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COVID-19 and rheumatology: first steps 
towards a different future?
Iain B McInnes

As a rheumatology community, we looked 
on the new decade with excitement and 
ambition yet now instead find ourselves 
amidst the most significant global public 
healthcare challenge in our lifetimes.1 The 
pandemic arising from severe acute respi-
ratory syndrome coronavirus-2 has rapidly 
changed our personal and professional 
outlook. The rheumatology community 
has risen promptly to this challenge and is 
already demonstrating remarkable part-
nership in its global and integrated 
approach. Rheumatology is a discipline 
that has advanced with remarkable pace in 
the last decades, driven by revolutionary 
strategic approaches to the management 
of rheumatic and musculoskeletal diseases 
(RMDs), together with increasingly effec-
tive application of the wealth of possibili-
ties contained in modern molecular 
medicine. New therapeutics abound based 
on ever clearer understanding of the 
pathogenesis of our diseases and the 
extraordinary capacity in the biotech and 
pharmaceutical industry sector to capi-
talise on the same for therapeutic benefit. 
These are precisely the skills and 
approaches that are now essential as we 
combat Covid-19. The immediate public 
health measures that are currently in force, 
however effective, will eventually require 
a robust underpinning molecular medical 
response in the form of vaccines and new 
therapeutics to achieve the long- term goal 
of normalising quality of life for the 
majority. Rheumatology may therefore be 
ideally placed to support our infectious 
diseases and critical care colleagues as we 
enter poorly charted clinical territory. 
This month in the Annals of Rheumatic 
Diseases (ARD), we read the first products 
of the widespread activities concerning 
RMDs emerging as we move to combat 
the virus and its various clinical 
manifestations.

Poorer outcomes to Covid-19 seem to 
particularly occur in older patients and 
those with comorbidities, for example, 
chronic obstuctive pulmonary disease  
(COPD), coronary heart disease (CHD), 

hypertension and diabetes.1 Immune 
suppression is similarly flagged as a risk 
factor. A key question for our commu-
nity therefore is the extent to which 
risk of infection a priori, or progression 
thereafter, are altered for people with 
RMDs taking immune modifiers, for 
example, glucocorticoids, biologicals, 
targeted synthetic disease- modifying anti- 
rheumatic drugs (DMARDs), or indeed 
conventional DMARDs. In the ARD, 
Monti and colleagues2 provide a clinical 
description of Covid-19 in patients with 
inflammatory arthritis receiving immune 
suppressive therapies. A reassuring 
outcome is reported in this small sample; 
moreover, on infection, all patients 
discontinued their immune modifiers 
without flaring despite intercurrent viral 
stimulus. The authors also helpfully point 
to prior experiences following Middle 
East respiratory syndrome and severe 
acute respiratory syndrome outbreaks in 
which immune suppression, transplan-
tation and cancer did not notably confer 
poorer outcomes. At present, therefore, 
most recommendations suggest contin-
uation of immune modifiers in general 
unless Covid-19 is confirmed. This highly 
commendable report, generated in chal-
lenging circumstances, does not, however, 
definitively address the incidence and 
implication of Covid-19 in RMDs. To this 
end, the EULAR- COVID-19 Database has 
been launched, comprising a European 
paediatric and adult database designed 
to monitor and report on outcomes of 
Covid-19 occurring in patients with 
RMDs. In turn, it is designed to work 
alongside the Covid-19 Global Rheuma-
tology Alliance that comprises rheuma-
tologists and epidemiologists and has now 
formed a global repository for Covid-19 
cases with RMDs. These initiatives will 
provide short- term clinical advisory infor-
mation and will serve the purpose of long- 
term vigilance across the age groups as 
we anticipate the psychological impacts, 
immune deregulatory potential and also 
perhaps even altered comorbidities that 
may ensue post- Covid-19 in people with 
underlying RMDs.

