
activation and mobilisation. Cytometric profiling
determined monocyte subsets of CD14**CD167,
CD14**CD16" and CD14"CD16" cells in BM, PB and
synovial fluid (SF) and ELISAs quantified the release of
activation markers into SF and serum.

Results Investigation of genes differentially expressed
between RA and OA monocytes with reference
transcriptomes revealed gene patterns of early myeloid
precursors in RA-BM and late myeloid precursors

along with reduced terminal differentiation to
CD147CD16"monocytes in RA-PB. Patterns associated
with tumor necrosis factor/lipopolysaccharide (TNF/
LPS) stimulation were weak and more pronounced in
RA-PB than RA-BM. Cytometric phenotyping of cells

in BM, blood and SF disclosed differences related to
monocyte subsets and confirmed the reduced frequency
of terminally differentiated CD14"CD16"monocytes in
RA-PB. Monocyte activation in SF was characterised by
the predominance of CD14**CD16**CD163"HLA-DR*
cells and elevated concentrations of sCD14, sCD163 and
S100P.

Conclusion Patterns of less mature and less
differentiated RA-BM and RA-PB monocytes suggest
increased turnover with accelerated monocytopoiesis, BM
egress and migration into inflamed joints. Predominant
activation in the joint indicates the action of local and
primary stimuli, which may also promote adaptive
immune triggering through monocytes, potentially
leading to new diagnostic and therapeutic strategies.

INTRODUCTION

The principal pathological changes in rheumatoid
arthritis (RA) occur in the synovial joints, where
inflammation leads to cartilage and bone destruc-
tion, thereby reducing physical abilities and quality

Thomas Haup!'

of life." ? Infiltration of monocytes along with T and
B cells into the joint and production of inflamma-
tory mediators characterise the immunopathology
of this disease. The influence of the monocytic
lineage in shaping the immune response is substan-
tial and interferes with both the innate and adap-
tive arm of immunity. Thus, it is not surprising
that controlling inflammation in disease-modifying
antirheumatic drug (DMARD) non-responders
may be achieved when targeting monocyte-derived
cytokines, tumour necrosis factor (TNF), inter-
leukin (IL)-1, IL-6 or monocyte T cell interaction.

Human monocytes represent 5%-10% of the
blood leucocytes and their half-life in the vascular
compartment is 1 - 3 days.”™ Based on CD14 and
CD16 expression levels, monocytes are catego-
rised into three subsets: classical CD14**CD167,
intermediate  CD14"*CD16" and non-classical
CD147CD16"*.°  Developmental  relationship
between the subsets was demonstrated in mice,
macaques and humans.”” Classical monocytes
are the dominant blood population expressing
CCR2, a receptor involved in mobilisation from
bone marrow (BM) and recruitment to inflamma-
tory sites.'’ ' In contrast, non-classical monocytes
reduce CCR2 but elevate CX3CR1 surface expres-
sion, which is needed for patrolling blood vessels
and migrating into resting tissues.® > Interme-
diate monocytes express CCR2 and CX3CR1 on
intermediate level and show the highest HLA-DR
expression. '

Monocytes develop characteristic gene expres-
sion profiles, in systemic lupus erythematosus (SLE)
and RA, which are largely influenced by IFN and
TNF, respectively.'* It has been shown that even a
single biomarker on monocytes might be sufficient
to quantify disease activity, like SIGLEC-1 in SLE,
or to predict responsiveness to anti-TNF biologi-
cals, like CD11c in RA." '® Furthermore, frequen-
cies of classical, intermediate and non-classical
blood monocytes were found to alter in patients
with RA compared with healthy donors."”™ The
frequencies of blood subsets were skewed by gluco-
corticoid treatment and may be predictive for the
clinical response to methotrexate (MTX) or MTX
plus anti-TNF treatment.”® 2°** However, results
are in part contradictory, which might be explained
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by different techniques of monocyte purification and by difficul- =B
ties to capture intermediate monocytes properly.® In general, % 2 ) @ _ ’CT, g o3
it was assumed that in inflammatory conditions, such as RA, g 3 § 7 f f E s § %
phenotypical and quantitative alterations affect monocyte blood £ E- eg w N-w egx g
subsets and are associated with release of immature and younger & |° . R =
myeloid cells from BM.** This so called ‘left-shift’ in monocyto- E < =S ;T
poiesis can be suppressed, at least partially, with administration E Sle = ~_ 8 £ T % E
of certain drugs like anti-GM-CSF and MTX.* 55 % jz pgi g E §, i £
To investigate the role and involvement of monocytes in RA 83|2|=3% gnbk o~e gxgl g
pathogenesis from a systemic point of view, we profiled tran- A N g
scriptomes of BM and blood monocytes. This comprehensive § ) 4
approach revealed left-shift patterns as dominant changes in g 'E g _ g
both RA-BM and RA-peripheral blood (PB), suggesting increased é:‘: ES g & 3
turnover of RA monocytes, characterised with increased mono- ;_g Ela g S s £
cytopoiesis, faster egress from BM and skewed distribution of < < 2 = = £
monocyte subsets. We therefore hypothesised that increased 2 i = 8 E
monocyte turnover might be associated with their recruitment é-r_g 2 2 37 S ?? 2 g
into inflamed joints. To confirm these observations, we applied 3§ 2 = 2% 2% 2
cytometric profiling of BM, PB and synovial fluid (SF) mono- 85| 2= S 23R @amv 2ng| 2
cytes, which provided additional insight into heterogeneity and == NN §
various differentiation stages of monocyte subsets in BM, blood % " é‘
and SE. E é _§~ ) 3 'g a g
2Fz|8 i ~=3 & T3
MATERIALS AND METHODS $3E|2 g 123 8 2| %
Sample collection for transcriptome, flow cytometry and €88l4|°8% 2gR — -~ 2 gl g
ELISA analyses e - | s
All samples for transcriptome analysis and paired samples of BM £ 53 = =]
and blood for cytometry were collected at the Rheumoortho- : |8 2 < =
paedic Clinic of the Institute of Rheumatology in Warsaw, 2,878 = = f
Poland. Paired samples of blood and SF investigated by cytom- ";')—f‘ @ _ :
etry and ELISA and blood samples from RA and healthy donors s g 2 E i g
investigated by cytometry were collected at the Department 52 2 g = 5
of Rheumatology of the Charité Universititsmedizin, Berlin, ég g =5 8 = g
Germany. All patients gave written informed consent. Patients’ o g
characteristics are summarised in table 1. Detailed overview of 5 |8 g = g
sample collection and processing is included in online supple- s g 2 < £
mentary material. £ Sla 8 3 = ;
: 5| @ - 3
RNA isolation, Affymetrix GeneChip hybridisation and quality g ,5; £ E E S
controls for gene expression analyses so |8 _ 8 g X
RNA preparation, quality controls and array hybridisation were g82|g|=2 = & 2
performed as previously described and were included in online ° _ & ‘z;
supplementary material.>®?’ g_ £ @ E. §
= 2 b N
5 | % a3 R Z
Statistical and functional analyses of microarray data g § oI 3 o §
Analysis with the BioRetis database (www.bioretis.com) =z S _ _ 3
consisted of MASS5.0 pair-wise comparison statistics as previ- 2 %_ © S = é
ously described to select probe sets differentially expressed in at @ £, g X 4 g
least 60% of all pair-wise comparisons between RA and osteoar- | B SlEl,_ 2 & e
thritis (OA) samples." ° Details of functional interpretation é 5| S = ‘g
with Gene Ontology (GO), Ingenuity Pathway Analysis (IPA) s @ S
and comparison with reference signatures are provided in online = 2 ﬁ _ % ‘3
supplementary material. 2 »E NE o i R
Analysis of flow cytometry data o B s _ _ -
Matched BM and blood samples from patients with OA and RA, ; g é_ £ ] i £ g;
matched blood and synovial samples from patients with RA and § eS| g 3 S g 2
blood samples from RA and healthy donors were analysed by 8| §&lz|l°g =» ) EEE
unsupervised clustering with immunoClust.> é 3 = E ‘§ E
g 2 2y 2o |53s
Statistical analyses of protein data > g s gf3 é‘é’g E® é g%é
GraphPad Prism V.6.0b was used for statistical analysis of ELISA s 5 % T g 8E = 8§82 2=z 2|2 g é
data. Groups were compared by Mann-Whitney U-test, and = -~ Al O BN B BJ - L
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Genes differentially expressed between RA and OA in BM and blood monocytes. Hierarchical clustering was performed with (A) eight

RA-BM and eight OA-BM profiles defined by 221 probe sets (141 genes) and with (B) six RA-PB and six OA-PB profiles defined by 379 probe sets
(286 genes; Affymetrix annotation release 35; 4/16/15). Rows represent the probe sets, and columns represent the samples with relative intensities
as indicated by the scale bar. (C) Using the combined set of 571 probe sets differentially expressed in BM and blood profiles, principal components
analysis (PCA) revealed the largest distance between OA-PB and RA-BM monocytes, while RA-PB monocytes shifted towards BM. The first three
principal components, PC1, PC2 and PC3, explained 26%, 22% and 12% of the variance in the data set, respectively. BM samples were coloured in
light red (RA) and light green (OA) and blood samples in red (RA) and green (OA). BM, bone marrow; OA, osteoarthritis; PB, peripheral blood; RA,

rheumatoid arthritis.

P values <0.05 were considered significant. For comparing
monocyte subsets between groups, either unpaired or paired
t-test was applied (described in figure legends).

RESULTS

RA-related transcriptional changes in BM, and blood
monocytes are different and more prominent in blood
Comparison between BM monocytes from patients with RA and
OA identified differential expression of 221 probe sets. Probe
sets upregulated in RA (n=111) performed better to distinguish
between RA and OA (figure 1A and online supplementary table
1). Comparison between blood monocytes from RA and OA
revealed 379 differentially expressed probe sets (figure 1B and
online supplementary table 2). Leading genes upregulated in
RA-BM included TMTC1, HOPX, IL1R2, FLT3 and CLU, while
those upregulated in RA-PB monocytes included CCR2, CXCR4,
CD163,IL1R2 and S100P. Altogether, BM and PB revealed 571
differentially expressed probe sets with only 29 common for
both compartments (online supplementary table 3). Principal
component analysis (PCA) with all differentially expressed probe
sets from BM and PB showed that RA-PB were localised between
OA-PB and samples from BM (figure 1C and online supple-
mentary movie). Calculated distances between RA-PB, OA-PB,
RA-BM and OA-BM confirmed proximity of RA-PB samples to
RA-BM and OA-BM (online supplementary figure 1).

