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What is the optimal target for a T2T
approach in axial spondyloarthritis?

Joachim Sieper

An international expert group had formu-
lated and recently updated a set of recom-
mendations for treatment targets (treat to
target—T2T) in axial spondyloarthritis
(axSpA)." According to these recommen-
dations, the treatment target should be
clinical remission/inactive disease defined
as the absence of clinical and laboratory
evidence of significant disease activity,
which is currently best defined by reaching
an Ankylosing Disease Activity Score
(ASDAS) <1.3, termed ASDAS inactive
disease.” In some mostly older studies,
information is only available for another
remission outcome, Assessment of Spon-
dyloarthritis International Society (ASAS)
partial remission.® Only if it is not possible
to achieve remission a low disease activity,
which is defined as ASDAS <2.1, can be
taken as an alternative target. Indeed, in
observational axSpA cohorts, patients
with an ASDAS <1.3 showed less spinal
radiographic progression compared with
patients with a higher ASDAS* ® and
patients treated with tumour necrosis
factor (TNF) blockers also showed less
radiographic progression if the ASDAS
was reduced to values <1.3.° In addition,
disease activity should be measured and
treatment should be adjusted frequently
(tight control) in order to reach an optimal
control of disease activity.

On this background, a clinical trial
investigating the concept of T2T in axSpA
(1) has to define a treatment target to be
reached, (2) has to define the frequency of
the control measurements (tight control),
(3) has to outline the treatment escalation
in case the target is not reached and, finally,
(4) an adequate control group has to be
selected. To a further extent, it is desir-
able to demonstrate short-term and also
long-term benefits of the T2T approach
including inhibition of structural damage
progression. Potential benefits should be
carefully weighed against potential risks,

Department of Gastroenterology, Infectious Diseases
and Rheumatology, Charité Universitatsmedizin Berlin,
Berlin, Germany

Correspondence to Professor Joachim Sieper,
Medical Department |, Rheumatology, Charite
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, Denis Poddubnyy

for example, risks associated with an
intensified treatment in the T2T arm.

The study on T2T in axSpA published
in this issue of the journal (TICOSPA)
was therefore urgently needed and the
results eagerly awaited for.” For the treat-
ment target, the authors chose low disease
activity (ASDAS<2.1). Currently, it is not
known if targeting low disease activity
(that implies no treatment escalation if the
ASDAS <2.1but still >1.3 is reached) has
disadvantages as compared with targeting
inactive disease (ASDAS<1.3). In the
opinion of the authors of this editorial,
this question has to be explored in future
trials using the T2T approach. The possi-
bility to achieve ASDAS inactive disease is
confirmed by data showing that in patients
with axial spondyloarthritis—covering
both patients with non-radiographic
axSpA and radiographic (r) axSpA, also
termed ankylosing spondylitis—who are
selected based on shorter disease dura-
tion and the presence of objective signs
of inflammation, such as an elevated C
reactive protein (CRP) or active bony
inflammation on MRI, inactive disease
(ASDAS<1.3) can be reached consistently
in between 45% and 50% of patients
treated with a TNF blocker.*™ Such a
proportion of good responders is clearly
lower in patients with axSpA not selected
for such variables,'”” as was done also
in the TICOSPA study. Indeed, ASDAS
inactive disease was reached in 26.4%
of patients in the T2T arm while 59.7%
reached ASDAS low disease activity.

Once remission is achieved, the next
step is to maintain this disease state.! In
a recent study, patients with axSpA with
a disease duration <5 years were treated
with the TNF blocker certolizumab pegol,
and in those patients reaching remis-
sion (ASDAS<1.3 at weeks 32/36 and
48), the possibility of tapering treatment
was investigated.'! Sustained low disease
activity throughout week 96, which was
chosen as the primary endpoint here, was
reached by 84% (87/104) versus 73.0%
(77/105) versus 19% (20/104) of patients
continuing the full dose of certolizumab,
versus half of the dose versus placebo,
respectively. The results were not very
much lower if analysed for ASDAS inactive

disease: 72% (75/104), 55% (58/105)
and 13% (14/104) of the second phase
randomised patients, respectively, arguing
that ASDAS inactive disease could also
have been chosen as a primary endpoint
without losing too many patients in such
a study.

Escalation steps are quite limited
in the treatment of axSpA and, as the
first pre-biologic step, are restricted to
non-steroidal anti-inflammatory drugs
(NSAIDs). This is different, for example,
to psoriatic arthritis. In another T2T
study, the Tight Control in Psoriatic
Arthritis (TICOPA) study, an escalation
with a conventional synthetic disease-
modifying anti-rheumatic drug (DMARD)
such as methotrexate and others was
possible and was used.'® The potential of
NSAIDs in the treatment as the first step is
often neglected in axSpA'* and the ASAS
NSAIDs intake index"’ was indeed rather
low in TICOSPA with a score between 30
and 40 at the time of enrolment and was
not further increased in the T2T arm up
to week 12, and went even further down
during the study year in both arms. A ques-
tion whether a combination of NSAID
with a TNF-blocking agent is better than
a TNF-blocking agent alone still awaits an
answer in a prospective trial.

In a previous study comparing inflix-
imab plus naproxen versus naproxen
alone in early axSpA, we could show
that ASDAS inactive disease was reached
by 19.6% (and ASAS partial remission in
35.3%) of patients treated with naproxen
alone and in 51.4% of patients treated
with a combination of naproxen plus
infliximab.” Unfortunately, in this study
an infliximab alone arm was not included.
Thus, although NSAIDs and infliximab
treatment both proved to be quite effec-
tive in this study, it remained unclear
whether a combination therapy of a TNF
blocker plus NSAID is better than TNF-
blocker therapy alone. Some information
on this question will become available
rather soon: in a currently ongoing study
(CONSUL) in patients with AS, good
responders to TNF-blocker treatment
(golimumab) in the first 3 months are
then randomised for 2 years for a treat-
ment with the TNF blocker alone or TNF
blocker plus celecoxib 400 mg per day.'®
Although the primary endpoint in this
study will be radiographic progression,
we will also get important information on
whether a combination of TNF blocker
with NSAIDs, compared with TNF blocker
alone, has an effect on disease activity.

The first escalation step after NSAIDs
treatment would be TNF blockers and
it has also become possible in the last
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Sieper J, Poddubnyy D. Ann Rheum Dis November 2021 Vol 80 No 11

eular ¢


http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0003-0285-9890
http://orcid.org/0000-0002-4537-6015
http://ard.bmj.com/

years to further switch to an interleukin
(IL)—17 inhibitor'” or even to start with
an IL-17 inhibitor just after NSAIDs.
In TICOSPA, only two patients were
treated with the IL-17 inhibitor secuk-
inumab after anti-TNF failure; thus,
further studies are needed to address
the optimal strategy after failure of the
first-line DMARD. Most recently, the
first Janus kinase (JAK) inhibitor upad-
acitinib (a JAK-1 inhibitor) has been
approved for the indication of anky-
losing spondylitis'® and another trial
with this drug is ongoing for nr-axSpA,
which will enlarge the treatment arma-
mentarium for axSpA further. However,
although in the current ASAS/EULAR
treatment recommendations it is
suggested to start with a TNF blocker
as the first biologic'’—only because
we have much longer experience with
this class of drug not because they are
more effective—we do not have data
helping us to decide with which biologic
or targeted synthetic DMARD to start
and whether specific patients would be
better candidates for one or the other
DMARD. Similarly, we do not know the
optimal sequence of switching between
the biologic and whether a combination
of biologics (or a biologic and a targeted
synthetic DMARD) might be an option
in patients who have failed one or two
biologics."”” Furthermore, it has to be
further explored if drugs with a direct
inhibitory effect on CRP production
(that could be the case for JAK inhib-
itors’ mediated IL-6 inhibition) might
be associated with a higher probability
of ASDAS inactive disease/low disease
activity achievement just because of
CRP effect and not because of clinical
efficacy. For an optimal T2T design,
such information would be mandatory.

A normal treatment control group for a
T2T study would be standard care, which
was also the case in the current TICOSPA
study. However, the European centres
selected for the current study were—for
both the T2T arm and for the standard
care arm—interested or even specialised
in SpA making it likely that the treating
(standard care) physicians followed the
ASAS/EULAR recommendations for the
treatment of axSpA'” which are similar to
the one applied in the T2T arm. Further-
more, patients and investigators were not
blinded for the treatment arms, which
might have induced a larger placebo
response in the T2T arm.

However, as an advantage, such a study
design permits to apply the results imme-
diately to daily clinical practice because
every physician can use such a T2T

approach for their patients. The results in
the T2T arm were indeed numerically (not
reaching statistical significance) better for
many variables suggesting that using a
pre-specified strategy based on treatment
intensification until achieving a target,
in this case an ASDAS of <2.1, might be
superior to standard care. For example, an
improvement of the ASAS health index* by
30% (the primary endpoint) was reached
by 47.3% in the T2T arm versus 36.1% in
the control arm and low disease activity
was reached in 59.7% versus 50.8%,
respectively. The results would have even
been probably more in favour of the T2T
arm if rheumatologists not specialised
in SpA had been selected for the study.
Interestingly, also a cost-utility analysis
favoured the T2T arm. In the TICOSPA
study, the overall number of adverse
events was with 33 versus 22 higher in the
T2T arm as compared with the usual care
arm, mostly driven by allergic reactions,
a result which this should be part of the
risk-benefit assessment.

The results of the TICOSPA study might
even be of more relevance with regard
to the axSpA treatment recommenda-
tions by ACR/SAA/SPARTAN*' because
disease activity scores are not part of these
recommendations and active disease is
defined by the severity of patient’s symp-
toms without further specification, thus
being more similar to the control arm in
TICOSPA.

However, if a T2T study in axSpA
wants to address the questions whether
remission can be reached, how remission
can be reached and whether reaching
remission (and maintaining remission)
by a T2T approach is superior to usual
care, and to achievement of low disease
activity instead of remission, on the long
term, a prospective interventional study
(rather studies, since it would not be
possible to address all questions in just
one study) would be necessary. Espe-
cially for the treatment escalation step
after NSAIDs failure, more informa-
tion should be available from (yet to be
planned) trials about the selection of the
first biologic according to the patients’
characteristics, about the switch of
biologics and about the potential of
combinations of drugs. At the moment,
we only have very limited information
about specific treatments on the group
level and even this only by indirect
comparisons.
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Clemens von Pirquet

Clemens Scheinecker @ ,' Dietrich Kraft?

Clemens Peter Freiherr von Pirquet, a great
physician-scientist who described serum sick-
ness and opened the field of allergy, was born in
Hirschstetten near Vienna on 12 May 1874 into a
distinguished family of the old Austrian-Hungarian
empire (see figure 1). His father Peter Zeno von
Pirquet held important positions in the Austrian
parliament. His mother belonged to an assimi-
lated Jewish banking family. After his school years
in Vienna, Clemens, started theological studies
on request of his mother, first at the University of
Innsbruck and later at the Philosophical Faculty at
the University of Leuven in Belgium. After having
finished his theological studies with a master
degree, he began to study medicine in Vienna and
subsequently in Konigsberg and Graz where he
received his MD degree in 1900. After a military
service, he started his training in paediatrics at the
Charité in Berlin where he also met his future wife
Maria Christina van Husen. In 1901, they returned
to Vienna where he became junior doctor at the St.
Anna Children’s Hospital led by Theodor Escherich
(1857-1911), who discovered the Escherichia coli
bacteria. At the same time he worked with Rudolf
Kraus, the first scientist to demonstrate precipi-
tation of antibody and antigen at the Institute for
Serotherapy at Vienna University.

Between 1903 and 1910, Pirquet made his most
important, pioneering contributions investigating
host reactions to foreign substances and thereby
providing much of the foundation for today’s
modern immunology.

In 1905, he published the first fundamental
analysis of the ‘serum sickness’.! At that time, the
established treatment of diphtheria infection was
the application of an antiserum obtained from
horses that had been immunised with diphtheria
toxin. This therapy was protective against and was
able to cure the disease but was also afflicted with
side effects. Schick and von Pirquet recognised that
non-human proteins contained in the antiserum
can be mistaken by the immune system as harmful
antigens. This leads to the production of antibodies
that form immune complexes with these proteins
and cause a disease of its own, later in 1963 classi-
fied as immune complex hypersensitivity (type III)
reaction by Gell and Coombs.>

Pirquet and Schick described, in great detail, the
course of symptoms that usually occurred around
14 days after exposure to the horse antitoxin and
included fever, as high as 40°C, arthralgia/arthritis,
urticaria-like skin manifestations, other rashes,
lymphadenopathy, splenomegaly, leucopenia and
hypotension. They suggested correctly that the
symptoms are a consequence of the host response
to a foreign substance rather than a direct conse-
quence of the biologic agent or toxin itself.

By 1910, a more complete understanding of
immunologic mechanisms was detailed by von
Pirquet in his monograph "Allergie", a term that he
coined, along with ‘allergen’, which he defined as
an inciting agent or substance.” He proposed that
the immune system can respond to an antigen (or
allergen) in two different ways. One which induces
immunity and protection and another one which
causes an altered reactivity or sensitisation against
the antigen. Pirquet showed how antigen and anti-
body, in the latter way, together form immune
complexes which he postulated bind to a ‘toxic
physiologic product’, today’s complement. He
even described the fell of serum complement titers
during this reaction. Thus, with his studies he not
only deciphered the pathophysiological mecha-
nisms of serum sickness but at the same time his
findings also explain diseases such as hay fever,
anaphylaxis, asthma and immune complex-driven
autoimmune diseases, most prominent among them
are systemic lupus erythematodes and antineutro-
phil cytoplasmatic antibody (ANCA)-associated
vasculitis. Even today’s modern therapies some-
times are affected with side effects that relate to the
immunological principles of serum sickness. This
is the case for compounds that have been chemi-
cally modified with polyethylen glycol (PEG). For
example, treatment with pegloticase, a recombinant
PEGylated uricase approved for adults with refrac-
tory chronic gout, is associated with serious infu-
sion reactions due to the development of high titers
of antipegloticase antibodies.* Also, biological ther-
apies, for example, with the anti-tumour necrosis
factor (TNF) inhibitor infliximab, can cause serum
sickness-like reactions.’

In 1907, Pirquet developed the simple and safe
tuberculin skin test, also known as Pirquet reac-
tion, for the (early) diagnosis of tuberculosis,
at that time one of the most prevalent diseases,
accounting for approximately 20% of deaths seen
in the first and 40% of deaths in the second year
of life among Viennese children. Moreover, by
careful comparison of the results of the tuberculin
test in children admitted to the paediatric depart-
ment and groups of healthy children, he developed
the concept of ‘latent tuberculosis” which we still
use today.®

For his achievements, he was nominated five
times for the Nobel prize which he never received.

After his postdoctoral qualification in 1908 on
the subject of vaccination,” (figure 2) he accepted
an appointment as professor of paediatrics at the
Johns-Hopkins University in Baltimore where he
stayed for only 1year because his income from his
paediatric practice was too scarce. He then became
head of the paediatrics department in Breslau in
1910. When Escherich died unexpectedly in 1911,
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Figure 1 Photograph of Clemens von Pirquet.

Pirquet succeeded his mentor as Professor and Chair of Pediat-
rics at Vienna University.

After the years of world war I, Pirquet’s scientific work, prob-
ably fueled by the precarious nutritional condition of children

AUS DER K. K. UNIVERSITATS-KINDERKLINIK [
IN WIEN. |
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KLINISCHE STUDIEN |
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Verlage-Nr. 1800,

Figure 2 Pirquets postdoctoral thesis on the subject of vaccination
which he strongly supported.

at that time, concentrated on studies of nutrition and anthro-
pometrics. Pirquet also headed the League of Nations Child
Welfare Committee and founded the Austrian Society for
National Hygiene.®

Besides, he was among the first scientists to found an educa-
tional department so study and treat children with organic brain
damage and behavioural disorders.

In the 1920s Clemens von Pirquet was so famous to be nomi-
nated as presidential candidate of the young first republic of
Austria, which he regarded as a dream rather than a serious
possibility.

In 1927, at the peak of his career, he looked back on his
former conclusions and stated:

“When after many years I look back on my earlier work, I am
happy to state that none of the conclusions which I then labeled
as positive and reliable were false. The term serum sickness and
the concepts of allergy and antigen-antibody reaction have been
generally accepted. The vast literature on those subjects which
have since been published does not nullify the postulates and
observations I made at that time. The finding of most practical
importance, the cutaneous tuberculin test, is used by pediatri-
cians all over the world with the same interpretations I devised
years ago; and the diphtheria test discovered by my coworker,
Bela Schick, has become a common tool of the medical profes-
sion. Both tests have rendered fundamental service in the under-
standing of tuberculosis and diphtheria’.’

In contrast to his professional success it seems that he was
not blessed with a happy private life. His wife was never fully
accepted by his family and suffered from a mental disorder and
drug dependency. On 28 February 1929, Clemens von Pirquet,
together with his wife, committed suicide for unknown reasons.
His unstable financial situation, his relationship with his wife,
family issues or his personal instability or desperation have been
mentioned as potential motives.® His long-standing rival and

Figure 3  Statue of Clemens von Pirquet in front to the present
Children’s Department of the General Hospital of Vienna.
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Figure 4  Former Children’s Department of the General Hospital of
Vienna.

successor Franz Hamburger, who was an ardent nationalist and
later member of the Austrian Nationalsocialist Party, tragically
abolished many of the concepts introduced by Pirquet, partic-
ularly everything to do with allergies and nutrition schemes.™

A statue of Clemens von Pirquet today stands in front of
the present Children’s Department of the General Hospital of
Vienna (see figure 3).

The original Pirquet clinic with the famous lecture theatre
survived until now in practically intact condition (see figure 4).
Sadly, at present, there are plans to destroy the building because
of expansion plans of the medical university. This would be a
great misfortune since that building was the site of so many
scientific discoveries. Its history argues for its preservation as a
landmark in the advance of modern medicine.

Heroes and pillars of rheumatology

In summary, Pirquet truly is one of the heroes and pillars of
modern immunology and allergology due to his achievements
as a highly innovative clinical and basic researcher, teacher and
mentor for children’s welfare.

Contributors Both authors have designed and written the manuscript.

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

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.
Provenance and peer review Commissioned; externally peer reviewed.

ORCID iD
Clemens Scheinecker http://orcid.org/0000-0002-1828-2988

REFERENCES

Pirquet C, Schick B. Die Serumkrankhetit. Leipzig u Wien, 1905.

Gell P, Coombs R. Clinical aspects of immunology. Oxford: Blackwell, 1963.
Pirquet C. Allergie. Muenchner Med Wochenschrift 1906;53:1457-8.

Lipsky PE, Calabrese LH, Kavanaugh A, et al. Pegloticase immunogenicity: the
relationship between efficacy and antibody development in patients treated for
refractory chronic gout. Arthritis Res Ther 2014;16:R60.

5 Vermeire S, Van Assche G, Rutgeerts P. Serum sickness, encephalitis and other
complications of anti-cytokine therapy. Best Pract Res Clin Gastroenterol
2009;23:101-12.

6 Pirquet C. Frequency of tuberculosis in childhood. JAMA 1909;52:675-8.

7 Pirquet C. Klinische Studlien (iber Vakzination und vakzinale Allergie. Franz Deuticke-
Leipzig und Wien, 1907.

8 Shulman ST. Clemens von Pirquet: a remarkable life and career. J Pediatric Infect Dis
Soc 2016;52:piw063.

9 Wagner R. Clemens von Pirquet: his life and work. Baltimore, MD: Johns Hopkins
Press, 1968.

10 Breiteneder H, Hendler P-N, Kraft D. Legends of allergy and immunology: Clemens von
Pirquet. Allergy 2020;75:1276-7.

B w N —

1372 Scheinecker C, Kraft D. Ann Rheum Dis 2021,80:1370—1372. doi:10.1136/annrheumdis-2021-220122


http://orcid.org/0000-0002-1828-2988
http://dx.doi.org/10.1186/ar4497
http://dx.doi.org/10.1016/j.bpg.2008.12.005
http://dx.doi.org/10.1093/jpids/piw063
http://dx.doi.org/10.1093/jpids/piw063
http://dx.doi.org/10.1111/all.14115
http://ard.bmj.com/

Ultrasound definition of enthesitis in spondyloarthritis
and psoriatic arthritis: arrival or starting point?

Handling editor Josef S
Smolen

Rheumatology Unit, Department
of Clinical and Molecular
Sciences, "Carlo Urbani”
Hospital, Polytechnic University
of Marche, Jesi, Italy

Correspondence to

Dr Emilio Filippucdi,
Rheumatology Unit, Polytechnic
University of Marche -
Department of Clinical and
Molecular Sciences, "Carlo
Urbani" Hospital, 60035 Jesi,
Ancona, ltaly;
emilio_filippucci@yahoo.it

Received 31 March 2021
Accepted 11 June 2021
Published Online First
25 June 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. No
commercial re-use. See rights
and permissions. Published
by BM.

To cite: Filippucci E,
Smerilli G, Di Matteo A,
et al. Ann Rheum Dis
2021;80:1373-1375.

Emilio Filippucci @, Gianluca Smerilli

ABSTRACT

Enthesitis has a key role in the diagnosis, classification
and management of patients with spondyloarthritis
and psoriatic arthritis. Clinical assessment of enthesitis
is known to be inaccurate mainly due to its poor
specificity. In this context, ultrasound has the potential
to improve the evaluation of enthesitis and, therefore,
the management of patients with spondyloarthritis
and psoriatic arthritis. In this viewpoint, we review

the Outcome Measures in Rheumatology (OMERACT)
definitions for ultrasound enthesitis, highlighting their
current limits and potential implications on rheumatology
research and clinical practice.

INTRODUCTION

Ensuring standardisation in medical research is a
challenging and virtually endless process, which
requires the active contribution of the experts in the
field who reach an agreement on how to assess a
pathological condition and guarantee its updating.

Enthesitis has a key role in the diagnosis, classi-
fication and management of patients with spondy-
loarthritis (SpA) and psoriatic arthritis (PsA).'

Clinical assessment of enthesitis is known to be
inaccurate mainly due to its poor specificity (eg, pain
due to fibromyalgia). In this context, ultrasound
(US) may improve the assessment of enthesitis,
and, therefore, the diagnosis and management of
patients with SpA and PsA.

In this viewpoint, we review the Outcome
Measures in Rheumatology (OMERACT) defini-
tions for US enthesitis, highlighting their current
limitis and potential implications on rheumatology
research and clinical practice.

TIMELINE OF US ENTHESITIS

In the last 15 years, the OMERACT US Task Force
has taken considerable effort to improve the stan-
dardisation of US assessment of entheseal involve-
ment in patients with SpA and PsA*® and several
goals were achieved.

The first milestone dates back to 2005 with the
publication of the preliminary definition for US
enthesopathy, which included all the main abnor-
malities detectable by US and laid the foundations
for further international research.’

In 2011, a systematic literature review under-
taken by the OMERACT group showed the lack of
consensus on US examination (ie, scanning methods
to use and number of entheses to assess), and the
need to determine an US definition of enthesitis.*

In 2014, Terslev et al reached an agreement on the
individual elementary lesions to include in the defi-
nition of US enthesitis.’ Six elementary components
of US enthesitis were identified, re-defined and

, Andrea Di Matteo

, Walter Grassi

divided in US findings indicative of ‘active’ enthe-
seal inflammation (hypoechogenicity, thickening
and power Doppler signal) or ‘structural damage’
(bone erosions, enthesophytes and calcifications).

A few years later, in 2018, the following final
US definition of enthesitis in SpA and PsA was
proposed by the OMERACT group: ‘hypoechoic
and/or thickened insertion of the tendon close to
the bone (within 2 mm from the bony cortex),
which exhibits Doppler signal if active and which
may show erosions and enthesophytes/calcifications
as a sign of structural damage’.®

OMERACT DEFINITIONS OF US ENTHESITIS:
RECENT DATA ON CONTROLS

In the last 2 years, three studies obtained data at
the large entheses of healthy subjects using the 2014
OMERACT US definitions developed by Terslev ez
al.’> The results of these three studies converged in
detecting a remarkably high prevalence of patholog-
ical findings at subject level, being entheseal thick-
ening and enthesophytes the most frequent, and
Doppler signal and bone erosions those with the
lowest prevalence. Guldberg-Maoller et al found an
US elementary lesion in at least one enthesis in 47
(73.4%) out of the 64 studied subjects,” Bakirci et
al detected entheseal thickening and enthesophytes,
respectively, in 69 (86.3%) and 70 (87.5%) out of
the 80 participants® and Di Matteo et al found the
prevalence of entheseal thickening significantly
higher than the one of hypoechogenicity both at
subject and at entheseal level.” Finally, in a recent
study by Falsetti et al, conducted in a cohort of
50 dysmetabolic patients, entheseal thickening
and hypoechogenicity were found in at least one
enthesis in more than two-thirds of the patients.'’
Conversely, the number of entheses with positive
Doppler signal was low in all these studies, namely,
4 (1.25%) out of 320 entheses in Guldberg-Moller
et al’s study, 11 (1.15%) out of 960 entheses in the
Bakirci et al’s study, 11 (1.34%) out of 820 entheses
in Di Matteo et al’s study, and 6 (1%) out of 600
entheses in the Falsetti et al’s study.

The high prevalence of US enthesitis in healthy
subjects questions the diagnostic accuracy and
discriminant power of the OMERACT US defini-
tions of ‘active’ inflammation at the enthesis. More-
over, taking literally the 2018 OMERACT US Task
Force definition of enthesitis may entail a number
of potential misinterpretations.

First, either hypoechogenicity or thickening
is necessary and sufficient to detect enthesitis. As
such, this would lead to a dramatic overestimation
of the prevalence US enthesitis (figure 1A).

Second, even though included among the
‘inflammatory findings’, Doppler signal is somehow
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Figure 1 (A) Metabolic syndrome: longitudinal scan of patellar
tendon at its distal insertion into the anterior tibial tuberosity. Note
the presence of hypoechoic areas (asterisks), entheseal thickening
(arrowheads) together with an enthesophyte (arrow). (B) Psoriatic
arthritis: while no B-mode signs of enthesitis are detectable, the image
shows evidence of intense power Doppler signal at the entheseal area.
att, anterior tibial tuberosity; pt, patellar tendon.

weighted differently. In fact, only Doppler mode can assess
whether an enthesitis is active or not, but the presence of
Doppler signal without B-mode findings is apparently not suffi-
cient to define enthesitis.

The third and last unclear aspect regards the structural
damage, which appears to be exclusively a bone-related matter;
in fact, calcifications (the only finding accepted among the struc-
tural components related to the tendon side of the enthesis) were
merged with the enthesophytes. Indeed, tendon damage within 2
mm from the cortical bone insertion does not have an US equiv-
alent in this definition.

OPEN ISSUES AND POSSIBLE SOLUTIONS

Recent data on controls and a literal interpretation of the 2018
OMERACT US definition of enthesitis prompt out the following
considerations.

First, the high prevalence of the B-mode findings defining
enthesitis (ie, entheseal thickening and hypoechogenicity) in
healthy subjects undermines their specificity and raises the
need for refining the 2018 OMERACT definition. This could
be obtained by adding quantitative measures (ie, cut-off values
for entheseal thickening and Doppler score higher than 1).
The Glasgow Ultrasound Enthesitis Scoring System (GUESS)
and MAdrid Sonographic Enthesitis Index (MASEI), the most
widely used scores for US enthesitis, have introduced cut-offs
for measuring entheseal thickening.!' > However, the known
variability of tendons and ligaments thickness among individuals
is a potential limitation to the systematic application of these
cut-offs. Therefore, further investigations are needed to iden-
tify potential ‘confounders’ of entheseal thickening (eg, age, sex,
body mass index and physical activities) and adjust cut-off values
accordingly. A possible alternative could be the combinations of
qualitative findings forming patterns of entheseal involvement
distinctive of SpA/PsA; whether a combination of hypoecho-
genicity or thickening and Doppler improves the accuracy of
a correct diagnosis in comparison to Doppler alone will be a
matter of further research.

Figure 2 Psoriatic arthritis. Longitudinal scan of Achilles (A and B)
and extensor finger (C and D) entheseal insertions, in B-mode and
power Doppler ultrasound. (A and B) Achilles enthesitis. The dashed
line represents 2-mm distance around the bony surface of the enthesis
that considers the pathological presence of the enthesophyte (arrow).
The solid line represents the border of the enthesis area without the
enthesophyte. (C and D) Finger extensor enthesitis at the base of the
middle phalanx (mp). The dashed line represents 2-mm distance around
the bony surface of the enthesis. At, Achilles tendon; ¢, calcaneal bone;
pp, proximal phalanx.

Second, Doppler signal has shown the highest specificity
among the entheseal US inflammatory findings as well as a high
sensitivity in detecting even a small amount of abnormal blood
flow. Thus, the presence of Doppler signal alone (ie, without
hypoechoic areas or entheseal thickening) should also be
regarded as sufficient to define enthesitis, and not only to state
its ‘activity’ (figure 1B). Indeed, this would arguably improve
the diagnostic potential of US in patients with suspected SpA/
PsA, especially in the early phases of enthesitis or when the clin-
ical examination of the entheses is not conclusive. Moreover,
focusing the research of Doppler findings only at entheseal
level may lead to discarding the precious information, because
Doppler signal can also be detected outside the 2-mm area in
patients with SpA."*™ Thus, in the presence of Doppler signal
close to tendon-to-bone (or ligament-to-bone) insertion, also
Doppler signal at tendon, ligament and/or bursal level should be
considered an expression of active enthesitis. Moreover, enthe-
sophytes disrupt the tendon-to-bone insertion line and focally
move it proximally. This aspect may affect inter-observer reli-
ability in the identification of the "entheseal area of interest", and
requires a clear statement to avoid individual interpretations. We
believe that together with the bony edge also the area where
to detect specific abnormalities due to enthesitis should move
proximally, and Doppler signal should be measured accordingly
(figure 2A,B).

However, Doppler signal can be observed also after intense
physical activity, or in patients with tendinous tears (‘reparative
Doppler’).'* 17 Therefore, these possible predisposing condi-
tions should always be investigated in the presence of Doppler
signal at the enthesis; such finding should prompt a thorough
US examination of the entire enthesis and tendon to rule out
possible concomitant tears.

Third, hypoechoic areas and entheseal thickening have been
frequently found in association with US findings of structural
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damage, such as calcifications and enthesophytes.” This suggests
that hypoechoic areas and entheseal thickening do not neces-
sarily reflect only inflammation, but they may also be the expres-
sion of a reparative process at the tendon side of the enthesis.
Indeed, it is known that these two mechanisms (ie, inflamma-
tion and degeneration) are not mutually exclusive, but might
contribute together to the pathogenesis of tendinopathies/enthe-
sopathies."®

NEW TECHNOLOGY AND SMALL ENTHESES

Finally, we must take note that the recent availability of very high
frequency probes (ie, up to 24 MHz) allowed the assessment of
small entheses of the hands (ie, insertions of finger extensor and
flexor tendons, and pulleys), which have been demonstrated to
be potential important targets of SpA (figure 2C,D).2%*

Such entheses might provide the opportunity to investigate
sites expected to be less frequently exposed to the effect of
concomitant metabolic syndrome and/or biomechanical forces
in runners.

However, since the work of the OMERACT group referred
on experience and data acquired in large entheses, whether the
US findings and methods described and validated by that work
can be applied sic et simpliciter to assess small entheses remains
an open question.

CONCLUSIONS
In conclusion, we believe that the 2018 OMERACT definition
of enthesitis represents the achievement of an important goal. In
fact, it is the result of a standardised stepwise validation proce-
dure, which led a large group of international experts to agree on
how to define enthesitis by US. Research agenda should include
an update and review process of this definition, also in light of
recently published scientific evidence, mainly acquired in healthy
subjects, that questioned its diagnostic accuracy and potential
clinical impact. Such update should also clarify those aspects that
may generate misinterpretation of US findings of enthesitis, thus
affecting inter-observer reliability. This represents a prerequisite
for conducting multicentre studies.

Finally, further research is required to test the potential value
of the OMERACT definition at small entheses level.
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ABSTRACT

Objectives There are no head-to-head trials of different
dose escalation strategies of methotrexate (MTX) in

RA. We compared the efficacy, safety and tolerability of
‘usual’ (5 mg every 4 weeks) versus ‘fast’ (5 mg every 2
weeks) escalation of oral MTX.

Methods This multicentre, open-label (assessor
blinded) RCT included patients 18-55 years of age
having active RA with disease duration <5 years, and not
on DMARDs. Patients were randomized 1:1 into usual
or fast escalation groups, both groups starting MTX at
15 mg/week till a maximum of 25 mg/week. Primary
outcome was EULAR good response at 16 weeks,
secondary outcomes were ADAS28 and adverse effects
(AE). Analyses were intention-to-treat.

Results 178 patients with mean DAS28-CRP of
5.4(1.1) were randomized to usual (n=89) or fast
escalation groups (n=89). At 16 weeks, there was no
difference in good EULAR response in the usual (28.1%)
or fast escalation (22.5%) groups (p=0.8). There was

no difference in mean ADAS28-CRP at 8 weeks (-0.9,
-0.8, p=0.72) or 16 weeks (-1.3, -1.3, p=0.98). Even

at 24 weeks (extended follow-up), responses were
similar. There were no inter-group differences in AHAQ,
or MTX-polyglutamates 1-3 levels at 8 or 16 weeks.
Gastrointestinal AE were higher in the fast escalation
group over initial 8 weeks (27%, 40%, p=0.048),

but not over 16 weeks. There was no difference in
cytopenias, transaminitis, or drug discontinuation/dose
reduction between the groups. No serious AE were seen.
Conclusion A faster MTX escalation strategy in RA
was not more efficacious over 16-24 weeks, and did not
significantly increase AE, except higher gastrointestinal
AE initially.

Trial registration number CTRI/2018/12/016549

INTRODUCTION

The current therapeutic paradigm for rheumatoid
arthritis (RA) involves starting with methotrexate
(MTX) monotherapy for 4-6 months, followed by
addition of other disease modifying antirheumatic
drugs (DMARDsS) in case low disease activity (LDA)
or remission is not achieved.' > When optimally
used, 30%-40% of patients are able to achieve this
target with MTX alone.” * However, in the real
world, response rates are much worse because of

Key messages

What is already known about this subject?

» Although guidelines suggest a ‘fast’ escalation
of methotrexate (MTX) in rheumatoid arthritis
(RA) (the 3E initiative recommends escalating
by 5 mg every 2 or 4 weeks; European League
against Rheumatism 2019 recommends
reaching maximal MTX dose by 4-6 weeks),
there have been no head-to-head trials.

What does this study add?

» First randomised controlled trial on two
different escalation strategies of oral MTX in
RA, comparing usual (5 mg every 4 weeks)
to fast (5 mg every 2 weeks) escalation after
starting at 15 mg per week.

» No difference in efficacy at 16 weeks (or at the
24 weeks extended efficacy end point) nor any
difference in MTX-mono/di/triglutamate levels
at 8 or 16 weeks.

» No difference in cytopaenias, transaminitis,
serious adverse effects (AEs), drug
discontinuation or dose reduction, but higher
gastrointestinal AE in the initial 8 weeks with
fast escalation.

How might this impact on clinical practice or

future developments?

» There seems to be no additional benefit gained
in terms of efficacy by escalating MTX faster
than 5 mg every 4 weeks, when started at 15
mg. Although faster escalation does lead to
higher gastrointestinal AE initially, it does not
translate into increased drug discontinuation or
dose reduction.

suboptimal MTX use, which leads to premature
addition of other DMARDs including biologics.’ To
avoid the associated incremental costs and adverse
effects (AEs), it is crucial to optimise initial MTX
monotherapy.

One strategy to optimise MTX is by quickly
reaching its maximum dose and allowing patients
to receive this dose for at least 8—12 weeks. This can
be accomplished either by starting at higher doses,
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256 RA patients were assessed for
eligibility

78 Excluded

73 patients did not meet eligibility criteria
*  Age>55years, n=25

* Onother DMARDs, n=15

¥

|+ SIC<?orTiC<d, n=13

*  Already on MTX, n=12

= Transaminitis=40 IU/L, n=8

5 patients did not give consent to participate in the study

178 patients underwent

randomization

89 randomly allocated to Usual escalation group,
All received treatment

69 patients followed protocol and completed 16 weeks
visit (78%); 2 protocol deviations

20 did not complete 16 week visit in-person

* 11 Continuing treatment but could not visit due
to COVID-19 restrictions

(Telephonic interview done for HAQ and AE)

* 9 Discontinued study: Lost to follow up, n=4;
Shifted to CAM, n=4; 5hifted residence, n=1

Analysis Set
Intention-to-treat analysis, n=89
Per-protocol for efficacy, n=67
Safety Analysis, n=85

Figure 1

]

89 randomly allocated to Fast escalation group,
All received treatment

72 patients followed protocol and completed 16 weeks
visit (81%); no protocel deviations

17 did not complete 16 week visit in-person
= 10 Continuing treatment could not visit due
to COVID-19 restrictions
(Telephonic interview done for HAQ and AE)
« 7 Discontinued study: Lost to follow up, n=3;
Shifted to CAM, n=2; Fracture, n=1; Unable to
tolerate (Gl), n=1

Analysis Set
intention-to-treat analysis, n=89
Per-protocol for efficacy, n=72
Safety Analysis, n=86

Flow chart showing disposition of participants in the study. AE, adverse effects; CAM, complementary and alternative medications; HAQ,

Health Assessment Questionnaire; Gl, gastrointestinal; MTX, methotrexate; SJC, swollen joint count (28 joints); TJC, tender joint count.(28 joints)

or by faster escalation, or a combination of both. The first of
these, that is, starting at a higher dose of 15 mg, rather than
the traditional 7.5 mg, has been endorsed by guidelines and is
increasingly used in those without safety concerns.®

However, a large degree of variability exists in the escalation
of MTX, with dose increase by 5-15 mg every 2-8 weeks in
contemporary randomised controlled trials (RCTs).” ”* There is
a lack of a clear escalation protocol, with the 3E initiative recom-
mending escalation by 5 mg every two or 4 weeks, and European
League against Rheumatism (EULAR) recommending achieving
full MTX dose by 4-6 weeks.! ¢ Although a rapid escalation may
lead to a faster and better response, it also carries a higher risk
of intolerance (thus dropouts) and AEs like cytopaenia, pneu-
monitis or transaminitis. Thus, there remains apprehension and
poor utilisation of fast escalation among clinicians, which is
driven by a lack of head-to-head trials in this area.

Thus, we planned the Methotrexate Escalation In Rheuma-
toid Arthritis (MEIRA), an RCT to compare the effect of two
different escalation strategies, ‘usual’ (5 mg every 4 weeks) or
‘fast’ (5 mg every 2 weeks) of oral MTX started at a dose of
15 mg in both groups, on efficacy, tolerability and AE over 16
weeks in patients with active RA.

METHODOLOGY

Study design and trial overview

MEIRA was a pragmatic, investigator initiated, open-label
(assessor blinded), parallel-group RCT that compared two esca-
lation schedules of oral MTX over 16 weeks. All patients gave
written informed consent prior to their inclusion in the study.
The recruitment period extended from 15 January 2019 to 18

March 2020, and final data collection occurred on 30 October
2020. The upper limit of age for recruitment was increased from
50 to 55 years and an extended post-trial efficacy visit at 24
weeks was added after commencement of the trial (20 November
2019).

Participants

Eligible patients were 18-55 years old, having active RA with
four or more tender joints, and two or more swollen joints,
being MTX-naive or off MTX for at least 6 months and having
a disease duration of less than 5 years. They could be on low-
dose prednisolone (<10 mg/day) and/or hydroxychloroquine
but not other DMARD:s. All patients fulfilled the 2010 American
College of Rheumatology (ACR)/EULAR classification criteria
for RA.” (Detailed inclusion and exclusion criteria are given in
online supplemental file 1.

Randomisation, allocation concealment and blinding

The trial participants were randomised 1:1 through variable
block (block size of 4, 6 and 8) randomisation stratified by
centre, using an online random number generator (http://www.
randomization.com). Allocation concealment was done using
serially numbered opaque sealed envelopes. The trial partici-
pants and the healthcare providers (SJ/SM) recruiting them and
dispensing the study drug were not blinded to the intervention;
however, joint counts were assessed by a blinded assessor (VD/

SN/AA/RG).

Intervention
Oral MTX was started at a dose of 15 mg once a week in
both groups and escalated by either 5 mg every 4 weeks
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Table 1  Baseline demographic and clinical characteristics of the
included patients (n=178)
Fast
Characteristic, mean+SD  Total Usual escalation escalation
except where specified (n=178) (n=89) (n=89)
Age, years 39.8+8.6 39.3+8.7 40.2+8.5
Gender, female, n (%) 149 (84) 74 (83) 75 (84)
Disease duration, years 1.9+1.4 1.7+£1.3 2.0£15
<1 year, n (%) 86 (48) 42 (48) 44 (49)
1-2 years, n (%) 34 (19) 20 (23) 14 (19)
2-5 years, n (%) 57 (32) 26 (30) 31(32)
Tender joint count 28 joints ~ 17+7 17+7 177
Swollen joint count 28 joints  7+5 75 6+4
ESR, mm first hour 64+33 67+35 65+31
CRP, mg/L 24.0+28.2 26.5+27.7 21.5+28.6
HAQ 1.2+0.7 1.2+0.7 1.3+0.7
BMI, kg/m? 24.8+4.7 24.3+4.8 25.4+4.6
DAS28-CRP 5.4+1.1 5.4+1.1 5.4+1.0
>5.1,n (%) 71 (40) 36 (41) 35(39)
>3.2 t0 5.1, n (%) 107 (60) 53 (60) 54 (61)
<3.2 0 0 0
DAS28-ESR 6.3+0.9 6.4+1.0 6.3+0.9
RF positive, n (%) 149 (84) 75 (84) 74 (83)
CCP positive™, n (%) 137 (87) 69 (91) 68 (84)
Prednisolone, n (%) 17 (10) 9(10) 8(9)
Hydroxychloroquine, n (%) 15 (8) 9(10) 6(7)
Deformity, n (%) 17 (10) 13 (15) 4 (5)**

*Data of CCP were available in 157 patients (76+81).

1**p<0.05

.BMI, body mass index; CCP, antibody to cyclic citrullinated peptide; CRP, C reactive
protein ; DAS28, Disease Activity Score 28 joint; ESR, erythrocyte sedimentation
rate; HAQ, Health Assessment Questionnaire; RF, rheumatoid factor.

(usual escalation group) or every 2 weeks (fast escalation
group), till a maximum dose of 25 mg once a week was
reached, which was then continued till 16 weeks (detailed in
online supplemental file 1). Folic acid was supplemented at
a dose of 5 mg two times per week in all patients. If patients
were on hydroxychloroquine or low-dose prednisolone
at inclusion, this was continued. The use of non-steroidal
anti-inflammatory drugs was permitted as per patients’
requirements. Additionally, patients could receive one dose
of intramuscular (80 mg) or intraarticular methylprednis-
olone acetate in the initial 4 weeks, based on the treating
physician’s discretion. After the completion of the study at
16 weeks, patients were continued to be followed up till
24 weeks, during which period addition of other DMARDs
like hydroxychloroquine, leflunomide or sulfasalazine was
permitted.

Study outcomes

The primary outcome was proportion of patients with good
response (final Disease Activity Score 28 joint (DAS28) C reac-
tive protein (CRP) <3.2 and fall >1.2, as per EULAR response
criteria) at 16 weeks.'”

Secondary outcomes (planned) included change in DAS28-CRP
at 16 weeks and occurrence of symptomatic AEs and labora-
tory abnormalities (cytopaenias or transaminitis). Unplanned
secondary outcomes included proportion of patients with good
or moderate EULAR response (by DAS28-CRP), DAS28-CRP-
based remission at 16 weeks, DAS28-CRP-based remission
or LDA at 16 weeks, Boolean remission (three variable) at 16

Table 2 Key efficacy outcomes (dichotomous) as percentages at 8
and 16 weeks in the usual and fast MTX escalation groups (intention
to treat)

Fast Usual OR*
escalation escalation fast versus usual
(n=89) (n=89) (95% CI) P value
EULAR responset
W8 good response  11.2 10.1 1.1(0.4t02.9) 0.8
W16 good response  22.5 28.1 0.7 (0.4t0 1.5) 0.39
(primary outcome)
W8 good or 47.2 52.8 0.8(0.4t01.4) 0.45
moderate response
W16 good or 65.2 61.8 12(06t02.1)  0.64
moderate response
DAS28-CRP-based responses
W8 remission 7.9 45 1.8(0.5t06.2) 0.54
W16 remission 14.6 13.5 1.1 (0.510 2.4) 0.80
W8 LDA or remission 12.4 14.6 0.8 (0.4 10 2.0) 0.82
W16 LDA or 27.0 29.2 0.9(0.5t01.7) 0.74
remission
W8-0 ADAS28 >1.2 33.7 33.7 1.0(0.5t01.9) 1.0
W16-0 ADAS28 >1.2 53.9 55.1 1.0(0.5t01.7) 0.82
Boolean 3-variable remission
W16 remission 11.2 6.7 0.6 (0.2 t0 1.6) 0.29
Based on HAQt
W16-0 AHAQ >0.22 76.4 68.5 15(0.8t02.9 024
W16 HAQ <0.5 69.7 70.8 1.0 (0.5t0 1.8) 0.87

All values are given in percentages.

*OR of fast escalation to usual escalation.

tEULAR response based on DAS28-CRP (3variable).

1By the Indian validated version of HAQ.

CRP, C reactive protein; DAS28, Disease Activity Score 28 joint; EULAR, European
League against Rheumatism; HAQ, Health Assessment Questionnaire; LDA, low
disease activity; MTX, methotrexate; W8, week 8; W16, week 16.

weeks, change in Health Assessment Questionnaire (HAQ) over
16 weeks, achieving HAQ <0.5 at 16 weeks, change in HAQ
>0.22, proportion of patients with dose reduction or drug
discontinuation.

In addition, we also compared RBC MTX polyglutamate
(1-3) levels between the groups at 8 and 16 weeks. These were
measured using high-performance liquid chromatography
(method detailed in online supplemental file 1)."!

Study procedures

For assessing efficacy, the modified DAS using 28 joints (three
variables), which is equivalent to the four-variable DAS28, was
used.'® 2 This was preferred as visual analogue scale for global
assessment is not easily understood by Indian patients.”® Study
visits for efficacy took place at 8 and 16 weeks (and 24 weeks).
Physical function was assessed using the validated Indian version
of HAQ (self or physician administered) at baseline and 16
weeks.'* Symptomatic AEs were assessed using a questionnaire
that included questions on occurrence of common AE (Ques-
tionnaire provided in the online supplemental file 1). Individual
symptomatic AE were analysed separately as well as catego-
rised by organ system (gastrointestinal (GI) or central nervous
system (CNS)). Thus, symptomatic GI AE included occurrence
of either nausea, vomiting, stomach discomfort, bad taste or loss
of appetite, whereas, symptomatic CNS AE included occurrence
of either lethargy, dizziness, irritability or anxiety. These were
assessed at 4, 8 and 16 weeks visits. ‘Any’ symptomatic AE was
defined as occurrence of any of these symptoms at least once (on
any of the visits).
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Figure 2 Major efficacy outcomes including EULAR response (good and/or moderate) at 16 weeks as per DAS28-CRP (A), change in Indian HAQ at
16 weeks (B) and change in DAS28-CRP (C) and DAS28-ESR (D) over time in the usual and fast methotrexate escalation groups (intention to treat).
CRP, C reactive protein; DAS28, Disease Activity Score 28 joint; ESR, erythrocyte sedimentation rate; EULAR, European League against Rheumatism;

HAQ, Health Assessment Questionnaire; ns, notsignificant.

Patients were monitored for pneumonitis, infections and
serious AE including death and hospitalisation from any cause.
Laboratory tests for safety including complete blood count and
liver function tests were done every 2 weeks during MTX esca-
lation and then 4-8 weekly. Leucopaenia was defined by a white
blood cell count (WBC) <4 x 10"9/L and thrombocytopaenia as
platelet count <100 x 10"9/L. Occurrence of any transaminitis
referred to values of either aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) above the upper limit of normal
(40 TU/L), and transaminitis more than 2 x upper limit of normal
(ULN) was defined as elevation more than twice that value, that
is, values of either AST or ALT above 80 IU/L. Persistent trans-
aminitis was defined as elevation on at least two occasions. The
standard operating protocols followed in case of cytopaenia or
transaminitis are provided in online supplemental file 1.

Effect of the SARS-CoV-2 pandemic

During the initial phase of the SARS-COV-2 pandemic, the
government of India imposed a strict nationwide lockdown that
lasted for 6 weeks, followed by gradual reopening." In view of
travel difficulties, some patients could not reach for joint count
assessment at the 8 week (~20%) and 16 week visits (~12%).
They were contacted telephonically, MTX was made available,
and were continued in the study in the absence of any laboratory
abnormalities. Recruitment to the study was stopped early due
to COVID-19-related disruptions.

Statistical analysis

We calculated the sample size by using an expected primary
outcome of EULAR good response in 20% and 40% (differ-
ence 20%) in the usual and fast escalation groups respectively
at 16 weeks, with power of 90% and p value of 0.05 (G power
V.3.1),'® which gave a sample size of 234 (planned 300). With
the actual sample size of 178, the power of the study reduced
to 80%.

Primary analysis was intention to treat (ITT), with missing
values imputed as worst outcomes for categorical variables
and last observation carried forward for continuous variables.
Multiple sensitivity analyses using different imputation methods
(best outcome, last observation carried forward, completers, per-
protocol, etc) were performed for the primary and secondary
outcomes. We also performed a subgroup analysis (unplanned)
of key outcomes in early RA (<2 years).

Categorical variables were summarised as percentages or
proportions and analysed using the y?, or Fisher’s exact test.
Continuous variables were summarised as mean (SD) or median
(range) and analysed using the Student’s t-test (normally distrib-
uted data) or the Mann-Whitney U/Wilcoxon rank sum test
(non-normally distributed data). Shapiro-Wilk test was used for
testing of normality. Data were analysed using the SPSS (SPSS,
V.26). Graphs were made using GraphPad Prism V.8 (GraphPad
Software, California, USA). A two-tailed p<0.05 was considered
statistically significant.
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Patient and public involvement
Patients or the public were not involved in the design, or conduct,
or reporting, or dissemination plans of our research.

RESULTS

Participant flow and recruitment

Of the 256 patients with RA screened for this study, 178 were
recruited and randomly assigned to receive usual (n=89) or fast
escalation (n=89) of MTX. Among the screen failures, none
were excluded due to prior intolerance to MTX. All randomised
patients received at least one dose of the allocated treatment
and were included in the ITT analysis. 141 patients completed
the 16-week visit; 139 patients (78%) were included in per-
protocol analysis. In addition, 21 (12%) patients who were
following protocol but could not come for the 16-week visit due
to COVID-19 restrictions, were interviewed telephonically for
HAQ and AEs. A total of 171 (96%) patients completed at least
one study visit and were evaluable for safety (figure 1).

Baseline demographics and characteristics

The majority of patients were females (149 (84%)). The mean
age was 39.8 (8.6) years, and the mean disease duration was 1.9
(1.4) years. At the time of inclusion into the study, only 10%
were receiving low-dose glucocorticoids or hydroxychloroquine,
all had moderate-to-high disease activity and most (67%) had a
disease duration of less than 2 years. Only 13 (7%) had previ-
ously been treated with MTX—all of them had received sub-
optimal doses of MTX (7.5-15 mg) for a short duration (3-6
months). The reason for non-continuation was mainly the lack
of perceived efficacy leading to a switch to complementary and
alternative medications; in no case was it due to MTX intoler-
ance. The baseline disease characteristics are given in table 1.
There was no significant difference between the two groups in
any parameter, except slightly more deformities in the usual
escalation group. Details about comorbidities are provided in
online supplemental table S1. Forty (45%) patients each in the
two groups received a single dose of intramuscular or intra-
articular methylprednisolone acetate.

Primary outcome

The primary outcome of good response by EULAR criteria was
not significantly different in the fast (22.5%) and usual escala-
tion (28.1%, p=0.39) groups at 16 weeks (OR 0.7, 95% CI 0.4
to 1.4). (table 2, figure 2). Multiple sensitivity analysis, DAS28-
erythrocyte sedimentation rate (ESR)-based EULAR response
and subgroup analyses of early RA were consistent with the main
analysis (online supplemental tables S2-54).

Secondary outcomes

EULAR good or moderate response

Any response (good or moderate) by EULAR criteria was also
not significantly different between the fast (65.2%) and usual
(61.8%, p=0.64) escalation groups at 16 weeks (OR 1.2, 95%
CI 0.6 to 2.1). (table 2, figure 2) Multiple sensitivity analysis,
DAS28-ESR-based EULAR responses and subgroup analyses for
early RA were consistent with the main analysis (online supple-
mental tables S2-54).

Change in DAS28

DAS28-CRP declined by 1.3 in both groups (p=0.98) at 16
weeks (difference 0, 95% CI —0.3 to 0.3). (figure 2, online
supplemental table S5) In the per-protocol population, the
decline was —1.6 and —1.7 in the fast and usual escalation

groups (difference 0.1, 95% CI —0.3 to 0.4). The decline in
DAS28-ESR at 16 weeks was also the same in both groups of 1.3
(difference of 0, 95% CI —0.2 to 0.3). There was no significant
inter-group difference in the individual components of DAS28
(online supplemental table S5).

Change in HAQ

There was a significant decline in HAQ in both the fast (—0.8)
and usual (—0.7) escalation groups, however, there was no
significant intergroup difference (difference —0.1, 95% CI
—0.3 to 0.1, p=0.26) (online supplemental figure S1, online
supplemental table S5). There was no significant difference in
the proportion of patients with a clinically significant change of
HAQ or normalisation of HAQ in the two groups (table 2).

DAS28-CRP-based remission or LDA and Boolean remission
(unplanned)

There was no significant difference in the proportion of patients
who achieved remission or LDA at 16 weeks between the two
groups (table 2).

Extended efficacy analysis at 24 weeks

Similar proportion of patients required addition of another
DMARD at 16 weeks in both groups (online supplemental
table S6). At the post-trial extended follow-up at 24 weeks (118
patients, 66%), the mean DAS28-ESR (ITT) had declined by
—1.5 and —1.7 (p=0.31) in the fast and usual escalation groups
(difference 0.2, 95% CI —0.2 to 0.5), whereas the decline in the
per-protocol population was —1.8 and —2.0 (p=0.22). There
was no significant difference in the EULAR responses at 24
weeks (online supplemental table S3).

Safety

No serious AE including pneumonitis, serious infections or death
occurred in this study. Leucopaenia (<4 x 10"9/L) and throm-
bocytopaenia (<100 x 10"9/L) were uncommon, occurring in
3 and 2 patients, and two patients in each group, respectively,
in the fast and usual escalation groups. Transaminitis 2xULN
(ALT or AST >80 IU/L) occurred in 7 and 6 patients in the
fast and usual escalation groups. (table 3, figure 3). There was
also no difference in the occurrence of any transaminitis (ALT
or AST >40 TU/L) (table 3), or in the persistence of transami-
nitis (at least on two different visits) which occurred in 13 and
11 patients in the fast and usual escalation groups, respectively
(p=0.84) Details of laboratory AE at individual time-points are
given in online supplemental table S7.

There were significantly higher GI AEs in the fast escalation
group (47%) compared with usual group (32%) in the first 8
weeks (difference 15 percentage, 95% CI 0.3 to 29, p=0.048)
(figure 3A), however, this was non-significant over 16 weeks
(figure 3B, table 3). There were no significant differences in indi-
vidual GI or CNS AE at 16 weeks (table 3, figure 3) or at any
specific time point (online supplemental table S8). Oral ulcers
were numerically higher in the fast escalation group (table 3).
Rates of MTX discontinuation, dose reduction and use of medi-
cines to counteract AEs were similar in both groups (table 3).
The number of patients reporting more than one symptomatic
GI AE were also not significantly different between the groups
(online supplemental table S9).

MTX polyglutamates
There was no significant difference in the MTX mono, di or
triglutamate levels between the usual and fast escalation groups
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Table 3  Adverse effects (AEs) during the study period (over 16
weeks) in the two methotrexate escalation groups

Fast escalation Usual escalation

N=86 N=85 OR (95% CI) P value

Total AE 58 (68) 54 (64) 1.2(06t023) 0.59
Serious AE 0 0 - -
Drug 1(1) 2(2) 0.5(0.1t05.5) 0.62
discontinuation (AE
related)
Dose reduction (AE 2 (2) 2(2) 1.0(0.1t07.2) 1.0
related)
Difficulty in MTX 4(5) 3 (4) 13(03t06.1) 1.0
dose escalation (AE
related)
Symptomatic AE
Any symptomatic 56 (65) 50 (59) 1.3(0.7t02.4) 0.40
AE*
Nausea 26 (30) 22 (26) 1.2(0.6t02.4) 053
Vomiting 7(8) 7(8) 1.0(0.3t02.9) 0.98
Stomach 17 (20) 16 (19) 1.1(0.5t02.3) 0.88
discomfort
Loss of appetite or 27 (31) 21 (25) 1.4(0.7t02.7) 0.33
bad taste
Lethargy 21 (24) 20 (24) 1.1(0.5t02.1) 0.89
Dizziness 16 (19) 19 (22) 0.8(0.4t01.7) 0.54
Irritability or 15(17) 14(16) 1.1(0.5t02.4) 0.87
anxiety
Took antiemeticor 11 (13) 13 (15) 0.8(03t01.9 0.64
PPI for symptoms
Oral sores 6(7) 3(4) 2.1(05t085) 0.31
Nausea on merely 4 (5) 4(5) 1.0(0.2t04.1) 0.99
thinking about
MTX
Hair fall 26 (30) 27 (32) 09(05t01.8) 0.83
Symptomatic AE by category

GIt 43 (50) 33(39) 16(09t02.9) 0.14

CNS# 27 (31) 28 (33) 09(0.5t01.8) 0.83
Laboratory AE
Any laboratory AE§ 11 (13) 10 (12) 1.1(04t02.8) 0.84
WBC<4 x 10"9/L 3(4) 2(2) 1.5(02t09.1) 1.0
Platelet <100 x 2(2) 2(2) 1.0(0.1t07.1) 1.0
10"9/L
AST or ALT >2X 7(8) 6(7) 12(04t036) 1.0
ULN
AST or ALT >ULN 39 (46) 36 (43) 1.1(0.6t02.1) 0.69

*Includes occurrence of either nausea, vomiting, stomach discomfort, loss of appetite, bad
taste, lethargy, dizziness, irritability, anxiety, oral ulcers or alopecia.

tIncludes occurrence of either nausea, vomiting, stomach discomfort, loss of appetite or bad
taste.

tIncludes occurrence of either lethargy, dizziness, irritability or anxiety.

§Includes leucopaenia (WBC<4 x 10"9/L), thrombocytopaenia (platelet <100 x 10"9/L) or
transaminitis (AST or ALT >2X ULN).

AE, Adverse effect; CNS, central nervous system; Gl, gastrointestinal; MTX, methotrexate;
ULN, Upper limit of normal; WBC, white blood cell count.

at 8 or 16 weeks (online supplemental table S10). Representative
chromatograms are shown in online supplemental figure S1.

DISCUSSION
This study did not find any significant difference in efficacy,
safety or tolerability between patients on fast escalation (5 mg
every 2 weeks) of MTX compared with usual escalation (5 mg
every 4 weeks) at 16 weeks (or at the extended efficacy time
point of 24 weeks by DAS28-ESR).

In the fast and usual escalation groups, the maximum dose
of MTX (25 mg) was reached by 5 and 9 weeks, respectively,
such that both groups received 8—12 weeks of full dose before

assessment of primary outcome and 16-20 weeks of full dose
before the extended efficacy outcome (24 weeks). No significant
intergroup difference was observed consistently across a variety
of efficacy outcomes at 16 weeks. It may be argued that some
differences may emerge on longer follow-up, but even at 24
weeks, we did not find any significant difference in DAS28-ESR
between the two groups. Although, the difference of 4 weeks
in reaching maximum dose of MTX between the groups may
seem minor, it must be placed in context that we wanted to
compare the escalation strategies recommended by the 3E initia-
tive (escalation by 5 mg every 2 or 4 weeks) and indirectly, the
EULAR guidelines (escalation within 4-6 weeks to optimal dose
of 20-25 mg).! ® Since most guidelines suggest a time period of
4-6 months for MTX monotherapy to act before stepping-up,
exploring strategies to enable a longer exposure to the maximum
dose of MTX (25 mg) become imperative. This is particularly
relevant in the real-world clinic situation, where a tendency for
early step-up to other drugs (including biologics) as early as 412
weeks after starting MTX is not uncommon.

The lack of any difference in efficacy was consistent with the
finding of similar levels of RBC MTX polyglutamates (1-3) in
the two groups at both 8 and 16 weeks. It has been shown previ-
ously that longer exposure to higher doses of MTX may lead
to selective redistribution towards longer chain MTX polygluta-
mates (3 to 5), which we could not evaluate in our study.” Also,
the slow pace of intracellular polyglutamates accumulation, by
itself, may be the limiting factor in the rapidity of MTX response
achieved. Although Dalrymple et al found a median half-life of
accumulation of 8 weeks with 90% of maximum steady state
levels being reached by 27.5 weeks, they opined that rapid
MTX dose escalation from the outset could avoid these delays
in achieving steady state levels.'"® Another study by Dervieux et
al found steady state concentrations to be achieved much earlier,
by 7 weeks, being influenced by the MTX dosing intensity."”

Previously there are limited studies comparing different escala-
tion strategies of MTX. Data from the initial MTX monotherapy
phase of the ‘Computer-Assisted Management in Early Rheuma-
toid Arthritis’ (CAMERA) study suggested a better response in
the intensive (5 mg/4 weeks) compared with conventional (5
mg/12 weeks) group.'” Another small prospective study found a
trend to better response at 2 months with rapid (5 mg/2 weeks)
compared with standard escalation (2.5 mg/6 weeks) of MTX.*
However, in both these studies, the starting dose of MTX was
only 5-7.5 mg, and the escalation of MTX in the comparator
(standard) group was very slow. Thus, these are difficult to
compare with our study in which all patients were started on 15
mg per week of MTX and relatively fast escalation was used in
both groups.

A fear with faster escalation of MTX has been toxicity and
intolerance.”’ However, our study did not find any increase in
serious AE, infections, cytopaenias or transaminitis when MTX
was escalated quickly. Faster escalation did lead to a higher GI
intolerance in the initial 8 weeks, which seemed to be dose
related, since the difference was not maintained over 16 weeks.
Importantly, this was mild and did not translate into an increase
in the rates of drug discontinuation or dose reduction, although
it may have an impact on continuation in the clinic. These results
are consistent with a previous RCT from our centre that showed
more nausea with higher starting doses of MTX.** Occurrence
of oral ulcers was also numerically higher in the fast escalation
group.

In this study, we did not check clinical responses prior to
MTX escalation-dose escalation was carried out in every patient
(unless there were laboratory abnormalities). This was premised
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Figure 3 Major symptomatic and laboratory adverse effects in the usual and fast methotrexate escalation groups in the initial 8 weeks (A) and
throughout the 16 weeks of the study (B). CNS, central nervous system; Gl, gastrointestinal; WBC, white blood cell count. * p<0.05

on our expectation that only a few cases would achieve remis-
sion by the end of 2, 4 or 8 weeks (time points of dose escala-
tion). This was exemplified by DAS28-based remission rates of
only 4.5% and 7.9% in the usual and fast groups at 8 weeks. We
acknowledge that this design might have led to overtreatment in
a minority (5%) of patients; however, we felt it was justified as

MTX could be de-escalated later in these patients, if they main-
tained sustained remission.

The occurrence of good EULAR response in 22%-28% and
DAS28 LDA or remission in 27%-29% at 16 weeks in our
study is consistent with monotherapy arms of larger studies like
the Swedish Farmacotherapy (SWEFOT) where 30% patients
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achieved LDA at 3—4 months, and step-up arms of the Treatment
of Early Aggressive Rheumatoid Arthritis (TEAR), in which
LDA was achieved by 28% patients at 6 months.>” Only 10% of
patients in our study were on low-dose prednisolone, similar to
SWEFOT. Although, this does hamper generalisability, as low-
dose glucocorticoids are often added in the initial 3-6 months
in the clinic, but at the same time, it exemplifies that optimally
dosed MTX by itself can be very effective. We avoided them to
prevent masking of any inter-group differences, but allowed one
dose of intramuscular or intraarticular methylprednisolone 80
mg.

The major limitation of our study was that we only included
patients who were 55 years and younger in age, thus the results
cannot be generalised to older patients. We excluded older indi-
viduals as we generally start them on a lower dose (7.5-10 mg)
of MTX, due to their higher risk of AE. It is noteworthy that the
population in India is mostly young (only 8% above 60 years.*
Another limitation is that we could not reach the targeted sample
size (due to COVID-19) which reduced the power to 80%; also,
the study was not powered for comparing the difference in AE
between the two groups. As we did not include patient and
physician global assessments, simplified disease activity index
(SDAI), clinical disease activity index (CDAI) and ACR responses
could not be calculated. We used 3-variable DAS-28 as patient
global assessment (PtGA) is a difficult concept to understand in
our culture, and patients find it easier to comment on change in
status (anamnesis)."® This may be relevant to other countries or
populations as well- a recent study from USA reported that PtGA
was confusing to 40% of patients, more so in the less educated,?*
and a multinational study found that one-third of near-remission
patients rated the PtGA >4. Although patient reported
outcomes are important, PtGA (along with fatigue, etc) may
form a separate aspect of disease burden, distinct from disease
activity.® Finally, we may be criticised for not using parenteral
MTX or splitting oral MTX, however, they are unlikely to have
led to an intergroup difference.

To conclude, MTX remains the gold-standard drug for RA
worldwide, being especially crucial for developing countries like
India in view of its low cost®’; thus, it is important to generate
evidence to optimise its dosing strategy. The strength of our
pragmatic RCT is that we compared two relatively fast escala-
tion strategies recommended by guidelines. The results from this
study suggest that “faster is not always better’ in the context of
MTX escalation in RA, that is, after starting MTX at a dose of
15 mg per week, a faster MTX escalation of 5 mg every two
weeks (compared to four weeks) did not lead to better outcomes
at 16-24 weeks.
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Investigating changes in disease activity as a
mediator of cardiovascular risk reduction with
methotrexate use in rheumatoid arthritis
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ABSTRACT

Objective Examine the association of methotrexate
(MTX) use with cardiovascular disease (CVD) in
rheumatoid arthritis (RA) using marginal structural
models (MSM) and determine if CVD risk is mediated
through modification of disease activity.

Methods We identified incident CVD events
(coronary artery disease (CAD), stroke, heart failure
(HF) hospitalisation, CVD death) within a multicentre,
prospective cohort of US Veterans with RA. A 28-joint
Disease Activity Score with C-reactive protein (DAS28-
CRP) was collected at regular visits and medication
exposures were determined by linking to pharmacy
dispensing data. MSMs were used to estimate the
treatment effect of MTX on risk of incident CVD,
accounting for time-varying confounders between
receiving MTX and CVD events. A mediation analysis
was performed to estimate the indirect effects of
methotrexate on CVD risk through modification of RA
disease activity.

Results Among 2044 RA patients (90% male, mean
age 63.9 years, baseline DAS28-CRP 3.6), there were
378 incident CVD events. Using MSM, MTX use was
associated with a 24% reduced risk of composite CVD
events (HR 0.76, 95% Cl 0.58 to 0.99) including a 57%
reduction in HF hospitalisations (HR 0.43, 95% Cl 0.24
to 0.77). Individual associations with CAD, stroke and
CVD death were not statistically significant. In mediation
analyses, there was no evidence of indirect effects of
MTX on CVD risk through disease activity modification
(HR 1.03,95% C10.80 to 1.32).

Conclusions MTX use in RA was associated with

a reduced risk of CVD events, particularly HF-related
hospitalisations. These associations were not mediated
through reductions in RA disease activity, suggesting
alternative MTX-related mechanisms may modify CVD
risk in this population.
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INTRODUCTION

Cardiovascular disease (CVD) is the most common
cause of death in rheumatoid arthritis (RA)'* owed
largely to a heightened risk of coronary artery
disease (CAD), stroke and heart failure (HF)*™ only
partially explained by traditional CVD risk factors.®
Controlling RA disease activity and select disease-
modifying antirheumatic drugs (DMARDs) are spec-
ulated to provide cardioprotective benefits. Though
methotrexate (MTX) did not reduce risk in non-RA

1,2

Key messages

What is already known about this subject?

» Several studies have demonstrated a reduced
risk of atherothrombotic cardiovascular disease
(CVD) with methotrexate (MTX) use, but its
effect on heart failure (HF) and the mechanisms
underlying its cardioprotective effect are poorly
understood.

What does this study add?

» An evaluation of MTX treatment effect on
CVD events, using novel marginal structural
models accounting for the effect of time-varying
confounders on the propensity to receive MTX,
demonstrated a 24% reduction in composite
CVD events and a 57% reduction in HF
hospitalisation.

» Using mediation analysis, we observed that
the effects of MTX use on CVD risk reduction
are not mediated by reduction in rheumatoid
arthritis (RA) disease activity.

How might this impact on clinical practice or

future developments?

» These preliminary findings suggest that MTX-
related mechanisms other than disease activity
control may provide CVD, and particularly HF,
benefit in patients with RA.

patients with established CVD in the absence of
systemic inflammation,” multiple observational
studies have demonstrated benefit in patients with
RA. MTX was associated with a 28% lower risk
of CVD events in a meta-analysis of observational
studies including over 200 000 patients with RA.®
Recent cohort studies report 20%-60% reductions
in CVD events with MTX treatment.”" While
associations with atherothrombotic CVD is more
extensively studied, MTX has also been associated
with a reduced risk of HE.'? "3

The mechanisms by which MTX reduces CVD
in RA remain poorly understood. Indirectly, MTX
may lower CVD risk by reducing RA disease activity.
Potential direct cardioprotective mechanisms of
MTX include increased cholesterol efflux capacity,
improved endothelial function, reduced foam cell
generation and the ability to scavenge free radicals
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implicated in CVD pathogenesis.'*"” Improved understanding
of the mechanisms by which MTX reduces CVD in RA may help
clinicians optimally use MTX as therapeutic options expand.

In this study, we evaluated the association of MTX with inci-
dent CVD in a prospective cohort of US Veterans with RA to
test the hypothesis that CVD risk reduction with MTX in RA is
mediated through modification of RA disease activity.

PATIENTS AND METHODS

Study design

We conducted a cohort study in the Veterans Affairs Rheumatoid
Arthritis (VARA) registry, a multicentre, prospective cohort of
US Veterans with RA initiated in 2003.'® Participants are >18
years of age and satisfy 1987 American College of Rheuma-
tology (ACR) classification criteria for RA."” Participants signed
informed consent for participation. Demographic data are
obtained at enrolment while clinical data, including ACR Core
Measures for RA disease activity, are collected at each visit. We
followed patients from the latter of VARA enrolment or 1 April
2005 until incident CVD event, death or end of study period (1
April 2015).

DMARD exposure
Prescription fills for MTX and other conventional DMARDs
(hydroxychloroquine, sulfasalazine, leflunomide), tumour

necrosis factor (TNF) inhibitors (adalimumab, etanercept, inflix-
imab, certolizumab, golimumab), non-TNF biologics (rituximab,
abatacept, tocilizumab) and prednisone were identified from
pharmacy dispensing records in the VA Corporate Data Ware-
house (CDW).?° Drug courses were defined from dispensing
data using established algorithms.”' Because our hypothesis
focused on whether current disease activity (affected by prior
MTX exposure) mediated future CVD risk, we used a 90-day
lookback (180 days for rituximab) at each encounter to define
drug exposure (online supplemental figure 1).

RA disease activity

Patient and provider global assessments of disease activity,
swollen and tender joint counts, and C reactive protein (CRP)
values were used to calculate time-varying 28-joint Disease
Activity Scores (DAS28-CRP) at each VARA encounter. Missing
disease activity components (joint counts 3.6%, global assess-
ment 10.8% and acute phase reactant 5.1% of observations)
were imputed using the last observation carried forward for
subsequent missing data.

Covariates

Covariates were selected a priori and included age, sex, race,
body mass index (BMI) categories, smoking status, comorbidi-
ties (including the Rheumatic Disease Comorbidity Index*?), and
use of aspirin, statins and non-steroidal anti-inflammatory drugs
(NSAIDs). Demographics and smoking status were obtained at
baseline. Time-varying BMI was obtained from the VA CDW,;
using the value closest to the visit date.”> Comorbidities including
hypertension, hyperlipidaemia, diabetes, CAD, cerebrovascular
disease, HF, chronic kidney disease and chronic liver disease
were defined by =2 inpatient or outpatient International Clas-
sification of Disease, Ninth Revision (ICD-9) codes prior to the
index date (online supplemental table 1). Statin use was defined
at baseline by the presence of at least one dispensing episode
in the year prior to index. Aspirin and NSAIDs were defined
at each visit using registry data as these agents are frequently
obtained over the counter.