A second topical and rapidly evolving 
discussion concerns the role or otherwise 

of immune stimulation and host responses 
in the evolution of Covid-19. Antiviral 
agents are urgently required to address 
patients with Covid-19, but existing agents 
as yet appear not consistently effective.3–5 
Remdesivir may offer more benefit though 
this is being trialled currently. In this 
context, focus is falling on immune modu-
lation to limit tissue damage and espe-
cially progression to multiorgan failure. 
It is apparent that Covid-19 has a phasic 
component3 with a majority exhibiting 
relatively mild symptomatology with no 
known sequelae. A smaller but clinically 
significant subgroup shows progression to 
a more critical illness. A further subgroup 
apparently develops a syndrome with 
features of a ‘cytokine storm’, reminis-
cent of, but identical to, haemophagocytic 
lymphohistiocytosis or that seen following 
chimeric antigen receptor T (CAR- T) cell 
therapeutics.6 Notably, we should not 
assume that this is a sequence of events 
in a given individual as outcome could 
reflect quite discrete host characteristics; 
eventually, these states may be identifiable 
on the basis of molecular stratification. 
Interest has fallen accordingly on the use 
of currently available immune modifiers. 
Early enthusiasm for hydroxychloroquine 
(HCQ),7 which has theoretical effects on 
virus cell biology via alteration of pH in 
endosomes, lysosomes and Golgi appa-
ratus, together with capacity to block viral 
replication ex vivo, has been tempered 
by the lack of high- quality randomised 
controlled trial data to support its use in 
clinic, this despite its approval in some 
regions. In ARD, Spinelli and colleagues8 
offer an insightful review of this issue and 
remark on the potential for prophylactic 
use. Others have also commented on the 
widespread use of HCQ in the absence of 
controlled evidence,9 10 noting also that 
it is not without side effects, especially 
in the context of potential virus- induced 
cardiac damage (and prolonged QT 
interval). The data shall decide as formal 
trials are ongoing but at present there 
should perhaps be some restraint in its 
widespread application. Meantime there 
is a further direct implication of this high 
uptake of HCQ use, namely a shortage 
of drug supply with grave consequences 
for that group of people with RMDs 
dependent on it for their maintained well- 
being. As such, there is an urgent need 
for increased manufacture and protected 
supply of HCQ to meet the needs of the 
RMD population.

The immune stimulation apparent in 
some patients has led many to consider or 
apply the use of cytokine inhibiting agents, 
especially tocilizumab and sarilumab, that 
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inhibit interleukin-6 receptor (IL- 6R) 
and have found utility in hemophago-
cytic lymphohistiocytosis (HLH) and 
CAR- T cell cytokine storm syndrome. 
An increasing range of immune modi-
fiers are now being considered for inter-
vention including interleukin-6 receptor 
inhibitor (IL- 6Ri), interleukin-6 inhibitor 
(IL- 6i), granulocyte- macrophage colony- 
stimulating factor (GM- CSFi), Janus 
Kinase inhibitor (JAKi), tumour necrosis 
factor inhibitor (TNFi) and others. These 
agents are not without a significant adverse 
event profile, and understandable unease 
is developing in the critical care commu-
nity as to their unregulated application, 
although use is compassionate and often 
in extremis. Rheumatologists are expert in 
the use of these agents; we should be to 
the fore in advising around their applica-
tion noting risks and benefits are not yet 
clear and should not be taken for granted 
in Covid-19. It is preferable, but not 
always achievable, that these agents are 
explored in the context of clinical trials 
though the compassionate use and obser-
vational cohorts already published offer 
useful insights.

Finally, what are we now to do in terms 
of treatment recommendations in the 
era of Covid-19? Ideally learned bodies, 
including European League Against Rheu-
matism (EULAR), American College of 
Rheumatology (ACR) and Asia Pacific 
League Against Rheumatism (APLAR), 
will offer consistent advice with sufficient 
regional flavour as to allow pragmatic 

application. Despite the pandemic, we 
should try to adhere as far as possible to 
agreed methodologies and rigour. That 
said, all current approaches are hampered 
by a lack of data—those will however 
emerge rapidly from initiatives such as 
those described above and behove our 
community to respond quickly and effi-
ciently to place the evidence base behind 
our recommendations, that in turn must 
be dynamic and agile to offer the best 
outcomes for our patients. These are chal-
lenging times indeed but also rich with 
opportunity for a rheumatology commu-
nity response that is creative, collegiate 
and compassionate.