GO and IPA suggest altered haemopoiesis, antiapoptosis and
inflammatory response in RA

GO and IPA annotated the differences in RA-BM and RA-PB
monocytes to ‘inflammatory response’, ‘anti-apoptosis’ and
‘hemopoiesis’ (online supplementary table 4). The dominant

molecular network was characterised by interleukin (IL)-8 and
IL10 in RA-BM and by TNF and CCL2 in RA-PB monocytes
(online supplementary figure 2). Although with only few genes
overlapping, all three functions were evident both in RA-BM and
RA-PB monocytes.

Reference transcriptomes disclosed functional patterns of
precursor activity and weak inflammatory response in RA BM
and blood

This more comprehensive functional analysis for development,
differentiation and activation of monocytes was guided by (1)
the proximity of RA-PB monocytes to BM samples as shown by
PCA and (2) altered haemopoiesis and inflammation as suggested
by GO and IPA, since these alterations were common both for
RA-BM and RA-PB monocytes. For this purpose, we selected
transcriptomes from Gene Expression Omnibus, which provide a
reference for the myeloid lineage of haemopoiesis in BM, mono-
cyte activation and differentiation in blood and cell mobilisation
from BM into blood triggered by G-CSE.® 1*273132 I these refer-
ence transcriptomes, we tested differentially expressed genes in
RA and OA monocytes for their involvement in myelopoiesis,
monocyte differentiation, activation and mobilisation.

Analysis of RA-BM upregulated genes emphasised few clusters:
early and late myelopoiesis, G-CSF mobilisation and TNF/LPS
stimulation (figure 2A—C). The early myelopoietic cluster included
genes highly expressed in haematopoietic stem cells (HSC) and
early BM progenitors. The late myelopoietic cluster depicted genes
highly expressed in band cells (BC) and polymorphonuclear (PMN)
from BM and partially overlapped with the G-CSF cluster. Discon-
tinuation of the early haematopoietic cluster and onset of the late
myelopoietic cluster in RA-BM monocytes occurred at the stage of

302 Smiljanovic B, et al. Ann Rheum Dis 2018;77:300-308. doi:10.1136/annrheumdis-2017-211649


https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
https://dx.doi.org/10.1136/annrheumdis-2017-211649
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Basic and translational research

Bone marrow samples

A B C

RA-BM monocytes Co-expression matrix HOPX

ITGA4

BE%EEE,, B85 ITGB1
L Taoaeintaat st NR1D2

L R = R e

$3335333585588488 - sCoc

RaesgeaeapeaeaReaesERaeaaeaeaeEae

Blood samples

ADAM10

i
BEES8:didideennesnnne

SRP72

EIF253
FKBPS
FLT3
TMED2
TMPO

CXCL8
EIF4E3
ITGAE
0osMm
PICALM

D E F
OA-BM monocytes Co-expression matrix

s BBEEEE; s 5HEE,

AR RRRRESEEERRREEEEEE REREAEASAERNRARRNRRARARAARARHARARAARARARANK FPR2
S

2
i E;:ﬂi_saxas.! 2

A BEBEER:

mmnamn omeon
R = P P

#3f3sssssss55558

KEEEEEEEEEREREERERRERE RERERREEARASEA2B49ASEEEESGEREGRERRARRIRARRARE

28RS

NOTCH2NL
TMX4

Figure 2

C3AR1
KChJ2
MARCKS
SLC24A4

Identification of the functional patterns in RA and OA BM monocytes based on reference transcriptomes. Reference transcriptomes for

myelopoiesis (n=34), monocyte activation (n=18), differentiation (n=8) and G-CSF induced leucocyte mobilisation (n=8) were applied to recognise
functional patterns in the 221 probe sets differentially expressed between RA-BM and OA-BM monocytes. In total, 111 probe sets were upregulated
in RA (A—C) and 110 were upregulated in OA (D-F). The signal intensities from the reference transcriptomes (C and F) were correlated, and obtained
correlation coefficients were hierarchically clustered as shown by matrices in B and E. The orders of probe sets determined by these matrices

were applied to sort 111 probe sets in RA (A) and 110 probe sets in OA (D). The same orders were applied to sort probe sets of the 68 reference
transcriptomes in C and F. Calculation of scores that demonstrated relevance of identified functional patterns is included in online supplementary
figures 9-13. Red indicates increased signal expression (max=2) or positive correlation (max=1), and green indicates decreased signal expression
(min=-2) or negative correlation (min=—1). Samples in A and D represented RA-BM (n=8, light red) and OA-BM (n=8, light green). Samples in C and
F, coloured in yellow, included haematopoietic stem cells (HSC; n=4), multipotent progenitors (MPP; n=2), common myeloid progenitors (CMP; n=3),
megakaryocyte—erythrocyte progenitors (MEP; n=2), granulocyte—-monocyte progenitors (GMP, n=5), early promyelocytes (early-PM; n=3), late
promyelocytes (late-PB; n=3), myelocytes (MY; n=2), metamyelocytes (MM; n=3), band cells (BC; n=4) and polymorphonuclear cells (PMN; n=3).
Samples in C and F, coloured blue, included blood monocytes: unstimulated for 0 min (Ctr_0, n=3), unstimulated for 90 min (Ctr_90, n=3,), stimulated
for 90 min with TNF (n=3), or LPS (n=3) or IFNy (n=3) or IFNo. (n=3). Samples in C and D, coloured in violet, included monocyte subsets of Mo-CD16—
(n=3) and Mo-CD16+ (n=3). Samples in C and D, coloured in cyan, included all leucocytes before G-CSF stimulation (WB pre.G-CSF, n=5) and after
stimulation with G-CSF for 5 days (WB post.GCSF, n=5). BM, bone marrow; G-CSF, granulocyte-colony stimulating factor; IFNc, interferon alpha; IFNy,
interferon gamma; LPS, lipopolysaccharide; OA, osteoarthritis; RA, rheumatoid arthritis; TNF, tumour necrosis factor.

myelocytes/metamyelocytes (MY/MM). This observation comple-
ments the line of evidence reported for granulocytopoiesis in BM,
which shows that the MY/MM developmental stage is crucial for
termination of proliferation and subsequent acquisition of phago-
cytic potential.*® Thus, applying transcriptomes of early myeloid
and late myeloid progenitors committed to the granulocyte lineage,
we identified (1) a cluster common for BM monocytes and early
progenitors and (2) a cluster common for monocytes and granulo-
cytes. Furthermore, the G-CSF gene pattern was pronounced and
consisted of genes expressed in purified monocytes like ADAM10,
CLU, FAS, IL1IR2 and THBD. The cluster related to TNF/LPS
response included ALCAM1, ARF6, IL.10, TNFAIP6 and SOCS3.
By analysing genes upregulated in OA-BM monocytes, we
identified a cluster that dominated in late stage of myelopoiesis

(figure 2D-F). Contrary to RA, no G-CSF-inducible pattern was
evident in OA-BM monocytes.

Genes upregulated in RA-PB monocytes consisted of a late
myelopoietic cluster, which was covered by the far more extensive
cluster of genes inducible by G-CSF (figure 3A-C). It emphasised
a left-shifted monocytopoiesis and faster mobilisation of mono-
cytes from BM. The cluster related to TNF/LPS stimulation was
more pronounced than in BM and included the genes ADM, AQP9,
S100P and TNFAIP6. The cluster of terminally differentiated
CD14"CD16" monocytes was under-represented and indicated the
reduced frequencies of this monocyte subset in RA-PB.

Analysis of upregulated genes in OA-PB disclosed a strong
CD16+ cluster, depicted by the genes CDKNI1C, TCF7L2,
CSFIR and MTSS1. Similar to OA-BM monocytes, OA-PB
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Figure 3

Identification of the functional patterns in RA and OA blood monocytes based on reference transcriptomes. In total, 379 probe sets were

differentially expressed between RA-PB and OA-PB monocytes. They were divided into two groups: 192 probe sets upregulated in RA-PB (A—C) and
187 probe sets upregulated in OA-PB (D—F). They were analysed by the reference transcriptomes as described in figure 2. Samples were labelled as
described in figure 2. Calculation of scores that demonstrated relevance of identified functional patterns is described in online supplementary material
and included in online supplementary figures 9—13. G-CSF, granulocyte-colony stimulating factor; HSC, haematopoietic stem cells; OA, osteoarthritis;

PB, peripheral blood; RA, rheumatoid arthritis.

monocytes did not exhibit a G-CSF pattern, indicating undis-
turbed kinetics of monocyte egress from BM (figure 3D-F).

Potential contamination of the blood monocytes from RA
and OA patients with neutrophils, CD4+T—, CD8+T—,
CD19+B-and CD56NK-cells was excluded by mapping the
differentially expressed genes in RA and OA to cell type-specific
transcriptomes in the coexpression analysis (online supplemen-
tary figure 3).

Cytometric profiling of BM, blood and SF confirmed
transcriptome data and indicated monocyte activation in the
joint

Automated analysis with the immunoClust algorithm, unsuper-
vised clustering tool, identified in the blood the three subsets of
monocytes based on size, granularity, CD14, CD16 and HLA-DR
expression (figure 4B).*° Automated analysis of monocytes
included (1) exclusion of dead cells and cell doublets and (2)
exclusion of granulocytes and lymphocytes (online supplemen-
tary figures 4A,B and 5). All three compartments, BM, blood and
SF, revealed their own distribution of monocyte subpopulations
(figures 4 and 5). Classical monocytes were the dominant subset
in BM and blood but were absent in SE. Intermediate monocytes
were a minor subset in BM, increased in blood and were the
dominant population in SF. Non-classical monocytes were absent

in BM and clearly distinguishable in blood but less obvious in
SF. Besides differences in CD14 and CD16 expression on these
subpopulations, HLA-DR was highest in intermediate followed
by non-classical and classical monocytes (figure 4F). CD163 also
increased in intermediate but dropped in non-classical to the
lowest level (figure 4G). Comparing RA with OA, BM subpop-
ulations were similar in frequency but revealed decreased CD16
expression in RA (figure 4E). In blood, frequency of non-clas-
sical and expression of CD14 and HLA-DR on classical mono-
cytes was reduced in RA (figure 4C-F).