Outcomes

The primary outcome was a composite of incident (occurring
after the index date) CAD (myocardial infarction (MI), percu-
taneous coronary intervention (PCI) or coronary artery bypass
grafting (CABG)), stroke, HF hospitalisation or CVD-related
death. Secondary outcomes included a composite of athero-
thrombotic major adverse cardiovascular events (MACE; CAD,
stroke or CVD-related death) and individual CVD outcomes.
CVD-related deaths were determined from the National Death
Index (NDI), using ICD-10 codes 100-199. Non-fatal events were
identified using an administrative algorithm incorporating previ-
ously validated ICD-9 codes (online supplemental table 2).247°
We queried the VA CDW, requiring a primary or secondary
hospital discharge diagnosis for CAD or stroke, including tran-
sient ischaemic attack. Since it is a chronic condition, HF was
required to be a primary discharge diagnosis. Coronary revas-
cularisation was identified using ICD-Procedure and Current
Procedural Terminology codes for PCI and CABG. A random
sample of CVD events was validated by medical record review
using previously described adjudication criteria,** *¢ yielding a
positive predictive value (PPV) of 90% for CAD and 83% for HF
hospitalisations. The PPV for stroke was 70%; thus, all stroke
events were validated by medical record review. Since acute
events such as MI and stroke may result in treatment outside
the VA, we identified outpatient CAD and stroke diagnoses in
patients without a hospitalised event in the VA (online supple-
mental table 2). All events identified through this approach were
validated by medical record review.

Statistical analysis

Baseline characteristics were stratified by ever-exposure or
never-exposure to MTX during the study period. Crude inci-
dence rates (IRs) and IR ratios (IRRs) for CVD events were esti-
mated based on time-varying MTX exposure.

Marginal structural models (MSM) were used to evaluate
the association of time-varying MTX use with CVD events. As
time-varying covariates may dynamically affect the likelihood
of receiving MTX, traditional analytical methods assessing the
association of MTX with CVD events are at risk for substantial
residual confounding.’’ MSM uses inverse probability weighting
to account for the influence of time-fixed and time-varying
confounders on the propensity to receive MTX, providing a
more robust measure of causality between MTX and incident
CVD risk.*’ MSM methods are described in detail in online
supplemental appendix, following the approach described by
Fewell et al.>* Variables from current and prior visits were used
to estimate the propensity to receive MTX at the current visit.
Standardised mean differences (SMD) were calculated to ensure
covariate balance.* In secondary analyses, we stratified patients
by baseline DAS28-CRP (moderate/high vs remission/low) and
high-sensitivity CRP (hs-CRP, with a previously used cut-off of 2
mg/L*), restricted analyses to those without a history of MACE
or HF, and examined these associations in those with RA dura-
tion of <3§ years.

Recognising that RA disease activity represents a potential
confounder and/or mediator in the exposure—outcome pathway
between MTX and CVD (figure 1), additional MSMs were used
to estimate natural indirect effects through disease activity modi-
fication and direct effects of MTX exposure on CVD risk based
on this causal structure.” Specific methods for this approach
are detailed in online supplemental appendix. DAS28-CRP
at the current visit served as the mediator between treatment
with MTX and subsequent CVD events. Secondary analyses
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Confounding variables
Age.,, Sexy, Racey, BMI,
Smoking status,, Comorbid conditions,
ASA,, , Statin, , NSAIDs,
MTX,,, Other DMARDS,, , Prednisone,,
RA Duration,, , RA Disease Activity,

Mediator
RA Disease Activity
/ at current visit \
Exposure Outcome
MTX during lookback Incident CVD

Figure 1  Directed acyclic graph modelling the causal framework
between methotrexate (exposure) and incident cardiovascular disease
(outcome). RA disease activity is both affected by MTX exposure and
influences CVD risk, thus acts as the primary mediator of interest in this
analysis. All confounding variables listed are assumed to influence the
exposure, mediator and CVD outcome. RA disease activity measures
included the DAS28-CRP as well as measures of systemic inflammation
(erythrocyte sedimentation rate and CRP). ASA, aspirin; BMI, body mass
index; CRP, C reactive protein; CVD, cardiovascular disease; DMARDs,
disease modifying anti-rheumatic drugs; MTX, methotrexate; NSAIDs,
non-steroidal anti-inflammatory drugs; RA, rheumatoid arthritis.

examined measures of systemic inflammation (erythrocyte sedi-
mentation rate or CRP) as mediators between MTX exposure
and CVD events. All analyses were completed using Stata V.15.1
software (StataCorp) within the VA Informatics and Computing
Infrastructure.*

Patient and public involvement
Patients and the public were not directly involved in the design
or completion of this study.

RESULTS

Baseline characteristics

We followed 2044 Veterans with RA over 10 360 patient-years
(median follow-up of 4.9 years, mean of 11.4 visits per patient).
Patients were predominantly male (90.0%), white (77.0%), in
their seventh decade (mean age 63.9 years) and seropositive
(79.2% rheumatoid factor (RF) positive, 77.8% anti-cyclic citrul-
linated peptide (anti-CCP) positive) with a mean DAS28-CRP of
3.6. Of 1090 patients on MTX at baseline, 561 discontinued
MTX during the follow-up. Among patients not on MTX at
baseline, 272 patients initiated MTX during the follow-up.
Follow-up time was similar between patients treated with (5.0
years) or without (4.8 years) MTX at baseline. Demographics,
BMI, smoking status and CVD-related comorbidities were
similar by exposure group, with a modestly higher frequency of
hyperlipidaemia in the MTX ever-exposed population (table 1).
Chronic kidney disease and liver disease were more common
in MTX unexposed patients, as was the use of leflunomide and
sulfasalazine. Across all observations, biological DMARD and
prednisone use was similar between MTX exposure groups,
while other conventional DMARDs were more frequent in MTX
unexposed patients (52.8% vs 36.9% of observations).

Incidence of CVD events

We identified 378 composite CVD events with an incidence of
CAD, stroke, HF hospitalisation and CVD-related death of 14.2,
6.0, 7.9 and 15.0 events per 1000 person-years, respectively

Rheumatoid arthritis

Table 1 Baseline characteristics of veterans with rheumatoid
arthritis, stratified by methotrexate (MTX) ever-exposure (N=2044)

MTX never-

MTX ever-exposed (N=1369) exposed (N=675)

Age (years) 63.8(11.2) 64.1 (10.6)

Male sex, N (%) 1238 (90.4) 602 (89.2)

White race, N (%) 1046 (76.4) 527 (78.1)

BMI (kg/m?) 28.7 (5.8) 28.1(5.3)

Healthcare utilisation*

Inpatient

Outpatient 0.2 (0.6) 0.2 (0.7)

16.8 (15.0) 17.8 (16.2)

High school graduate, N (%) 1116 (86.6) 536 (86.7)

Smoking status, N (%)

Current

Former 348 (25.5) 189 (28.1)

Never 719 (52.7) 363 (54.0)

298 (21.8) 120 (17.9)

Comorbid conditions, N (%)
RDCI 1.29 (1.31) 1.40 (1.39)
Hypertension 858 (62.7) 436 (64.6)
Hyperlipidaemia 682 (49.8) 315 (46.7)
Diabetes 301 (22.0) 154 (22.8)
Coronary artery disease 327 (23.9) 173 (25.6)
Cerebrovascular disease 91 (6.6) 53(7.9)
Heart failure 109 (8.0) 63(9.3)
Chronic kidney disease 66 (4.8) 55 (7.5)
Chronic liver disease 22 (1.6) 60 (8.9)
Lung disease 303 (22.1) 204 (30.2)

RA-related factors
Rheumatoid factor positive, 1035 (78.2) 520 (81.1)
N (%)
Anti-CCP positive, N (%) 1013 (76.7) 513 (80.2)
RA disease duration (years) 10.5(11.1) 13.4(11.6)
Tender joint count 5.5 (6.9) 3(6.2)
Swollen joint count 4.5 (5.6) .6 (5.0)
Patient Global 41.2(25.7) 39.5(24.7)
Provider Global 35.0 (23.1) 32.9(22.6)
ESR (mm/hr) 25.6 (22.6) 28.3 (24.4)
CRP (mg/dL) 1.52.4) 6(2.6)
hs-CRP (mg/L) 1.2 (2.0) 2(1.9)
DAS28-CRP 3.7(1.4) 4(1.3)
MDHAQ 0.9 (0.6) .9 (0.6)

Medication use, N (%)
Hydroxychloroquine 306 (25.9) 175 (22.4)
Sulfasalazine 106 (7.7) 92 (13.6)
Leflunomide 52 (3.8) 144 (21.3)
Prednisone 605 (44.2) 252 (37.3)
TNF inhibitor 343 (25.1) 210 (31.1)
Non-TNF biologic 23(1.7) 15(2.2)
Statins 599 (43.8) 290 (43.0)
Aspirin 85 (6.2) 41 (6.1)
NSAIDs 475 (34.7) 234 (34.7)

Baseline characteristics are stratified by whether a patient was ever exposed to MTX during
the study period. Values mean (SD) unless otherwise noted.

*Number of visits in the 12 months prior to index date.

.BMI, body mass index; DAS28, disease activity score with 28-joint count; ESR, erythrocyte
sedimentation rate; hs-CRP, high sensitivity C-reactive protein; MDHAQ, multidimensional
health assessment questionnaire; MTX, methotrexate; NSAIDs, non-steroidal anti-
inflammatory drugs; RA, rheumatoid arthritis; RDCI, Rheumatic Disease Comorbidity Index.

(table 2). Crude IRRs demonstrated a reduced incidence of
HF hospitalisation (IRR 0.48, 95% CI 0.30 to 0.77) as well as
composite CVD events (IRR 0.83, 95% CI 0.67 to 1.02) and
CVD-related death (IRR 0.76, 95% CI 0.55 to 1.05) in MTX
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Table 2 Incidence rates of cardiovascular events in veterans with rheumatoid arthritis (per 1000 person-years)

Incidence rates (per 1000 PY)
Event category* N Follow-up time (PY) Mean time to event, years MTX ever-exposed MTX never-exposed IRR (95% CI)
Composite 378 10 360 3.42 33.05 39.88 0.83 (0.67 t0 1.02)
HF hospitalisation 87 10956 3.47 5.17 10.66 0.48 (0.30 to 0.77)
MACE 342 10 443 3.45 30.32 35.14 0.86 (0.69 to 1.07)
CAD 151 10 605 3.08 13.50 14.97 0.90 (0.65 to 1.26)
Stroke 66 10934 3.36 6.13 5.95 1.03 (0.62 to 1.72)
CVD Death 167 11098 3.99 13.00 17.03 0.76 (0.55 to 1.05)

Values listed in bold indicate p<0.05.

*MACE is a composite of outcomes included in CAD, stroke and CVD death. CAD includes acute myocardial infarction, percutaneous coronary intervention or coronary artery

bypass.

.CAD, coronary artery disease; CVD, cardiovascular disease; HF, heart failure; IRR, incidence rate ratio; MACE, major adverse cardiovascular event; MTX, methotrexate; PY, person

years; RA, rheumatoid arthritis.

exposed patients in unadjusted analyses, although the latter two
were not statistically significant. IRRs for MACE, CAD and
stroke were not significantly different between MTX exposed
and unexposed patients (table 2).

Mtx and CVD risk using MSM

In MSM including time-varying variables from the current and
prior encounter, covariate balance was achieved between expo-
sure groups (SMD <0.1 for all variables). MTX was associated
with a reduced risk of composite CVD events (HR 0.76, 95% CI
0.58 to 0.99) and HF-related hospitalisation (HR 0.43, 95% CI
0.24 to 0.77). While MTX was associated with a numeric reduc-
tion in MACE (HR 0.82, 95% CI 0.63 to 1.06), CAD (HR 0.84,
95% CI 0.55 to 1.28), stroke (HR 0.72, 95% CI 0.34 to 1.53)
and CVD-related death (HR 0.78, 95% CI 0.55 to 1.13), these
differences were not statistically significant (table 3).

When stratified by baseline DAS28-CRP, associations between
MTX and composite CVD events and MACE were gener-
ally numerically stronger among those with moderate to high
DAS28-CRP at baseline, though 95% CIs were overlapping
(online supplemental table 3). Minimal differential associations
between MTX and CVD events were observed based on a hs-CRP
cut-off of 2 g/dL at baseline (online supplemental table 3). When
restricting analyses to those without a history of MACE or HF

Table 3 Association of methotrexate use with cardiovascular
disease events in veterans with rheumatoid arthritis*

Event categoryt HR (95% ClI) P value
Composite 0.76 (0.58 to 0.99) 0.04
HF hospitalisation 0.43 (0.24 t0 0.77) 0.005
MACE 0.82 (0.63 to 1.06) 0.12
CAD 0.84 (0.55 t0 1.28) 0.42
Stroke 0.72 (0.34 t0 1.53) 0.39
CVD Death 0.79(0.55t0 1.13) 0.19

Values listed in bold indicate p<0.05.

*Marginal structural models adjusting for time-varying age, BMI, RA disease
activity, and medication use (prednisone, conventional and biological DMARDs,
ASA and NSAIDs). Time-invariant variables assessed at baseline included sex, race,
smoking status, RA duration, comorbidities and statin use. Primary analysis includes
variables from the current and prior visit into the propensity to receive MTX.
tMACE is a composite of CAD, stroke and CVD death. CAD includes acute
myocardial infarction, percutaneous coronary intervention or coronary artery
bypass.

.ASA, aspirin; BMI, body mass index; CAD, coronary artery disease; CVD,
cardiovascular disease; DMARD, disease-modifying anti-rheumatic drug; HF, heart
failure; MACE, major adverse cardiovascular event; MTX, methotrexate; NSAIDs,
non-steroidal anti-inflammatory drugs; RA, rheumatoid arthritis.

(online supplemental table 4) as well as RA duration <5 years
(online supplemental table 5), similar estimates were observed,
although this did not reach statistical significance for HF (HR
0.52,95% CI 0.23 to 1.18). Sensitivity analysis including educa-
tion, lung disease, and baseline MDHAQ were similar, but less
precise (composite HR 0.79, 95% CI 0.59 to 1.05, HF hospital-
isation 0.45, 95% CI 0.24 to 0.84) (online supplemental table
6).

Mediation analysis of MTX and CVD risk

In mediation analyses modelling RA disease activity as the
primary mediator between MTX exposure and CVD events,
indirect effects of MTX on CVD events through modification of
RA disease activity were not significant (range HR 0.87-1.06, all
ps>0.05, figure 2). Direct effects of MTX were associated with a
lower risk of HF hospitalisation (HR 0.41, 95% CI 0.18 to 0.92)
and a numeric, but non-significant, reduction in composite CVD
events (HR 0.74, 95% CI 0.51 to 1.07). Similarly, secondary
analyses did not demonstrate that reductions in inflammatory
markers mediated MTX-related CVD risk (range HR 0.91-1.48,
figure 3).

DISCUSSION

In this multicentre, prospective cohort of US Veterans with RA,
we observed a significantly reduced risk of CVD events associ-
ated with MTX use, independent of age, BMI, traditional CVD
risk factors, RA disease activity and other RA therapies using
state-of-the-art causal inference techniques. To our knowledge,
this is among the first studies to demonstrate a greater risk reduc-
tion for HF hospitalisations with MTX use compared with CAD
and stroke, supporting a potential cardioprotective role of MTX
extending beyond atherothrombotic events. While the associa-
tion of MTX with lower CVD risk in RA has been consistently
reported,’ * © whether this is driven primarily by reductions in
RA disease activity has not been elucidated. Through mediation
analysis, we observed that the cardioprotective effect of MTX
was not attributable to modification of disease activity. This
suggests that use of MTX may have additional direct cardiovas-
cular benefits in patients with RA that are independent of its role
in controlling clinical RA disease activity, though this requires
further study.

We estimated that MTX exposed patients carried a 24% lower
risk of CVD, similar to prior studies supporting a cardiopro-
tective effect of MTX.® *® Non-significant trends suggesting a
protective effect against MACE (HR 0.82, 95% CI 0.63 to 1.06)
or the MACE components of CAD (HR 0.84, 95% CI 0.55 to
1.28) and stroke (HR 0.72, 95% CI 0.34 to 1.53) are similar
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Figure 2 Forest plot illustrating the natural direct and natural indirect effects of MTX mediated by DAS28-CRP with CVD events using a
counterfactual-based mediation analysis abbreviations: CAD, coronary artery disease; CVD, cardiovascular disease; DAS, Disease Activity Score; HF,

heart failure; MACE, major adverse cardiovascular event; MTX, methotrexate.

to prior estimates.® *® While most prior studies use covariate
adjustment in proportional hazards regression models, their
adjustment for time-varying covariates that confound MTX use
is limited. We used MSM, an approach that more accurately
accounts for time-varying variables that influence the propensity
to receive MTX and develop CVD events.”’ Importantly, this
represents a novel methodological approach in addressing this
high-impact clinical question.

Patients with RA are at a 20%-50% increased risk of HF
referent to the general population, independent of ischaemic
heart disease and suffer higher mortality rates after HF diag-
nosis.> >’ Given the chronic nature of HF often complicated by
recurrent hospitalisations, poorly controlled HF poses a substan-
tial burden to patients and healthcare systems.* Effective preven-
tion and management of HF in patients with RA could yield
considerable benefits in this population. Initial case-control and
cohort studies in RA demonstrated a 20%-50% reduction in HF
risk associated with MTX use.'? %7 Our study builds on these
findings, demonstrating a 57% lower risk of HF hospitalisation
in those with MTX exposure in a large, multicentre, prospective
RA cohort while accounting for longitudinal RA disease activity
and other DMARD use. When restricting to those without HF
at enrolment, a similar, but less precise, reduction in new-onset
HF was seen (online supplemental table 4).

Mechanisms underpinning CVD risk in RA are multifacto-
rial, including traditional CVD risk factors, RA disease activity,
systemic inflammation, lipoprotein dysfunction, endothelial
dysfunction and oxidative stress.** We demonstrated that indi-
rect effects of MTX through modification of RA disease activity
and systemic inflammation did not mediate CVD risk reduction
in this cohort. Our findings suggest potential benefit of MTX in
the context of CVD risk management beyond its important role
of improving disease activity, particularly as it relates to reducing

HF hospitalisations. Supporting this, a previous study of patients
initiating biological DMARDs demonstrated a 24% lower risk
of incident CVD in those on concomitant MTX.* Continued
research is warranted to elucidate direct effects of MTX, such
as improvements in lipoprotein and endothelial function,*”
on CVD outcomes in RA. Although not observed as an indirect
effect from MTX in this study, evidence linking disease activity
with CVD risk necessitates tight control of RA for lowering CVD
risk.

The effect of antirheumatic drugs on CVD risk in non-RA
patients is of increasing interest.>* *® Whether MTX-related
mechanisms might translate to effective CVD prevention outside
of RA was investigated in the Cardiovascular Inflammation
Reduction Trial.” In non-RA patients with prior CAD, low-dose
MTX treatment did not reduce CVD events compared with
placebo. These findings may relate to the inclusion of patients
without high levels of systemic inflammation,” though in our
study baseline hs-CRP minimally influenced the association
between MTX and CVD events. RA likely portends a more
complex inflammatory milieu than the non-RA population, thus,
it remains unclear whether a specific inflammatory phenotype in
the non-RA population might receive CVD benefit from MTX.

There are limitations to this study. This is an older, male-
predominant cohort of US Veterans, which may limit generalis-
ability of these findings. Sample size did not allow for a new-user,
active-comparator design, thus changes in disease activity related
to MTX may be underestimated and further study is required
to specifically compare the observed CVD benefits of MTX,
alone or in combination, with other DMARD regimens. As in
any observational study, residual confounding is possible and
manifests as a direct effect in mediation analyses, which must
be considered when interpreting a causal link between MTX
and CVD risk. While longitudinal measures allowed for robust
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Hazard Ratios and 95% Confidence Intervals
Figure 3 Forest plot illustrating the natural direct and natural indirect effects of MTX with cardiovascular disease events mediated by CRP (A) and
ESR (B) using a counterfactual-based mediation analysis. CAD, coronary artery disease; CRP, C reactive protein; CVD, cardiovascular disease; ESR,
erythrocyte sedimentation rate; HF, heart failure; MACE, major adverse cardiovascular event; MTX, methotrexate.

assessment of indirect effects of MTX through modification of
disease activity, additional studies could explore the contribu-
tion of alternative mediators to CVD risk reduction with MTX
use, such as reduced glucocorticoid dose. Additionally, folic acid
supplementation may lead to modest reductions in atherothrom-
botic CVD,* although this has not been shown to affect HF
risk. Though time-varying data were available for many vari-
ables, smoking status, statin use and comorbid conditions were
available only at baseline. As this is an older population with
a high degree of established comorbidity, the new incidence of
traditional CVD comorbidities during follow-up has been shown

to be relatively infrequent in this cohort.*® Left truncation of our
cohort limits the ability to account for accumulated RA disease
activity and DMARD exposure prior to index, though including
surrogate measures of prior RA disease activity including RA
duration, DMARD (both conventional and biologic) and pred-
nisone exposure, as well as MDHAQ did not substantially affect
results. Because we relied on administrative data to identify CVD
events, an event outside of the VA may be missed, though efforts
were made to systematically minimise outcome misclassification
by identifying new outpatient diagnoses and validating events
through medical record review.
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Causal inference methodology is rapidly evolving, offering
means for more robust estimates of treatment effects and disease
and/or treatment mechanisms in the observational setting. The
use of propensity score-based methods is increasing, particularly
in pharmacoepidemiological studies.*” There remains underuti-
lisation of MSM and causal mediation analyses in longitudinal
observational studies of rheumatic diseases. Continued imple-
mentation of these methods in epidemiological studies is needed
to improve the validity of study findings and to elucidate the
mechanisms underlying observed associations.

In conclusion, MTX exposure was associated with a 24%
reduced risk of CVD events including a 57% reduced risk of HF
hospitalisation in a large RA registry linked to national VA data.
These cardioprotective effects were not attributable to indirect
effects through modification of RA disease activity or systemic
inflammation. These data suggest MTX may offer CVD benefit,
particularly in HF, beyond its role in reducing RA disease activity,
and these roles should be especially considered in RA patients at
high risk of CVD.
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CLINICAL SCIENCE

Abatacept is second to rituximab at risk of HBsAg
reverse seroconversion in patients with

rheumatic disease

Ming-Han Chen

Chang-Youh Tsai 12Y| Hsiang Huang

ABSTRACT

Background Hepatitis B surface antigen (HBsAQ)
reverse seroconversion (RS) can happen in patients with
rheumatoid arthritis (RA) with resolved hepatitis B (RHB)
undergoing biological disease-modifying antirheumatic
drugs (-DMARDs). But the incidence and risk factors
need to be delineated.

Methods From 2003 to 2019, 1937 patients with RA
with available HBsAg and antibody to hepatitis B virus
(HBV) core antigen data were retrospectively reviewed,
and 489 patients with RHB undergoing bDMARDs
treatment were identified. Factors associated with HBsAg
RS were analysed.

Results During 67828 person-months of follow-up,

27 (5.5%) patients developed HBsAg RS after bDMARD
treatment. As compared with those without HBsAg RS,
patients with HBsAg RS were older, had lower frequency
of antibody to HBsAg (anti-HBs), and lower baseline
anti-HBs levels. In multivariate analysis, rituximab,
abatacept and baseline negative for anti-HBs were the
independent risk factors for HBsAg RS (adjusted HR:
87.76,95% Cl: 11.50 to 669.73, p<0.001; adjusted HR:
60.57, 95% Cl: 6.99 to 525.15, p<0.001; adjusted HR:
5.15,95% Cl: 2.21 to 12.02, p<0.001, respectively). The
risk of HBsAg RS was inversely related to the level of
anti-HBs. Both rituximab and abatacept might result in
anti-HBs loss, and abatacept had a cumulative incidence
of HBsAg RS of 35.4%—62.5% in patients with low titers
or negative of anti-HBs.

Conclusions Not only rituximab, but also abatacept
has a high risk of HBV reactivation in patient with

RA with RHB. Anti-HBs positivity cannot confer HBV
reactivation-free status if the anti-HBs levels are not
high enough for patients with RHB on rituximab and
abatacept treatment.

INTRODUCTION

Hepatitis B virus (HBV) infection is a global health
problem which can cause acute or chronic hepa-
titis, liver cirrhosis and hepatocellular carcinoma,
and contributes to over 1million deaths per year
worldwide." ? It is estimated that 257 million people
worldwide are chronic infected by HBV, while far
more than this numbers have prior HBV exposure.'
For patients with resolved hepatitis B (RHB) infec-
tion, defined as hepatitis B surface antigen (HBsAg)-
negative, and antibody to hepatitis B core antigen
(anti-HBc)-positive, HBsAg reverse seroconversion
(RS) may occur in those receiving chemotherapy or
immunosuppressive treatment.’™ The incidence of

"% 1-Cheng Lee,* Ming- Huang Chen,? Ming-Chih Hou,’

Key messages

What is already known about this subject?

» Hepatitis B surface antigen (HBsAg) reverse
seroconversion (RS) can happen in patients
with resolved hepatitis B (RHB) receiving
immunosuppressive treatment.

» Rituximab is at the highest risk to induce HBsAg
RS among biological agents.

What does this study add?

» Antibody to hepatitis B surface antigen (anti-
HBs) positivity cannot confer hepatitis B virus
(HBV) reactivation-free status.

» Not only rituximab, but also abatacept has high
risk of HBsAg RS, through loss of anti-HBs.

How might this impact on clinical practice or

future developments?

» Abatacept should be classified as high risk
of HBV reactivation in RHB cases if anti-HBs
levels are not high enough, at which, antiviral
prophylaxis is highly recommended.

» Anti-HBs monitoring should be included for
patients with RHB on rituximab and abatacept
treatment.

HBsAg RS in patients with RHB with haematolog-
ical malignancy is heterogeneous, with 3%-50% in
patients receiving chemotherapy alone or combined
with B-cell depleting therapy.*”

Rheumatoid arthritis (RA) is the most common
type of chronic inflammatory arthritis and affects
about 1% of the worldwide population.® To
reduce synovial inflammation and attenuate bone
destruction, most of them receive lifelong immu-
nosuppressive therapy, including glucocorticoid
(GC) and synthetic disease-modifying antirheu-
matic drugs (sSDMARDs), and biological DMARDs
(bDMARDs). bDMARDs are more effective at
treating RA but carry an increased risk of infec-
tions.” The risk of HBV reactivation (HBVr) in
patients with RA with chronic hepatitis B (CHB)
increases by bDMARDs and is the highest among
those receiving B-cell-depleting therapies, and GC
treatment in combination with bDMARDs.'*"* In
contrast, only a few cases of HBsAg RS in patients
with RHB with RA after anti-tumour necrosis
factor (TNF)-a, cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4)-immunoglobulin (Ig) fusion
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protein (abatacept), or B-cell-depleting (anti-CD20 monoclonal
antibody, rituximab) treatment were reported to date.!’ 3 1¢
The American Gastroenterological Association (AGA) Institute
proposed that patients with CHB or RHB on B-cell-depleting
therapies considered to be at a high risk of HBVr, while those on
TNF-o inhibitors or CTLA-4-Ig are classified as moderate risk
of HBVr." ¥ However, the evidences regarding the risk were
mainly based on patients with malignancy and few case series
studies of patients with rheumatic diseases with small sample
size and short follow-up. Informative data regarding the risk of
HBsAg RS among patients with RA with RHB remain limited.
We recently described clinical features and outcomes of HBsAg
RS for patients with RHB RA who received immunosuppressant
or bDMARD therapy.'® However, the incidence of HBsAg RS
by different classes of bDMARDs and factors associated with
HBsAg RS remain unknown. Through an extended long-term
follow-up data, this study aimed to determine the occurrence
rate of HBsAg RS and identify risk factors for HBsAg RS among
patients with RA with RHB who received bDMARD therapy.

PATIENTS AND METHODS

Patients

We retrospectively investigated 1937 patients with RA who had
available HBsAg and anti-HBc data in Taipei Veterans General
Hospital between June 2003 and May 2019, 1022 patients were
classified as RHB with HBsAg-negative/anti-HBc-positive at
the time of diagnosis or before immunosuppressive treatment
for RA."” Among them, 487 patients ever received bDMARDs
treatment. None received anti-HBV prophylaxis by nuceos(t)
ide analogues (NUCs) as it has not been reimbursed for RHB
by Taiwan National Health Insurance (TNHI) up to now. Liver
function was regularly monitored every 2-3 months, and HBsAg
status was determined biannually after starting immunosuppres-
sive treatment. The detailed medical records, including immu-
nological profiles, clinical courses and outcomes, were carefully
reviewed. All patients met the 1987 ACR criteria®® or 2010
ACR/EULAR classification criteria for RA.*!

Immunosuppressive therapy for RA

sDMARD:s included methotrexate, leflunomide, hydroxychlo-
roquine, sulfasalazine, while the bDMARDs included anti-
TNF-o. agents, abatacept, rituximab and anti-interleukin-6
(IL-6) receptor monoclonal antibody (tocilizumab). bDMARDs
were administered at standard dosages as our previous report.'®
bDMARDs were indicated in diseases refractory to conventional
therapy, which was defined as sSDMARD therapy for over 6
months. A drug exposure was defined as a patient receiving GC,
sDMARDs, or bDMARDs for more than 4 weeks.

Definition
HBsAg RS was defined as reappearance of HBsAg in the serum
in patients with RHB. Hepatitis flare was defined as a serum
alanine aminotransferase (ALT) level at least twice the base-
line level and more than threefold upper limit normal (ULN).
The ULN for ALT was 40U/L. Patients with RA may switch
to a different bDMARD over time, the one used at the end of
follow-up, or at the time when HBsAg RS occurred, was counted
as the candidate biologics. The medical recorded of the date at
the beginning of immunosuppressive treatment was defined as
baseline data.

Serological tests of viral hepatitis markers (online supple-
mental materials)

RA patients with available
HBsAg and anti-HBc (n=1937)

HBsAg positive (n=151)
HBsAg negative/anti-HBc negative (n=764)
HEsAg-negative/anti-HBc-

positive (n=1022)
|- = csDMARDs or corticosteroids (n=533)
bDMARDs-experienced
(n=489)
] |
Anti-HBs negative Anti-HBs positive | Anti-HBs unknown
(n = 89; 18.2%) | (n=307,62.8%) | (n = 93; 19.0%) |
| [ I
HBsAg reverse seroconversion
! | 1
11 (12.4%) 12 (3.9%) | 4 (4.3%)

Figure 1 Study flowchart. All patients with RA were screened

for their HBsAg and antibody to hepatitis B core antigen before
immunosuppressive treatment. Resolved hepatitis B virus infected
patients who were treated with bDMARDs were enrolled and
categorised according to the status of anti-HBs. HBsAg reverse
seroconversion was defined as reappearance of HBsAg. anti-HBs,
antibody to HBsAg; bDMARDs, biological disease-modifying anti-
rheumatic drugs; csDMARDs, conventional synthetic DMARDs; HBsAg,
hepatitis B surface antigen; RA, rheumatoid arthritis.

Statistical analysis

The duration of the patient’s follow-up was calculated from
the time of immunosuppressive treatment for RA to the date of
HBsAg RS, the last visit or death. The occurrence of HBsAg RS
was carefully reviewed since starting bDMARD treatments for
all the studied cases. Fisher’s exact tests were used to compare
categorical variables. An independent Student’s t-test was used
to compare numerical data following a normal distribution and
Mann-Whitney U test was used for data violating the normal
distribution. The cumulative incidence of HBsAg RS was esti-
mated using the Kaplan-Meier method and the statistical differ-
ences were tested by log-rank tests. Analysis of factors for HBsAg
RS was performed using the Cox proportional hazards model.
Covariates with a significance of <0.2 in the univariate logistic
regression analyses were further introduced into a multivariable
model with automatic backward elimination. A p value <0.05
was considered as statistically significant. All statistical analyses
were conducted using SPSS software V.26.0 (IBM SPSS Statistics
for Windows, IBM, Armonk, New York, USA).

Patient and public involvement
Patients were not involved in the study.

RESULTS

Study population

There were 1022 patients identified to be RHB (figure 1).
Of them, 489 patients had undergone bDMARDs treatment,
including 403 (82.4%) females, with the mean age of 51.8 years
at diagnosis of RA (table 1). Of the 396 patients with available
anti-HBs data, 307 (77.5%) were positive for anti-HBs before
receiving immunosuppressive treatment. Of them, 188 (38.4%)
patients received GC therapy, while 445 (91.0%) patients had
sDMARDs during bDMARD treatment; 153 (31.3%) patients
had experienced more than one bDMARD. bDMARD use at
the end of follow-up or at the time when HBsAg RS developed
were counted, including 255 TNF-o inhibitors, 69 abatacept, 81
tocilizumab and 84 rituximab. The median time from starting
immunosuppressant and bDMARD treatment to the end of
the follow-up was 153 (range: 18-196) and 77 (range: 3-196)
months, respectively.
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Table 1  Demographic and immunologic profiles of 487 patients with RHB with RA with or without HBsAg RS
Total HBsAg RS+ HBsAg RS-
Characteristic N=489 n=27 n=462 P value
Baseline characteristics
Age at diagnosis of RA (years), mean+SD 51.8+12.4 57.7x11.5 51.5£12.4 0.012*
Female, n (%) 403 (82.4) 22 (81.5) 381 (82.5) 0.800
Baseline anti-HBs positive, n (%) 307/396 (77.5) 12/23 (52.2) 295/373 (79.1) 0.007*
Baseline anti-HBs (mlU/mL), median (range) 45.8 (0.1->1000) 10.8 (0.1-118.5) 54.3 (0.2->1000) <0.001*
Baseline ALT (U/L), mean+SD 20.3+8.1 21.9+7.7 20.3+8.1 0.204
Baseline AST (U/L), mean+SD 22.9+6.7 24.4+6.5 22.8+6.8 0.174
Baseline total bilirubin (mg/dL), mean+SD 0.41+£0.17 0.41+0.16 0.40+0.17 0.790
Rheumatoid factor positive, n (%) 409 (83.6) 23 (85.2) 386 (83.5) 1.000
Anticyclic citrullinated peptide antibody positive, n (%) 2347301 (77.7) 14/17 (82.4) 220/284 (71.5) 0.772
Disease activity
ESR (mm/hour), mean+SD 55.0+23.4 50.4+28.0 55.3+23.1 0.415
CRP (mg/dL), median (range) 1.8 (0.0-15.9) 1.4 (0.0-7.2) 1.8 (0.0-15.9) 0.132
Immunosuppressants during bDMARD treatment, n (%)
Glucocorticoid 188 (38.4) 15 (55.6) 173 (37.4) 0.068
sDMARDs 445 (91.0) 25 (92.6) 420 (90.9) 1.000
Methotrexate 252 (51.5) 18 (66.7) 234 (50.6) 0.117
Leflunomide 83(17) 1(3.7) 82(17.7) 0.065
Hydroxychloroquine 251 (51.3) 16 (59.3) 235 (50.9) 0.434
Sulfasalazine 154 (32.1) 11 (40.7) 143 (31.6) 0.396
More than one bDMARD treatment, n (%) 153 (31.3) 19 (70.4) 134 (29.0) <0.001*
bDMARD:s at the end of follow-up, n (%)
TNF-ot inhibitors 255 (52.1) 3(11.1) 252 (54.5)
Etanercept 105 (21.5) 13.7) 104 (22.5)
Adalimumab 115 (23.5) 2(7.4) 113 (24.5)
Golimumab 35(7.2) 0(0.0) 35 (7.6)
Abatacept 69 (14.1) 6(22.2) 63 (13.6)
Tocilizumab 81 (16.6) 0(0.0) 81 (17.5)
Rituximab 84(17.2) 18 (66.7) 66 (14.3)
Duration of follow-up (months), median (range) 153 (18-196) 131 (20-196) 154 (18-196) 0.232
Duration of biologic therapy (months), median (range) 77 (3-196) 90 (10-174) 76 (3—196) 0.577

*P<0.05.

ALT, alanine aminotransferase; anti-HBs, antibody to HBsAg; AST, aspartate aminotransferase; bDMARDs, biological disease-modifying antirheumatic drugs; CRP, c-reactive
protein; ESR, erythrocytes sedimentation rate; RA, rheumatoid arthritis; HBsAg RS, hepatitis B surface antigen reverse seroconversion; SDMARDs, synthetic disease-modifying

antirheumatic drugs; TNF-o, tumour necrosis factor-c..

Baseline characteristics of patients with RA with or without
HBsAg RS

During 67828 person-months of follow-up, 27 (5.5%) out of
489 patients developed HBsAg RS, with the incidence of 0.04
per 100 person-months. Among them, 18 patients were related
to rituximab, 6 by abatacept, 2 by adalimumab and 1 by etaner-
cept. The median intervals from the start of immunosuppres-
sants or bDMARDs to HBsAg RS were 131 (range: 20-196) and
90 (range: 10-174) months, respectively (table 1). The cumu-
lative risks of HBsAg RS were 2.4% at 10years, and 11.3% at
16years (figure 2A).

Patients with HBsAg RS were older and had significantly
lower baseline anti-HBs levels than those without HBsAg RS
(p=0.012and <0.001, respectively). The frequency of anti-HBs
positivity was significantly lower in patients with HBsAg RS
as compared with those without HBsAg RS (52.2% vs 79.1%,
p=0.007, table 1).

Of the 27 cases with HBsAg RS, 19 (70.4%) had received
more than one bDMARDs and the median time from switching
bDMARD to HBsAg RS was 67 months (range: 9 to 99 months).
Patients with HBsAg RS were more frequently to receive more
than one bDMARD (p<0.001). However, the frequency of GC

and sSDMARD use was similar between patients with and without
HBsAg RS (table 1).

Incidence of HBsAg RS by different bDMARDs

The incidence of HBsAg RS was the highest by rituximab,
followed by abatacept, TNF-o inhibitors and tocilizumab (inci-
dence: 17.717, 9.375, 0.992 and 0.000 per 1000 patient-years,
respectively) (table 2) with the 16-year cumulative risks of HBsAg
RS of 51.0%, 19.7%, 2.4%, 0.0%, respectively (figure 2B). The
risk of HBsAg RS was significantly higher by rituximab (adjusted
HR: 35.646, 95%CI: 8.158 to 155.758, p<0.001) and abata-
cept (adjusted HR: 15.394, 95%CI 3.076 to 77.037, p=0.001)
as compared with TNF-o inhibitors (table 2).

Factors associated with HBsAg RS in patients with RA with
RHB

In univariate analysis, baseline negative for anti-HBs, and GC
use during bDMARD treatment were associated with the risk
of HBsAg RS with the unadjusted HR of 3.117 (p=0.007) and
2.226 (p=0.044), respectively (table 3). Of various bDMARDs,
rituximab and abatacept had higher risk of HBsAg RS, comparing
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Figure 2 Cumulative risk of HBsAg RS in patients with RA with
resolved HBV infection. (A) Cumulative risk of HBsAg RS in 489
patients with RA with resolved HBV infection who were treated with
bDMARDs. (B) Cumulative risk of HBsAg RS stratified by classes of
bDMARDs. (C) Cumulative risk of HBsAg RS stratified by the status

of baseline anti-HBs. (D) Cumulative risk of HBsAg RS stratified by
baseline levels of anti-HBs. Patients were categorised into high (>100
mlU/mL), low (10-100 mIU/mL) and negative anti-HBs (<10 mIU/mL)
groups for analysis the cumulative risk of HBsAg RS was evaluated by
Kaplan-Meier analysis and log-rank test. anti-HBs, antibody to HBsAg;
bDMARDs, biological disease-modifying anti-rheumatic drugs; HBsAg
RS, hepatitis B surface antigen reverse seroconversion; TNF-o., tumour
necrosis factor-o..

to other bDMARDs (HR: 10.645, p<0.001 and HR: 2.775,
p=0.029, respectively). In multivariate analysis, rituximab,
abatacept and baseline negative for anti-HBs were the indepen-
dent risk factors for HBsAg RS after adjusting other covariates
(adjusted HR: 87.757, 95%CI: 11.499 to 669.733, p<0.001;
adjusted HR: 60.572, 95%CI: 6.987 to 525.150, p<0.001;
and adjusted HR: 5.151, 95%CI: 2.207 to 12.023, p<0.001,
respectively) (figure 2A and C). Patients experienced with more
than one bDMARD had a higher risk to develop HBsAg RS
when compared with those with single bDMARD therapy in
univariate analysis (HR: 4.574, p<0.001). However, it became
non-significant after adjusting for other confounders.

To determine the role of baseline anti-HBs level in the risk of
HBsAg RS, patients were categorised into high (>100 mIU/mL),
low (10-100 mIU/mL) and anti-HBs negative (<10 mIU/mL)
groups for comparison.”? As shown in figure 2D, the cumulative
risk of HBsAg RS at year 16 were 24.3%, 14.2% and 2.4% for
patients with RA with baseline anti-HBs-negative, anti-HBs low,
and anti-HBs high, respectively (p<0.001).

The level of anti-HBs associated with the risk of HBsAg RS in
subgroups

For rituximab-treated patients, the incidence of HBsAg RS was
up to 53.3% for patients negative for baseline anti-HBs, 20.6%
for patients with low anti-HBs, while only 8.3% in patients with
high anti-HBs (p<0.001, figure 3A), with the 16-year cumulative
risk of HBsAg RS up to 100.0% and 43.1% in patients with anti-
HBs-negative and low anti-HBs level (p=0.003, figure 3B). While
the 16-year cumulative risk of HBsAg RS was still high (10.5%)
in patients with baseline high anti-HBs level. In abatacept-
treated patients, no patient with high baseline anti-HBs, while
3 (14.3%) out of 21 patients with low anti-HBs, and 2 (28.6%)
of 7 patients negative for baseline anti-HBs experienced HBsAg
RS (figure 3C), with the cumulative risk of HBsAg RS at year
16 of 0%, 35.4% and 62.5% for patients with RA with baseline
anti-HBs high, low and negative groups (p=0.026, figure 3D).
In other bDMARD-treated patients, the risk of HBsAg RS was
generally low, regardless the baseline anti-HBs level. However,
HBsAg RS was only detected in patients negative for baseline
anti-HBs (figure 3E,F).

Incidence of anti-HBs loss by bDMARD treatment

Baseline anti-HBs status was associated with the risk of HBsAg
RS, we further explored the incidence of anti-HBs loss during
the bDMARD treatment. As shown in figure 4A, 20 (10.2%)
out of 197 patients experienced anti-HBs loss during bDMARD
treatment. Of note, the incidences of anti-HBs loss in patients
receiving rituximab and abatacept were high (24.6% and 15.0%,
respectively, figure 4A).

In general, a high baseline anti-HBs level (>100 mlIU/
mL) was associated with lower risk of anti-HBs loss (1.8% vs
20.5%, p<0.001, figure 4B). Similar trend was observed in
abatacept-treated group (0% vs 33.3%, p=0.074, figure 4C)
and in rituximab-treated patients (8.3% vs 36.4%, p=0.027,
figure 4D).

Outcomes of the patients with RA with HBsAg RS

Of the 27 patients with RA with HBsAg RS, 15 (57.7%) of
26 individuals would become HBeAg-positive after HBV
reactivation (online supplemental table 1). The median peak
HBYV viral loads was 193000001U/mL (ranged from 1370 to
>1700000001U/mL). Twelve (44.0%) experienced hepatitis
flare, while 11 (40.7%) and 6 (22.2%) had a more than five-
fold and tenfold ULN ALT elevation, respectively. Six (22.2%)
patients had liver decompensation with hepatitis flare accompa-
nied by a total bilirubin level >2 mg/dL and/or a prolongation
of the patient’s prothrombin time >3s. The principal to manage
patients with HBVr included discontinuation of bDMARDs at
the time of HBsAg RS, and promptly referral to hepatologists.

Table 2 Crude incidence rates and HR of HBsAg RS among patients with RA with RHB receiving different biologics

Exposure* Number of events Person-yearst IR (per 1000 person-years) Adjusted HR (95% CI)# P value
TNF-o inhibitors 3 3023 0.992 Reference

Tocilizumab 0 947 0.000 - -
Abatacept 6 640 9.375 15.394 (3.076 to 77.037) 0.001§
Rituximab. 18 1016 17.717 35.646 (8.158 to 155.758) <0.001§

*The biological disease-modifying antirheumatic drugs at the end of follow-up or the time when HBsAg RS developed.
tThe duration was defined as the period from initiation of immunosuppressive treatment to the final follow-up visit or the time of HBsAg RS.

+HR was adjusted for age at RA diagnosis >50 years and sex.
§P<0.05.

.HBsAg RS, hepatitis B surface antigen reverse seroconversion; IR, incidence rate; RA, rheumatoid arthritis; RHB, resolved hepatitis B; TNF-c, tumour necrosis factor-a.
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Table 3  Factors associated with HBsAg RS among 487 patients with RA with RHB in univariate analysis and multivariable model

Total HBsAg RS
Predictors (n=489), n (%) (n=27), n (%) Crude HR (95%Cl) P value Adjusted HR (95%Cl) P value
Age at RA diagnosis, =50 years 289 (59.1) 19 (70.4) 2.383 (1.037 to 5.478) 0.041
Age at bDMARDs use, =50 years 395 (80.8) 25(92.6) 3.014 (0.712 to 12.762) 0.134
Gender, female 403 (82.4) 22 (81.5) 0.744 (0.275 to 2.014) 0.561
Baseline anti-HBs
Positive 307 (77.5) 12 (52.2) 1 1 <0.001"
Negative 89 (22.5) 11(47.8) 3.117 (1.367 to 7.106) 0.007" 5.151 (2.207 t0 12.023)
Unknown 93 4 1.458 (0.463 to 4.592) 0.519
Baseline ALT, =30 U/L 61(12.5) 6(22.5) 1.606 (0.637 to 4.048) 0315
Baseline AST, =30 U/L 78 (16.0) 5(18.5) 0.999 (0.373 t0 2.673) 0.998
GC during bDMARD treatment 188 (38.4) 15 (55.6) 2.226 (1.021 to 4.852) 0.044
sDMARDs during bDMARD treatment 445 (91.0) 25 (92.6) 3.054 (0.413 to 22.609) 0.274
More than one bDMARD treatment 153 (31.3) 19 (70.4) 4,574 (1.999 to 10.470) <0.001" 1.597 (0.371 t0 6.867) 0.530
Abatacept use 69 (14.1) 6(22.2) 2.775 (1.110 to 6.941) 0.029° 60.572 (6.987 to 525.150) <0.001"
Rituximab use 84 (17.2) 18 (66.7) 10.645 (4.677 to 24.229) <0.001" 87.757 (11.499 to 669.733) <0.001"

Covariates with a significance of <0.2 in the univariate logistic regression analyses were introduced into a multivariable model with automatic backward elimination.

*P<0.05.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; bDMARDs, biological disease-modifying antirheumatic drugs; GC, glucocorticoid; RA, rheumatoid arthritis; RHB,

resolved hepatitis B; SDMARD, synthetic disease-modifying antirheumatic drugs.

High-potency NUCs, entecavir or tenofovir, were provided
immediately for up to 3 years if they fulfilled the TNHI criteria.
In patients with sign of liver decompensation, liver transplanta-
tion evaluation would start soon when feasible. Even though,
one (3.7%) patient expired in this cohort. The patient was a
63-year-old man with hypertension history undergoing adalim-
umab for 8 months and died from HBVr even under entecavir
rescue treatment. No specific factor was identified to be associ-
ated with severe ALT flare (online supplemental table 2).

DISCUSSION

Although bDMARD therapy would increases the risk of HBsAg
RS in patients with RA with RHB, the incidence and risk factors
associated with HBsAg RS have not been well investigated
before due to lack of long-term observation. A prospective study
including 179 Italian patients with rheumatic diseases with RHB
did not detect any HBsAg RS case during a median follow-up of
2.7 years in patients on rituximab, and 4.6 years in patients on
TNF-a inhibitors.”® Our data showed that long-term bDMARDs
treatment would indeed result in HBsAg RS among patients with
RA with RHB, with an incidence rate of 5.5% in the bDMARD-
treated cohort. The median time from immunosuppressants
treatment initiation to HBsAg RS was up to 11 years, while
median time from bDMARD use to HBsAg RS was almost 8
years. The finding that HBsAg RS in patients with RHB with
RA occurred after long-term bDMARD therapy may explain
why previous studies did not detect the event. To the best of our
knowledge, the current study is the largest cohort study with the
longest follow-up period to investigate the incidence of HBsAg
RS in patients with RA with RHB.

This study is also the first attempt to compare the incidence of
HBsAg RS among different biologics by mass screening. Among
patients with RHB with bDMARD treatment, not only rituximab,
but also abatacept has a high risk of HBsAg RS. Rituximab is well
known for its association with a high risk of HBVr in patients
with lymphoma with RHB.”> '’ Rituximab is classified as high-
risk agent for HBVr by the AGA and American Association for
the Study of Liver Diseases institutes.'” '® ** Most of the reports
also suggested that rituximab can induce HBVr in patients with
RA, but few considered not.” ** The incidences of HBVr were

6.0% (3 of 50) to 9.1% (4 of 44) during the mean follow-up of
3.1-3.4 years in previous studies.”” ** Our data showed that up
to 21.4% (18 out of 84) patients with RA undergo rituximab
treatment would develop HBsAg RS. High incidence of HBsAg
RS in our study might result from a longer follow-up period.
It is worth to note that the median time from rituximab use to
HBsAg RS was 5.5 years (ranged: 9-99 months), supporting that
long-term monitoring for HBV status is needed once biologics
are initiated.

Abatacept, a blocker of T-cell activation, can induce HBVr
in patients with RHB.'® In three previous studies including 65
patients with RA with RHB without NUCs prophylaxis, only
one experienced HBsAg RS during abatacept treatment.”® 2 3¢
In our cohort, abatacept is second to rituximab with a high risk
of HBsAg RS in patients with RA with RHB. The cumulative
incidence of HBsAg RS was around 20% in patients on abata-
cept treatment without high titers of anti-HBs. Previous studies
revealed that HBV clearance depends on effective and vigorous
HBV-specific CD4* and CD8™ T cells.*' ** CTLA-4 can interfere
HBV-specific T-cell response.®® Taking together, abatacept might
abrogate the function of pre-existed CD4 and CD8 T cells and
results in a high risk of HBsAg RS.

The risk of HBVr by TNF-a inhibitors in patients with CHB
with rheumatic diseases has been well-demonstrated before,
while the incidence is extremely low in patients with RHB. In
our study, only 3 (1.2%) of the 255 patients with RA on anti-
TNF-o treatment developed HBsAg RS during 1879 patient-
years of follow-up.

In the present study, not only anti-HBs positivity, but also a
high baseline anti-HBs level (>100 mIU/mL) was required to
protect patients with RA with RHB from HBsAg RS. The risk of
HBsAg RS was inversely related to the level of anti-HBs when
receiving bDMARDs, including rituximab and abatacept. It is
worth noting that the risk of HBsAg RS was still high (10.5%)
in patients who were anti-HBs-high, HBsAg-negative/anti-
HBc-positive and on rituximab treatment due to a high inci-
dence of anti-HBs loss. For abatacept-treated patients with RA,
the cumulative risk of HBsAg RS was also high if the baseline
anti-HBs was low (<100 mIU/mL), and anti-HBs loss would
happen in cases with low baseline anti-HBs level. Consequently,
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Figure 3 Incidence and cumulative risk of HBsAg RS in patients with
RA with resolved hepatitis B virus infection stratified by baseline levels
of anti-HBs. Incidence (A) and cumulative risk (B) of HBsAg RS stratified
by baseline levels of anti-HBs for patients on rituximab treatment.
Incidence (C) and cumulative risk (D) of HBsAg RS stratified by baseline
levels of anti-HBs for patients on abatacept treatment. Incidence (E)
and cumulative risk (F) of HBsAg RS stratified by baseline levels of anti-
HBs for patients on other biological disease-modifying anti-rheumatic
drugs. The cumulative risk of HBsAg RS was evaluated by Kaplan-Meier
analysis and log-rank test. anti-HBs, antibody to HBsAg; HBsAg RS,
hepatitis B surface antigen reverse seroconversion; RA, rheumatoid
arthritis.
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stratified by baseline levels of anti-HBs (>100 versus <100 mlU/mL) in
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Figure 5 Risk category and management recommendation of HBsAg
RS for patients with RA on bDMARDs based on long-term cumulative
risk. HBsAg RS was defined as reappearance of HBsAg. bDMARDs,
biological disease modifying anti-rheumatic drugs; HBsAg RS, hepatitis
B surface antigen reverse seroconversion; NUCs, nuceos(t)ide analogue;
RA, rheumatoid arthritis.

prophylactic NUCs is highly recommended for these patients.
In general, the risk of HBsAg RS was low on other bDMARDs
(eg, TNF-o. inhibitors) regardless the anti-HBs level. Therefore,
we propose an algorithm to stratify the risk of HBsAg RS and
recommend how to manage patients with RHB on bDMARD
treatment (figure 5).

Anti-HBs titers have been found to decline and loss in patients
with haematological malignancies after receiving B-cell depleting
treatment.” Among patients with baseline anti-HBs in high
level, up to 8.3% patients on rituximab treatment lost anti-HBs,
while none of the patients with baseline anti-HBs in high level
on abatacept treatment experienced anti-HBs loss. It is worth
noting that over 30% of patients on rituximab or abatacept
treatment lost anti-HBs if their baseline anti-HBs was less than
100 mIU/mL. We recently demonstrated that abatacept binding
to CD80/CD86 may negatively regulate antigen-specific B-cell
function directly.® Indeed, anticitrullinated protein antibody
levels significantly decreased after treatment with abatacept.®®
These may partially explain why abatacept decreased anti-HBs
levels and then induced HBsAg RS.

There are some limitations. First, this is a retrospective study and
the incidence of HBsAg RS might be underestimated due to lack of
more frequent HBsAg and HBV DNA monitoring. But it is hard to
perform a prospective study because an extremely long-term obser-
vation is required (at least 5-10 years). Second, there is no complete
data in terms of HBV viral load prior to the immunosuppressive
treatment which might be a predictor of HBsAg RS.*” Third, the
effect of sequential bBDMARDs treatment on HBsAg RS could not
be fully defined in this study, because of the complexity in sequential
bDMARD:s treatment in patients with RA .

In conclusion, anti-HBs positivity cannot confer HBV
reactivation-free status if the anti-HBs levels are not high enough
for patients with RA with RHB under bDMARD:s treatment.
Abatacept is second to rituximab with a high risk of HBV reacti-
vation in patient with RA with RHB. A more specific HBV reac-
tivation risk stratification and management strategy should be
based on not only the types of bDMARD, but also the level of
anti-HBs for patients with RA with RHB.
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Comparative effectiveness of two adalimumab
biosimilars in 1318 real-world patients with
inflammatory rheumatic disease mandated to switch
from originator adalimumab: nationwide
observational study emulating a randomised
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ABSTRACT

Objectives In 2018, a nationwide mandatory switch
from originator to biosimilar adalimumab was conducted
in Denmark. The available biosimilar was GP2017
(Hyrimoz) in Eastern regions and SB5 (Imraldi) in
Western regions. We aimed to assess the comparative
effectiveness of GP2017 versus SB5 in patients with
rheumatoid arthritis (RA)/psoriatic arthritis (PsA)/axial
spondyloarthritis (AXSpA).

Methods Observational cohort study based on the
DANBIO registry with geographical cluster pseudo-
randomisation, analysed by emulating a randomised
clinical trial. Main outcome was adjusted 1-year
treatment retention (Cox regression). Furthermore,

6 months’ remission rates (logistic regression), reasons
for withdrawal and back-switching to originator were
investigated (overall and stratified by indication).
Results Overal|, of 1570 eligible patients, 1318 switched
and were included (467 RA/321 PsA/530 AxSpA); 623
(47%) switched to GP2017, 695 (53%) to SB5. Baseline
characteristics of the two clusters were largely similar, but
some differences in registration practice were observed. The
combined 1-year retention rate for the two biosimilars was
89.5%. Compared with SB5, estimated risk of withdrawal
for GP2017 was lower (HR 0.60; 95% Cl 0.42 to 0.86) and
6 months' remission rate was higher (OR 1.72;95% Cl 1.25
t0 2.37). Stratified analyses gave similar results (statistically
significant for RA). During 1year, 8.5% and 12.9% withdrew
GP2017 and SB5, respectively (primarily lack of effect and
adverse events), of whom 48 patients (3.6%) back-switched.
Conclusion This head-to-head comparison of GP2017
versus SB5 following a mandatory switch from the
originator indicated differences in effectiveness in

routine care. This may reflect a true difference, but other
explanations, for example, differences in excipients,
differences between clusters and residual confounding
cannot be ruled out.
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Key messages

What is already known about this subject?

» Biosimilars are increasingly used in routine
care of patients with inflammatory rheumatic
disease. Currently, no head-to-head comparison
of the different adalimumab biosimilars has
been conducted.

What does this study add?

» Based on geographical cluster pseudo-
randomisation, we explored outcomes in
two biosimilars following a nationwide
mandatory non-medical switch from originator
adalimumab.

» In 1318 included switch patients, the estimated
risk of withdrawal was lower and 6 months
remission rate was higher for GP2017 compared
with SB5. This may reflect a true difference,
however other factors (differences in excipients,
differences between clusters, residual
confounding) cannot be ruled out.

» The 1-year treatment retention and disease
remission rates for both biosimilars were high.

How might this impact on clinical practice or

future developments?

» Switch outcomes following a non-medical
mandatory switch in routine care for both
adalimumab biosimilars were considered
effective and safe.

Over the past decades, biological disease-
modifying antirheumatic drugs (bDMARDs)
have revolutionised the treatment of inflam-
matory arthritis, including rheumatoid arthritis
(RA), psoriatic arthritis (PsA) and axial
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spondyloarthritis (AxSpA)." However, due to their high costs,
bDMARDs pose a significant financial burden on healthcare
systems around the world. The development of less expen-
sive biosimilar drugs potentially improves accessibility of
bDMARD:s for patients.'™

For adalimumab, several biosimilars have been approved
and marketed in Europe based on results from randomised
clinical trials (RCTs) comparing the effectiveness and safety
of the biosimilar versus originator adalimumab.*'® Effective-
ness of adalimumab biosimilars might potentially vary due to
minor differences in molecular structures, excipients or injec-
tion devices.!'™ RCTs are considered the gold standard for
assessing efficacy and safety of medications," but head-to-
head comparison of biosimilars has not been conducted. Well-
designed observational studies based on real-world patient data
monitored in quality registries constitute a valuable alternative,
especially when analysed in a way that emulates an RCT." '¢

In November 2018, Danish National guidelines dictated a
mandatory switch from originator to biosimilar adalimumab
for economic reasons (a so-called non-medical switch).!” In
Denmark, bDMARD treatment is funded by taxpayers and
provided free of charge to patients. For drugs considered to
be equally effective, a tendering process takes place, after
which it is mandatory to prescribe the less expensive drug.'®
The expected cost reduction was 34%-49% compared with
the originator (personal communication); corresponding to
approximately €50 million annually in Denmark." The avail-
able biosimilar was SBS (Imraldi) in the Western regions of
Denmark (Region North, Middle and South) and GP2017
(Hyrimoz) in the Eastern regions (the Capital Region and
Region Zealand). Thus, the guideline provided a surrogate
cluster pseudo-randomisation tool where geography rather
than patient-related factors determined the choice of biosim-
ilar.”® 2! The ‘ideal hypothetical trial’ that we attempted to
emulate was pragmatic, in which eligible participants were
patients with RA, PsA or AxSpA treated with originator adali-
mumab, who switched to either GP2017 or SBS according to
the national guideline.

The aim of this study was to assess the comparative effec-
tiveness of GP2017 versus SBS following a mandatory switch
regarding 1-year treatment retention rates, 6-month disease
remission rates and reasons for withdrawal. In addition, to inves-
tigate changes in disease activity 6 months prior to and after
the switch, and the frequency and reasons for back-switching to
originator adalimumab.

METHODS

Study design

This was a population-based, observational cohort study with
surrogate cluster (ie, geographical) pseudo-randomisation.
Eligible patients were identified in the Danish DANBIO
quality registry. DANBIO, established in year 2000, has
prospective follow-up of >95% of adults with rheumatic
disease treated with bDMARDs in routine care?” and validity
is high.?* By use of the unique Danish civil registration number
that each Dane receives at birth, DANBIO data were enriched
with patient-level information regarding comorbidities from
The Danish National Patient Registry (DNPR), which has
nearly complete data on inpatient and outpatient contacts,*
and with information regarding vital status from The Danish
Civil Registry.”> We report our findings in accordance with
the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) statement.*

Study population

Patients with a clinical diagnosis of RA, PsA or AxSpA, who were
treated with originator adalimumab by 1 November 2018 were
identified in DANBIO (figure 1).

The following patient groups were identified: (1) Switchers:
patients, who switched from originator adalimumab to biosim-
ilar (date of switch=baseline) between 1 November 2018 and
30 April 2019 (inclusion period). According to geographical
cluster pseudo-randomisation, patients were allocated to treat-
ment with GP2017 or SBS. (2) Non-switchers: patients treated
with originator adalimumab by 1 November 2018 (=baseline),
who did not switch to biosimilar during the inclusion period. (3)
Back-switchers: switchers, who during 1year’s follow-up discon-
tinued the biosimilar and resumed treatment with originator
adalimumab.

Outcomes

Comparative effectiveness was assessed in patients, who
switched to GP2017 versus those who switched to SBS: The
adjusted comparative 1-year treatment withdrawal was the
primary outcome. Key secondary outcomes were (a) the adjusted
comparative 1-year treatment withdrawal stratified by indica-
tion (RA, PsA and AxSpA) and (b) disease remission at 6 months
(adjusted), overall and stratified by indication. Other secondary
outcomes were reasons for withdrawal across treatments.

In addition, the following outcomes were assessed: (a) changes
in disease activity 6 months pre-switch versus 6 months post-
switch and (b) frequency of back-switch to originator adalim-
umab, including patient characteristics, reasons, and time to
back-switch.

Clinical variables

Clinical characteristics, disease activity and DMARD treat-
ment history were retrieved from DANBIO (data extracted by
23 October 2020) and included the following covariates: age
(years), gender (female/male), disease duration (years), body mass
index, current smoker (yes/no), number of previous bDMARD:s,
concomitant methotrexate (MTX) (yes/no), treatment duration
for originator adalimumab (years), C-reactive protein (CRP;
mg/L), physician global assessment (Visual Analogue Scale (VAS),
0-100), patient reported outcomes: pain (VAS 0-100), fatigue
(VAS 0-100), global assessment (VAS 0-100), functional status
(Health Assessment Questionnaire (HAQ); 0-3) and Patient
Acceptable Symptom State (PASS; (yes/no)).

Disease activity was assessed by, for RA and PsA: Disease
Activity Score-28 (DAS28)-CRP, Clinical Disease Activity Index
(CDAI); for AxSpA: Bath Ankylosing Spondylitis Indices of
Disease Activity (BASDAI; 0-10) and BAS functional status
(BASFI; 0-10), Ankylosing Spondylitis Disease Activity Score
(ASDAS). Disease remission (yes/no) was defined as DAS28 <2.6
(RA and PsA) and ASDAS <1.3 (AxSpA).

Previous comorbidities at baseline were identified in DNPR
(International Classification of Diseases, tenth revision codes,
online supplemental table S1).

Switchers were followed up for 1year. Treatment duration was
calculated as the number of days that each patient maintained
treatment with GP2017 or SBS, or until withdrawal (=first
missed dose irrespective of reason), death or lost to follow-up,
whichever came first. Treatment pauses less than 90 days (eg,
due to infections or surgery) were disregarded. For treatments
with no stop date, data were censored 1year after the last visit
in DANBIO. Furthermore, reasons for withdrawal (according to
predefined categories in DANBIO??) were retrieved.
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N=1,570

Patients with RA, PsA or AxSpA treated with originator adalimumab by Nov. 1%t 2018*

Non-switchers: Maintained treatment with

A 4

originator Nov. 15t 2018 — April 30t 2019**
N=173

Exclusion of:

> Switch interval >90 days*** N=2
Switched after April 30t 2019 N=77

Switchers

N=1,318

Switched to biosimilar Nov. 1%t 2018-April 30t 2019

Western Denmark

Eastern Denmark

F 3

SB5 (Imraldi) Switchers
N=695

Figure 1

»1 GP2017 (Hyrimoz) Switchers
N=623

Flow chart of patient selection. *Minimum one visit in DANBIO after 1 November 2018 and aged =18 years at diagnosis. **The reasons

are not registered in DANBIO. May occur in patients with complicating treatment history, comorbidities and/or prior drug intolerances or due to
registration errors. ***A time gap of 0-90 days between stop of originator and start of biosimilar was allowed to comply with registration practice.
AXxSpA, axial spondyloarthritis; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

For back-switchers, reasons for back-switch and time to back-
switch were retrieved from DANBIO. Further, disease activity
at the time of biosimilar start and at the time of back-switching
was compared, and changes (=delta values) were calculated in
each patient.

Approvals

The study was approved by the Danish Data Protection Agency
(RH-2015-209, 04145). In Denmark, registry studies require
neither patient consent nor ethical approval.

Statistical analysis

All statistical analyses were done using R V.3.6.1. P values
<0.05 were considered statistically significant. All analyses were
conducted using an intention-to-treat approach according to a
predefined statistical analysis plan. Clinical characteristics and
disease activity are presented as medians (IQR) and frequen-
cies (percentages) for continuous and categorical variables,
respectively. No formal power analysis was done as all available
patients in DANBIO were included in the study.

Primary and key secondary outcomes

Comparative treatment withdrawal in GP2017 versus SBS
switchers was explored with univariable and multivariable Cox
proportional hazards regression analyses (overall and strati-
fied by indication). Analyses were performed as crude, age-
adjusted and gender-adjusted and fully adjusted. Adjustment was
according to the following a priori defined baseline variables:

age, gender, current smoker, indication, disease remission, PASS,
number of previous bDMARDEs, treatment duration for origi-
nator adalimumab and number of comorbidities. In stratified
analysis including patients with RA, concomitant MTX was
included.

Disease remission at 6 months in GP2017 versus SBS switchers
was estimated with univariable and multivariable logistic regres-
sion analyses (OR with 95%CI). Analyses were adjusted as
mentioned above.

For multivariable analyses, missing baseline variables were
imputed by multiple imputation using chained equations (30
imputations).?” Proportional hazards assumption for Cox regres-
sion models was assessed in stacked imputed data sets. A rule of
five events per variable was applied to avoid overfitting.

Primary and key secondary outcomes, sensitivity analyses

To mimic common inclusion and exclusion criteria in RCTs,
we performed the following sensitivity analyses: S1: restricted
to patients with no more than one prior bDMARD treatment
in addition to originator adalimumab, and excluding patients
with age >75 years, prior malignancy, >2 comorbidities and
patients with RA not receiving concomitant MTX; S2: restricted
to patients, who scored PASS=yes at baseline. Furthermore,
Cox regression analyses of 1-year treatment withdrawal were
performed, where only discontinuation due to lack of effect
(LOE) or adverse events (AE) was considered an event (S3).
Finally, a sensitivity analysis (S4) was performed replacing
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Table 1 Clinical characteristics of patients, who switched from originator adalimumab to biosimilar GP2017 or SB5, overall and stratified by
indication
Reumatoid arthritis Psoriatic arthritis Axial spondyloarthritis
GP2017 SB5 GP2017 SB5 GP2017 SB5 Overall

Number of patients, n 214 253 148 173 261 269 1318
Female, n (%) 158 (74) 181 (72) 81 (55) 58 (34) 82 (31) 89 (33) 649 (49)
Age, years 63 (56-70) 64 (57-71) 55 (47-62) 55 (48-63) 46 (39-57) 49 (42-57) 56 (46-65)
Disease duration, years 17 (12-23) 16 (11-24) 13(9-17) 14 (9-20) 12 (8-18) 12 (8-18) 14 (9-20)
0-5 years, n (%) 6(3) 3(1) 13 (9) 8 (4) 25 (10) 22 (8) 77 (6)
>5 years, n (%) 208 (97) 250 (99) 135 (91) 165 (96) 236 (90) 247 (92) 1241 (94)
BMI, kg/m* 24.5 (22.8-28.3) 25.8(22.9-29.4) 27.2 (24.2-30.9) 26.7 (24.2-30.5) 24.8 (22.8-27.5) 25.5(23.1-29.1) 25.7 (23.1-29.2)
Current smoking, n (%) 52 (25) 47 (19) 37 (25) 32(19) 77 (30) 65 (24) 310 (24)
Year of ADA treatment start

2003-2008, n (%) 82 (39) 81 (32) 44 (30) 46 (27) 62 (24) 55 (20) 370 (28)

2009-2014, n (%) 84 (40) 151 (60) 71 (48) 97 (56) 145 (56) 160 (59) 708 (54)

2015-2019, n (%) 46 (22) 21 (8) 32(22) 30(17) 53 (20) 54 (20) 236 (18)
Prior ADA treatment duration, years 9(5-12) 9 (7-11) 8 (5-10) 8 (5-10) 8 (5-10) 7 (5-10) 8 (5-10)
Concomitant MTX, n (%) 179 (84) 213 (84) 89 (60) 109 (63) 72 (28) 55 (20) 717 (54)
Prior bDMARD treatments, n (%)

Only adalimumab originator 87 (41) 163 (64) 90 (61) 130 (75) 141 (54) 167 (62) 778 (59)

1 81 (38) 69 (27) 41 (28) 28 (16) 82 (31) 54 (20) 355 (27)

>2 46 (21) 21 (8) 17 (11) 15(9) 38 (15) 49 (18) 185 (14)
Visits during 1-year follow-up 2(1-3) 2(2-3) 2(1-3) 2(1-3) 2(1-3) 2(1-3) 2(1-3)
Disease activity
In DAS28/ASDAS remission*, n (%) 87 (67) 175 (80) 66 (76) 109 (76) 66 (37) 89 (42) 592 (61)
In CDAI/ASDAS remissiont, n (%) 39 (30) 94 (44) 30 (32) 74 (50) 66 (37) 89 (42) 392 (40)
CRP, mg/L 2 (1-4) 2 (1-4) 2(13) 2 (1-4) 2(13) 2 (1-4) 2 (1-4)
DAS28 2.3(1.7-2.8) 2.0 (1.5-2.5) 2.1(1.6-2.6) 1.9 (1.6-2.6) - - -
CDAI 5.1 (2.1-8.3) 3.6 (1.5-6.9) 43(2.2-7.6) 2.8(1.2-7.3) - - -
BASDAI, cm - - - - 2.5(1.0-4.7) 2.7 (1.2-4.7) -
BASFI - - - - 2.1 (0.8-4.0) 2.1 (0.8-4.5) -
ASDAS - - - - 1.7 (1.0-2.5) 1.6 (1.0-2.5) -
Physician global VAS, mm 5(2-11) 4(1-6) 7(3-11) 4(1-8) 7(3-16) 4(1-8) 5(2-9)
Patient pain VAS, mm 27 (12-49) 22 (8-46) 28 (14-48) 19 (8-52) 23 (8-47) 22 (8-45) 24 (8-48)
Patient fatigue VAS, mm 44 (20-66) 37 (14-63) 39 (24-64) 34 (17-64) 33 (14-65) 39 (14-70) 37 (16-66)
Patient global VAS, mm 30 (15-62) 27 (9-53) 30 (12-56) 20 (9-56) 23 (8-49) 24 (9-53) 25 (10-54)
HAQ 0.6 (0.2-1.1) 0.5 (0.1-1.1) 0.5 (0.1-0.9) 0.4 (0.0-0.9) 0.2 (0.0-0.6) 0.2 (0.0-0.8) 0.4 (0.0-0.9)
PASS yes, n (%) 114 (80) 181 (84) 71(72) 120 (78) 165 (78) 174 (79) 825 (79)
Previous comorbidities
Cancer, n (%) 14(7) 5(2) 4(3) 5(3) 5(2) 5(2) 38(3)
Hospitalised Infection, n (%) 62 (29) 66 (26) 48 (33) 41 (24) 66 (26) 50 (19) 333 (26)
Knee/hip prosthesis, n (%) 27 (13) 25 (10) 4(3) 4(2) 9 (4) 5(2) 74 (6)
Pulmonary disease, n (%) 13 (6) 16 (6) 3(2) 11(6) 13 (5) 19 (7) 75 (6)
Diabetes, n (%) 13 (6) 16 (6) 11(8) 9(5) 13 (5) 8(3) 70 (5)
Myocardial infarction, n (%) 5(2) 8(3) 3Q) 2(1) 3(1) 5(2) 26 (2)
Chronic kidney disease, n (%) 6(3) 4(2) 2(1) 2(1) 4(2) 5(2) 23(2)
Number of comorbidities

0, n (%) 119 (56) 140 (56) 86 (59) 110 (65) 161 (63) 181 (69) 797 (62)

>1,n (%) 93 (44) 110 (44) 59 (41) 60 (35) 94 (37) 82 (31) 498 (38)

Numbers are median (IQR) unless otherwise stated. Baseline is in time-window —175 days to +6 days according to switch date.