Handling editor Josef S Smolen
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Patterns of innovation can be sustained (contin-
uous) or rapid, sometimes even ‘disruptive’. A major 
difference is that in order to support disruptive inno-
vation the support networks and its infrastructure 
often need to be changed dynamically to accommo-
date a rapidly evolving landscape to establish the 
disruptive approach. For example, introducing elec-
tric cars disrupts the support network for gasoline 
cars (network of gas and service stations), and at 
the same time requires an entirely new system of 
charging stations. Such disruptions occur in science, 
and a wonderful example was the creation of mono-
clonal antibody technologies. The discovery of the 
principle for production of monoclonal antibodies 
by César Milstein and Georg Köhler fueled a rapid 
adoption of new antibody- based technologies in all 
areas of medicine. This transformation was strongly 
supported by the open workshops that catalogued 
antibodies from many laboratories into distinct 
‘clusters of differentiation’, thereby providing a 
new ‘support network’ for the global use of well 
validated and standardised monoclonal antibodies. 
This new support network helped the pharmaceu-
tical industry transition from a major focus on small 
chemical molecules (screened for effects in vitro) to 
a new targeted approach, first with recombinant 
proteins, later with monoclonal antibodies with the 
introduction of anti- tumour necrosis factor (TNF) 
antibodies as an example.

During the last two decades, in both the USA 
and Europe, the need to develop public–private 
partnership support networks has been recognised 
as a means to accelerate innovation and enable 
translation of the rapidly expanding cellular and 
molecular understanding of disease pathogenesis 
into the development of new therapeutic agents. 
In Europe, the Innovative Medicine Initiative (IMI) 
was formed to enhance public–private partnerships, 
and in the USA the Accelerating Medicines Partner-
ship (AMP).1 Identifying, validating and testing new 
targets based on enhanced understanding are at the 
core of both AMP and IMI. To facilitate continuous 
innovation, multi- institutional collaborations have 
started on projects such as the European Union 
funded project on tolerance in rheumatoid arthritis 
(RA; Rheuma Tolerance for Cure (RTCure)) and 
the National Institutes of Health (NIH)/Founda-
tion for the NIH (representing industry and other 

partners) funded project designated the ‘AMP for 
RA and systemic lupus erythematosus (SLE)’.

To bring these groups together, a meeting desig-
nated the 11th International Forum on Rheuma-
toid Arthritis was held from 25–27 September 
2019 in Washington DC. The primary intention 
was to facilitate interactions among academic as 
well as industry- based scientists and clinicians from 
Europe, the USA and also East Asia.

This collaborative meeting was supported by 
NIH and its director Dr. Francis Collins, as well 
as by the pharmaceutical industry stakeholders in 
AMP and the IMI- RTCure project.

The RTCure programme is focused on the under-
standing of the longitudinal course of the disease, 
whereas the AMP is focused on better under-
standing of the contribution of various cell types 
to the local processes in the inflamed joints. Thus, 
several of the RTCure presentations focused on the 
understanding of the natural history of RA, where 
a prolonged RA- related autoantibody- positive 
period is present prior to the development of 
arthritis2 3. Subjects who are in this period of time 
are operationally defined through the presence of 
symptoms such as arthralgia as well as predictive 
biomarkers4–7 and one study reported that develop-
ment of arthritis was delayed after treatment with 
rituximab.8 With great enthusiasm, the ongoing 
prevention trials in the USA and Europe were 
reported.8 In the USA, the Stop- RA trial and in the 
UK the Arthritis prevention in the pre- clinical phase 
of RA (APPRIPRA) trial randomise people with 
anti- citrullinated peptide antibodies (ACPA) anti-
bodies to an intervention (Hydroxychloroquine—
USA, Abatacept—UK) or placebo for 1 year to test 
the hypothesis that fewer RA will develop in the 
intervention arm. In the Netherlands, patients with 
clinical suspect arthralgia and a positive MRI are 
randomised to either one dose of prednisone and 
1 year methotrexate (MTX) versus placebo (Treat- 
Earlier study) and in Sweden a study (EudraCT- nr 
2019-002673-62) with bifosfonates in one arm and 
placebo in the other is performed with the same 
hypothesis.