In the synovial compartment, characteristics of subpopulations
changed. The dominant intermediate population revealed higher
CD14 and HLA-DR expression than in the blood and expressed
high levels of CD16 (figure SD-F). Percentage of CD14**CD16*
cells in SF correlated with inflammation (online supplemen-
tary figure 6A). Another population of CD14"CD16™ cells in
SF did not exceed 20% of all monocytes and when compared
with blood subsets, HLA-DR was similar to intermediate, CD14
reduced to levels of non-classical, CD16 was slightly higher than
classical and CD163 was similar to classical and intermediate
subsets. Their frequency was negatively correlated with eryth-
rocyte sedimentation rate (online supplementary figure 6B). We
validated the observed differences in frequency of monocyte
subpopulations with independent blood samples and confirmed
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Figure 4  Cytometric analysis of monocyte subsets in BM and blood from patients with RA and OA. Paired BM and blood samples from OA (n=9)
and RA (n=11) patients were investigated for CD14, CD16, CD163 and HLA-DR expression. Data were analysed by immunoClust. Scatterplot matrices
from BM (A) and blood (B) samples of one representative patient demonstrate classical (CD14++CD16—; red), intermediate (CD14++CD16+;

blue) and non-classical (CD14+CD16+; green) monocytes. Intermediate monocytes are distinguished from classical and non-classical by increased
HLA-DR expression. (C) In BM, two monocyte subsets were detected (mean frequency of CD14+ cells+SD): CD14++CD16— (RA: 89.6%+7.2%;

0A: 93.0%=3.0%) and CD14++CD16+ (RA: 10.4%=+7.2%; OA: 7.0%=3.0%), while CD14+CD16+ monocytes were absent. In blood, three
monocyte subsets were detected: CD14++CD16— (RA: 82.5%=+12.0%; 0A: 76.1%=9.5%), CD14++CD16+ (RA: 9.9%=9.1%; 0A: 9.2%=6.1%) and
CD14+CD16+ (RA: 7.6%=5.7%; OA: 14.7%=7.7%). Distribution of asinh-transformed median fluorescence intensity (MFI) is presented for CD14
(D), CD16 (E), HLA-DR (F) and CD163 (G). Differences in frequencies and in MFls of CD14, CD16, HLA-DR and CD163 between RA and OA monocyte
subsets in BM and blood were calculated by unpaired t-test and significance was indicated with P value. OA, osteoarthritis; RA, rheumatoid arthritis.

that non-classical monocytes are decreased in blood from RA from BM and reduced differentiation in the blood. In detail,
patients when compared with healthy donors (online supple- RA-BM profiles revealed patterns of (1) early myeloid precursor
mentary figure 7). cells and (2) stimulated myelopoiesis (G-CSF), while RA-PB

profiles depicted patterns of (1) late myelopoietic precursors, (2)
Markers shedded or released from monocytes confirm extended G-CSF induction and (3) reduced CD16+ differentia-
monocyte activation tion. Cytometry identified reduced CD16 expression in RA-BM
The soluble markers sCD14, sCD163 and S100P, which relate monocytes and reduced frequencies of non-classical RA-PB mono-
to monocyte activation, were determined by ELISA in paired  cytes, which confirmed transcriptome data. Comparing BM,
samples of serum and SF from RA and OA patients and in serum  blood and SF monocytes, a distinct intermediate-like but more
from healthy donors (online supplementary figure 8). Differ- activated population appeared only in the joint, which expressed

ences were highly significant between RA and OA in SF, and high levels of both CD14 and CD16 along with increased levels of
levels of sCD14 and S100P were up to 10 times higher in RA CD163 and HLA-DR. Shedded (sCD14 and sCD163) and released

SF compared with serum. In serum, sCD14 and S100P were still (S100P) markers of monocyte activation were also highest in RA
able to discriminate RA both from OA and ND, while sCD163 SF and lower but still elevated in RA compared with OA serum.
discriminated RA only from ND. These analyses indirectly suggest (1) an increased monocyte

turnover, (2) reduced circulation time in the blood and (3) the
DISCUSSION most prominent activation of RA monocytes in the joints. This
This study identified that RA-related transcriptional changes in the may have substantial implications for interpretation of patho-
monocyte lineage are dominated by left-shift patterns in BM and mechanisms and for detection of biomarkers of disease activity
blood, suggesting increased monocytopoiesis, premature egress or drug response.
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Figure 5 Cytometric analysis of monocyte subsets in blood and SF from patients with RA. Paired samples of blood and SF from six patients

with RA were investigated for CD14, CD16 and HLA-DR expression. Scatterplot matrices from blood (A) and SF (B) samples of one representative
patient demonstrate classical (CD14++CD16—; red), intermediate (CD14++CD16+; blue) and non-classical (CD14+CD16+; green) monocytes. In SF,
monocytes with classical and non-classical CD14/CD16 pattern were absent, and ~20% of cells displayed myeloid phenotype (cyan). The dominant
population in SF was similar to intermediate monocytes of blood but with increased CD14 and HLA-DR expression (significance determined by paired
t-test was indicated with P value). Distribution of asinh-transformed mean fluorescence intensity (MFI) is presented for CD14 (D), CD16 (E), HLA-DR
(F). Staining of CD163 with CD14 and CD16 was performed independent of HLA-DR, and thus it is not included in the scatterplot matrix, but it is

shown in figure part G. RA, rheumatoid arthritis.

Transcriptome technology was applied in this study as compre-
hensive genome-wide approach in order to recognise the early
and leading molecular mechanisms that affect BM and blood
monocytes in RA. Comparison with reference transcriptomes
revealed the most reliable and unambiguous results to identify
the functional relevance of differentially expressed transcripts
on a quantitative and technologically comparable level instead
of literature-based annotations.

In detail, RA transcriptomes of BM and blood monocytes
overlapped with signatures of precursors in myelopoietic differ-
entiation, indicating a so-called ‘left-shift’. Accelerated mono-
cytopoiesis in RA-BM can be deduced from patterns increased
in early (HSC, multipotent progenitors (MPP), megakaryo-
cyte—erythrocyte progenitors (MEP), common myeloid progen-
itors (CMP), granulocyte—-monocyte progenitors (GMP), early
and late promyelocytes (PM) and MY) but reduced in late-stage
myelopoiesis (MMs, band cells (BCs) and PMN cells and from
increased G-CSF response patterns. ‘Left-shift’ in RA-PB mono-
cytes is indicated by a largely extended G-CSF response pattern,
which includes late stage myelopoiesis (MM, BC and PMN) as
well as typical monocyte genes of the classical CD16™ subset.
Interestingly, development up to PMs still includes proliferation
and subsequent stages more phagocytosis-related capabilities,
suggesting that ‘left-shift’ in the BM is dominated by prolifera-

tion and in the blood by maturation processes.*

This accelerated monocytopoiesis is supported by earlier
observations that RA haematopoietic precursors differentiate in
vitro more rapidly into CD14" HLA-DR expressing monocytes
than non-inflammatory controls.** Furthermore, cell anchoring
during myelopoiesis to the BM matrix is mediated by integrins
and their release by proteases.”>® In line with this concept,
we showed that RA-BM monocytes expressed higher levels of
integrins ITGA4 and ITGBI like their early precursors and also
elevated sheddase ADAM10, which is involved in their release
from BM and also induced by G-CSE.** 3¢ 3% Egress of monocytes
from BM was also associated with CCR2 activation and desen-
sitisation of CXCR4 anchoring to BM stromal cells.’® ' ¥ Both
chemokine receptor transcripts were highly expressed on BM
monocytes in both RA and OA. In line with a ‘left-shift’ in RA-PB
monocytes, CCR2 expression was increased in RA and decreased
during differentiation from CD147CD16~ to CD14"CD16"
subsets.® ¥ * In contrast to RA, monocyte genes increased in
OA overlapped with more differentiated progenitors in the BM
and with a more differentiated subset of CD16* monocytes in
the blood.

On this background, cytometry also reflected the ‘left-
shifted’ monocytopoiesis by reduced CD16 expression on clas-
sical and intermediate monocytes in RA-BM when compared
with OA. Additionally, the decreased frequency of non-clas-
sical CD14"CD16™ RA monocytes in blood indicated reduced
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terminal differentiation in RA. Altogether, a ‘left-shift’ pattern
and reduced differentiation in RA-PB raise the hypothesis of
increased production, a shorter circulation time and faster migra-
tion into inflamed tissues. These conclusions are in line with cell
tracking experiments in macaques, performed by in vivo BrdU
staining, which is not possible in humans. These experiments
demonstrated that lower CD14 expression on classical mono-
cytes was related to younger cells and that the frequency of the
terminally differentiated non-classical subset increased with
circulation time.” *!

When investigating the joint compartment, the most obvious
change was the absence of classical monocytes. The dominant
population was similar to the intermediate phenotype of blood
and revealed even further increase of HLA-DR, CD14 and
CD163 expression compared with blood. As these markers
were not different between RA and OA monocyte subsets in
the blood, this indicates that activation occurred in the joint
and that it was related to the intermediate subset. This is also
emphasised by the high concentrations of shedded sCD14 and
sCD163 and of released S100P in RA SF. The second population
of CD14*CD16" SF monocytes was small and may, according to
the described phenotype, reflect differentiation towards typical
tissue macrophages, which may not propagate activation and
inflammation.