*Remission defined as DAS28 <2.6 (RA, PsA), ASDAS <1.3 (AxSpA).
+CDAI remission defined as <2.9 (RA, PsA).
$0-10 years prior to baseline and 0-ever for cancer.

ADA, originator adalimumab; ASDAS, Ankylosing Spondylitis Disease Activity Score; AxSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Indices of Disease Activity (0—10); BASFI, BAS functional status
(0-10); bDMARD, biological disease-modifying antirheumatic drugs; BMI, body mass index; CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAS28, Disease activity score (four variables); HAQ, Functional
status (Health Assessment Questionnaire) 0-3; MTX, methotrexate; PASS, Patient Acceptable Symptom State (yes/no); patient pain (VAS 0-100), fatigue (VAS 0-100), patient global assessment (VAS 0-100) and

physician global VAS (0-100); ;PsA, psoriatic arthritis; RA, rheumatoid arthritis; VAS, Visual Analogue Scale.

DAS28 remission with CDAI remission (CDAI <2.9) for patients
with RA and PsA.

RESULTS

Of 1570 patients treated with originator adalimumab by 1
November 2018, 1318 (84%) switched to GP2017 (623, 47%)
or SBS (695, 53%) before 30 April 2019 and were included

(table 1, figure 1). All patients were assigned the biosimilar treat-
ment in compliance with the guideline, that is, according to their
geographical region. In general, the patients had established
disease with median 8 years of originator adalimumab treatment.
At baseline, the majority (61%) of the patients were in remission.
A total of 173 patients (11%) did not switch and were excluded
(baseline characteristics in online supplemental table S3).
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Table 2 One-year comparative treatment withdrawal in GP2017 versus SB5 for overall switch cohort and stratified by indication, results of crude
and adjusted Cox regression analyses

Overall cohort RA PsA AxSpA
HR (95% Cl) Pvalue  HR(95%Cl) Pvalue HR(95%ClI) Pvalue  HR(95%Cl) P value
Main analysis n=1318 n=467 n=321 n=530
Unadjusted 0.69 (0.49 t0 0.97) 0.034 0.50 (0.28 t0 0.91) 0.023 1.00 (0.49 to 2.03) 0.991 0.74(0.42 10 1.32) 0.305
Age and gender adjusted 0.66 (0.47 to 0.94) 0.02 0.50 (0.28 to 0.90) 0.021 0.97 (0.46 to0 2.02) 0.927 0.75(0.42 t0 1.33) 0.317
Fully adjusted™ 0.60 (0.42 to 0.86) 0.005 0.48 (0.26 to 0.88) 0.019 NA NA 0.68 (0.38 t0 1.22) 0.187
Sensitivity analysis S1t n=982 n=283 n=274 n=425
Unadjusted 0.66 (0.43 to 1.02) 0.06 0.61(0.28 t0 1.33) 0.208 1.14(0.48 t0 2.71) 0.761 0.51(0.25 to 1.05) 0.068
Age and gender adjusted 0.64 (0.41 t0 0.99) 0.046 0.61 (0.28 to 1.34) 0.209 1.08 (0.44 t0 2.63) 0.857 0.48 (0.23 t0 0.99) 0.048
Fully adjusted* 0.59 (0.37 t0 0.92) 0.021 NA NA NA NA NA NA
Sensitivity analysis S2:# n=3825 n=295 n=191 n=339
Unadjusted 0.68 (0.43 to 1.08) 0.103 0.65 (0.31 t0 1.35) 0.24 1.10 (0.39 to 3.08) 0.846 0.58 (0.26 to 1.30) 0.176
Age and gender adjusted 0.69 (0.43 to 1.09) 0.111 0.66 (0.32 t0 1.37) 0.256 1.16 (0.40 to 3.34) 0.764 0.56 (0.25 to 1.28) 0.163
Fully adjusted* 0.63 (0.40 t0 1.02) 0.058 NA NA NA NA NA NA
Sensitivity analysis S3§ n=1318 n=467 n=321 n=530
Unadijusted 0.73 (0.50 to 1.08) 0.117 0.58 (0.30 to 1.14) 0.111 1.02 (0.45 to 2.31) 0.954 0.74 (0.40 t0 1.38) 0.335
Age and gender adjusted 0.70 (0.48 to 1.04) 0.074 0.57 (0.29 to0 1.12) 0.098 1.02 (0.44 to0 2.37) 0.952 0.73 (0.39 to 1.38) 0.336
Fully adjusted* 0.64 (0.43 t0 0.94) 0.024 NA NA NA NA NA NA
Sensitivity analysis S49] n=1318 n=467 n=321 n=530
Unadjusted 0.69 (0.49 t0 0.97) 0.034 0.50 (0.28 t0 0.91) 0.023 1.00 (0.49 to 2.03) 0.991 0.74(0.42 10 1.32) 0.305
Age and gender adjusted 0.66 (0.47 to 0.94) 0.02 0.50 (0.28 to 0.90) 0.021 0.97 (0.46 to0 2.02) 0.927 0.75(0.42 t0 1.33) 0.317
Fully adjusted* 0.59 (0.41 t0 0.84) 0.004 0.47 (0.26 to 0.86) 0.016 NA NA 0.68 (0.38 t0 1.22) 0.187

*Adjusted for baseline age, gender, current smoking, indication (only for overall switch cohort), baseline disease remission (Disease Activity Score-28/Ankylosing Spondylitis

Disease Activity Score), PASS, number of previous biological disease-modifying antirheumatic drugs (-DMARDs), treatment duration for originator adalimumab treatment,

number of comorbidities (0 and =1). For patients with RA: Also baseline concomitant methotrexate (MTX). NA: Analyses where assumptions of proportional hazards or the ‘rule
of 5" were not met (see methods for details).
+S1: Randomised clinical trial inclusion and exclusion criteria: inclusion of patients with no more than one prior bDMARD treatment apart from originator adalimumab. Exclusion

of patients >75 years, prior malignancy, >2 comorbidities and patients with RA not receiving concomitant MTX.

$S2: Restricted to patients, who scored PASS=yes at baseline.

§S3: Only discontinuation due to lack of effect and/or adverse events was considered an event.
91S4: Similar to the main analysis except baseline disease remission defined by Clinical Disease Activity Index <2.9 (RA and PsA).
AXxSpA, axial spondyloarthritis; PASS, Patient Acceptable Symptom State; ; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

Baseline characteristics of switchers stratified by indication
Compared with patients who switched to SB35, those who
switched to GP2017 had similar age, gender (mainly RA and
AxSpA), disease duration, concomitant use of MTX and
comorbid burden (table 1), but appeared to have higher disease
activity and patient reported outcomes (mainly RA and PsA),
more prior bDMARD treatments and more were current
smokers. The number of follow-up visits during the first year
was similar for both groups (table 1, online supplemental table
S2).

Comparative 1-year treatment withdrawal

For all switchers, the combined 1-year crude treatment reten-
tion rate was 89.5% (Kaplan-Meier estimation). For GP2017,
the overall estimated risk of withdrawal was lower than for SB5
(HR 0.60; 95%CI 0.42 to 0.86) (multivariable Cox regression
analysis, fully adjusted, table 2, figure 2). Stratified by indication,
similar results were found for patients with RA (HR 0.50; 95%
CI 0.28 to 0.90), whereas for PsA and AxSpA the results did not
reach statistical significance: HR 0.97 (95% CI 0.46 to 2.02) and
HR 0.75 (95% CI 0.42 to 1.33), respectively (age and gender
adjusted, table 2).

Remission rates at 6 months

At 6 months, 56% of switchers were in DAS28/ASDAS remis-
sion. The odds of being in remission were higher for GP2017
compared with SB5 (OR 1.72; 95%CI 1.25 to 2.37). Similar

results were found when stratified by indication (logistic regres-
sion analysis, fully adjusted, table 3), but only statistically signifi-
cant for patients with RA (OR 1.81; 95% CI 1.07 to 3.06).

Reasons for withdrawal

During 1-year follow-up, 53 patients (8.5%) withdrew from
treatment with GP2017 and 90 (12.9%) from SBS, respectively,
mainly due to LOE and AEs (table 4, online supplemental table
S4). Among SBS5 switchers, more patients withdrew due to
remission, loss to follow-up and other reasons, including change
of hospital.

Compared with the overall switch population, patients who
withdrew biosimilar treatment were more often women, had
received fewer prior bDMARD treatments and tended to have
higher disease activity at baseline both regarding subjective and
objective measures (online supplemental table S4).

Sensitivity analyses
In sensitivity analysis S1 applying strict inclusion/exclusion
criteria, the estimated risk of withdrawal for GP2017 switchers
(with SB35 as the reference) showed results similar to the main
analysis (HR 0.59; 95% CI 0.37 to 0.92). The estimates remained
similar across all sensitivity analyses with HR ranging from 0.59
to 0.64 (fully adjusted, table 2). Stratified by indication, age and
gender adjusted estimates had wide CIs, which included 1.
Sensitivity analyses for remission at 6 months demonstrated
estimates largely similar to the main analyses (table 3). When
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1
05 1.5 2.0

Figure 2 Comparative 1-year treatment withdrawal in GP2017 versus SB5 switchers for overall switch cohort and stratified by indication. Results of
crude and adjusted Cox regression analyses. *Adjusted for baseline age, gender, current smoking, indication (only for overall switch cohort), baseline
Disease Activity Score-28/Ankylosing Spondylitis Disease Activity Score remission, Patient Acceptable Symptom State, number of previous biological
disease-modifying antirheumatic drugs, treatment duration for originator adalimumab treatment, number of comorbidities (0 and >1). For patients
with RA: Also baseline concomitant methotrexate. AxSpA, axial spondylarthritis; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

replacing DAS28 remission with CDAI remission (sensitivity
analysis S4), the estimates were lower. Baseline characteristics
for patients included in the sensitivity analyses are shown in
online supplemental tables S5 and Sé6.

Disease activity 6 months pre-switch and post-switch

For both GP2017 and SBS, changes in disease activity 6 months
pre-switch and post-switch in individual patients were close to
zero for all measures (eg, DAS28, CDAI, VAS scores) (table 5).

Back-switchers to originator adalimumab

Among patients, who withdrew GP2017 or SBS during
follow-up, 48 switched back to originator adalimumab (=back-
switchers), 52 commenced treatment with another bDMARD, 1
died, 5 were lost to follow-up and 37 did not restart bDMARDs.
Treatment duration before back-switching to originator was
median 174 days (IQR 101-250) (online supplemental table S7).
Back-switch was mainly due to LOE (54%) and AE (27%). Back-
switchers were mostly women, had RA and >50% had =3 prior
bDMARD treatments (online supplemental table S7).

At the time of back-switch, fewer patients were in remission
(58% vs 33%) or scored PASS=yes (82% vs 32%), respectively,
compared with when they switched, whereas changes in CRP
and HAQ were close to zero (online supplemental table S7).

DISCUSSION

In this nationwide study, we investigated 1-year comparative
effectiveness of two adalimumab biosimilars (GP2017 vs SBS)
in >1300 real-world patients with arthritis, who were mandated
to switch from originator adalimumab. We emulated an RCT
comparing these two active treatments using geographical resi-
dence (GP2017 in East and SBS in West Denmark) as the surro-
gate randomisation tool based on national treatment guidelines.

Knowledge regarding non-medical switching mainly stems
from phase III extension of RCTs where patients, who initially
received the originator drug were randomised to either maintain
treatment or switch to the biosimilar drug.*’7®1° These studies
included patients who are highly selected and often bDMARD
naive, and did not study patients with PsA or AxSpA.** 7819 Since
no RCT with head-to-head comparison of biosimilars has been
performed, post-marketing registry studies of real-life patients
may help fill the knowledge gap and provide important evidence
for clinical decision-making. The few minor observational
studies currently available, mainly conducted in patients with
inflammatory bowel disease, have shown stable disease activity
following non-medical switch to biosimilar adalimumab.*® **

Strengths of the current study include the nationwide prospec-
tive follow-up, high data completeness and high compliance to
the guideline with only 11% non-switchers. The cluster pseudo-
randomisation was successful, since all patients were assigned
biosimilar treatment according to their geographical region,
and the number of patients in the two treatment groups was
comparable.

We found lower risk of withdrawal and higher remission rates
for GP2017 compared with SBS. The difference, which was most
consistent in patients with RA, was observed also after adjust-
ment for a large number of baseline variables, and in both the
main analyses and in the sensitivity analyses. Due to the obser-
vational nature of the study, the difference can not necessarily
be attributed to the drug per se, and potential confounders and
biases need to be addressed.

First, differences in devices, injection site reactions or differ-
ences in buffers are examples of factors, which may have affected
drug retention and patient satisfaction. It appeared that itching
and burning at the injection site were more often reported in
SBS-treated patients, which could be speculated to arise from
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Table 3 Disease remission at 6 months in GP2017 switchers with SB5 as reference for overall switch cohort and stratified by indication, results of
logistic regression analyses

Overall cohort RA PsA AxSpA
OR (95%Cl) Pvalue  OR(95%Cl) Pvalue OR(95%Cl) Pvalue OR(95%Cl) P value
Main analysis n=1110 n=401 n=263 n=446
Unadjusted 1.12 (0.88 t0 1.42) 0.369 1.22 (0.78 10 1.88) 0.383 1.02 (0.57 t0 1.79) 0.958 1.25(0.85 to 1.86) 0.261
Age and gender adjusted 1.14 (0.89 to 1.45) 0.294 1.23(0.79t0 1.92) 0.352 1.32 (0.72 t0 2.41) 0.373 1.21(0.81 to 1.81) 0.356

Fully adjusted* 1.72(1.2510 2.37) 0.001 1.81(1.07 to 3.06) 0.027
Sensitivity analysis S1t n=812 n=242

Unadjusted 1.00 (0.75 t0 1.32) 0.982 1.08 (0.61 to 1.91) 0.801

Age and gender adjusted 1.03 (0.78 to 1.37) 0.819 1.06 (0.59 to 1.89) 0.844 1.06 (0.54 to 2.08) 0.863 1.22 (0.78 to 1.89) 0.38
1.59 (1.09 t0 2.32) 0.016 1.65 (0.80 to 3.40) 0.173 1.78 (0.78 t0 4.02) 0.167 1.77(0.95t03.30)  0.07
n=709 n=261 n=161 n=287

1.79 (0.88 to 3.66) 0.108
n=214
0.89 (0.46 to 1.70) 0.721

1.87(1.04t03.34)  0.036
n=356
1.29(0.84t01.98)  0.252

Fully adjusted*
Sensitivity analysis S2+

Unadjusted 1.14 (0.84 to 1.56) 0.399 1.41 (0.78 t0 2.56) 0.255 1.50 (0.64 to 3.51) 0.353 1.39(0.86 t0 2.23) 0.179

Age and gender adjusted 1.16 (0.85 to 1.59) 0.351 1.43 (0.79 to 2.60) 0.241 2.05 (0.82 to 5.09) 0.121 1.31 (0.80 to 2.15) 0.283

Fully adjusted* 1.87 (1.23 10 2.85) 0.003 1.77 (0.91 to 3.44) 0.09 NA NA 1.63 (0.81 t0 3.26) 0.169
Sensitivity analysis S4§ n=1110 n=401 n=263 n=446

0.92 (0.72t0 1.18) 0.531 0.88(0.58 to 1.32) 0.527
0.93(0.73t0 1.19) 0.575 0.86 (0.57 to 1.31) 0.485 0.79 (0.47 to 1.34) 0.388 1.21(0.81t01.81)  0.356

1.49 (1.07 to 2.08) 0.019 1.41 (0.81 to 2.46) 0.22 1.34 (0.67 t0 2.67) 0.408 1.87(1.04t03.34)  0.036

Unadijusted 0.63 (0.38 t0 1.03) 0.063 1.25 (0.85 to 1.86) 0.261
Age and gender adjusted

Fully adjusted*

Disease remission defined as Disease Activity Score-28 <2.6 (RA and PsA) and Ankylosing Spondylitis Disease Activity Score <1.3 (AxSpA). Time-windows applied for data
capture regarding disease activity at 6 months were +7 days to +365 days after switch date.

For patients with missing data on disease remission at 6 months, the following assumptions were made as part of an approximated intention-to-treat analysis: (1) patients, who
had withdrawn treatment (0-6 months) due to lack of effect were classified as being not in remission, (2) patients, who had withdrawn (0-6 months) due to remission were
classified as being in remission, (3) patients, who were still being treated but had >1 swollen joint at 6 months were classified as being not in remission, (4) patients who were
still being treated, but had patient global score >30 mm were classified as being not in remission and (5) patients who still had missing data on disease remission were classified
as being (a) excluded, with additional sensitivity analyses, (b) in remission (best case scenario) and (c) not in remission (worst case scenario). Analyses where the ‘rule of 5" was
not met are indicated with NA in the results.

*Adjusted for baseline age, gender, current smoking, indication (only for overall switch cohort), baseline disease remission, PASS, number of previous biological disease-
modifying antirheumatic drugs (b(DMARDs), treatment duration for originator adalimumab treatment, number of comorbidities (0 and =1). For patients with RA: Also baseline
concomitant methotrexate (MTX).

+S1: Randomised clinical trial inclusion and exclusion criteria: inclusion of patients with no more than one prior bDMARD treatment apart from originator adalimumab. Exclusion
of patients >75 years, prior malignancy, >2 comorbidities and patients with RA not receiving concomitant MTX.

$S2: Restricted to patients, who scored PASS=yes at baseline.

§S4: Similar to the main analysis except disease remission defined by Clinical Disease Activity Index <2.9 (RA and PsA).

AXxSpA, axial spondyloarthritis; PASS, Patient Acceptable Symptom State; ; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

differences in buffers (citrate or phosphate) (personal communi-
cation).*® Unfortunately, we do not have data to further explore
this.

Second, geographical clusters (in this study the Western and
Eastern regions of Denmark) are never exactly alike, which is
a known challenge in the interpretation of cluster-randomised
studies.®® This raises the question whether the differences in
effectiveness that we found between GP2017 and SBS relate

Table 4 Main reasons for withdrawal during 1-year follow-up
according to treatment

Reason, n (% of withdrawals) GP2017 SB5
Lack of effect, n (%) 26 (49) 38 (42)
Adverse events, n (%) 15 (28) 21(23)
Cancer, n (%) 1(2) 3(3)
Remission, n (%) 2(4) 6(7)
Pregnancy, n (%) 0(0) 0(0)
Infection, n (%) 1(2) 0(0)
Death, n (%) 1(2) 0(0)
Loss to follow-up, n (%) 0(0) 5 (6)
Surgery, n (%) 0(0) 0(0)
Other, n (%) 3(6) 7(8)
Several reasons, n (%) 3(6) 7(8)
Not stated, n (%) 1(2) 3(3)
Total 53 (100) 90 (100)

to the individual patients or to the geographical region. More
patients in the Western regions (ie, treated with SBS) were lost
to follow-up or withdrew due to other reasons than LOE and
AE, including change of hospital during follow-up. Although
the number of follow-up visits were similar for Eastern and
Western regions, follow-up bias or registration bias may have
been present.

Thirdly, confounding by indication was reduced, since the
choice of biosimilar was based on geographical region, not on
patient-related factors. Although baseline patient characteris-
tics were well balanced in our study, some noteworthy differ-
ences were found. GP2017 switchers appeared to have higher
disease activity, more frequently to be smokers and have failed
more prior bDMARD treatments, which we adjusted for in the
multivariable analyses. However, we cannot exclude residual
confounding, for example, socioeconomic factors or other
patient characteristics that were not available.**

Finally, although this study was a mandated nationwide
switch, regional differences in the transition and communica-
tion strategy with patients cannot be excluded. The informa-
tion was mainly given by nurses in the outpatient clinics, and
no specific patient-material was developed. Patients included
in the study had been treated with originator adalimumab for
median 8 years. They were generally satisfied with the originator
as illustrated by high remission rate and high patient satisfaction
(PASS). Neither patients, nor physicians were blinded for the
switch, and patient-related and/or physician-related factors may
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have affected outcomes. Thus, negative expectations towards the
biosimilar (the so-called nocebo effect) and/or incorrect causal
attributions, may potentially have affected patients’ experience
and consequently outcomes.*®?* **

The combined 1-year retention rate for the two biosimilars
was high with 9 in 10 patients maintaining treatment, and the
remission rate at 6 months remained largely unchanged. In indi-
vidual patients, changes in disease activity pre-switch and post-
switch were negligible for both GP2017 and SBS. The main
reasons for withdrawal were LOE and AE, which is in agreement
with what has been reported for the originator drug.*’”*1°

The use of biosimilars including switch procedures in routine
care varies substantially between countries.”” In Denmark,
bDMARD:s are provided free-of-cost by public hospital owners
via a tax-based system, and mandated switch procedures are
implemented after marketing of less expensive biosimilars.*® 3
Previous experiences with non-medical switching in routine care
have been positive** ***! in rheumatological patients treated with
infliximab and etanercept. Thus, we have previously reported
that 78%-84% of patients maintained treatment 1year after
switching, similar to that of a historic cohort,*® * which is of
magnitude similar to that of the current study. Results from a
recent Danish study have shown that Denmark has benefitted
from substantial price reductions after patent expiration of the
originator adalimumab.'® Only few patients (4%) back-switched
to the originator adalimumab during follow-up. At the time of
back-switch, patients had higher patient-reported outcomes,
whereas the more objective markers remained unchanged
(swollen joint count, CRP), suggesting that subjective health
experiences influenced the perception of treatment outcomes
and AEs, in line with results from our previous study on etaner-
cept switchers.*®

In conclusion, we emulated an RCT by using a surrogate
randomisation tool (geographical region) in this observational
study of >1300 patients, who conducted a mandatory switch
from originator adalimumab to one of two biosimilars according
to a national guideline. This allowed us to directly compare two
adalimumab biosimilars, GP2017 and SBS. Our results indicated
a difference between the two biosimilars. This may be a true
difference between the active drugs, but other explanations, for
example, differences in excipients, differences between clusters
and residual confounding cannot be ruled out.
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ABSTRACT

Background Comedication with conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs)
during treatment with tumour necrosis factor inhibitors
(TNFi) is extensively used in psoriatic arthritis (PsA),
although the additive benefit remains unclear. We aimed
to compare treatment outcomes in patients with PsA
treated with TNFi and csDMARD comedication versus
TNFi monotherapy.

Methods Patients with PsA from 13 European countries
who initiated a first TNFi in 2006—2017 were included.
Country-specific comparisons of 1year TNFi retention
were performed by csDMARD comedication status,
together with HRs for TNFi discontinuation (comedication
vs monotherapy), adjusted for age, sex, calendar year,
disease duration and Disease Activity Score with 28
joints (DAS28). Adjusted ORs of clinical remission (based
on DAS28) at 12 months were calculated. Between-
country heterogeneity was assessed using random-effect
meta-analyses, combined results were presented when
heterogeneity was not significant. Secondary analyses
stratified according to TNFi subtype (adalimumab/
infliximab/etanercept) and restricted to methotrexate as
comedication were performed.

Results In total, 15332 patients were included (62%
comedication, 38% monotherapy). TNFi retention

varied across countries, with significant heterogeneity
precluding a combined estimate. Comedication was
associated with better remission rates, pooled OR 1.25
(1.12-1.41). Methotrexate comedication was associated
with improved remission for adalimumab (OR 1.45
(1.23-1.72)) and infliximab (OR 1.55 (1.21-1.98))

and improved retention for infliximab. No effect of
comedication was demonstrated for etanercept.
Conclusion This large observational study suggests that,

as used in dlinical practice, sDMARD and TNFi comedication
are associated with improved remission rates, and specifically,
comedication with methotrexate increases remission rates for
both adalimumab and infliximab.

2 Michael J Nissen®?

Key messages

What is already known about this subject?

» Conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs) are often used
in combination with tumour necrosis factor
(TNF)-inhibitors in psoriatic arthritis, although
the added benefit of such comedication, over
TNF-inhibitor monotherapy, has been disputed.

What does this study add?

» Treatment retention of TNF-inhibitors varied
significantly across countries, as did the
utilisation of a concomitant csDMARD, and
overall, there was no additional improvement
in TNF-inhibitor retention when used together
with a csDMARD.

» Comedication with methotrexate in patients
treated with adalimumab or infliximab
was associated with a 50% increase in the
probability of achieving DiseaseActivity Score
with 28 joints (DAS28) remission at 1 year,
compared with TNF-inhibitor monotherapy.

» Comedication with csDMARDSs in patients
treated with etanercept provided no additional
advantage over TNF-inhibitor monotherapy, in
terms of either retention or DAS28 remission
rates.

How might this impact on clinical practice or

future developments?

» Our findings support the prevailing clinical
strategy of combining monoclonal TNF-
inhibitors with methotrexate in psoriatic
arthritis.

INTRODUCTION
Tumour necrosis factor inhibitors (TNFi) have
become a cornerstone in the treatment of psoriatic

o aular
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Psoriatic arthritis

Table 1 Baseline characteristics (mean (SD) or percentages) of
patients with PsA starting their first TNFi as monotherapy or in
combination with a csDMARD, pooled across all countries

TNFi and csDMARD co-

medication TNFi monotherapy
Proportion Proportion
missing data missing data
N (%) 9440 (62%) 5892 (38%)

Age, years, mean (SD) 48.9 (12.1) 0% 49.0(12.6) 0%
Sex (male), % 50% 0% 48% 0%

Disease duration, 6.3(7.1) 28% 6.2(7.3) 32%

years mean (SD)

CRP, mg/L, mean (SD)
Tender joints 28,
mean (SD)

Swollen joints 28,
mean (SD)

VAS global health,
mm, mean (SD)

13.6(213) 18%
6.2(5.9) 21%

9.1(16.9) 25%
566.1) 32%

3.9(4.2) 21% 29(4.00 32%

59.2(24.0) 21% 58.1(25.6) 28%

VAS pain, mm, mean 57.4(23.6) 30% 56.3 (25.7) 34%
(SD)
DAPSA28, mean (SD)

DAS28-CRP, mean

28.8(16.0) 38%
42(1.2) 29%

26.0 (16.9) 46%
38(1.3) 41%

(SD)

Type of TNFi
Adalimumab, % 32% - 33% -
Certolizumab 6% - 4% -
pegol, %
Etanercept, % 30% - 40% -
Golimumab, % 1% - 10% -
Infliximab, % 20% — 13% —

Type of csDMARD used as co-medication
Methotrexate, % 79% - - -
Sulfasalazine, % 15% - - -
Leflunomide, % 1% - - -
Other*, % 6% - - -

*See the list of all csDMARDs in Methods section.

CRP, C reactive protein; csDMARD, conventional synthetic disease modifying anti-rheumatic
drugs; DAPSA28, disease activity index for psoriatic arthritis with 28 joints; DAS28-CRP,
disease activity score with 28 joints and CRP; PsA, psoriatic arthritis; TNFi, tumour necrosis
factor inhibitors; VAS, visual analogue scale.

arthritis (PsA). Despite this, no international consensus has been
reached regarding the optimal use of TNFi in PsA. Thus, the
current American College of Rheumatology guidelines recom-
mend using TNFi as a first-line disease-modifying antirheumatic
drug (DMARD), and, in patients previously failing a conven-
tional synthetic conventional synthetic DMARD (csDMARD), to
switch to rather than to add a TNFi.! In contrast, the European
Alliance of Associations for Rheumatology (EULAR) recommen-
dations suggest using csDMARDs (methotrexate in particular)
as the first-line DMARD and to then step up the treatment by
adding, rather than switching to, a biological DMARD, such as
a TNFi.?

The discrepancy in international guidelines stems from the
limited and conflicting data comparing the different treatment
strategies. While the effect of TNFi has been compellingly
demonstrated in all domains of PsA,® the effect of metho-
trexate is derived from expert opinion,” one large randomised
clinical trial (RCT) (which failed to show an effect of metho-
trexate),’ randomised trials not specifically designed to assess
this effect’ ® and a few smaller randomised trails.” ® The recent
Study of Etanercept and Methotrexate in Subjects with Psori-
atic Arthritis (SEAM)-trial, comparing etanercept and metho-
trexate monotherapy with combination therapy, demonstrated

a superior response for etanercept compared with methotrexate,
but additionally, a good response to methotrexate monotherapy.’
Importantly, no additional effect of combination therapy over
etanercept monotherapy was demonstrated.’

Available data so far suggest that csDMARD (especially meth-
otrexate) and TNFi comedication therapy, compared with TNFi
monotherapy, is not superior in terms of treatment response
but may be beneficial for TNFi treatment retention.''* Never-
theless, a recent study from a collaboration across European
treatment registries (the European Spondyloarthritis Research
collaboration Network: EuroSpA) indicated that 60% of patients
with PsA starting a TNFi used a concomitant csDMARD, and
that 81% had previously used a csDMARD, suggesting extensive
use of comedication in routine care.” The 2019 EULAR recom-
mendations for the management of PsA stipulate that more data
are needed on this subject.”

The objective of this observational study of patients with PsA
in routine care was, therefore, to compare the 1-year TNFi treat-
ment retention and treatment response on joint manifestations,
in patients starting a first TNFi as monotherapy compared with
those starting a TNFi as combination therapy, that is, together
with a csDMARD.

METHODS

This is an observational study based on prospectively collected
data from 13 rheumatology registers in Europe, aggregated
through the EuroSpA collaboration (as previously described").

Data sources

Patients with PsA, aged 18 years or older, starting a first TNFi
(adalimumab, certolizumab pegol, etanercept, golimumab, inflix-
imab) in 2006-2017 were identified from the following coun-
tries (registers): Czech Republic (ATTRA), Denmark (DANBIO),
Finland (ROB-FIN), Iceland (ICEBIO), Italy (GISEA), Norway
(NOR-DMARD), Portugal (Reuma.pt), Romania (RRBR),
Slovenia (biorx.si), Spain (BIOBADASER), Sweden (ARTIS),
Switzerland (SCQM) and Turkey (TURKBIO).

Time-point definitions and treatment groups

All participating registers recorded start dates (and stop dates in
case of withdrawal) for the TNFi. The start date of the patients’
first TNFi was set as the baseline date, and the baseline visit was
defined as the visit closest to the registered start date, within
—100 to +30 days, giving priority to dates before the start date.
The 3-month, 6-month and 12-month follow-up visits during
treatment were defined as the date of visit closest to these time
points, within the ranges: day 60-150, day 151-270 and day
271-545, respectively, counting from the baseline date.

Registration of csDMARD use varied across the registers, with
some recording start and stop dates, while others record treat-
ment status (use/no use) at registered visits. Thus, comedication
use was either based on the start and stop dates (where available)
for the csDMARD or on data on treatment status at registered
visits.

The following two treatment exposure groups were defined:
(1) The TNFi monotherapy group (=monotherapy group)
including all patients starting a first TNFi without concurrent use
of a csDMARD in a period from 100 days before to 30 days after
baseline and (2) The TNFi and ¢csDMARD comedication group
(=comedication group) including all patients either starting a
first TNFi together with a sDMARD (within 30 days) or starting
a TNFi added to an already ongoing (and continued) csDMARD
treatment. Changes in ¢csDMARD treatment (withdrawal or
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switch to other csDMARD) during follow-up beyond 30 days
from the baseline visit were not considered.

In the main analyses, the following csDMARDs were included:
methotrexate, sulfasalazine, leflunomide, hydroxychloroquine,
chloroquine, cyclosporine, azathioprine, mycophenolate and
cyclophosphamide.

Patients were followed up from the baseline date until first
of: TNFi stop date, last visit date +12 months, end of patient’s
participation in the register or end of the study period (31
December 2017).

Treatment retention

The 1-year treatment retention of the TNFi in the two treatment
groups was compared through crude survival curves (Kaplan-
Meier curves), and as HRs for TNFi discontinuation, with
monotherapy as the reference.

Treatment response

Clinical remission at 12 months of treatment was defined
following a hierarchical approach (online supplemental figure
S1): for patients remaining on TNFi treatment beyond 12
months, clinical remission was defined as 28-joint Disease
Activity Score with 28 joints and CRP (DAS28-CRP) <2.6 at
the 12- month visit.'® For patients with follow-up and treat-
ment longer than 12 months, but with DAS28 missing at the
12-month visit, a DAS28 recorded at 6 months and up to 12
months was carried forward. Patients discontinuing the TNFi
before 12 months due to adverse events or lack of effect were
considered not having achieved remission. Patients discontin-
uing the TNFi due to remission and not starting another TNFi
before 12 months (27 patients) were considered as remaining in
remission. Patients discontinuing the TNFi before 12 months for
other reasons (eg, pregnancy) were considered as missing data.

The reason for TNFi discontinuation was missing in only 11%
of the patients with monotherapy and 3% with comedication.

Statistical analyses

Baseline characteristics of the patients are presented country
specific and pooled for all countries, as means and SD (contin-
uous variables) or percentages (categorical variables).

Significant heterogeneity between countries was anticipated
for both TNFi retention and treatment response. Therefore, all
analyses were first performed individually per country, and only
after disproving heterogeneity, combined results were presented
(see below).

Country-specific HR of TNFi discontinuation was estimated
using Cox regression adjusted for age, sex, calendar year,
DAS28-CRP and disease duration at baseline.

Country-specific response rates of the two treatment groups
were compared, based on the proportions and ORs of achieving
clinical remission at 12 months and visualised through the
average across individual patients’ delta-(A)-DAS28-CRP (base-
line DAS28-CRP minus 12month’s DAS28-CRP). ORs of
achieving remission at 12 months (yes/no) were estimated using
logistic regression adjusted for the same variables as mentioned
above.

Overall results from both the Cox regression and the logistic
regression analyses, per country, were combined using a random-
effect meta-analysis. Statistical heterogeneity among countries
was evaluated with the Cochran Q-test and the I* statistic in
order to assess the proportion of total variation that was due
to between-country variation, based on the included cases with
nonmissing data on the respective outcome.'”

All data are reported as observed. No imputation of missing
data was performed. In the regression models, baseline disease
duration and DAS28 were categorised into quartiles to enable
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Country HR {95% CI)
Favours co-medication Favours monotherapy
Czech republic —_— 0.52 (0.32, 0.85)
Finland —_— 1.49 (0.75, 2.96)
Italy —a— 1.43(1.08, 1.90)
Portugal B Le— 1.07 (0.67, 1.71)
Turkey —_— 1.51(0.70, 3.26)
Spain —_—— 0.60 (0.38, 0.95)
Slovenia —_— 0.88 (0.53, 1.47)
lcaland — 0.95 (0.56, 1.61)
Switzerland — 0.86 (0,69, 1,08)
Sweden - 0.83(0.75, 0.92)
Norway —a— 0.85 (0.50, 0.85)
Denmark —- 0.92 (0.78, 1.08)
MNOTE: Weights are from random effects analysis
5 i > s

Figure 2 Forest plot of country-specific hazard ratios for TNFi
discontinuation at 12 months comparing TNFi and csDMARD co-
medication with TNFi monotherapy, ordered by overall TNFi retention
rate per country. Adjusted for baseline age, sex, calendar year, DAS28
and disease duration. Combined results are not presented due to
significant heterogeneity. Data from Romania are not presented due
to <5 patients with monotherapy. csDMARDs,conventional synthetic
disease-modifying anti-rheumatic drugs; DAS28, Disease Activity Score
with 28 joints; TNFi, tumour necrosis factor inhibitors.

the use of a fifth category for missing data. The effectiveness
analyses were modelled only on patients with remission outcome
data, and DAS28 at 6 months was carried forward if missing at
12 months.

Retention and effectiveness analyses were performed using R,
V.3.6.3 (R Core Team (2020)). Meta-analyses were performed
using Stata, V.14.2 (StataCorp, College Station, Texas, USA).
Throughout all analyses, the level of statistical significance was
set to 0.05. The proportional hazards assumption (for reten-
tion analyses) was assessed using the cox.zph function of the R
survival package.

Country OR (95% Cl)
Favours monotherapy Favours co-medication
Czech republic ‘—‘—'-l-— 1.70 (1.14, 2.53)
Finland —_— 0.99 (0.53, 1.86)
Italy ——— 1.16 (0.82, 1.64)
Portugal —— 143 (0.92, 2.23)
Turkey P 0.59 (0.28, 1.24)
Spain -——-— 1.75 (0.90, 3.40)
Slovenia —_—— 0.87 (0.49, 1.53)
Iceland —_—— 1.36 (0.77, 2.41)
Switzerland e 162(1.15,2.28)
Sweden - 117 (1.01,1.35)
Morway —1— 1.10 (0.79, 1.54)
Denmark + 1,34 (1.07, 1.67)
Overall (I-squared = 20.8%, p = 0.239) O 1.25 (112, 1.41)
NOTE: Weights are from random effects analysis i
5 1 2 5

Figure 3  Forest-plot of country-specific ORs and overall OR for
clinical remission at 12 months in TNFi and csDMARD co-medication
compared with TNFi monotherapy. Adjusted for baseline age, sex,
calendar year, DAS28 and disease duration. Data from Romania are
not presented separately due to <5 patients with monotherapy.
c¢sDMARDs,conventional synthetic disease-modifying anti-rheumatic
drugs; DAS28, Disease Activity Score with 28 joints; TNFi, tumour
necrosis factor inhibitors.

Secondary analyses

All initial analyses were performed combining data for the
different TNFi. Biosimilars were not distinguished from orig-
inators, and switches between originators and corresponding
biosimilars were disregarded.

Due to the potential differential effect of csDMARD come-
dication according to the type of TNFi and comedication,
secondary analyses were performed separately for the subgroup
of patients treated with the most common TNFi (infliximab,
adalimumab and etanercept: constituting 82% of the TNFi in
the comedication group and 86% in the monotherapy group)
and exploring the most common csDMARD, that is, metho-
trexate. In these subset analyses, country-specific comparisons
were only performed if at least 30 patients were included in each
of the treatment groups.

Patient and public involvement
Patients were not involved in the study.

RESULTS

In total, 15332 patients starting a TNFi were included, of whom
9440 (62%) were included in the comedication group (table 1)
and 5892 (38%) in the TNFi monotherapy group.

Methotrexate was the most frequently used csDMARD (79%).
There was a large variation in the proportion of monotherapy versus
comedication across registers (monotherapy 1%-79%, figure 1 and
online supplemental table S2). Overall, baseline characteristics were
similar between the two treatment groups, with a slightly higher
DAS28-CRP in the comedication group compared with the mono-
therapy group (4.2 vs 3.8, p value <0.001), a higher proportion
of patients treated with infliximab in the comedication group and
a higher proportion with etanercept in the monotherapy group.
The mean number of swollen and tender joints was also higher in
the comedication group. Baseline characteristics per country are
presented in online supplemental table S2 and the proportions of
missing data in online supplemental table S3. Data from one register
(Romania) were excluded from the stratified analyses due to a large
imbalance between the treatment groups (<5 patients included in
the monotherapy group).

Treatment retention

The overall treatment retention of the TNFi differed between
the countries, and the heterogeneity was statistically significant
(I*=62.7%; p=0.002). It was, therefore, determined inappropriate
to proceed with presentation of the combined result in a meta-
analysis. The country-specific crude retention curves (figure 1)
showed not only modest differences between the two treatment
groups but also different directions of the effect of comedication
versus TNFi monotherapy across countries. The retention curves of
the individual countries by sDMARD use, demonstrated in figure 1,
are ordered by the overall retention rates (from highest to lowest) of
the TNFi in the registers. The overall TNFi retention regardless of
comedication is shown in online supplemental figure S2.

The country-specific HR for discontinuation, adjusted for age, sex,
calendar year, disease duration and DAS28, also showed different
directions for the association between drug retention and use of
comedication (figure 2). The HRs in eight of the countries were
below 1 (range 0.52-0.95), indicating better retention for comedi-
cation, and above 1 in four countries (range 1.07-1.51) favouring
monotherapy, but only in five of all 12 countries were these find-
ings statistically significant, figure 2. The assumption of proportional
hazards was not rejected for all countries but Spain. Due to the clear
direction of the results in Spain, this was not analysed further.
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Treatment response

In contrast to the retention rates, the variation in response rates
across the included countries was less pronounced, and there was
no significant heterogeneity (I*=20.8%; p=0.239). The overall
OR for achieving clinical remission at 12 months in the comedi-
cation group versus the monotherapy group was 1.25 (1.12-1.41)
favouring comedication (figure 3). Excluding the two countries
considered to be outliers in terms of the proportion of patients on
comedication treatment (21% and 99%) resulted in a very similar
pooled OR of 1.27 (1.11-1.44) for remission. The ADAS28-CRP
and the crude proportions achieving remission across the different
registers (figure 4A,B) also suggested a tendency towards better
outcomes in the co-medication groups. In total, 72% of the patients
had complete outcome data and were included in the response anal-
yses. Regarding patients in the csDMARD group who remained on
the TNFi at 6 months, 82% also remained on csDMARD treatment.

Secondary analyses
The results of the secondary analyses, assessing the effect of
methotrexate comedication separately for infliximab, adalim-
umab and etanercept, are presented in table 2.

Only three countries provided enough patients for all different
strata of the secondary analyses. The number of patients included

in the secondary analyses is presented in online supplemental
table S4. In general, the differences in crude retention rates and
the proportion reaching clinical remission were modest across
the different TNFi, particularly between etanercept and adali-
mumab. The retention rate of etanercept was in line with that
of the adalimumab comedication groups and somewhat higher
than the infliximab groups (table 2). In four out of five contrib-
uting countries, the HR for infliximab discontinuation was in
favour of methotrexate comedication, but this was only statis-
tically significant in two of the countries. For adalimumab, the
HR of TNFi discontinuation was in favour of methotrexate
comedication in 7 out of 10 contributing countries (with statis-
tically significant values below 1 in two countries and above 1
in one country). For etanercept, the HR of discontinuation was
in favour of methotrexate comedication in five countries and in
favour of monotherapy in four contributing countries (all results
were nonsignificant).

The combined OR for remission indicated better outcomes
for methotrexate comedication compared with monotherapy
for infliximab (1.55 (1.21-1.98)) and adalimumab (1.45 (1.23-
1.72)), whereas no such association was observed for etanercept
(1.12 (0.95-1.31)).
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Table 2 Crude TNFi retention and adjusted HR for TNFi discontinuation (upper part of table), and crude proportion achieving remission and

adjusted OR for clinical remission (lower part of table) for infliximab, adalimumab and etanercept, in co-medication with methotrexate compared

with monotherapy

Infliximab Adalimumab Etanercept

One-year TNFi retention (%) and adjusted* HR for TNFi discontinuation (ref=monotherapy)
Czech republic co-med/mono NA 92%/79% 89%/89%

HR (95% Cl) NA 0.36 (0.17 t0 0.77) 1.06 (0.31 t0 3.63)
Finland co-med/mono NA 87%/90% 95%/96%

HR (95% Cl) NA 1.18 (0.41 to0 3.35) 2.08 (0.31 to 13.94)
Italy co-med/mono 80%/87% 82%/88% 85%/89%

HR (95% Cl) 1.45 (0.63 t0 3.35) 1.63 (0.98 t0 2.72) 1.45 (0.84 t0 2.51)
Portugal co-med/mono NA 89%/97% 89%/84%

HR (95% CI) NA 7.39 (1.46 to 37.54) 0.60 (0.28 to 1.30)
Spain co-med/mono NA 82%182% 77%178%

HR (95%Cl) NA 0.70 (0.26 to 1.90) 0.76 (0.30 to 1.90)
Slovenia co-med/mono NA 80%/67% NA

HR (95% CI) NA 0.90 (0.41 to 1.96) NA
Iceland co-med/mono 81%/78% NA NA

HR (95%Cl) 0.81(0.39 to0 1.70) NA NA
Switzerland co-med/mono 77%I73% 79%172% 80%/78%

HR (95% CI) 0.78 (0.39 to 1.58) 0.67 (0.45 to 1.00) 0.81(0.49 to 1.35)
Sweden co-med/mono 71%/63% 78%1/66% 76%/74%

HR (95%Cl) 0.65 (0.50 to 0.85) 0.58 (0.47 t0 0.72) 0.94(0.77 to 1.14)
Norway co-med/mono NA 83%/68% 81%/70%

HR (95% CI) NA 0.59 (0.24 to 1.48) 0.59 (0.35 to 1.01)
Denmark co-med/mono 64%/45% 71%I70% 70%I72%

HR (95% Cl) 0.56 (0.41 to 0.78) 0.93 (0.70 to 1.24) 1.12 (0.77 t0 1.62)
Crude proportion (%) reaching r at 12 ths and adjusted* OR for clinical remission (ref=monotherapy)
Pooled co-med/mono 38%/32% 47%138% 44%142%

OR (95% ClI) 1.55(1.21 to 1.98) 1.45(1.23 t0 1.72) 112 (0.95 t0 1.31)
Czech republic co-med/mono NA 57%/38% 68%/57%

OR (95% Cl) NA 2.25 (1.23 to 4.20) 1.69 (0.66 to 4.33)
Finland co-med/mono NA NA NA

OR (95% Cl) NA NA NA
Italy co-med/mono 29%/42% 43%/45% 46%/47%

OR (95% Cl) 0.59 (0.12 to 2.58) 1.07 (0.55 t0 2.07) 1.09 (0.59 to 2.02)
Portugal co-med/mono NA 54%/49% 51%/54%

OR (95%Cl) NA 1.26 (0.49 t0 3.27) 1.40 (0.64 to 3.15)
Spain co-med/mono NA NA NA

OR (95% Cl) NA NA NA
Slovenia co-med/mono NA 42%147% NA

OR (95%Cl) NA 0.69 (0.28 to 1.68) NA
Iceland co-med/mono NA* NA NA

OR (95%Cl) NA* NA NA
Switzerland co-med/mono NA 40%/33% 37%/21%

OR (95% ClI) NA 1.68 (0.94 to 3.06) 2.94(1.28 to 7.18)
Sweden co-med/mono 37%/27% 43%/33% 41%/38%

OR (95% Cl) 1.73 (1.17 to 2.60) 1.59 (1.2 to 2.11) 1.03 (0.82 to 1.31)
Norway co-med/mono NA 54%/47% 49%/50%

OR (95% Cl) NA 1.58 (0.54 to 4.66) 0.95 (0.52 to 1.74)
Denmark co-med/mono 34%/21% 45%/37% 42%137%

OR (95% Cl) 2.01(1.13t0 3.72) 1.42 (0.99 to0 2.03) 1.15 (0.72 to0 1.85)

HR and OR are adjusted for age, sex, calendar year, disease duration and DAS28-CRP.

co-med/mono indicates the crude 1year TNFi retention rate and the proportion in the co-medication/monotherapy groups reaching remission, respectively.
*NA=not available due to <30 patients in at least one of the exposure groups. Data from Romania and Turkey are not included in the table because they provided no strata in the analysis with =30 patients in both

groups. Adjusted for baseline age, sex, calendar year, DAS28-CRP and disease duration.
CRP, C reactive protein; DAS28, Disease Activity Score with 28 joints; TNFi, tumour necrosis factor inhibitors.

The distribution of DAS28 and the number of tender and swollen
joints at baseline in the secondary analyses are presented in online
supplemental figure S3. The comedication treatment groups were
associated with higher baseline values of both DAS28 and number
of swollen joints, indicating more active peripheral joint disease.

DISCUSSION

In this study of 15332 patients with PsA initiating a first ever
TNFi, based on data from 13 European countries, we found that
csDMARD comedication was associated with a 25% improved
rate of clinical remission at 12 months, compared with TNFi
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monotherapy. Regarding TNFi treatment retention, the results
varied across the countries and no combined estimate could be
assessed due to the significant heterogeneity. In the secondary
analyses, significantly improved remission rates were observed
for adalimumab and infliximab when used together with meth-
otrexate, and a trend towards better treatment retention for
infliximab, while no advantage was found for combining etaner-
cept with methotrexate.

The initial RCTs for etanercept,' infliximab'’ and adalim-
umab? did not indicate a difference in response between patients
on monotherapy versus comedication with methotrexate,
although these trials were generally restricted to patients with
inadequate response to csDMARD. Similarly, the recent SEAM-
trial” and previous observational studies have in general not indi-
cated any additional treatment response for methotrexate when
used in combination with a TNFi,'" although several studies
have demonstrated improved TNFi retention.'®™"* 2! Based on
these previous studies, our finding of an increased proportion
achieving clinical remission in the csDMARD comedication
group was unexpected.

Another recent register-based study (including data from three
of the same registers, as the present study: Italy, Czech Republic
and Switzerland) found no effect of comedication on treatment
response.”> However, in that study, all TNFi were analysed
together. By contrast, the results of our stratified secondary analysis
suggest that clear differences between the TNFi can explain some
of this discrepancy and that combining the drug-specific effects
may have diluted the overall effect observed in that study. In line
with previous studies, we found a trend for better TNFi treatment
retention for infliximab, when used together with methotrexate,
but not for etanercept, which corroborates the results from the
SEAM trial.’ Further and similar to the SEAM trial, we found
no additive effect on treatment response of methotrexate when
added to etanercept.” Our findings of a 55% and 45% higher odds
for reaching remission at 12 months in the methotrexate come-
dication groups of infliximab and adalimumab, respectively, are
novel findings. In particular, for adalimumab, the validity of these
results is supported by the fact that all except one of the countries,
included in that analysis, presented ORs in the same direction.

This study has some limitations. First, in contrast to the rela-
tively uniform results for the response rates, the pronounced
intercountry differences in TNFi retention suggests that factors
other than biological/pharmaceutical may have an influence
on observed retention rates. Since the understanding of how
such factors (eg, availability of drugs, prescription regulations
and insurance policies) may influence the retention rates is
incomplete, it was deemed beyond the scope of this paper to
explore this further. However, these findings suggest that treat-
ment retention should be analysed in a way that accounts for
such factors, and that pooling of retention data across coun-
tries should be performed with caution. Furthermore, use of
csDMARD comedication in TNFi-treated patients varied from
21% to 99% across the registers, suggesting large differences in
treatment strategies in the participating countries. However, we
do not believe that this biases the results, since excluding the
outliers barley changed the pooled response outcome, and since
there were no clear correlations between the proportions treated
with comedication, and the direction and magnitude of remis-
sion and retention rates.

Second, use of 28-joint counts to define remission in PsA is
inferior to the recommended 66/68-joint counts. However, this
should not introduce a bias across the exposure groups, partic-
ularly not with regards to differentiation between axial and
peripheral disease.

Third, misclassification may be an issue, and since PsA classi-
fication criteria are not uniformly registered across the registers,
case ascertainment was based on the clinical diagnosis entered by
the treating rheumatologist. When aggregating data from a large
number of different registers, further difficulties arise regarding
the operational definitions of exposures and outcomes and in
assessment of nonrandom missing data. Fourth, of the 13 coun-
tries initially included, only three contributed enough patients to
be included in all analyses (including secondary analyses). The
large differences in the number of patients from each register
will also inevitably lead to an unequal impact on the combined
results.

Fifth, confounding by indication is likely to affect the results,
since both the choice of TNFi and the decision to use sDMARD
comedication may be influenced by factors such as axial versus
peripheral disease, the extent of cutaneous psoriasis and other
comorbidities. In this study, we could not precisely identify axial
disease or other concomitant comorbidities. In the secondary
analyses, the baseline distributions of swollen joint count and
DAS28 (online supplemental figure 3) suggested that patients
with methotrexate comedication had a higher peripheral joint
disease activity, despite having higher OR of reaching clinical
remission, thus supporting an effect of comedication.

Finally, changes in ¢sDMARD treatment over the 1-year
follow-up period were not taken into account, since it was not
within the aims of the present study to assess csDMARD reten-
tion and since csDMARD data (eg, doses and start/stop dates)
are poorly captured in the majority of the registers.

Conversely, our study has several strengths. First, it includes a
large number of patients with PsA with prospectively collected
data. Second, the possibility of comparing retention and response
rates across several different registers and to assess heterogeneity,
adds considerable robustness to the results and their interpreta-
tion. Third, the large number of patients enabled stratification
of the analysis according to the type of TNFi and methotrexate
comedication.

In conclusion, we found improved clinical response rates when
combining TNFi with a csDMARD. More specifically, the rate of
clinical remission for infliximab and adalimumab increased when
combined with methotrexate, and the retention of infliximab
was improved. For etanercept, the remission and retention rates
did not differ between comedication and monotherapy—and
were in line with the rates observed for adalimumab comedica-
tion. Our findings support the prevailing strategy, in a situation
of incomplete response, to continue methotrexate therapy when
commencing treatment with infliximab or adalimumab, while
for etanercept methotrexate may be discontinued.
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CLINICAL SCIENCE

Effectiveness of IL-12/23 inhibition (ustekinumab)
versus tumour necrosis factor inhibition in psoriatic
arthritis: observational PsABio study results

Josef S Smolen

1 Stefan Siebert, Tatiana V Korotaeva,’ Carlo Selmi @ |,

4

Paul Bergmans,” Elisa Gremese,® Beatriz Joven-lbafiez,” Gkikas Katsifis,® Wim Noél,?

Michael T Nurmohamed, ' Pascal Richette

Kurt de Vlam, "™ Elke Theander,'® Laure Gossec

ABSTRACT

Objectives To evaluate 6-month effectiveness of
ustekinumab versus tumour necrosis factor inhibitor
(TNFi), analysing predictors of low disease activity (LDA)/
remission.

Methods PsABio is a prospective, observational cohort
study of patients with psoriatic arthritis (PsA) at 92

sites in eight European countries, who received first-

line to third-line ustekinumab or a TNFi. Comparative
achievement at 6 months of clinical Disease Activity
Index for Psoriatic Arthritis (¢(DAPSA) LDA/remission,

and minimal disease activity (MDA)/very LDA using
propensity score (PS)-adjusted multivariate logistic
regression was assessed.

Results In the final analysis set of 868 participants with
6-month follow-up data (ustekinumab, n=426; TNF;j,
n=442), with long-standing disease and a high mean
cDAPSA score (31.0 vs 29.8, respectively), proportions of
patients in ustekinumab/TNFi treatment groups achieving
cDAPSA LDA at 6 months were 45.7%/50.7%. cDAPSA
remission was achieved in 14.9%/19.2%, and MDA

in 26.4%/30.8% of patients. PS-adjusted odds ratios
(OR; 95% confidence interval (CI)) of reaching cDAPSA
LDA and MDA were 0.73 (0.46 to 1.15) and 0.87 (0.61
to 1.25) with ustekinumab versus TNFi, indicating no
significant difference. High baseline body mass index or
high cDAPSA were associated with a lower chance (OR
(95% (1)) of reaching cDAPSA LDA with TNFi (0.94 (0.89
to 0.99) and 0.64 (0.52 to 0.79), respectively). Predictive
factors were similar to previously published evidence,
with cDAPSA and 12-item Psoriatic Arthritis Impact of
Disease scores and chronic widespread pain at baseline
appearing as new risk factors for unfavourable outcome.
Safety data were similar between groups.

Conclusion Treatment targets were reached similarly
after 6 months of treatment with ustekinumab and TNFi.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic immune-
mediated disease that affects approximately
20%-30% of patients with psoriasis.' # PsA has a
variable disease course, and may present with a
combination of peripheral and axial disease signs,
including arthritis, enthesitis, dactylitis and skin
and nail manifestations. Current treatment options
include non-steroidal anti-inflammatory drugs
(NSAIDs); conventional synthetic disease-modifying

112 patros P Sfikakis @ '3
17,18

Key messages

What is already known about this subject?

» Psoriatic arthritis (PsA) is a heterogeneous
disease, and randomised controlled trials (RCTs)
may not adequately represent patients receiving
a biologic in clinical practice.

» Treatment decisions can be challenging
in PsA because of the variety of available
drugs, and although efficacy and safety have
been demonstrated in RCTs, real-world data
comparing biologics are limited.

What does this study add?

» The PsABio study provides real-world
observational data on outcomes of patients
starting treatment with either ustekinumab or
tumour necrosis factor inhibitors.

How might this impact on clinical practice or

future developments?

» The PsABio study provides comparative data
to help inform treatment decisions in clinical
practice.

» Information on previously known and potential
new negative predictors of treatment response
in patients with PsA may help inform patient
prognosis.

antirheumatic ~ drugs (csDMARDs); targeted
synthetic DMARDs (tsDMARDs) and biological
DMARDS (bDMARDs).” *

The interleukin (IL)-12 and IL-23/IL-17 axes are
implicated as significant pathways in disease patho-
genesis.”” A number of bDMARD:s directed against
IL-12/IL-23, IL-17 or IL-23 are now available to
treat PsA, alongside tumour necrosis factor inhib-
itors (TNFi).® The IL-12/23 axis can be inhibited
with ustekinumab, a fully human immunoglob-
ulin G1 monoclonal antibody that blocks the p40
subunit shared by these two cytokines.’® Two phase
3, placebo-controlled trials—PSUMMIT 1'° and
PSUMMIT 2" —demonstrated ustekinumab effi-
cacy on joints and skin, and safety in patients with
PsA.

Treatment decisions are challenging in PsA, given
the wide array of available drugs, and the scarcity
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| 991 patients enrolled in PsABio I n=61

= More than 3 treatment lines (n=18)

+ Restart of previous treatment (including biosimilar) (n=14)
»| * bDMARD treatment not started (n=10)

+ Treatment start before informed consent form (baseline
data not usable for analysis) (n=7)

| 930 eligible patients with baseline data I

+ Use of prohibited medication (n=4)
« No PsA diagnosis (n=3)

Safety analysis set (n=925)
Patients with baseline and any follow-up data |«
UST (n=455); TNFi (n=470)

h 4

= Initial treatment started >2 months after baseline
assessments (n=5)

n=62
+ Patients with baseline data and no follow-up visit up to
Maonth 6 (LOCF) available due to early dropout

v

+ Patients with baseline data and any follow-up data, but no

Final analysis set (n=868)

at 6 months

Patients with baseline and follow-up data

effectiveness follow-up visit up to Day 274
= Patients with baseline data and no follow-up data available

v

!

'

H 426 patients on UST treatment | | 442 patients on TNFi treatment |7

v

Patients who
stopped/switched
treatment (n=28)

Patients who remained on the same
treatment through to completion (n=398) l 6 months

1-3 years

v

Patients who
stopped/switched
treatment (n=44)

v

Patients who remained on the same
treatment through to completion (n=398)

Figure 1  Patient population flow diagram. The FAS included patients who completed the 6-month initial treatment, as well as those who
switched/stopped their original treatment during the 6-month follow-up period. Patients who switched/stopped their biological disease-modifying
antirheumatic drug were imputed as non-responders. bDMARD, biological disease-modifying antirheumatic drug; FAS, final analysis set; LOCF, last
observation carried forward; PsA, psoriatic arthritis; TNFi, tumour necrosis factor inhibitor; UST, ustekinumab.

of head-to-head trials of biologics.">™* Although clinical trials
provide important information on drug efficacy and safety,
real-world patient populations may not fully represent those in
clinical practice.” There are currently no published studies in
PsA comparing ustekinumab and TNFi effectiveness in a large-
cohort, real-world setting. Such data are important for making
evidence-based treatment decisions in clinical practice.

The ultimate goal of PsA treatment is to achieve the lowest
disease activity possible, defined by several composite measures,
the most widely used being the clinical Disease Activity Index
for Psoriatic Arthritis (cDAPSA) and minimal disease activity/
very low disease activity (MDA/VLDA).? '8 Here, we present
the first real-world comparative 6-month effectiveness study for
ustekinumab versus TNFi.

METHODS

Study design

PsABio (NCT02627768) is an international, prospective, obser-
vational, cohort study designed to evaluate the persistence,
effectiveness and tolerability of ustekinumab versus TNFi as
a first-line, second-line or third-line bDMARD in PsA. Each
patient is followed biannually for up to 3 years, with a first
analysis performed once all patients have reached the 6-month
time point (figure 1). Outcomes are focused on achievement of
cDAPSA low disease activity (LDA)/remission and MDA/VLDA
and analysing predictors of reaching cDAPSA LDA or MDA.

Patients
Participants were enrolled between December 2015 and
June 2018, at 92 sites in Belgium, France, Greece, Italy, the

Netherlands, the Russian Federation, Spain and the UK, and
treated according to standard clinical practice. The choice of
bDMARD was made independently by each patient’s rheumatol-
ogist; TNFi choice was at the investigator’s discretion.

Adult patients with PsA, according to the ClASsification for
Psoriatic ARthritis (CASPAR) criteria,'” starting ustekinumab or
any approved TNFi (including biosimilars; online supplemental
table S1) as a first-line, second-line or third-line bDMARD
therapy for PsA (online supplemental table S2), were included.
All participants with baseline and effectiveness data, available
between baseline and the 6-month (=3 months) follow-up
(including patients who switched/stopped treatment due to
adverse events (AEs), inefficacy or other reasons), were included
in this analysis.

Patients were excluded if they were treated beyond third line,
had received an investigational drug, vaccine or invasive medical
device within 30 days before study start, or were currently
enrolled in an interventional study.

Data were collected at baseline, then every 6 months with a
window of =3 months for flexibility with standard clinical prac-
tice. Data came from patients’ medical records, including avail-
able patient-reported outcomes data, and were collected and
entered into an electronic case report form, except for physician-
reported and investigator-reported scales/assessments, which
were recorded on paper forms. Patients who stopped/switched
ustekinumab or TNFi were retained and followed up on their
new treatment (another TNFi or bDMARD, or a ¢sDMARD
or tsDMARD, or no additional therapy). In total, 991 patients
entered the study; 477 started ustekinumab, 501 started TNFi,
10 did not start either treatment, and three were not diagnosed

1420 Smolen IS, et al. Ann Rheum Dis 2021;80:1419—1428. doi:10.1136/annrheumdis-2021-220263


https://dx.doi.org/10.1136/annrheumdis-2021-220263
https://dx.doi.org/10.1136/annrheumdis-2021-220263
https://dx.doi.org/10.1136/annrheumdis-2021-220263
http://ard.bmj.com/

Psoriatic arthritis

with PsA. Another 48 patients were excluded from the analysis
owing to protocol violations (figure 1).

Evaluations

Treatment effectiveness

The following data were recorded for both ustekinumab and
TNFi to allow comparison of effectiveness at 6 months. PsABio
focused on the composite disease activity measures cDAPSA
LDA and remission,'” ** and achievement of MDA and VLDA.*!
cDAPSA is based on the summation of four variables: tender
joint count of 68 joints (TJC68), swollen joint count of 66 joints
(SJC66), Patient Global Assessment (PtGA) visual analogue
scale (VAS, in cm) and patient pain (PtP) VAS. cDAPSA LDA is
defined as a score of <13, and cDAPSA remission as a score of
<4." The MDA/VLDA criteria assess seven domains (cut-offs):
TJC68 (<1); SJC66 (<1); enthesitis (Leeds Enthesitis Index*?;
<1); skin involvement (Psoriasis Area and Severity Index [<1]
or psoriasis body surface area [BSA; <3%]); Health Assessment
Questionnaire (HAQ) score (<0.5); PtGA VAS (<20, VAS in
mm); and PtP VAS (<15). If five of seven domain cut-offs are
met, MDA has been achieved; VLDA if all seven are met.

Data were also collected for the following variables: Physician
Global Assessment (PGA) VAS for disease activity; the presence
of dactylitis; and psoriasis skin involvement (BSA according
to four categories (clear/almost clear skin, <3%but not clear/
almost clear skin, 3%-10% and >10%)).

Patient-reported outcomes and assessments

Aside from those needed for the MDA/VLDA and cDAPSA,
additional patient-reported outcomes were collected (see online
supplemental methods).

Safety
Safety data included collection of reported AEs and serious AEs
from the first use of ustekinumab or a TNFi in the study.

Statistical analyses

Data validation, development of a detailed analysis plan and all
statistical analyses were performed by or under the authority of
the sponsor (Janssen Pharmaceutica NV, Beerse). In this anal-
ysis, the full analysis set (FAS) included patients who completed
the 6-month initial treatment period, plus those who switched/
stopped their original treatment during the 6-month follow-up.
The safety set included all patients with baseline and any avail-
able follow-up data. Partially missing data were imputed where
required for analysis. For validated scales, missing items were
imputed according to recommendations of the scale developers.
Percentages were calculated over non-missing data. In addition
to observed case analysis, endpoint analysis used the last obser-
vation carried forward (LOCF). Actual values and changes from
baseline were summarised, including the 95% CI, at each assess-
ment time point and at LOCF.

As the analysis was exploratory, no predefined hypotheses
were tested and no adjustment for multiplicity was applied.
Hence, between-group differences and changes over time were
described using the 95% confidence interval (CI) rather than by
p values, as the latter provide no information about the vari-
ability of an estimated association.*®

Comparative effectiveness and predictor analyses were
performed to investigate LOCF month 6 outcomes between and
within treatment cohorts. Comparative effectiveness was also
described by bDMARD treatment line. Patients who switched/
stopped their original treatment during the 6-month follow-up

period were imputed as non-responders (binary endpoints), or
no improvement from baseline (continuous endpoints). Patients
with cDAPSA LDA included those in cDAPSA remission; patients
in MDA included those in VLDA.

Comparative effectiveness between treatment cohorts
included propensity score (PS) adjustment for imbalanced
baseline covariates. For all potential confounders, the balance
between the treatment cohorts and the prognostic effect on the
outcome of interest were investigated. The PS was estimated
using a logistic regression model, with treatment as the depen-
dent variable and a set of potential confounders as independent
variables. After optimisation to achieve a good balance of all
confounders, the PS, stratified on the quintiles, was used to esti-
mate the adjusted treatment effects for the selected outcomes.
Weighting on the PS (inverse probability of treatment weighting)
was used as a sensitivity analysis. Primarily based on clinical
judgement and published evidence, the following potential base-
line confounders were investigated: age, sex, country, smoking,
number of comorbidities, BSA, PsA subtype according to Moll
and Wright criteria,”* disease duration, cDAPSA score, 12-item
Psoriatic Arthritis Impact of Disease (PsAID-12) score, presence
of enthesitis or dactylitis, Fibromyalgia Rapid Screening Tool
(FiRST) score, line of bDMARD treatment, csDMARD cotreat-
ment and concomitant NSAID or oral corticosteroid use.

The predictor analyses investigated possible predictors for
achieving cDAPSA, LDA and MDA outcomes. The effect of all
variables was first investigated using univariate analysis. Variables
with p<0.5 were then included in multiple logistic regression
analysis, using a forward selection method with the probability
for variable entry set to p=0.20, including the examination of
interaction terms. Six different models were generated: total
group, and ustekinumab and TNFi cohorts, respectively, for
cDAPSA LDA/remission and MDA/VLDA. The final multivariate
model with odds ratios (ORs; 95% CI) is presented for factors
with significant (p<0.05) effect on the respective outcome sepa-
rately for the total, ustekinumab and TNFi cohorts.

In addition to the analysis on the FAS discussed in this paper,
a completer analysis was performed, including only patients
who stayed on ustekinumab or a TNFi for the entire 6-month
follow-up period. The completer analysis, which arrived at
similar results, is presented in online supplemental table S3.

RESULTS

Patient disposition

Of 991 enrolled participants, 930 were eligible and had base-
line data (figure 1); 62 were not included in the FAS owing to
unavailability of effectiveness data.

The FAS comprised 868 patients for whom both baseline and
follow-up data to month 6 were available (426 ustekinumab,
442 TNFi), including 28 (6.6%) patients who switched/stopped
ustekinumab and 44 (10.0%) who switched/stopped TNFi during
the first 6-month period. The completer analysis set comprised
796 patients (online supplemental table S3). The safety analysis
set comprised 455 patients in the ustekinumab group and 470 in
the TNFi group (n=925 with follow-up data; figure 1).

Baseline demographics and clinical characteristics

At baseline, participants in the ustekinumab group were signifi-
cantly older compared with the TNFi group (mean age, 51.2
vs 48.5 years, respectively; based on 95% CI), had significantly
longer disease duration (mean, 7.5 vs 6.2 years) and more
extensive use of third-line bDMARDs (20.4% vs 12.0%), but
less frequent ongoing csDMARD exposure (39.2 vs 54.5%),
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Table 1 Demographics at baseline

UST (n=426)

TNFi (n=442)

Age, years (95% Cl)
Sex—male, n (%) (95% Cl)
Disease duration since initial diagnosis, years (95% Cl)
BMI, kg/m? (95% C)
csDMARD exposure, n (%) (95% Cl)
Previous exposure
Ongoing exposure at baseline
Methotrexate exposure ongoing at baseline, n (%) (95% CI)

Other treatments exposure ongoing at baseline, n (%) (95% Cl)

NSAIDs
Glucocorticosteroids
Line of hbDMARD treatment, n (%) (95% Cl)
First line
Second line*
Third line*

51.2 (12.47) (50.0 to 52.3)

183 (43.0) (38.2 t0 47.8)
7.5(8.1) (6.8 to 8.3)
28.6 (6.3) (27.9 t0 29.3)

376 (88.3) (84.8 t0 91.2)
167 (39.2) (34.5 to 44.0)
127 (29.8) (25.5 to 34.4)

232 (54.5) (49.6 t0 59.3)
138 (32.4) (28.0 t0 37.1)

193 (45.3) (40.5 t0 50.2)
146 (34.3) (29.8 t0 39.0)
87 (20.4) (16.7 to 24.6)

48.5 (12.59) (47.3 to 49.7)

202 (45.7) (41.0 to 50.5)
6.2 (6.6) (5.6 t0 6.8)
27.7 (5.0) (27.2 to 28.3)

411 (93.0) (84.8 10 91.2)
241 (54.5) (49.8 to 59.2)
187 (42.3) (37.7 to 47.1)

307 (69.5) (64.9 to 73.7)
152 (34.4) (30.0 to 39.0)

241 (54.5) (49.8 t0 59.2
148 (33.5) (29.1 to 38.1
53(12.0) (9.1 to 15.4

Cardiovascular/metabolic syndrome comorbidity, n (%) (95% Cl)t

176 (41.3) (36.6 t0 46.2)

)
)
)
)

157 (35.5) (31.1 t0 40.2

Data are mean (SD) (95% Cl of the mean) unless otherwise stated; % is that of available data. Numbers in bold indicate where significant differences exist at baseline.

*bDMARDs received before UST/TNFi in this study are presented in online supplemental table S2.

tCardiovascular/metabolic syndrome comorbidity was numerically more frequent in the UST group.

bDMARD, biological disease-modifying antirheumatic drug; BMI, body mass index; csDMARD, conventional synthetic disease-modifying antirheumatic drug; NSAID, non-steroidal anti-inflammatory

drug; TNFi, tumour necrosis factor inhibitor; UST, ustekinumab.

concomitant methotrexate (29.8% vs 42.3%) and NSAIDs
(54.5% vs 69.5%) (table 1). Severe skin involvement (BSA
>10%, 26.7% vs 14.1%) and FiRST score =5 (indicating more
chronic widespread pain: 39.3% vs 29.0%) were significantly
more prevalent in the ustekinumab group (table 2). Cardio-
vascular/metabolic comorbidities (41.3% vs 35.5%) were also
numerically more frequent in the ustekinumab group (table 1).

Components of cDAPSA and MDA at baseline and 6 months

Observed data at baseline and for changes at 6-month follow-up
(including LOCF) for the components needed to assess cDAPSA
and MDA are presented in table 3. No difference was shown
between the ustekinumab and TNFi groups in improvements

in SJCs and TJCs, HAQ-Disability Index scores, VAS assess-
ments of global well-being (PtGA, and PGA) and change in BSA
(demonstrated by overlapping 95% CI) (table 3).