The focus of AMP is to take an unbiased approach 
focused on single- cell analysis to define the cell and 
molecular basis of synovitis.9 Therefore, tissues 
and cells from patients with RA with synovitis are 
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Box 1 The newly identified cell types: on our way to a 
new periodic table for celltypes

1. Expanded cell populations in rheumatoid arthritis as compared
with osteoarthritis synovium
a. THY1(CD90) +HLA- DRAhi sublining fibroblasts (interleukin 6
(IL-6) production)
b. IL1B+proinflammatory monocytes
c. ITGAX+TBX21+autoimmune- associated B cells
d. PDCD1 +peripheral helper T (TPH) cells
e. Follicular helper T (TFH) cells
2.New cell subsets with functional implications
a. CD8 +T cell subsets by differential GZMK+, GZMB+ and GNLY
+expression
b. Fibroblasts separated into multiple populations, including
FAPα+THY1+sublining immune effector fibroblasts (mediate 
synovial inflammation) and synovial lining FAPα+THY1− 
destructive fibroblasts (mediate bone loss)

captured using ultrasound- guided biopsies. Using quantitative 
histological and bulk mRNA analyses as well as single- cell tech-
nologies, new insights were presented on the diversity of stromal 
cells (synovial fibroblasts and macrophages) as well as leucocyte 
populations including T cell subpopulations. Other data empha-
sised the capacity of synovial fibroblasts to interact with other 
non- lymphoid cells of the joint, such as endothelial cells. This 
creates a situation where chronicity of synovial inflammation 
may become partly independent of adaptive immunity, allowing 
the development of therapies that target these mechanisms.

Presentations from the Asian investigators highlighted the 
opportunity to exploit for discovery genetic differences in as 
drivers in disease phenotypes in Asian populations.

Important updates on each of these topics were presented, 
summaries of which are beyond the scope of this article. We 
would like to emphasise two simultaneously occurring disruptive 
elements that will need public–private collaborative ventures.

 Findings deriVed From single-Cell sTudies
Single- cell technologies define subpopulations that were previ-
ously thought to be homogeneous cell populations 9–11 and 
box 1. This realisation creates the opportunity to identify new 
targets, a finding that is relevant for the pharmaceutical industry 
as opportunities for drug development. At the same time, repli-
cation on tissues from different centres is required. This necessi-
tates a new support network to make fast and reliable progress. 
The delivery of the Human Cell Atlas (an international consor-
tium similar to the Human Genome Project) aims to enumerate 
all the individual cell types in each organ of the human body; 
AMP is providing an atlas of pathological synovial cells and cell 
states. This paves the road for a cellular basis to drive a new 
taxonomy of disease. AMP seems to provide the new periodic 
table of cell types, where the challenge will be what the funda-
mental rules for cells to work together are, almost like the rules 
that determine how elements of the periodic table can make 
molecules like H2O.

 Progress in studies focused on prevention
With at least four large prevention studies in Europe/USA and 
with the current exploration of regulatory pathways for preven-
tive studies prior to the onset of arthritis by pharma and academic 
groups, the road to preventive interventions in RA is paved. This 
approach has the potential to be disruptive in the same way 

that assessments of cardiovascular risk and their management 
have changed the treatment landscape and patient expectations 
in cardiovascular diseases. This necessitates a new worldwide 
support network that includes the development and a global 
harmonisation of RA preclinical/at- risk classification criteria, as 
well as the establishment of multiple cohorts of individuals at 
risk for RA in which trials can be performed. A similar challenge 
remains for efforts aimed at treatments that induce tolerance 
for people with early RA, as exemplified from ongoing12 studies 
in RTCure. These studies, in an identical fashion as occurred 
in prevention approaches for cardiovascular disease,13 need 
support networks with well- standardised immune- surveillance 
assays and well- defined clinical endpoints, with supporting 
laboratory- based assays to determine the cellular basis for toler-
ance in RA. A joint effort in this area from RTCure and other 
international groups contributing cohorts and the development 
of adaptive immunity cell- based assays, using novel single- cell 
technologies and bioinformatics from the AMP consortium, 
will form the basis for the establishment of this highly needed 
support network.