Recently, we demonstrated that response to MTX in RA is
related to a predominance of innate immune activation.*
Correspondingly, Ponchel et al*® associated higher naive T cell
frequency with response to MTX. Thus, immunopathology of
RA appears not independent of innate triggers and becomes
more aggressive and difficult to treat when adaptive immune
response gains dominance. Translating innate to adaptive immu-
nity depends on monocytes, their activation by innate triggers,
their antigen processing and presentation and their interaction
with T cells. This might explain why combination of MTX with
biologicals advances treatment of RA patients with reduced naive
T cells and more lymphocyte involvement.*

There is ongoing discussion about the primary site of RA
initiation, which may occur either inside the joints or outside
in organs, where immune cells develop (BM and lymph nodes)
or interact with environment (gut, lung and gingiva).**™*® Our
results suggest that disease-specific triggering occurs in the joint,
where search for biomarkers relevant for drug selection seems
to be more promising. How and to what extent monocytes are
triggered and, consequently, what is the magnitude of the innate
and adaptive immune system activation seem to be essential to
improve insight into RA aetiopathogenesis.
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Immunoscintigraphic detection of tumour
necrosis factor by radiolabelled certolizumab
pegol in patients with erosive hand
osteoarthritis: a proof-of-concept study

Erosive hand osteoarthritis (OA) of the interphalangeal (IP)
joints is characterised by a more pronounced inflammatory
burden of disease." Whether it is a subset of hand OA or just a
radiographic phase remains a matter of debate. The pathogen-
esis of erosive OA is not yet understood, but articular cartilage
degeneration and subchondral bone resorption are some of the
major characteristics. In general, several cytokine-driven path-
ways such as receptor activator of nuclear factor «B,
interleukin-1 and tumour necrosis factor (TNF) alpha are
involved at the level of the subchondral bone-inducing dynamic
morphological changes.”™ In post hoc analyses in two recent
placebo-controlled pilot studies in erosive OA, it was shown that
adalimumab and etanercept were able to diminish structural
progression after 1 year of treatment in a subgroup of patients
who showed soft tissue swelling at baseline.® ©

We hypothesised that radiolabelled antibodies could help in
demonstrating their in vivo abundance in joints and help to
identify joints at particular risk for progression amenable for
targeted therapies.

The aim of the study was to assess the biodistribution of TNF
in erosive OA and to identify the clinical features of the joints
with most uptake.

Five patients with erosive hand OA (female:male ratio 4/1;
median age 55.6 years; median disease duration 8.4 years) were
intravenously injected with Tc”™-radiolabelled certolizumab
and static images of both hands were acquired immediately
(early phase) and 4-6 hours postinjection (late phase).” Clinical
assessments of the metacarpophalangeal and IP joints (presence
of tenderness and soft tissue swelling (present/absent)) were per-
formed. Immunoscintigraphic uptake of tracer was independ-
ently scored (absent/present). Approval of the local ethics
committee and written and oral consent from the patient were
obtained.

Descriptive statistics were calculated on joint level. No uptake
was seen in any of the MCP joints and therefore these were
excluded in further analyses.

The association between late TNF uptake (outcome) with
clinical features (presence of tenderness and soft tissue swelling)
(determinant) was studied by estimating crude ORs with 95%
ClIs using generalised estimating equations to account for the
patient effect.

Tracer uptake was seen in late phase in 24 joints (26.7%).
Example images are shown in figure 1.

Considerably more uptake was present in joints with soft
tissue swelling compared with non-swollen joints: 14 (61.0%)
of 23 swollen joints versus 10 (14.9%) of 67 non-swollen
joints (p<0.001). Presence of soft tissue swelling was found
to be significantly associated with uptake with OR of 8.9
(95% CI 3.0 to 26.0). A trend towards more uptake in tender
joints was seen compared with non-tender joints (OR 2.1
(95% CI 0.8 to 5.6).

This study was the first to show the presence of TNF in
erosive hand OA by immunoscintigraphy with radiolabelled
TNF-blocking agents, here certolizumab. Uptake was present in
almost 27% of IP joints. The strongest correlation was seen in
joints with soft tissue swelling. In previous placebo-controlled
clinical trials in erosive OA with TNF-blocking agents, it was
demonstrated that presence of soft tissue swelling was the best
predictor for preventing further erosive progression compared
with placebo.® ¢ This study has some limitations: the sample
size is low and a control group or another imaging construct is
lacking.

The current observations indicate that TNF is contributing to
the inflammatory burden of disease in erosive hand OA and
presence of soft tissue swelling can help to risk-stratify patients
amenable for future therapies.
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The EULAR points to consider for health
professionals undertaking musculoskeletal

ultrasound for rheumatic and musculoskeletal

diseases

Musculoskeletal ultrasound has evolved into an important clin-
ical decision-making tool by assisting in the diagnosis of inflam-
matory arthritis, monitoring disease activity and therapeutic
response, and guiding interventions."™ The role of the non-
medical health professional has advanced, with many undertak-
ing training and using musculoskeletal ultrasound to improve
patient care and in doing so, increasing their scope of practice.
Health professionals with clinical expertise and experience
using ultrasound are also providing training for colleagues and

medical clinicians.

As previously described among rheumatologists,® * the use of
musculoskeletal ultrasound and training undertaken varies sig-
nificantly between different professional groups and across
Europe. Guidelines to support training for rheumatologists have
been formulated'® but currently there are no recommendations
to support the education and training needs of non-medical
health professionals using musculoskeletal ultrasound.

A European League Against Rheumatism (EULAR) task force
was established to reach a consensus on the role of, and educa-
tion and training needs of health professionals undertaking mus-
culoskeletal ultrasound for the management of people with
rheumatic and musculoskeletal diseases (RMDs).

The group comprising of 18 clinical and academic experts
representing 10 European countries included rheumatologists,
nurses, physiotherapists, an epidemiologist, methodologist, radi-
ologist, radiographer and podiatrist, and people with RMDs,
who defined the aims and formulated 14 research questions to
guide a comprehensive systematic literature search (SLR). The
results of the SLR were discussed and supported the formulation
of points to consider and a research agenda.

Table 1 Points to consider for health professionals undertaking musculoskeletal ultrasound for rheumatic and musculoskeletal diseases

Overarching principle

All health professionals may use musculoskeletal ultrasound, following appropriate training, within their scope of clinical practice and professional background

Points to consider

Role and scope

1. Health professionals may use ultrasound to detect musculoskeletal abnormalities and contribute to clinical
decision-making.

2. Health professionals may use musculoskeletal ultrasound as a tool for research including health professional-led
studies.

Training and competency

3. Health professionals must be appropriately trained and assessed for competency in musculoskeletal ultrasound
before applying it in clinical practice.

4. The minimal competency requirements for performing musculoskeletal ultrasound must be the same for all
ultrasound practitioners. Advanced training content may be adapted according to the needs of the health
professionals.

5. Health professionals appropriately trained may teach musculoskeletal ultrasound according to a standardised and
formalised training programme.

Application and feasibility

6. The use of musculoskeletal ultrasound by health professionals must be based on levels of competency and the
individual's role within their institution/department, as directed by local and national regulations.

Additional value

7. By using musculoskeletal ultrasound, health professionals may improve the clinical management of people with
rheumatic and musculoskeletal diseases.

Category of
evidence

3-4

3-4

3-4

3-4

3-4

Strength of Level of agreement

statement mean (95% Cl)

D 9.2 (8.8109.7)
D 9.3(8.7109.9)
D 9.7 (9.5 to 10.0)
D 9.6 (9.2 t0 10.0)
D 9.5(9.1 0 9.9)
D 9.6 (9.4 t0 9.9)
D 9.0 (8.3109.7)
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1. To determine the musculoskeletal ultrasound training needs
of European League Against Rheumatism (EULAR) health
professionals and how they intend to use ultrasound.

2. To develop a structured EULAR advanced musculoskeletal
ultrasound training programme specific to the needs of
health professionals.

3. To determine the provision of mentorship that health
professionals will require to support their training needs in
musculoskeletal ultrasound.

4. To understand the impact of health professionals performing
musculoskeletal ultrasound on the care of people with
rheumatic and musculoskeletal diseases.

5. To determine the cost effectiveness of models of care in
which health professionals are using musculoskeletal
ultrasound.

6. To determine and standardise the minimum requirements for
reporting musculoskeletal ultrasound examinations performed
by health professionals.

7. To evaluate the influence of the EULAR points to consider on
the use of musculoskeletal ultrasound by health
professionals.

Seven points to consider were formulated (table 1) encom-
passing the role and scope of health professionals using muscu-
loskeletal ultrasound, including the application, feasibility and
added value in daily practice, and the training and competencies
required. The strength of the points to consider was rated D
based on the category of evidence (3—4). A high level of agree-
ment (range 9.0-9.7) was reached by the task force members.
The task force agreed on seven topics for the research agenda
(box 1).

These are the first points to consider produced by a EULAR
task force for health professionals using musculoskeletal ultra-
sound. The task force acknowledged that there is weak evidence
supporting the points to consider, which were developed using
a combination of research-based evidence and expert consensus.
The use of musculoskeletal ultrasound by health professionals in
both clinical practice and research is increasing in popularity,
hence these points to consider are timely. It is envisaged that
they will need to be revisited as new evidence becomes
available.

The seven points to consider are intended to support the edu-
cation and training needs for health professionals using muscu-
loskeletal ultrasound across Europe. It is important to note that
these points to consider should be used in conjunction with
local and national regulations. There was consensus that the role
and scope of ultrasound practice for non-medical sonographers
does not differ significantly from that applying to rheumatolo-
gists, and therefore the training and competency levels should
be the same for rheumatologists and health professionals using
musculoskeletal ultrasound in clinical practice and for research.

A full description of the SLR and points to consider develop-
ment are available at http:/www.eular.org.
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Plasma oxypurinol as a measure of adherence
in clinical trials

Adherence to urate-lowering therapy (ULT) in people with gout
is often poor. A recent systematic review revealed 10%-46% of
people with gout adhere to treatment.! Among chronic diseases,
gout has particularly low adherence rates.> Adherence in clinical
trials of ULT is a particularly important issue, as the primary
efficacy endpoint for most studies (including phase III studies
that form the basis of regulatory approval) is the ability of the
agent to reduce serum urate (SU). Pill count-based adherence
>80% is frequently regarded as an appropriate cut-off for good
adherence; however, this is an indirect measure. Measurement
of drug concentration may be an improved measure of the
adherence.® The aim of this study was to establish the relation-
ship between two different measures of adherence and SU end-
points in a clinical trial of allopurinol in gout.