Change from baseline in composite disease activity measures
At baseline, mean (95% CI) cDAPSA levels in the ustekinumab and
TNFi groups were 31.0 (28.9 to 33.1) and 29.8 (27.9 to 31.7),
respectively, indicating high disease activity in both treatment groups
(table 2). The mean (95%CI) change in cDAPSA from baseline
at 6 months was —13.7 (—15.5 to —11.8) and —14.5 (—16.2 to
—13.0), respectively. The proportions of patients achieving cDAPSA
LDA (including remission) were 177/360 (49.2%; 43.9 to 54.5) vs
200/370 (54.1%; 48.8 to 59.2), cDAPSA remission 63/360 (17.5%;

Table 2  PsA clinical characteristics at baseline

UST (n=426) TNFi (n=442)
Psoriasis BSA, n (%) (95% Cl)
Clear/almost clear skin 99 (28.8) (24.1 t0 33.9) 123 (34.1) (29.2 t0 39.2)
<3% but not clear/almost clear skin 33(9.6) (6.7 t0 13.2) 58 (16.1) (12.4 t0 20.3)
3%-10% 120 (34.9) (29.9 t0 40.2) 129 (35.7) (30.8 to 40.9)
>10% 92 (26.7) (22.1 t0 31.8) 51(14.1) (10.7 to 18.2)
PsA characteristics, n (%) (95% ClI)
Axial involvement—pure or combined with peripheral 147 (35.4) (30.8 t0 40.2) 161 (37.2) (32.6 t0 41.9)
Oligoarticular 93 (22.4) (18.5 10 26.7) 125 (28.9) (24.6 t0 33.4)
Polyarticular 277 (66.7) (62.0 to 71.3) 280 ( 4.7) (60.0 to 69.2)
Swollen joint count—=66 joints (95% Cl) 6.0 (8.1) (5.2 t0 6.8) .8(7.4) (5.1106.5)

Tender joint count—68 joints (95% Cl)
cDAPSA (95% Cl)

Enthesitis at baseline, n (%) (95% Cl)
Dactylitis at baseline, n (%) (95% Cl)
Total PsAID-12 score (95% Cl)

FiRST score =5, n (%) (95% Cl)

ACPA positive, n (%) (95% Cl)

RF positive, n (%) (95% Cl)

CRP, mg/dL

12.5(12.5) (11.2t0 13.7)
31.0(20.3) (28.9t0 33.1)
199 (48.9) (43.9 to 53.9)
80(18.8) (15.2 t0 22.9)
5.7 (2.2) (5.5 t0 5.9)
160 (39.3) (34.5 to 44.2)
3.0(3.2) (0.7t09.1)
3.0(2.1) (04105.9)
1.3(3.0)(1.0t0 1.7)

11.3(10.8) (10.3 to 12.4)
29.8(18.6) (27.9 10 31.7)
218 (51.9) (47.0 to 56.8)
92 (20.8) (17.1 t0 24.9)
5.5(2.1) (5.3t05.7)
121 (29.0) (24.7 to 33.6)
4.0(2.9)(0.8t07.2)
11(5.8) (2.9 t0 10.1)
1.6(2.9)(1.2t01.9)

Data are mean (SD) (95% Cl of the mean) unless otherwise stated; % is that of available data. Numbers in bold indicate where significant differences exist at baseline.

ACPA, anti-citrullinated protein antibody; BSA, body surface area; cDAPSA, clinical Disease Activity Index for Psoriatic Arthritis; CRP, C-reactive protein; FiRST, Fibromyalgia Rapid Screening Tool;
PsA, psoriatic arthritis; PSAID-12, 12-item Psoriatic Arthritis Impact of Disease questionnaire; RF, rheumatoid factor; TNFi, tumour necrosis factor inhibitor; UST, ustekinumab.
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Table 3 Change in PSA outcome variables needed for assessing cDAPSA and MDA

usTt TNFi usT TNFi
Variable Baseline Baseline Change at 6 months Change at 6 months
cDAPSA 31.0 (28.9 t0 33.1) 29.8 (27.9t031.7) -13.7 (-15.5t0 -11.8) -14.6 (-16.2 to —13.0)

Tender joint count—68 joints
Swollen joint count—66 joints

HAQ-DI assessment

Physician Global Assessment of Disease—VAS, mm
Patient Global Assessment of Disease— VAS, mm
Patient assessment of pain—VAS*, mm

125(11.21013.7)
6.0 (5.2 t06.8)
1.1(1.1101.2)
53.5 (51.6 to0 55.3)
61.1(58.8 t0 63.5)
60.6 (58.1 t0 63.0)

11.3(10.3t0 12.4)
5.8 (5.1 t0 6.5)
1.2(1.11t01.2)
54.7 (52.7 to 56.6)
61.1(58.7 t0 63.4)
61.2 (58.9 t0 63.5)

-53(-6.4t0-4.2)
-3.7 (-4.4t0-3.0)
-0.25(-0.3t0 -0.2)
-23.3(-25.7 to -20.8)
-20.7 (-23.5t0 -18.0)
-19.1(-21.9t0 -16.2)

-5.7 (-6.6 to —4.8)
-3.7(-4.4t0-3.1)
-0.34(-0.4t0 -0.3)
-24.9 (-27.3 to -22.6)
-25.2(-28.2t0-22.3)
—-24.4(-27.2 to -21.6)

Total enthesitis score (LEI) 26(2.41t02.38) 2.6(2.4t02.8) -1.4(-1.6t0-1.2) -15(-1.7t0-1.2)
Psoriasis BSA distribution, n (%) (95% Cl)
Clear/almost clear skin 99 (28.8) (24.1 10 33.9) 123 (34.1) (29.2 10 39.2) 312 (59.1) (54.8 t0 63.3) 335 (63.6) (59.3 t0 67.7)
<3% but not clear/almost clear 33(9.6) (6.7t013.2) 58 (16.1) (12.4 t0 20.3) 70 (13.3) (10.5 to 16.5) 85 (16.1) (13.1 t0 19.6)
3%-10% 120 (34.9) (29.9 to 40.2) 129 (35.7) (30.8 to 40.9) 133 (25.2) (21.51t0 29.1) 93 (17.6) (14.5t0 21.2)
>10% 92 (26.7) (22.1 t0 31.8) 51 (14.1) (10.7 t0 18.2) 13 (2.5) (1.3 t0 4.2) 14 (2.7) (1.5 to 4.4)

Psoriasis BSA improvementt from baseline, n (%) - -

184 (53.5) (48.1 t0 58.9) 166 (46.0) (40.8 to 51.3)

Data are observed mean (95% Cl) at month 6 (last observation carried forward), unless otherwise indicated.
*There was a significantly higher percentage of UST patients with chronic widespread pain (FiRST score).

tlmprovement: at least one category.

BSA, body surface area; cDAPSA, clinical Disease Activity Index for Psoriatic Arthritis; HAQ-DI, Health Assessment Questionnaire Disability Index; LEl, Leeds Enthesitis Index; MDA, minimal disease
activity; PsA, psoriatic arthritis; TNFi, tumour necrosis factor inhibitor; UST, ustekinumab; VAS, visual analogue scale.

13.7 to 21.8) vs 81/370 (21.9%; 17.8 to 26.5), MDA 104/385
(27.0%;3 22.6 to 31.7) vs 120/376 (31.9%; 27.2 to 36.9), and VLDA
34/410 (8.3%; 5.8 to 11.4) vs 38/395 (9.6%; 6.9 to 13.0) at 6 months
in the ustekinumab and TNFi groups, respectively (figure 2A). The
PS-adjusted ORs of ustekinumab versus TNFi for achieving cDAPSA
LDA/remission, MDA or VLDA indicated similar effectiveness
(figure 2B). The outcomes observed in the FAS and completer sets
were similar to those observed in the main analysis (online supple-
mental table S4). Composite disease activity measures by treatment
line are shown in figure 3.

Predicting a state of cDAPSA LDA or MDA

Baseline variables and treatment group (ustekinumab or TNFi)
were investigated as predictors of response, defined as reaching
c¢DAPSA LDA or MDA by month 6 of follow-up. Treatment with
either therapy (mode of action) was not associated with any
of the model outcomes. Table 4 presents results from the final
model, illustrating that previously described negative predictors
of good treatment response are confirmed in the total PsABio
cohort (eg, line of treatment, female sex, comorbidities),> >
but also new potential negative predictors are identified, such
as high baseline impact of disease activity (PsAID-12) or high
baseline cDAPSA or FiRST score.” *° Exposure to oral glucocor-
ticosteroids also decreased the odds.

Higher body mass index (BMI) and higher ¢cDAPSA at base-
line did not significantly affect these treatment outcomes in
the ustekinumab cohort in contrast to the TNFi cohort, where
higher BMI acted as a negative predictor. Enthesitis appeared as
a negative factor in the ustekinumab cohort only, dactylitis as
a positive predictor for MDA in the TNFi cohort. Female sex
did not significantly impair the response to TNFi, as it did in
the ustekinumab cohort. Generally, the differences between the
cohorts were small, and differences compared with the total
cohort were mainly due to lower statistical power (table 4).

Concomitant treatment with csDMARDs/methotrexate was
not associated with higher likelihood of cDAPSA LDA or MDA
in either cohort.

Changes from baseline in health-related quality of life

Figure 4A shows the changes from baseline to month 6 in
health state from EuroQoL 5-dimension 3-level questionnaire
(EQSD-3L) score (ustekinumab: +8.6 (95% CI 5.9 to 11.2),
TNFi: +11.8 (95% CI 9.0 to 14.6)) and PsAID-12 score (usteki-
numab: —1.8 (95% CI —2.04 to —1.59), TNFi: —1.9 (95% CI
—2.13 to —1.69)). For both the ustekinumab and TNFi groups,
achievement of ¢cDAPSA remission/LDA or MDA at 6 months
was associated with significant and clinically relevant improve-
ment in EQ5D-3L, VAS and PsAID-12 scores, and thus impact
of the disease on patients’ lives (figure 4B).

Adverse events

Safety data were similar between the ustekinumab and TNFi
groups; 17.9% of patients in the ustekinumab and 20.9% in the
TNFi group experienced at least one AE, and 3.5% and 1.6%,
respectively, experienced at least one serious AE (online supple-
mental table S5).

DISCUSSION

The observational PsABio study provides important information
on the efficacy of ustekinumab and TNFi in a real-world cohort
of patients with PsA; study data indicated similar effectiveness
for ustekinumab and TNFi. PsABio demonstrated that approxi-
mately half of all patients but also half of those patients in whom
previous therapies had an insufficient response and who received
UST or TNFi as second- or third-line treatments, can achieve
cDAPSA LDA, with many also reaching MDA or remission.

The question of how biologics other than TNFi perform in
routine care remains unanswered, and the PsABio study aims to
address this. In the current analysis, we have shown that overall
and unadjusted, 28% of patients on ustekinumab achieved
the goal of MDA at 6 months compared with 32% of patients
receiving a TNFi. This compares with 30%-71% of patients
in previous smaller real-world studies of ustekinumab,®!™*
50%-60% of TNFi-treated patients,” and 11%-34% of patients
with PsA in placebo-controlled Phase 3 studies of biological
therapies.'* % After PS adjustment for imbalances in poten-
tial baseline confounders, both TNFi and ustekinumab had
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a comparable effect on disease activity measures, including
achievement of MDA, cDAPSA-LDA and change in cDAPSA.*
In PsABio, participants in the ustekinumab group were more
often receiving it as third-line biologic, and were older than
the TNFi group, with longer disease duration. Additionally, a
higher proportion of patients had more severe skin involvement,
comorbidities or chronic widespread pain. Based on these base-
line characteristics, the ustekinumab group could be regarded as
more refractory to treatment than the TNFi comparison group
which reduces the likelihood of a good response; prespecified PS
adjustment for the baseline differences was performed for a fair
statistical comparison between groups.

While the predictors of treatment success in our study gener-
ally agree with previous publications for TNFi (eg, line of treat-
ment, female sex, comorbidities),”* we highlight some new
and modifiable negative predictors, such as high disease impact
(PsAID-12) and high clinical disease activity as well as signs of
chronic, widespread pain. These results reflect the complex
and multifactorial influences on the outcomes with treatment.
Effective early intervention may avoid the evolution of patients’

disease towards these unfavourable states. Generally, usteki-
numab and TNFi effectiveness are predicted by similar factors
with some exceptions, such as higher BMI, higher cDAPSA and
chronic widespread pain, negatively influencing mainly TNFi
but not ustekinumab, while TNFi did not seem to be impacted
by female sex, cardiovascular comorbidities or enthesitis, in
contrast to ustekinumab.

Previous studies reported that 30%-60% of patients treated
with biological therapy achieved a state of remission/LDA or
MDA.% 3%32 Moreover, there is evidence that earlier-stage treat-
ment for PsA can result in more patients achieving remission.*!
Approximately half of patients in PsABio achieved LDA, with asso-
ciated improvement in quality of life and disease impact.

The present analysis has several strengths and limitations.
Here, 6-month data are presented; additional publications at later
follow-up will provide further information on longer-term effec-
tiveness, persistence and safety. A recent paper pointed towards
high rates of persistence, LDA and remission in PsA patients on
TNFi after 1 and 12 years of follow-up. Our long-term data will
complement these results.* A strength of PsABio is that it consists
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of a large, prospectively followed population with PsA receiving
bDMARDs with two different modes of action. The real-world
nature of PsABio also has the advantage of providing data from a
less tightly selected patient population than randomised controlled
trials.”® However, as PsABio is non-randomised, the treatment
groups need to be balanced using PS adjustment, owing to docu-
mented confounding data or bias by the rheumatologists’ selection
strategies. A potential limitation of this is that PS matching may not

succeed in fully adjusting for unknown or unmeasured differences
in baseline characteristics.*’

An inherent problem in the present study is confounding
by indication, occurring when the indication to prescribe a
particular treatment is based on the severity of the illness or
associated disease characteristics including multimorbidity.**
Baseline findings of later biologic use, more severe skin involve-
ment and more chronic widespread pain (FiRST score =5) in

Table 4 Factors associated with reaching the treatment targets of MDA and cDAPSA LDA, in the total PsABio cohort and in the ustekinumab

cohort and TNFi cohort

Total cohort Ustekinumab cohort TNFi cohort
Test variable (baseline state) MDA cDAPSA LDA MDA cDAPSA LDA MDA cDAPSA LDA
No of patients, n* 621 614 315 306 306 308
Coefficient of determination, R? 0.32 0.32 0.36 0.36 0.35 0.35
Line of bDMARD: first-line versus second-/third-line ~ 1.69 1.23 1.83 0.87 1.78 1.78
(1.13 t0 2.53) (0.84 to0 1.78) (1.02 t0 3.29) (0.50 to 1.50) (0.99 to 3.22) (1.02 to 3.09)
Sex: female versus male 0.50 0.60 0.34 0.40 0.58 0.80
(0.33t00.75) (0.41 t0 0.88) (0.19 t0 0.63) (0.22 t0 0.70) (0.31 to 1.06) (0.45 to 1.41)
CV comorbidity/metabolic syndrome: present versus ~ 0.49 0.63 0.44 0.47 0.54 0.80
not present (0.32 t0 0.76) (0.42 t0 0.93) (0.23 t0 0.83) (0.26 to 0.84) (0.30 to 1.00) (0.46 to 1.41)
Body mass index: per 1kg/m* 0.97 0.97 0.97 0.99 0.98 0.94
(0.94 t0 1.01) (0.93 t0 0.99) (0.91 to 1.03) (0.94 to0 1.04) (0.93 to 1.04) (0.89 t0 0.99)
cDAPSA: per 10 score unit higher 0.75 0.75 0.89 0.86 0.58 0.64
(0.64 to 0.88) (0.66 to 0.85) (0.73 to 1.08) (0.72 to0 1.02) (0.44 t0 0.76) (0.52 to 0.79)
PsAID-12 score: per one score unit higher 0.86 0.87 0.84 0.82 0.88 0.92
(0.77 t0 0.97) (0.79 t0 0.97) (0.71 t0 0.99) (0.69 to 0.96) (0.74 t0 1.03) (0.79 t0 1.07)
Enthesitis: present at baseline versus not present 0.60 0.57 0.32 0.43 1.23 0.83
(0.40 to 0.92) (0.38 t0 0.84) (0.17 t0 0.62) (0.24 10 0.78) (0.66 to 2.27) (0.47 to 1.49)
Dactylitis: present at baseline versus not present 1.05 1.16 0.56 0.64 2.15 2.01
(0.64 to 1.74) (0.72 to 1.86) (0.25101.23) (03110 1.32) (1.04 to 4.45) (0.99 to 4.04)
Psoriasis body surface area
<3% vs 3%-10% 0.89 1.66 117 2.08 0.61 1.33
(0.57 to 1.41) (1.08 to 2.56) (0.59102.33) (1.09 to 3.97) (0.32t0 1.16) (0.71 t0 2.47)
<3%vs >10% 0.70 1.49 1.26 232 0.33 0.95
(0.40 to 1.24) (0.88 to 2.52) (0.57 t0 2.78) (1.11 to 4.84) (0.13 to 0.86) (0.42102.17)
NSAID treatment: yes versus no 0.65 0.73 0.84 0.77 0.61 0.64
(0.42 t0 1.01) (0.49 to 1.09) (0.40 to 1.74) (0.41 to 1.45) (03410 1.12) (0.37t0 1.11)
Use of oral corticosteroids: yes versus no 0.50 0.47 0.51 0.40 0.45 0.49
(0.27 to 0.92) (0.27 to 0.80) (0.21 t0 1.25) (0.16 to 0.86) (0.19 to 1.08) (0.23 to 1.03)
FiRST score: per unit increase 0.88 0.85 0.85 0.86 0.88 0.82
(0.78 to0 0.98) (0.77 t0 0.95) (0.72 to 1.00) (0.74 to 1.00) (0.74 to 1.05) (0.70 to 0.96)

Data are OR (95% Cl) unless otherwise stated.

*The n for the cohorts indicate the number of patients included in the respective model. Numbers are lower than total UST or TNFi patient cohorts due to missing variable data, such as missing patient-reported outcomes and skin assessments in

some patients.

bDMARD, biological disease-modifying antirheumatic drug; cDAPSA, clinical Disease Activity Index for Psoriatic Arthritis; CV, cardiovascular; FiRST, Fibromyalgia Rapid Screening Tool; LDA, low disease activity; MDA, minimal disease activity; NSAID,
non-steroidal anti-inflammatory drug; PsA, psoriatic arthritis; PsAID-12, 12-item Psoriatic Arthritis Impact of Disease questionnaire; TNFi, tumour necrosis factor inhibitor; UST, ustekinumab.
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Figure 4  Efficacy of ustekinumab and TNFi on HR-QoL and disease impact to month 6 (A) mean (95% Cl) change from baseline (B) by achievement
of cDAPSA remission/LDA or VLDA/MDA*. *Yes/no represents achievement of cDAPSA remission/LDA and VLDA/MDA at 6 months. For PsAID-12,
lower scores represent lower impact of psoriatic arthritis, with a minimal important difference for the PsAID-12 of —3.0 points.*® cDAPSA, clinical
Disease Activity Index for Psoriatic Arthritis; EQ5D, EuroQol 5-Dimension Questionnaire; HR-QoL, health-related quality of life; LDA, low disease
activity; MDA, minimal disease activity; PsAID-12, 12-Item Psoriatic Arthritis Impact of Disease Questionnaire; TNFi, tumour necrosis factor inhibitor;

UST, ustekinumab; VAS, visual analogue scale; VLDA, very low disease activity.

ustekinumab-treated patients compared with TNFi, raises the
possibility of confounding by indication. Moreover, TNFi drugs
were grouped, whereas there may be differences in efficacy
between different class members, although to our knowledge
this has not been definitively demonstrated.* The use of etaner-
cept in 32% of our patients could still pose questions relating to
effectiveness on skin outcomes. However, this represents clinical
practice and among others, the Murray et al study demonstrates
no difference in effectiveness or persistence in PsA for etanercept

vs adalimumab.** Other biologic modes of action, such as IL-17
inhibitors, were not available when PsABio was planned, and
were not included. However, two trials comparing IL-17 inhibi-
tors with a TNF blocker have since been published; these failed
to show superiority of IL-17 blockade over TNF inhibition (or
vice versa) regarding American College of Rheumatology criteria
response rates, further substantiating the current study.” ' Thus,
data from PsABio provide new insights regarding important open
research questions on patients with PsA selected for biologic
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treatment in routine care. No similar large-scale, real-world data
comparing different biologics exist.

In conclusion, after 6 months of treatment in a routine
care setting, ustekinumab and TNFi, when used as a first-line,
second-line or third-line bDMARD, demonstrated a significant
DAPSA score improvement from baseline, with similar achieve-
ment of MDA, cDAPSA-LDA or cDAPSA remission in patients
with PsA. This translated into a considerable enhancement of
health-related quality of life, and a major reduction of disease
impact on daily functioning, independently of ustekinumab or
TNFi use. Both baseline high disease activity and severe impact
of the disease were modifiable negative predictive factors which
might support early effective intervention in patients with PsA.
Publication of later follow-up data will further evaluate a longer-
term comparison of ustekinumab with TNFi.
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Targeted metabolomic profiling and prediction of
cardiovascular events: a prospective study of patients
with psoriatic arthritis and psoriasis

Keith Colaco, " Ker-Ai Lee,* Shadi Akhtari,>® Raz Winer,” Paul Welsh,® Naveed Sattar ®
lain B McInnes,’ Vinod Chandran,*® Paula Harvey,>® Richard J Cook,*

Dafna D Gladman

ABSTRACT

Objective In patients with psoriatic disease (PsD), we
sought serum metabolites associated with cardiovascular
(CV) events and investigated whether they could improve
CV risk prediction beyond traditional risk factors and the
Framingham Risk Score (FRS).

Methods Nuclear magnetic resonance metabolomics
identified biomarkers for incident CV events in patients
with PsD. The association of each metabolite with
incident CV events was analysed using Cox proportional
hazards regression models first adjusted for age and

sex, and subsequently for traditional CV risk factors.
Variable selection was performed using penalisation with
boosting after adjusting for age and sex, and the FRS.
Results Among 977 patients with PsD, 70 patients had
incident CV events. In Cox regression models adjusted for
CV risk factors, alanine, tyrosine, degree of unsaturation
of fatty acids and high-density lipoprotein particles

were associated with decreased CV risk. Glycoprotein
acetyls, apolipoprotein B and cholesterol remnants were
associated with increased CV risk. The age-adjusted

and sex-adjusted expanded model with 13 metabolites
significantly improved prediction of CV events beyond
the model with age and sex alone, with an area under
the receiver operator characteristic curve (AUC) of 79.9
versus 72.6, respectively (p=0.02). Compared with the
FRS alone (AUC=73.9), the FRS-adjusted expanded
model with 11 metabolites (AUC=75.0, p=0.72) did not
improve CV risk discrimination.

Conclusions We identify novel metabolites associated
with the development of CV events in patients with

PsD. Further study of their underlying causal role may
clarify important pathways leading to CV events in this
population.

INTRODUCTION

Psoriasis and psoriatic arthritis, collectively referred
to as psoriatic disease (PsD), are chronic immune-
mediated diseases primarily affecting the skin and
joints. PsD is associated with an increased risk of
cardiometabolic diseases, which is partially inde-
pendent of traditional cardiovascular (CV) risk
factors.! 2 PsD is also associated with systemic
inflammation that is not limited to the skin or
musculoskeletal structures. It is now considered
that atherosclerosis is a chronic inflammatory
disease whereby interactions between immune
mechanisms and plasma lipid particles trigger the

>® Vincent Piguet,"® Lihi Eder @ "®

Key messages

What is already known about this subject?

» Lack of effective biomarkers for cardiovascular
(CV) risk prediction in patients with psoriatic
disease (PsD) delays early intervention and
prompt treatment.

What does this study add?

» A range of novel metabolites in biochemical
pathways associated with higher CV risk, but
not routinely measured in clinical practice,
are identified, offering novel insights into the
metabolic nature of atherosclerosis and PsD.

» A combined model that included 13 metabolite
biomarkers in addition to age and sex
demonstrated good performance in predicting
CV risk in patients with PsD.

How might this impact on clinical practice or

future developments?

» This study suggests potential biomarkers that
may offer early mechanistic clues leading to
CV events, and may aid in risk stratification of
patients with PsD in the future.

formation of atherosclerotic plaques in the vascular
wall.? In patients with PsD, metabolic abnormalities
and dysregulated serum levels of pro-inflammatory
cytokines drive the atherosclerotic process, leading
to the development of clinical CV events.*® Taken
together, there is compelling evidence that PsD and
atherosclerotic pathology share common inflamma-
tory origins.®

The Framingham Risk Score (FRS) is widely
used in North America to assess the 10-year CV
risk by incorporating traditional CV risk factors.”
However, the use of the FRS and other established
clinical prediction algorithms to predict CV risk
in PsD and other inflammatory rheumatic diseases
tend to underestimate the true CV risk since they
do not accurately reflect the heightened activity of
inflammatory pathways which contributes to CV
risk in patients with PsD.* ? The consequences of
underestimating CV risk in the PsD population in
clinical practice may result in a missed opportunity
to intervene early.'
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Metabolomics elucidates circulating metabolites across
multiple biological pathways, providing a comprehensive snap-
shot of metabolic state. High-throughput nuclear magnetic
resonance (NMR) spectroscopy enables metabolite profiling
of epidemiological cohorts, thereby advancing our under-
standing of atherosclerotic disease pathogenesis and potentially
improving risk prediction by incorporating information from
novel biomarkers in addition to traditional CV risk factors. Few
large-scale applications of serum NMR metabolomics in the
general population have been used to identify biomarkers for
disease events and risk prediction. Such studies identified signif-
icant associations of various metabolites with CV disease,''™*?
all-cause mortality,'* inflammation® and type 2 diabetes.'®™'

Investigations of the psoriatic blood metabolome revealed
differences in metabolite profiles compared with healthy individ-
uals.” These included metabolite changes that may reflect local
inflammatory milieu, and elevations of certain plasma amino
acids that have been implicated in obesity, diabetes and CV
disease.”’ 2! While many of these mechanistic studies used untar-
geted metabolomics in small samples to uncover new metabolites
linked to PsD, no studies investigated the relationship between
metabolites and CV events in a large cohort of patients with
PsD. Given the metabolic associations identified with athero-
sclerosis, PsD may serve as a useful condition to investigate the
interaction between inflammation, metabolic abnormalities and
atherosclerosis, offering the potential to identify new CV disease
biomarkers and improve our understanding of pathways that
drive the increased CV risk.

In this study, we aimed to identify serum metabolites associ-
ated with risk of developing CV events in patients with PsD, and
which therefore may be of interest in terms of aetiology. We then
aimed to determine whether metabolites could be useful in CV
risk prediction beyond traditional risk factors and the FRS.

METHODS

Study population

We assessed the association between a targeted panel of metab-
olites and incident CV events in the University of Toronto PsD
cohort, described in online supplemental. Annual serum samples
have been collected and stored in a biobank since 2002, thus
patients entered the study at the date they provided their first
serum sample. Inclusion criteria included having a serum sample
in the biobank, no history of CV events at study entry, and being
followed for at least 1year following study entry.

Framingham Risk Score

The FRS was calculated for each patient to estimate the 10-year
risk of fatal and non-fatal CV disease.** The risk factors included
in the score were age, sex, current smoking, systolic blood pres-
sure, treatment for hypertension, diabetes, total cholesterol and
high-density lipoprotein (HDL) cholesterol.

Metabolite quantification

A targeted, high-throughput NMR metabolomics platform
was used to quantify 68 lipid and metabolite measures from
the first available serum sample. The NMR-based profiling,
performed by Nightingale Health, has previously been used
in various epidemiological studies, and details of the experi-
mental protocol have been described.”® ** All metabolites were
measured in a single experimental setup that allows for simul-
taneous quantification of routine lipids, total lipid concentra-
tions of lipoprotein subclasses, fatty acid composition, various
glycolysis precursors, ketone bodies and amino acids in absolute

concentration units (online supplemental table 1). This platform
includes both known metabolic risk factors and metabolites
from multiple physiological pathways that have been previously
examined in relation to fatal and non-fatal CV disease in large
population-based studies.” Pyruvate, lactate, glycerol, acetate
and glutamine were excluded from analyses as a result of quality
control measures that identified issues with sample integrity and
biomarker quantification.

Case definition of CV outcomes

A composite endpoint was defined as the occurrence of the
first clinical CV event. Within 10 years of biomarker measure-
ment, the following CV events were identified: angina pectoris,
myocardial infarction, transient ischaemic attack (TTA), isch-
aemic cerebrovascular accident (CVA), heart failure, revascular-
isation procedures and CV death. Revascularisation procedures
included coronary angioplasty, coronary bypass surgery, carotid
endarterectomy and vascular surgery for peripheral artery
disease. Procedures for identifying and verifying CV outcomes
are described in online supplemental.

Statistical analyses
Baseline characteristics were calculated as the mean and SD
for continuous variables, or frequency for categorical vari-
ables. Values for metabolites below the limit of detection,
which comprised less than 0.5% of metabolites profiled, were
substituted with the lowest value for the metabolite. All metab-
olite concentrations were log-transformed to better approxi-
mate the normal distribution, and standardised to make them
directly comparable. The statistical analysis was performed
in two stages. The first stage aimed to identify individual
metabolites associated with high CV risk in order to elucidate
underlying mechanisms of CV disease in PsD. Associations
with incident CV events were analysed separately for each
metabolite using a series of Cox proportional hazards regres-
sion models, which involved the cause-specific hazard for the
event of interest, treating death due to non-CV causes as the
competing event. Individuals entered the risk set at the date
of the first available (baseline) serum sample and the event
occurred at the date of the first CV event within 10 years
of acquiring the baseline serum sample. Patients who were
event-free at the date they were last known to be alive, had
their follow-up censored at this time. Metabolite associations
were first adjusted for age and sex, followed by traditional
non-laboratory CV risk factors including age, sex, smoking
status, diabetes mellitus, hypertension and body mass index.
HRs and 95% ClIs of each metabolite were reported.
Subsequently, we assessed the ability of all metabolites to
predict the composite CV endpoint. Variable selection was
performed using a penalisation and boosting algorithm.?® %’
Boosting is an ensemble-type method for building predic-
tive models which is well-suited to settings where important
covariates are sparse among a larger set of potential predictors.
The boosting algorithm employed fivefold cross-validation to
select the tuning parameter for the penalised regression and
to determine the number of boosting steps. Two proportional
sub-distribution hazards (Fine-Gray) regression models were
considered, with non-CV death considered as a competing
event®®=%; (i) the first base model adjusted only for age and
sex, and (ii) the second base model adjusted for the FRS. All
metabolites were then added to the respective base model, to
create expanded models. The predictive ability of the base
model (without metabolites) and the expanded model (with
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Table 1 Baseline characteristics of the study population
Participants Participants
without CV with CV
All participants  events events
(N=977) (n=907) (n=70)
Variable Meanz=SD/frequency (%)
PsA 639 (65.4%) 582 (64.2%) 57 (81.4%)
Psoriasis without arthritis 338 (34.6%) 325 (35.8%) 13 (18.6%)
Age, years 49+12.6 48+12.4 60+9.8
Sex: male 536 (54.9%) 494 (54.5%) 42 (60%)
Ethnicity: Caucasian 817 (83.7%) 753 (83.1%) 64 (91.4%)
Duration of PsA, years 12+10.3 11£10.1 17£11.8
Duration of Psoriasis, years ~ 20+14.1 20+14.0 23+15.4

Smoking status

Never smoker 521 (53.3%) 492 (54.2%) 29 (41.4%)
Past smoker 301 (30.8%) 270 (29.8%)) 31 (44.3%)
Current smoker 155 (15.9%) 145 (16%) 10 (14.3%)
PASI 4.1+6.2 4.1+6.2 41459
Swollen joint count* 1.5+3.3 1.6+3.4 0.9+2.5
Tender joint count™ 3.8+7.3 3.8+74 2.7£5.6
HAQ 0.37£0.5 0.36+0.5 0.54+0.6
Current use of NSAIDs (daily 260 (26.6%) 236 (26%) 24 (34.3%)
use)
Current use of DMARD 352 (36%) 318 (35.1%) 34 (48.6%)
Current use of biologicals 207 (21.2%) 193 (21.3%) 14 (20%)
Total cholesterol, mmol/L 4.2+0.9 4.2+0.9 4.4+0.9
LDL cholesterol, mmol/L 1.6+0.5 1.6+0.5 1.7+0.5
HDL cholesterol, mmol/L 1.2+0.3 1.2+0.3 1.2+0.3
Body mass index, kg/m? 28.7+5.9 28.5+5.9 30.9+6.5
Diabetes mellitus 71 (7.3%) 61 (6.7%) 10 (14.3%)
Hypertensiont 266 (27.2%) 222 (24.5%) 44 (62.9%)
Use of anti-hypertensive 200 (20.5%) 165 (18.2%) 35 (50%)
medication
Use of lipid-lowering 99 (10.1%) 81 (8.9%) 18 (25.7%)
medication
Framingham Risk Score 8.1+8.5 7.4+7.8 17.3+£10.9

Medians (25th to 75th percentile) are provided for continuous variables in online
supplemental table 2.

*Assessed only for PsA patients.

tSystolic blood pressure >140 mm Hg or use of anti-hypertensive medications.
DMARD, disease-modifying anti-rheumatic drug; HAQ, Health Assessment
Questionnaire; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NSAIDs,
non-steroidal anti-inflammatory drugs; PASI, psoriasis area and severity index; PsA,
psoriatic arthritis.

selected metabolites) was assessed using the area under the
receiver operator characteristic curve (AUC).3! Analyses were
performed with R (V.3.6.2) and SAS Studio V.3.8.

Patient and public involvement
This study was conducted without patient and public
involvement.

RESULTS

From 2002 to 2019, a total of 977 participants (639 with PsA,
338 with cutaneous psoriasis only) were evaluated. During a
mean follow-up of 7.1 years (6894 person-years), 70 patients
developed an incident CV event (9 angina; 19 myocardial infarc-
tion; 10 heart failure; 6 TTIA; 10 CVA; 11 revascularisation; 5
CV death). Baseline characteristics of the study population are
shown in table 1.

Association between individual metabolites and CV events

To elucidate the link between PsD and CV disease and generate
hypotheses on the roles of relevant serum metabolites, we exam-
ined each metabolite’s association with incident CV events. The
association of candidate biomarkers with incident CV events are
shown in figure 1.

In the age-adjusted and sex-adjusted models, 32 metabolites
were significantly associated with incident CV events. Notable
associations with increased CV risk were observed for higher
levels of glucose, glycoprotein acetyls (GlycA), monounsaturated
fatty acids to total fatty acids ratio (MUFA%), saturated fatty
acids, apolipoprotein B (ApoB), triglycerides, total very low-
density lipoprotein (VLDL) cholesterol concentration, VLDL
diameter, as well as VLDL particles ranging in size from very
small to extremely large. Inverse associations with CV risk were
found for HDL, including the total concentration and for large
HDL particles, higher degree of unsaturation of fatty acids (indi-
cated by the number of double bonds per fatty acid), as well as
the ratio of the following fatty acids relative to total fatty acids:
docosahexaenoic acid (an omega-3 fatty acid) (DHA%), linoleic
acid (an omega-6 fatty acid) (LA%), total omega-6 fatty acids
(omega-6 %) and polyunsaturated fatty acids (PUFA%).

In a model adjusted for traditional non-laboratory CV risk
factors (age, sex, smoking status, diabetes mellitus, hypertension
and body mass index), 13 metabolites were associated with inci-
dent CV events. GlycA, ApoB, remnant cholesterol, triglycerides
in intermediate-density lipoproteins (IDLs) and low-density lipo-
proteins (LDLs), VLDL cholesterol and very small VLDL parti-
cles were associated with higher CV risk, while the degree of
unsaturation of fatty acids, alanine, tyrosine, total HDL choles-
terol and medium and large HDL particles were associated with
lower CV risk.

Metabolites and CV risk prediction

A penalisation and boosting algorithm selected candidate
biomarkers and constructed two predictive models for CV events.
Optimal models based on fivefold cross validation included 13
metabolites (in a model adjusted for age and sex), and 11 metab-
olites (in a model adjusted for the FRS). The selected metabolites
with corresponding regression coefficients are listed in table 2.

A diverse array of metabolites was selected in both models,
including amino acids, fatty acids, lipoprotein subclasses, ketone
bodies, glycolysis precursors and measures of fluid balance. The
following six metabolites were included in both models: alanine,
DHA, degree of unsaturation of fatty acids, triglycerides in IDL
cholesterol, glucose, and acetoacetate.

To assess the potential of metabolite biomarkers to improve
CV risk discrimination, the predictive accuracy of a base
model (without metabolites) was compared with an expanded
model (with the selected metabolites). The age-adjusted and
sex-adjusted expanded model with metabolites significantly
improved risk prediction accuracy compared with the base
model that included age and sex alone (AUC 79.9 (95% CI 72.4
to 87.5) vs 72.6 (95% CI 65.4 to 79.7), p=0.02) (figure 2A).
However, the performance of the FRS-adjusted expanded model
with metabolites was not significantly different than the base
model that included only the FRS (AUC 75 (95% CI 66 to 83.9)
vs 73.9 (95% CI 66.4 to 81.4), p=0.72) (figure 2B).

DISCUSSION

Using a targeted NMR-based metabolomics platform in patients
with PsD, we identified a range of metabolites in biochemical
pathways that were associated with higher CV risk. Most of
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Figure 1  The association between individual metabolites and incident CV events in patients with psoriatic disease by Cox proportional hazards

models (n=977, 70 incident events). Sixty-eight metabolite measures were individually analysed in a multivariate Cox model adjusted for age and
sex, as well as traditional non-laboratory CV risk factors: smoking, diabetes, hypertension, body mass index. HRs are for standardised log-transformed
metabolite concentration. Error bars denote 95% Cls. *P<0.05 (in age-adjusted and sex-adjusted model only). **P<0.05 (in both models adjusted
for age and sex, and CV risk factors). 1P<0.05 (in model adjusted for CV risk factors only). C, cholesterol; CV, cardiovascular; DHA, docosahexaenoic
acid; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; MUFA, monounsaturated fatty acids; PUFA,

polyunsaturated fatty acids; VLDL, very low-density lipoprotein.

these metabolites, which are not routinely measured in clinical
practice, offer novel insights into the metabolic nature of athero-
sclerosis and PsD. We highlight findings of ApoB and GlycA,
which extend and validate other work, as well as potential
underlying mechanisms of amino acids (phenylalanine, tyrosine,
alanine) and DHA and their links to obesity, diabetes and renal
impairment, which are common among patients with PsD. Some
of these biomarkers were selected in a combined model that
included 13 metabolites in addition to age and sex—this model
demonstrated good performance in predicting CV risk. We do
not advocate that NMR metabolomics should replace traditional
risk factors in CV risk prediction on the basis of our result alone.
Rather, these data allude to metabolomics identifying potentially
important risk factors for CV risk prediction, but also to path-
ways requiring additional research to understanding potential
causal mechanisms in PsD.

Elevations of conventional lipid and cholesterol particles, such
as triglycerides, LDL and HDL cholesterol, and their associa-
tions with CV risk are consistent with current understanding of

CV disease and reflected in clinical guidelines for use of lipid-
lowering therapy. Large HDL particles and VLDL particle diam-
eter were significantly associated with lower and higher CV
risk, respectively. Although lipoprotein subclasses are highly
correlated with routine lipid measures, certain subclasses, such
as particle size, have been reported to augment risk prediction of
subclinical atherosclerosis and may reflect the underlying biology
of atherosclerosis.** > Remnant cholesterol (which comprise the
cholesterol content of all triglyceride-rich lipoproteins, such
as IDL and VLDL particles) and ApoB were associated with a
30%-40% higher risk of CV events per SD increase. The asso-
ciation of cholesterol remnants with CV events confirm their
suspected role in atherogenesis as an additional cause of CV
disease and all-cause mortality.**>® ApoB, a primary constituent
of LDL and triglyceride-rich lipoproteins and their remnants, is
considered to be a direct measure of the total number of circu-
lating atherogenic lipoproteins. Several studies demonstrated
that plasma levels of ApoB predict risk of ischaemic CV disease
in the general population, although its incremental value above
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Table 2 Regression coefficients of the selected metabolites models
adjusted for age and sex, and the FRS

Model
adjusted for ~ Model adjusted

Category Metabolite age and sex  for the FRS
Amino Acids Alanine -0.1179 -0.1720

Glycine -0.0339

Phenylalanine +0.0085

Tyrosine —-0.1010
Fatty acid ratios, Linoleic acid -0.0940
rel.ative to total fatty pocosahexaenoic acid  —0.0862 -0.0874
acids Polyunsaturated fatty -0.0137

acids

Degree of unsaturation  —0.1265 -0.0173

of fatty acids, double

bonds per fatty acid
Fluid Balance Albumin +0.0685

Creatinine —0.0152
Glycerides Triglycerides in IDL +0.1546 +0.0744

cholesterol
Glycolysis precursors Glucose +0.1391 +0.0624
Inflammation Glycoprotein acetyls +0.1478
Ketone bodies Acetoacetate +0.0464 +0.1110
Lipoprotein HDL, cholesterol +0.0144
subclasses HDL, cholesterol -0.0211

Medium HDL —-0.0296

Large HDL —0.0309

FRS, Framingham Risk Score; HDL, high-density lipoprotein; IDL, intermediate-
density lipoprotein; LDL, low-density lipoprotein.

simple lipid measures is unclear.’” ** That noted, recent genetic
evidence suggests that the number of ApoB-carrying particles
determines the actual lipid-associated CV risk.* Patients with
PsD have an increased risk of developing dyslipidaemia,*® and a
recent meta-analysis showed that ApoB levels were significantly
higher in patients with psoriasis compared with controls.*! There-
fore, it has been suggested that ApoB is more strongly associated
with early atherosclerosis and the development of CV events,
with potential advantages over LDL and HDL cholesterol.

GlycA, a systemic inflammatory marker that reflects the abun-
dance of glycoproteins involved in the acute-phase response, is
associated with circulating leucocytes and neutrophil activity,
and concentrations of tumour necrosis factor-alpha and inter-
leukin 6. ** In the general population, GlycA has been shown
to predict risk of all-cause mortality and CV disease, even when
adjusting for C reactive protein.'** In patients with rheumatoid
arthritis, lupus and psoriasis, GlycA concentrations are higher
compared with healthy individuals and correlate with measures
of disease activity and subclinical CV disease.** ** Taken together,
these data support the concept that GlycA may capture different
aspects of the inflammatory response, and therefore reflects the
importance of inflammation in atherosclerotic CV events in
patients with PsD.

Our findings highlight the potential role of amino acids in CV
disease. Concentrations of branched chain amino acids (BCAAs)
(leucine, isoleucine, valine) and aromatic amino acids (phenyl-
alanine, tyrosine) correlate with obesity and serum insulin.*’
These findings are corroborated by recent prospective metabo-
lomic studies of the general population revealing strong associ-
ations of BCAAs (and phenylalanine and tyrosine) with obesity,
insulin resistance and risk of developing diabetes.'® %> *¢*” While
neither BCAAs were associated with CV events in this study,
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Figure 2 Comparison of the predictive performance of base models
and expanded models (age and sex plus selected metabolites) for
prediction of cardiovascular events. (A) Performance of a model with
age and sex alone is compared with a model with age and sex plus
selected metabolites. (B) Performance of the Framingham Risk Score
(FRS) is compared with a model with the FRS plus selected metabolites.
AUC, area under the receiver operator characteristic curve.

phenylalanine was positively associated with CV events in the
FRS-adjusted expanded model. Tyrosine was independently
associated with a lower risk of CV events after adjusting for
traditional non-laboratory CV risk factors, which included body
mass index and diabetes status. Indeed, impaired conversion of
phenylalanine to tyrosine has been reported in renal disease,*®
and a previous study of diabetes patients reported strong correla-
tions of tyrosine with the estimated glomerular filtration rate
and urine albumin-to-creatinine ratio.*’ Therefore, given the
increased risk of chronic kidney disease in psoriatic patients,’®
these amino acids may be strong surrogates of renal function,"
in line with our data. Similar results were observed for alanine.
While one study demonstrated a link between alanine and inci-
dent type 2 diabetes,'® it is difficult to compare results owing to
differences in study outcomes and populations. However, it is
interesting that multiple amino acids, particularly the BCAAs,
are modulators of insulin secretion and may promote diabetes
via hyperaminoacidaemia.'® Psoriasis and PsA are known to be
associated with elevated risk of diabetes when accounting for
obesity and lifestyle factors.’!

We examined the ability of metabolites to improve CV risk
prediction compared with conventional methods. A prediction
model that included a combination of age, sex and 13 metabo-
lites showed good performance (AUC of 80) that was superior
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to the base model of age and sex alone, which raises the ques-
tion whether biomarkers could be used to improve CV risk
prediction in PsD. Currently, studies using this approach are
sparse.’> The addition of metabolites to the FRS did not show
improvement in CV risk prediction. The lack of improvement
in performance is consistent with other studies of inflammatory
rheumatic diseases that attempted to add biomarkers, multipliers
and disease-specific factors to the FRS and other conventional
risk scores.® Compared with the FRS, the superior performance
of the age-adjusted and sex-adjusted model in this study may be a
more accurate representation of the metabolic nature of CV risk
in psoriatic patients, since the disease may be driven by distinct
aetiological pathways compared with the general population.

The age-adjusted and sex-adjusted model retained few metab-
olites, particularly DHA, found to predict incident CV events in
the general population. In a large prospective study and meta-
analysis of three population-based cohorts in Finland and the
UK which tested the same metabolomics platform, four metab-
olites were associated with future CV events after adjusting for
traditional CV risk factors (including routine lipids).'" Phenyl-
alanine and MUFA were identified as biomarkers of higher CV
risk, whereas omega-6 fatty acids and DHA were biomarkers
of lower CV risk. In our model, DHA had a similar direction
of association along with other metabolite measures known to
have protective associations, such as the degree of unsaturation
of fatty acids, HDL, cholesterol and medium and large HDL
particles. HDL particle profile and unsaturated fatty acids have
been suggested for risk stratification, as they have been proposed
by others to have triglyceride-lowering and anti-inflammatory
effects.”

Our study has several strengths. This is the first study to assess
CV risk prediction and investigate serum metabolites in a large
longitudinal cohort of patients with PsD. Serum samples were
collected during a time period when lipid-lowering therapies
and disease-modifying antirheumatic drugs were widely avail-
able; thus, the benefit of modern preventive treatments is likely
reflected in the reported CV risk estimates. We used a targeted
NMR metabolomics platform that includes many routine clinical
and epidemiological markers, resulting in quantitative data that
can be meta-analysed across multiple cohorts in future studies
of PsD. Some limitations should be considered. Metabolite
coverage is limited by targeted approaches and NMR spectros-
copy, in comparison with other analytical techniques such as
mass spectrometry. Therefore, targeted metabolomics profiling
may miss candidate biomarkers which might further improve
risk prediction. Second, the study may have limited power in
identifying significant associations due to the low number of CV
events in the sample population.

Psoriasis, and particularly PsA, are heterogeneous diseases that
require evaluation of multiple domains. Our findings are partic-
ularly noteworthy in the context of novel metabolites that are
not part of routine clinical assessments, and may be important in
driving elevations in CV risk in psoriatic patients. This investi-
gation, the first to explore the relationship between metabolites
and CV events in a large cohort of patients with PsD, highlights
the potential value of extending beyond traditional CV factors
to improve risk assessment at an early phase of atherosclerosis
development. The identified biomarkers offer novel insights into
the metabolic nature of atherosclerosis and PsD. A combination
of amino acids, inflammation-related metabolites (GlycA) and
both pro-inflammatory and anti-inflammatory lipid particles
were associated with CV risk—these measures may offer early
mechanistic clues leading to CV events, and in the future, may
aid in risk stratification. Although further study is needed before

recommendations can be made, the use of targeted metabolo-
mics profiling elucidates many of the biological mechanisms
underlying the associations with CV disease in patients with PsD.
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Efficacy of a tight-control and treat-to-target strategy
in axial spondyloarthritis: results of the open-label,
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ABSTRACT

Objectives To compare the benefits of a tight-
control/treat-to-target strategy (TC/T2T) in axial
spondyloarthritis (axSpA) with those of usual care
(Ua.

Methods Pragmatic, prospective, cluster-randomised,
controlled, open, 1-year trial (NCT03043846). 18
centres were randomised (1:1). Patients met Axial
Spondylo Arthritis International Society (ASAS) criteria
for axSpA, had an Ankylosing Spondylitis Disease
Activity Score (ASDAS) =2.1, received non-optimal
treatment by non-steroidal anti-inflammatory drugs
and were biologic-naive.

Interventions (1) TC/T2T: visits every 4 weeks

and prespecified strategy based on treatment
intensification until achieving target (ie, ASDAS <2.1);
(2) UC: visits every 12 weeks and treatment at the
rheumatologist’s discretion.

Main outcome Percentage of patients with a =30%
improvement on the ASAS-Health Index (ASAS-HI). Other
efficacy outcomes and adverse events were recorded. A
health economic evaluation was performed.

Statistical analysis Two-level mixed models were
used to estimate efficacy outcomes. Cost-effectiveness
was assessed by the incremental cost per quality-
adjusted life-year (QALY) gained for TC/T2T versus UC.
Results 160 patients were included (80/group). Mean
(SD) age was 37.9 (11.0) years and disease duration was
3.7 (6.2) years; 51.2% were men. ASDAS at inclusion was
3.0(0.7), and ASAS-HI was 8.6 (3.7). ASAS-HI improved
by =30% in 47.3% of the TC/T2T arm and in 36.1%

of those receiving UC (non-significant). All secondary
efficacy outcomes were more frequent in the TC/T2T arm,
although not all statistically significant. Safety was similar
in both arms. From a societal perspective, TC/T2T resulted
in an additional 0.04 QALY, and saved €472 compared
with UC.

Conclusion TC/T2T was not significantly superior to
UC for the primary outcome, while many secondary
efficacy outcomes favoured it, had a similar safety
profile and was favourable from a societal health
economic perspective.

Trial registration number NCT03043846.

,%® Désirée van der Heijde

,*” Maxime Dougados '

Key messages

What is already known about this subject?

» Treat-to-target (T2T) has demonstrated to be an
efficacious approach in rheumatic inflammatory
diseases such as rheumatoid arthritis and
psoriatic arthritis.

» Recommendations for the management of axial
spondyloarthritis (axSpA) have been published,
including the recommendation to apply a T2T
approach in this disease, despite the lack of
evidence of the utility of such approach in this
disease, compared with usual care (UC).

What does this study add?

» This is the first study evaluating the efficacy of a
treat-to-target and tight control (TC) approach
in axSpA compared with UC.

» Overall, in this setting of expert centres in
spondyloarthritis, UC resulted in very good
outcomes for a substantial number of patients.

» Although the primary outcome measure was
not achieved, response rates between the two
treatment groups differed by 11% in favour of
TCT2T.

» Despite the higher prescription rate of biologics
in the TC/T2T arm, safety profiles were
similar across arms, and the TC/T2T arm had
a favourable outcome from a societal health
economic perspective.

How might this impact on clinical practice?

» This trial did not prove that a TC/T2T approach
is significantly better than UC for the primary
outcome, while many secondary efficacy
outcomes favoured it, had a similar safety
profile and was favourable from a societal
health economic perspective at 1year.

» This suggests that a TC/T2T approach might be
beneficial in axSpA, but other strategy trials for
this disease aiming to evaluate the efficacy of
TC/T2Tin this setting are needed to build on our
findings.
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INTRODUCTION

Disease activity in axial spondyloarthritis (axSpA) is assessed
by measuring inflammation, with composite indices such as the
completely patient-reported Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI)' or the Ankylosing Spondylitis Disease
Activity Score (ASDAS).> The ASDAS includes both patient-
reported outcomes (PRO) and C-reactive protein (CRP), and
is the preferred outcome for axSpA.> Moreover, several ASDAS
thresholds categorising disease activity have been proposed and
validated: a score <2.1 meanslow disease activity and =2.1
means active disease.*’

The ASAS and European League Against Rheumatism
(EULAR) societies have issued recommendations for the manage-
ment of axSpA° and indications for the pharmacological inter-
ventions depend on disease activity. The two major categories of
pharmacological treatments are non-steroidal anti-inflammatory
drugs (NSAIDs) and biologic disease-modifying antirheumatic
drugs (-DMARDs), such as tumour necrosis factor inhibitors
(TNFi) and IL-17 inhibitors (IL-17i). According to these latest
recommendations,” TNFi can be prescribed to patients with
active disease (evaluated by ASDAS or BASDAI) despite previous
exposure to at least two NSAIDs for at least 4 weeks in total
(unless these drugs are contraindicated or cause side effects).
Moreover, the presence of either objective signs of structural
damage on pelvic radiography or inflammation (ie, elevated
CRP or abnormal MRI showing subchondral bone oedema at the
sacroiliac joint) is required. Finally, the rheumatologist should
be convinced that in a particular patient there is a favourable
benefit/risk profile. If the first TNFi fails, a switch to another
TNFi or IL-17i should be considered.

According to the treat-to-target (T2T) concept, a precise
and predefined determination about the target to be reached is
defined before treatment starts; more importantly, the patient
and treating physician decide in advance to intensify the treat-
ment until the target is reached, unless contraindicated. The
concept of tight control (TC) calls for rapid assessment of both
efficacy and safety of a new treatment in a patient. For safety,
the time frame can be very short, should an adverse event (AE)
occur. As part of the TC, the efficacy of NSAIDs for axSpA
should be evaluated after 4 weeks of treatment and of TNFi and
IL-17i after 12-16 weeks.

In medicine, the combination of TC and T2T (a TC/T2T
strategy) has demonstrated benefits in some areas, in particular
for hypertension’ and diabetes.® In rheumatology, this strategy
has proven to be effective in rheumatoid arthritis’ and psori-
atic arthritis,'’ although these trials defined both the target
and the outcome according to disease activity. In contrast with
the previous TC/T2T trials in rheumatology, and more in line
with what has been published in other disciplines, we decided
to differentiate the target (ie, disease activity) and the outcome
by choosing as the primary outcome the consequence of disease
activity (ie, impact on functioning and health).

Conducting trials in which the new treatment algorithm is
actually a complex strategy can be very challenging, as it may
be difficult for the staff involved in the study not to apply their
recently acquired experience with the new treatment algorithm
into their usual standard of care. One approach to overcome this
issue is to conduct a cluster-randomised trial. In these studies,
not patients but centres/investigators are randomised; therefore,
all individuals belonging to a certain centre are assigned to either
the new treatment or the usual care (UC). This reduces the like-
lihood of ‘contamination’ of the UC treatment, since no centre
provides both TC/T2T and UC."!

No trial has yet evaluated the potential benefits of a TC/
T2T strategy for patients with axSpA,'? although experts have
already recommended using this strategy in daily practice.”® The
objective of this trial was thus to compare its potential benefits
with UC in patients with axSpA.

METHODS

Study design

This was a pragmatic, prospective, parallel, cluster-randomised
(with the centre as the cluster), open, controlled (two arms) trial
(TICOSPA—NCT03043846). This study was not considered
interventional, as the treatment was either a standard of care
approach according to the treating rheumatologist (UC arm) or
a TC/T2T algorithm strictly following the current international
scientific recommendations for axSpA management. The study
duration of 1year was considered sufficient to demonstrate the
benefits of a particular strategy on symptoms. The study was
conducted in agreement with local good clinical practice (GCP)
and the Declaration of Helsinki.

Participants

Centres/Clusters

The first step was to screen for centres in three European coun-
tries (France, the Netherlands and Belgium). Each centre had
to be willing to apply the treatment to which they would be
allocated and thus willing to follow the predefined treatment
strategy if allocated to the TC/T2T arm. Thus, in order to mini-
mise the chances of protocol violations in the TC/T2T arm, we
selected centres with a particular interest in spondyloarthritis
and that were interested in the potential efficacy of T2T and
would be willing to follow the TC/T2T algorithm if randomised
to this arm. Before randomisation, all selected centres signed a
written agreement to adhere to their allocated strategy.

Patients

Patients had to be adults younger than 65 years, with a diag-
nosis of axSpA according to their rheumatologist and fulfilling
the ASAS classification criteria for axSpA.'* At inclusion, disease
had to be active (ie, ASDAS =2.1). In addition, patients should
not have been optimally treated with NSAIDs (ie, they could
not have received two full courses of NSAIDs at a daily full
dose for at least 2 weeks each) and should not have contrain-
dications to NSAIDs, be biologic-naive and not have received
apremilast in the past 3 months. They also had to have a pelvic
radiography and MRI of the sacroiliac joints available, as well
as their HLAB27 status. All patients needed to understand the
study objectives and to complete questionnaires. They also had
to provide written consent.

Treatments

TC/T2T arm

Visits were scheduled every 4 weeks, and the strategy was
prespecified, based on the current recommendations for axSpA
management,® compiled in an electronic algorithm that guided
treatment decisions at each visit, after collection and entry of
the ASDAS in the electronic case report form (CRF). The target
was an ASDAS <2.1 (ie, low disease activity®); although remis-
sion has been proposed as the preferred target in recommenda-
tions, low disease activity has been proposed as an alternative: an
ASDAS <2.1 was selected by the steering committee as <1.3 was
considered too stringent. If the target was not met, intensifica-
tion of treatment was proposed to the investigator until the target
was met. In all cases, but in particular with regard to bDMARD
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prescriptions, the recommendation had to be consistent with the
product labelling. If the recommendation was to initiate a TNFi,
the investigator chose which TNFi to use, considering the coun-
try’s reimbursement criteria. For the specific case of bDMARDs,
safety was evaluated every 4 weeks, but, according to recom-
mendations, efficacy (ie, whether ASDAS target was met) was
evaluated at the visit occurring after at least 12 weeks after initi-
ation. When the target was met, treatment continuation was
recommended; if the patient was considered to have inactive
disease (ie, ASDAS <1.3), acceptance of any recommendation to
taper NSAIDs was based on a shared decision with the patient.
The full algorithm providing the predetermined recommenda-
tions at each visit is available in online supplemental file 1 and
also in the Protocol.

Usual care

Visits to assess study outcomes were scheduled every 12 weeks,
and all treatment decisions, including frequency of follow-up,
were left to the investigator’s discretion.

Outcomes
All outcomes were assessed at the patient level.

Efficacy outcomes

Primary outcome: The validated ASAS-Health Index (ASAS-HI)
is a 17-item questionnaire (range 0-17, with 17 representing
the worst health) that represents the most important items of
the ASAS Core Set of the International Classification of Func-
tioning as well as five patient-reported outcome (PRO) items. "’
The primary outcome of the trial was the percentage of patients
achieving an improvement of at least 30% in the ASAS-HI at the
1year visit.

Secondary efficacy outcomes can be categorised in two groups:
(1) Disease activity outcomes: ASDAS over time, ASDAS states
(ie, low disease activity (LDA) and inactive disease (ID)) and
changes (ie, major improvement (MI) and clinically important
improvement (CII)),* > ASAS responses (ASAS20, ASAS40),'
ASAS partial remission, BASDAI, BASDAI 50," Physician
Global Assessment and CRP; (2) other PRO measures (Bath
Ankylosing Score Global (BASG),"® Patient” global assessment of
disease activity, Visual Analogic Scale (VAS) of Fatigue), func-
tioning and health (ASAS-HI as a continuous score, BASFI' and
EQ-5D-5L*"), work impairment (Work Productivity and Activity
Impairment Questionnaire, WPAI),*' and treatment (ASAS-
NSAID score,”* which aims to quantify the NSAID intake in a
defined period of time, and bDMARD initiations).

Safety outcomes

All adverse events (AEs) that were cardiovascular, gastrointes-
tinal or related to infections or allergies during patients’ partic-
ipation in the study were collected and recorded in the case
report form, in accordance with EULAR recommendations.*

Resource utilisation and costs (cost—utility analysis)

At each visit, cost questionnaires were added, assessing health-
care resource utilisation (rheumatologist and other specialist
visits, nurse, physiotherapist, and emergency department visits,
and days in rehabilitation centres and hospitals) and work days
(of paid work) missed in the past 12 weeks. Costs per healthcare
resource category over the 48-week follow-up were calculated by
multiplying the resource used by the Dutch unit costs, taken from
the Dutch guideline for economic evaluations, and expressed in
2019 Euros* (online supplemental file 4). Productivity losses

were valued by using the human capital method in the base-case
analysis.

No structural-progression outcomes were evaluated in this
study, as the 1-year period was deemed too short to observe any
effect.

Sample size estimation
Sample size was calculated in two consecutive steps.

First step: The cluster design was not considered (ie, this calcu-
lation used a conventional approach, considering that randomi-
sation would occur at the patient level). It was anticipated that
in the UC arm, 25% of the patients would meet the definition
of response (=30% improvement in the ASAS-HI score after
1year of follow-up). For an o risk of 5% and a B risk of 80%,
with a bilateral test, 77 patients per arm were needed to demon-
strate a 20-percentage-point difference among responders, that
is, at least a 45% responder rate in the TC/T2T arm if the UC
responder rate was 25%. For a uniform number of patients per
centre, we aimed for a total sample of 160 patients (80 per arm).

Second step: The cluster-randomised design was considered
by multiplying the estimated sample needed (ie, 160 patients)
by an ‘inflation factor’ defined as 1+ (2 —1)*p, where m is equal
to the size of the cluster (in our study, the number of patients
per centre=10) and p is the intracluster correlation, usually set
at 0.05.% The inflation factor for our study was 1.45, and thus
the sample needed to take the cluster-randomised design into
account was 232 patients (116 patients per arm).

Randomisation and blinding
The 1:1 randomisation was cluster-based: a random number
table was used to randomise centres instead of individuals.
Centres allocated to the UC arm were blinded for the specific
TC/T2T strategy (including treatment and frequency of assess-
ments) in this trial until the end of the study. Separate investi-
gator meetings on different days were organised for each arm.
This was an open study in the sense that centres were not
blinded to the study arm to which they were allocated. Within
each centre, consecutive patients meeting the inclusion criteria
were screened and invited to participate: patients were not
blinded but received different information letters, depending on
the allocation of the centre in which they were included (one
explaining the TC/T2T strategy and visit schedules, and the
other the UC visit schedule).

Statistical methods
All statistical analyses were performed with the open-source
software R, V.3.5.2,%° and Stata SE release V.14.0.

The analysis population was the intention-to-treat population.

Efficacy analysis

A cluster-randomisation design must consider two main limita-
tions. The first is that observations of groups of individuals from
the same cluster have a lower variance. To take this into account,
all the efficacy analyses first used a two-level mixed model with
two random effects to estimate the percentage of responders or
the change in outcome over the follow-up (ie, a cluster-adjusted
model). The second limitation is that in this type of trial, rando-
misation occurs at the cluster level, while outcomes are assessed
at the individual (patient) level. Therefore, to compensate for
the potential imbalance of some covariates across treatment
groups, we identified those that were not balanced and included
them as adjustment factors in a second model otherwise identical
to the first (ie, cluster and imbalance-adjusted model, presented
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in detail in online supplemental file 3). The use of mixed-
effects models enabled us to deal with the missing data by using
maximum likelihood.?”

Safety analysis

The number and types of AEs were described both globally and
by study arm, as recommended by EULAR®® for cardiovascular,
infection-related and gastrointestinal events, as well as allergy
(skin reactions and anaphylaxis).

Cost-utility analysis

A health economic evaluation from the perspectives of health-
care and of society (including also costs related to sick leave) was
performed. In the base case, cumulative costs and time-averaged
health utilities were calculated for each patient after multiple
imputation of missing cost categories and EuroQol 5 domains
and 5 levels (EQ-5D). Next, the incremental costs (iCosts) and
effects (quality-adjusted life-years, iQALY) were used to calcu-
late the incremental cost per QALY gained (incremental cost—
utility ratio or ICUR; ICUR=iCosts/iQALY) and incremental
net monetary benefit (iINMB; iINMB=iQALY*[willingness-
to-pay threshold]-iCosts). To account for baseline differences
in costs and QALYs between the study arms, these incremental
costs and QALYs were baseline-adjusted by using seemingly
unrelated regressions (SUREG). With SUREG, costs and effects
can be modelled jointly within the same model, thereby taking
their (expected) correlation into account.”” *° For this analysis,
SUREG was used with a robust variance estimator to reflect the
clustering of the data. Finally, the conventional non-parametric
bootstrapping method was considered inappropriate for esti-
mating the CIs of the ICUR and cost-effectiveness acceptability
curves, because it ignores the clustering of patients inherent
to a cluster-randomised clinical trails (RCT). Instead, two-
stage bootstrapping, which resamples clusters (first stage) and
individuals (second stage), was performed.’’ ** As the cluster
sizes were not balanced, a modified version®® that allows for
this imbalance was used to resample the current study popula-
tion 5000 times. In addition to the base-case analysis, several
sensitivity analyses were conducted. These assessed the impact
of reducing bDMARD costs, a different valuation method for
productivity losses (the friction cost approach, which considered
only productivity losses during the 13-week friction period),
the inclusion of costs of presenteeism (at-work productivity
loss) and utility based on ASAS-HI (instead of EQ-5D).>* For all
analyses, both the societal perspective (including all costs) and
the healthcare perspective (including only healthcare costs and
excluding productivity losses) are presented. The willingness-
to-pay threshold used to interpret the ICUR and to calculate the
iNMB was set at €20 000/QALY, based on the level of health
reported by the subjects in the current study and recommended
Dutch thresholds.*

RESULTS
Participant flow
Eighteen centres (4 in Belgium, 10 in France and 4 in the Neth-
erlands), all of them rheumatology departments with an exper-
tise in SpA, were invited and agreed to participate. All centres
signed an agreement to follow the treatment to which they were
allocated. After randomisation, nine centres were allocated to
the TC/T2T arm and nine to the UC arm.

During the recruitment period (from February 2017 to June
2019; dataset locked on August 2019), centres from the TC/
T2T arm screened and included 80 patients, while centres from

the UC arm screened 83 patients and included 80. The anal-
ysis population comprised 160 patients. After 1year, one centre
(UC arm) had not included any patient. At the patient level, in
the TC/T2T arm, seven patients were lost to follow-up and one
refused to continue the study; in the UC arm, three patients
were lost to follow-up, four refused to continue and one was
excluded because of a non-spondyloarthritis diagnosis during
follow-up. In total, 144 patients (72 per arm) completed the
last visit (figure 1 presents the study flow diagram, and online
supplemental file 2 presents the flow diagram of the study at the
cluster level).

Baseline data

The patients’ mean age (SD) was 37.9 (11.0) years with a mean
disease duration of 3.7 (6.2) years; 51.2% were men. Radio-
graphic damage of the sacroiliac joints was found in 46.9% of
patients, 81.9% had had MRI-positive sacroiliitis at least once,
and 75.0% were HLA-B27+4. Mean ASDAS at inclusion was
3.0 (0.7) and mean ASAS-HI was 8.6 (3.7). The study design
resulted in a significant baseline imbalance of some variables at
the patient level: patients from the TC/T2T arm had a univer-
sity education, a history of anterior uveitis and a higher Physi-
cian Global Assessment significantly more often; they had a
history of gastrointestinal events related to NSAID intake less
often and fewer mean days in rehabilitation facilities in the 3
months before the study (see online supplemental file 3). These
variables were therefore included as adjustment variables in the
‘cluster and imbalance-adjusted model’. Baseline characteristics
are presented in table 1.

Efficacy outcomes

The estimated percentages of patients achieving an improvement
=>30% on the ASAS-HI at the 1year visit with the ‘cluster and
imbalance-adjusted model’ was 47.3% in the TC/T2T arm and
36.1% in the UC arm. The estimated difference (11.2%, 95% CI
8.5% to 13.9%) was not statistically significant in either model
(p=0.094and p=0.079 for the ‘cluster-adjusted’ and ‘cluster
and imbalance-adjusted’ models, respectively). Some estimated
efficacy outcomes were significantly favouring the TC/T2T
arm, for example, 76.5% vs 59.5% (p<0.05 with both models)
for ASDAS low disease activity and 52.3% vs 34.7% (p<0.05
with both models) for the ASAS40 at 1year (figure 2), but the
majority did not reach a statistical significance (table 2). The
ASAS-NSAID score was not significantly different between treat-
ment arms. The prescription rate for biologics was initially lower
in the TC/T2T arm, but was quickly (ie, within 30 days) signifi-
cantly higher among these patients (56.2% vs 27.2%, p<0.01;
online supplemental file ).

Safety

Overall, 55 AEs were reported, 33 in the TC/T2T and 22 in the
UC arm. The TC/T2T arm had more allergies (8 vs 1) mainly
because of local skin reactions at the injection site. Both groups
had a similar number of infections (15 vs 16 in the TC/T2T and
UC arms, respectively), with 2 of them severe, both in the UC
arm. Table 3 summarises all the AEs.

Cost-utility analysis

During this 48-week follow-up, there were more visits to rheu-
matologists and more days of bDMARD:s used, but fewer visits
to physical therapy, fewer days of rehabilitation care and espe-
cially fewer days of sick leave in the TC/T2T arm (online supple-
mental file 4).

Molto A, et al. Ann Rheum Dis 2021;80:1436—1444. doi:10.1136/annrheumdis-2020-219585 1439


https://dx.doi.org/10.1136/annrheumdis-2020-219585
https://dx.doi.org/10.1136/annrheumdis-2020-219585
https://dx.doi.org/10.1136/annrheumdis-2020-219585
https://dx.doi.org/10.1136/annrheumdis-2020-219585
https://dx.doi.org/10.1136/annrheumdis-2020-219585
https://dx.doi.org/10.1136/annrheumdis-2020-219585
https://dx.doi.org/10.1136/annrheumdis-2020-219585
http://ard.bmj.com/

Spondyloarthritis

Centres assessed for eligibility
=18

Randomised centres
N=18

/\

TC/T2T centres
N=9

Patients screened
n=80

UC centres
N=9

Patients screened
n=83

*» ASDAS <2.1 n=3

Patients
n:

included
80

Patients
n=

included
80

Lost to follow-up n=7
Refused to continue n=1

« ]

b

TC/T2T centres
N=9

Patients attending last visit
n=72

Figure 1
target; UC, usual care.

In the unadjusted base-case analysis, TC/T2T dominated UC
(IQALY 0.07; iCosts —€1472) from a societal perspective and
was cost-effective with an ICUR of €11538 (iQALY 0.07; iCosts
€801) from a healthcare perspective. The baseline-adjusted and
cluster-adjusted base-case analysis produced similar results, with
TC/T2T dominating UC and being cost-effective with an ICUR

1 UC center included
0 patients

PE—

Lost to follow-up n=3
|——= Refused to continue n=4

Table 1 Baseline characteristics of patients included in the two
treatment arms

TQT2T uc Total

(n=80) (n=80) (n=160)
Age (years)* 37.6 (10.8) 38.1(11.4) 37.9 (11.0)
Sex (Male) 45 (56.2%) 37 (46.2%) 82 (51.2%)
Smoking status (current) 29 (36.2%) 32 (40.0%) 61 (38.1%)
University studies t 57 (71.2%) 42 (52.2%) 99 (61.9%)
Disease duration (years) 4.2 (6.56) 3.3(5.83) 3.7 (6.20)
Radiographic sacroiliitis 42 (52.5%) 33 (41.2%) 75 (46.9%)
MRI sacroiliitis 63 (78.8%) 68 (85.0%) 131 (81.9%)
HLA B27 positive 62 (77.5%) 58 (72.5%) 120 (75.0%)
History of anterior uveitist 16 (20.0%) 6 (7.5%) 22 (13.8%)
Good NSAID response 63 (78.8%) 55 (68.8%) 118 (73.8%)
ASDAS 3.0(0.7) 3.0 (0.6) 3.0(0.7)
BASDAI (n=80/79) 5.2(1.7) 5.2(1.9) 5.2 (1.8)
CRP (mg/L) 9.2 (9.8) 7.4(10.5) 8.3 (10.1)
ASAS-Health Index (0-17) 8.2(3.8) 9.0 (3.6) 8.6 (3.70)
(n=80/78)
NSAID score (last 3 months) 32.7 (35.4) 37.5(36.6) 35.1 (36.0)

*Numerical variables are presented as means (SD) and categorical variables as n

(percentage).

tSignificantly imbalanced variables; other imbalanced variables at baseline were
gastrointestinal events in relation to NSAIDs, Physician Global and Rehabilitation
days (see online supplemental file 3).
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing
Spondylitis Disease Activity Index; CRP, C-reactive protein; NSAID, non-steroidal

anti-inflammatory drugs.

Not SpA diagnosis n=1

y

UC centres
N=8

Patients attending last visit
n=72

Flow chart of the study. ASDAS, Ankylosing Spondylitis Disease Activity Score; SpA, spondyloarthritis; TC/T2T, tight control and treat-to-

of €19430 from the societal and healthcare perspective, respec-
tively. In bootstrapped adjusted analyses, the probability that TC/
T2T would be cost-effective compared with UC was 72% from
the societal perspective and 52% from the healthcare perspec-
tive, given a threshold for willingness-to-pay of €20 000/QALY.
In the sensitivity analyses, lower bDMARD costs favoured TC/
T2T even more strongly, as expected. The estimate of produc-
tivity costs based on the friction cost approach (ie, considering
only the first 13 weeks of absence) still favoured TC/T2T, as did
inclusion of the presenteeism costs (ie, productivity loss while at
work), both somewhat less strongly than the base case. Finally,
using disease-specific utilities based on the ASAS-HI instead of
the EQ-5D to calculate QALYs resulted in less favourable results
for TC/T2T due to the smaller gain in QALYs (0.015-0.018) for
TC/T2T relative to UC (table 4 and online supplemental file 4).

DISCUSSION

This is the first strategy trial evaluating the potential benefits of
a TC/T2T strategy in patients with axSpA. This was a negative
trial, in which the main outcome did not reach a statistically
significant difference in both groups. Safety was similar in both
arms, even though biologics were prescribed significantly more
often in the TC/T2T arm and produced more local injection
site allergic reactions in this arm. The health economic analysis
also favoured the TC/T2T arm from the societal perspective and
(although with a lower level of certainty) from the healthcare
perspective as well.