It is important that the RTCure pharma- academia efforts are 
coordinated with USA based, as well as Asian and other interna-
tional groups. To accomplish that task, criteria must be devel-
oped that are formally evaluated and internationally approved 
by the relevant professional and regulatory organisations. An 
additional point for harmonisation, as well as agreement by 
regulatory bodies, is outcome criteria for prevention and early 
intervention trials. New intervention studies will benefit from 
harmonisation between the currently ongoing trials which may 
benefit from already existing organisations such as Outcome 
Measures in Rheumatology (OMERACT) that are focused on 
validating outcome measures.

 Taking on big challenges in addition to making incremental 
gains
Finally, a strongly stated theme with regard to future studies is 
to take on ‘big’ problems, that will require collaborative work 
between different groups and scientific communities, and as 
emphasised in this viewpoint, new support structures for work 
towards the goals of prevention and cure of RA.

Although the exact definition of such big issues is subjec-
tive, especially if one envisions international efforts beyond the 
highly successful collaborations focused on the genetics of RA,14 
one attractive possibility is to focus on the cellular, humoral 
and genetic bases for the transformation from systemic autoim-
munity to autoimmune- associated joint inflammation and joint 
destruction. Tackling this problem will involve efforts to define 
initial cellular and humoral targets in the joints, including bone, 
cartilage and tendons. Also required is a better understanding 
of the relative roles in the synovium of local cellular versus 
humoral factors and the relative roles of leucocytes and stromal 
cells, respectively. Accomplishing this goal will require following 
at- risk populations, including temporal sampling and imaging of 
the synovium through to the development of classifiable disease, 
and then working to reverse synovitis and develop curative 
approaches.

 next steps
To shape a support network that is needed for the disruptive 
changes, we propose the establishment of a working group 
inclusive of academics, regional rheumatology societies, industry 
representatives, patients and funding agencies to design and 
implement an International RA Collaborative Network. From 
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that working group, suggestions for the design of such a network, 
the priorities for funding and implementation of precompetitive 
studies, as well as development of a data portal contributed to 
by all groups, could emerge in an organic manner. Also partic-
ipation of regulatory agencies will be needed to enable clinical 
studies on prevention to result in approved and reimbursed 
prevention in clinical practice. Future closer transatlantic and 
global collaborations will capitalise on the legacy of the existing 
initiatives, for example, a collaborative IMI- AMP project as a 
follow- up project of current IMI and AMP initiatives. In fact, 
many industry partners participate in both consortia, and thus 
the legal framework for such collaborative efforts can follow the 
current structures which allow for very effective 1 to 1 collabo-
rations on a deep data level, while the overall programme can be 
constructed to generate shared global data

The primary goals of the International RA Collaborative 
Network would be to build on existing public–private part-
nerships such as RTCure and AMP and shape a new support 
network for preventive and curative studies, and foster collab-
orations between individuals and communities prepared to 
develop and use these networks.
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Key messages

What is already known about this subject?
 ► While treat- to- target strategies are cost- 
effective in rheumatoid arthritis (RA), initial 
biological disease- modifying antirheumatic drug 
(bDMARD) therapy is not cost- effective and 
conventional synthetic DMARDs (csDMARDs) 
are to be preferred over bDMARDs or targeted 
synthetic DMARDs as first- line treatment.

What does this study add?
 ► In patients with classical factors of poor 
prognosis, csDMARD combination therapy with 
step- down glucocorticoids (GCs) was not cost- 
effective compared with methotrexate (MTX) 
monotherapy also with step- down GCs within a 
remission induction strategy.