Data, including demographics, SU, estimated glomerular filtra-
tion rate (eGFR), and plasma oxypurinol and allopurinol concen-
trations were available from a single study visit, and cumulative
pill counts from the entire study period were available for 395
participants in the Long-term Allopurinol Safety Study
Evaluating Outcomes in Gout Patients study (NCT01391325).*
At each study visit, prescription allopurinol tablets were counted
and dispensed back to the patient, and pill counts were recorded.
Pill counts >80% over the entire study period were taken as indi-
cating good adherence. Plasma oxypurinol and allopurinol were

measured as previously described.’ Allopurinol concentrations
>0 were taken to indicate that the participant had taken allopur-
inol within a few hours of the study visit, while oxypurinol con-
centrations >20 umol/L were taken to indicate adherence over
the preceding days to weeks.

For the 395 participants, the mean (SD) age was 51.2 (11.1),
mean (SD) body mass index (BMI) was 35.4 (7.8), 94.4% were
male, 13.2% had tophi, 19.2% were receiving a diuretic and
mean (SD) eGFR was 79.3 (19.9) mL/min/1.73 m%. Pill counts
>80% were recorded in 357/395 (90.4%) participants. Those
with pill counts >80% had lower SU and higher plasma oxypur-
inol and allopurinol concentrations compared with those with
pill counts <80% (table 1). Pill counts and allopurinol doses
were not different between those with plasma oxypurinol of
0 wmol/L, 0—-<20 pmol/L or >20 pmol/L (table 1). Of the 19
participants with undetectable plasma oxypurinol, 16 (84%)
had pill counts >80%. In the 357 participants with pill counts
>80%, plasma oxypurinol concentrations were significantly
higher in those with SU<6 mg/dL (0.36 mmol/L) compared
with those with SU >6 mg/dL ((mean (SD) oxypurinol 94.5
(43.2) pmol/L vs 67.2 (51.2) wmol/L; p<0.001)). In a multi-
variate logistic regression analysis including age and BMI,
plasma oxypurinol was a significant independent predictor of
achieving SU<6 mg/dL (0.36 mmol/L) (OR 1.14; 95% CI 1.08
to 1.20 per 10 wmol/L) (table 2). Pill counts were not a signifi-
cant independent predictor of SU<6 mg/dL (0.36 mmol/L) (OR
1.15 95% CI 0.94 to 1.3 per 10% increment pill count).

These data suggest that pill counts may not be a reliable
measure of adherence in clinical trials of ULT and that adding
drug concentration leads to more accurate assessment of adher-
ence. It is possible that those with low oxypurinol concentra-
tions were adherent but had increased oxypurinol clearance or
poor absorption.® The most likely explanation for undetectable
or low plasma oxypurinol concentrations is low adherence.
Importantly, pill counts and plasma oxypurinol provide infor-
mation about adherence over different time frames, for monthly
pill counts over the preceding month and for oxypurinol over
the preceding days to weeks.?

Our data suggest that plasma oxypurinol is an appropriate
measure of adherence in clinical trials of allopurinol and is
superior to pill counts. New clinical trials of ULT need to care-
fully consider the most appropriate measure of adherence and
how adherence should be reported.

Table 1 Comparison of participants with pill counts above and below 80% and at different oxypurinol concentrations
Pill counts Pill counts Oxypurinol=0 Oxypurinol Oxypurinol
<80% (n=38) >80% (n=357) p Value (n=19) >0 to <20 (n=13) >20 (n=363) p Value
Allopurinol dose, mg/day, mean (SD) 314.5 (103.3) 310.4 (74.9) 0.76 294.7 (91.1) 284.6 (55.5) 312.8 (77.9) 0.29
Serum urate mg/dL, mean (SD) 6.9 (1.5) 6.0 (1.3) 0.003 9.07 (2.0) 76(1.2) 6.0 (1.2) <0.001
Serum urate mmol/L mean (SD) 0.41 (0.09) 0.36 (0.08) 0.54 (0.11) 0.43 (0.07) 0.36 (0.07)
Serum urate <6 mg/dL (0.36 mmol/L), n (%) 11 (28.9) 187 (52.4) 0.006 0 1(7.7) 197 (54.3) <0.001
Plasma oxypurinol wmol/L, mean (SD) 64.8 (41.2) 81.5 (49.1) 0.04 0 (0) 9.2 (6.4) 86.6 (44.8) <0.001
Plasma oxypurinol mg/L, mean (SD) 9.9 (6.3) 12.4 (7.5)
Plasma allopurinol >0 pwmol/L, n (%) 9 (23.7) 162 (45.4) 0.010 0 (0) 1(7.7) 170 (46.8) <0.001
Plasma oxypurinol, n (%)
0 wmol/L 3(7.9) 16 (4.8) 0.49
>0-<20 pwmol/L 2(5.3) 1 (3.1)
>20 pmol/L 33 (86.8) 330 (92.4)
Pill counts %, mean (SD) 92.8 (15.3) 91.9 (12.3) 95.8 (14.2) 0.44
Diuretic use, n (%) 9 (23.7) 67 (18.8) 0.47 4(21.1) 0 (0.0) 72 (19.8) 0.49
Ann Rheum Dis February 2018 Vol 77 No 2 313


http://dx.doi.org/10.1136/ard.2005.051250
http://dx.doi.org/10.1002/art.22461
http://dx.doi.org/10.1093/rheumatology/keq243
http://dx.doi.org/10.1093/rheumatology/ker331
http://ard.bmj.com/
http://group.bmj.com

Downloaded from http://ard.bmj.com/ on January 29, 2018 - Published by group.bmj.com

Table 2 Factors associated with serum urate above and below target (6 mg/dL)

Urate <6 mg/dL (n=198) Urate >6 mg/dL (n=197) p Value
Age, years, mean (SD) 53.0 (10.6) 49.4 (11.4) 0.001
Male, n (%) 187 (94.4) 186 (94.4) 0.99
Tophi, n (%) 26 (13.1) 26 (13.2) 0.98
Diuretic use, n (%) 32 (16.2) 44 (22.3) 0.12
eGFR mL/min/1.73 m?, mean (SD), mean (SD) 78.5 (18.4) 80.1 (21.5) 0.42
BMI kg/m?, mean (SD) 34.1 (7.0) 36.7 (8.3) 0.001
Pill counts, %, mean (SD) 97.0 (13.2) 93.9 (15.0) 0.03
Plasma oxypurinol, pmol/L, mean (SD) 93. 3 (42.9) 66.5 (50.3) <0.001
Plasma oxypurinol, mg/L mean (SD) 14.3 (6.5) 10.1 (7.7)
Plasma allopurinol, wmol/L, mean (SD) 3.8(5.2) 2.1 (3.9) <0.001
Plasma allopurinol, mg/L, mean (SD) 0.5 (0.7) 0.3 (0.5)
Serum urate, mg/dL, mean (SD) 5.2 (0.6) 72 (1.2) <0.001
Serum urate, mmol/L, mean (SD) 0.31 (0.004) 0.43 (0.07)
Allopurinol dose, mg/day, mean (SD) 314.4 (69.5) 307.1 (85.7) 0.35
Multivariate analysis Adjusted OR (95% Cl) p Value
Age per decade 1.09 (0.90 to 1.34) 0.39
BMI 0.95 (0.02 to 0.98) 0.001
Plasma oxypurinol concentration per 10 wmol/L 1.14 (1.08 to 1.20) <0.001
Pill counts per 10% increment 1.10 (0.94 to 1.28) 0.21

The base model included age and BMI as independent predictors of achieving serum urate <6 mg/dL.

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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Eplerenone treatment alleviates the
development of joint lesions in a new rat
model of spontaneous metabolic-associated
osteoarthritis

Increasing epidemiological and clinical studies suggest that
metabolic syndrome (MetS) plays a role in the incidence and
progression of osteoarthritis (OA).! 2 However, in absence of an
appropriate MetS-associated OA experimental model,® the MetS
contribution to the joint phenotype in OA remains difficult to
investigate and the evaluation of potential disease-modifying
OA drugs (DMOADs) is complicated. Noteworthy, in contrast
to their lean SHHF*/* (spontaneously hypertensive heart failure)
controls, obese SHHF?®® rats, a well-characterised model of
MetS,* develop drastic metabolic, cardiovascular and renal alter-
ations that are substantially improved through an early chronic
mineralocorticoid receptor antagonism (MRA) treatment.’ Thus,

by comparing young (1.5 months) and aged (12.5 months) lean
SHHF™* and obese SHHF®*? rats, we sought to evaluate for
the first time the potential (1) contribution of MetS to joint alter-
ations and (2) therapeutic benefits derived from chronic MRA
treatment by eplerenone (figure 1A).