Nevertheless, in almost all of the estimated efficacy outcomes
scores and responses were in favour of the TC/T2T, even if most
did not reach a statistical significance. Therefore, it is important
to analyse the reasons behind the lack of a statistically significant
difference between the groups for the main outcome measure.
While some would consider this a negative trial and would argue
that no further efficacy endpoints should be interpreted, this
approach has been considered by some as overly simplistic in
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Figure 2 ASAS-HI improvement =30%, ASDAS LDA status and ASAS40 response estimated at 48 weeks. *Statistical significance. ASAS-HI, Axial
Spondyloarthritis International Society-Health Index; ASDAS, Ankylosing Spondylitis Disease Activity Score; LDA, low disease activity; T2T/TC, treat-to-
target and tight control; UC, usual care.

the literature,*® and in some cases, the presentation of all results
is needed to guide appropriate clinical interpretation of the
findings.

The first reason behind our not statistically significant
results may be related to the choice of the outcome measure:
in most strategy trials the target is usually defined by a relevant
threshold in a factor that predisposes patients to that outcome,
below which the risk of developing this outcome is abolished
or significantly reduced. A good example of this can be found
in a TC/T2T strategy in diabetes that aimed for a target of

glycosylated haemoglobin below 7% and used a decreased
rate of diabetic retinopathy as the primary objective.'' Inter-
estingly, in the two published T2T trials in rheumatology, the
TICORA’ and TICOPA'® trials, both the outcome and the target
were ‘disease activity-related’, that is, Disease Activity Score 28
(DAS28) and EULAR response in TICORA and minimal disease
activity and American College of Rheumatology (ACR) 20 in
TICOPA. To avoid the potential circularity, in TICOSPA the
target was disease activity but the main outcome was a conse-
quence of disease activity, that is, disease-specific functioning
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Table 2 Estimated efficacy outcomes at the last study visit (week 48)

Estimated outcomes at week 48

Cluster and imbalance-

TC/T2T uc Cluster-adjusted model adjusted model
ASAS-HI significant improvement 47.3% 36.1% NS NS
ASDAS LDA 76.5% 59.5% <0.01 0.03
ASDAS ID 25.9% 18.7% NS NS
ASDAS ClI 61.2% 46.0% <0.01 0.02
ASDAS M| 16.5% 14.9% NS NS
ASAS40 52.3% 34.7% <0.01 0.01
ASAS20 94.9% 85.9% <0.01 0.03
BASDAI 50 79.0% 43.8% 0.01 0.03
Physician Global (0-10) 2.0(0.2) 1.8(0.2) NS NS
CRP (mg/L) 3.9(1.4) 3.5(1.5) NS NS
BASG (0-10) 2.6 (0.5) 3.4(0.5) NS NS
BASFI (0-10) 1.7 (0.5) 2.4 (0.5) NS NS
EQ5D-5L 0.7 (0.1) 0.8(0.1) 0.02 NS
ASAS-NSAID score 1.5(2.2) -4.9(2.9) NS NS

ASAS-HI, ASAS-Health Index; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; ClI, clinically important
improvement; EQ5D, EuroQol 5 domains and 5 levels; ID, inactive disease; LDA, low disease activity; MI, major improvement; NS, non-significant.

and health, measured by ASAS-HI. Furthermore, others may
consider that our outcome was not ambitious enough and we
should have aimed at reducing structural damage, like retinop-
athy for diabetes® or cardiovascular events (such as myocardial
infarction or stroke) for hypertension.” However, keeping in
mind the lower prevalence of axSpA (compared with diabetes
and hypertension) and the slow progression rate in axSpA nowa-
days, it would have been very difficult to run such TC/T2T trial
in axSpA.

Another reason behind this lack of statistically significant
difference is the unexpected good results of the UC arm: in
our initial hypothesis, we expected a 25% response in the UC
group, while UC presented a 36% response rate. This can be
explained by the open cluster-trial design, as only SpA expert
centres, aware of the need for such a trial and of the TC/T2T
recommendations could be selected to participate, and were
thus probably applying recommendations in their ‘usual care’.
Also, we calculated the expected treatment effect as if the study
was a trial against placebo (in which a 20% difference is usually
used). Here, patients from the control group were not receiving
a placebo. In the rheumatology literature, a 12% difference in
response between two active-treatment groups has been set as
the difference to be observed in non-inferiority head-to-head
trials.’’ =’

Table 3  Adverse events observed during the trial

Total T2T uc
(n=160) (n=80) (n=80)
Total number of adverse events 55 33 22
Cardiovascular events 0 0 0
Allergies 9 8 1
Skin, local reaction 7 6 1
Anaphylactic reaction 2 2
Infection 31 15 16
Opportunistic infections 2 0
Viral 22 12 10
Severe infections 2 0 2
Gastrointestinal events 12 7 5

UC, usual care.

Alternatively, there is also the possibility that this trend
observed across efficacy outcomes in favour of TC/T2T is not
due to a true-positive effect but is either non-clinically rele-
vant or only reflecting a higher placebo effect on the TC/T2T
arm. Indeed, patients and centres were not blinded to the arm
of treatment they were allocated to: patients from the TC/T2T
arm received an information sheet in which it was stated that
they would be receiving the ‘state-of-art’ of treatment, strictly
following current recommendations; as all efficacy outcomes
are patient-reported, it is also possible that the observed and
estimated differences in favour of TC/T2T are only reflecting a
placebo effect.

Nevertheless, in an era of cost-containment, the cost-utility
analysis favoured the TC/T2T strategy, especially from the
societal perspective. Results of the economic evaluation were
different from those observed in the TICOPA!? trial, where
the active arm was significantly more expensive than the UC
arm, despite iQALYs similar to those in TICOSPA. This might
be explained by the partial offset in TICOSPA of the extra cost
of bDMARD:s and visits by the substantially lower costs due to
reduced numbers of days of sick leave and of visits for physio-
therapy and rehabilitation facilities. The costs per unit of the
different health resources, such as visits to the rheumatologist,
varied according to the study setting: the UK for TICOPA,
compared with Dutch true costs, adjusted for purchasing power
parities for Belgium and France, for TICOSPA. This might have
driven differences between the studies and limited compari-
sons. Furthermore, with the arrival of biosimilars, the costs of
bDMARDs decreased substantially compared with TICOPA.
Moreover, patients from the UC arm used rehabilitation and
physical therapy more often at baseline, and this trend continued
during the study. Our cluster-randomisation design of the trial
may explain this difference: different habits in different centres
may have led to differences in costs.

Overall, in this setting of expert centres in SpA, UC resulted
in very good outcomes for a substantial number of patients.
Although the primary outcome measure was not achieved, with
response rates between the two treatment groups differed by
11% in favour of TC/T2T. Despite the higher prescription rate of
biologics in the TC/T2T arm, safety profiles were similar across
arms, and the TC/T2T arm had a favourable outcome from a
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Table 4 Cost-utility analyses

Perspective Adjustment iCosts iQALY ICUR iNMB* p20t p50%
Base-case analyses
Unadjusted Societal None —€1472  0.069 Dominates UC €2860 0.85 0.92
Adjusted Healthcare None €801 0.069 €11538/QALY (NE) €587 0.69 0.91
Societal Baseline costs/effects —€472 0.041 Dominates UC €1295 0.72 0.83
Healthcare Baseline costs/effects €789 0.041 €19430/QALY (NE) €23 0.52 0.78
Sensitivity analyses
bDMARD discount (25%) Societal Baseline costs/effects —€856 0.041 Dominates UC €1678 0.78 0.86
Healthcare Baseline costs/effects €406 0.041 €9888/QALY (NE) €415 0.68 0.86
bDMARD discount (50%) Societal Baseline costs/effects —€1239  0.041 Dominates UC €2060 0.82 0.88
Healthcare Baseline costs/effects €23 0.042 €553/QALY (NE) €809 0.86 0.91
ASAS-HI utility Societal Baseline costs/effects —€466 0.018 Dominates UC €817 0.64 0.67
Healthcare Baseline costs/effects €793 0.015 €51938/QALY (NE) —€487 0.29 0.48
Friction cost approach# Societal Baseline costs/effects €183 0.042 €4400/QALY (NE) €648 0.63 0.79
Costs of presenteeism included Societal Baseline costs/effects —€876 0.040 Dominates UC €1679 0.67 0.76

*For lambda (willingness-to-pay threshold)=€20000/QALY.

tProbability that TC/T2T is cost-effective for willingness-to-pay thresholds (lambda) of €20 000/QALY or €50 000/QALY (p20 or p50, respectively).
tFor the friction cost approach, absenteeism (sick leave) that lasts longer than the friction period (13 weeks) is not included in the costs.
iCosts, incremental costs; iQALY, incremental QALY; NE, northeast (position of intervention in cost-effectiveness plane, comparator at centre [0,0].

societal health economic perspective. This suggests that a TC/
T2T approach might be beneficial in axSpA, but other strategy
trials for this disease aiming to evaluate the efficacy of TC/T2Tin
this setting are needed to build on our findings.

Author affiliations

'Rheumatology Department, Hospital Cochin, Paris, France

2ECAMO team, INSERM U1153, Paris, France

*Rheumatology Department, Reina Sofia University Hospital, Cordoba, Andalucia,
Spain

*Rheumatology Department, University Hospital Ghent, Gent, Oost-Vlaanderen,
Belgium

*Department of Internal Medicine, Division of Rheumatology, Maastricht University,
Maastricht, The Netherlands

®Care and Public Health Research Institute (CAPHRI), Maastricht University,
Maastricht, The Netherlands

"Rheumatology Department, Le Mans Hospital, Le Mans, France

8Rheumatology, Leiden University Medical Center, Leiden, The Netherlands
°Rheumatology, CHU, Clermont-Ferrand, France

"°Rheumatology, Henri Mondor Hospital Rheumatology Service, Creteil, France
""EpiDermE, Université Paris Est Créteil, Créteil, France

12Rheuma\tology, Hopital Sud, Echirolles, France

"3GREPI EA7408, Universite Grenoble Alpes, Saint-Martin-dHeres, France
14Rheuma\tology, Zuyderland Medical Centre Heerlen, Heerlen, The Netherlands
"*Rheumatology & Clinical Immunology, University Medical Centre Groningen,
Groningen, The Netherlands

"®Rheumatology, VIB-UGent Center for Inflammation Research, Zwijnaarde, Belgium
""Rheumatology, University Hospital Ghent, Gent, Belgium

"®Rheumatology, ZNA UKJA, Antwerpen, Belgium

19Rheuma\tology, Reumainstituut Hasselt, Hasselt, Belgium

“Rheumatology Department, University Hospital Pitié Salpétriére, Paris, France
2Sorbonne Université, INSERM, Institut Pierre Louis d'Epidémiologie et de Santé
Publique, Paris, France

2theumatology, Bois-Guillaume CHU, Rouen, France

“Rheumatology, University Hospital Centre Toulouse, Toulouse, France

24paul Sabatier University, Toulouse, France

“Rheumatology department, Hospital Centre Mulhouse, Mulhouse, France
%Department of Medicine, Division of Rheumatology, Maastricht University Medical
Center, Maastricht, The Netherlands

YDepartment of Rheumatology, Leiden University Medical Center, Leiden, The
Netherlands

Twitter Anna Molto @annamolto and Philippe Carron @PhilippeCarron

Acknowledgements The authors would like to thank PNSResearch for organising
the logistics of implementing the study in the three countries.

Contributors All authors contributed to the manuscript as follows: AM, CL-M,
MD, FEVdB, DvdH AB: conception, design and interpretation of data. AM, CL-M, CW:
analysis of the data. AM drafted the manuscript. All authors critically reviewed the

results and contributed to the interpretation of data. All authors read and approved
the final manuscript, as well as the answer to the reviewers' comments.

Funding UCB provided an unrestricted grant for this study, but had no role in
providing any drug, or in the study design, data collection, data analysis, data
interpretation or writing of the report.

Competing interests Dr van Tubergen reports grants and personal fees from
Novartis, grants from Pfizer, grants from UCB, grants from Biogen, grants from
AbbVie, outside the submitted work. Dr van der Heijde reports personal fees

from AbbVie, Amgen, Astellas, AstraZeneca, BMS, Boehringer Ingelheim, Celgene,
Cyxone, Daiichi, Eisai, Eli-Lilly, Galapagos, Gilead, Glaxo-Smith-Kline, Janssen,
Merck, Novartis, Pfizer, Regeneron, Roche, Sanofi, Takeda, UCB Pharma, outside the
submitted work; and Director of Imaging Rheumatology bv. Dr van Gaalen reports
grants from Stichting vrienden van Sole Mio, grants from Stichting ASAS, grants and
personal fees from Novartis, grants from UCB, personal fees from MSD, personal fees
from AbbVie, personal fees from Bristol Myers Squibb, outside the submitted work.
AB received a research grant to her department from AbbVie, consultation fees from
Eli Lilly and Galapagos and a speakers fee from UCB, all paid to her department.

Dr Van den Bosch reports personal fees from AbbVie, personal fees from Celgene,
personal fees from Eli Lilly, personal fees from Galapagos, personal fees from
Janssen, personal fees from Novartis, personal fees from Pfizer, personal fees from
UCB, outside the submitted work. Dr Claudepierre reports personal fees from Roche
Chugai, Novartis, Pfizer, MSD, grants from Roche Chugai, Novartis, Pfizer, UCB, MSD,
AbbVie, Lilly, Celgene, Janssen, BMS, outside the submitted work. Dr Molto reports
grants from UCB during the conduct of the study; personal fees from AbbVie, grants
and personal fees from UCB, personal fees from BMS, grants and personal fees from
Pfizer, grants and personal fees from MSD, personal fees from Novartis, personal fees
from Gilead, personal fees from Lilly, outside the submitted work. Dr Gossec reports
grants from Amgen, Lilly, Janssen, Pfizer, Sandoz, Sanofi, Galapagos, personal fees
from AbbVie, Amgen, BMS, Biogen, Celgene, Gilead, Janssen, Lilly, Novartis, Pfizer,
Samsung Bioepis, Sanofi-Aventis, UCB, outside the submitted work. Dr Dougados
reports grants from UCB, during the conduct of the study; grants and personal fees
from AbbVie, grants and personal fees from Pfizer, grants and personal fees from
Lilly, grants and personal fees from Novartis, grants and personal fees from Roche,
grants and personal fees from BMS, grants and personal fees from Merck, outside
the submitted work. Dr Dernis, Dr Ruyssen-Witrand, Dr Lenaerts, Dr Lopez-Medina,
Dr Sparsa, Dr Starmans-Kool, Dr C Webers, Dr Pouplin, Dr Soubrier and Dr Joos have
nothing to declare.

Patient consent for publication Not required.

Ethics approval The study was approved by the ethics committee CPP lle de
France Il (Réf. Am7156-1-5.C.3394). All patients gave their informed consent.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s).
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are

Molto A, et al. Ann Rheum Dis 2021;80:1436—1444. doi:10.1136/annrheumdis-2020-219585

1443


https://twitter.com/annamolto
https://twitter.com/PhilippeCarron
http://ard.bmj.com/

Spondyloarthritis

solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

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, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Anna Molto http://orcid.org/0000-0003-2246-1986
Clementina Lopez-Medina http://orcid.org/0000-0002-2309-5837
Filip E Van den Bosch http://orcid.org/0000-0002-3561-5932
Annelies Boonen http://orcid.org/0000-0003-0682-9533
Athan Baillet http://orcid.org/0000-0001-6006-2519

Peggy Jacques http://orcid.org/0000-0001-9227-257X
Philippe Carron http://orcid.org/0000-0001-9254-6171

Laure Gossec http://orcid.org/0000-0002-4528-310X

Astrid van Tubergen http://orcid.org/0000-0001-8477-0683
Désirée van der Heijde http://orcid.org/0000-0002-5781-158X

REFERENCES

1 Garrett S, Jenkinson T, Kennedy LG, et al. A new approach to defining disease status
in ankylosing spondylitis: the Bath ankylosing spondylitis disease activity index. /
Rheumatol 1994;21:2286-91.

2 Lukas C, Landewé R, Sieper J, et al. Development of an ASAS-endorsed disease
activity score (ASDAS) in patients with ankylosing spondylitis. Ann Rheum Dis
2009;68:18-24.

3 van der Heijde D, Braun J, Dougados M, et a/. Sensitivity and discriminatory ability of
the ankylosing spondylitis disease activity score in patients treated with etanercept or
sulphasalazine in the ASCEND trial. Rheumatology 2012;51:1894-905.

4 Machado PM, Landewé R, Heijde Dvander, et al. Ankylosing spondylitis disease
activity score (ASDAS): 2018 update of the nomenclature for disease activity states.
Ann Rheum Dis 2018;77:1539-40.

5 Machado P, Landewé R, Lie E, et al. Ankylosing spondylitis disease activity score
(ASDAS): defining cut-off values for disease activity states and improvement scores.
Ann Rheum Dis 2011;70:47-53.

6 van der Heijde D, Ramiro S, Landewé R, et al. 2016 update of the ASAS-EULAR
management recommendations for axial spondyloarthritis. Ann Rheum Dis
2017;76:978-91.

7 SPRINT Research Group, Wright JT, Williamson JD, et a/. A randomized trial of
intensive versus standard blood-pressure control. N Engl / Med 2015;373:2103-16.

8 ACCORD Study Group, ACCORD Eye Study Group, Chew EY, et al. Effects of
medical therapies on retinopathy progression in type 2 diabetes. N Engl J Med
2010;363:233-44.

9 Grigor C, Capell H, Stirling A, et al. Effect of a treatment strategy of tight control for
rheumatoid arthritis (the TICORA study): a single-blind randomised controlled trial.
Lancet 2004;364:263-9.

10 Coates LC, Moverley AR, McParland L, et al. Effect of tight control of inflammation in
early psoriatic arthritis (TICOPA): a UK multicentre, open-label, randomised controlled
trial. Lancet 2015;386:2489-98.

11 Meurer WJ, Lewis RJ. Cluster randomized trials: evaluating treatments applied to
groups. JAMA 2015;313:2068-9.

12 Schoels MM, Braun J, Dougados M, et al. Treating axial and peripheral
spondyloarthritis, including psoriatic arthritis, to target: results of a systematic
literature search to support an international treat-to-target recommendation in
spondyloarthritis. Ann Rheum Dis 2014;73:238-42.

13 Smolen JS, Braun J, Dougados M, et al. Treating spondyloarthritis, including ankylosing
spondylitis and psoriatic arthritis, to target: recommendations of an international Task
force. Ann Rheum Dis 2014;73:6-16.

14 Rudwaleit M, van der Heijde D, Landewé R, et a/. The development of assessment of
spondyloarthritis International Society classification criteria for axial spondyloarthritis
(Part I1): validation and final selection. Ann Rheum Dis 2009;68:777-83.

15

16

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

39

Kiltz U, van der Heijde D, Boonen A, et al. Development of a health index in patients
with ankylosing spondylitis (ASAS HI): final result of a global initiative based on the
ICF guided by ASAS. Ann Rheum Dis 2015;74:830-5.

Brandt J, Listing J, Sieper J, et al. Development and preselection of criteria for short
term improvement after anti-TNF alpha treatment in ankylosing spondylitis. Ann
Rheum Dis 2004;63:1438-44.

Rudwaleit M, Listing J, Brandt J, et al. Prediction of a major clinical response (BASDAI
50) to tumour necrosis factor alpha blockers in ankylosing spondylitis. Ann Rheum Dis
2004,63:665-70.

Jones SD, Steiner A, Garrett SL, et al. The Bath ankylosing spondylitis patient global
score (BAS-G). Br J Rheumatol 1996;35:66—71.

Calin A, Garrett S, Whitelock H, et a/. A new approach to defining functional ability in
ankylosing spondylitis: the development of the Bath ankylosing spondylitis functional
index. J Rheumatol 1994:21:2281-5.

Tsang HHL, Cheung JPY, Wong CKH, et a/. Psychometric validation of the EuroQoL
5-dimension (EQ-5D) questionnaire in patients with spondyloarthritis. Arthritis Res
Ther 2019;21:41.

Reilly MC, Gooch KL, Wong RL, et a/. Validity, reliability and responsiveness of the
work productivity and activity impairment questionnaire in ankylosing spondylitis.
Rheumatology 2010;49:812-9.

Dougados M, Simon P, Braun J, et al. ASAS recommendations for collecting,
analysing and reporting NSAID intake in clinical trials/epidemiological studies in axial
spondyloarthritis. Ann Rheum Dis 2011,70:249-51.

Baillet A, Gossec L, Carmona L, et al. Points to consider for reporting, screening for
and preventing selected comorbidities in chronic inflammatory rheumatic diseases in
daily practice: a EULAR initiative. Ann Rheum Dis 2016;75:965-73.

National Health Care Institute. Ministerie van Volksgezondheid W en S. Guideline for
economic evaluations in healthcare, 2016. Available: https://english.zorginstituutned
erland.nl/publications/reports/2016/06/16/guideline-for-economic-evaluations-in-
healthcare [Accessed 29 Jun 2020].

Hemming K, Girling AJ, Sitch AJ, et al. Sample size calculations for cluster randomised
controlled trials with a fixed number of clusters. BMC Med Res Methodo!
2011;11:102.

R: the R project for statistical computing. Available: https://www.r-project.org/
[Accessed 14 May 2020].

Allison PD. 312-2012: handling missing data by maximum likelihood 2012;21.
Baillet A, Gossec L, Carmona L, et al. Points to consider for reporting, screening for
and preventing selected comorbidities in chronic inflammatory rheumatic diseases in
daily practice: a EULAR initiative. Ann Rheum Dis 2016;75:965-73.

Willan AR, Briggs AH, Hoch JS. Regression methods for covariate adjustment

and subgroup analysis for non-censored cost-effectiveness data. Health Econ
2004;13:461-75.

Pearson. Greene, Econometric analysis. Available: https://www.pearson.com/us/
higher-education/product/Greene-Econometric-Analysis-7th-Edition/9780131395381.
html [Accessed 14 May 2020].

Davison AC, Hinkley DV. Bootstrap methods and their application. Cambridge Core,
1997.

Flynn TN, Peters TJ. Use of the bootstrap in analysing cost data from cluster
randomised trials: some simulation results. BMC Health Serv Res 2004;4:33.

Gomes M, Ng ES-W, Grieve R, et a/. Developing appropriate methods for
cost-effectiveness analysis of cluster randomized trials. Med Decis Making
2012;32:350-61.

Essers |, Hiligsmann M, Kiltz U, et al. Development of one general and six country-
specific algorithms to assess societal health utilities based on ASAS HI. RMD Open
2019;5:e000872.

Zorginstituut Nederland. Ministerie van Volksgezondheid W en S. Ziektelast

in de praktijk - De theorie en praktijk van het berekenen van ziektelast bij
pakketbeoordelingen, 2018. Available: https://www.zorginstituutnederland.nl/
publicaties/rapport/2018/05/07/ziektelast-in-de-praktijk [Accessed 29 Jun 2020].
Pocock SJ, Stone GW. The primary outcome fails — what next? N Engl J Med
Overseas Ed 2016;375:861-70.

Smolen JS, Burmester G-R, Combe B, et al. Head-To-Head comparison of certolizumab
pegol versus adalimumab in rheumatoid arthritis: 2-year efficacy and safety results
from the randomised EXXELERATE study. Lancet 2016;388:2763-74.

Weinblatt ME, Schiff M, Valente R, et al. Head-To-Head comparison of subcutaneous
abatacept versus adalimumab for rheumatoid arthritis: findings of a phase 1B,
multinational, prospective, randomized study. Arthritis Rheum 2013;65:28-38.
Mclnnes IB, Behrens F, Mease PJ, et al. Secukinumab versus adalimumab for treatment
of active psoriatic arthritis (EXCEED): a double-blind, parallel-group, randomised,
active-controlled, phase 3b trial. Lancet 2020,;395:1496-505.

1444

Molto A, et al. Ann Rheum Dis 2021;80:1436—1444. doi:10.1136/annrheumdis-2020-219585


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2246-1986
http://orcid.org/0000-0002-2309-5837
http://orcid.org/0000-0002-3561-5932
http://orcid.org/0000-0003-0682-9533
http://orcid.org/0000-0001-6006-2519
http://orcid.org/0000-0001-9227-257X
http://orcid.org/0000-0001-9254-6171
http://orcid.org/0000-0002-4528-310X
http://orcid.org/0000-0001-8477-0683
http://orcid.org/0000-0002-5781-158X
http://www.ncbi.nlm.nih.gov/pubmed/7699630
http://www.ncbi.nlm.nih.gov/pubmed/7699630
http://dx.doi.org/10.1136/ard.2008.094870
http://dx.doi.org/10.1093/rheumatology/kes142
http://dx.doi.org/10.1136/annrheumdis-2018-213184
http://dx.doi.org/10.1136/ard.2010.138594
http://dx.doi.org/10.1136/annrheumdis-2016-210770
http://dx.doi.org/10.1056/NEJMoa1511939
http://dx.doi.org/10.1056/NEJMoa1001288
http://dx.doi.org/10.1016/S0140-6736(04)16676-2
http://dx.doi.org/10.1016/S0140-6736(15)00347-5
http://dx.doi.org/10.1001/jama.2015.5199
http://dx.doi.org/10.1136/annrheumdis-2013-203860
http://dx.doi.org/10.1136/annrheumdis-2013-203419
http://dx.doi.org/10.1136/ard.2009.108233
http://dx.doi.org/10.1136/annrheumdis-2013-203967
http://dx.doi.org/10.1136/ard.2003.016717
http://dx.doi.org/10.1136/ard.2003.016717
http://dx.doi.org/10.1136/ard.2003.016386
http://dx.doi.org/10.1093/rheumatology/35.1.66
http://www.ncbi.nlm.nih.gov/pubmed/7699629
http://dx.doi.org/10.1186/s13075-019-1826-x
http://dx.doi.org/10.1186/s13075-019-1826-x
http://dx.doi.org/10.1093/rheumatology/kep457
http://dx.doi.org/10.1136/ard.2010.133488
http://dx.doi.org/10.1136/annrheumdis-2016-209233
https://english.zorginstituutnederland.nl/publications/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare
https://english.zorginstituutnederland.nl/publications/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare
https://english.zorginstituutnederland.nl/publications/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare
http://dx.doi.org/10.1186/1471-2288-11-102
https://www.r-project.org/
http://dx.doi.org/10.1136/annrheumdis-2016-209233
http://dx.doi.org/10.1002/hec.843
https://www.pearson.com/us/higher-education/product/Greene-Econometric-Analysis-7th-Edition/9780131395381.html
https://www.pearson.com/us/higher-education/product/Greene-Econometric-Analysis-7th-Edition/9780131395381.html
https://www.pearson.com/us/higher-education/product/Greene-Econometric-Analysis-7th-Edition/9780131395381.html
http://dx.doi.org/10.1186/1472-6963-4-33
http://dx.doi.org/10.1177/0272989X11418372
http://dx.doi.org/10.1136/rmdopen-2018-000872
https://www.zorginstituutnederland.nl/publicaties/rapport/2018/05/07/ziektelast-in-de-praktijk
https://www.zorginstituutnederland.nl/publicaties/rapport/2018/05/07/ziektelast-in-de-praktijk
http://dx.doi.org/10.1056/NEJMra1510064
http://dx.doi.org/10.1056/NEJMra1510064
http://dx.doi.org/10.1016/S0140-6736(16)31651-8
http://dx.doi.org/10.1002/art.37711
http://dx.doi.org/10.1016/S0140-6736(20)30564-X
http://ard.bmj.com/

Spondyloarthritis

Handling editor Josef S
Smolen

» Additional online
supplemental material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
annrheumdis-2021-220420).

For numbered affiliations see
end of article.

Correspondence to

Dr UIf Lindstrém, Department of
Rheumatology and
Inflammation Research,
University of Gothenburg
Sahlgrenska Academy, 405 30
Gothenburg, Sweden;
ulf.lindstrom@gu.se

Received 23 March 2021
Accepted 5 June 2021
Published Online First
15 June 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BM.

To cite: Lindstrom U,
Bengtsson K, Olofsson T,
et al. Ann Rheum Dis
2021;80:1445-1452.
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Anterior uveitis in patients with spondyloarthritis
treated with secukinumab or tumour necrosis factor
inhibitors in routine care: does the choice of

biological therapy matter?

UIf Lindstrom @, Karin Bengtsson

Bente Glintborg

Johan Askling @

ABSTRACT

Background The effect of interleukin 17-inhibitors on
anterior uveitis (AU) in spondyloarthritis (SpA) is poorly
understood. This study aimed to compare the risk of

AU during treatment with secukinumab versus tumour
necrosis factor inhibitors (TNFi).

Methods Patients with SpA starting secukinumab or a
TNFi 2015 through 2018 were identified in the Swedish
Rheumatology Quality Register. Occurrence of AU

was identified based on diagnosis codes in outpatient
ophthalmology care in the National Patient Register.
The main outcomes were crude rates of AU-diagnoses
per 100 patient-years, and adjusted HRs for AU, during
treatment, in patients without AU during the year before
treatment start (in order to reduce confounding by
indication). HRs were adjusted for age, sex, history of AU
and patient global assessment of disease activity.
Results Based on 4851 treatment starts (456
secukinumab; 4395 any TNFi), the rate of AU-diagnoses
per 100 patient-years was 6.8 (95% Cl 5.2 to 8.7) for
secukinumab. Among the TNFj, the rate varied from 2.9
(95% Cl 2.1 to 3.7) for infliximab and 4.0 (95% Cl 3.3
to 4.9) for adalimumab to 7.5 (95% Cl 6.7 to 8.4) for
etanercept. The adjusted HRs for first AU (adalimumab
as reference) were: secukinumab 2.32 (95% Cl 1.16 to
4.63), infliximab 0.99 (95% Cl 0.49 to 1.96), etanercept
1.82 (95% Cl 1.13 to 2.93), golimumab 1.59 (95%
C10.90 to 2.80) and certolizumab 1.12 (95% Cl 0.44
to 2.83). Sensitivity analyses confirmed the pattern of
higher AU rates with secukinumab and etanercept versus
monoclonal TNFi.

Conclusion As used in clinical practice in SpA,
secukinumab appears to be associated with a higher risk
of AU, compared with the monoclonal TNFi and a similar
risk compared with etanercept.

INTRODUCTION

Among patients with spondyloarthritis (SpA),
extra-articular manifestations are frequent. A
recent meta-analysis reported that 18% of patients
with radiographic axial SpA (axSpA) and 14% of
patients with non-radiographic axSpA (nr-axSpA)
had a history of anterior uveitis (AU), and that 7%
and 6%, respectively, had a history of inflammatory
bowel disease (IBD), while the frequency of psori-
asis was 9% in both groups.’

"Tor Olofsson
% Helena Forsblad-d'Elia," Lennart T H Jacobsson,’

% Daniela Di Giuseppe,’

Key messages

What is already known about this subject?

» Tumour necrosis factor (TNF)-inhibitors
protect against anterior uveitis flares in
spondyloarthritis, with a more prominent
protective effect of monoclonal TNF-inhibitors
compared with etanercept.

» By contrast, the effect of interleukin-17
inhibitors on anterior uveitis is poorly
understood.

What does this study add?

» In this nationwide observational cohort of
patients with spondyloarthritis, monoclonal
TNF inhibitors were more effective, compared
with secukinumab and etanercept, in protecting
against anterior uveitis.

How might this impact on clinical practice or

future developments?

» In patients with spondyloarthritis, monoclonal
TNF-inhibitors may offer better protection
against recurrent flares of anterior uveitis,
compared with secukinumab and etanercept.

Randomised controlled trials (RCTs) of treatment
of axSpA typically focus on axial disease activity,”™
where the effect appears to be similar across the
different tumour necrosis factor inhibitors (TNFi).’
For secukinumab and ixekizumab, indirect compar-
ison of the results from their pivotal RCTs, together
with a large observational study,® suggest that the
effect of interleukin 17-inhibitors (IL-17i) on axial
disease is in line with that of TNFi.23”

Whereas the effects on axial disease may be
similar, the effects on other SpA manifestations
seem to vary substantially. In general, IL-17i are
more effective than TNFi in psoriasis,® and while
monoclonal TNFi are effective in IBD,” '* the
soluble TNF-receptor etanercept'' and IL-17i
are not.'> 1 For IBD, the initial RCTs even
suggested aggravated disease after treatment with
IL-17i."* 13 Further, although IL12/23 inhibition
(ustekinumab) is effective in psoriasis,'* psoriatic
arthritis”® and IBD,'® it appears to lack effect on

BM)
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Spondyloarthritis

the axial component of axSpA,'” highlighting the fact that the
experience from TNFi cannot be uniformly extrapolated to
inhibition of the IL-23/IL-17 axis.

For AU, TNFi reduces the frequency of flares in axSpA,'* *?
and the presence of AU has been linked to a better TNFi treat-
ment retention,?’ but the protective effects regarding AU seem
to be less for etanercept than for monoclonal TNFj.'? 21-
Further, TNFi are effective in a wide range of other forms
of uveitis,” while subcutaneous secukinumab is ineffective
in non-SpA uveitis.*® Based on currently available data, the
2019 American College of Rheumatology recommendations
for management of axSpA therefore stress the need for more
evidence regarding the role of IL-17i in the treatment of axSpA
patients with AU.>’

The objective of this nationwide study was to compare the
risk of AU in patients with SpA treated with secukinumab or
TNFi, in routine clinical care.

METHODS

Study design

Retrospective observational study on patients with SpA treated
with secukinumab or TNFi in Sweden, based on prospectively
collected national register data.

Data sources

Data linked through personal identification numbers, from
four national registers in Sweden, were used: (1) The Swedish
Rheumatology Quality register (SRQ), which prospectively
collects data from routine rheumatology care, with a national
coverage for biological disease-modifying antirheumatic drugs
(bDMARDsS) in SpA of almost 90%.?® (2) The National Outpa-
tient Register, collecting data from visits in outpatient special-
ised care since 2001. The coverage of the outpatient register
is virtually complete for public specialised care, while some
private care providers have incomplete reporting. In 2015-
2018, 33%-39% of outpatient visits in specialised ophthal-
mology care were in private care.” (3) The Prescribed Drug
Register, collecting complete patient-level data on prescribed
drugs since 2003, at the time they are collected from a phar-
macy.*® (4) The Population Register, recording demographic
data. All codes used to identify patients, outcomes and treat-
ments are presented in online supplemental table S1.

Patients and treatments (exposure)

All patients with a diagnosis of ankylosing spondylitis (AS) or
undifferentiated SpA (uSpA) in the SRQ, starting secukinumab
or a TNFi (adalimumab, certolizumab, etanercept, golimumab
or infliximab) between 1 Jan 2015 (secukinumab was intro-
duced in 2015) and 31 December 2018 were identified. Each
patient could contribute several treatment cohorts. This group
is henceforth denoted ‘overall cohort’.

In order to reduce the effect of confounding by indica-
tion, caused by channelling of patients with prior AU towards
monoclonal TNFi, patients with an AU-diagnosis during the
year prior to treatment start were then excluded, forming the
‘main cohort’ of the study.

Among the patients, a history of IBD was defined by >1
prior registered diagnosis of IBD in a department of gastroen-
terology or internal medicine. Similarly, psoriasis was defined
by >1 prior diagnosis of psoriasis in dermatology care, or by
a prior prescription for a psoriasis medication (to account for
patients treated in primary care).

Follow-up

Follow-up for each treatment started at the date of treatment
initiation, and ended at the first of: discontinuation of the treat-
ment, end of study 31 December 2018, death or emigration.

AU (outcome)

All analyses of the primary and secondary outcomes are based on
the ‘main cohort’; excluding patients with a diagnosis of AU in
the year prior to treatment start.

The primary outcome was the rate of AU-diagnoses in outpa-
tient ophthalmology care (based on the total number of all regis-
tered AU-diagnoses for each patient), per 100 patient-years,
during the respective treatment. Each individual thus contributed
with all his or her registered AU-diagnoses during the follow-up.

In addition, we constructed two AU-flare definitions, as previ-
ously described** : Flare definition 1—all registered visits with
an AU-diagnosis separated by a gap of at least 90 days without
any AU-diagnosis; Flare definition 2—all registered visits with
an AU-diagnosis occurring at least 60 days after a previous regis-
tration (irrespective of any visits in-between).

The secondary outcome was the risk of a first registered AU-di-
agnosis in outpatient ophthalmology care during follow-up,
assessed as HRs for each treatment in comparison to adalim-
umab (reference).

Statistical analyses

The rates for AU in the ‘main cohort’ were calculated per 100
patient-years, with 95% CI, using Poisson regression accounting
for multiple events per individual.

HRs for risk of having a first registered AU-diagnosis during
the respective treatment (in the ‘main cohort’) were determined
through Cox regression with adalimumab as reference, crude and
adjusted for age, sex, history of AU (yes/no) and patient global
assessment of disease activity (quartiles and a missing category)
at treatment start, including a robust sandwich estimate for the
SEs to account for cases contributing more than one line of treat-
ment. The variables were included on the basis of their potential
role as confounders, where patient global assessment was chosen
as a marker of disease activity, instead of the Bath Ankylosing
Spondylitis Disease Activity Index or the Ankylosing Spondylitis
Disease Activity Score, due to a higher proportion of missing
data for the latter (table 1). The univariable association between
hypothesised confounders and risk of AU are presented in online
supplemental table S2. The assumption of proportional hazards
was assessed through visual inspection of survival curves and
through insertion of an interaction term with time in the models.

All statistical analyses were performed in SAS (V.9.4), and
values of p<0.05 were considered statistically significant.

Sensitivity analyses
In order to further accommodate for confounding by indica-
tion, two sensitivity analyses were performed. The first analysis
included all SpA patients who started treatment with adalim-
umab in 2004-2018 and who later stopped this treatment and
within 1year of discontinuation started secukinumab or one of
the other TNFi. In this patient population the relative risk of AU
on the subsequent treatments vs that on adalimumab were calcu-
lated, based on rate ratios for the rate of AU (as described for
the primary outcome). The rate ratios were calculated through
Poisson regression accounting for each individual contributing
two consecutive treatment lines.

In the second sensitivity analysis, patients treated with secuki-
numab, adalimumab, golimumab or certolizumab in 2015-2018

1446 Lindstrom U, et al. Ann Rheum Dis 2021;80:1445-1452. doi:10.1136/annrheumdis-2021-220420


https://dx.doi.org/10.1136/annrheumdis-2021-220420
https://dx.doi.org/10.1136/annrheumdis-2021-220420
https://dx.doi.org/10.1136/annrheumdis-2021-220420
http://ard.bmj.com/

Spondyloarthritis

Table 1 Baseline characteristics of patients starting secukinumab or a TNFi

Secukinumab Adalimumab Etanercept Infliximab Golimumab Certolizumab Total
Treatment starts, n 456 1006 1800 783 500 306 4851
Sex, men, n (%) 190 (42) 507 (50) 909 (51) 405 (52) 289 (58) 124 (41) 2424 (50)
Age, years, mean (SD) 48 (13) 44 (14) 43 (14) 43 (14) 43 (14) 44 (14) 44 (14)
Diagnosis, AS n (%) 188 (41) 413 (41) 704 (39) 366 (47) 258 (52) 120 (39) 2049 (42)
BASDAI, mean (SD) 6.4 (2.0) 5.5 (2.1) 5.5 (2.0) 5.8 (2.0) 5.3(2.3) 5.9 (2.1) 5.6 (2.1)
Missing n (%) 248 (54) 622 (62) 1053 (59) 462 (59) 283 (57) 190 (62) 2858 (59)
ASDAS, mean (SD) 3.4(1.0) 3.0(1.0) 3.0(0.9) 3.2(1.0) 3.0(1.0) 3.2(1.0) 3.1(1.0)
Missing n (%) 257 (56) 669 (67) 1156 (64) 486 (62) 301 (60) 197 (64) 3066 (63)
Patient global assessment, mean (SD) 67 (21) 57 (23) 58 (22) 59 (23) 56 (24) 61 (23) 59 (23)
Missing n (%) 194 (43) 500 (50) 881 (49) 391 (50) 230 (46) 142 (46) 2338 (48)
CRP, mean (SD) 11(22) 10 (16) 10 (16) 15(29) 11 (20) 10 (16) 11 (20)
Missing n (%) 185 (41) 462 (46) 799 (44) 329 (42) 208 (42) 120 (39) 2103 (43)
Line of bDMARD treatment
Line 1, n (%) 35(8) 470 (47) 1202 (67) 539 (69) 242 (48) 79 (26) 2567 (53)
Line 2, n (%) 106 (23) 347 (34) 415 (23) 100 (13) 112 (22) 96 (31) 1176 (24)
Line 3, n (%) 129 (28) 109 (11) 93 (5) 86 (11) 76 (15) 65 (21) 558 (12)
Line >4, n (%) 186 (41) 80 (8) 90 (5) 58 (7) 70 (14) 66 (22) 550 (11)
IBD, n (%) 16 (4) 109 (11) 45 (3) 69 (9) 28 (6) 21(7) 288 (6)
Psoriasis, n (%) 62 (14) 70 (7) 112 (6) 44 (6) 34(7) 34 (11) 356 (7)
Previous AU, n (%)* 63 (14) 179 (18) 204 (11) 96 (12) 88 (18) 50 (16) 680 (14)
Concomitant csDMARDs
Methotrexate, n(%) 73 (16) 168 (17) 255 (14) 215 (27) 77 (15) 47 (15) 835 (17)
Sulfasalazine, n (%) 27 (6) 80 (8) 164 (9) 7109) 41(8) 30 (10) 413 (9)
csDMARD total, n (%) 102 (22) 251 (25) 414 (23) 282 (36) 119 (24) 82 (27) 1250 (26)

The table presents the data for the ‘main cohort’, excluding cases with a diagnosis of AU in the year p

rior to treatment start. Data were complete unless otherwise presented.

*Any registration of AU in outpatient ophthalmology care since start of the outpatient register in 2001.
AS, ankylosing spondylitis; ASDAS, Ankylosing Spondylitis Disease Activity Score; AU, anterior uveitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; bDMARD, biological disease
modifying anti-rheumatic drug; CRP, C reactive protein; csDMARD, conventional synthetic DMARD; IBD, inflammatory bowel disease; TNFi, tumour necrosis factor inhibitors.

were matched, 1:1 through propensity scores, with patients
treated with etanercept (constituting the largest cohort to draw
comparators from). The propensity scores were based on age,
sex, line of treatment and history of AU (categorised, see online
supplemental table S2), using a greedy match within a calliper of
0.2 SD of the logit of the propensity score, and trimming at the
2.5th and 97.5th percentile. Measures of disease activity were
not included in the propensity score due to the high proportion
of missing data. HRs for a first AU-diagnosis during treatment
were determined within each pair of drugs with etanercept as
reference, crude and adjusted for patient global assessment of
disease activity (quartiles and a missing category) at treatment
start.

Patient and public involvement
Patients were not involved in the planning or execution of the
study.

RESULTS

In total, 3616 patients (53% men) contributed 4851 treatment
starts in the ‘main cohort’ in 2015-2018. There was a trend
towards higher disease activity at treatment start for secukinumab
compared with the TNFi, and a higher proportion of patients
with psoriasis in the secukinumab group (14% vs 6%-11% for
TNFi), see table 1. IBD was less frequent among those starting
secukinumab (4%) and etanercept (3%) compared with the
other TNFi (in particular adalimumab, 11%) and conventional
synthetic DMARDs were more commonly used together with
infliximab compared with the other treatments. The majority
of patients initiating a TNFi started it as their first or second

bDMARD, while for secukinumab 69% had used at least two
previous TNFi (table 1).

Occurrence of AU

Among all patients (overall cohort), regardless of AU occurrence
in the year prior to treatment start, 21% had a history of AU
during the past 10 years (lower part of table 2). For secukinumab
this was 18%, and for adalimumab and etanercept 32% and
149%, respectively, suggesting that the choice of treatment was
influenced by previous AU history.

Excluding patients with an AU-diagnosis in the year prior to
treatment start (main cohort) resulted in less pronounced differ-
ences across treatments in terms of history of AU-diagnoses
during the past 10 years (secukinumab 11% vs adalimumab
15%) (top part of table 2).

New-onset AU during treatment (occurrence of an AU-diag-
nosis in patients with no previous registration of such diagnosis
in the outpatient ophthalmology register since 2001), occurred
in only 1% of patients (0.8% in previously bio-naive) (table 2).
There were numerical differences in new-onset AU among the
drugs, with adalimumab being the lowest at 0.5%, and secuki-
numab (1.3%), certolizumab (1.6%) and etanercept (1.2%) the
highest, but with frequencies too low to draw any solid conclu-
sions (table 2).

Primary outcome: incidence rates of AU

The rates for AU per 100 patient years are presented in figure 1.
Etanercept, secukinumab and golimumab displayed higher
rates (with non-overlapping CIs) compared with infliximab and
adalimumab, for the rate of AU based on the total number of
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Table 2 Occurrence of AU before and during treatment

AU-diagnosis prior to treatment start

Patients with =1AU-diagnosis during treatment

New onset* biologics- Follow-up days,

Treatment Within 10 years Within 1year All New onset* naivet mean
Main cohort: excluding patients with an AU-diagnosis in year prior to treatment start

Secukinumab n=456, n (%) 52 (11) 0 13 (2.9) 5(1.3) 1(3.3) 367
Adalimumab n=1006, n (%) 154 (15) 0 25(2.5) 4(0.5) 2(0.5) 485
Infliximab n=783, n (%) 80 (10 0 13(1.7) 4(0.6) 2(0.4) 473
Etanercept n=1800, n (%) 171 (10) 0 52 (2.9) 19(1.2) 9(0.8) 454
Golimumab n=500, n (%) 73 (15) 0 22 (4.9) 5(1.2) 4(1.9) 689
Certolizumab n=306, n (%) 44(14) 0 6(2.0) 4(1.6) 0 425
Overall cohort: all patients starting secukinumab or a TNFi in 2015-2018

Secukinumab n=493, n (%) 89 (18) 37 (8) 31 (6) 5(1.3) 1(3.3) 380
Adalimumab n=1249, n (%) 397 (32) 243 (19) 143 (11) 4(0.5) 2(0.5) 490
Infliximab n=883, n (%) 180 (20) 100 (11) 54 (6) 4(0.6) 2(0.4) 473
Etanercept n=1898, n (%) 269 (14) 98 (5) 104 (5) 19(1.2) 9(0.8) 459
Golimumab n=562, n (%) 135 (24) 62 (11) 56 (10) 5(1.2) 4(1.9) 694
Certolizumab n=335, n (%) 73 (22) 29(9) 25(7) 4(1.6) 0 420

*New-onset AU=AU-diagnosis registered during treatment in patients with no AU-diagnosis prior to treatment start (the denominator is the number of patients starting the respective treatment having no prior

registration of AU since start of outpatient register in 2001).
tPreviously biologics-naive patients.
AU, anterior uveitis; TNFi, tumour necrosis factor inhibitors.

registered AU-diagnoses, and with varying degree of statistical
significance for the two flare definitions. Details on number of
AU-diagnoses/flares and follow-up times are presented in online
supplemental table S3.

Secondary outcome: HRs of AU

The adjusted HRs for a first AU during follow-up indicated
significantly higher risks for secukinumab (HR: 2.32; 95%
CI 1.16 to 4.63) and etanercept (HR: 1.82; 95% CI 1.13 to
2.93), compared with adalimumab (reference); results for

9.0
8.0
7.0

6.0

5.0

4.0

3.0

Rate of AU per 100 patient years

2.0

1.0

0:0 Secukinumab  Adali

the other TNFi are presented in table 3. No evidence of non-
proportionality was found.

Sensitivity analysis

In total, 1119 patients were included in the analysis comparing
rate ratios of AU between a subsequent bDMARD treatment and
a previous treatment with adalimumab. Of these, 74 patients
were subsequently treated with secukinumab, 200 with inflix-
imab, 516 with etanercept, 217 with golimumab and 112 with
certolizumab (see online supplemental table S4). The rate ratios

V]

b : 7
Golimumab

Etanercept Certolizumab

D All AU diagnoses 6.8 4.0
[ Flare definition 1 28 2.0
Flare definition 2 3.1 22

Figure 1

2.9 7.5 6.8 45
1.4 2.8 3.0 2.0*
1.4 3.3 3.3 2.0%

Rate of anterior uveitis (AU) per 100 patient-years during treatment. Error bars indicate 95% Cl. *Rate based on <10 events, see online

supplemental table S3. Flare definition 1: all registered visits with an AU-diagnosis separated by a gap of at least 90 days without any AU -diagnosis;
flare definition 2: all registered visits with an AU-diagnosis occurring at least 60 days after a previous registration (irrespective of any visits in-

between).
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Table 3 HR of first on-treatment AU
N with AU event/N

total Crude HR Adjusted HR*
Adalimumab 25/1006 Ref Ref
Secukinumab 13/456 1.53 (0.78-3.02) 2.32 (1.16-4.63)
Etanercept 52/1800 1.25 (0.77-2.01) 1.82 (1.13-2.93)
Infliximab 13/783 0.68 (0.35-1.32) 0.99 (0.49-1.96)
Golimumab 22/500 1.25(0.71-2.21) 1.59 (0.90-2.80)
Certolizumab 6/306 0.90 (0.37-2.19) 1.12 (0.44-2.83)

*Adjusted for sex, age, previous history of AU and patient global assessment.
AU, anterior uveitis.

are shown in figure 2. Irrespective of AU definition, the rates
were significantly higher after (vs before) switching from adalim-
umab to secukinumab, etanercept or certolizumab, but not after
switching to infliximab or golimumab.

The propensity score matched pairs are presented in table 4.
The pairs were well matched with regard to history of AU and line
of treatment, but with some within-pair differences observed for
disease activity (see online supplemental table SS for standardised
differences in the matched pairs). The crude and adjusted HR
indicated a lower risk for AU on adalimumab, infliximab, goli-
mumab and certolizumab (not statistically significant) compared
with etanercept, but a similar risk for secukinumab.

DISCUSSION

In this nationwide observational study of SpA in clinical practice,
treatment with adalimumab and infliximab were associated with
a lower risk for AU compared with secukinumab and etanercept,
but new-onset AU (in patient without previous AU) was very rare
regardless of treatment. For certolizumab and golimumab the
direction of the results was not consistent, and the higher crude

A. All AU diagnoses

Rate ratio

' i
Infliximab
0.6 (0.3-1.1)

Secukinumab
2.7 (1.6-4.8)

Etanercept
2.2(1.2-4.2)

Certolizumab
3.4 (1.7-6.6)

Golimumab
1.0 (0.6-1.7)

B. Flare definition 1

Rate ratio

' ¢
Infliximab
0.5 (0.3-0.9)

Secukinumab
3.1(1.8-5.2)

Etanercept
1.8(1.0-3.1)

——i

Certolizumab
2.9 (1.6-5.3)

Golimumab
1.1(0.8-1.7)

C. Flare definition 2

Rate ratio

1

'
Infliximab
0.6 (0.3-1.0)

Secukinumab
2.5(1.4-4.4)

Etanercept
1.6 (1.1-2.3)

——1
——

Certolizumab
2.0(1.1-3.8)

Golimumab
1.2 (0.7-1.8)

Figure 2 Rate ratios for anterior uveitis (AU), comparing each treatment with a prior adalimumab treatment. Flare definition 1: all registered visits
with an AU-diagnosis separated by a gap of at least 90 days without any AU-diagnosis; flare definition 2: all registered visits with an AU-diagnosis
occurring at least 60 days after a previous registration (irrespective of any visits in-between).

Lindstrom U, et al. Ann Rheum Dis 2021;80:1445-1452. doi:10.1136/annrheumdis-2021-220420 1449


https://dx.doi.org/10.1136/annrheumdis-2021-220420
http://ard.bmj.com/

Spondyloarthritis
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be a sufficient measure of AU-flares. However, the number of
registered AU-diagnoses overall should constitute an unbiased
measure of AU burden/severity, and the two AU-flare definitions
used may alleviate this limitation. Fourth, since the registra-
tions in the SRQ are based on the International Classification
of Diseases (ICD)-10 codes, nr-axSpA cannot be adequately
discerned. Therefore AS and uSpA (including both nr-axSpA
and peripheral SpA) were included instead, bearing in mind the
different prevalence of AU.*' **

Fifth, since a comparable SpA population not treated with
bDMARDs could not readily be identified in either of the data
sources included in the study, a comparison with untreated
patients was not possible. This precludes the possibility to
discern if secukinumab is neutral (vs bDMARD-naive SpA) in
terms of risk for AU, is associated with an increased risk of AU,
or if it has a protective effect of a relatively lower magnitude
compared with the monoclonal TNFi. However, the very low
rates of new onset AU on either of the bBDMARDs would suggest
the latter to be true.

Sixth, AU among patients seeking private ophthalmology
healthcare (among which the reporting to the Patient Register
may be lower than for public care providers) may not have been
captured in this study. It is unlikely that this would bias our
results, due to the general availability of subsidised healthcare
in Sweden, although it cannot be ruled out that utilisation of
private healthcare and level of health literacy may correlate with
treatment choice and intensity for both SpA and AU.

Finally, misclassification is always present in register-based
studies, but there is no reason to suspect that this would have
introduced a bias with regard to bDMARD type.

This study also has strengths. To our knowledge, it is the
first report comparing the occurrence of AU in a SpA popula-
tion across the five TNFi and an IL17i, when used according
to clinical routine. Furthermore, we have used several different
approaches to minimise confounding by indication.

To conclude, regardless of type of TNFi or secukinumab,
new-onset AU is rare during biological treatment. Furthermore,
the monoclonal TNFi appear to be more effective choices for
preventing AU in SpA patients, compared with etanercept and
secukinumab.
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Single-cell transcriptome analysis identifies skin-
specific T-cell responses in systemic sclerosis

Alyxzandria M Gaydosik," Tracy Tabib,' Robyn Domsic

Robert Lafyatis," Patrizia Fuschiotti @ '

ABSTRACT

Objectives Although T cells have been implicated

in the pathogenesis of systemic sclerosis (SS¢), a
comprehensive study of T-cell-mediated immune
responses in the affected skin of patients with
progressive SSc is lacking. Droplet-based single-

cell transcriptome analysis of SSc skin biopsies

opens avenues for dissecting patient-specific T-cell
heterogeneity, providing a basis for identifying novel
gene expression related to functional pathways
associated with severity of SSc skin disease.

Methods Single-cell RNA sequencing was performed
by droplet-based sequencing (10x Genomics), focusing
on 3729 CD3* lymphocytes (867 cells from normal and
2862 cells from SSc skin samples) from skin biopsies

of 27 patients with active SSc and 10 healthy donors.
Confocal immunofluorescence microscopy of progressive
SSc skin samples validated transcriptional results and
visualised spatial localisations of T-cell subsets.

Results We identified several subsets of recirculating
and tissue-resident T cells in healthy and SSc skin that
were associated with distinct signalling pathways.
While most clusters shared a common gene expression
signature between patients and controls, we identified a
unique cluster of recirculating CXCL13* T cells in SSc skin
which expressed a T helper follicular-like gene expression
signature and that appears to be poised to promote B-
cell responses within the inflamed skin of patients.
Conclusions Current available therapies to reverse

or even slow progression of SSc lead to broad killing of
immune cells and consequent toxicities, including death.
Identifying the precise immune mechanism(s) driving
SSc pathogenesis could lead to innovative therapies
that selectively target the aberrant immune response,
resulting in better efficacy and less toxicity.

INTRODUCTION

Systemic sclerosis (SSc) is a disabling and often fatal
autoimmune disease characterised by vasculop-
athy, inflammation, and extensive cutaneous and
visceral fibrosis." SSc has the highest fatality rate
among connective tissue diseases and few therapies
are available that reverse or even slow progression.
Several T-lymphocyte subsets and the cytokines
they produce have been implicated in the inflam-
matory and fibrotic processes of S$Sc.”? Particu-
larly, we and others identified increased numbers
of profibrotic T-cell subsets including Th2 and Tc2
cells producing interleukin (IL)-4 and IL-13*5 as
well as IL-21-producing T follicular helper (T,)
like cells® in the blood and in the sclerotic skin of
patients with active SSc. Moreover, skin infiltrating

" Dinesh Khanna ©

Key messages

What is already known about this subject?

» Current available therapies to reverse or even
slow progression of systemic sclerosis (SSc),
such as myeloablation, lead to broad killing
of immune cells and consequent toxicities,
including death.

» Although T cells have been implicated in the
pathogenesis of SSc, a comprehensive study
of T-cell-mediated immune responses in the
affected skin of patients with progressive SSc is
lacking.

What does this study add?

» Our analysis provides an unprecedented view of
T-cell heterogeneity in SSc skin.

> We identified a distinct CXCL13* T-cell subset
that expresses factors enabling B-cell help and
likely promoting B-cell responses and possibly
autoantibodies production within pathological
inflamed skin.

How might this impact on clinical practice or

future developments?

» These results provide a better understanding of
T cell responses in SSc skin disease, allowing
development of more targeted T cell therapy
in SSc that results in better efficacy and less
toxicity, thus realising the goal of precision
medicine.

Th17 and Th22 cells producing IL-17-family cyto-
kines were shown to drive inflammatory responses
involving fibroblasts and endothelial cells,” whereas
IL-9 produced by Th9 cells was shown to induce
NETosis, expansion of mast cells and increased
production of SSc-related autoantibodies by B
lymphocytes.” Deregulation of T regulatory (Treg)
cell function was also associated with altered
immune homeostasis and fibrosis in $Sc.®? Finally,
cytotoxic CD8 and CD4™ T cells* !° in the lesional
skin of patients with early active SSc were also
detected. These cells express markers of cytotox-
icity and are likely involved in tissue damage and in
perpetuating autoimmune responses.'’ However, a
comprehensive study of resident and recirculating
T-cell subpopulations in SSc skin disease remains
elusive.

Recent advances in single-cell transcriptome tech-
nology, including droplet-based single-cell RNA
sequencing (scRNAseq),'? profile gene expression
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across thousands of individual cells from a large heterogeneous
population such as a patient biopsy. This high-resolution analysis
of cellular heterogeneity reveals individual cell functions in the
context of their microenvironment and provides striking insights
into the complex cellular composition of normal and diseased
tissue. Here we report scRNAseq analysis of T cells from the
affected skin of patients with progressive SSc. This analysis
provides an unprecedented view of lymphocyte heterogeneity
within the skin microenvironment of individual SSc skin sample
and offers important implications for personalised disease
management.

METHODS

Full-thickness 3 mm skin biopsies were obtained from 32
patients with confirmed diagnosis of active diffuse cutaneous
SSc (deSSc)™® ' at the Scleroderma Clinic of UPMC and at the
Scleroderma Programme of the University of Michigan Medical
School. Disease subtype and internal organ involvement were
assessed according to established criteria.”>™ All participants
gave written informed consent in accordance with the Decla-
ration of Helsinki. Twenty-seven patient samples were used for
scRNA-seq and five for immunofluorescence (IF) microscopy.
Experimental procedures for scRNAseq followed established
techniques using the Chromium Single Cell 3’ Library V2 kit
(10x Genomics).'® Multicolour antibody staining using tyra-
mide signal amplification (Thermo Fisher) was performed on
formalin-fixed, paraffin-embedded skin samples as previously
described.”” See online supplemental methods for details. All
scRNA-seq data have been deposited in the Gene Expression
Omnibus: GSE138669.

RESULTS

Single-cell transcriptome profiles reveal T lymphocyte
heterogeneity in dcSSc skin lesions

ScRNAseq was used to profile the transcriptome of T lympho-
cytes obtained from the enzymatically digested skin of 27
active dcSSc and 10 HC samples (online supplemental figure
S1 and table S1). Histological evaluation of SSc skin lesions
shows increased collagen deposition in the dermis, thickening
of the collagen fibre bundles and subintimal thickening of
blood vessels, as well as perivascular mononuclear cell infiltra-
tion compared with control skin (figure 1A). In total, we anal-
ysed 3729 CD3" cells: 867 from HC and 2862 from SSc skin
(figure 1B). Comparison of the transcriptional profiles of each
lymphocyte subset from the patient and control skin samples
identified nine clusters (figure 1C and online supplemental
table S2). In parallel to principal components analysis (PCA),
Harmony'® was used to demonstrate that the samples did not
suffer from any batch effects (online supplemental figure S2).
By comparing gene expression from each cell in the cluster with
that of all other cells in the dataset, we determined the differ-
ential expression (DE) of genes in each cluster. The cut-off for
significance was p<0.05 and we required that gene expression
be from at least 25% of cells in the cluster. The heatmap in
figure 1D reports examples of the most highly significant DE
genes for each cluster. Conventional CD4" T cells comprised
three clusters (#0, 1 and 4) distinguished from each other by
only subtle transcriptome differences. Cluster #2 identifies
CD8™ T cells, while cluster #3 identifies Tregs. Cytokine IL-26
is the signature gene of cluster #5, CXCL13 of cluster #7 and
TRDC of cluster #8. Cells in cluster #6 express proliferation
genes. We next employed Ingenuity Pathway Analysis'’ to iden-
tify activation of key molecular pathways in each T-cell cluster

(figure 1E). Examples of pathways activated in each lymphocyte
cluster included IL-7 and PI3K/AKT signalling (cluster #0);
glucocorticoid receptor and TNFR2 signalling (cluster #1); Th1,
Th2 activation and T-cell exhaustion signalling (cluster #2); and
ICOS-ICOSL and PD1-PDL1 signalling (cluster #3). Clusters
#4, 6 and 7 upregulated the expression of oxidative phosphor-
ylation and mitochondrial pathways. The ERK/MAPK signalling
pathway was also upregulated by cluster #7, while clusters #5
and 8 upregulated the HMGB1 signalling pathway. Within each
cluster, no consistent changes were observed in the proportion
of T cells between SSc and control samples, apart from cluster
#6 where we found a statistically significant increase of SSc
T cells and in cluster #7 that was comprised uniquely of cells
from SSc samples (figure 1F). Figure 1G demonstrates the SSc-
exclusive expression of signature genes (CXCL13, CD200 and
MS4A6A) from cluster #7. Thus, scRNAseq analysis provides
an unprecedented view of T lymphocyte heterogeneity in the
skin lesions of patients with active dcSSc and identifies a unique
subset found only in patient samples.

Cell state transition of resident and recirculating T cells in
healthy and SSc skin

The tissue distribution of skin-resident and skin-recirculating
T cells was established by determining expression of CD69,
ITGAE, CCR7 and SELL.*® The normalised single-cell expres-
sion showed that CD69 was expressed by a large number of
cells in most T-cell clusters, exhibiting modestly upregulated
expression in SSc T cells, whereas ITGAE was detected in fewer
cells, primarily from cluster #6 (figure 2A-B). CCR7 and SELL
expression also appeared to be confined to specific clusters
(figure 2A-B). Specifically, CCR7 was mainly expressed by cells
in clusters #0, 6 and 7, with a higher number of CCR7" cells
in SSc versus HC skin samples (figure 2B). SELL was primarily
expressed by SSc T cells in clusters #0, 3 and 6. Although we
cannot exclude the presence of cells in transitional states within
each cluster, our findings indicated that T cells in clusters #1,
2, 3,4, 5 and 8 exhibited predominantly a skin-resident pheno-
type (T, CD69ITGAE™). These included CD4", CD8" and
T, populations. In contrast, most SSc T cells in clusters #0 and
7 expressed markers of recirculating memory migratory cells
(Ty,p CCR7'SELL"), the latter representing the population
most highly upregulated in SSc skin. Finally, proliferating T cells
in cluster #6, also mainly present in SSc skin, represented a mix
of T,,, and T, cells.

We performed a trajectory analysis using Monocle to
examine the connection between skin residency and kinetics
of gene expression during CD4" and CD8" T-cell differentia-
tion in SSc skin. This algorithm uses a concept referred to as
pseudotime, in theory examining the change in phenotype of
cell types over time. However, here it examines changes in gene
expression, relating each cell to other cells and ordering the
cells showing the closest transcriptomes adjacent to each other.
It may but does not necessarily indicate a descendant—progen-
itor relationship. All T cells from SSc and healthy skin were
placed on these trajectories based on changes in their transcrip-
tome (figure 2C). Strikingly, both CD4* and CD8* T cells from
HC samples were distributed to early pseudotimes, whereas
SSc T cells were enriched in late pseudotimes, showing a clear
temporal separation (figure 2D). We then examined the transi-
tion of average expression values along pseudotime for a panel
of marker genes associated with T-cell residency. We found that
HC CD4" and CD8™ T cells exhibited a T,,, phenotype as these
cells highly expressed CD69 and expressed only low levels of
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Identification of resident and recirculating T cells in healthy and systemic sclerosis (SSc) skin. (A) Transcriptomes of CD69*, CCR7", ITGAE®,

SELL* T lymphocytes from patient and healthy control (HC) skin samples. (B) Violin plots showing expression levels of CD69, CCR7, ITGAE, SELL by
SSc and HC T lymphocytes from each T-cell cluster (figure 1C). (C-D) Single-cell pseudotime trajectories of CD4* and CD8" T cells estimated using
Monocle 3. A continuous value from 0 to 20 was assigned to each cell as a pseudotime. Expression dynamics of skin-residency (E) or T-cell activation
(F) markers along the pseudotime of SSc and HC T cells by scatterplots with regression curves.

CCR7, ITGAE and SELL. This phenotype was further confirmed
by the increased expression of CXCR6 and little to no expres-
sion of KLF2, S1PR1 and SELPLG (gene for CLA) by these cells
(figure 2E and online supplemental figure $3).2° %% In contrast,
CD4" and CD8" T cells from SSc skin were clearly shifted
towards more differentiated states compared with controls and
corresponded to several T, subsets (CD69ITGAE™ CXCR6™)
from earlier to late pseudotime as well as of some recirculating T
cells expressing CCR7, SELL, KLF2, S1PR1 and SELPLG, partic-
ularly among SSc CD4 ™ cells at the latest pseudotimes (figure 2E
and online supplemental figure S3A). Interestingly, SSc T cells
at the latest pseudotimes expressed high levels of activation and
effector markers (figure 2F and online supplemental figure S3B)
including HLA-DRA, IFNG, CRTAM (CD4* and CDS8™ T cells),

CD40L and TNF-A (CD4" cells), as well as GZMB and PRF1
(CD8* T cells). Finally, most SSc CD4" and CD8" T cells from
early to late pseudotime expressed CD27 and CD28, implying
that SSc¢ T cells exhibit an activated effector-memory phenotype.

Single-cell RNAseq identifies a novel CXCL13* T-cell subset in
dcSSc skin lesions

Chemokine CXCL13 was selectively expressed by most CD4" T
cells from the SSc-specific cluster #7 (figure 3A). Moreover, no
other cell type from patient or HC skin samples, apart from a negli-
gible number of SSc CD8™ T cells, expressed CXCL13 (figure 3A
and online supplemental figure S4A,B). These transcriptional
results were validated by multicolour immunofluorescence
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Figure 3  Characterisation of the systemic sclerosis (SSc)-specific CXCL13* T-cell subset in the lesional skin of patients with active diffuse cutaneous
SSc (deSSc). (A) CXCL13 expression by T lymphocytes from healthy control (HC) (left) and SSc (right) skin samples. (B) Immunofluorescence microscopy
shows coexpression of CXCL13 and CD3 in skin samples from active dcSSc (n=5) and HC (n=3). A representative example and the proportion of
CD3*CXCL13* cells are shown. Results are expressed as a percentage of positive cells out of the entire infiltrate following quantification of 8 high-
power fields/sample (HPF; magnification x600). Error bars are mean=+SD. Statistics by Student’s t-test. (C) Imnmunofluorescence microscopy shows
coexpression of CXCL13 and CD4 in dcSSc skin samples (n=5). A representative experiment is shown at x1000. (D) Correlation between the frequency
of CD3*CXCL13* cells by scRNAseq and the clinical parameters of patients. (E) Single-cell trajectory of SSc and HC CD4* T-cell clusters. (F) Heatmap
shows gene expression of T-cell clusters based on Louvain-community analysis.2® (G) Expression transition of genes from modules #16 and 9 along the
pseudotime. (H) Dot plots show the proportion of cells and the scaled average gene expression of genes uniquely expressed by CD3*CXCL13" cells or
T regulatory (Tregs) or commonly expressed. ILD, interstitial lung disease; UMAP, Uniform Manifold Approximation and Projection.

microscopy showing several CD3*CXCL13" cells within peri-
vascular inflammatory infiltrates in the lesional skin of patients
with active SSc but not in HC skin samples (figure 3B). Consis-
tently, most CD3*CXCL13" are CD4" (figure 3C). Flow cytom-
etry to identify circulating CD4*CXCL13™" T cells in the blood of
healthy and dcSSc samples showed no difference in the frequency
of this cell type in patients and controls (online supplemental
figure S4C-E). Although we detected CD3"CXCL13" cells in
the skin of 44% of the patients tested, we found no statistically
significant association between the frequency of CD3*CXCL13"*
cells and the skin score of patients or their autoantibody speci-
ficity (figure 3D). In contrast, we observed a significant correla-
tion with the presence of interstitial lung disease (ILD) and a
trend for increased numbers of CD3" CXCL13™" cells at the
earliest disease stage. The frequency of CD3"CXCL13™" cells
did not correlate with the age or sex of patients. Finally, we
observed that patients treated with immunosuppressants exhib-
ited a statistically significant lower frequency of CD3*CXCL13"*
cells compared with untreated patients (figure 3D).

To understand the CD4"CXCL13™ T cells in the context of
SSc CD4* T-cell differentiation, we constructed a single-cell
trajectory for the CD4" T-cell clusters identified in figure 1C.
We observed that CD4*CXCL13™ T cells were located in close
proximity to SSc Tregs, suggesting a developmental connection

between these two subsets (figure 3E). Contrary to HCs, SSc
Tregs upregulated the expression of ICOS, FOXP3, IL2RA and
PPP1CB, while downregulating the expression of CTLA4 (online
supplemental figure S4F). To reveal gene expression similarities
between clusters along the pseudotime, we grouped expressed
genes into modules based on Louvain-community analysis
(figure 4G).*® A module heatmap indicates that modules #6
and 9 exhibit gene expression similarities between Tregs (cluster
#3) and CD3"CXCL13" cells (cluster #7; figure 3F). Indeed,
although CD3"CXCL13" cells and Tregs present distinct tran-
scriptional profiles, they also exhibit common expression of
genes not expressed significantly by other T cell populations
(figure 3H and online supplemental table S3) such as STAT3,
TNFRSF4, CTLA4, TIGIT, ICOS. Genes uniquely expressed
by Tregs include FOXP3, LAYYN, TNFRSF13B, UGP2, PTGIR,
while examples of uniquely expressed gene by CD3"CXCL13*
cells include CD200, MS4A6A, DRAIC, CCND1, G0S2, NMB.
Although SSc CD3*CXCL13* cells express several genes also
found in T, cells,”’” they lack expression of the canonical T,
genes CXCRS and BCL6 (figure 4A and online supplemental
figure S4F,G). By immunofluorescence microscopy, we visualised
CD3*"CXCL13" cells coexpressing ICOS, TIGIT, CTLA4 as well
as producing IL-21 and interferon-y (IFNY) (figure 4B-E) in dcSSc
skin lesions. Significantly, we also showed that CD3*CXCL13"*
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Figure 4  Systemic sclerosis (S5¢) CD3*CXCL13" T cells are a T,,-like subset in inflamed SSc skin. (A) Dot plot showing the proportion of cells and the
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active diffuse cutaneous SSc (dcSSc) skin samples (n=5). Representative examples are shown at x1000, inset in (F) is zoomed in three times. DAPI

stains nuclei.

cells are adjacent to CD20* B cells within inflammatory infil-
trates of dcSSc skin (figure 4F). Notably, microarray data from
multiple early dcSSc patient and control skin samples demon-
strated the presence of upregulation of CXCL13 (online supple-
mental figure S5, red arrow) in a subset of patients, which was
associated with a T-cell and B-cell gene expression signature (eg,
CD3, CD247, CD8A, GZMM, GZMH, IL15RA, CCR7 and CR2,
CD19, CD22, MS4A1, respectively). Thus, chemokine CXCL13
identifies a T, -like subset in the lesional skin of dcSSc patients
with active skin disease.

DISCUSSION

Abnormal T-cell responses are central in the development of SSc
skin disease. Here, we employed scRNAseq to comprehensively
profile the transcriptomes of recirculating and resident T cells
in the skin lesions of a large cohort of patients with dcSSc. Our
analysis provides an unprecedented view of T-cell heterogeneity
in SSc skin and identifies a distinct subset that expressed factors
enabling B-cell help and likely promoting B-cell responses and
possibly autoantibodies production within pathological inflamed
skin. Although the role of autoantibodies in SSc is uncertain, they
have been implicated in innate immune responses.”® Further-
more, the perivascular location of T cell infiltration in SSc
skin suggests that these cells may play a direct role in vascular
damage, the other major driver of SSc clinical disease. Thus,
a better understanding of T cell responses in SSc skin disease
could lead to more targeted T cell therapy in SSc, an urgent
need in view of recent clinical trials, indicating that myeloabla-
tion is effective in treating the disease but with significant risks.
The specific immune cell targets leading to improved outcomes
remain uncertain and targeting T cell activation more generally
has not provided a clear clinical benefit.?” Our observations that
only a very specific population of T cells is expanded in SSc
skin suggests that these cells are playing a critical role in disease
progression and that targeting this selected T cell population
might interrupt the disease process.

Recirculating and resident memory T cells play essential roles
in localised immune responses in human skin and both popu-
lations have been implicated in a variety of inflammatory and
autoimmune conditions.?’ 2 3°32 Here, we show that while
most CD4" and CD8" T cells in HC skin are T,,,, T cells in
SSc lesions are characterised by a combination of skin resident
and recirculating T cells (~30%), particularly within the CD4*
T-cell compartment. These cells present a TMM20 phenotype
as they lack CD69 expression but coexpress CCR7 and skin

homing receptors (CLA/CCR4). Lack of SELL expression by
T, prevents these cells from recirculating via the lymphatics.
Rather, SSc T, cells likely recirculate between blood and skin,
in agreement with our previous studies showing skin-tropic T
cells in the blood of patients with SSc.*® However, a small frac-
tion of SSc¢ T, cells coexpress CCR7 and SELL and may recir-
culate between the blood, skin and non-cutaneous distal lymph
nodes. We observed that some T, cells also coexpress CD69,
suggesting they may be in a transitional state. While it has been
proposed that T, represent the direct precursors of T, cells,?
pathogenic T, cells might contribute directly to the develop-
ment of SSc skin disease. As cutaneous T, cells cannot leave
the skin and recirculate nor differentiate into other memory
T cell subsets, they are believed to proliferate in situ at a low
level.® Importantly, we also identified a cluster of proliferating
T, cells (#6) containing a higher number of cells deriving from
SSc compared with HC samples. Resident and circulating SSc
T cells exhibited a core gene expression signature including
various genes involved in adaptive immune responses as well as
oxidative phosphorylation and mitochondrial metabolic repro-
gramming (clusters #4, 6, 7), likely reflecting chronic antigenic
stimulation, as described in other autoimmune skin diseases.****
In agreement with our previous studies, demonstrating T-cell
plasticity in blood and skin-resident SSc T cells compared with
their HC counterparts,* we show here that some SSc T, subsets
(clusters #35, 8, 2) upregulate Th1 and Th2 activation pathways
and cytokine dysregulation. As previously shown,*® these T-cell
clusters also upregulate the expression of GATA-3, the master
regulator of type 2 cytokines while maintaining adequate levels
of TBX21. Interestingly, a recent phase II proof-of-concept study
using romilkimab, a novel humanised antibody that neutralises
IL-4 and IL-13, in patients with early dcSSc induced a significant
reduction in modified Rodnan skin score in patients compared
with placebo.’” Cells from patient samples also differentially
express proinflammatory cytokines such IL-32, IL-26, IL-16,
which are upregulated in the serum and in the lesional skin of
patients with $Sc.*®™** These cytokines have been implicated
in the pathogenesis of other inflammatory skin diseases*'™** by
promoting secretion of other inflammatory cytokines (TNFa,
IL6) and chemokines (IL8, CXCL2) by macrophages and by
acting as chemoattractants and modulators of T-cell activation.
Single-cell trajectory analysis indicates that SSc CD4* and CD8™*
T, cells are distributed throughout pseudotime, while SSc¢ T,
are mostly found in late pseudotime, indicating distinct gene
expression. Strikingly, both CD4" and CD8" T, cells from HC
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samples were mostly distributed to early pseudotime, whereas
SSc T cells were enriched in late pseudotime and were charac-
terised by upregulation of genes associated with an activated
effector-memory state. One of the trajectory branches showed
enriched expression of primary markers of Tregs (FOXP3,
IL2RA) and demonstrate enrichment of ICOS* Tregs® in SSc
samples. Several studies indicate that ICOS"™ Tregs exhibit
strong suppressive potential via upregulation of CTLA-4, GITR
(TNFRSF18), LAG3 and TIGIT, as well as IL-10 and TGFp.* *¢
While we observed that most of these molecules were upregu-
lated in SSc compared with HC Tregs, CTLA-4, a major regu-
lator of Treg suppressive function,”” was downregulated in SSc
Tregs, implying a potential functional defect. Additionally, SSc
Tregs upregulate the expression of PPP1CB, which was shown
to make functionally defective Tregs in rheumatoid arthritis (RA)
by dephosphorylating FOXP3 at the Ser 418 residue,® under-
lying another potential dysfunction in SSc Tregs.

We identified a subset of CD4" T cells (cluster #7) in SSc
skin that express a core gene signature including CXCL13,
CD200, MS4A6A, ICOS, PD1, CTLA4, TIGIT and produce high
levels of IL21 and IFNY. A T-cell subset with a similar pheno-
type (CD4"CXCL13*CXCRS") was recently described in the
synovium and peripheral blood of patients with RA as well as
in the tumour microenvironment of breast cancer (BC).*!
This subset, named TFHX13 for the high-level expression of
the signature chemokine CXCL13, phenotypically resembled
T,,, cells and was linked with long-term survival and an increase
in tumor-infiltrating lymphocytes in BC, whereas was associated
with progressive disease in RA.’® ! Both studies showed that
infiltrating TFHX13 cells induce B cell responses by promoting
tissue-localised T-cell-B-cell interactions and contribute to the
development of tertiary lymphoid structures (TLOs). CXCL13
is a potent B-cell chemoattractant and a key factor for TLO
formation.’* Significantly, we showed by microarray analysis of
cutaneous biopsies from patients with early dcSSc upregulation
of CXCL13 in a distinct subset of patients, which was associ-
ated with a T-cell and a B-cell gene expression signature. Our
data indicate that CD3*CXCL13" cells colocalise with B cells
in inflamed dcSSc skin, suggesting in situ interactions as seen
also in RA synovial tissues. Moreover, other studies observed
upregulation of CXCL13 in the serum of patients with SSc that
correlates with disease severity,> as well as in idiopathic pulmo-
nary fibrosis, where CXCL13 represents a prognostic marker.*
Intriguingly, our data indicate a significant correlation between
increased frequencies of skin recirculating CD3*CXCL13™ cells
and ILD in the patients tested, warranting further investigation
on the role this cell type in ILD pathogenesis. However, the
frequency of CD3"CXCL13™ cells did not correlate with the
skin score. We have known for several years that bulk SSc skin
gene expression of T cell markers does not generally correlate
well with the skin score.”> The perivascular location of the
CXCL13 T cells and lymphoid aggregates in the skin suggests
that CXCL13 T cells are more important in the vascular disease
in SSc than the fibrotic disease manifestations. These findings, as
well as our observation that the frequency of CD3"CXCL13*
cells was significantly lower in patients treated with immunosup-
pressants, suggest that a comprehensive study based on a larger
patient cohort with complete clinical details is necessary for
understanding the pathogenic mechanisms at the clinical level.

Taylor et al recently identified a similar subset of T, -like
cells (CD4TICOS"#"PD-1"¢"CXCRS5TBCL6") in SSc skin
that contributed to dermal fibrosis via IL-21 production and
that correlated with disease scores.® Moreover, Ricard et al’®
observed that circulating T, cells (CD4*CXCRS5"PD1"BCL6™)

correlate with disease severity in SSc and induce B-cell differen-
tiation into plasmablasts secreting immunoglobulin (Ig) via IL-21
production. In comparison, we show that SSc CD3*CXCL13"*
cells express lower levels of ICOS and PD1, lack expression of
the canonical T, markers BCL6 and CXCRS, and expressa T,
phenotype, suggesting a potentially distinct migratory capacity
within inflamed skin. While BCL6 was long considered critical
for IL-21 production, recent studies indicate that MAF may be
involved instead”” and indeed we found upregulation of MAF in
SSc CD3*CXCL13" cells. Our data suggest that CD3*CXCL13"*
cells are developmentally connected with ICOS™ Tregs. Signifi-
cantly, studies in SLE show that high ICOS™ Tregs frequencies
correlate positively with disease activity scores and serum auto-
antibody titre,”” and suggest that ICOS™ Tregs might represent
the precursors of inflammatory cells. Thus, SSc CD3*CXCL13"*
T cells may represent a distinct T, subset that differentiates
from conversion of ICOS™ Tregs and which is uniquely poised
to promote B-cell responses and antibody production within
pathologically inflamed non-lymphoid SSc skin lesions.

In conclusion, single-cell transcriptome profiling provides
novel insights into SSc pathogenesis by revealing specific land-
scapes of T lymphocyte subsets. A better understanding of the
immunological mechanisms underlying disease processes will
lead to novel and targeted therapeutic approaches in SSc, thus
realising the goal of precision medicine.
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Familial aggregation and heritability: a nationwide
family-based study of idiopathic

inflammatory myopathies

Weng lan Che
Karin Hellgren

," Helga Westerlind
%3 Ralf Kuja-Halkola

ABSTRACT

Objectives The magnitude of the genetic contribution
to idiopathic inflammatory myopathies (IIMs) is
unknown. In this project, we aimed to investigate the
familial aggregation and heritability of IIM.

Methods This is a family-based study using nationwide
healthcare register data in Sweden. We matched each
patient with [IM to individuals without IIM, identified
their first-degree relatives and determined the IIM

status among all first-degree relatives. We estimated

the adjusted ORs (aORs) of familial aggregation of IIM
using conditional logistic regression. In addition, we used
tetrachoric correlation to estimate the heritability of IIM.
Results We included 7615 first-degree relatives of
1620 patients with IIM diagnosed between 1997

and 2016 and 37309 first-degree relatives of 7797
individuals without [IM. Compared with individuals
without IIM, patients with [IM were more likely to have
>1 first-degree relative affected by IIM (aOR=4.32,
95% Cl 2.00 to 9.34). Furthermore, the aOR of familial
aggregation of IIM in full siblings was 2.53 (95% Cl
1.62 t0 3.96). The heritability of M was 22% (95% Cl
12% to 31%) among any first-degree relatives and 24%
(95% ClI 12% to 37%) among full siblings.
Conclusions 1IM has a familial component with a

risk of aggregation among first-degree relatives and

a heritability of about 20%. This information is of
importance for future aetiological studies and in clinical
counselling.

INTRODUCTION

Idiopathic inflammatory myopathies (IIMs) are
rare systemic inflammatory diseases of partly
unknown pathogenesis." Onset and progression
of IIM is influenced both by environmental and
genetic factors, but the exact interplay between
these factors remains unclear.'  Recently, genome-
wide association studies (GWASs) confirmed that
alleles in the human leucocyte antigen (HLA) 8.1
ancestral haplotype—HLA-DRB1*03:01 and HLA-
B*08:01—are important genetic risk factors for
IIM.*® Other genes outside the HLA region such
as PTPN22 have also been suggested. Although
there are established genetic risk factors for IIM,
the impact of genetics on the risk of developing [IM
is unknown.

Investigating the degree to which a disease aggre-
gates in families (familial aggregation) and how
much of the phenotypic variance of a disease is
explained by the genetic variance in a population

,"Ingrid E Lundberg @,
,* Marie Holmavist

2,3
1,2,3

Key messages

What is already known about this subject?

» Previous family-based studies and genome-wide
association studies of idiopathic inflammatory
myopathies (IIMs) suggest a genetic
predisposition to [IM. However, how much
genetics contribute to IIM remains unclear.

What does this study add?

» Family history of IIM in first-degree relatives is
associated with the occurrence of IIM.

» Additive genetic factors explain 22% of the
variation of lIM in the Swedish population
within the study period. Compared with the
SNP-based heritability of 1IM, our heritability
estimate of [IM is much higher, implying that
there are unknown genetic variants associated
with 1IM to be discovered.

How might this impact on clinical practice or

future developments?

» Our findings provide new insight into the
genetic predisposition to IIM and implicate the
potential of using family history of IIM as an
indicator in the diagnostic workup.

(heritability) may provide insight on the genetic
contribution to that disease.” ® Evidence in the
literature indicating familial aggregation of IIM is
conflicting. There are several case reports and one
population-based family study supporting familial
aggregation,”'® while other family-based studies
failed to detect any."” "’

Previously published heritability estimates in
IIM are based on GWAS data, where about 8.3%
of the phenotypic variance for polymyositis (PM)
and 5.5% of the variance for dermatomyositis
(DM) is explained by the genetic variance in the
studied population.?’ These estimates are unlikely
to reflect the true heritability of IIM, partly since
they are based on data from GWAS where only
single nucleotide polymorphisms (SNPs) of selected
loci are genotyped, but they can serve as a lower
bound.*' ** Heritability can also be estimated using
family data.® Estimates from this method are gener-
ally considered as the upper bound of heritability
since they may include the influence of other simi-
larities, besides genetics, among relatives. As far as
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we know, there are no studies reporting the heritability of IIM
using family-based designs.

Knowing more about the genetic predisposition to IIM could
improve our understanding of the underlying aetiology of the
disease. We therefore set out to investigate the familial aggre-
gation and heritability of IIM using nationwide register data in
Sweden.

METHODS

Study setting and data sources

The healthcare system in Sweden is primarily tax funded, which
ensures equal access for all residents. The National Patient
Register (NPR) was established in 1964 and prospectively
collects data on inpatient care with virtually 100% coverage
since 1987. Since 2001, it includes around 80% of all non-
primary outpatient visits, and missing visits are primarily from
private practice.” Patients with IIM are exclusively managed by
hospital-based rheumatologists.

The Multi-Generation Register (MGR) includes information
on parents, siblings and children of all individuals born later
than 1931 and registered in Sweden since 1 January 1961. The
ascertainment of parents of individuals born in Sweden in 1952
and afterwards is above 90%.**

The Total Population Register (TPR), founded in 1968, has
data on nearly 100% of births and deaths in Sweden and is often
used to randomly sample comparators from the general popula-
tion in research.”

Study population

We included all patients having =1 hospitalisation with IIM as
main diagnosis between 1997 and 2000 in the NPR. Between
2001 and 2016, when both inpatient and outpatient data were
available, we included all patients having =2 outpatient visits
or hospitalisations with IIM whereof at least one had IIM as
the main diagnosis. We only considered International Classifica-
tion of Diseases (ICD), 10 codes M33 and G72.4 from internal
medicine, rheumatology, dermatology, neurology or paediatrics
department. Patients are only assigned these ICD codes when
the medical assessments are completed, and the diagnosis of
IIM is certain. This includes excluding potential IIM-mimics.*
The algorithm used to identify IIM has been found to be robust,
and the ICD codes have been validated with a positive predic-
tive value up to 96% using clinician-entered diagnosis from the
Swedish Rheumatology Quality Register as gold standard.?”
We further categorised IIM into DM (M33.1), other IIM (M33.2,
M33.9 and G72.4) and juvenile IIM (JIIM) (M33 or G72.4 with
age <18 years at diagnosis). We randomly matched each patient
with IIM with up to five individuals without I[IM from the TPR.
The matching factors were sex, birth year and residential area
at the time of IIM diagnosis in their matched patient with IIM.
All individuals without IIM were alive and living in Sweden at
match date. We only included patients with IIM and individuals
without IIM (collectively referred to as index individuals) who
were born in Sweden in 1932 and onwards to increase ascertain-
ment of their biological first-degree relatives. The study popu-
lation mainly includes individuals of Caucasian ethnicity. Via
linkage to the MGR and the TPR, we ascertained their parents,
full siblings and offspring, as well as data on sex and birth year
of first-degree relatives. As exposure status to IIM could not be
determined before 1987, we only included first-degree relatives
who were alive in 1987. Lastly, we excluded index individuals
without any first-degree relatives identified.

Identification of 1IMs in first-degree relatives

In the primary analyses, we required first-degree relatives to
have =1 visit with IIM as main diagnosis in the NPR between
1987 and 2017 to be considered as exposed. The ICD 9 codes
used for the period between 1987 and 1996 were 710D and
710E. We also performed a sensitivity analysis where we used
a stricter definition, the same definition of IIM as we used for
index individuals, to determine IIM in first-degree relatives.

Identification of muscular dystrophies and metabolic
myopathies

To examine the risk of misdiagnosing inherited myopathies as
IIM, we went through all the main diagnoses of inpatient and
outpatient visits registered between 1987 and 2017 of individ-
uals in the family units affected by IIM to identify diagnoses of
muscular dystrophies and metabolic myopathies (online supple-
mental table 1).

Statistical methods

We described the demographic characteristics and the family
structure between patients with IIM and individuals without
IIM. Variables were described using mean (SD) and median (first
and third quartiles) or frequencies with proportions.

Familial aggregation of [IMs

In this family-based design, we treated IIM in index individuals
as the outcome and 1IM in first-degree relatives as the exposure.
We used logistic regression conditioning on the matching cluster
to estimate the adjusted ORs (aORs) of having first-degree rela-
tives affected by IIM in patients with IIM compared with indi-
viduals without IIM. We performed the analyses by number of
affected relatives and by treating each first-degree kinship pair
as an independent unit and using a robust sandwich variance
estimator to control SEs for familial clustering. We additionally
adjusted for sex and birth year of first-degree relatives in the
second modelling method.

Heritability of 1IMs

Given the population data used in this study, we estimated the
heritability of IIM overall and among full siblings using the tetra-
choric correlation based on several assumptions: (1) a normally
distributed liability model of IIM with a disease threshold; (2)
no assortative mating; (3) that the genetic variance was solely
due to additive genetic effects; and (4) that the only similarity
between first-degree relatives was genetics. For example, no
environmental factors shared between siblings were assumed to
contribute to disease liability.” >’ Thus, the provided heritability
estimate is a narrow sense heritability where only additive genetic
effects, the sum of average effects of disease-associated alleles,
are considered.” We created a 2x2 contingency table presenting
the concordant and discordant relative pairs of patients with IIM
and individuals without IIM. Since the ascertainment of individ-
uals without IIM was a subsample of the entire population, we
adjusted the calculation by the observed prevalence of IIM in
Sweden (0.014%)*” and used the observed OR of IIM associated
with having first-degree relatives affected by IIM for calculation.
These calculations have been described in detail elsewhere.*
The intraclass correlation coefficient divided by the degree of
relatedness, 0.5 for first-degree relatives, was considered the
heritability of IIM.” We repeated the analyses by varying the
prevalence between 0.004% and 0.024% to test the robustness
of heritability to changes of IIM prevalence in the population.
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’ The National Patient Register

The Total Population Register ‘

| 1997-2000° || 2001-20162

| 319 patients with IM || 2045 patients with IM

Patients with contributory
diagnosis of IIM only (n=83)

| -

I

[ 2281 patients with IIM

|

=1

No matched proband control (n=8)

l

| 2273 patients with IIM

I

11365 individuals without IIM |

Born before 1932 (n=384)

l

I

Born before 1932 (n=1920) ]

=

[ 1889 patients with [IM

I

9445 individuals without IIM ‘

I

Born outside Sweden (1=249)

l

I

Bomn outside Sweden (n=1480) ]

[ 1640 patients with [IM

I

7965 individuals without IIM l

]

Administrative error (n=1)°
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1> 1 hospitalisation with idiopathic inflammatory myopathies (11Ms) as main diagnosis in the Inpatient Register i either of specific departments.

2 2 visits with 11M as main or contributory diagnosis in either Inpatient or Outpatient Register in either of specific departments.

3 An individual who was diagnosed with IIM before being matched to another patient with 11M.

Specific departments include internal medicine,

neurology,

Figure 1
and the Total Population Register, respectively.

Sensitivity analyses
We repeated all analyses using the above-mentioned stricter
definitions to define IIM in first-degree relatives. This was done
to test the robustness of the main analyses. As the outpatient
register was not nationwide until 2001, we repeated the analyses
by including only first-degree relatives who were alive in 2001.
We primarily used SAS V.9.4 (SAS Institutet) for data manage-
ment and analyses, except for tetrachoric correlations, which
were estimated in R V.3.6.1°! using the R-package polycor.’*
As this was an entirely register-based study, we did not collect
patient consent.

Patient and public involvement
We did not involve patients in any stage of this study.

RESULTS

This study included 1620 patients with IIM and 7797 individuals
without IIM (figure 1 and online supplemental table 2). Of 1620
patients with I[IM, 951 (59%) were women, and the median birth
year was 1949. The median age at inclusion was 57 years. Eight
per cent of the patients were diagnosed with JIIM, 31% with
DM and 61% with other IIM (table 1). The number of patients
with prevalent IIM ascertained by calendar year since 2001 were
generally stable (online supplemental figure 1). Other charac-
teristics and family structure were similar between the patients
with IIM and individuals without IIM (table 2). The mean (SD)
number of first-degree relative per family unit was 4.7 (2.2) in
patients with IIM and 4.8 (2.1) in individuals without IIM.

Familial aggregation of 1IMs

Thirteen (0.8%, 9 family units) of 1620 patients with IIM
had at least one first-degree relative affected by IIM versus 16
(0.2%, 16 family units) in 7797 individuals without IIM, corre-
sponding to an aOR of 4.32 (95% CI 2.00 to 9.34) (table 3).
All cases of familial [IM were 45 years of age or above when

and paediatrics

Identification of patients with idiopathic inflammatory myopathies (IIMs) and individuals without IIM from the National Patient Register

diagnosed, and none of the individuals had any visits indicating
a main diagnosis of muscular dystrophies or metabolic myopa-
thies. Seven of the nine family units affected by IIM had concor-
dant diagnoses of other IIM. The aOR of familial aggregation
decreased to 2.61 but remained significant with a narrower
95%CI (1.80 to 3.79) when all first-degree kinship pairs were
treated as independent units. Proportions of IIM were higher in
all types of first-degree kinship in patients with IIM compared
with individuals without IIM. We only estimated the aOR (2.53,
95% CI 1.62 to 3.96) for full siblings since the number of cases
of IIM in individuals with affected parents or offspring in both
groups were <35.

Table 1 Characteristics of patients with idiopathic inflammatory
myopathies (IIMs) and individuals without IIM*

Individuals without IIM
(n=7797)

4639 (60)

1949 (1941-1964)

Patients with 1IM
(n=1620)

951 (59)
1949 (1941-1964)

Women, n (%)
Birth year, median

(Q1-Q3)

Living in Southern 1342 (83) 6455 (83)
Sweden, n (%)
Age at inclusion, median 57 (44-66) 57 (44-65)
(Q1-Q3)
1IM subtypes, n (%)
Juvenile lIMt 128 (8) -
Dermatomyositist 501 (31) -
Other 1IM§ 991 (61) -

*Q1: the first quartile; Q3: the third quartile.

tAge at diagnosis <18 years of age.

$With diagnostic code M33.1 and age at diagnosis >18 years of age.

§With diagnostic code M33.2, M33.9 or G72.4 and age at diagnosis >18 years of
age.
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Table 2 Family structures of patients with idiopathic inflammatory myopathies (IIMs) and individuals without IIM, and demographic

characteristics of their first-degree relatives*

Patients with IIM

Individuals without [IM

Any first-degree relatives, n, mean+SD 7615
Parents 2306
Women, n (%) 1253 (54)
Birth year, median (Q1-Q3) 1926 (1916-1943)
Full siblings 2464
Women, n (%) 1238 (50)
Birth year, median (Q1-Q3) 1951 (1943-1962)
Offspring 2845
Women, n (%) 1335 (47)
Birth year, median (Q1-Q3) 1975 (1966-1987)

4.7£2.2
1.4+0.8

37309
11414

6314 (55)

1926 (1916-1943)
11685

5863 (50)

1950 (1943-1963)
14210

6960 (49)

1975 (1967-1989)

4.8+2.1
1.5£0.7

1.5+1.5 1.5£1.5

*Q1: the first quartile; Q3: the third quartile.

Heritability of 1IMs

The overall heritability of IIM among any first-degree relative
was 22% (95% CI 12% to 31%) when the underlying preva-
lence of IIM was assumed to be 0.014% and the observed OR
in the 2x2 table was 3.99. With the same assumed prevalence
of IIM, the point estimate of the heritability of IIM among full
siblings increased slightly to 24% (95% CI 12% to 37%) with
an observed OR of 4.28 in the contingency table. Varying the
assumed prevalence of IIM in the population between 0.004%
and 0.024% did not affect the result (figure 2).

Sensitivity analyses

Results of analyses using a stricter definition to define IIM
among first-degree relatives or analyses including only relatives
alive in 2001 were in line with the findings of the primary anal-
yses (online supplemental tables 3-6).

DISCUSSION

This is the first population-based family study that estimates
the genetic contribution to IIM based on familial aggregation
and heritability. We found that having at least one first-degree
relative affected by IIM was strongly associated with the risk of
developing IIM, and above one-fifth of the phenotypic variance
of IIM could be attributed to additive genetic variance in the
Swedish population.

Prior to our study, several studies have attempted to examine
the familial aggregation of IIM with family-based'” " and
population-based methods.'” None of the studies found any
significant associations, probably due to insufficient statistical
power. The study of Ginn et al'” including 151 first-degree rela-
tives of 21 patients with IIM reported only one familial DM.
Similarly, there were only three cases of familial DM in a study

including first-degree to third-degree relatives of 304 children
with juvenile DM, resulting in a non-significant OR=3.00 with
wide 95%CI (0.31 to 28.9)."® A Danish nationwide register
study including 949 patients with dermato-polymyositis
presented a familial OR of 3.9 (95% CI 0.6 to 27.7) for
parents or siblings." In our study, which increased the number
of patients with IIM by 70%, we found a similar but statisti-
cally significant point estimate of familial aggregation of IIM,
suggesting that the non-significances in previous studies might
be mainly due to insufficient statistical power. Recently, a study
by Thomsen et al'® comprising 2668 patients with an ICD code
suggesting I[IM between 1964 and 2012 also observed familial
aggregation of IIM for parents and siblings (standardised inci-
dence ratio=4.03, 95% CI 1.27 to 8.35), a finding that is in line
with our results.

Our heritability estimate of 22% was higher than previously
published SNP-based heritability (5.5% for DM and 8.3% for
PM).?° This is to be expected for several reasons. First, in SNP-
based heritability, the SNPs with mild or moderate effects on a trait
that do not reach statistical significance are not included in the
calculations,”! something that could lead to an underestimation
of the heritability even though the genome-wide complex trait
analysis (GCTA) was used to compensate for this problem.* *
Second, the SNP-based heritability in IIM was estimated based
on SNPs presented on the Immunochip, where SNPs are selected
based on GWAS findings of 12 autoimmune diseases excluding
IIM. The Immunochip therefore is not specific to IIM.** That is,
the SNP-based heritability of IIM already published is likely to
only represent a portion of the actual heritability of IIM. In addi-
tion, Golan et al*® have previously demonstrated that the GCTA
method could underestimate the heritability when a disease is
rare.

Table 3 Adjusted ORs (aORs) of having first-degree relatives affected by idiopathic inflammatory myopathies (IIMs) in patients with [IM

compared with individual without [IM*

Patients with 1IM, n/N (%) Individuals without IIM, n/N (%)  aORt (95%(Cl) aOR# (95%Cl)
>1 relative 13/1620 (0.80) 16/7797 (0.21) 4.32 (2.00 to 9.34) -
Any first-degree relatives 13/7615 (0.17) 16/37309 (0.04) 2.61(1.80 t0 3.78) 2.61(1.80 t0 3.79)
Parents 2/2306 (0.09) 5/11414 (0.04) - -
Full siblings 9/2464 (0.37) 10/11685 (0.09) 2.54(1.62 t0 3.99) 2.53 (1.62 to 3.96)
Offspring 2/2845 (0.07) 1/14210 (0.01) - -

*>1 relative: comparison between patients with [IM and individuals without [IM; any first-degree relatives, parents, full siblings and offspring: comparison between relative pairs

of patients with IIM and relative pairs of individuals without IIM.
tControlled for sex, birth year and residential area of index persons.

tControlled for sex, birth year and residential area of index persons, sex and birth year of first-degree relatives.
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Figure 2 Point estimates with 95% Cls (grey shading) of heritability
of IIM using assumed prevalence of IIM ranging from 0.004% to
0.024%, with a fixed interval of 0.0002% for (A) any first-degree
relatives and (B) full siblings only. IIM, idiopathic inflammatory
myopathy.

In our present study, we estimated heritability by using correla-
tions among first-degree relatives. When doing so, we made
several assumptions including that genetics are the only simi-
larity among first-degree relatives. This assumption is unlikely
to be true, and if there are environmental factors contributing to
disease within a family, we might overestimate the heritability of
IIM. However, the results in our study show that the heritability
of IIM in all first-degree relatives among those who in general
share less environment growing up (ie, parents and offspring
are usually exposed to different childhood environments) was
similar to that in full siblings who often do share environment
growing up. This supports that our findings are not results where
shared environmental factors largely explain the variance of IIM.

Estimates of heritability should be interpreted with caution.
The heritability estimated in our study tells us the extent of vari-
ation of IIM explained by additive genetic variation and not of
how much genes influence the risk of IIM.” We should therefore
not infer that the probability of IIM being passed from parent
to offspring is 22%, a concept that can be expressed as inherit-
ability, or that genetics is less important than non-genetic factors
in the development of IIM. Though heritability estimates tell
little or even nothing about causal effect of genes on a disease, it
is still an important starting point to explore the genetic contri-
bution to a disease where today there are no available methods
to estimate inheritability of a complex trait.*®

Our study suggests that IIM generally has a lower risk of
familial aggregation and heritability than some other autoim-
mune diseases. This may suggest that the pathogenesis of IIM
is more complex than the pathogenesis of other autoimmune
diseases. For example, the overall familial risk of any first-degree
relatives and heritability for rheumatoid arthritis in the Swedish
population is 3.2 (95% CI 3.0 to 3.3) and 40%, respectively.>
For organ-specific autoimmune diseases, even higher estimates
have been presented; in a Swedish twin study, the familial risk
of coeliac disease was 124 (95% CI 81 to 129) in monozy-
gotic twins.”” Given that we found a higher heritability of IIM
compared with the previously reported SNP-based heritability,
there may still be unknown genes contributing to the pathogen-
esis of IIM. One direction for future research would be to do
whole genome sequencing of patients with IIM to discover novel
genetic variants associated with IIM, and hence further improve
our understanding of the aetiology of IIM.

Our study has several limitations. Due to lack of serological
data, we could not examine the familial aggregation and heri-
tability stratified by antibody profiles, nor could we perform
analyses stratified by clinical subtypes, age at onset and sex

since there were insufficient cases of familial [IM. We could not
control for dependence between observations in the tetrachoric
correlations, which could mean that our heritability CIs might
be too narrow. This would however not affect the point esti-
mate. Also, the generalisability of our findings to other popula-
tions should be taken with caution. Genetic variants of IIM vary
somewhat across ethnicities.*® For example, HLA-DRB1%*12:02,
associated with IIM in a Korean population, is rarely found in
Caucasian populations.*” The heritability estimate is specific to
population, time and environment.*®

Lastly, we could not completely eliminate the risk of misdi-
agnosing inherited myopathies as IIM. However, we found no
diagnoses of muscular dystrophies or metabolic myopathies in
the years before and after the [IM diagnosis in individuals with
familial IIM in our study. In Sweden, each patient undergoes a
muscle biopsy before a diagnosis of IIM is set, and the clinical
awareness of I[IM mimics among rheumatologists, neurologists
and neuropathologists is high.?® Thus, even if misclassification of
IIM mimics as IIM could not entirely be ruled out, we think the
risk is low in our clinical setting.

Despite these limitations, our study provides novel insight of
the genetic contribution to IIM with validated data and robust
analyses. Using high-quality nationwide register data, we have a
representative sample of IIM, and our study is well powered. As
our data were prospectively collected in the registers, we avoid
weaknesses usually associated with case—control studies, such as
recall bias. The matched design resulted in even family structures
and distributions of sex and birth year of first-degree relatives
between patients with IIM and individuals without IIM, mini-
mising bias due to these factors on the estimates.

Our findings do not only improve our understanding of the
genetic contribution to IIM but it may also have important clin-
ical implications. In current diagnostic workup of IIM, informa-
tion on family history of muscle weakness and autoimmunity is
useful.! 2® With our results, we add knowledge on how to assess
family history in IIM in the diagnostic workup of IIM.

In conclusion, this study suggests that family history of IIM
could influence the risk of IIM and that there are additional
genetic risk markers to be identified. This information is
important for both our aetiological understanding of IIM and
clinical counselling.
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CLINICAL SCIENCE

Treatment failure in giant cell arteritis
Sebastian H Unizony,' Min Bao,” Jian Han,? Yves Luder,* Andrey Pavlov,*

John H Stone © '

ABSTRACT

Objective Identify predictors of treatment failure

in patients with giant cell arteritis (GCA) receiving
tocilizumab in combination with glucocorticoids and in
patients with GCA receiving only glucocorticoids.
Methods Posthoc analysis of the Giant-Cell Arteritis
Actemra trial including 250 patients who received
tocilizumab every week plus a 26-week prednisone
taper (n=100), tocilizumab every-other-week plus a
26-week prednisone taper (n=49) or placebo plus a
26-week (n=50) or 52-week (n=51) prednisone taper

in the intention-to-treat population. Responders for this
analysis were patients who maintained remission (no
GCA signs/symptoms and no erythrocyte sedimentation
rate elevation) through week 52. Treatment failure

was defined as inability to achieve remission by week

12 or relapse between weeks 12 and 52. Predictors
investigated in univariate and multivariable analyses
included patient characteristics, disease-related and
treatment-related factors and patient-reported outcomes
(PROs).

Results 149 patients received tocilizumab plus
prednisone (TCZ/PDN) and 101 received placebo

plus prednisone (PBO+PDN). After adjustment for
confounders, treatment failure was significantly less likely
in the TCZ/PDN group than the PBO/PDN group (OR, 0.2;
95% Cl, 0.1 to 0.3; p<0.0001). Risk for treatment failure
was significantly higher in women than men in the PBO/
PDN group (OR, 5.2; 95%Cl, 1.6 to 17.2; p=0.007)

but not in the TCZ/PDN group. Predictors of treatment
failure in the TCZ/PDN group included lower baseline
prednisone doses and worse PROs at baseline.
Conclusion The strongest risk factors for treatment
failure in GCA are treatment with prednisone alone

and female sex. Lower starting prednisone doses and
impaired PROs are associated with failure to respond to
tocilizumab.

Trial registration number NCT01791153.

INTRODUCTION

The clinical course of patients with giant cell arteritis
(GCA) treated only with glucocorticoids has been
complicated by high rates of disease relapse (40%-—
80% of patients)'™ and frequent glucocorticoid-
related toxicity (>85% of cases).’ * Interleukin-6
(IL-6) blockade therapy with tocilizumab has
improved the outcomes of patients with GCA by
decreasing the risk for relapse, reducing the cumu-
lative exposure to glucocorticoids and improving
patients’ health-related quality of life.>® Never-
theless, tocilizumab treatment is not successful in
all patients, and approximately 25%-30% of them
experience relapse while receiving this medica-
tion.* !

Key messages

What is already known about this subject?

» Most patients with giant cell arteritis (GCA)
treated with glucocorticoids alone experience
disease relapse and develop glucocorticoid-
related toxicity, and up to 30% of patients
experience relapse while receiving tocilizumab.

» Risk factors for treatment failure have been
investigated in patients with GCA treated only
with glucocorticoids. However, a consistent
profile defining risk for relapse across
studies was not observed and findings were
discrepant. Virtually nothing is known about the
determinants for relapse in patients with GCA
treated with tocilizumab.

What does this study add?

» Our analyses demonstrated that patients with
GCA receiving tocilizumab in combination
with prednisone were six times less likely
to experience treatment failure than those
receiving prednisone alone.

» Female sex was the strongest risk factor for
treatment failure in prednisone only-treated
patients, whereas lower prednisone doses and
worse patient-reported outcomes at study
baseline increased the risk for treatment failure
in patients treated with tocilizumab.

How might this impact on clinical practice or

future developments?

» Given the absence of biomarkers to assess the
risk for disease relapse in GCA, knowledge
of epidemiological, clinical and treatment-
related variables associated with poor disease
outcomes could help clinicians better stratify,
treat and monitor patients.

» Women experience treatment failure
significantly more often than men when
receiving glucocorticoids alone, and tocilizumab
might mitigate this risk, whereas the discovery
that patient-reported outcomes predicted
treatment failure is a hypothesis generating
finding that should be further explored in future
studies.

Several studies have explored factors associated
with disease relapse in patients with GCA treated
only with glucocorticoids.? ** ' Identified predictors
for treatment failure have included sex,'* clinical
features at disease onset (eg, polymyalgia rheu-
matica (PMR) symptoms, strong systemic inflam-
matory response and weight loss),” ' 7 certain

BM)
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comorbidities (eg, diabetes)'* and increased serum proinflam-
matory cytokine levels (IL-6 and tumour necrosis factor-ot).'®
However, a consistent phenotype associated with treatment
failure has not been identified, and results found in some studies
have not always been replicated in others.

In contrast, virtually nothing is known about determinants
for disease relapse in patients treated with tocilizumab. This
problem, coupled with the unreliability of C reactive protein
(CRP) levels and the erythrocyte sedimentation rate (ESR) for
disease activity monitoring with IL-6 blockade therapy,*'” makes
the longitudinal care of patients with GCA treated with tocili-
zumab challenging.

Risk stratification of patients with GCA based on clinical
predictors may assist clinicians in choosing the most appro-
priate treatment and monitoring regimens for each case. We
aimed to identify predictors of treatment failure in patients
with GCA who received prednisone alone or tocilizumab plus
prednisone.

METHODS

Study design and participants

We performed a posthoc analysis of data from the randomised,
placebo-controlled Giant-Cell Arteritis Actemra (GiACTA) trial
(ClinicalTrials.gov, NCT01791153)® to identify predictors of
treatment failure because of refractory disease (failure to achieve
disease remission over the first 12 weeks) or disease relapse
following remission in patients with GCA. Details of the trial
design have been published.?® The trial was conducted at 76
centres in 14 countries (see online supplemental appendix 1 for
list of investigators). Patients with active disease within 6 weeks
of baseline were randomly assigned in a 2:1:1:1 ratio to one of
four treatment arms: tocilizumab 162 mg subcutaneously every
week plus a 26-week prednisone taper (n=100); tocilizumab
162 mg subcutaneously every other week plus a 26-week pred-
nisone taper (n=50); placebo plus a 26-week prednisone taper
(n=50) and placebo plus a 52-week prednisone taper (n=51).
The intention-to-treat population consisted of 250 patients
because one patient who had been assigned to receive tocili-
zumab every other week did not receive the trial drug and was
excluded from the analysis. For this analysis, the two tocilizumab
plus prednisone arms were combined (TCZ/PDN group) and the
two placebo plus prednisone arms were combined (PBO/PDN
group).

Either glucocorticoid treatment for GCA was initiated or
the previously used dose was maintained or modified during
screening at the discretion of the investigators. At baseline,
patients had to be receiving a daily prednisone dose between
20mg and 60 mg. From baseline through week 52, the predni-
sone dose was tapered as determined by the protocol.

Randomisation was performed using an interactive voice
response system and was stratified according to whether each
patient’s baseline prednisone dose was =<30or >30mg/day.
Patients were randomly assigned to receive tocilizumab or
matching placebo by subcutaneous injection. Prednisone doses
between 60mg and 20 mg were administered open-label, and
doses below 20 mg were provided in weekly blister packs for
blinded administration with marked daily doses that included
prednisone or placebo capsules.

The GiACTA trial was approved by institutional review boards
at the institutions involved and was conducted under the guide-
lines for Good Clinical Practice and the Declaration of Helsinki.
All patients provided written informed consent.

Outcome definitions and predictors

Treatment response was defined as the achievement and main-
tenance of clinical remission from week 12 to week 52 with
adherence to the protocol prednisone taper. Clinical remission
status was determined by the investigators based on the absence
of disease activity, defined as GCA signs and symptoms or ESR
elevation attributable to GCA that required treatment intensifica-
tion. The requirement for normalisation of CRP levels to <1 mg/
dL, which was part of the definition of remission for the primary
analysis,® was not included in the definition of clinical remission
for the current analysis. Treatment failure was defined as failure
to achieve clinical remission by week 12 (refractory disease) or
relapse of disease activity between week 12 and week 52 after
the achievement of clinical remission by week 12.

Potential predictors of treatment failure included demographic
and patient characteristics, disease features (eg, new-onset vs
relapsing disease, duration of disease, clinical manifestations and
levels of inflammatory markers), treatment-related factors (TCZ/
PDN vs PBO/PDN treatment group and initial prednisone dose)
and patient-reported outcomes (PROs) (online supplemental
box 1). The PROs evaluated were Patient Global Assessment
of Disease Activity (PtGA) score,”’ Functional Assessment of
Chronic Illness Therapy (FACIT)-Fatigue scale,** 36-Item Short
Form Survey (SF-36)* and EuroQol-5D (EQ-5D) score®* (online
supplemental table 1). Except for data on clinical manifestations
that reflected the time of disease presentation (ie, headache,
scalp tenderness, jaw claudication, GCA-related visual loss, PMR
symptoms, positive temporal artery biopsy and imaging demon-
strating large-vessel vasculitis), all other predictor variables were
measured at baseline.

Statistical analysis

All analyses were performed using SAS statistical software.
Continuous data were described as means and SD or medians
and IQR, and categorical variables were described as absolute
frequencies and percentages. The Cochran-Mantel-Haenszel
test was used to compare the proportions of patients who expe-
rienced treatment failure between the PBO/PDN group and
the TCZ/PDN group adjusted for baseline prednisone dose
(=30 mg/day or >30mg/day). Univariate and multivariable anal-
yses were performed to identify predictors of treatment failure
in the entire cohort of patients as well as in the TCZ/PDN and
PBO/PDN groups separately. Variables considered for the anal-
yses were initially selected based on current understanding of
risk factors for poor treatment outcomes in GCA. Univariate
comparisons were made using ¢ tests and  tests for continuous
and categorical data, respectively. Logistic regression was used
for multivariable analyses and included treatment group and a
set of variables chosen based on scientific rationale (new-onset vs
relapsing disease, duration of disease, prednisone dose at base-
line). Additionally, variables associated with treatment failure in
univariate analyses of the entire cohort (p<0.05) were entered in
the multivariable models. Multicollinearity was examined using
the variance inflation factors. PROs exhibited a high degree of
collinearity and therefore were not allowed to enter a logistic
regression model simultaneously. Results of the multivariable
analyses were reported as estimated ORs for treatment failure,
with corresponding 95% CI. All analyses were exploratory, and
no adjustment was made for type I error control.

RESULTS
Baseline characteristics of patients in the GIACTA trial cohort™
and the primary analysis® are published. The 250 patients
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Table 1 Baseline characteristics of patients with GCA who met
criteria for treatment response or failure

PBO/PDN* TCZ/PDN* All patients*

(n=94) (n=130) (n=224)
Age, years 68.4 (7.7) 68.9 (8.4) 68.7 (8.1)
Female, n (%) 71.0 (75.5) 98.0 (75.4) 169.0 (75.4)
GCA duration, weeks 43.7 (73.6) 41.9 (78.9) 42.7 (76.6)
Newly diagnosed disease, n (%)  45.0 (47.9) 66.0 (50.8) 111.0 (49.6)
Cranial symptoms only or cranial ~ 75.0 (79.8) 103.0 (79.2) 178.0 (79.5)
and PMR symptoms, n (%)
PMR symptoms only, n (%) 19.0 (20.2) 27.0 (20.8) 46.0 (20.5)
Cranial symptoms only, n (%) 33.0 (35.1) 51.0(39.2) 84.0 (37.5)
Baseline prednisone dose, mg/ 35.2 (13.7) 35.7(13.3) 35.5(13.4)
day, n (%)
Baseline prednisone dose <30mg/ 48.0 (51.1) 64.0 (49.2) 112.0 (50.0)
day, n (%)
CRP, mg/L 8.0(16.9) 8.2 (17.0) .1(16.9)
ESR, mm/hour 25.6 (21.4) 23.2(17.7) 24.2 (19.4)
PtGA, 100 mm VAS 41.4 (28.2) 43.9 (25.6) 42.8 (26.7)
EQ-5D score .7 (0.2) 0.7 (0.2) .7 (0.2)
FACIT-Fatigue score 33.8(13.4) 36.5(11.2) 35.4(12.2)
SF-36 MCS 41.7(13.4) 44.7 (12.8) 43.4(13.1)
SF-36 PCS 42.5(10.0) 42.8 (8.6) 42.7(9.2)

Data are shown as mean (SD) unless specified otherwise.

*Does not include the 26 patients (seven TCZ/PDN, 19 PBO/PDN) who were non-responders
for reasons other than treatment failure (see supplementary table 2) for reasons for non-
response in this group).

CRP, C reactive protein; EQ-5D, EuroQol 5-D; ESR, erythrocyte sedimentation rate; FACIT,
Functional Assessment of Chronic lliness Therapy; GCA, giant cell arteritis; MCS, Mental
Component Summary; PBO/PDN, placebo-+prednisone; PCS, Physical Component Summary;
PMR, polymyalgia rheumatica; PtGA, Patient Global Assessment of Disease Activity; SF-36,
36-Item Short Form Survey; TCZ/PDN, tocilizumab-+prednisone; VAS, visual analogue scale.

included in the intention-to-treat analysis (101 in the PBO/PDN
group and 149 in the TCZ/PDN group) were 113 treatment
responders (45.2%) at week 52, 111 non-responders because of
treatment failure (44.4%) (refractory disease or disease relapse)
and 26 non-responders because of other reasons (10.4%) (online
supplemental table 2). Table 1 depicts the baseline characteris-
tics of the 224 patients (TCZ/PDN, n=130; PBO/PDN, n=94)
defined as treatment responders or treatment failures, excluding
the 26 classified as non-responders for reasons other than treat-
ment failure.

Risk for treatment failure

Treatment regimen was the strongest predictor of treatment
failure. Treatment response was achieved by 86 patients (66.2%)
in the TCZ/PDN group and 27 patients (28.7%) in the PBO/
PDN group (table 2). Accordingly, rates of treatment failure were
significantly lower in the TCZ/PDN group than the PBO/PDN
group (33.8% vs 71.3%; p<0.0001). In multivariable logistic
regression adjusting for disease duration, baseline prednisone
dose, previous disease relapse and sex, the OR for treatment

Table 2 Rates of treatment response and treatment failure
PBO/PDN (n=94)  TCZ/PDN (n=130) P value*

Treatment response, n (%) 27 (28.7) 86 (66.2)

Treatment failure, n (%) 67 (71.3) 44 (33.8) <0.0001
Refractory disease 31 (33.0) 18 (13.8)
Disease relapse 36 (38.3) 26 (20.0)

*Cochran-Mantel-Haenszel test comparing the proportions of patients with
treatment failure between the PBO/PDN group and the TCZ/PDN group adjusted for
baseline prednisone dose (<30 mg/day or >30 mg/day).

PBO/PDN, placebo+prednisone; TCZ/PDN, tocilizumab+prednisone.

failure in the TCZ/PDN group versus the PBO/PDN group was
0.2 (95% CI, 0.1 to 0.3; p<0.0001) (figure 1A). In addition, in
the TCZ/PDN group, patients receiving <30 mg prednisone/day
at baseline were at higher risk for treatment failure than those
receiving >30mg/day (OR 2.4; 95%CI, 1.0 to 5.9; p=0.046)
(figure 1B). However, baseline prednisone dose did not predict
treatment failure in patients in the PBO/PDN group (figure 1C).
In unadjusted analysis of the entire cohort, women accounted
for 85.6% of the treatment failures and 65.5% of the treatment
responses (p=0.0005; table 3). When the analysis was limited
to each treatment group, results showed that among PBO/PDN-
treated patients, women were significantly over-represented in
the treatment failure group and under-represented in the treat-
ment response group (86.6% vs 48.1%; p<0.0001; table 4), but
a difference in outcome according to sex was not observed in
TCZ/PDN-treated patients. Multivariable analysis confirmed
female sex as an independent risk factor for treatment failure
among PBO/PDN recipients (OR 5.5; 95%CI 1.6 to 18.7;
p=0.006) but not among TCZ/PDN recipients (OR 2.3; 95% CI
0.8 to 6.7; p=0.12; Figure 1B,C). Age, race and body mass index
were not associated with treatment outcome (tables 3 and 4).

Disease-related features as predictors of treatment failure
Jaw claudication and PMR symptoms at GCA diagnosis were
associated with treatment failure in univariate and multivariable
analyses of the entire cohort (table 3, figure 1A). When each
treatment group was analysed separately, however, only jaw
claudication came close to achieving statistical significance as a
clinical feature that independently predicted treatment failure
among the TCZ/PDN-treated patients (OR 2.3; 95%CI 1.0 to
5.5; p=0.06) (figure 1B). In contrast, no clinical manifestations
independently predicted treatment failure in the PBO/PDN
group (figure 1C). Moreover, there were no significant differ-
ences in treatment outcome associated with duration of disease,
disease type (new-onset vs relapsing disease), baseline level of
ESR and CRP or presence of large vessel vasculitis identified by
imaging at the time of GCA diagnosis (all p>0.05; tables 3 and
4; figure 1).

Relationship between PROs and treatment failure

Univariate analyses showed that lower baseline health-related
quality of life and increased baseline patient perception of
disease activity were associated with treatment outcome. In anal-
yses of the entire cohort (table 3), PtGA scores were significantly
higher (ie, worse) in patients who experienced treatment failure
(p=0.012). Accordingly, these patients had significantly lower
(ie, worse) FACIT-Fatigue (p<0.0001), SF-36 Physical Compo-
nent Summary (PCS) (p=0.0002), SF-36 Mental Component
Summary (MCS) (p=0.0023) and EQ-5D (p=0.0064) scores.
When treatment groups were analysed separately (table 4), a
statistically significant association was found between PROs and
treatment failure for all PROs (p<0.05) except PtGA (p=0.46)
and EQ-5D (p=0.14) in PBO/PDN-treated patients and SF-36
MCS (p=0.11) in TCZ/PDN-treated patients.

To explore the independent effect of PROs on treatment
outcome while avoiding the problem of collinearity associated
with these tools, we constructed logistic regression models that
included one PRO at a time. Covariates included in the models
were treatment group (TCZ/PDN vs PBO/PDN), baseline pred-
nisone dose, sex, duration of disease, new-onset versus relapsing
disease at baseline, PMR and jaw claudication. Baseline PROs
independently predicted treatment failure among TCZ/PDN-
treated patients but not among PBO/PDN-treated patients
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A Odds Ratio for Treatment Failure P-value
Treatment (tocilizumab+prednisone vs placebo+prednisone) ——&—— <0.0001
Baseline SF36 Physical Component (per 10 point increase) —— 0.0023
Sex (female vs male) —_— 0.0040
Symptoms of PMR (yes vs no) —— 0.038
Jaw Claudication (yes vs no) —— 0.041
Prednisone Dose at Baseline (=30 mg/day vs =30 mg/day) T 0.13
Duration of GCA (per 1 year decrease) - 0.41
Disease Onset (relapsing vs new-onset) —_—. 0.49

I T T T T T 1
010 025 050 1 2 5 10 20

B Odds Ratio for Treatment Failure P-value
Baseline SF36 Physical Component (per 10 point increase) —— 0.023
Prednisone Dose at Baseline (<30 mg/day vs =30 mg/day) [ 0.046
Jaw Claudication (yes vs no) — 0.060
Sex (female vs male) - 0.1
Symptoms of PMR (yes vs no) -T— 0.15
Duration of GCA (per 1 year decrease) T 0.21
Disease Onset (relapsing vs new-onset) —rl— 0.79

I T T T T T T 1
010 025 050 1 2 5 10 20

C Odds Ratio for Treatment Failure P-value
Sex (female vs male) —_—— 0.0071
Baseline SF36 Physical Component (per 10 point increase) - 0.15
Symptoms of PMR (yes vs no) - 0.16
Jaw Claudication (yes vs no) —_—tT 0.32

Disease Onset (relapsing vs new-onset) R i A 0.62
Duration of GCA (per 1 year decrease) —— 0.67
Prednisone Dose at Baseline (=30 mg/day vs =30 mg/day) 0.90
r T T T T T T 1
010 025 050 1 2 5 10 20

Figure 1 Multivariable analysis of treatment failure (PRO SF-36 Physical Component Summary) for the (A) entire cohort, (B) tocilizumab-+prednisone
group and (C) placebo+prednisone group. GCA, giant cell arteritis; PMR, polymyalgia rheumatica; PRO, patient-reported outcome; SF-36, 36-Item
Short Form Survey.
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Table 3  Univariate analysis of treatment failure (intention-to-treat
population with treatment outcome defined)

Treatment Treatment failure
Characteristic response (n=113) (n=111) P value
Patient-related features
Age, years, mean (SD) 68.4 (8.3) 68.9 (7.9) 0.64
Female sex, n (%) 74 (65.5) 95 (85.6) 0.00051
White, n (%) 110 (97.3) 109 (98.2) 0.51
BMI, mean (SD) 26.1 (4.3) 25.7 (4.5) 0.52
Disease-related features
At the time of GCA diagnosis, n (%)
Headaches 83 (73.5) 70 (63.1) 0.095
Scalp tenderness 40 (35.4) 38 (34.2) 0.85
Jaw claudication 30 (26.5) 44 (39.6) 0.037
GCA-related vision loss 8(7.1) 10 (9.0) 0.60
PMR symptoms 62 (54.9) 78 (70.3) 0.017
Positive temporal artery 66/76 (86.8) 71/76 (93.4) 0.17
biopsy
Imaging demonstrating 56/62 (90.3) 50/61 (82.0) 0.18
(A%
At study baseline
New-onset disease, 61 (54) 50 (45) 0.18
n (%)
GCA duration, weeks,  37.9 (75.1) 475 (78.1) 0.35
mean (SD)
ESR, mm/hour, mean 22.5(17.9) 26.0 (20.7) 0.18
(SD)
CRP, mg/dL, mean (SD) 6.6 (11.2) 9.7 (21.2) 0.17
Treatment-related features
Baseline prednisone 36.0 (13.4) 34.9 (13.5) 0.56
dose, mg/day, mean (SD)
Patient-reported outcomes
PtGA, mm, mean (SD) 38.4 (26.8) 47.4 (25.9) 0.012
FACIT-Fatigue scale, 39.0(10.6) 31.7(12.7) <0.0001
mean (SD)
SF-36 PCS, mean (SD) 44.9 (8.5) 40.4 (9.3) 0.00021
SF-36 MCS, mean (SD)  46.0 (11.8) 40.7 (13.9) 0.0023
EQ-5D score, mean (SD) 0.8 (0.2) 0.7(0.2) 0.0064

BMI, body mass index; CRP, C reactive protein; EQ-5D, EuroQol-5D; ESR, erythrocyte
sedimentation rate; FACIT-Fatigue, Functional Assessment of Chronic lliness
Therapy-Fatigue scale; GCA, giant cell arteritis; LVV, large vessel vasculitis;

MCS, Mental Component Summary; PCS, Physical Component Summary; PMR,
polymyalgia rheumatica; PtGA, Patient Global Assessment of Disease Activity; SF-36,
36-Item Short Form Survey.

(table 5, figure 1). In the TCZ/PDN group, SF-36 PCS and
FACIT-Fatigue demonstrated relatively larger effects on treat-
ment outcome with ORs for treatment failure of 1.8 (95% CI
1.1 to 2.9; p=0.02) and 1.8 (95% CI 1.2 to 2.6; p=0.002),
respectively, for every 10-point decrease in a score at baseline
(table 5, figure 1B).

DISCUSSION

Treatment failure has major implications for patients with GCA
because of disease-associated morbidity and because of the need
for additional glucocorticoid therapy, which nearly always leads
to treatment-induced toxicity.® > 2® The absence of reliable
biomarkers to monitor disease activity' * and to predict treat-
ment failure poses a significant challenge in GCA management.
Our analysis identified independent predictors of treatment
failure in GCA. These include the use of glucocorticoid mono-
therapy in general. In addition, a sharp disparity between women

and men was observed among patients treated with prednisone
alone: women had a strikingly higher risk for treatment failure,
reflected by an OR of 5.2. Among patients randomly assigned to
tocilizumab-based regimens, lower initial prednisone doses and
worse PROs were significant predictors of treatment failure.

Few studies have explored factors associated with relapse in
patients receiving glucocorticoids alone,® '*** but the identifica-
tion of a consistent phenotype associated with treatment failure
has been elusive. Predictors previously identified include sex,"
clinical features at disease onset (eg, PMR symptoms and signifi-
cant weight loss),> 1°17 certain comorbidities (eg, diabetes)'* and
increased serum IL-6 levels.’® Our findings confirm that female
sex is a major risk factor for GCA—the disease occurs three
times more frequently in women than in men—and a predictor
of disease severity.'**” *® We observed that the risk for treatment
failure was fivefold higher in women receiving prednisone alone,
but the differential response according to sex did not reach statis-
tical significance in women assigned to tocilizumab. Comparison
of the risk for treatment failure in women and men assigned
to tocilizumab fell short of statistical significance, yet the OR
for treatment failure among women was 2.3. These disparities
in outcomes defined by sex are noteworthy because, on a per
kilogram basis, women received more therapy—glucocorti-
coids and tocilizumab—than men. Thus, although IL-6 signal-
ling blockade therapy represents a major advance for patients
with GCA in general and an important step forward for women
with this disease, a crucial unanswered question is why women
with GCA are more likely to experience treatment failure with
current regimens, particularly glucocorticoids. The finding is not
dissimilar to the fact that women are at greater risk for many
immune-mediated conditions, such as systemic lupus erythema-
tosus, and that they often have more severe disease courses than
men. The basis for these differences in disease expression across
the sexes is, in fact, one of the central mysteries of rheumatic
disease. In GCA, between-sex genetic differences localised to the
X chromosome, the role of sex hormones (although GCA gener-
ally occurs in the postmenopausal population) and differences
in body composition between women and men are all worthy of
further investigation.

Although the introduction of tocilizumab has altered the stan-
dard of care for GCA,®? treatment failure attributed to refrac-
tory disease or disease relapse occurs in nearly 30% of patients,
which may indicate that inflammatory pathways independent
from IL-6 can predominate in some cases. No studies have
addressed the risk factors for disease flare among tocilizumab-
treated patients. After adjusting for potential confounders, we
quantified the therapeutic effect of tocilizumab and observed that
its use decreased the risk for treatment failure by approximately
fivefold compared with treatment regimens containing predni-
sone alone. In addition, among patients receiving tocilizumab,
baseline prednisone doses lower than 30 mg/day were associated
with decreased likelihood of long-term disease control, possibly
because in tocilizumab-treated patients starting on higher doses
of prednisone, the prednisone tapering schedule dictated that a
longer time was needed to reach low prednisone doses, when
the risk for flare begins to rise substantially. This longer interval
probably permitted more time for the downstream effects of
tocilizumab to be fully realised.

In contrast, similar to observations in other studies,
we found no association between treatment outcome and initial
glucocorticoid dose in patients treated with prednisone alone.
This suggests that the risk for relapse in patients treated with
prednisone alone is determined less by the duration of the
glucocorticoid taper than by the dose of prednisone a patient is
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Table 4 Univariate analysis of treatment failure according to treatment (intention-to-treat population with treatment outcome defined)

TCZ/PDN response

PBO/PDN response PBO/PDN failure

(n=86) TCZ/PDN failure (n=44) P value (n=27) (n=67) P value
Patient-related features
Age, years, mean (SD) 68.7 (8.2) 69.2 (8.8) 0.79 67.4 (8.4) 68.8 (7.4) 0.43
Female sex, n (%) 61 (70.9) 37 (84.1) 0.99 13 (48.1) 58 (86.6) <0.0001
White, n (%) 84 (97.7) 43(97.7) 0.29 26 (96.3) 66 (98.5) 0.50
BMI, mean (SD) 26.1 (4.4) 25.7 (4.9) 0.66 26.0 (4.1) 25.7 (4.3) 0.72
Disease-related features
At the time of GCA diagnosis, n (%)
Headaches 65 (75.6) 28 (63.6) 0.15 18 (66.7) 42 (62.7) 0.72
Scalp tenderness 30 (34.9) 18 (40.9) 0.50 10 (37.0) 20 (29.9) 0.50
Jaw claudication 24 (27.9) 18 (40.9) 0.13 6(22.2) 26 (38.8) 0.12
GCA-related vision loss 5(5.8) 4(9.1) 0.49 3(11.1) 6 (9.0) 0.75
PMR symptoms 48 (55.8) 31(70.5) 0.11 14 (51.9) 47 (70.1) 0.093
Positive temporal artery ~ 50/59 (84.7) 27127 (100.0) 0.032 16/17 (94.1) 44/49 (89.8) 0.59
biopsy
Imaging demonstrating ~ 44/49 (89.8) 21/25 (84.0) 0.47 12/13 (92.3) 29/36 (80.6) 0.33
(A%
At study baseline
New-onset disease, n (%) 45 (52.3) 21(47.7) 0.62 16 (59.3) 29 (43.3) 0.16
GCA duration, weeks, 42.4 (80.8) 40.9 (76.0) 0.92 23.6 (51.2) 51.8 (79.8) 0.093
mean (SD)
ESR, mm/hour, mean (SD) 23.6 (18.3) 226 (16.7) 0.77 19.1 (16.3) 28.2 (22.7) 0.063
CRP, mg/dL, mean (SD) 6.9 (12.1) 10.9 (23.7) 0.21 5.7 (7.4) 9.0 (19.5) 0.40
Treatment-related features
Baseline prednisone dose, 36.3 (12.9) 34.3(14.2) 0.42 34.8(15.2) 35.3(13.1) 0.88
mg/day, mean (SD)
Patient-reported outcomes
PtGA: mm, mean (SD) 38.6 (26.4) 54.3 (20.5) 0.0008 38.0 (28.8) 42.8 (28.1) 0.46
FACIT-Fatigue scale, 38.8(10.8) 32.0(10.7) 0.0008 39.4(10.2) 31.6 (13.9) 0.011
mean (SD)
SF-36 PCS, mean (SD) 44.2 (8.4) 39.9 (8.3) 0.0076 47.2 (8.7) 40.7 (9.9) 0.0044
SF-36 MCS, mean (SD) 46.0 (11.7) 42.1 (14.6) 0.1 46.4 (12.4) 39.8 (13.4) 0.033
EQ-5D score, mean (SD) 0.8 (0.2) 0.7(0.2) 0.027 0.8(0.2) 0.7(0.2) 0.14

BMI, body mass index; CRP, C reactive protein; EQ-5D, EuroQol-5D; ESR, erythrocyte sedimentation rate; FACIT-Fatigue, Functional Assessment of Chronic Iliness Therapy-Fatigue
scale; LVV, large vessel vasculitis; MCS, Mental Component Summary; PBO/PDN, placebo-+prednisone; PCS, Physical Component Summary; PMR, polymyalgia rheumatica; PtGA,
Patient Global Assessment of Disease Activity; SF-36, 36-Item Short Form Survey; TCZ/PDN, tocilizumab+prednisone.

receiving at a particular time. Stated another way, once predni-
sone is tapered to a certain daily dose (ie, a threshold), the risk
for relapse increases, regardless of how long it takes for that dose
level to be reached in a patient. Maintaining each patient at a
prednisone dose above the flare threshold is likely to reduce the
risk for relapse but can cause glucocorticoid toxicity to accumu-
late if that threshold is sufficiently high. One practical effect of
tocilizumab appears to be lowering the prednisone threshold at
which GCA flare is likely to occur.

We identified that PROs measuring functional health,
well-being and subjective perception of disease activity were
independently associated with treatment failure in tocilizumab-
treated patients. Why PROs at baseline predicted treatment
outcome only in the tocilizumab group is not entirely clear. IL-6
signalling is involved in the pathogenesis of sarcopaenia and
frailty,® *' which can contribute to fatigue and other manifes-
tations captured by the PRO instruments used in this study. We
hypothesise that impaired health-related quality of life in GCA
could reflect higher IL-6 levels that are not fully suppressed
by IL-6 signalling blockade once glucocorticoids have been
discontinued. Baseline PROs were measured for most patients
when they were receiving high doses of prednisone to control
their disease activity before they enrolled in GIACTA. It seems

logical, therefore, that patients whose PRO scores were impaired
despite high-dose prednisone treatment would be at greater risk
for treatment failure during the trial. In contrast, because most
patients receiving only glucocorticoids during the trial experi-
enced treatment failure, PROs could not discriminate between
two putative IL-6 states. Additionally, low statistical power
attributed to the small sample size of the PBO/PDN group may,
in part, explain the lack of association between PRO measures
and treatment failure in patients receiving prednisone alone. The
association between PRO scores and increased risk for treatment
failure in tocilizumab-treated patients might also be driven by
other disease mechanism pathways independently of IL-6.

Our study has certain limitations. First, it was a posthoc
analysis of data from a clinical trial that was not specifically
powered for the comparisons of interest. Second, because the
two groups assessed in this exploratory analysis were different
from those originally randomly assigned, bias from unevenly
distributed unknown covariates could have been introduced.
Nevertheless, our multivariable analyses accounted for the most
important known confounders. Finally, the urgency with which
GCA must be treated to prevent blindness precluded the collec-
tion of samples from patients with untreated active disease to
measure inflammatory markers, including IL-6 levels. In fact,
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Table 5 Multivariable analysis of PRO measures as predictors of
treatment failure

OR 95%Cl P value

SF-36 PCS (per 10-point decrease)

All patients 1.8 121026 0.0023

TCZ/PDN group 1.8 1.1t02.9 0.023

PBO/PDN group 1.6 091t02.8 0.15
FACIT-Fatigue scale (per 10-point decrease)

All patients 1.6 12t02.2 0.00081

TCZ/PDN group 1.8 1.2t02.6 0.0028

PBO/PDN group 13 0.8t0 2.1 0.27
PtGA (per 10-point increase)

All patients 1.2 1.0t01.3 0.028

TCZ/PDN group 1.3 1.1t015 0.0078

PBO/PDN group 1.0 0.8t01.2 0.99
SF-36 MCS (per 10-point decrease)

All patients 13 1.0t01.7 0.040

TCZ/PDN group 13 1.0t01.8 0.090

PBO/PDN group 1.2 08t01.9 0.42
EQ-5D score (per 0.1-point decrease)

All patients 1.2 1.0to 1.4 0.063

TCZ/PDN group 1.2 1.0t0 1.5 0.038

PBO/PDN group 1.0 08t01.3 0.85

Each model included a single PRO and the following predictor variables: duration of
disease at baseline, prednisone dose at baseline, new-onset vs relapsing disease at
baseline, sex, PMR symptoms at GCA diagnosis, jaw claudication at GCA diagnosis
and (for analysis of all patients) PBO/PDN vs TCZ/PDN treatment.

EQ-5D, EuroQol-5D; FACIT-Fatigue, Functional Assessment of Chronic lliness
Therapy-Fatigue scale; GCA, giant cell arteritis; MCS, Mental Component Summary;
PBO/PDN, placebo+prednisone; PCS, physical component summary; PMR,
polymyalgia rheumatica; PRO, patient-reported outcome; PtGA, Patient Global
Assessment of Disease Activity; SF-36, 36-Item Short Form Survey; TCZ/PDN,
tocilizumab+prednisone.

most patients were already in glucocorticoid-induced remission
before the baseline visit.* Therefore, the key question of whether
impaired PROs at baseline were directly related to stronger
inflammatory responses or higher IL-6 levels could not be tested.
Along those lines, the fact that nearly all patients in the trial
were started on prednisone during the screening period or even
before the screening period—a measure that was appropriate
and necessary—means that our ability to analyse the relation-
ship between the level of the inflammatory state as reflected in
baseline acute-phase reactants was limited. Future studies might
aim to target this question more specifically, though obtaining
samples from large numbers of patients before glucocorticoid
therapy begins is challenging because of the urgency with which
treatment must be initiated in GCA.

Our study has several strengths. First, our results were derived
from prospectively collected data from the largest randomised,
double-blind, placebo-controlled clinical trial in GCA.® During
the trial, the prednisone taper was standardised and prednisone
doses lower than 20mg/day were administered in a blinded
manner to prevent bias.>* Second, our definition of relapse aligns
with that commonly used in clinical practice, which includes the
presence of clinical signs or symptoms of GCA with or without
increased ESR levels necessitating treatment.® '* 7 Of note, most
relapses in this study were diagnosed after the manifestation of
clinical signs or symptoms, with or without concomitant ESR
elevation, and only nine relapses were determined based on the
presence of an isolated elevation in ESR. Third, this is the first
study to analyse predictors of treatment failure in patients with

GCA receiving tocilizumab-based regimens, which are becoming
the standard of care in this disease and for which more research
is needed.

In summary, we identified important risk factors for treat-
ment failure in GCA, the two strongest of which are predni-
sone monotherapy and female sex. Future studies might focus
on elucidating the reasons for the striking disparity between men
and women in risk for treatment failure, and future clinical trials
must analyse in detail the impact of sex on treatment outcome.
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CLINICAL SCIENCE

Ultrasound halo sign as a potential monitoring tool
for patients with giant cell arteritis: a
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ABSTRACT

Objectives To assess the sensitivity to change of
ultrasound halo features and their association with
disease activity and glucocorticoid (GC) treatment in
patients with newly diagnosed giant cell arteritis (GCA).
Methods Prospective study of patients with ultrasound-
confirmed GCA who underwent serial ultrasound
assessments of the temporal artery (TA) and axillary
artery (AX) at fixed time points. The number of segments
with halo and maximum halo intima—media thickness
(IMT) was recorded. Time points in which >80% of
patients were assessed were considered for analysis.
Halo features at disease presentation and first relapse
were compared.

Results 49 patients were assessed at 354 visits. Halo
sensitivity to change was assessed at weeks 1, 3, 6, 12
and 24 and showed a significant standardised mean
difference between all time points and baseline for the
TA halo features but only after week 6 for the AX halo
features. The number of TA segments with halo and
sum and maximum TA halo IMT showed a significant
correlation with erythrocyte sedimentation rate (0.41,
0.44 and 0.48), C reactive protein (0.34, 0.39 and
0.41), Birmingham Vasculitis Activity Score (0.29, 0.36
and 0.35) and GC cumulative dose (-0.34, —0.37 and
—0.32); no significant correlation was found for the
AX halo features. Halo sign was present in 94% of
first disease relapses but with a lower mean number
of segments with halo and sum of halo IMT compared
with disease onset (2.93+1.59 mm vs 4.85+1.51

mm, p=0.0012; 2.01£1.13 mm vs 4.49+1.95mm,
p=0.0012).

Conclusions Ultrasound is a useful imaging tool to
assess disease activity and response to treatment in
patients with GCA.

INTRODUCTION

Giant cell arteritis (GCA) is the most common form
of primary systemic vasculitis in patients aged =50
years, causing chronic inflammation of the large-
sized and medium-sized arteries.! Treatment with
high doses of glucocorticoids (GCs) should be initi-
ated as early as possible to prevent severe ischaemic
manifestations of the disease, such as visual loss.?
However, the optimal duration of GC treatment has
been reported to vary among patients, with disease
relapses occurring in around half the cases once GCs

Key messages

What is already known about this subject?

» Ultrasound of the temporal artery (TA) and
axillary artery (AX) showing a non-compressible
halo sign is recommended for confirming a
suspected diagnosis of giant cell arteritis (GCA);
however, its value for monitoring disease
activity is still poorly understood.

What does this study add?

» This study prospectively demonstrated that the
number of TA segments with halo sign, as well
as the TA halo intima—media thickness (IMT),
is sensitive to change during a 24-week period
and correlates with disease activity markers and
glucocorticoid (GC) cumulative dose. AX halo
IMT only decreases after 6 weeks of follow-up,
and AX halo features show no correlation with
disease activity markers nor with GC treatment.

» Ultrasound is useful for detecting GCA
relapses, with 94% of first relapses showing
the presence of halo sign, all with an increased
IMT in comparison to the previous ultrasound
examination performed.

How might this impact on clinical practice or

future developments?

» Ultrasound has proven to be a valuable
monitoring tool for patients with GCA.
Assessment of ultrasound-specific halo features,
instead of the current binary presence/absence
of halo sign in any arterial segment, should be
used to evaluate disease activity and response
to treatment in patients with GCA. Future
clinical trials in GCA should study treatment
effect on halo features as an outcome measure.

» Ultrasound may be a feasible alternative for
monitoring patients treated with interleukin 6
inhibitors, in whom the traditional acute-phase
reactants—erythrocyte sedimentation rate and
C reactive protein—have very limited value.

are tapered.”™® Although this highlights that not all
patients with GCA follow the same disease course,
there are no valid biomarkers to assess response
to therapy. Changes in the traditional acute-phase
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reactants—erythrocyte sedimentation rate (ESR) and C reactive
protein (CRP)—do not consistently reflect disease activity, are
not GCA-specific and have limited value in assessing patients
treated with interleukin (IL) 6 inhibitors such as tocilizumab.'*1¢

Ultrasound of the temporal artery (TA) and axillary artery
(AX) showing a non-compressible, homogenous, hypoechoic
wall thickening—deemed as the ‘halo sign>—has already proven
to be effective in diagnosing patients with GCA.""** However,
its role in assessing response to treatment is still poorly under-
stood.'” *

In the current study, we prospectively evaluated the utility of
the ultrasound halo sign in monitoring patients with GCA. We
assessed the sensitivity to change of halo sign-specific features
and their association with disease activity markers and GC treat-
ment, as well as the ultrasound characteristics of patients with
clinical relapse.