Rats with no MetS (‘"*SHHF*'* and "*’SHHF"'*) or with
barely developed MetS ('*SHHF®?)* displayed normal knee
articular phenotype (figure 1Ba,e,i,m and data not shown for
young rats). In striking contrast, "**SHHF®'? rats, affected
by culminating MetS conditions,® exhibited knee joints with
marked fibrillations from the surface to the middle layer of
the cartilage (figure 1B\c,g,k) and moderate to severe loss of
proteoglycans (figure 1Bg) and collagen II (figure 1Bk) through
the entire thickness of the cartilage. These alterations of the
1Z5SHHF'P knees were associated with pronounced osteo-
phyte formation (figure 1Bc,k) and with fibrosis, inflammation
and cellular infiltration of the synovial tissue (figure 1Bc,0).
Very interestingly, we could demonstrate that a preventive
11-month eplerenone treatment did not alter the normal knee
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Preventive 11-month treatment with mineralocorticoid receptor antagonist eplerenone alleviated the metabolic syndrome (MetS)-
associated joint lesions in SHHF model. (A) Experimental design of the study. Lean spontaneously hypertensive heart failure (SHHF*'*) and obese
SHHF®'®? rats were divided randomly into treatment groups. Untreated groups (n=4 for SHHF*"* and n=4 for SHHF®"*®) were given placebo and Eple
groups (n=4 for SHHF*"* and n=9 for SHHF?'®) were given 100 mg/kg/day of eplerenone (gift from Pfizer) in drinking water from 1.5 months to 12.5
months of age. Knee joints of 1.5-month-old and 12.5-month-old specimens of each group were collected for histological analysis. (B) Representative
H&E staining (a—d, m—p), toluidine blue staining (e-h) and collagen Il immunohistochemistry (i—I) sections of the knee joint of 1256 HHF,
125SHHF*Eple, "*>SHHFP'® and '>*SHHF®PEple rats. In panel k, the arrowheads demarcate osteophyte. In panel o, the arrows point to the
infiltration and the asterisks indicate area of fibrosis. Scale bar: 100 pm for magnification x4 (a—I) and 20 pm for magnification x20 (m—p). (C) Scores
for cartilage degradation, osteophyte formation and synovial membrane inflammation in "2>SHHF**, '23SHHF*"*Eple, "2 SHHF®'® and '>*SHHF®'
Eple rats were performed blindly by at least two independent investigators according to OARSI recommendations.® Values represent mean=SD. One-
way ANOVA with Bonferroni's correction was used for statistical analysis, **p<0.01, ***p<0.001, ****p<0.0001.
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phenotype of "*SHHF"* rats (figure 1Bb,f,j,n) but substan-
tially reduced the cartilage damages, osteophyte formation and
synovial inflammation observed in placebo '"**SHHF®? rats
(compare figure 1Bd,h,l,p with figure 1Bc,g,k,0, respectively).
These striking findings were further substantiated by cartilage
degeneration, osteophyte formation and synovial membrane
inflammation scores, measured according to the lastest
OARSI (Osteoarthritis Research Society International) recom-
mendations for histological assessments in rats® (figure 1C).
Altogether, this establishes that metabolic disorders in obese
SHHF?'? rats induce changes in the knee joint that are signifi-
cantly prevented on chronic treatment with MRA eplerenone.

Stratifying OA of various aetiologies to attain precision
medicine” is yet of limited interest as no efficient and specific
DMOAD is available for clinical use.® 7 In this regard, the
present pilot study sustains the proof of concept that preventive
and chronic MRA treatment with the well known safety profile
drug eplerenone may constitute a promising therapeutic strategy
effective for patients with MetS at increased risk of developing
knee OA, especially those with abdominal obesity we very
recently reported to be better responders to eplerenone.® Inter-
estingly, through the known beneficial impact of eplerenone on
cardiac’ and renal (unpublished data) conditions, plus the hereby
supported positive effect on the development of MetS-associ-
ated cartilage and synovial lesions, MRA could ease mobility of
this subfamily of patients with OA. If validated in clinic, such
improvement of their life quality might further participate to the
decrease of cardiovascular risks in patients with MetS by main-
taining physical activity.

In conclusion, we uncovered the SHHF®*? strain as a unique
spontaneous MetS-associated OA model in rat. Although the
bone phenotype remains to be characterised, our work highlights
the SHHF model as a novel and attractive instrumental tool to
evaluate new preventive and curative therapeutics. Actually,
using this model, we evidenced that preventive chronic MRA
could positively impede the development of OA-like lesions
in the articular and synovial tissues of individuals with MetS.
Current and future investigations in vitro, in SHHF models and
in patients cohorts will help decipher which and how systemic
and/or local modulations of MR-downstream pathways’ are
involved in this uncovered beneficial effect of eplerenone in
MetS-induced OA lesions.
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Ustekinumab inhibits Th1 and Th17 polarisation
in a patient with giant cell arteritis

Although glucocorticoids (GC) remain the corner stone of giant
cell arteritis (GCA) treatment, GC-sparing strategies are needed
because GC are responsible for side effects. Recent advances
in the pathophysiology of GCA showed that CD4+ T cells are
recruited in the arterial wall and polarised into Th1 and Th17
cells,”® the latter being sensitive to GC-mediated suppression,
whereas Th1 response persists in GC-treated patients,” which
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(A, B) flow cytometry analysis of the percentage of Treg
(CD4+CD25highFoxP3+) among total CD4+T cells before (A) and
after (B) treatment with ustekinumab. Dot plots show the CD25/
FoxP3 staining after gating on CD4+T lymphocytes.C, D:flow
cytometry analysis of the percentage of Th17 cells (CD3+CD4+IL-17+)
among total CD3+CD4+T cells before (C) and after (D) treatment
with ustekinumab. (E, F) flow cytometry analysis of the percentage
of Th1 cells (CD3+CD4+IFN-y+) among total CD3+CD4+T cells
before (E) and after (F) treatment with ustekinumab. (G, H) flow
cytometry analysis of the percentage of cytotoxic T lymphocytes
(CTL: CD3+CD8+perforin+granzymeB+) among total CD3+CD8+T
cells before (H) and after (H) treatment with ustekinumab. Dot plots
show the perforin/granzyme B staining after gating on CD3+CD8+T
lymphocytes.CTL, cytotoxic T lymphocyte; IFN, interferon; IL, interleukin.

triggers the recruitment of macrophages® and could be impli-
cated in the occurrence of relapses when GC are tapered. Inter-
leukin (IL)-12 and IL-23 are two cytokines involved in Thl
and Th17 polarisations, respectively.” These two cytokines
share a common subunit (p40), which allows ustekinumab, a
humanised anti-p40 monoclonal antibody, to target both IL-12
and IL-23 pathways, thus disrupting in theory Th1 and Th17
immune responses.® Recently, an open-label study reported on
the efficacy and safety of ustekinumab in 14 patients with refrac-
tory GCA” but data about T-cell polarisation were not available.

Three years after the biopsy-proven diagnosis of GCA, a
70-year-old patient started azathioprine (100 mg/day) because
of corticodependence. In July 2008, while azathioprine had
been stopped, a relapse occurred: weakness, aortitis and C
reactive protein (CRP) at 60 mg/L. Therefore, methotrexate
was started in association with prednisone. Eighteen months
later, the disease remained active (weakness, headache and
CRP at 20mg/L) despite 20 mg/week of methotrexate and
10 mg/day of prednisone. As tocilizumab was contraindicated
because of a past history of sigmoiditis, methotrexate was
stopped and ustekinumab was started (45 mg at week 0, week
4 and then every 12 weeks) in association with prednisone
(10 mg/day). After 4 months of treatment, prednisone was
decreased to 8 mg/day and the patient was free of GCA symp-
toms with a CRP level at 12 mg/L.

Blood samples were obtained before and after 16 weeks of
treatment with ustekinumab. Peripheral blood mononuclear cells
(PBMCs) were obtained by Ficoll gradient centrifugation and flow
cytometry analyses were performed. For intracellular staining
of cytokines, PBMCs were stimulated for 4hours with phor-
bol-12-myristate-23-acetate and ionomycin in the presence of
brefeldin. Data were acquired on an LSRII cytometer and analysed
with Flow]Jo software.

We observed that the proportion of both Th1 and Th17 cells
fell by 50% after three injections of ustekinumab (Th17: from
0.38% to 0.18% of total CD4+ cells; Thl: from 2.15% to
1.18% of total CD4+ cells). Consistently with the decrease in
Th1 cells, the percentage of circulating cytotoxic T lymphocytes
also fell from 32.3% to 11.4% of total CD3+CD8+ T cells. By
contrast, Treg increased from 0.47% to 2.54% of total CD4+ T
cells (figure 1).

Though our data came from only one patient, they are consis-
tent with the reported efficacy of ustekinumab in GCA.” Further-
more, they suggest that ustekinumab, by blocking both IL-12 and
IL-23 pathways, could inhibit Th1, Th17 and cytotoxic immune
responses and restore the quantitative deficiency of Treg, which
is described in GCA.? In terms of correction of T-cell homeo-
stasis, the effect of ustekinumab could be more complete than
that of tocilizumab, which is effective to treat GCA® by targeting
the Th17/Treg balance.” °
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Response to: ustekinumab inhibits Th1 and Th17
polarisation in a giant-cell arteritis patient by
Samson et al

We thank Samson et al for their interest in our article on usteki-
numab in giant-cell arteritis (GCA) and for their comments on
our study.! 2 Our initial pilot study reported promising results
with the use of ustekinumab in refractory GCA.'

GCA is associated with considerable disease-related and
treatment-related morbidity.” * While glucocorticoids remain
the cornerstone of treatment, the associated increased rates of
adverse events such as fractures, sepsis, hypertension and diabetes
mellitus are significant concerns to both physicians and patients.*
There is a critical unmet need for new treatment options in GCA
to minimise the cumulative glucocorticoid burden and thereby
reduce the frequency of adverse events.

A number of alternative agents have failed to demonstrate
significant efficacy in GCA.’ ® Recent studies of tocilizamab and
abatacept appear to show more promise but require confirma-
tion and may not sufficiently address the underlying pathogenic
mechanisms.” ® Our current knowledge of GCA pathogenesis
implicates dual T-lymphocyte pathways with Thl and Th17
cells both believed to be important for different aspects of the
disease.” Therapies targeting one of these pathways alone may
lead to symptomatic improvement but unchecked activity in the
other. This is of particular concern with agents targeting inter-
leukin (IL)-6, which may have little effect on the Th1 pathway
that is believed to be a key player in the ischaemic manifesta-
tions in GCA. Ustekinumab is a theoretically attractive treatment
option in this setting as it targets both IL-12 and IL-23, which
are key cytokines implicated in the Th1 and Th17 pathways,
respectively.”

Samson et al report a case of refractory GCA successfully treated
with ustekinumab, which adds to the data from our previous study."
Ustekinumab facilitated glucocorticoid tapering and an improve-
ment in C-reactive protein. Samson et al used a 45mg dose of
ustekinumab, following the weight-based dosing used in psoriatic
arthritis.” In our study, all patients were treated with an initial
90 mg dose, although some patients have subsequently successfully
reduced the dose to 45 mg when in remission. It is possible that the
90mg dose would have resulted in an even greater clinical improve-
ment in the patient reported by Samson et al.