METHODS

Patients and data collection

Patients with newly diagnosed GCA were recruited from the
rheumatology departments of two university hospitals from
Lisbon, Portugal, and Pavia, Italy, into a prospective, observa-
tional cohort study—Prognosis of Temporal Arteritis Study—
between March 2017 and November 2019. All patients had to
fulfil the original 1990 or the modified American College of
Rheumatology classification criteria for GCA,**** have the pres-
ence of halo sign on the ultrasound of TA and/or AX and have
not been on high doses of GCs (=30 mg/day of prednisolone or
equivalent) for more than 15 days (online supplemental table 1).
Patients were assessed at baseline; weeks 1, 3, 6 and 12; and then
every 3 months, following the 2010 British Society for Rheuma-
tology (BSR) guidelines for the management of GCA.*® Extra
visits were scheduled for suspected relapses. Clinical, laboratory
and ultrasonographic data were collected at each visit. Treat-
ment was tailored according to each individual patient, with GC
reduction regimens following the BSR and European League
Against Rheumatism (EULAR) recommendations.”> *° Relapse
was defined as the recurrence of GCA-related symptoms or
increased levels of acute-phase reactants (CRP =1 mg/dL and/or
ESR =30 mm/hour) not otherwise explained and requiring GC
increase.”” Remission was defined as the absence of relapse with
a prednisolone dose <30mg/day. Data were collected using a
predefined case report form (online supplemental image 1). This
study was approved by the Lisbon Academic Medical Centre
and University of Pavia Ethics Committee (references 08/17 and
E 2016 0031606, respectively). All patients provided written
informed consent before inclusion in the study.

Ultrasonography

Eight arterial territories of interest were systematically assessed
in all time points: bilateral common superficial TA, parietal and
frontal branches and AX. The presence or absence of halo sign
and the maximum value of intima—media thickness (IMT) was
recorded for all arterial segments. The IMT was measured in
longitudinal view, in the single wall distal to the probe and at the
area with greatest wall thickness. Patients were examined with a
GE Healthcare LOGIQ E9 ultrasound machine in Portugal and
with an Esaote MyLab Seven in Italy. The 8-18 MHz hockey
stick probe and the 6-18 MHz probe (GE and Esaote machines,
respectively) were used with the following settings: greyscale
frequency of 18 MHz for TA and 13-18 MHz for AX, colour
Doppler frequency of =6 MHz, pulse repetition frequency of
2.5-3.5kHz for TA and 3—-4 kHz for AX, colour box steering of

20° and gain adjusted to fill only the lumen.?® All examinations
were performed by a single expert sonographer in each centre
(CP and SM) who had previously undergone the same ultra-
sound training?® and have performed >300 vascular ultrasounds
prior to this study.*® Both sonographers are rheumatologists and
were not blinded to the clinical data at disease diagnosis and
follow-up, including in cases of relapse.

Statistical analysis

Data were summarised by mean=SD for continuous variables
and percentages and frequencies for categorical variables. Sensi-
tivity to change of the halo sign features was analysed using only
time points in which at least 80% of patients were assessed and
was calculated as standardised mean difference (SMD) for each
time point separately. The statistical significance was calculated
by one-sample t-test. Temporal variations were analysed graph-
ically by mean difference with 95% CI. Association between
the halo sign features at each time point included ESR, CRP,
Birmingham Vasculitis Activity Score (BVAS) and number of days
on GCs, and GC cumulative dose was assessed using Spearman’s
correlation coefficient, estimated by linear regression models
on standardised variables. Logistic regression was used to deter-
mine the probability of being in remission for each unit increase
(standardised) of the halo feature of interest. Differences in halo
features between disease onset and first relapse were assessed in
the whole cohort using the Wilcoxon signed-rank test. All the
analyses were performed on complete data, without imputation,
and the cut-off of p<0.05 was adopted for defining statistical
significance. Data were analysed using Stata V.14.

RESULTS

Patient characteristics at disease presentation

A total of 49 patients (28 from Portugal and 21 from Italy) were
included: 36 (73.5%) women, mean age 78.2+7.4 years old.
Table 1 and online supplemental table 2 detail patient character-
istics at baseline. Of note, 19/49 (38.8%) patients were referred
to us by the ophthalmology department. Before undergoing
ultrasound, patients were being treated with high doses of GCs
for a mean of 2.5 +4.4 days and had a mean cumulative prednis-
olone (or equivalent) dose of 927.3+1864.3 mg. A total of 17/49
(34.7%) patients required intravenous pulses of methylprednis-
olone (0.5-1g/day for a maximum of 3 days) at disease onset,
and 12/49 (24.5%) had been started on this treatment before
undergoing ultrasound assessment. All patients had at least
one arterial segment with halo sign at baseline ultrasound; 220
arterial segments with halo were recorded (201 TA and 19 AX
segments). TA involvement was reported in 47 (95.9%) patients
and AX involvement in 11 (22.4%); nine (18.4%) patients had
both TA and AX involvement, and two (4.1%) patients had
exclusive AX involvement (table 2).

Halo sensitivity to change during disease follow-up

During the study period, a total of 354 visits were recorded.
Patients were prospectively evaluated with a mean of 7.2+3.8
visits during a mean of 307.5+241.8days. Based on the
frequency of available observations (ie, in which >80% of
patients were assessed), the following time points were consid-
ered for the prospective analysis of different halo features: base-
line and weeks 1, 3, 6, 12 and 24. A total of 250 assessment visits
were included: 49 at baseline (47 for patients with TA involve-
ment and 11 with AX involvement), 45 at week 1 (44 TA and
eight AX), 41 at week 3 (40 TA and eight AX), 44 at week 6 (42
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Table 1 Patient characteristics at baseline Table 2 Ultrasound characteristics at baseline
Patients Patients
(n=49) (n=49)
Demographics TA halo; n (%) 47 (95.9)
Female sex; n (%) 36 (73.5) AX halo; n (%) 11 (22.4)
Age (years); mean+SD 78.2+7.4 TA halo with AX halo; n (%) 9(18.4)
Time since symptom onset and diagnosis (days); mean+SD 72.3+£76.7 TA halo without AX halo; n (%) 38 (77.6)
Symptoms at disease onset; n (%) AX halo without TA halo; n (%) 2 (4.1)
Constitutional symptoms (any) 34 (69.4) Number of arterial segments with halo; n (%)
Fever (=38°C or 100.4°F) 12 (24.5) One segment 3(6.1)
Weight loss (=2 kg) 30(61.2) Two segments 9(18.4)
Arthralgia/myalgia 22 (44.9) Three segments 2 (4.1)
New persistent headache 42 (85.7) Four segments 9(18.4)
New onset of vision loss (partial or complete) 19 (38.8) Five segments 6(12.2)
Jaw claudication 34 (69.4) Six segments 15 (30.6)
Tongue claudication 6(12.2) Seven segments 3(6.1)
Scalp tenderness 21 (42.9) Eight segments 2 (4.1)
New onset of PMR 30(61.2) Number of segments with halo; mean+SD
Laboratory tests at disease onset; mean+SD All segments (49 patients) 45+1.9
ESR (mm/hour) 89.2+25.9 TA segments (47 patients) 4.2+1.7
CRP (mg/dL) 6.6+4.6 AX segments (11 patients) 1.7+0.5
Diagnostic/classification features; n (%) Sum of halo IMT (mm); mean+SD
Fulfilled the 1990 ACR classification criteria®* 47 (95.9) All halos (49 patients) 3.96+2.24
Fulfilled the modified ACR classification criteria for GCAZ 37 (75.5) TA halos (47 patients) 3.48+1.86
Positive TAB (performed in two patients)* 1/2 (50.0) AX halos (11 patients) 2.81+1.15
Positive PET-CT and/or CTA for LV involvement (performed in two 2/2 (100.0) Maximum halo IMT (mm); mean+SD
patients) All halos (49 patients) 1.12+0.46
Immunosuppressive treatment TA halos (47 patients) 0.96::0.30
Number of patients on high doses of GCst; n (%) 20 (40.8) AX halos (11 patients) 1.67+0.44
Number of days on high doses of GCst; mean+SD 25+4.4 AX, axillary artery; IMT, intima—media thickness; TA, temporal artery.
Cumulative prednisolone (or equivalent) dose (mg); mean+SD 927.3+1864.3
EZZ:ZEZ ::::I:Z:: x::: g;i\sgzu: (:;:hylpredmsolone, n (%) 15 ((gt)s ) baseline for the TA ha}lo features (sum of arterial segments, sum
' of halo IMT and maximum halo IMT) but only after week 6 for
GCA subtype; n (%) the AX halo features (sum and maximum halo IMT). Figure 1
Sl G2 LIRS shows the mean variation (not standardised) of the sum of all
LV-GCA 1 (224) segments with halo and the sum of halo IMT during follow-up,
Exclusive cranial GCA 38(77.6)
Exclusive LV-GCA 2(4.1)

*Both TABs were performed before ultrasound assessment: in the patient with a
positive result, only the distal part of the left frontal branch was removed in the
procedure, allowing ultrasonographic evaluation of its proximal part; the case with
a negative result belonged to a patient with exclusive LV-GCA, in which the whole
left parietal branch was removed precluding ultrasonographic assessment of this
segment.

+>30mg/day of prednisolone or equivalent (including intravenous
methylprednisolone).

ACR, American College of Rheumatology; CRP, C reactive protein; CTA, CT
angiography; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte
sedimentation rate; GC, glucocorticoid; GCA, giant cell arteritis; LV, large vessel;
PET-CT, positron emission tomography—CT; PMR, polymyalgia rheumatica; TAB,
temporal artery biopsy.

TA and 10 AX), 35 at week 12 (34 TA and seven AX) and 36 at
week 24 (34 TA and six AX).

At week 24, 16/36 (44.4%) patients were reported to have a
halo sign: 12/16 with TA involvement and 5/16 with AX involve-
ment. In only 3/16 (18.8%) patients, disease relapse was simul-
taneously observed. Nevertheless, in all these three cases, an
increase in the number of arterial segments with halo and halo
size was observed in comparison to the previous visit recorded.

Regarding the halo sensitivity to change during follow-up,
table 3 shows a significant SMD between all time points and

Table 3 Standardised mean difference of halo features between
baseline and different time points

Week 1 Week3 Week 6 Week 12 Week 24
Number of arterial segments:
Sum of all segments with halo -0.51 -0.78 -1.13 -1.69 -1.52
(n=49 patients)
Sum of TA segments with halo -0.49 -0.78 -1.18 -1.87 -1.69
(n=47 patients)
Sum of AX segments with halo -0.35 - -0.62 -0.73 -0.91
(n=11 patients)
Halo thickness (mm)
Sum of all halo IMT (mm) (n=49  -0.98 -1.44 -1.37 -1.6 -1.48
patients)
Sum of TA halo IMT (mm) (n=47  -1.01 -1.55 -1.54 -1.81 -1.69
patients)
Sum of AX halo IMT (mm) (n=11 -0.15 -0.45 -0.81 -0.84 —-0.98
patients)
Maximum TA halo IMT (mm) -1.07 -1.32 -1.47 -1.91 -2.19
(n=47 patients)
Maximum AX halo IMT (mm) —-0.04 -0.29 -0.94 -1.13 -1.01

(n=11 patients)

The standardised mean difference of interest is reported as negative values and in units of SD.

The magnitude of the change may be interpreted as follows: small(-0.50-0.20), medium (~0.80-0.50),
large (—1.30-0.80) and very large (—eo—1.30). In bold the statistically significant results (p<0.05); n=n
of patients at baseline.

Bold indicates statistically significant numbers.

AX, axillary artery; IMT, intima—media thickness; TA, temporal artery.
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with respective 95% CI. Figure 2 demonstrates the differences
between TA and AX halo features. Figure 3 shows a clinical
example of the difference in halo IMT reduction for TA and AX
arteries between baseline and week 24.

Association between halo sign features and disease activity
markers

During the 24-week follow-up, TA halo features showed a posi-
tive correlation with disease activity markers (ESR, CRP and
BVAS); however, no significant correlation was found for the
AX halo features (table 4). Of note, acute-phase reactants (CRP
and ESR) that were increased due to other reasons than vascu-
litic activity (eg, infections) were excluded from this analysis. In
addition, patients with smaller numbers of TA arterial segments
with halo and lower values of TA halo IMT were more likely to
achieve disease remission. By contrast, AX halo features showed
no association with the likelihood of achieving disease remission.

Association between halo sign features and GC treatment
Patients assessed at week 24 had been treated with high doses
of GCs for a mean of 65.0+42.9 days and had a mean cumu-
lative prednisolone (or equivalent) dose of 6342.2+2373.0 mg.
During the 24-week period of follow-up, a significant nega-
tive correlation was found between TA halo features (number
of segments and IMT) and GC cumulative dose, but the same
was not verified for the AX halo features (table 5). Moreover,
no significant correlation was observed between the TA and AX
halo features and number of days on high doses of GCs. A total
of nine patients were started on disease-modifying antirheumatic
drug (DMARD) treatment during this period: seven on metho-
trexate, one on tocilizumab and one on methotrexate followed
by tocilizumab. Nevertheless, when the correlation between halo
features and GC treatment was adjusted for DMARD treatment,
no relevant differences were found (online supplemental table
3).

Halo features at disease relapse

During the whole study period, we observed 32 flares in 19
patients (38.8%). The mean time to first disease relapse was 31.8
weeks+18.5 days (median 36 weeks and IQR 12-48). In 17/19
cases of first relapse, an ultrasound was performed within 15
days of GC restart or increase in GC dose. One patient was not
able to attend the ultrasound assessment and had to be managed
remotely, and the other patient decided to increase the GC dose

from 5 mg to 10 mg 1 month prior to being assessed by ultra-
sound. In 16/17 (94.1%) of the remaining relapses, at least one
arterial segment was found to have a positive halo sign: 14/16
(87.5%) with TA halo and 3/16 (18.8%) with AX halo. In all
16 cases, an increase in halo IMT (sum and maximum), with or
without an increase in the number of arterial segments with halo,
was observed in comparison to the previous ultrasound assess-
ment recorded. Table 6 presents the differences between halo
features at baseline and first disease relapse for these patients.
A lower number of segments with halo (all segments and TA
segments) were reported for patients presenting with clinical
relapse in comparison to their initial presentation. In addition,
a diminished value of TA halo IMT (sum or maximum value)
was observed in relapsing cases. Of note, the patient who was
recorded as having a disease relapse, but no halo on ultra-
sound, only complained of symptoms suggestive of polymyalgia
rheumatica.

DISCUSSION

Given the limitations of a monitoring approach in GCA just
focused on the assessment of clinical symptoms, signs and labo-
ratory markers, imaging techniques have emerged as promising
tools to aid the evaluation of patients with GCA during their
disease course.’'™

Most studies on the use of ultrasound as a potential monitoring
tool?’ 37 for GCA have been based on retrospective data® -
and used the presence or absence of halo sign to establish asso-
ciations with clinical findings.? %3 333732 4% Specific halo features
(eg, number of arterial segments with halo, involvement of AX
and size of IMT)*'™* have already been reported to increase the
diagnostic performance of ultrasound in GCA, but their value
has never been prospectively assessed for monitoring disease
activity using various time points. Moreover, most follow-up
studies lack the inclusion of ultrasound assessments within the
first 2 weeks of treatment initiation,>™* 37 *% although TA halo
disappearance or substantial decrease may occur in the first week
of GC treatment.**™*

We have demonstrated the utility of ultrasound, based on
detecting the halo sign, to evaluate disease activity and response
to treatment in patients with GCA in a 6-month prospective
cohort. We found a significant change from baseline in all TA
halo features assessed (sum of arterial segments with halo, sum of
halo IMT and maximum halo IMT) during every visit included.
Moreover, we observed a positive correlation of low magnitude
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between TA halo characteristics and values of ESR, CRP and
BVAS, highlighting the non-specific nature of the current disease
activity markers used to assess GCA. The likelihood of achieving
disease remission was lower in patients with a higher number of
TA arterial segments with halo (OR 0.39, p<0.05) and increased
values of sum and maximum TA halo IMT (OR 0.34, p<0.05). By
contrast, we could only observe an improvement of the AX halo
features after week 6, specifically for the sum of halo IMT and
maximum halo IMT (SMD from baseline of —0.81 and —0.94,
respectively). In addition, during these 6 months of follow-up,
the AX halo features showed no significant correlation with

disease activity measures nor any association with attaining clin-
ical remission. Although our cohort only included 11 (22.4%)
patients with axillary involvement, our results corroborate those
from prior studies in which AX halos persisted for longer than
TA halos, irrespective of clinical remission.>* ** %047 3% They also
support our previous findings,* in which there was no variation
of the AX halo IMT within the first 7 days of treatment with high
doses of GCs, in contrast to the TA halo IMT.

At week 24, TA halo features showed significant correlation
with the cumulative dose of GCs, but not with the number of days
on high doses of GCs (=30mg of prednisolone or equivalent),
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nd axillary arteries
at baseline and week 24. Patient one (A and B); patient two (C and
D). Both patients were in clinical and laboratory remission at week 24;
however, patient two still presented an AX halo sign but with a lower
IMT in comparison to baseline. (A) Left common superficial temporal
artery at baseline showing a halo sign (maximum IMT of 1.28 mm). (B)
Left common superficial temporal artery at week 24 with no halo sign
(maximum IMT of 0.41 mm). (C) Left axillary artery at baseline showing
a halo sign (maximum IMT of 1.91 mm). (D) Left axillary artery at week
24 still showing a halo sign (maximum IMT of 1.04 mm). IMT, intima—
media thickness.

even when adjusted for DMARD concomitant treatment. This
suggests that the cumulative effect of GCs may be more relevant
than the actual time on high doses of GCs to reduce TA halo IMT
and number of affected segments. In terms of AX halo features,
no correlation was found with GC treatment. To the best of our
knowledge, our study is the first to prospectively measure the
direct consequences of GC treatment on halo features.

To confirm suspected relapse, EULAR guidelines recom-
mended the use of imaging.'” Our findings reinforce the utility
of ultrasound in this setting, with 94% of first relapses showing
the presence of halo sign, all with an increased IMT in compar-
ison to the preceding ultrasonographic examination. Moreover,
patients at first relapse had a lower number of arterial segments
with halo and reduced size of TA halo IMT when compared with
their disease presentation, which may potentially be missed by

Table 5 Correlation between halo features and glucocorticoid
treatment

Correlation coefficient

Number of days on GC cumulative

GCs* doset
Number of arterial segments
Sum of all segments with halo -0.03 -0.33
Sum of TA segments with halo -0.03 -0.34
Sum of AX segments with halo -0.05 -0.07
Halo thickness
Sum of all halo IMT (mm) -0.05 -0.34
Sum of TA halo IMT (mm) —-0.05 -0.37
Sum of AX halo IMT (mm) —-0.06 —-0.08
Maximum TA halo IMT (mm) -0.07 -0.32
Maximum AX halo IMT (mm) -0.05 -0.08

The magnitude of the correlation may be interpreted as follows: small (0.10-0.30),
medium (0.30-0.50), large (0.50-0.70) and very large (0.70-1.00).

In bold the statistically significant results (p<0.05)

*>30mg/day of prednisolone or equivalent.

tPrednisolone or equivalent.

AX, axillary artery; GCs, glucocorticoids; IMT, intima—media thickness; TA, temporal
artery.

less experienced ultrasonographers. We have previously reported
a lower proportion of patients with halo and fewer segments
with vasculitic involvement in relapsing GCA, in comparison
to patients with new-onset GCA.” However, in contrast to the
present study, different patients were included in both groups,
and all had more days of GC treatment.

This study has several strengths to highlight: (1) its prospec-
tive design; (2) ultrasound assessment performed according to a
fixed protocol, therefore allowing for a standardised collection
of data; (3) incorporation of various time points, including week
1 in which significant changes of TA halo features were veri-
fied; (4) high total number of prospective visits included (354
visits during the complete study period and 250 visits during
the 6-month prospective assessment); (5) first-time evaluation
of specific features of halo sign (number of segments with halo
and halo IMT) at various time points for monitoring purposes;
(6) assessment of both TA and AX halo features; (7) ultra-
sound evaluation performed by experienced ultrasonographers,
who had undergone the same training, and using high-quality

Table 4 Association between halo features and disease activity markers

Correlation coefficient

OR

ESR* CRP* BVAS Disease remission

Number of arterial segments

Sum of all segments with halo 0.44 0.36 0.29 0.47
Sum of TA segments with halo 0.41 0.34 0.29 0.39
Sum of AX segments with halo 0.08 0.06 0.04 1.41
Halo thickness

Sum of all halo IMT (mm) 0.47 0.40 0.34 0.51
Sum of TA halo IMT (mm) 0.44 0.39 0.36 0.34
Sum of AX halo IMT (mm) 0.09 0.07 0.06 1.41
Maximum TA halo IMT (mm) 0.48 0.41 0.35 0.34
Maximum AX halo IMT (mm) 0.08 0.07 0.04 1.38

The magnitude of the correlation may be interpreted as follows: small (0.10-0.30), medium (0.30-0.50), large (0.50-0.70) and very large (0.70-1.00). The higher the halo feature

improvement, the higher the ESR/CRP/BVAS improvement.

*Increased values of ESR and CRP due to other reasons than vasculitis activity (eg, infections) were excluded from the analysis. In bold the statistically significant results

(p<0.05).

AX, axillary artery; BVAS, Birmingham Vasculitis Activity Score; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; IMT, intima—media thickness; TA, temporal artery.
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Table 6 Comparison between halo features at disease presentation and disease relapse

Disease presentation Disease relapse* P valuet

Number of arterial segments

Sum of all segments with halo; mean (SD) (n=16 patients) 4.85 (1.51) 2.93 (1.59) 0.0012
Sum of TA segments with halo; mean (SD) (n=14 patients) 4.71 (1.38) 2.48 (1.81) 0.0012
Sum of AX segments with halo; mean (SD) (n=3 patients) 2.00 (0.00) 1.33(1.15) 0.3173
Halo thickness

Sum of all halo IMT (mm); mean (SD) (n=16 patients) 4.49 (1.95) 2.01(1.13) 0.0012
Sum of TA halo IMT (mm); mean (SD) (n=14 patients) 4.34 (1.82) 1.90 (1.25) 0.0010
Sum of AX halo IMT (mm); mean (SD) (n=3 patients) 3.03 (0.86) 2.45(2.12) 0.5930
Maximum TA halo IMT (mm); mean (SD) (n=14 patients) 1.09 (0.35) 0.68 (0.25) 0.0006
Maximum AX halo IMT (mm); mean (SD) (n=3 patients) 1.64 (0.54) 1.34(1.16) 0.5930

*For patients with more than one disease relapse, only the first one was included.
tWilcoxon signed-rank test; In bold the statistically significant results (p<0.05).
AX, axillary artery; IMT, intima—media thickness; TA, temporal artery.

equipment;” and (8) all analyses performed on complete data,
without imputation.

Nevertheless, this study has potential limitations to consider:
(1) the ultrasonographers were not blinded to clinical data,
although a standardised methodology was employed during the
ultrasound assessment to reduce the risk of bias; (2) many of
the patients included in this study were referred to us by the
ophthalmology department, biasing our cohort towards a more
cranial phenotype of the disease; (3) only 229 of cases presented
with AX involvement at baseline, which may limit the interpreta-
tion of the vasculitic changes observed for this arterial segment;
further prospective studies including more patients with AX
involvement are warranted to confirm our findings; (4) a few
patients were not able to attend all scheduled visits, although
all time points had at least 80% of patients included; (5) 20/49
patients have received high doses of GCs before baseline, but
their mean was only 2.5 days; (6) IMT prospective measurement
was performed in the area with the greatest arterial wall thick-
ness, which might not have captured the same level of change
if a fixed location had been used; (7) in patients with a more
chronic and less hypoechoic halo sign (eg, patients with a higher
cumulative dose of GCs), distinction between the external layer
of the IMT and the surrounding subcutaneous tissue may not
be so evident as in those with a more acute halo sign; (8) differ-
entiation between halo sign reflective of active disease or of
wall scarring may be a challenge during follow-up and should
be addressed in future research; and (9) the specificity of the
changes in halo appearance over time should be correlated with
clinical status in a larger cohort to address the value of these data
in clinical practice.

In conclusion, ultrasound is a feasible imaging tool to monitor
patients with GCA. Both TA and AX halo-specific features
(number of segments with halo, sum of halo IMT and maximum
halo IMT), in particular TA halo features, showed sensitivity to
change during a 24-week follow-up period. In addition, a signif-
icant correlation was observed between TA halo features and
disease activity markers and GC cumulative dose. The prognostic
value of this sensitivity to change, in particular the different SMD
magnitudes between time points for TA and AX halos, still needs
to be addressed in future studies. Moreover, adequate training
and expertise of the ultrasonographers performing the scans
should always be ensured.'” 2° Nevertheless, our study suggests
that a potential ultrasound composite score including halo size
and extent, instead of the traditional binary presence/absence
of halo sign, would be more suitable to assess disease activity
and response to treatment in GCA. This could be particularly

important for patients treated with IL-6 inhibitors, in whom
CRP and ESR become unreliable to detect disease activity. Future
clinical trials in GCA should evaluate direct treatment effect on
halo features as an outcome measure of interest.
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Serum uric acid control for prevention of gout flare in
patients with asymptomatic hyperuricaemia: a
retrospective cohort study of health insurance claims
and medical check-up data in Japan

Ruriko Koto

ABSTRACT

Objectives In patients with gout, treating to target
serum uric acid levels (SUA) of <6.0mg/dL is universally
recommended to prevent gout flare. However, there is
no consensus on asymptomatic hyperuricaemia. Using
Japanese health insurance claims data, we explored
potential benefits of SUA control for preventing gout
flare in subjects with asymptomatic hyperuricaemia.
Methods This retrospective cohort study analysed the
JMDC Claims Database from April 2012 through June
2019. Subjects with SUA =8.0 mg/dL were identified, and
disease status (prescriptions for urate-lowering therapy
(ULT), occurrence of gout flare, sUA) was investigated for
1year. Time to first onset and incidence rate of gout flare
were determined by disease status subgroups for 2 years
or more. The relationship between gout flare and sUA
control was assessed using multivariable analysis.
Results The analysis population was 19 261 subjects
who met eligibility criteria. We found fewer occurrences
of gout flare, for both gout and asymptomatic
hyperuricaemia, in patients who achieved sUA <6.0 mg/
dL with ULT than in patients whose sUA remained
>6.0mg/dL or who were not receiving ULT. In particular,
analysis by a Cox proportional-hazard model for time to
first gout flare indicated that the HR was lowest, at 0.45
(95% C1 0.27 to 0.76), in subjects with asymptomatic
hyperuricaemia on ULT (5.0<sUA < 6.0 mg/dL),
compared with untreated subjects (SUA =8.0mg/dL).
Conclusions Occurrences of gout flare were reduced
by controlling SUA at <6.0mg/dL in subjects with
asymptomatic hyperuricaemia as well as in those with
gout.

Trial registration number UMIN000039985.

INTRODUCTION
In gout, hyperuricaemia causes abnormal urate
deposition throughout the body.' * The disease
manifests as painful gout flares, which occur
episodically in many patients with gout and consti-
tute a significant clinical burden.’ For adequate
management of gout, guidelines around the world
consistently recommend the use of urate-lowering
therapy (ULT) in a treat-to-target approach to
maintain serum uric acid levels (sUA) of <6.0mg/
dL.1246

The risk of gout flare can be reduced by intro-
ducing ULT early in the clinical course of the
disease,” * and European and US guidelines now
generally recommend initiation of ULT at the first

," Akihiro Nakajima, Hideki Horiuchi," Hisashi Yamanaka®*

Key messages

What is already known about this subject?

» For adequate management of gout, guidelines
around the world consistently recommend the
use of urate-lowering therapy (ULT) to maintain
serum uric acid levels (sUA) of < 6.0 mg/dL.

What does this study add?

» In both patients population with asymptomatic
hyperuricaemia and those with gout, our
study indicates that the occurrence of gout
flare can be lowered by using ULT to maintain
sUA<6.0 mg/dL.

How might this impact clinical practice or

future developments?

» This study suggests that, in subjects with
asymptomatic hyperuricaemia, control of SUA
may provide long-term benefits by reducing or
eliminating future occurrences of gout flare.

gout flare under specific conditions.* * However,
there is no consensus on whether ULT should be
prescribed prophylactically for patients with asymp-
tomatic hyperuricaemia before the first gout flare.
European and US guidelines do not recommend
ULT for asymptomatic hyperuricaemia. This may
be because there is insufficient accumulated data
from patients with asymptomatic hyperuricaemia in
those countries to provide appropriate guidance. In
contrast, Japanese guidelines for gout and hyper-
uricaemia recommend the introduction of ULT
under specific conditions to prevent gout flare in
patients having asymptomatic hyperuricaemia with
sUA of =8.0mg/dL.*® As a result, real-world treat-
ment outcome data from patients with asymptom-
atic hyperuricaemia have been collected in Japan in
the course of daily clinical practice. Previously, we
found that most patients with gout or asymptomatic
hyperuricaemia failed to meet their sUA targets in
Japan.” Meanwhile, questions remain on whether
ULT-induced reduction of sUA truly improves the
patient’s subsequent clinical course or reduces
disease burden. In addition, although randomised
controlled trials (RCTs) of patients with asymp-
tomatic hyperuricaemia have shown that the ULT
febuxostat suppresses gout flares compared with
placebo'® or control,'! % real-world evidence is not
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Investigation of
disease status

Figure 1 Study design. sUA, serum uric acid levels.

yet available on the relationship between gout flare and sUA in
such patients.

We used data from health insurance claims and medical
check-ups in a real-world setting to explore the research ques-
tion, ‘In patients with asymptomatic hyperuricaemia, is control
of sUA (measured by whether or not sUA is maintained at
<6.0mg/dL or exceeds that amount) associated with subsequent
risk of gout flare?’

METHODS

Study design and setting

This retrospective cohort study incorporated data from the
JMDC Claims Database, including records of Japanese health
insurance claims and medical check-ups from April 2012 through
June 2019. JMDC collects information from multiple in-country
organisations that provide health insurance coverage to Japa-
nese employees and their dependents.’® Data include diagnostic
codes, drug prescriptions and information from annual medical
check-ups for each person.

Subjects with sUA =8.0mg/dL at one or more medical
check-ups from 1 April 2013 to 31 March 2016 were identified.
The study consisted of three distinct periods: the index period,
period 1 and period 2. The index date was defined as the time of
the earliest medical check-up showing sUA =8.0 mg/dL, and the
month of that medical check-up was termed the index month.
The index period was the year prior to (and excluding) the index
date. Period 1 started on the index date and ended on the date
of the subject’s next annual medical check-up (follow-up date).
Period 2 started on the day after the follow-up date (figure 1).

Participants

Subjects were included in the study if they had sUA=8.0mg/
dL at one or more medical check-ups from 1 April 2013 to 31
March 2016, estimated glomerular filtration rate (eGFR) data
available at the index date, and sUA data available 1year after
the index date, were at least 18 years of age on the index date,
and were continuously registered in the JMDC Claims Database
from 12 months before the index month to 24 months after the
follow-up date.

To focus on patients who had asymptomatic hyperuricaemia
(sUA =8.0mg/dL) that was newly detected at a medical check-up
after the index period, subjects were excluded from the study
if at least once during the index period they were diagnosed

v

A

Assessment of gout flare in
relation to SUA control

with gout (ICD10 code M10) or asymptomatic hyperuricaemia
(ICD10 code E790). Subjects were also excluded if they were
prescribed ULT or if they were diagnosed with malignant
tumours (ICD10 code C00-C97, D00-D09) during that period.

ULT was defined as any drug designated with ATC code M04
(antigout preparations), except for colchicine. Definitions of
patient characteristics and drugs are presented in online supple-
mental table S1.

Study measures

During period 1, disease status was investigated for each indi-
vidual subject, including the presence or absence of a ULT
prescription, the presence or absence of gout flare and sUA at
the follow-up date.

During period 2, the relationship between gout flare and sUA
control was assessed, including time to first onset and incidence
rate of gout flare. These data were calculated for each disease
status subgroup as determined in period 1.

In this study, we used the term ‘gout flare’ when two param-
eters were satisfied. The first was a diagnosis of gout (ICD10
code M10) and prescriptions for antirheumatics, non-steroidal
plain (ATC code MO01A1) or oral corticosteroids, plain (ATC
code H02A2) or colchicine (generic name), shown on the same
insurance claim form. For the second, we confirmed the inter-
vals between prescriptions for the above-mentioned drugs. We
interpreted an interval of =14 days between the end of prescrip-
tion for one drug and start of prescription for another drug as
evidence of newly occurring gout flare. We used the term ‘subject
with gout’ to indicate a subject who experienced gout flare, as
defined above, during period 1, excluding subjects for whom
treatment was not required (no prescription for ULT, and sUA
<8.0mg/dL at the follow-up date) under Japanese treatment
guidelines.” Likewise, we used the term ‘subject with asymp-
tomatic hyperuricaemia’ to indicate a subject who did not meet
the definition of ‘subject with gout’ during period 1, excluding
subjects for whom treatment was not required (no prescription
for ULT, and sUA <8.0mg/dL at the follow-up date).

Statistical methods

Our analysis included all subjects meeting the eligibility criteria.
For period 1, an event tree was created using the presence or
absence of a ULT prescription, the occurrence or non-occurrence
of gout flare and sUA at the 1year follow-up as the bifurcation
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Subjects with sUA at medical check-ups
from 1 April 2013 to 31 March 2016
n=811 587

I
Subjects with SUA =8.0 mg/dL at one or more medical check-ups
n=48 244
I

Subjects with eGFR available at index date

n=43 006

I
Subjects with sUA available 1 year after index date

n=33 687

I
Subjects at least 18 years of age at index date

n=33 687

I
Subjects who were continuously registered in JMDC Claims Database
from 12 months before index month

to 24 months after the follow-up date
n=23 985

Subjects diagnosed with gout or asymptomatic hyperuricaemia
at least once during index period (except index month)
n=4451

Subjects who received ULT at least once during index period
(except index month)
n=30

Analysis population
n=19 261

Subjects diagnosed with malignant tumors at least once
during index period (except index month)
n=241

Subjects with SUA =50 mg/dL
n=2

Figure 2 Subject disposition. eGFR, estimated glomerular filtration rate; sUA, serum uric acid levels; ULT, urate-lowering therapy.

points. Based on this event tree, subjects were classified into
seven subgroups, including a group with sUA <8.0mg/dL for
whom treatment was not required.

The Kaplan-Meier method was used to estimate time to first
gout flare in period 2 for each of the six disease status subgroups
determined in period 1 (excluding subjects for whom no treat-
ment was required). The median values and 95% CI were calcu-
lated. The time origin was the day after the follow-up date. For
no events, the cut-off date was the first day of the month in which
the subject terminated health insurance association membership.
Univariable and multivariable analyses were performed using a
Cox proportional-hazards model for subjects with asymptom-
atic hyperuricaemia and subjects with gout to calculate the HR.
Explanatory variables were gender, age at follow-up date, eGFR
at follow-up date, number of comorbidities and a combination
of sUA range at follow-up date (sUA <5.0, 5.0<sUA <6.0, sUA
<6.0, 6.0<sUA <7.0 and 7.0<sUA) and ULT usage (ULT (—)
and ULT (+)) in period 1.

Among subjects with asymptomatic hyperuricaemia who
were prescribed ULT during period 1, propensity score analyses
compared the subject subgroups with sUA <6.0 mg/dL and sUA
>6.0mg/dL at the follow-up date. Details are provided in the
online supplemental methods.

The incidence rate for gout flare during period 2 was calcu-
lated for each disease status subgroup as determined in period 1.
Univariable and multivariable analyses, using a negative binomial
regression model, were performed for each asymptomatic hyper-
uricaemia group and gout group to calculate the relative inci-
dence rate. The explanatory variables were the same as used for
Cox proportional-hazards model analysis. The log value of the
follow-up period during period 2 was used as an offset variable.

All reported p values were two sided and were not adjusted for
multiple testing. All analyses were performed using SAS V.9.4.

RESULTS
Study population
The population of 811 587 subjects had at least one sUA measure-

ment at one or more medical check-ups from 1 April 2013 to 31
March 2016, with records showing that 48 244 of them had

sUA=8.0mg/dL. Of those, 19 261 subjects met the inclusion
criteria and did not meet the exclusion criteria (figure 2).

Subject characteristics

The overall study population (n=19 261) was predominantly
man (98.3%), with a mean age =SD of 43.2%9.4 years and
mean sUA=SD of 8.47+0.53 mg/dL. The most frequent comor-
bidity was hypertension (13.5%), followed by hyperlipidaemia
(11.5%) and renal dysfunction (eGFR <60mL/min/1.73 m?
11.39%). A large portion of subjects (71.6%) had no comorbidi-
ties (table 1).

Disease status during period 1

We developed an event tree and summarised our study findings
in 10 final nodes on that event tree. We then established seven
subgroups of disease status, based on the findings shown in those
10 final nodes. The largest group of participants (n=10 480)
showed sUA <8.0mg/dL at their next check-up and were classi-
fied as ‘no treatment required’. The next largest group consisted
of patients who were not receiving ULT, had not experienced
gout flare and continued to have sUA =8.0 mg/dL (n=7049). A
total of 337 subjects with asymptomatic hyperuricaemia and 101
with gout had received ULT and reached sUA of <6.0 mg/dL by
the follow-up date (figure 3).

Subject characteristics, organised by disease status, are shown
in online supplemental table S2. In subjects with gout and those
with asymptomatic hyperuricaemia, the subgroup of subjects on
ULT with sUA <6.0mg/dL tended to be older and to have more
comorbidities, including hypertension and hyperlipidaemia,
compared with the other subgroups. The subgroup on ULT with
sUA >6.0mg/dL had a higher percentage of subjects with renal
dysfunction than the other subgroups.

Occurrence of gout flare in subjects with asymptomatic
hyperuricaemia during period 2

In subjects with asymptomatic hyperuricaemia, the time to first
gout flare was longest (median not reached) in the subgroup of
subjects with sUA <6.0mg/dL. The time to first gout flare was
comparable between the subgroup with sUA >6.0mg/dL and
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Table 1 Subject characteristics
Analysis population, n=19 261
Age, years
Mean+SD 43.2+9.4
n (%)
18-19 33(0.2)
20-29 1572 (8.2)
30-39 4932 (25.6)
40-49 7593 (39.4)
50-59 4421 (23.0)
60-69 681 (3.5)
>70 29(0.2)
Sex, n (%)
Male 18 924 (98.3)
Female 337(1.7)
eGFR, mL/min/1.73 m**
Mean+SD 75.59+14.15
n (%)
>90 2736 (14.2)
>60,<90 14339 (74.4)
>30,<60 2150 (11.2)
>15,<30 22 (0.1)
<15 14 (<0.1)
>60 17 075 (88.7)
<60 2186 (11.3)
sUA, mg/dL
Mean+SD 8.47+0.53
n (%)
<8 0
>8,<9 16 549 (85.9)
>9,<10 2321 (12.1)
=10 391 (2.0)
Comorbidities of interest, n (%)
Hypertension 2591 (13.5)
Type 2 diabetes 983 (5.1)
Ischaemic heart disease 356 (1.8)
Heart failure 295 (1.5)
Cerebrovascular disease 271 (1.4)
Hyperlipidaemia 2212 (11.5)
Number of comorbidities, n (%)
0 13796 (71.6)
1 3380 (17.5)
2 1214 (6.3)
3 532 (2.8)
4 228(1.2)
5 90 (0.5)
6 19 (<0.1)
7 2 (<0.1)
Concomitant medications, n (%)
Antihyperlipidaemic drug 1315 (6.8)
ACE inhibitor 138 (0.7)
ARB 1712 (8.9)
Diuretic drug 385 (2.0)
Antidiabetic drug 407 (2.1)

*eGFR (male)=194 x sCr™%% x age %/, eGFR (female)=194 x sCr™"%% x age ™% x 0.739.
ACE, angiotensin-converting enzyme; ARB, angiotensin I receptor blocker; eGFR, estimated glomerular
filtration rate; SUA, serum uric acid levels.

the untreated subgroup (median not reached for either group)
(figure 4).

The incidence rate of gout flare was 0.033 (95% CI 0.023
to 0.043) flares/person-year for the subgroup of subjects with
asymptomatic hyperuricaemia prescribed ULT and having sUA
<6.0mg/dL, 0.083 (95% CI 0.074 to 0.093) flares/person-year

for the subgroup prescribed ULT and having sUA >6.0 mg/dL
and 0.081 (95% CI 0.078 to 0.084) flares/person-year for those
without ULT (figure 5).

From the results of Cox proportional-hazards model for
time to first gout flare among the subjects on ULT, the HR was
the lowest of 0.45 (95% CI 0.27 to 0.76) in subjects on ULT
(5.0<sUA = 6.0mg/dL) compared with non-ULT subjects (sUA
=8.0mg/dL). From the results of a negative binomial regression
model, the relative incidence rate was the lowest, at 0.40 (95%
CI 0.24 to 0.68), in subjects on ULT (5.0<sUA = 6.0mg/dL)
compared with non-ULT subjects (table 2). Findings were also
recorded for multivariable and univariable analyses of time to
first gout flare (online supplemental table S3) and the incidence
rate for gout flare (online supplemental table S4).

Propensity score analyses were performed on subjects with
asymptomatic hyperuricaemia who were receiving ULT. The C
statistic was 0.689, and the p value for the Hosmer-Lemeshow
test was 0.381. The intergroup distributions of baseline char-
acteristics for the inverse probability weighting and propensity
score-matched cohorts were better balanced than for the original
cohort (online supplemental table S5).

Findings from the Kaplan-Meier curve and Cox proportional-
hazard model are shown in online supplemental figure S1 and
table S6). The HR for sUA =<6.0mg/dL compared with sUA
>6.0mg/dL for average treatment effect in the inverse prob-
ability of weighting (IPW) cohort was 0.48 (95% CI 0.30 to
0.79). Subjects who received ULT during period 1 and who
showed sUA <6.0mg/dL tended to have fewer attacks of gout
flare than subjects with sUA >6.0 mg/dL. The results were robust
because all analyses of our data provided similar findings (online
supplemental table S6).

Occurrence of gout flare in subjects with gout during period 2
Among subjects with gout, the Kaplan-Meier curve for the group
with sUA <6.0 mg/dL crossed the curves for both the group with
sUA >6.0mg/dL and the untreated subgroup (figure 4). The
median time to first gout flare was 158.3 (95% CI 120.6 to -) in
the untreated group and 156.6 (95% CI 113.3 to 198.7) in the
sUA >6.0mg/dL group. The median value was not reached in
the sUA 6.0 mg/dL group.

The gout flare incidence rate was 0.333 (95% CI 0.275 to
0.391) flares/person-year for those on ULT with sUA <6.0 mg/
dL, 0.468 (95% CI 0.429 to 0.508) flares/person-year for those
on ULT with sUA >6.0mg/dL, and 0.491 (95% CI 0.423 to
0.560) flares/person-year for those who were not receiving ULT
(figure 5). Based on results from a Cox proportional-hazards
model, the HR was the lowest, at 0.65 (95% CI 0.40 to 1.05),
in subjects on ULT (5.0<sUA < 6.0 mg/dL) compared with non-
ULT subjects (sUA =8.0 mg/dL). A negative binomial regression
indicated that the relative incidence rate was the lowest, at 0.54
(95% CI 0.33 to 0.91), in subjects on ULT (5.0<sUA < 6.0mg/
dL) compared with non-ULT subjects (table 2).

DISCUSSION
In this study, we hypothesised that gout flare would be less
common in patients whose sUA was decreased by ULT than
in patients whose sUA remained elevated, not only in subjects
with gout, but also in those with asymptomatic hyperuricaemia.
Because Japanese guidelines recommend the use of ULT in
certain patients with asymptomatic hyperuricaemia, data were
available to support our hypothesis.

Multivariable analysis consistently suggested that the risk
of gout flare was lowest when sUA was reduced to 5.0mg/
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Figure 3  Event tree analysis of disease status from index date to follow-up date (period 1). Parentheses indicate the number of subjects. For
percentages, the denominator was 19 261 subjects. sUA, serum uric acid levels; ULT, urate-lowering therapy.

dL<sUA =6.0mg/dL, both for asymptomatic hyperuricaemia
and for gout. However, when we analysed time to first gout
flare, we found that subjects with gout whose sUA was reduced
to <5.0mg/dL were at higher risk for gout flare. Based on the
finding that the Kaplan-Meier curve for the sUA <6.0 mg/dL
group crossed the curves for the sUA >6.0mg/dL group and the

untreated group, we deduced that excessively rapid reduction of
sUA may induce gout flare in the early phase of ULT introduction.
This agrees with results from multiple previous studies, which
showed that a sharp reduction in sUA during the initial phase of
ULT was associated with gout flare." ** Interestingly, our study
showed this relationship only for gout, not for asymptomatic

+ Censored

Free from gout flare

Disease status

0.4 Median time, weeks o b =s
Asymptomatic hyperuricaemia e
0.3 = ULT (), SUA <6.0 mg/dL Not reached
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Gout
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hyperuricaemia yLT (+), sUA >6.0 mg/dL 884 860 843 826 801 751 661 492 404 243 171 35 0
ULT (=), sUA =8.0 mg/dL 7049 6893 6758 6617 6512 6137 5119 3872 3197 1794 1287 363 0
Gout ULT (+), sUA <6.0 mg/dL 101 77 73 67 63 62 44 35 31 19 13 2 0
ULT (+), sUA>6.0 mg/dL 303 252 217 195 176 156 124 92 72 39 25 10 0
ULT (-), sUA =8.0 mg/dL 107 85 81 72 67 61 46 31 24 16 12 5 0

Figure 4 Kaplan-Meier curve for time to first gout flare in period 2. sUA, serum uric acid levels; ULT, urate-lowering therapy.
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hyperuricaemia, possibly because of differences between the two
groups in the amount of urate deposited in body tissues.

Propensity score analyses were applied to subjects with asymp-
tomatic hyperuricaemia who were prescribed ULT, to compare
findings between the group that reached the target sUA for
patients with gout (sUA <6.0 mg/dL) and the group that did not.
IPW analysis and propensity score matching analysis yielded
consistent results, with lower levels of gout flare in subjects
whose sUA was reduced by ULT to the gout target level. These
results were robust and did not contradict the findings from our
previous retrospective observational study, which also used the
JMDC database and showed that subjects experienced less gout
flare when they practiced closer adherence to ULT and when
their sUA was monitored regularly.'®

In patients with gout, the treat-to-target approach is widely
accepted.! * There is currently no consensus on whether sUA
should be lowered to the gout target level in patients with
asymptomatic hyperuricaemia since limited evidence is avail-
able to support this treatment option. However, in a recent
randomised controlled study of asymptomatic hyperuricaemia
in chronic kidney disease (CKD), researchers confirmed that
the incidence proportion of gout flare was significantly lower
(0.91% vs 5.86%) in patients treated with ULT than in those
treated with a placebo.'’ Our study supports those findings,
showing that the incidence rate of gout flare was lowered by
using ULT to maintain sUA at the gout target level in subjects
with asymptomatic hyperuricaemia as well as in those with gout.
However, in patients with asymptomatic hyperuricaemia the
incidence of gout over a 3year period was 4.8% in subjects in
the ULT group who reached sUA<6.0 mg/dL and 11.1% in the
untreated group. In other words, the number needed to treat
(NNT) for 3 years to prevent 1 incident of gout flare was 16
patients. Similarly, previous RCTs in patients with asymptom-
atic hyperuricaemia indicated the NNT for 3 years to prevent

a single gout flare was 24 patients.* 17 In addition, results
from two recent randomised clinical trials showed that, among
those with asymptomatic hyperuricaemia and CKD, allopurinol
provided no renoprotective benefits and potentially doubled the
risk of death.'®2° Clearly, the introduction of ULT for asymp-
tomatic hyperuricaemia should be considered only after carefully
assessing the clinical risks and benefits and the health economics
of such treatment.

This study was significantly strengthened by using a large-scale
medical information database that allowed us to follow approxi-
mately 20 000 subjects with asymptomatic hyperuricaemia for at
least 2 years. Our study was feasible because Japan is one of the
few countries where asymptomatic hyperuricaemia is treated,
and records of that treatment are available. It would be much
more challenging to observe asymptomatic hyperuricaemia
treatment results in most other countries.

There are several limitations to this study. First, no validation
study was conducted on the definitions of disease and outcome,
so the applicability of those definitions is limited. Second, the
JMDC database contains information from health insurance
associations that include only limited data from subjects aged
65 and older and no data from those aged 75 and older, so our
findings cannot be generalised to the entire Japanese popula-
tion. Third, the study was limited to annual medical check-up
data, so sUA were measured only once a year in most cases, and
subjects might not have taken their ULT or other drugs on the
day of the check-up. Fourth, there was a possibility of selection
bias because the study was limited to subjects for whom sUA
were available from medical check-ups for at least two consec-
utive years and who could be followed up for an additional 2
years. Fifth, to answer the research question, it was necessary
to set the time origin for evaluation of gout flare during period
2 as the day after the next measurement of sUA (the follow-up
date). This resulted in different dates for gout flare onset and
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Table 2 Covariate-adjusted analysis for time to first onset and incidence rate of gout flare in period 2

ULT (-) ULT (+)
sUA, mg/mL sUA, mg/mL
=8.0 <5.0 >5.0, <6.0 >6.0, <7.0 >7.0
Asymptomatic hyperuricaemia
n=7049 n=88 n=249 n=358 n=526
Time to first gout flare in period 2
Median time (95% Cl) - - - - -
HR (95% Cl) versus ULT (-)* - 0.64 0.45 0.97 1.29
(0.32t0 1.29) (0.27 t0 0.76) (0.71 t0 1.32) (1.04to0 1.61)
P value versus ULT (-)* - 0.216 0.002 0.839 0.022
Incidence rate of gout flare in period 2
Incidence rate (95% Cl)t, flares/person-  0.035 0.023 0.014 0.032 0.043
year (0.024 to 0.051) (0.010 to 0.053) (0.008 to 0.027) (0.019 to 0.053) (0.027 to 0.068)
RR (95% Cl) versus ULT (<)t - 0.65 0.40 0.91 1.23
(0.31 t0 1.39) (0.24 10 0.68) (0.64 to 1.31) (0.93 t0 1.63)
P value versus ULT (=)t - 0.269 0.001 0.624 0.141
Gout
n=107 n=33 n=68 n=102 n=201
Time to first gout flare in period 2
Median time (95% Cl) 158.3 127.6 —(164.6 to -) -(176.3t0-) 125.6
(120.6 to -) (14.9to-) (87.3t0 157.1)
HR (95% Cl) versus ULT (-)* — 1.22 0.65 0.76 1.23
(0.71 t0 2.10) (0.40 to 1.05) (0.51t0 1.14) (0.89 t0 1.70)
P value versus ULT (-)* - 0.465 0.078 0.179 0.207
Incidence rate of gout flare in period 2
Incidence rate (95% CI)1, flares/person-  0.298 0.263 0.162 0.273 0.286
year (0.096 to 0.924) (0.077 to 0.894) (0.051 to 0.516) (0.091 to 0.823) (0.094 to 0.869)
RR (95% Cl) versus ULT (=)t = 0.88 0.54 0.92 0.96
(0.48 t0 1.63) (0.33t00.91) (0.59 to 1.42) (0.66 to 1.39)
P value versus ULT (-)t - 0.690 0.020 0.694 0.822

*Multivariable analysis using Cox proportional-hazards model. Sex, number of comorbidities of interest in period 1, and age, eGFR, and sUA control at the follow-up date were

included in the model.

tMultivariable analysis using negative binomial regression model. Sex, number of comorbidities of interest in period 1, and age, eGFR, and sUA control at the follow-up date

were included in the model.

RR, relative incidence rate; sUA, serum uric acid levels; ULT, urate-lowering therapy.

uric acid measurement, and meant that variable risk levels were
represented within the patient group with gout. The nature of
this study placed limitations on our ability to adjust for these
confounding factors. Finally, although multivariable analysis and
propensity score analyses were adjusted for confounding factors,
the study may have been limited by unrecognised or unmeasured
confounding factors.

Our study used real-world data to demonstrate that the occur-
rence of gout flare in asymptomatic hyperuricaemia and gout
tended to be lower for patients who were prescribed ULT and
achieved sUA =<6.0mg/dL than for those who received ULT
treatment but whose sUA remained >6.0mg/dL and for those
who were untreated. Further exploration is warranted regarding
the benefits and drawbacks of introducing ULT as a treatment
for asymptomatic hyperuricaemia, both clinically and from the
perspective of health economics.
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Elderly patients with comorbidities in the
definition of difficult-to-treat
rheumatoid arthritis

The advent of biological and targeted synthetic disease-modifying
anti-rheumatic drugs (b/tsDMARDs) has improved the manage-
ment of rheumatoid arthritis (RA) dramatically. However, there are
patients who have not been controlled adequately, and EULAR has
recently proposed a definition of difficult-to-treat RA (D2T RA).'
We have verified the definition in our institution, where approx-
imately 60% of 1700 patients with RA have been treated with b/
tsDMARDs based on the EULAR recommendation and treat-to-
target strategy,”° resulting in roughly 85% achieving target (60%

in remission and 25% in low disease activity),"* and revealed that
109% are classified as D2T RA at the last visit.” In the process of this
investigation, we further identified 77 patients (5%) who were on
the borderline of non-D2T RA despite being in moderate or high
disease activity due to non-fulfilment of the criterion of failure of
two b/tsDMARDs with different mechanisms of action.’

We compared the characteristics of the 77 non-D2T RA patients
in moderate or high disease activity with those of the non-D2T
RA patients in remission or low disease activity (table 1). The
patients in moderate or high disease activity were significantly
older at diagnosis (62.3 vs 51.7 years, p<0.001) and latest visit
(77.5 vs 62.9 years, p<0.001), had a longer disease duration
(15.2 vs 11.3 years, p<0.001), more joint damage (Steinbrocker
stage 4; 44.2 vs 23.8%, p<0.001) and significantly higher rheu-
matic disease comorbidity index® (2.2 vs 0.7, p<0.001). The

Table 1 Comparison of clinical characteristics between non-D2T RA in remission/LDA and MDA/HDA
Non-D2T RA Remission/LDA MDA/HDA
N=1536 N=1459 N=77 P value
Demographics
Female 1268 (82.6) 1201 (82.3) 67 (87.0) 0.36
Age at diagnosis, years 52.1+15.5 51.6+15.4 62.3+14.0 <0.001
Age at last visit, years 63.4+1.7 62.9+14.6 77.5+10.4 <0.001
Disease duration, years 11.5+8.5 11.3+8.3 15.2+10.4 <0.001
BMI, n=1387 21.7+33 21.7+3.3 20.9+3.0 0.06
Disease characteristics
DAS28-ESR 2.2+0.8 2.1+0.7 3.8+0.6 <0.001
CDAI 2.2+2.6 1.9+2.1 7.2+4.5 <0.001
SDAI 2.3+2.7 2.0+2.1 8.1£5.0 <0.001
TJC (0-28) 0.2+0.7 0.2+0.5 1.2+1.8 <0.001
SJC (0-28) 0.3+0.8 0.2+0.7 1.2+1.9 <0.001
EGA, mm 3.0£5.4 2.6+4.4 10.3£11.9 <0.001
PGA, mm 13.6+£17.4 12.3+15.9 38.3+25.1 <0.001
HAQ-DI 0.4+0.3 0.4+0.6 1.2+0.9 <0.001
CRP, mg/dL 0.2+0.4 0.1+0.3 0.9+1.4 <0.001
ESR, mm/h 19.1£17.1 17.1£13.8 56.0+28.6 <0.001
MMP-3, mg/dL 57.3+61.8 53.3+49.8 136.5+153.8 <0.001
Anti-CCP positive 1112/1512 (73.5) 1052/1438 (73.2) 60/74 (81.2) 0.14
RF positive 1170 (76.2) 1101 (75.5) 69 (89.6) 0.004
Steinbrocker stage 4 381 (24.8) 347 (23.8) 34 (44.2) <0.001
Current treatment
csDMARDs alone 578 (37.6) 532 (36.5) 46 (59.7) <0.001
MTX 956 (62.2) 923 (63.3) 33 (42.9) <0.001
PSL use 161 (10.5) 140 (9.6) 21 (27.3) <0.001
Dose of PSL, mg/day 3.6+1.9 3.6+1.9 4.1£2.1 0.21
b/tsDMARDs 854 (55.6) 827 (56.7) 27 (35.1) <0.001
Treatment history
Number of used csDMARDs 1.8+1.1 1.7£1.1 2.6+1.4 <0.001
Number of used b/tsDMARDs 1.0£1.1 1.0£1.1 0.6+0.7 <0.001
TNFi 692 (45.1) 676 (46.3) 16 (20.8) <0.001
IL-6i 433 (28.2) 428 (29.3) 5 (6.5) <0.001
CTLA-4lg 160 (10.4) 143 (9.8) 17 (22.1) 0.002
tsDMARDs 28 (1.8) 28(1.9) 0(0) <0.001
Contraindication or intolerance to MTX 241 (15.7) 209 (14.3) 32 (41.6) <0.001
Admission history due to infection 75 (4.9) 52 (3.6) 23 (29.9) <0.001

anti-CCP, anti-cyclic citrullinated peptide antibody; bDMARD, biologic disease-modifying anti-rheumatic drug; BMI, body mass index; CDAI, clinical disease activity index; CRP,

C reactive protein; csDMARD, conventional synthetic disease-modifying anti-rheumatic drug; CTLA-4lg, cytotoxic T lymphocyte antigen-4lg; DAS28, disease activity score for 28
joints; D2T RA, difficult-to-treat rheumatoid arthritis; EGA, evaluator global assessment; ESR, erythrocyte sedimentation rate; HAQ-DI, health assessment questionnaire- disability
index; HDA, high disease activity; IL-6i, interleukin-6 receptor inhibitor; LDA, low disease activity; MDA, moderate disease activity; MMP-3, matrix metalloprotease-3; MTX,
methotrexate; PGA, patient global assessment; PSL, prednisolone; RA, rheumatoid arthritis; RF, rheumatoid factor; SDAI, simplified disease activity index; SJC, swollen joint count;
TJC, tender joint count; TNFi, tumour necrosis factor inhibitor; tsDMARD, targeted synthetic disease-modifying anti-rheumatic drug.;
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Figure 1

Comorbidities in patients with non-D2T RA in remission/LDA and in MDA/HDA. The patients in MDA/HDA were significantly higher

rheumatic disease comorbidity index (p<0.001) and the frequent comorbidities were hypertension (p<0.001), ischaemic heart disease (p=0.008),
stroke (p=0.003), pulmonary disease (p<0.001), chronic kidney disease (p<0.001) and fracture (p<0.001). CKD, chronic kidney disease; D2T RA,
difficult-to-treat rheumatoid arthritis; eGFR, estimated glomerular filtration rate; HDA, high disease activity; LDA, low disease activity; MDA, moderate

disease activity; RDCI, rheumatic disease comorbidity index.

frequent comorbidities were hypertension, ischaemic heart disease,
stroke, pulmonary disease including interstitial lung disease and
chronic pulmonary infection, chronic kidney disease and frac-
ture (figure 1). Also, admission history due to infection (29.9%
vs 3.6%, p<0.001) was significantly more frequent in the patients
in moderate or high disease activity (table 1). The current use of
methotrexate (42.9% vs 63.3%, p<0.001), b/tsDMARDs (35.1%
vs 56.7%, p<0.001) and prednisolone (27.3 vs 9.6%, p<0.001)
was also different between the two groups. These clinical charac-
teristics are quite similar to those of patients with D2T RA patients
due to comorbidity.’ In the non-D2T RA patients in moderate or
high disease activity treated with b/tsDMARDs, those drugs had
been continued (not switched) for 5.6 years despite not achieving
remission or low disease activity. In the patients who had previ-
ously treated with one b/tsDMARDs, another b/tsDMARDs had
not been tried for 6.3 years at the latest visit. Those results suggest
that T2T strategy and the current EULAR recommendations are
difficult to implement for those frail patients with comorbidities
because they or their attending physicians are reluctant to inten-
sify or change treatment. If b/tsDMARDs are apparently contra-
indicated, those patients may be classified as D2T RA according
to EULAR D2T RA definition,' however, assessing risk-benefit
balance to adjust treatment in real world is not easy.

Along with longevity,” proportion of elderly patients and patients
with later disease onset has been increasing in RA.® Elderly patients
tend to have comorbidities and frailty, which could hamper inten-
sive treatment including bDMARDs and/or tsDMARDs. The
patients in our present study are representative for that portrait;
they have not used =2 b/tsDMARDs with different mechanisms of
action because they or their attending physicians did not decide to
start b/tsDMARD:s due to comorbidities or severe infection history,
although those were not apparent contraindication. However, such
patients are problematic because joint inflammation, laboratory
findings including acute phase reactants and matrix metallopro-
teinase-3 and patient-reported outcomes are not well-controlled
even after taking into consideration some non-inflammatory
factors such as progressed joint damage associated with long
disease duration (table 1). We need to recognise that D2T RA and
even some non-D2T RA represent a heterogeneous patient popu-
lation and seek for appropriate solution according to each status.

Our study can have some bias due to the nature of a single-
centred study in Japan. The results should be validated with larger,
worldwide studies in future. Since the publication of definition of
D2T RA, several papers about D2T RA have been published.’ ” '’
Accumulation of such findings will elucidate actual situation and
lead to better treatment strategies. We propose that we pay more
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attention on patients with RA who do not meet the current criteria
due to safety concerns.
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Joint tenderness and ultrasound inflammation
in DMARD-naive patients with early
rheumatoid arthritis

Tender joint count is part of most composite disease activity
scores and treatment targets in rheumatoid arthritis (RA)." Joint
tenderness could represent not only synovial inflammation in the
absence of clinical swelling but also factors such as erosive damage
and pain sensitisation.” Ultrasound examination can add informa-
tion to the clinical evaluation of inflammation.

Joint tenderness did not reflect inflammatory activity when
assessed by ultrasound in patients with established RA® but might
be more related to inflammation in early arthritis.* > We aimed to
explore joint tenderness in DMARD-naive patients with early RA
and assess whether this finding was associated with ultrasound
inflammation in the absence of swelling.

The analyses were performed using baseline data from the
ARCTIC trial,® which included assessment of joint tenderness
by Ritchie Articular Index and a 44-swollen joint count. The
Ritchie Articular Index grades joint tenderness 0-3, with certain
joints being treated as a single unit, for example, the metacarpal-
phalangeal (MCP) joints. In the ultrasound examination, 32 joints
were all dorsally scored semiquantitatively 0-3 for power Doppler
(PD), with an ultrasound atlas for reference.’ The wrists were
predefined as the joint area of interest since they are commonly
involved in RA and were assessed both clinically and by ultrasound.
Additionally, in these joints, scoring of tenderness by Ritchie
Articular Index could correspond to the more commonly used
tender joint count. The presence of ultrasound inflammation was
defined as a PD score of minimum one in any of the following
areas: the radiocarpal joint, intercarpal joint, radioulnar joint and
extensor carpi ulnaris tendon. We then selected only wrists that
were clinically nonswollen and examined the association between
joint tenderness and PD positivity in these joints by mixed logistic
regression models with patient-specific intercept to adjust for
within-patient dependencies. The analyses were repeated using
generalised estimating equations for robustness. In secondary anal-
yses, we explored tenderness of the MCP joints, but comparability
with swelling and ultrasound findings were weakened by the lack
of a regular tender joint count. The MCP1-5 had to be scored
together as one unit for swelling and PD signal. The association
between joint tenderness and grey-scale synovitis was also assessed.

Of the 230 patients, 61% were women, median (IQR) symptom
duration of 5.6 (2.8, 10.2) months, swollen joint count of 10 (4,
15), joint tenderness by Ritchie Articular Index 7 (4, 13) and PD
score of 7 (3, 14).° Of the 460 assessed wrists, 282/460 (61%) were
clinically nonswollen. Of these, 38/282 (13%) were reported as
tender (graded 1 or 2). The frequency of PD score =1 in the tender
nonswollen wrists was 19/38 (50%) compared with 55/244 (23%)
in the nontender nonswollen wrists. This corresponds to an OR of
4.70 (95% CI 1.62 to 13.62, p value <0.001) for PD signal in a
tender nonswollen wrist compared with a nontender nonswollen
wrist (figure 1). Similar results were found for grey-scale synovitis
and for the nonswollen MCP joints. Of the 19 PD positive wrists,
11 had a total PD score of =2.

In conclusion, in nonswollen wrists, ultrasound PD activity was
more frequent if the wrist was tender. A hypothetic explanation
of this finding might be that tender joints at time of RA diagnosis
reflect low-grade inflammation, which is not detectable clinically as
swelling. In contrast to established RA, these patients with early RA
had less joint damage, and central sensitisation due to long-lasting
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Figure 1 The frequency and OR of ultrasound power Doppler signal in

tender vs non-tender non-swollen wrists.

inflammatory activation of pain fibres might not yet be an issue. A
limitation of this study is the evaluation of tenderness by Ritchie
Articular Index, reducing the number of joint areas available for
analysis. The pathophysiology behind a tender joint in early RA
should be further explored, and joint tenderness might deserve
more attention when aiming for remission in early disease.
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Single cell and spatial transcriptomics in human
tendon disease indicate dysregulated
immune homeostasis

Tendinopathy; encompassing multifactorial tendon disorders
characterised by pain and functional limitation remains a signifi-
cant burden in musculoskeletal medicine.' Recent findings high-
light a key role for immune mediated mechanisms in tendon
disease supporting the concept that pivotal immunological and
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Figure 1 Cell composition and interactions of healthy and diseased human tendon. (A) Normal (n=4, human hamstring tendon) and diseased
(tendinopathy, n=5, human supraspinatus tendon) human tendon were processed for single cell analysis using Chromium 10x 3'DEG chemistry.
Infographic shows number of donors and cells sequenced. Uniform manifold approximation and projection (UMAP) embedding of 22 124 single cells
delineating endothelial, immune, stromal tenocyte and stromal mural cells with marker genes. (B) Stromal cells of the tendon. UMAP embedding
with gene markers and distribution of seven delineated stromal cell populations from human tendons; mural tenocyte (mT), normal tenocytel (nT1),
normal tenocyte2 (nT2), diseased tenocytel (dT1), diseased tenocyte2 (dT2), diseased tenocyte3 (dT3) and diseased cycling tenocytes (dTc). (C)
Immune cells of the tendon. UMAP embedding with gene markers and distribution of 6 delineated immune cell populations from human tendons;
dendritic cells (DC), macrophage1 (Macro1), macrophage1 (Macro2), cycling macrophage (Macro-C), T-Cells1 (T-Cell1) and T-Cells2 (T-Cell2). (D)
Endothelial cells (EC) of the tendon. UMAP embedding with gene markers and distribution of seven delineated EC populations from human tendons;
CD36 high EC (CD36EC), E-Selectin EC (CD62€eEC), collagen 4 vessel EC (COL4aEC), immune-like EC (ImmuneEC), LYVE1 positive EC (LYVETEC) and
SEMA3G positive EC (SEMA3GEC). (E) Tenocyte—immune interactions in tendon (n=3 healthy, vs 4 diseased). Predicted cell-cell interactions using
CellphoneDB statistical framework on human tendon immune and stromal cells. Selected ligand receptor interactions showing APP and MIF ligand—
receptor pairs in tendon stromal and immune cells. Mean of combined gene expression of interaction pairs (Log2 mean) and p value of specificity

of interactions. Violin plots of APP and MIF expression in tendon stromal cells from healthy (pink) and diseased (green) tendon. Spatial expression
(log2FC) of stromal APP and macrophage LYVE? in normal human tendon and stromal MIF and macrophage CD74 in tendinopathic tendon visualised
on 10x Genomics visium data, boxes highlight areas of coexpression. Violin plots of LYVET and CD74 expression in immune cells from healthy (pink)
and diseased (green) tendon. Biorender infographic summarising tenocyte—immune cell interactions in tendon disease. (F) EC—tenocyte interactions
in tendon. Predicted cell—cell interactions using CellphoneDB statistical framework on selected human tendon endothelial and stromal cells.
Ligand-receptor interactions showing NOTCH3 ligand-receptor pairs in tendon endothelial and stromal cells. Mean of combined gene expression

of interaction pairs (Log2 mean) and p value of specificity of interactions. Violin plots of NOTCH3 and JAGT expression in tendon stromal and ECs,
respectively from healthy (pink) and diseased (green) tendon. Spatial expression (log2FC) of NOTCH3 and MCAM from mural tenocytes and SEMA3G
and JAGT from SEMA3GEC's in human diseased tendon visualised on 10x Genomics visium data, boxes highlight areas of coexpression. Biorender
graphic of predicted SEMA3GEC and mT interaction in human tendon.
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biomechanical factors conventionally associated with inflam-
matory rheumatic and musculoskeletal diseases (RMDs) are
manifest in tendon.” Single cell technologies® (scRNAseq) are
increasingly applied in rheumatology to identify key cellular
phenotypes that drive disease pathogenesis. Despite efforts with
small cell numbers and heterogenous tendon biopsies® there
remains no detailed spatial tendon cell atlas to inform transla-
tional targeting. Herein, for the first time utilising scRNAseq and
spatial transcriptomics (S,), we carry out cell—cell interaction
analysis to build an atlas of the dynamic cellular environment
that drives the development of chronic human tendon disease.

In healthy (4 biopsies, n=3040 cells) and diseased (5 biopsies,
n=19084 cells) tendon we find a mix of endothelial, immune
and stromal cells (figure 1A, online supplemental file 1). Each
cell type group is present in disease and healthy tissue but with
distinct quantitative and qualitative characteristics. Within
stromal populations we identified ‘mural type’ stromal cells
(figure 1B). Mural cells, which include pericytes, are possible
progenitor cells in tendon’ and interestingly, these cells are
phenotypically similar to NOTCH3 high mural cells described
in rheumatoid arthritis (RA) synovium which can differentiate
into fibroblasts following interactions with endothelial cells
(ECs) via JAG1.° Cell—cell interaction and S, analysis indicate a
similar phenomenon could occur within tendinopathy between
mural cells and SEMA3G ECs (figure 1F). In all diseased stromal
cell populations, there was greater expression of genes for
extracellular matrix proteins (eg, COL1A1, COL3A1, FNI,
BGN) which is considered the hallmark feature of tendinopathy
(online supplemental figure S2B). Furthermore, pathway anal-
ysis indicates stromal cell clusters shift from negative regulation
of immune cell and cytokine responses in normal tendon (online
supplemental figure S3A) to a state that promotes immune cell
recruitment and activation along with cytokine secretion and
response processes in diseased tendon (online supplemental
figure S3B,C).

Seven subtypes of PECAM1+ ECs were found (figure 1D),
including a population of LYVET1+ ECsthat produce CCL21
and have been shown to regulate dendritic cell (DC) migra-
tion.” Furthermore, CCL21 is upregulated in these cells in tend-
inopathy (online supplemental figure S2C). DCs comprise the
single largest immune cell population present in normal tendon
(figure 1B). Intriguingly, DCs are also present in diseased tendon
however, showing therein greater levels of DC activation and
lower levels of CIQ genes (regulatory DC markers) (online
supplemental figure S2D,E). The activation of DCs and subse-
quent T cell activation® in tendinopathy is further evidenced by
pathway analysis of differentially upregulated genes in disease
(online supplemental figure S3D,E). This activation may in part
be due to increased matrix protein expression, such as FN1,
which can activate DCs and resulting in alterations in T cell
populations within tissue potentially contributing to mechanisms
driving disease chronicity. Additionally, we found three popula-
tions of macrophages in diseased tendon, one of which, cycling
macrophages (figure 1C, online supplemental figure S2A) is
unique to diseased tissue. The transcript profile of macrophages
in normal tendon most closely resembled tissue repair and
debris clearance (figure 1E, online supplemental figure S2D).
Within normal tendon we found APP expression in tenocytes
which can induce a resolution promoting phenotype in macro-
phages. However, APP expression was reduced in the stromal
compartment in disease coinciding with diminished expression
of LYVE1 within diseased tissue macrophages (figure 1E, online
supplemental figure S2D). These macrophage subsets have
recently been associated with RA remission and we postulate the

phenotypic drift away from this phenotype promotes aberrant
tissue repair and attendant tendinopathy.”’