Samson et al report encouraging data on the normalisation
of T-cell homeostasis in their patient with ustekinumab.? We
have recently reported preliminary data on the role of IL-23 in
stimulating inflammatory and proliferative pathwaysin ex vivo
models of GCA.'’ The early results from the translational work
being performed by our group and by Samson et al are sugges-
tive of important roles for IL-12 and IL-23 in GCA. These
promising preliminary findings require confirmation in more
extensive translational and clinical studies to support the
rationale for ustekinumab in the treatment of GCA.
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ANCA-associated vasculitis: mission incomplete

Over the last decades, introduction of high-dose corticosteroids
and immunosuppressive agents and later rituximab into the
current algorithms for remission induction and maintenance
treatment resulted in a tremendous improvement in the survival
of patients with antineutrophil cytoplasmic antibody (ANCA)-as-
sociated vasculitides (AAV). However, in the recent meta-analysis
of observational studies, Tan et al showed a 2.7-fold increased
risk of death in patients with AAV when compared with the
general population.' Notably, there was a trend towards lower
mortality in the most recent compared with the earlier cohorts.
In our own study in 242 patients with granulomatosis with
polyangiitis, we also found a significant decrease in mortality
in the recent years (2004-2012 vs 1970-2003; p=0.04) and a
shift towards a higher percentage of cardiovascular events and
complications of immunosuppression as the causes of death.’

The results of Tan et al’s meta-analysis are not surprising
and suggest that AAV, particularly if not promptly diagnosed
and treated, remains a life-threatening disease and requires
proper management. The pitfalls of the current treatment for
AAV are well known and include relatively frequent relapses,
especially in proteinase-3 (PR3) ANCA-positive patients (up to
50% within Syears), delayed diagnosis and late initiation of
treatment in a proportion of patients, high rate of end-stage
renal disease (ESRD), which did not change significantly in
the current era, unknown optimal duration of maintenance
therapy, burden of immunosuppression (eg, infections and
malignancy), and increased risk of cardiovascular and throm-
boembolic events, which may be related to persistent inflam-
mation and/or corticosteroid treatment.

How can we improve outcomes in patients with AAV?
Currently, rituximab seems to be the most promising agent
both for remission induction and maintenance treatment. In
the RAVE trial, rituximab appeared more effective than cyclo-
phosphamide for relapsing disease and for PR3-ANCA-positive
patients with AAV, while in the MAINRITSAN trial prolonged
maintenance treatment with low-dose rituximab resulted in a
significant reduction in the major relapses rate compared with
azathioprine.>™ A tailored approach to guide rituximab admin-
istration based on serial B lymphocyte and ANCA titre moni-
toring was studied in the MAINRITSAN 2 (NCT01731561)
trial, while the MAINRITSAN 3 (NCT02433522) study will
evaluate the need in the longer biological therapy to sustain
remission. These trials will advance the understanding of
optimal rituximab use for maintenance of remission in
patients with AAV. In general, rituximab is regarded as more
effective and safe option than cyclophosphamide. However,
its advantages over standard immunosuppressives should not
be overstated. In the RITUXVAS and RAVE trials, rituximab
was equivalent to cyclophosphamide for remission induction
of AAV among treatment-naive patients, while in the MAIN-
RITSAN trial the azathioprine dose was tapered starting at 12
months. The latter schedule of remission maintenance is not
well accepted, and 41% of the relapses in the azathioprine
group occurred after treatment cessation. Therefore, it can be
speculated that the difference in relapse rates between ritux-
imab and azathioprine groups would have been less significant
if higher doses of the latter were maintained throughout the
entire study. The RITAZAREM trial NCT01697267) will help
answer this question. Unlike cyclophosphamide, rituximab
does not induce infertility or haemorrhagic cystitis. However,
it can cause serious infections, late-onset neutropenia and

hypogammaglobulinaemia. Moreover, in the randomised
controlled trials retreatment with rituximab was not associ-
ated with a lower rate of adverse events compared with that
in the other arms.

In the future, we can expect that targeted agents will continue
to expand in the treatment arena. Avacopan (CCX168), an orally
administered, selective C5a receptor inhibitor (CCX168), has
recently completed phase 2 investigation in patients with AAV
in Europe (CLEAR, NCT01363388). In this randomised, place-
bo-controlled trial, avacopan was effective in replacing high-
dose corticosteroids in treating newly diagnosed or relapsing
vasculitis.® A randomised, double-blind, phase 3 ADVOCATE
(NCT02994927) study will evaluate the safety and efficacy
of avacopan as an alternative to prednisone in inducing and
sustaining remission in patients with AAV treated concomi-
tantly with rituximab or cyclophosphamide/azathioprine. Beli-
mumab, a monoclonal antibody directed against B cell activating
factor (BAFF), is currently being investigated in combination
with azathioprine for maintenance of remission in AAV in a
multicentre, randomised trial (BREVAS; NCT01663623). Beli-
mumab may be probably combined with rituximab, for example,
as a sequential therapy. Another ongoing multicentre, double-
blind, placebo-controlled phase 3 trial aims to evaluate abata-
cept, a fusion protein that blocks the costimulatory signal needed
for T cell activation, in relapsing non-severe AAV (ABROGATE;
NCT02108860).

Renal prognosis is still unfavourable in AAV, as up to
20%-25% of patients reach ESRD within a few years after diag-
nosis.” Adjunct plasma exchange is advocated for patients with
a serum creatine level of >500mmol/L due to rapidly progres-
sive glomerulonephritis in the setting of new or relapsing AAV.
It can also be considered for the treatment of severe diffuse
alveolar haemorrhage. Short-term results with plasma exchange
in patients with ANCA-associated glomerulonephritis were
encouraging, but the long-term benefits remain unclear.

Patients with AAV have an increased risk of cardiovascular
events that may be determined by highly prevalent traditional
risk factors, such as hypertension, dyslipidaemia and type 2
diabetes, vasculitis itself and/or atherogenic effects of corti-
costeroids. Therefore, in addition to vigorous risk factors,
modification of steroid-sparing strategies may confer protec-
tive effects against atherosclerotic cardiovascular disease.
However, a higher relapse rate may be a price we pay for
a lower dose or too rapid tapering of prednisone. Several
trials, that is, PEXIVAS, LoVAS and TAPIR, will add evidence
regarding the efficacy of different corticosteroid regimens for
remission induction and maintenance.

The recent EULAR/ERA-EDTA recommendations for the
management of AAV did not address the risk of venous throm-
boembolic events® that occur in up to 10% of patients within
the first few months after diagnosis or relapse of vasculitis.”
Risk/benefit ratio of anticoagulation in patients with AAV is not
established. Therefore, routine administration of oral anticoagu-
lants cannot be recommended. In a large cohort of patients with
AAV (n=377), we were unable to establish sufficiently strong
predictors of venous thromboembolic events, except a short time
after diagnosis, that would justify thromboprophylaxis with oral
anticoagulants. Thus, it is currently unknown how to use this
double-edged sword in real-life clinical practice.

In summary, observational studies have inherent limitations
in terms of their susceptibility to bias and confounding. Risk
of bias is particularly high in patients with AAV since they
constitute a heterogeneous group and have variable course and
response to treatment (eg, eosinophilic granulomatosis with
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polyangiitis (EGPA) vs granulomatosis with polyangiitis (GPA)
and microscopic polyangiitis (MPA), renal vs non-renal vascu-
litis, localised vs generalised GPA), not to mention the ongoing
discussion regarding classification of AAV (ANCA specificity
based or a nosological scheme, the possible need to revise
current definition for EGPA). However, observational studies
give an idea about the prevalence and prognosis of the disease
and reflect daily clinical practice more closely than randomised
controlled trials. Tan et al's meta-analysis suggests that there is
room for further improvement in management of patients with
AAV with the ultimate goal to reduce mortality and disability
while avoiding both undertreatment and overtreatment. There
is a need for longitudinal studies to evaluate mortality bene-
fits of modern therapies and trends in the leading causes of
death of patients with AAV. These data may facilitate deci-
sion making and support new preventive strategies.
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Response to: ‘Mortality in ANCA-associated
vasculitis: mission incomplete’ by Moiseev et al

We thank Professor Moiseev and colleagues for their comments
on our article." We acknowledge the limitations of including
observational studies in our meta-analysis. We also agree that
observational studies often suffer from confounding and selec-
tion biases, limiting the comparability between studies.? This was
also reflected by the relatively high between-studies heteroge-
neity score (I*=84.4%, 95%CI 72.6 to 96.3), which was not
unexpected. As such, we focused considerably on examining
the source of variability in results across the studies and not
just on the statistical combination of data from the meta-anal-
ysis. This would provide important insights into the biases and
confounding factors prevalent in observational studies. Further-
more, we have also demonstrated that it can generate questions
for hypothesis testing. When a meta-analysis of observational
studies is done well in accordance to recommendations,’ it has
some advantages over randomised controlled trials (RCTs) in
the reporting of risk factor associations and disease/treatment
outcomes in the community. We should mention that RCTs of
therapeutic interventions are designed to test efficacy and there-
fore are not designed to assess mortality as the primary outcome.
In this regard, longitudinal studies in a contemporary general
population setting might be better served in answering questions
about the mortality benefits of modern therapy in AAV patients.
We are confident that the ongoing clinical trials in patients with
ANCA associated vasculitis (AAV) will continue to examine and,
hopefully, improve long-term survival in these patients.
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Comment on CONCEPT by Reginster et al: are
the authors’ interpretations supported by the
data analysis?

I read with great interest the ChONdroitin versus CElecoxib
versus Placebo Trial (CONCEPT) by Reginster et al.' T would
like to raise some worthwhile issues that need to be clarified.

The authors concluded that 800 mg/day pharmaceutical-grade
chondroitin sulfate (CS) is similar to celecoxib in improving
pain and function after 6 months in patients with symptomatic
knee osteoarthritis (OA)."! However, the interpretation of simi-
larity between these two active treatments was not based on the
analysis of the data. Because, the authors did not assess whether
these treatments are similar by equivalence analysis. Rather, the
authors assessed the superiority between these two active treat-
ments by aiming to detect a difference in intention-to-treat (ITT)
populations—although the study might not be powered to be
able to detect differences between these two active treatments
(type 2 error), since sample size is calculated to show superiority
of CS over placeboj; and they failed to show a difference between
CS and celecoxib. According to the Consolidated Standards of
Reporting Trials 2010 statement on reporting of non-inferiority
and equivalence randomised trials, 'Failure to show a difference
does not mean they are equivalent. By contrast, equivalence
trials aim to determine whether one (typically new) interven-
tion is therapeutically similar to another (usually an existing)
treatment. A noninferiority trial seeks to determine whether a
new treatment is not worse than a reference treatment by more
than an acceptable amount', and similarity conclusion should be
drawn by the equivalence analysis.” In superiority analysis, ITT
analysis is widely recommended as the preferred primary analysis
strategy;’ * but in non-inferiority or equivalence analysis, ITT and
per protocol (PP) analysis have equal importance and for a robust
interpretation both of the analyses should be performed* based
on a prestated margin of non-inferiority (—A) or equivalence (—A
and +A).>* However, the authors did not perform PP analysis
and more importantly they did not define equivalence margin
(—A and +A); and without them, the interpretation/conclusion
of similarity is not possible to be drawn.

In CONCEPT, no missing values replacement was performed
for the analysis. This approach might be satisfactory with a small
amount of missing data,’ and a few missing outcomes will not
cause a problem.” However, in CONCEPT, the dropout rate
was higher (99/604=16.3%, 505 completers, at 6 months) than
expected in the sample size calculation (90/600=15%, 510
completers). Therefore, this approach ignoring missing data
reduced the statistical power by decreasing the sample size and
might lead to serious biases.” * In such cases with high missing
data due to dropout, sensitivity analyses using multiple imputa-
tion under various informative missingness scenarios are recom-
mended to preserve the statistical power.’ © In CONCEPT, that
recommended approach should have been conducted to mitigate
the potential biases associated with a relatively high dropout
rate.

In CONCEPT, more than one primary variable was used
but type 1 error was not controlled. The European Medicines
Agency (EMA) guideline on statistical principles for clinical trials
recommends that in studies that use multiple primary variables, a
method of controlling type 1 error should be performed because
of the potential for multiplicity problems; except when the aim
of the study is to show effects on all of the multiple primary
variables, the adjustment of the type 1 error is not needed.”

Since, in CONCEPT, the primary variables were interpreted
separately, particularly at 3 months where CS demonstrated a
statistically greater reduction in Lequesne Index but not in pain
than placebo, a method of controlling the false positive rate
(type 1 error) should have been performed, as recommended by
the EMA guidelines.”

For the studies of symptomatic response of symptom-modi-
fying drugs, a patient population with Kellgren-Lawrence (K-L)
grade =2 might be more appropriate, according to the Osteo-
arthritis Research Society International (OARSI) recommen-
dations;® ? and this patient population group constitutes the
study sample of the recent high-quality studies.!"® However,
the CONCEPT included K-L grades 2-3 and K-L grade 1. The
inclusion of K-L grade 1 is possible but induces heterogeneity in
the population. In the situation of heterogeneity, the sample size
should ideally be increased to permit stratified analyses of the
subpopulation.® However, in CONCEPT, the sample size was
not adjusted according to the radiographic grade to permit strat-
ified analyses and K-L grade 1 combined into K-L grades 2-3;
hence positive results for a responsive subpopulation might be
masked because of heterogeneity, as explained in OARSI recom-
mendations.® This important issue should be considered when
interpreting the results of CONCEPT.

The authors mentioned that a group of European academic
scientists and regulators suggest that at least a Smm differ-
ence on a 100 mm visual analogue scale (VAS) for pain inten-
sity between the active drug and placebo constitutes a clinically
relevant threshold for symptomatic slow-acting drugs for OA
(SYSADOAs)' ; and the authors noted that in CONCEPT, the
difference in reduction of pain intensity among CS and placebo
is 8.2mm after 6 months. Indeed, according to that guideline
the difference should be at least 5 mm, but it should be shown
at repeated time points to be able to consider a benefit of
SYSADOA over placebo as clinically relevant.'* In CONCEPT,
the difference in pain did not reach 5 mm after 1-3 months, and
no available data exist beyond 6 months; therefore on the basis
of CONCEPT data, it is not possible to consider benefits of CS
as clinically relevant.

In conclusion, I believe that the concerns raised above should
be taken into consideration when interpreting the authors’
results and conclusions. Also, I strongly believe that the interpre-
tation/conclusion of similarity between CS and celecoxib was not
supported by the data analysis.
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CONCEPT provides robust evidence that
chondroitin sulfate is superior to placebo
and similar to celecoxib in the symptomatic
management of osteoarthritis

We are very grateful to our distinguished colleague for his
constructive comments.! However it seems that some keypoints
of our study were grossly misunderstood.” As clearly stated, the
objective of the CONCEPT study was to confirm that chon-
droitin sulfate (CS) is superior to placebo (PLB) in the symptom-
atic treatment of osteoarthritis, with the addition of a Celebrex
(CLB) arm, as requested by the European Medicines Agency, to
provide an external validation and to better assess the relevance
of the difference in pain relief observed between the CS and PLB
arms. There was no intent to demonstrate a non-inferiority of CS
versus Celebrex. In such a case, a non-inferiority margin for the
comparison would be mentioned in the protocol, and the power
calculation would be substantially different. The use of the word
similar in describing Visual Analogue Scale (VAS) and Lequesne
scoring outcomes for CS compared with CLB is subsequently
fully appropriate and is consistent with the general meaning of
the word, which is devoid of any statistical connotation.

Interestingly, please note that 95% Cls were calculated for CS
versus CLB (clinical study report, data on file), and the lower
or upper boundaries of the CI are well within what would have
been considered as a conservative prestudy non-inferiority
margin, in case a non-inferiority trial was considered.

The differences in VAS pain reduction after 6 months between
CS and CLB are summarised in table 1.

The statistical analysis of the primary endpoints was carried
out using a linear mixed model with patient as random effect and
centre, treatment group, time point, interaction between treat-
ment groups and time points as categorical covariates.

We acknowledge that additional sensitivity analyses can be
considered. Such analyses were, actually, performed (data on
file), but did not show relevant differences. Therefore, for the
sake of concision, these supplementary data were not included
in the article. We also used an analysis of covariance (ANCOVA)
model using a baseline observation carried forward (BOCF)
method, in addition to an ANCOVA model using last observa-
tion carried forward (LOCF) and an ANCOVA model using a
combination of LOCF and BOCF methods to replace missing
values, taking into account the reason for early withdrawals and
eventually a multivariate ANCOVA including age, gender and
body mass index as additional covariates. Furthermore, all the
analyses were also conducted in the per-protocol population and
yielded identical results compared with those obtained in the
intention-to-treat population, published in our article.

Table 1 Differences in VAS pain reduction after 6 months between
CS and CLB

Model Difference 95%Cl

Linear mixed model 1.864 —2.933 t0 6.660
ANCOVA—BOCF -0.274 —-5.004 to 4.456
ANCOVA—LOCF 0.360 —4.202 t0 4.922
ANCOVA—BOCF+LOCF 0.064 —4.606 to 4.734
Multivariate ANCOVA -0.153 —4.849 to0 4.543

ANCOVA, analysis of covariance; BOCF, baseline observation carried forward; CLB,
Celebrex; CS, chondroitin sulfate; LOCF, last observation carried forward; VAS, Visual
Analogue Scale.

Table 2  Visual Analogue Scale pain reduction

Difference
Comparison mean (SE)* p Value
CS—placebo—day 30 0.331 (2.007) 0.869
Celebrex—placebo—day 30 2.831 (2.007) 0.159
CS—placebo—day 91 1.820 (2.299) 0.429
Celebrex—placebo—day 91 2.861 (2.293) 0.213
CS—placebo—day 182 8.192 (2.435) 0.001
Celebrex—placebo—day 182 6.328 (2.405) 0.009
* Estimated mean and SE from a mixed-model analysis.
CS, chondroitin sulfate.
Table 3 Lequesne Index reduction

Difference
Comparison mean (SE)* p Value
CS—placebo—day 30 0.125 (0.342) 0.714
Celebrex—placebo—day 30 0.686 (0.342) 0.045
CS—placebo—day 91 0.725 (0.370) 0.050
Celebrex—placebo—day 91 0.820 (0.369) 0.027
CS—placebo—day 182 0.963 (0.423) 0.023
Celebrex—placebo—day 182 1.022 (0.419) 0.015

*Estimated mean and SE from a mixed-model analysis.
CS, chondroitin sulfate.

The primary outcome measures for this study were the changes
in VAS pain and in Lequesne Index (LI) observed from day 1 to
day 182. As expected from the previous literature, both co-pri-
mary endpoints were significantly reduced by each treatment.
No adjustment of type 1 error was performed in accordance to
the study protocol, which requires the primary endpoint analysis
to be based on the demonstration of a difference between CS
and PLB reaching the level of statistical difference of p<0.05 for
both VAS pain and LI at day 182 only.

Patients with Kellgren-Lawrence (KL) scores from 1 to 4
(grades 2-3 corresponding to 75% of the study population)
were enrolled in the study, which is representative of the patient
population that will ultimately be treated with long-term CS.
Whether CS is more or less effective in one or another KL grade
is beyond the scope of the present trial.

Reduction in VAS pain scores for patients with both CS and
CLB was numerically higher compared with PLB as soon as
1month post-inclusion, reaching statistical significance after 6
months. Decrease in LI reached significance at 1, 3 and 6 months
for CLB versus PLB and at 3 and 6 months for the CS versus PLB
comparison, an observation which is consistent both for CLB (a
non-steroidal anti-inflammatory drug with a fast onset of action)
and for CS (a member of the class of slow-acting drugs in osteo-
arthritis). We provide here the detailed results of these compar-
isonsin tables 2 and 3.

We hope that these comments will contribute to a better
understanding of the role of pharmaceutical-grade CS as a back-
ground treatment of knee osteoarthritis.’
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