Further evidence suggesting that the stromal environment
may induce inflammatory changes comprises increased expres-
sion of MIF (figure 1E, online supplemental figure S2B) in
diseased tenocytes that can induce proinflammatory effects via
its receptor CD74, which is also upregulated in macrophages
from diseased tendon (figure 1E, online supplemental figure
§2C). S, generated indicative data from cell-cell interaction
analysis suggests stromal induced immune regulation. As such,
we postulate the primary role of the immune compartment
within the tendon is to regulate and resolve damage; however,
following cumulative microtrauma the fundamental process of
debris removal and matrix repair initiated by tenocytes could
lead to positive amplification of the immune compartment. We
further propose that within diseased tendon immune homoeo-
stasis may become imbalanced and activated immune cells,
primed by both endothelial and stromal cells, promote a cycle
of inflammation and aberrant tissue repair. The inflammatory
environment, including cytokine pathways that are unequiv-
ocally demonstrated in this preliminary tendon atlas, have
been targeted to yield potent immunological interventions in
a range of inflammatory RMDs—the potential to target and
investigate these pathways in human tendon disease is now
compelling.
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Effects of face masks on oxygen saturation and
functional measures in patients with connective
tissue disorder-associated interstitial lung disease

Face masks are a first-line defence against the COVID-19
pandemic.' Concerns about face masks reducing oxygen satura-
tion (SpO,) have been negated by controlled studies in healthy
individuals.” * Universal masking must be followed without
exceptions. However, persons with pre-existing cardiorespi-
ratory diseases like interstitial lung diseases (ILD) have limited
functional reserves. We explored the effects of face masks in
patients with connective tissue disease (CTD)-associated ILD
(CTD-ILD).

Patients between 18 and 75 years of age with high-resolution
CT (HRCT)-proven CTD-ILD and with Medical Research
Council scale grades 1-3 dyspnoea and forced vital capacity
(FVC) of less than 70% were included in this crossover trial.
If FVC was >70%, patients were included only if the extent of
involvement on HRCT was more than 20% of the lung. Patients
requiring oxygen supplementation and with myositis or lower
limb pain were excluded. Initial SpO, was recorded and a stan-
dard 6 min walk test (6MWT) was carried out with and then
without a standard three-layer surgical face mask. Adequate
precautions were taken to prevent the spread of COVID-19
during the tests. Distance covered during the 6MWT was the
primary outcome measure. The secondary outcome measures
were drop in SpO,, time for saturation to return to baseline and
dyspnoea measured on the Borg Dyspnoea Scale. Considering a
mean (SD) 6MWT distance of 250 (53) m and a minimal clini-
cally significant difference of 10% reduction, with alpha of 0.05
and power of 80%, the sample size was calculated at 36. The
trial was registered as CTRI/2021/01/030234 in the Clinical
Trial Registry of India (CTRI). Paired Student’s t-test, Wilcoxon
signed-rank test and McNemar test were performed using SPSS
V.23.0.

After block randomisation, 18 patients were assessed without
masks on first and 18 with masks on first. All 36 patients (online
supplemental table 1) completed 6MWT both with and without
masks. The participants covered a mean of 12.9 m (95% CI 4.5
to 21.4; p=0.004) lesser distance and had a larger drop in satu-
ration (p=0.03) while on masks than when not wearing masks.
The number of persons who had any rise in the Borg Dyspnoea
Scale during peak activity was significantly different (table 1).
A decline in SpO, of 2% or more occurred in 14 participants
without masks and in 19 with masks (p=0.3; Fisher’s exact test).

Thus, the use of face masks reduced functional capacity and
SpO, during activity in patients with CTD-ILD. Even with the

Table 1 Parameters during 6MWT in 36 patients with connective tissue disorder-associated interstitial lung diseases with and without face masks

Without face masks With face masks Test for significance*, p value
Distance covered (m) 264.3 (44.1) 251.4 (51.4) 0.004
Baseline oxygen saturation (%) 97.4 (2.4) 97 (2.8) 0.15
Oxygen saturation (%) at completion of 6GMWT 94.4 (5.7) 92 (6.5) 0.03
Drop in oxygen saturation (%) 3.0(3.8) 4.1 (4.5) 0.03
Time taken for recovery of oxygen saturation (s) 35.4 (65.2) 67.1 (78.0) 0.002
Number who had rise in Borg Dyspnoea Scale by at least single unit 21 30 0.008

Data presented as mean (SD).

*Student's t-test for parametric data (distance covered), Wilcoxon signed-rank test for non-parametric data (rest) and McNemar test for proportions.

6MWT, 6 min walk test.

Ann Rheum Dis November 2021 Vol 80 No 11

1497


Rectangle

http://ard.bmj.com/

roll-out of COVID-19 vaccines around the world, masks remain
the standard of care. We strongly advocate the use of masks for
all, including patients with ILD, who may be at higher risk if
they develop COVID-19. Although only CTD may not confer
additional risk for COVID-19, the presence of ILD increases the
risk of severe disease.*

Functional MRI studies have shown carbon dioxide reten-
tion while wearing face mask alters brain oxygenation patterns
without affecting task activation in healthy subjects.” Other
studies which have shown no effect of masks have been on elderly
participants without any active exertion” or on young adults
during exercise.” However, these studies had smaller numbers
and did not evaluate patients with lung disease during exertion.
Conversely, it should also be kept in mind that dyspnoea is a
subjective feeling and patients with respiratory diseases may be
subconsciously biased against masks.® This study should not be
misinterpreted as implying face masks should not be used in
patients with CTD-ILD.

Our limitations include the use of surgical mask only. However,
this was to standardise the experiment. We expect other types of
masks and idiopathic ILD to behave similarly.

We reiterate that it is quintessential for these patients to
continue wearing masks. However, patients with ILD, their care-
givers and physicians should know that functional capacity may
be reduced with masks. Patients should limit physical exertion
while wearing masks.

This study should not be misinterpreted as implying face
masks should not be used by patients with CTD-ILD because
this would risk COVID-19 infection, which would be very much
detrimental to such patients. Continuous use of masks as well as
other COVID-19 protocols is secondary to none.
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Broad clinical spectrum of SARS-CoV-2-
associated inflammatory joint disease in adults:
a report of 35 cases from the COVID-19 &
Autoimmune Systemic Disease Italian

study group

Large cohort studies demonstrated that a sizeable proportion of
patients with acute COVID-19 present with symptoms or signs
of rheumatological interest such as arthralgia/myalgia, inflamma-
tory skin lesions and/or autoantibodies positivity.' Subsequent
clinical observations disclosed the existence of a post-acute
COVID-19 syndrome, characterised by a large constellation
of manifestations including fatigue, arthralgia and myalgia.’
The potential role of viruses in the development of rheumatic
diseases is well recognised, either as causative agents or anti-
genic triggers for the ensuing development of autoimmunity.’
Consistent with these premises, from the earliest phases of
the pandemic, inflammatory musculoskeletal manifestations
following COVID-19 have been described in isolated case
reports although no systematically collected cohorts are still
available to unveil the clinical spectrum of post-COVID-19
arthritis.*

To contribute to shed light on this field, in December
2020, we built a web-based survey platform and invited all
members of our study group to submit cases of inflamma-
tory joint disease and onset within 8 weeks from a confirmed
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Table 1 Clinical features and laboratory/imaging findings in patients with SARS-CoV-2-associated inflammatory joint disease

Early onset Late onset
Whole cohort (=2 weeks) (>2 weeks) P value early vs
(n=35) (n=12) (n=23) late onset

Age, years 52.4+13.3 50.3+9.4 53.5+15.0 0.44
Female sex, n (%) 23 (65.7) 7 (58.3) 16 (69.6) 0.7
Current smokers, n (%) 6(17.1) 1(8.3) 5(21.7) 0.64
Symptomatic COVID-19, n (%) 29 (82.9) 12 (100) 17 (73.9) 0.07
COVID-19 symptoms

Fever, n (%) 26 (74.3) 10(83.3) 16 (69.6) 0.45

Cough, n (%) 17 (48.6) 5(41.7) 12 (52.2) 0.72

Dyspnoea, n (%) 8(22.9) 4(33.3) 4(17.4) 0.40

Arthralgia and/or myalgia, n (%) 22 (62.9) 11 (91.7) 11 (47.8) 0.01

Taste and/or smell loss, n (%) 8(22.9) 4(33.3) 4(17.4) 0.40
Severe COVID-19%, n (%) 3(8.6) 1(8.3) 2(8.7) 1.00
Evidence of SARS-CoV-2 infection

RT-PCR on nasopharyngeal swab, n (%) 32 (91.4) 12 (100) 20 (86.9) 0.54

SARS-CoV-2 specific IgM, n (%) 3(8.6) 0(0) 3(13.0) 0.27
COVID-19 treatment

Paracetamol/NSAIDs, n (%) 21 (60.0) 10 (83.3) 11 (47.8) 0.07

Glucocorticoids, n (%) 11(31.4) 6 (50) 5(21.7) 0.13

Hydroxychloroquine, n (%) 1(2.9) 1(8.3) 0(0) 0.34

Low-molecular-weight heparin, n (%) 5(14.3) 1(8.3) 4(17.4) 0.64

Antibiotics and/or antivirals, n (%) 4(11.4) 0(0) 4(17.4) 0.27
Time between COVID-19 diagnosis and arthritis onset, days 23.7+17.0 6.3+3.3 32.9+13.7 <0.0001
Pattern of joint involvement

Asymmetric monoarthritis or oligoarthritis, n (%) 18 (51.4) 3(25.0) 15 (65.2) 0.03

RA-like polyarthritis, n (%) 7(20.0) 5(41.7) 2 (8.7)t 0.03

PMR-like, n (%) 4(11.4) 1(8.3) 3(13.0)% 1.00

Predominantly axial, n (%) 4(11.4) 3(25.0)§ 1(4.3) 0.1

Enthesitis, n (%) 2(5.7) 0(0) 2(8.7) 0.54
US or MRI confirmed inflammation, n (%) 21 (60.0) 5(41.7) 16 (69.6) 0.15
RF positive, n (%)9] 1(3.4) 1(12.5) 0(0) 0.27
ACPA positive, n (%)9] 0(0) 0(0) 0(0) N/A
ANA positive, n (%) 6(22.2) 2 (25.0) 4(21.0) 1.00
HLA-B27 positive, n (%) 1(7.7) 0(0) 1(9.1) 1.00
ESR, mm/h 31.3+18.3 24.9+17.8 34.6+18.1 0.14
CRP, mg/dL 2.34+2.58 2.74+2.50 2.14+2.65 0.51
Treatment

NSAIDs, n (%) 25(71.4) 9 (75.0) 16 (69.6) 1.00

Glucocorticoids, n (%) 16 (45.7) 5(41.7) 11 (47.8) 1.00

DMARDs, n (%)** 6(17.1) 2(16.7) 4(17.4) 1.00
Follow-up duration, weeks 10.49.8 10.3+11.2 10.5+9.2 0.95
Outcome

Improved, n (%) 10 (28.6) 4(33.3) 6(26.1) 0.71

Recovered, n (%) 8(22.9) 2(16.7) 6 (26.1) 0.68

Relapsed, n (%) 4 (11.4) 1(8.3) 3(13.0) 1.00

Active, n (%) 12 (34.4) 5(41.7) 7(30.4) 0.71

N/A, n (%) 1(2.9) 0(0) 1(4.3) 1.00

*Severe COVID-19 was defined as previously described as the presence of dyspnoea, respiratory rate of 30 or more breaths/min, blood oxygen saturation of 93% or less and

ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen (Pa0,:Fi0,) of less than 300 mm Hg, or infiltrates in more than 50% of the lung field (JAMA 2020

Apr 7;323(13):1239-42).

tTwo out of two patients had polyarthritis affecting predominantly large joints.

$One out of three patients with PMR presented with concurrent giant cell arteritis.

§Two out of three patients had concurrent peripheral involvement of metacarpophalangeal and proximal interphalangeal joints.

9IRF and ACPA were obtained in 29 out of 35 patients (8 in early onset and 21 in late onset group, respectively), ANA in 27 out of 35 patients (8 in early onset and 19 in late
onset group, respectively), HLA-B27 in 13 out of 35 patients (2 in early onset and 11 in late group, respectively).

**Either methotrexate, sulfasalazine or hydroxychloroquine.

ACPA, anticitrullinated protein antibody; ANA, antinuclear antibodies; CRP, C reactive protein; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation
rate; HLA, human leukocyte antigen; N/A, not available; NSAIDs, non-steroidal anti-inflammatory drugs; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis; RF, rheumatoid

factor; RT-PCR, real-time PCR; US, ultrasonography.
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SARS-CoV-2 infection (demonstrated either by reverse tran-
scription PCR on nasopharyngeal swab or SARS-CoV-2-
specific IgM antibodies) encountered during routine clinical
practice from 31 January 2020 and up to 31 March 2021.
Exclusion criteria were a history of any inflammatory rheu-
matic disease or psoriasis. General characteristics of the
patients are reported in table 1.

The clinical spectrum of rheumatic manifestations spanned from
asymmetric monoarthritis or oligoarthritis (51%) to rheumatoid
arthritis (RA)-like symmetric polyarthritis of the small joints (20%).
Furthermore, 11% of cases presented with predominantly axial
involvement (inflammatory back pain and evidence of sacroiliitis/
spondylitis on MRI) and polymyalgia rheumatica-like involvement
of shoulder and hip girdles, respectively. Finally, two patients had
isolated peripheral enthesitis. Autoantibodies were usually absent,
except for non-specific antinuclear antibody positivity encountered
in 22% of cases. The overall course was relatively benign with half
of the patients experiencing remission of the symptoms after treat-
ment with non-steroidal anti-inflammatory drugs, glucocorticoids
or disease-modifying antirheumatic drugs. Further, we stratified
patients according to the delay between COVID-19 and arthritis
onset as early (<2 weeks) or late (>2 weeks), on the basis of the
approximated average duration of COVID-19 symptoms in the
outpatient setting. Strikingly, we observed a clustering of RA-like
pattern in patients with early arthritis onset; the only two cases of
oligoarthritis in this subset affected small joints of hands and wrist;
furthermore, two out of three patients with axial involvement had
also pain in metacarpophalangeal and proximal interphalangeal
joints.

We hypothesise that such a clustering may suggest different
underlying pathophysiological mechanisms. On the one hand,
the earlier RA-like pattern is similar to what observed in other
virus-associated arthritis, such as parvovirus B19 or hepatitis C
virus-related arthritis.” On the other hand, the monoarticular
or oligoarticular forms resemble the clinical features of reactive
arthritis. For this reason, we speculate that the arthritogenic
potential of SARS-CoV-2 may be broad and exploit both direct
viral and indirect dysimmune mechanisms. Unfortunately, our
report is affected by the intrinsic limitations of a real-life case
series. Synovial fluid analysis was not carried out and thus it is
not possible to exclude acute illness-triggered crystal arthritis®
although not having performed joint aspiration implies that the
clinical probability was considered low according to rheuma-
tologist’s clinical judgement. Moreover, no attempt to isolate
SARS-CoV-2 RNA in synovial samples was made. In conclu-
sion, despite our data do not allow to draw firm conclusions
regarding the causative role of SARS-CoV-2 in the development
of arthritis, they represent a fascinating hypothesis-generating
basis for further systematic studies aimed at elucidating mecha-
nisms behind this new entity.
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Tocilizumab in VEXAS relapsing polychondritis:
a single-center pilot study in Japan

Recently, a rare severe autoinflammatory disease vacuoles,
E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS)
syndrome caused by somatic variants in the UBA1 gene was
discovered." We reported the clinical features of eight relapsing
polychondritis (RP) patients with UBA1 variants, six of which
were accompanied by myelodysplastic syndrome (MDS).>

The clinical features of VEXAS syndrome are heterogeneous,
including high-grade fever, polychondritis, large vessel vascu-
litis, skin eruptions, arthritis, thrombosis, scleritis and serositis,
which require intensive immunosuppressive agents. Most of our
patients before this study had received high doses of predniso-
lone (PSL) and cytotoxic immunosuppressants including metho-
trexate, cyclophosphamide and azathioprine.' > However, even
with concomitant immunosuppressant treatment, PSL tapering
often led to a relapse of high-grade fever and skin rash in these
patients; therefore, =20 mg oral PSL was required in most cases,
resulting in frequent hospitalisation and death due to opportu-
nistic infections. In addition, many cases of VEXAS syndrome
already have MDS at the time of diagnosis, and cytotoxic immu-
nosuppressive agents should be avoided or reduced in dose
because they might cause further cytopenia.

Tocilizumab (TCZ), an anti-interleukin (IL)-6 receptor antag-
onist approved for the treatment of inflammatory diseases, such

as rheumatoid arthritis and giant cell arteritis, may be useful in
managing severe inflammation in VEXAS-RP and preserving the
cumulative dose of PSL, which causes organ damage. Previous
papers reported high IL-6 transcriptome signatures not only in
zebrafish but also in CD14" isolated monocytes from patients
with VEXAS,' suggesting IL-6 inhibition could be beneficial.
Indeed, previous studies on VEXAS syndrome cases reported the
use of TCZ."” However, the clinical course after TCZ admin-
istration has not been reported in detail. Here, we report our
experience with TCZ in patients with VEXAS-RP.

Three cases of newly diagnosed VEXAS-RP (all male, median
age 66.6 years) between August and December 2020 were
included in the analysis. The details of their genetic and clinical
characteristics were reported previously.” The dosage of TCZ
was 8 mg/kg intravenously every 2weeks in RP13 and 162 mg
subcutaneously every week in RP15 and RP16.

The clinical courses before and after administration of TCZ
are summarised in table 1. The observation period was 5-8
months. Two of the three patients showed afebrile status after
TCZ treatment and had a reduced PSL dose. In RP16, rashes
recurred after PSL was reduced to 17.5 mg and fever relapsed
at 12.5 mg. After fever flare-up, TCZ was changed to intrave-
nous administration and PSL was increased to 30 mg. The serum
cytokine profile of these patients showed that baseline serum
IL-6 levels did not correlate with the efficacy of TCZ treatment,
and high serum proinflammatory cytokine levels, such as IL-18,
persisted more than 4 months after induction, even in patients
who appeared to have responded to TCZ, suggesting that TCZ
alone may not be able to suppress the underlying inflammation
of VEXAS syndrome (table 1 and online supplemental table 1).
Fractional abundance (equivalent to allele frequencies) of UBA1
mutation of RP16 who relapsed had the longest disease duration
was highest with nearly 90% in the peripheral blood (table 1).

Table 1 Clinical features of the VEXAS-RP patients treated with tocilizumab

Patient ID RP13 RP15 RP16

Sex Male Male Male

Age of onset (years) 66.3 73.5 66.6

Time form onset to VEXAS diagnosis (months) 3 2 30

UBAT variants p.Met41 ¢.122T>C: p.Met41Thr ¢.122T>C: p.Met41Thr c.121A>C: p.Metd1Leu
UBAT variant fractional abundance* 22.4% 68.8 % 87.1 %

Clinical findings

Treatments before TCZ
Concomitant treatments with TCZ
Symptoms existed at TCZ inductiont

PSL dose at diagnosis of VEXAS syndrome
PSL dose before TCZ administration

PSL dose at last visit

Hb level before TCZ administration

Hb level at last visit

Adverse events over 4 months

Symptoms existed after 4 months

Serum IL-6 levels before TCZ
Observation period after TCZ

High-grade fever, skin rash, RP, scleritis,
peritonitis, pericarditis, meningitis

PSL

PSL

High-grade fever, myalgia, headache

30mg

9mg

3mg

119g/L
116g/L
Herpes zoster
None

10.49pg/mL
8 months

High-grade fever, skin rash, RP,
macrocytic anaemia

PSL, MTX
PSL

Low-grade fever

High-grade fever, skin rash, GCA, RP, MDS,
DVT, scleritis, airway involvement

PSL, AZP, colchicine
PSL, colchicine

High-grade fever, skin rash, RBC and PLT
transfusion dependence

50mg 50mg

22.5mg 30mg

13.5mg 30mg

118g/L 174 giL

121glL 191 g/L

None Herpes zoster, drug eruption

None Arthritis, RBC transfusion dependence, fever,
skin rash, pulmonary infiltration

693.33 pg/mL 22.13pg/mL

5 months 5 months

*Fractional abundance of peripheral blood detected by dd-PCR.?

tHb level before RBC transfusion.

+Symptoms existed during the past 1 month before TCZ induction.

AZP, azathioprine; DVT, deep vein thrombosis; GCA, giant-cell arteritis; Hb, haemoglobin; IL, interleukin; MDS, myelodysplastic syndrome; MTX, methotrexate; PLT, platelets; PSL, prednisolone; RBC,
red blood cells; RP, relapsing chondritis; TCZ, tocilizumab; VEXAS, vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic.
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Two patients had herpes zoster infection, one of whom required
hospitalisation. However, after 1-week treatment with anti-
viral therapy, both patients restarted TCZ. Our patients did not
develop intestinal perforation as previously reported during the
follow-up period.’

This report had several limitations. First, there was selection
bias due to the small number of patients. Second, the observa-
tion period was only 5-8 months, and the long-term efficacy
and side effects of TCZ after further reduction of PSL are
unknown. Furthermore, due to the retrospective observational
nature of the study, the follow-up period and treatments were
not homogeneous. Third, TCZ itself may induce cytopenia® and
might exacerbate the risk for cytopenia of MDS associated with
VEXAS syndrome. Finally, the mechanism by which UBA1T vari-
ants induce organ inflammation is not fully understood, and it
is not clear whether IL-6 inhibition can suppress all the pathol-
ogies underlying VEXAS syndrome. In fact, a previous report
showed only a transient benefit of TCZ in four patients, with
a median duration of 8 months.” It took 30 months to diag-
nose VEXAS syndrome in RP16, which may be related to the
accumulation of UBA1 mutant cells and failure of TCZ treat-
ment, implying the importance of early diagnosis. While not
currently approved in Japan, stem cell transplantation may need
to be considered for patients who have not responded to TCZ.**
Although the data presented here demonstrate promise of TCZ
in controlling symptoms associated with VEXAS syndrome,
further case series, careful long-term observation and definition
of primary endpoints are needed to optimise the treatment of
VEXAS syndrome.
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Comment on ‘Sustained discontinuation of
infliximab with a raising-dose strategy after
obtaining remission in patients with rheumatoid
arthritis: the RRRR study, a randomised
controlled trial’ by Tanaka et a/

We have read with interest the paper of Tanaka et al' and support
the need for a more personalised approach in dosing regimens of
tumour necrosis factor (TNF) inhibitors.” They adjusted inflix-
imab dose based on TNF concentrations at baseline, under the
assumptions that baseline TNF concentrations can be accurately
measured, and that high disease activity (ie, more inflammation)
is associated with higher TNF concentrations. However, several
factors argue against these assumptions, which we would like to
add to the study by Tanaka er al. These factors might explain
the absence of an association between TNF concentrations and
treatment response.

First, the quantification of TNF at baseline is in fact chal-
lenging: TNF is an unstable molecule with a short half-life.®
Baseline concentrations in circulation are very low, around
the detection limit of most immunoassays, even during active
disease. It is doubtful that baseline TNF concentrations can be
measured with sufficient accuracy and precision to serve as basis
for individualised treatment decisions including the adjustment
of infliximab dose.

Second, they suggested that low infliximab trough levels in
non-responding patients might be a consequence of excessive
TNF production and resultant high TNF plasma concentrations.
However, we have recently been able to quantify total circulating
TNF during adalimumab and etanercept treatment in rheuma-
toid arthritis patients.*® On treatment, we observed an increase
in circulating drug-bound TNF, reaching steady-state concentra-
tions around 100-1000 pg/mL. This increase could be explained
by a prolonged TNF half-life, due to its tight binding to the TNF
inhibitor, which itself has a very long half-life. Nevertheless,
steady-state TNF concentrations are still orders of magnitude
lower than typical TNF inhibitor trough levels, also for inflix-
imab. No association between TNF captured in circulation and
concentrations of adalimumab and etanercept >1pg/mL was
observed.* 3 It is therefore unlikely that TNF induces target-
mediated clearance of infliximab, explaining the lower inflix-
imab concentrations in patients with high baseline TNF. Instead,
we suppose that low infliximab concentrations are mainly the
result of antidrug antibody (ADA) formation.® Unfortunately, the
association between serum drug concentration and ADA forma-
tion has not been addressed in the paper of Tanaka et al.

Finally, our recent data indicate that TNF concentrations in
circulation are not at all reflective of (underlying) inflamma-
tion or disease activity, since steady-state TNF concentrations
remained extremely stable for a follow-up of 2years, irrespec-
tive of disease activity. Furthermore, to our surprise, we found
a similar increase in circulating TNF in healthy volunteers
who received a single dose of an adalimumab biosimilar.* This
suggests that the majority of TNF in circulation most likely does
not originate from pathological processes.

The aim of the study by Tanaka et al to personalise treatment
is of significant value. Our recent results give an explanation

why circulating TNF might not be an appropriate biomarker for
treatment response, like Tanaka et al showed. Instead, the use
of therapeutic drug monitoring to optimise the dose in clinical
practice is of growing interest and could significantly contribute
to personalised treatment.”
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Response to: ‘Comment on ‘Sustained
discontinuation of infliximab with a raising-
dose strategy after obtaining remission in
patients with rheumatoid arthritis: the RRRR
study, a randomised controlled trial” by Tanaka
et al’ by Berkhout et a/

We would like to thank Berkhout et al for their comments on the
absence of an association between serum TNF concentrations
and treatment response to infliximab in our paper.’

First, reliability of the obtained results on the serum levels
of TNF in the study should be firmly confirmed, because the
quality control of the assessments was stringently managed by
the laboratory company who assessed the serum.”® However,
as they mentioned, it remains unclear how serum levels of any
cytokines reflect their tissue levels produced in inflamed tissues.
There was a limitation in the context.

Second, serum levels of infliximab did not differ among the
programmed treatment groups with low, intermediate and high
levels of serum TNF at the baseline in the study, as shown in the
online supplementary table 1. Similar results were also seen in
the RISING study.* However, because antidrug antibodies (ADA)
were detected in some patients though very limited number, the
assumption that low concentration of infliximab might be results
of ADA formation cannot be excluded.

Third, we agree that serum levels of TNF may not adequately
reflect inflammation and disease activity. The critical point of
the study was that we could not escalate the dose until week 14
according to the approved usage by the government® and that it
might reduce the efficacy of the programmed treatment strategy
since the very start time may be the most important period to
achieve a clinical remission by fine tuning the dose. However,
recent progress in assessments of proteins using electrochemilu-
minescence and other methods would warrant improvement of
the estimation of serum protein levels. Otherwise, are any surro-
gate markers better than TNF required for the treat-to-target
instead of TNF itself?
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Gut-derived CD8" tissue-resident memory T
cells are expanded in the peripheral blood and
synovia of SpA patients

We read with interest the recently published paper from
Qaiyum et al' demonstrating a novel integrin-expressing mature
Crohn's disease (CD)8" T cell population defined as CD49a™C-
D103*B77CD297 cells in the synovial fluids of ankylosing spon-
dylitis (AS) patients. Although the authors did not analyse gut
samples from AS patients, they speculate that these cells might
be gut-derived cells. Interestingly, as stated by authors, the tran-
scriptional and phenotypic signature of these cells is reminiscent

of human tissue-resident memory T cells (T,,,). T, are a subset

of cells important as the first line of defence from infection in
mucosal tissues, never studied in spondyloarthritis (SpA).> For
clarifying whether these cells could be of intestinal original, we
set up additional analyses, wondering if we could see similar
results in paired samples of patients with SpA.

Figure 1

Paired gut and synovial samples and fluids and peripheral
blood samples (PCMCs) were obtained from patients with SpA
(HLA-B27 positive; n=6), never treated with biologic agents at
the time of sample collection. Gut samples were also obtained
from healthy controls (HCs) (HLA-B27 negative; n=6) and
synovial tissues from osteoarthritis (OA) patients (HLA-B27
negative; n=6). Peripheral blood mononuclear cells (PBMCs)
were also obtained from HCs. CD103 and CD8 expression
were assessed by immunohistochemistry. The percentage of T ,,
T cells (defined as CD8*CD69"CD103 " cells) among isolated
lamina propria mononuclear cells (LPMCs) and PBMCs from
SpA patients and controls were also analysed by flow cytometry.

Part of the results is shown in figure 1. In the gut tissues, the
number of CD8*CD103* cells was consistently increased in the
inflammatory SpA samples compared with non-inflammatory
samples (figure 1A-E). Tissue distribution confirmed their
predominant localisation in the context of epithelial layer
(figure 1A-D). Flow cytometric analysis of LPMCs confirmed
the expansion of CD8"CD697CD103" T,,, T cells, mainly
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T, in the gut, peripheral blood and synovia of SpA patients. (A-D) Representative imaging showing CD103 (A and C) and CD8 (B and

D) expression in sequential gut sections of controls (A-B) and SpA patients (C-D). (E) Higher numbers of CD8/CD103 positive cells were observed

in SpA patients compared with controls. (F) Representative dot plots showing gating strategy for T, s in the peripheral blood of SpA patients. (G-I)
Percentages of T,,,s among LPMC (G), PBMC (H) and SFMC (I) in SpA patients and controls. (J-K) Representative imaging showing CD103 (J) and
CD8 (K) expression in sequential synovial sections of SpA patients. (L) Higher numbers of CD8/CD103 positive cells were observed in SpA patients
compared with controls. (A-D) and (J-K): Original magnification x250. LPMC, lamina propria mononuclear cell; PBMC, peripheral blood mononuclear
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producing IFNy, in SpA patients compared with HCs
(figure 1F-G). The expansion of CD8*CD69"CD103" T,,, T
cells, mainly producing IFNy, was also confirmed in SpA PBMCs
(figure 1H) and synovial mononuclear cells (SFMC) (figure 11),
compared with HCs. The majority of circulating and syno-
vial fluids CD8"CD69"CD103"* T,,, expressed the intestinal
homing receptor 04B7 (67% and 75%, respectively) suggesting
their gut origin (data not shown). Finally, immunohistochemical
analysis of sequential synovial samples confirmed tissue infiltra-
tion of CD8TCD103™ cells in the inflamed synovial tissues of
SpA patients (figure 1J-L).

The existence of a gut—joint has been hypothesised in SpA
patients.” The inflamed gut could actively participate in the
pathogenesis of SpA through the production of proinflamma-
tory cytokines, such as IL-23p19* and IL-9,° and the differenti-
ation of potentially pathogenic innate cells producing IL-22 and
IL-17.° T,,, are a critical component of mucosal immune defence
by acting as peripheral sentinels capable of rapidly mobilising
protective tissue immunity on pathogen recognition.” Our data
confirm the expansion of T,,, in the synovial compartment
of SpA patients, providing evidence of T, expansion in the
peripheral blood and the gut. The expression of a4p7 by circu-
lating T,,, in SpA might support the re-circulation of these cells
from the gut to the peripheral blood and inflamed joints.
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Response to: ‘Gut-derived CD8+ tissue-resident
memory T cells are expanded in the peripheral
blood and synovia of SpA patients’ by Guggino
et al

We were pleased to receive the correspondence of Guggino et al'
commenting on our recent publication.” Their studies confirm
our findings of an expansion of cells with an expression profile
consistent with tissue-resident memory cells (TRMs) in synovial
fluid of spondyloarthritis (SpA). They have added the valuable
insight that these cells are also expanded in gut tissues of patients
with SpA.

The CD8+ Tcell in question reported by Guggino and
colleagues, and the InEx cells in our paper, may well be TRM:s.
But at present, the field is wrestling with nomenclature. First,
resident memory cells, by definition, do not leave the tissues in
which they reside.® This tissue retention is best characterised
by the expression of CD69, which blocks S1PR activity, hence
limiting TRMs egress from tissue to the blood where S1P levels
are high.* Second, as Guggino et al point out, many of the
CD8+ T cells present in the gut are closely associated with the
epithelia. CD8+ T cells in the gut epithelia are the prototypic
intestinal epithelial lymphocyte (IEL), hence labelling the cells
under discussion exclusively as TRMs should also acknowledge
a large body of research on IEL. For example, CD8+ IEL were
recently found to be depleted in gut biopsies from patients with
HLA-B27+ axial SpA.°

The interplay of gut and joint inflammation has been
supported by the clinical overlap between SpA and inflamma-
tory bowel disease (IBD)® and between gut infection and reac-
tive arthritis’ as well as shared genetic susceptibility between
IBD and ankylosing spondylitis.® Cells that posses a gut-
resident phenotype that are expanded in the SpA joint include
TRM and mucosa-associated invariant T cells,® the latter
contributing to the interleukin 17-mediated inflammation in
axial spondyloarthritis. Therapeutic modulation of gut—joint
trafficking holds the potential for novel treatment approaches

to SpA.
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Gut microbiome in rheumatic diseases

In a recent study, Deshayes et al used 16S ribosomal RNA gene
sequencing to analyse the gut microbiome in patients with familial
Mediterranean fever (FMF) complicated or not by AA amyloidosis and
in patients with AA amyloidosis of another origin." Compared with
healthy controls, FMF was associated with decreased o-diversity (ie,
microbial richness and evenness) and altered composition of the gut
microbiome. Certain operational taxonomy units (OTUs) belonging to
the Clostridiales were associated with FMF, whereas two OTUs were
overrepresented in AA amyloidosis among FMF patients. The authors
suggested that intestinal microorganisms may play a role in the clin-
ical expression and pathogenesis of these diseases. In a similar study,
decreased species richness diversity was shown in the microbiome of
patients with systemic lupus erythematosus (SLE). Moreover, SLE was
associated with intestinal outgrowth of Ruminococcus gnavus of the
Lachnospiraceae family that was most pronounced in those with lupus
nephritis and correlated with disease activity.”

These and previous studies in spondyloarthritis and rheumatoid
arthritis reflect the growing interest of researchers to the role of the
gut microbiome in shaping local and systemic immune responses
and in pathogenesis of various rheumatic diseases.” We agree with
Deshayes et al that in the future microbiome engineering might be
a useful approach to control FMF and other rheumatic diseases, for
example, via correction of the altered signalling pathways, produc-
tion of metabolites with drug-like activities or anti-inflammatory
molecules.* The utility of this strategy will probably depend on the
specific role of the microbiome in the complex interplay of genetics,
environment and immunity at different stages of a particular disease.
Targeting each of these key components might be necessary to restore
the equilibrium between them.’

However, the clinical significance of the currently available evidence
should not be overestimated, and it is too early to make any far-
reaching conclusions. Which came first: the chicken or the egg? This
causality dilemma always arises during microbiome studies revealing
associations with health or disease.” The old adage that ‘correlation
does not imply causation’ was recently reinforced by Duvallet et al
who performed a cross-disease meta-analysis of 28 published case-
control gut microbiome studies.® Some diseases were characterised by
the presence of potentially pathogenic bacteria, while others showed a
depletion of health-associated microbes. Nevertheless, many bacteria,
which related to certain diseases in individual studies, in fact, were
non-specifically associated with multiple disorders, indicating a shared
response to health and disease.

Gut microbiome composition differs across regions and ethnici-
ties, changes over time, and can be influenced by multiple factors,
including, among others, diet, lifestyle, hormonal cycles, disease,
comorbidity, exposure to antimicrobial agents, and so on. Certain
region-specific factors influencing gut microbiome composition could
predominate over others, which may have a profound impact on the
results of the screening studies. In the Dutch population, individuals
belonging to a certain ethnic group and living in the same city tended
to share gut microbiota characteristics. Hence, the ethnic origin of
individuals may be an important factor to consider in microbiome
research,” particularly in patients with FMF, which shows a marked
ethnic distribution.

Antibiotic and non-antibiotic drug use may be another confounding
factor in gut microbiome studies. Maier et al found that 24% of more
than 1000 drugs, including members of all therapeutic classes, inhib-
ited the growth of at least one representative gut bacterial strain.® Of
note, side effects resembling those of antibiotics, for example, diar-
rhoea, which frequently occurs in colchicine users, were associated
with anticommensal activity. Therefore, regular drug treatment may
contribute to a decrease in the diversity of microbiomes.

Proof-of-concept studies using disease-associated bacteria are
needed to establish the implication of putative candidate for the onset
of disease or its beneficial effects.” Such research will be a challenge
for investigators since many gut bacteria are present in low numbers
and cannot be cultivated in quantities sufficient for in vivo testing.’”
Moreover, the choice of microbiota subpopulation, that is, faecal,
luminal or mucosa-associated, might be important for a proper strat-
ification of patients.’

In summary, it is well-known that pathogenic microorganisms
contribute to the aetiology and/or clinical course of certain rheumatic
diseases, that is, reactive arthritis (genitourinary or gastrointestinal
infections), polyarteritis nodosa (hepatitis B virus (HBV)), cryoglob-
ulinaemic vasculitis (hepatitis C virus (HCV)) or granulomatosis with
polyangiitis (Staphylococcus aureus). Vaccination against HBV infec-
tion has already resulted in a significant decrease in the incidence of
polyarteritis nodosa, whereas wider treatment coverage of patients
with HCV infection may have a similar effect on the epidemiology of
HCV-associated cryoglobulinaemic vasculitis.'® Pioneering research of
human microbiome is likely to provide greater insights into the mech-
anisms of inflammatory disease and may even lead to new treatment
or prevention solutions. However, disease associations from the indi-
vidual case-control studies should be interpreted with caution since
most of them may found to be non-specific and indicative of a shared
response to disease.® Correlation isn’t causation, but sure is a hint
(Edward Tufte, American Statistician).
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The level of peripheral regulatory T cells is
linked to changes in gut commensal microflora
in patients with systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a multisystem autoim-
mune disorder mainly mediated by lymphocytes and autoanti-
bodies, which have a pervasive negative impact on the majority
of organs.! * Tt deserves more attention to further explore the
pathogenesis because of the unclear complex pathogenesis and
the limited clinical efficacy of SLE treatment.

Recently, a cross-sectional discovery cohort in the USA
conducted by Azzouz et al, published in Annals of Rheumatic
Diseases, suggested that specific gut commensal strains, espe-
cially Ruminococcus gnavus, may contribute to the disease
activity and autoantibody production in SLE patients,” which
put forward a novel concept for the immune pathogenesis of
SLE. Their study was well performed and analysed the abun-
dance of intestinal flora and sera profiled for antibacterial and
autoantibody responses between SLE patients with the different
disease activity index scores and matched healthy controls.
However, the faecal microbiota is lacking a precise link with
lymphocytes in peripheral blood of the patients, which are the
important participants of immune mechanism of SLE.

In this study, we studied the correlation between the changes
in faecal microbial diversity and the absolute numbers of periph-
eral lymphocyte subgroups and CD4+ T subsets in SLE patients,
especially regulatory T cells (Tregs) that mediate immune toler-
ance and maintain immunological homeostasis.* The blood and
stool samples were collected from 92 patients with SLE and 217
matched healthy adults. The 16S rRNA in the stool specimens
were sequenced using the Roche/45 high-throughput sequencing
platform. The absolute numbers of circulating lymphocytes and
CD4+ T subgroups of these individuals were detected by flow
cytometry combined with standard absolute counting beads.’

Patients with SLE, regardless male or female, had different
taxonomic diversity and abundance of specific strains of a gut
commensal at the level of the phylum, family and genus (p<0.05)
from healthy controls. They had higher levels of Proteobacteria,
Bacteroidetes and Actinobacteria and a lower level of Firmicutes
as compared with those of healthy controls at the phylum level
(p<0.05). In addition, at the family or genus level, the propor-
tion or abundance of gut bacteria in SLE patients, including
Bacteroidaceae, Veillonellaceae, Klebsiella, Streptococcaceae
and Erysipelotrichaceae, differed from those in healthy individ-
uals with statistically significant difference (p<0.05) (table 1). It
was noteworthy that patients with SLE had significantly lower
proportion of Ruminococcaceae at family level than healthy
controls (p<0.001). Interestingly, the percentage of Rumino-
coccus at genus level was higher in SLE patients (p<0.05), which
was confirmed to involved in the incidence of lupus in Azzouz et
al’s study, suggesting that we should study the related bacterial
flora and its mechanism of SLE patients at multiple levels.

We found that the proportion of Ruminococcus was
correlated with the absolute counts of lymphocytes, suggesting
that the changed of intestinal flora was involved in the imbal-
ance of proinflammation and anti-inflammation T cells in SLE.
Particularly, the proportion of Ruminococcus was significantly
correlated with the absolute counts of Tregs (its dysfunction was
one of the crucial immune mechanisms in the onset of lupus)®
and the ratio of Th1/Th2 and Th17/Treg (figure 1D-F), but not
with the numbers of Th1, Th2 and Th17 cells (figure 1A-C),
which may be one of the reasons for the changes in intestinal

Table 1 Shifts in taxonomic abundance between SLE and healthy

controls (HC) (mean+SD)

Taxonomy SLE (%) HC (%) P value

Phylum
Proteobacteria 13.26+21.77 2.65+3.56 <0.001
Firmicutes 40.14+25.58 59.20+19.19 <0.001
Bacteroidetes 42.69+25.26 35.75+18.58 0.018
Actinobacteria 2.25+3.49 1.26+3.28 0.002

Family
Lachnospiraceae 16.35+13.09 25.09+12.89 <0.001
Ruminococcaceae 12.72+12.68 23.50+13.57 <0.001
Bacteroidaceae 35.12+25.56 26.67+18.03 0.021
Veillonellaceae 2.63+5.42 5.68+9.30 <0.001
Streptococcaceae 1.26+5.56 0.24+1.49 <0.001

Genus
Ruminococcus 2.63+6.59 1.41+2.04 0.016
Haemophilus 0.15+0.53 0.17+0.59 0.035
Faecalibacterium 7.58+9.80 19.99+13.87 <0.001
Bacteroides 38.75+26.96 30.61+19.8 0.016
Clostridium IV 0.17+0.40 0.27+0.51 <0.001
Klebsiella 3.04+9.39 0.30+1.54 0.001
Erysipelotrichaceae 0.06+0.32 0.02+0.13 <0.001

SLE, systemic lupus erythematosus.

microbial population are involved in SLE patients. However,
there was no obvious correlation between the abundance of
Ruminococcus and the absolute numbers of total T, B, natural
killer (NK), CD4+ T and CD8+ T cells (p>0.05).

In conclusion, the changes in taxonomic diversity and the
abundance of partial specific flora, such as Ruminococcus genus,
may regulate the absolute number of Tregs in peripheral blood
to participate in the pathogenesis of SLE. This study on the
correlation between the intestinal flora abundance and levels
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of lymphocyte subsets reconfirmed the involvement of gut
commensal microflora in the pathogenesis of SLE.
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Response to: ‘The level of peripheral regulatory
T cells is linked to changes in gut commensal
microflora in patients with systemic lupus
erythematosus’ by Zhang et al and the
phylogeny of a candidate pathobiont in

lupus nephritis

We appreciate the opportunity to respond to the correspon-
dence from Zhang et al,! and fully agree with the importance of
elucidating the specific roles of individual taxa in clinical lupus
pathogenesis. These authors assert that the candidate pathobiont
in our earlier paper ‘is lacking in a precise link with lympho-
cytes...”. Yet, this is completely erroneous as we showed that
lupus patients with expansions of the Ruminococcus gnavus
species also had circulating antibodies that recognised strain-
restricted lipoglycan antigens in this candidate pathobiont
species.” These peripheral immune responses were also shown
to be cross-reactive with IgG anti-native DNA antibodies that
have well-documented roles in lupus pathogenesis. Of course,
circulating antibodies are produced by peripheral B cells and
end-differentiated plasma cells. Indeed, the importance of this
type of mechanistic link has also been demonstrated in mice
colonised with the commensal Akkermansia species, which has
some potential properties akin to our candidate pathobiont, and
also has mucinolytic properties that may contribute to gut leak-
iness and can similarly induce systemic species-specific systemic
IgG responses.’

Zhang et al seek to highlight their own observations regarding
a direct correlation between the level of T cells in the blood,
bearing a Treg phenotype, and gut abundance of the Rumi-
nococcus genus, based on 16S rRNA library analysis. Direct
evidence, however, of immune recognition of antigens from this
taxa by peripheral Tregs is missing.

Notably, there appears to be a serious misunderstanding on
the part of these authors. As stated in our paper, R. gnavus
was originally mis-assigned within bacterial phylogeny and
in fact it is neither a member of the genus Ruminococcus nor
the family Ruminococcaceae, but is in the genus Blautia in the
family Lachnospiraceae.” > Hence the analysis presented of their
lupus cohort database of phylogenetic representation is not
directly relevant to our findings. These names are unfortunately
confusing, although the correct phylogenetic assignments have
been sorted out.*?

Our report further explained the greater potential impli-
cations of host colonisation by R. gnavus® and this species has
now been implicated in several inflammatory and autoimmune
diseases (discussed by Silverman et al®). Moreover, the link
between R. gnavus with lupus, a disease with a strong hallmark
of B-cell abnormalities and autoantibody production, may be
intimately intertwined with the local production and postu-
lated systemic release of a recently identified R. gnavus outer
membrane protein with the properties of a B-cell superantigen.”
Taken together, these findings highlight the limits of 165 rRNA
based taxa assignments as greater mechanistic insights will in

part require the characterisation of R. gnavus strains from lupus
patients with active disease.
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Bone health in patients with systemic
lupus erythematosus

The association between systemic lupus erythematosus and
other comorbidities has been extensively studied.’ > Recently,
an article written by Orsolini et al published in Annals of the
Rheumatic Diseases commented that osteoporosis and fractures
are frequently found in patients with systemic lupus erythema-
tosus.> Orsolini et al’s article is a timely one and provides the
updated concepts to the readers. Some points are discussed here.
A cohort study in South Korea conducted by Kim et al reported
that the incidence of fractures was higher in patients with
systemic lupus erythematosus than those with non-lupus (19 vs
6.5 per 1000 person-years).* A cohort study in USA conducted
by Tedeschi et al reported that the incidence of fractures was
higher in the systemic lupus erythematosus group than compar-
ison group (4.32 vs 2.4 per 1000 person-years).’ Both studies
further confirm that patients with systemic lupus erythematosus
are substantially at increased risk of fractures.

In order to support the Orsolini et al’s comments and to
test the association between systemic lupus erythematosus
and major osteoporotic fractures, a preliminary cohort study
was performed using the 2005-2012 database of the Taiwan
National Health Insurance Program with 23 million persons
living in Taiwan.®” At the baseline, patients =40 years with a
new diagnosis of systemic lupus erythematosus were selected
as the systemic lupus erythematosus group. Patients =40 years
without a diagnosis of systemic lupus erythematosus were iden-
tified as the non-lupus group. The main outcome was a new
diagnosis of any major osteoporotic fractures including fractures
of the spine, humerus, forearm, wrist and hip. Table 1 showed
that the incidence of major osteoporotic fractures was 1.78-fold
higher in patients with systemic lupus erythematosus than the
non-lupus group (1.63 vs 0.92 per 1000 person-years; 95% CI
1.27 to 2.51, p<0.001), which was compatible with previous
studies in South Korea and in USA showing that the systemic
lupus erythematosus group had a higher incidence of fractures
compared with the non-lupus group.*’

Falls and osteoporotic fractures are common and important
public health issues. Both conditions place a serious burden on
injured patients, with potential detriment to their life quality.
Falls account for the most events of osteoporotic fractures. That
is, the less the falls, the less the osteoporotic fractures. From a
view of primary prevention, physicians who participate in care
of patients with systemic lupus erythematosus should take into
consideration the strategies on fall prevention. Therefore, the
possibility of osteoporotic fractures might be further reduced
among these high-risk patients. We agree with Orsolini et al’s
comments that osteoporosis and fractures should be regarded as

relevant comorbidities in patients with systemic lupus erythema-
tosus.” Recommendations for the clinicians to prevent falls and
osteoporotic fractures in patients with systemic lupus erythema-
tosus are needed in future relevant guidelines.
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patients >40 years in 2005-2012

Incidences of major osteoporotic fractures between systemic lupus erythematosus group and non-systemic lupus erythematosus group in

Systemic lupus erythematosus

Non-systemic lupus erythematosus

Variable N Event  Person-years Incidence N

Event Person-years

Incidence rate ratio

Incidence (95%Cl) P value

All 566 33 2021 1.63 306866

21218

2314298 0.92 1.78 (1.27 t0 2.51) <0.001

Incidence per 1000 person-years

*Incidence rate ratio: systemic lupus erythematosus versus non-systemic lupus erythematosus (95% Cl).
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Association between osteoporosis and
statins therapy

Statins therapy is found to be associated with a decreased risk
of osteoporosis.' > Moreover, a number of observational studies
reported that statins therapy was associated with a decreased risk
of osteoporotic fractures,® * but other studies did not.’ ¢ Some
points are discussed here.

First, a study conducted by Leutner et al” published in Annals
of the Rheumatic Diseases reported that low dose of statins
therapy was associated with a decreased risk of osteoporosis, but
high dose of statins therapy was associated with an increased risk
of osteoporosis. Second, osteoporosis is often under-diagnosed
and under-treated,® even though it might cause serious clinical
problems and even though multiple effective medications are
available now. Osteoporosis has placed some populations at risk
of osteoporotic fractures. Leutner et al’s study gives a hint that
high dose of statins therapy correlates with the risk of osteopo-
rosis and maybe subsequent fractures. However, a cohort study
reported that people taking high-potency statins such as atorvas-
tatin or rosuvastatin were at lower risk of developing osteopo-
rotic fractures when compared with those taking simvastatin.’ A
case—control study by Cheng et al reported that current use of
statins seemed to have a protective effect against hip fracture in
older people (adjusted OR 0.73, 95% CI 0.65 to 0.82).* There
was also a dose-dependent effect of statins use on the protective
effect of hip fracture in Cheng et al’s study.* That is, the higher
the dose of statins use, the lower the risk of hip fracture. This
finding was not compatible with Leutner et al’s study showing
that high dose of statins use was associated with an increased risk
of osteoporosis.” Third, blood lipid and bone mineral density are
dynamic change. In clinical practice, the initial levels of blood
lipid would determine which potency of statins should be used.
Once the treatment goal of blood lipid is achieved, the dose of
statins can be reduced. If the treatment goal is not achieved,
the dose of statins can be increased. In addition, bone mineral
density cannot be measured every day. It is difficult to assess
that bone mineral density is affected by low dose or high dose
of statins in retrospective studies. Only randomised controlled
trials have a chance to investigate whether the dosage or the
potency of statins would affect bone mineral density. Then the
causation between statins therapy and osteoporosis can be clar-
ified. Fourth, currently there is no research to definitely prove
the causal relationship between statins therapy and osteoporosis.
The US Preventive Services Task Force does not recommend
that persons on statins therapy should screen for osteoporosis
to prevent osteoporotic fractures.” It indicates that at present
persons taking statins do not need to worry about the risk of
osteoporosis. Finally, I agree with Leutner e al’s comments that
future studies should focus on the causal relationship between
the dosage-potency of statins and osteoporosis rather than the
association.
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Response to: ‘Association between osteoporosis
and statins therapy’ by Lai

We read with interest the correspondence of Lai .! Whether
statin therapy impacts the risk of osteoporosis is still a matter of
debate. We have recently shown that there is a dose-dependent
relationship between statins and diagnosis of osteoporosis;
while low-dose statin treatment was related to an underrepre-
sentation of diagnosed osteoporosis when compared with non-
statin-treated patients, we found in patients on higher dosages
of statins an overrepresentation of diagnosed osteoporosis in
the general Austrian population.” Although osteoporosis is
often underdiagnosed until incident fractures, our data are
based on diagnoses derived from in-patient treatment. Even
though there are data available suggesting that some statins
could have protective effects on osteoporosis,” in the JUPITER
trial, an international, randomised, double-blind and placebo-
controlled study in which 17802 patients were investigated,
it has been shown that high-potency statin treatment did not
reduce the risk of fractures.* The fact that statin treatment
might not only have positive effects on bone health has also
been demonstrated in a Women’s Health Initiative Observa-
tional Study in which 93716 postmenopausal women with
simvastatin and atorvastatin treatment showed an HR of 1.42
(0.79-2.57) for hip fracture and did not show improved bone
mineral density (BMD) when compared with controls. Inter-
estingly, in this study, statins of higher potency were related to
a higher risk of hip fracture when compared with statins with
lower potency such as pravastatin, fluvastatin and lovastatin.’
A study by Lin et al also showed not only positive effects on
new-onset osteoporotic fractures, but also demonstrated a
trend for a higher risk under lovastatin treatment.® A compar-
ison of our results to previous findings is problematic due to
other studies not considering the detailed different dosages
of the respective statins.” It is indeed a well-known statistical
phenomenon that a trend that appears in different groups
of data (eg, groups of statins) may disappear or even reverse
after combining the groups, the so-called Simpson’s paradox.®
A recently published study by Cheng et al investigating 7464
patients with newly diagnosed hip fractures showed that a
statin treatment with a dosage higher than 15 mg (OR: 0.71, CI
0.61 to 0.82), as well as lower than 15 mg (OR: 0.75, CI 0.65
to 0.88) was related to a lower risk of hip fractures in compar-
ison to non-statin-treated patients, but they did not investigate
the different kinds of statins and their exact dosages in detail.”
Despite limited comparability to the study by Cheng et al, we,
for instance, also found an underrepresentation for doses of
up to 20 mg of fluvastatin in our recently published study. In
addition, dosages of >10-20mg of the most potent statin,
rosuvastatin, also showed a tendency towards an underrep-
resentation of osteoporosis; however, these results were not
statistically significant in our study.> We do not agree with the
argument of Lai et al that when the treatment goal of blood
lipids is achieved, the dose of statins can be decreased. Guide-
lines do not recommend reducing statin dosage when the
treatment goal is achieved; on the contrary, the current credo
is ‘the lower the better’ for low density lipoprotein (LDL)
cholesterol mirrored in recently published European Society
of Cardiology/European Atherosclerosis Society guidelines
on the management of dyslipidemias recommending lowering
LDL cholesterol levels <55 mg/dL in high-risk patients.® This
goal is very difficult to achieve with a reduction in the statin
dose. The cardiovascular advantage of low LDL cholesterol

levels in patients of high cardiovascular risk is also evidenced
by recent studies on PCSK9 inhibitors which even achieve
lower cholesterol levels but without impact on sex hormones.’

However, especially the discrepancies in the currently existing
data regarding the relationship between statins and osteoporosis
and the sparse data about the different kinds of statins and their
exact dosages was one of the major reasons for the present study
to investigate this relevant topic in more detail. Thus, one has
to keep in mind that cholesterol is the basic substance for vital
hormones such as estrogens, testosterone, cortisol or aldoste-
rone and several studies have shown that, for example, statins
can lower the levels of sex hormones.'*'* These vital hormones
are closely related to several diseases. Hence, especially the rela-
tionship between high-dosage statin treatment and the different
potencies and potentially related diseases such as osteoporosis or
cancer should be investigated in prospective clinical studies and
randomised controlled trials.
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Anti-Ku antibodies: important points to consider

With interest, we read the recent article by Ogawa-Momohara et
al* which reports the clinical phenotype of patients with anti-Ku
autoantibodies and conclude that systemic lupus erythematosus
(SLE) and myositis overlap is rare in patients with this antibody
reactivity. Ku is a well-known protein heterodimer comprised
of 70 and 80kDa subunits and is best-known for its central role
in binding to DNA and the double-strand break DNA repair
pathway in mammals.”

There are several challenges when describing the clinical
phenotype of patients with anti-Ku antibodies. First, as noted
above, Ku is a DNA-binding protein. Consequently, it is diffi-
cult but imperative to confirm that patients who test positive
for anti-Ku antibodies truly have anti-Ku antibodies, or if the
reactivity is caused by antibodies to dsDNA or DNA-binding
proteins that are complexed with dsDNA/dsDNA-binding
proteins in the serum of patients that then secondarily bind
to Ku or dsDNA/dsDNA-binding proteins in an immunoassay
(figure 1). In this context, Reeves et al’ demonstrated that
anti-Ku reactivity of certain sera as detected by enzyme linked
immunoassay Intenrational consensus on antinuclear antibody
(ANA) pattern (ELISA) disappeared when the Ku antigen was
dissociated from DNA after washing with 0.5 M or higher NaCl
buffer, indicating that the reactivity of these sera was via binding
of DNA and DNA-binding proteins to Ku. Interaction of various
dsDNA-binding proteins complexed with Ku was also reported.*
Thus, an analytically false positive anti-Ku ELISA result can be
observed if DNA and other DNA-binding proteins are binding
to Ku on the ELISA plate. The same concept applies to other
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solid phase immunoassays for the detection of anti-Ku anti-
bodies, such as line immunoassays, which are commonly used in
clinical laboratory practice. Noteworthy, a similar challenge also
exists for anti-Scl-70/topoisomerase I antibodies, a marker that is
considered specific for systemic sclerosis, but depending on the
assay is also detected in patients with SLE.® Although known for
decades, very little data are available on the standardisation of
anti-Ku antibodies. In a recent study, a kappa agreement of 0.86
(95% CI 0.57 to 1.00) was found indicating weak-to-perfect
agreement.®’

In addition, if patients are preselected based on HEp-2 indi-
rect immunofluorescence (IIF) patterns, a potential exclusion
bias is introduced (figure 2). In the correspondence by Ogawa-
Momohara et al,! samples were preselected based on the HEp-2
IIF pattern that has been historically associated with anti-Ku
antibodies (ICAP nomenclature AC-04; www.anapatterns.org).®
This approach introduces a potential bias because patients with
SLE frequently express many autoantibodies’ and sera accompa-
nied by mixed HEp-2 IIF patterns are very common and presum-
ably were excluded in this study. Therefore, the conclusion that
overlap syndrome in anti-Ku-positive patients is rare might not
reflect the entire picture. In our experience, anti-Ku antibodies
are frequently found in SLE patients potentially associated with
overlap features of a myopathy.'® Similarly, anti-Ku antibodies
are known as autoantibodies that mark the overlap between
myositis and systemic sclerosis.'!

The observation that a significant portion of anti-Ku-positive
patients also exhibit anti-dsDNA antibodies is complicated by
the known variability between anti-dsDNA assays.'> In the
correspondence by Ogawa-Momohara et al,' no information is

Patient serum with anti-dsDNA
sifoudes widv Anti-dsDNA

antibody

Antl-dsDNA antibodies bind
to Ku70,/80 complex on solid
Phase

=> False positive results

Anti-dsDNA
antibody

Potential reactwnty of anti-dsDNA antibodies in anti-Ku antibody assays. The Ku70/80 heterodimer exhibits dsDNA blndmg capacities.

Consequently, if the antigen used in the Ku assay contains dsDNA, anti-dsDNA antibodies can also bind directly to the Ku70/80-dsDNA complex on
the solid phase. In addition, anti-dsDNA/dsDNA complexes that might be present in the sera of patients with autoimmune diseases can generate a
positive test result. In addition, other DNA-binding proteins can bind to DNA or the Ku70/80-DNA complex and also serve as autoantigenic targets

(not shown for simplicity).
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Flgure 2 Potential selection bias based on the HEp-2 indirect
immunofluorescence (IIF) pattern. The ICAP AC-04 IIF pattern which
can be related to anti-Ku antibodies is characterised by fine tiny
speckles throughout the nucleoplasm. The nucleoli may or may not

be stained. The chromatin mass of mitotic cells (metaphase, anaphase
and telophase) is not stained. According to ICAP, other autoantibodies,
such as SS-A/Ro60, SS-B/La, Mi-2, TIF1y and TIF13, can produce a
similar IIF pattern. In addition, autoantibodies, such as anti-dsDNA or
anti-chromatin antibodies, can mask or confuse the ICAP AC-4 pattern
potentially leading to the selection of mostly monospecific anti-Ku
antibodies that might not show overlap features.

provided on the methods used for the detection of anti-dsDNA
and anti-ssDNA antibodies. Therefore, the interpretation of
the results in this study is difficult. Unexpectedly, anti-dsDNA
reactivity was found predominantly in myositis and not in SLE
patients. Noteworthy, recently a novel standard for anti-dsDNA
antibodies has been developed and characterised which inter-
estingly also seems to contain anti-Ku reactivity.”> However,
studies are pending to ensure that the new anti-dsDNA standard
truly contains antibodies to the Ku70/80 heterodimeric complex
and not only high levels of anti-dsDNA antibodies or immune
complexes that generate positivity in anti-Ku immunoassays.
This may or may not represent a link to the two different clusters
of anti-Ku antibodies that have been described and also contro-
versially discussed.'*'®

To conclude, we emphasise that defining the clinical pheno-
type associated with anti-Ku antibodies is challenging and should
be based on a systemic study considering all the aforementioned
points raised . In particular, selection of serum samples based on
a HEp-2 IIF staining pattern does not capture the full spectrum
of the clinical associations of this interesting autoantibody.
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Response to: ‘Anti-Ku antibodies: important
points to consider’ by Mahler et al

We thank the authors' for their interest in our paper” and are
grateful for the opportunity to respond to the points raised.
We agree with the opinion of Mahler et al that ‘SLE frequently
express many autoantibodies and sera accompanied by mixed
HEp-2 IIF pattern were very common’. We adopted the same
methods for anti-Ku screening that Spielmann et al® used in their
study to avoid missing multiple autoantibody-positive cases. The
Spielmann group included ANA-positive sera showing several
ANA patterns (ICAP nomenclature: AC-1, AC-4 or AC-5) for
ELISA analysis.

Although Mabhler et al noted that ‘In our experience, anti-Ku
antibodies are frequently found in SLE patients potentially asso-
ciated with overlap features of a myopathy’, of the four anti-Ku
antibody-positive myositis patients in their referenced study, only
two patients had systemic lupus erythematosus (SLE) overlapping
with myositis.> Given that 33 anti-Ku-positive SLE patients in
their study* did not have myositis, it seems that SLE and myositis
are less likely to overlap. We need to be careful in discussing the
frequency of anti-Ku-associated clinical phenotypes.

We detected anti-dsDNA and anti-ssDNA antibodies by using
two commercial ELISA kits (MBL, Nagoya, Japan). These kits
are commonly used in Japan and are covered by health insurance
for clinical laboratory tests. As Mahler et al noted that there is
variability between anti-dsDNA assays,' we need to use immu-
nofluorescence tests with Crithidia luciliae as a substrate for
confirmation.
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Temporal ultrasound for monitoring tocilizumab
treatment in giant cell arteritis: seeing beyond
serum markers?

We read with great interest the letter of Nannini et al, which
addressed the issue of treatment interruption in giant cell arte-
ritis (GCA) patients treated with tocilizumab (TCZ) and the use
of 18-fluorodeoxyglucose positron emission tomography (FDG-
PET) for disease monitoring and relapse predicting.! In this
study, FDG-PET examination after 2 months of TCZ discontinu-
ation (14 months after treatment initiation) could identify those
large-vessel GCA (LV-GCA) patients who would experience a
relapse later, despite having normal inflammation markers.
Interestingly, FDG-PET findings after 6 months of TCZ therapy
were not significantly improved in patients who relapsed after
TCZ discontinuation, in contrast to what was observed for those
who maintained remission.' According to authors, this imaging
modality could be a useful monitoring and prognostic tool for
patients with LV-GCA.

GCA, a type of large-size and medium-size vessel vasculitis,
usually affects people over 50 years old. Two subtypes have
been identified; namely cranial GCA and LV-GCA. Over the last
years, ultrasound (US) of temporal arteries has been increasingly
recognised as a first-line diagnostic tool for cranial GCA, while
magnetic-resonance angiography and FDG-PET are utilised for
the diagnosis of LV-GCA. Moreover, randomised controlled
trials in GCA patients have shown that the addition of TCZ
to corticosteroids induces disease remission and offers faster
steroid sparing and reduced relapse rate. On the other hand,
nearly one-third of patients treated with TCZ might experience
a disease flare after treatment discontinuation,! while clinical
and serological parameters might fail to reveal a disease relapse.”
In addition, TCZ treatment leads to a fall of inflammation
markers that sometimes does not reflect disease activity.® Due to
the lack of reliable serological marker for these patients, imaging
modalities emerge as possible monitoring and prognostic tools.
Repeated biopsies for disease monitoring are not feasible in clin-
ical practice.

Regarding the cranial form of GCA, FDG-PET is high-cost,
has low availability, exposes the patient to ionising radiation
and has questionable sensitivity in this form of the disease. In
contrast, US has low cost, is generally available, bears no radi-
ation and offers acceptable sensitivity in the detection of vessel
wall inflammation in temporal arteries. On this basis, serial
US examinations might be useful for the monitoring of TCZ
treatment.

The experience about temporal US in cranial GCA patients
treated with TCZ is limited. Vitiello et al reported two cases
in which initiation of TCZ treatment led to disappearance of
‘halo sign’ in the temporal US.* In our clinic, TCZ resulted
in significant amelioration of vessel wall inflammation in two
cases. TCZ was initiated in a 62-year-old woman with cranial
GCA. The baseline temporal US revealed a hypoechoic halo
sign in both superficial common temporal arteries (figure 1A).
A new temporal US 3 months later showed decrease of the
hypoechoic area in the vessel wall, while clinical and serolog-
ical improvement was evident (figure 1B). After 12 months
of TCZ treatment, the patient is in disease remission and the
hypoechoic findings in the vessel wall have almost disappeared
(figure 1C). Additionally, in an 85-year-old woman with cranial
GCA, TCZ led to improvement of the hypoechoic appearance
of the inflamed vessel wall, as depicted in a new temporal US

Figure 1 Ultrasound of the right superficial common temporal artery
(longitudinal view) at baseline (A), 3 months later (B) and 12 months
after (C) consecutive tocilizumab treatment. At baseline (A), a dark
hypoechoic area can be noted at the vessel wall (arrows). Three months
later, the 'halo sign’ has been improved (B) and after 12 months it has
almost disappeared (C). Meanwhile, serum inflammation markers and
patient’s symptoms have significantly improved. A linear probe (121L),
12 MHz (grey scale) and 6.7 MHz (colour Doppler) frequency were used.

performed 3 months after treatment commencement, compared
with baseline.

As for LV-GCA, the wall of large vessels might remain thick-
ened for months despite therapy, but an increase in intima-media
complex, as observed by US, suggests treatment failure.’ It has
been reported that contrast-enhanced US can detect disease
flares in patients treated with TCZ for Takayasu arteritis, but
this US technique has not been extensively studied yet. There-
fore, the use of US in the monitoring of patients with LV-GCA
is still under debate. Based on the letter of Nannini et al, FDG-
PET might be useful in monitoring TCZ-treated patients with
LV-GCA. A question arising is whether findings in US parallel
the changes depicted in FDG-PET. We believe that a comparative
study addressing this issue would be of great interest.

Recently, the role of US in the follow-up of GCA patients has
emerged.® As US is an operator-dependent examination, the
objectivity of repetitive examinations is questionable and the
technical parameters should be precisely determined. Awaiting
further prospective studies, we suggest that temporal US can be
an appealing choice for monitoring disease activity in cranial
GCA patients treated with TCZ.
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Involvement of industry in review articles
published in Annals of the Rheumatic Diseases

Specifically, 1 refer to the Review Article on IL-17A by McGo-
nagle et al." The article is excellent and reads very well, and
the authors are highly acknowledged scientists and clinicians,
some of them I know personally—nice colleagues and friends.
Yet, I was puzzled to find out that the article was written by a
professional medical writer sponsored by a company. Although
all this information on funding and involvement of medical
writers is transparantly provided in the article in the sections on
acknowledgements, contributors and funding, the value of such
a Review Article may change once the reader becomes aware of
the involvement of pharmaceutical industry.

In Review Articles in highly accredited journals like Annals of
the Rheumatic Diseases, authors express their views and inter-
pretation of recent findings in the field, usually in a scientifically
adequate and, importantly, pharmaceutical industry-independent
way! Readers of such Review Articles expect a highly balanced,
critical and objective review of the topic of choice. This expec-
tation may not be met if the article is written by professional
writers, paid by a company which manufactures a drug approved
for a disease that is discussed in such an article.

Clinician rheumatologists are often involved in clinical trials,
and all manuscripts on clinical trial data are usually prepared
by professional writers hired by the companies, with authors
commenting, often substantially, as the manuscript develops.
Such a procedure is generally accepted by the scientific commu-
nity, and it is also understandable since the data of the trial are in
fact owned by the company. The situation with Review Articles,
however, is strikingly different: if the motivation of such articles
is driven by (economic) interests of a third party (industry), such
an article gets a certain ‘flavour’.

Apart from the principal concerns I have with Review Articles
in ARD written by professional medical writers sponsored by
industry, I provide a precise example from the article demon-
strating potential risks: in figure 4 of the article on p11727, it
is stated by a simple symbol that secukinumab is effective in
many disease domains and manifestations including structural
progression in the approved indications psoriasis, psoriatic
arthritis (PsA) and ankylosing spondylitis (AS). Although this
aspect (structural progression) is not further discussed, neither
in the main text nor in the legend of figure 4, the message
from figure 4 for the reader is crystal clear: secukinumab
inhibits structural progression in both PsA and in AS! As of to
date, however, there is only indirect circumstantial and very
limited information on potential effects of IL-17 blockade on
structural progression in AS, similar to the limited and circum-
stantial evidence of anti-tumour necrosis factor (TNF) agents
on inhibition of AS structural progression. The reported struc-
tural progression in AS patients treated with secukinumab
over 2 and 4 years, respectively, was indeed low, but there
was no comparator group in this trial (uncontrolled data).**
In another paper on radiographic progression after 2 years of
secukinumab treatment as compared with historical data from
AS patients tretated with non-steroidal antiinflammatory drugs
(NSAIDs) only, there was only a statistically non-significant
trend for less progression in secukinumab-treated patients as

compared with the historical cohort.* A head-to-head study
on the effects of secukinumab on radiographic progression
in AS with adalimumab as a comparator is ongoing but the
results are not available yet. Accordingly, the current evidence
on inhibition of strucutral progression by IL-17 is weak, yet
figure 4 in the Review Article' suggests a clear inhibitory
effect in both PsA and AS. This single example illustrates how
apparant subtleties introduced intentionally or by mistake by
professional medical writers may dramatically impact on the
content and message of such Review Article.

I suggest to the editor and to the editorial board of the Annals
of the Rheumatic Diseases to reconsider their policy of accep-
tance of Review Articles written by professional medical writers
sponsored by industry.
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Correction: Dual neutralisation of interleukin-17A and
interleukin-17F with bimekizumab in patients with active
ankylosing spondylitis: results from a 48-week phase IIb,
randomised, double blind, placebo-controlled, dose-
ranging study

Van der Heijde D, Gensler LS, Deodhar, et al. Dual neutralisation of interleukin-17A and
interleukin-17F with bimekizumab in patients with active ankylosing spondylitis: results from
a 48-week phase llb, randomised, double blind, placebo-controlled, dose-ranging study. Ann
Rheum Dis 2020;79:595-604. doi: 10.1136/annrheumdis-2020-216980

The authors have been made aware that one patient initially randomised to the bimekizumab
320 mg group withdrew from the study during the dose-blind period due to an event of oral
candidiasis. Therefore, the current article contains an error in the Safety section of the Results
and Discussion section:

In both instances, the statements regarding the lack of study withdrawals/discontinuations
due to oral candidiasis are incorrect, as one patient withdrew from the study due to oral
candidiasis.

The correct text should state:
Safety section of the Results

Oral candidiasis was reported by 3 (4.9%) patients in the bimekizumab 320 mg group during
the double-blind period (table 5) and 16/303 (5.3%) of bimekizumab-treated patients in total.
All cases were mild to moderate, none were serious, and resolved with systemic or topical
antifungal treatment. One patient withdrew from the study during the dose-blind period due
to oral candidiasis.

Discussion

Consistent with the mechanism of action of therapies targeting the IL-17 pathway, 16 cases
(5%) of oral candidiasis were reported in bimekizumab-treated patients across the 48 weeks
of treatment.11 33 However, all cases were mild or moderate, and most did not lead to
discontinuation.

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, appropriate
credit is given, any changes made indicated, and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/
4.0/.

© Author(s) (or their employer(s)) 2021. Re-use permitted under CC BY-NC. No commercial re-use. See rights and
permissions. Published by BMJ.

Ann Rheum Dis 2021;80:e186. doi:10.1136/annrheumdis-2020-216980corr2

I '.) Check for updates

BMJ Ann Rheum Dis 2021;80:¢186. doi:10.1136/annrheumdis-2020-216980corr2 e u I a r 10of1


http://www.eular.org/
http://ard.bmj.com/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2020-216980corr2&domain=pdf&date_stamp=2021-09-24
http://ard.bmj.com/

Miscellaneous

Correction: Polygenic Risk Scores have high diagnostic capacity
in ankylosing spondylitis

Li Z, Wu X, Leo PJ, et al. Polygenic Risk Scores have high diagnostic capacity in ankylosing
spondylitis. Ann Rheum Dis 2021;80:1168-74.

An error occurred in figure 1. The key for the figure has swapped the colours of the lines for
‘B27 status’ and ‘non-MHC GWS variants’. The numbers for these are given in the text but
the figure is wrong and should be:
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