 ► For patients without classical factors of poor 
prognosis, MTX plus a short- term course of 
GCs was clearly more cost- effective than the 
traditional MTX only.

How might this impact on clinical practice or 
future developments?

 ► Initiating a step- down GC bridging combined 
with MTX in newly diagnosed patients with 
RA could be key to delay or even avoid use 
of second line expensive medication such 
as bDMARDs in both high- risk and low- risk 
patients.

AbsTRACT
Objectives To evaluate the cost- effectiveness of treat- 
to- target strategies among recently diagnosed patients 
with rheumatoid arthritis (Ra) using methotrexate (mTX) 
and a step- down glucocorticoid (gc) scheme (coBRa 
slim) compared with (1) this combination with either 
sulphasalazine (coBRa classic) or leflunomide (coBRa 
avant- garde) in high- risk patients and (2) mTX without 
gcs (Tight- step- Up, TsU) in low- risk patients.
Methods The incremental cost- utility was calculated 
from a healthcare perspective in the intention- to- treat 
population (n=379) of the 2- year open- label pragmatic 
randomised controlled care in early Ra trial. Healthcare 
costs were collected prospectively through electronic 
trial records. Quality- adjusted life years (QalYs) were 
estimated using mapping algorithms for EuroQol-5 
dimension. multiple imputation was used to handle 
missing data and bootstrapping to calculate cis. 
Robustness was tested with biological disease- modifying 
antirheumatic drugs at biosimilar prices.
Results in the high- risk group, classic (∆k€1.464, 
95% ci −0.198 to 3.127) and avant- garde (∆k€0.636, 
95% ci −0.987 to 2.258) were more expensive 
compared with slim and QalYs were slightly worse for 
classic (∆−0.002, 95% ci −0.086 to 0.082) and avant- 
garde (∆−0.009, 95% ci −0.102 to 0.084). This resulted 
in the domination of classic and avant- garde by slim. 
in the low- risk group, slim was cheaper (∆k€−0.617, 
95% ci −2.799 to 1.566) and QalYs were higher 
(∆0.141, 95% ci 0.008 to 0.274) compared with TsU, 
indicating slim dominated. Results were robust against 
the price of biosimilars.
Conclusions The combination of mTX with a gc 
bridging scheme is less expensive with comparable 
health utility than more intensive step- down combination 
strategies or a conventional step- up approach 2 years 
after initial treatment.
Trial registration number ncT01172639.

InTROduCTIOn
Insufficient control of disease activity in rheu-
matoid arthritis (RA) can lead to persistent 
pain, joint destruction, functional impairment 
and thus reduced health- related quality of life 
(QoL). Evidence suggests that controlling disease 
activity depends on early, intensive and to- target 
medical therapy.1 Therapy with conventional 
synthetic disease- modifying antirheumatic drugs 

(csDMARDs) should be started as soon as possible 
after diagnosis, preferably methotrexate (MTX) 
and a short course of glucocorticoids (GCs).2 The 
ideal dosing scheme and the value of classical risk 
factors as therapeutic prognostics (theragnostic) 
are still a matter of debate. Over the years, several 
trials have demonstrated increased efficacy of 
initial csDMARD combinations over monotherapy, 
but evidence remains scarce for the superiority of 
combining csDMARDs within strategies including 
a step- down- bridge GC scheme. It has not been 
elucidated whether effectiveness of such strategies 
differs depending on prognostic risk profile.3–5 
Care in early RA (CareRA), a randomised treat- 
to- target strategy trial showed no superiority of 
combinations of csDMARDs and bridging GCs 

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0001-8579-6914
http://orcid.org/0000-0003-0682-9533
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2019-216874&domain=pdf&date_stamp=2020-04-06
NCT01172639
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(COBRA Classic or COBRA Avant- Garde) over MTX- only 
with a moderate- dose step- down GC bridging scheme (COBRA 
Slim), but COBRA Slim had a more favourable safety profile.6–8 
In addition, COBRA Slim showed a better initial response and 
overall disease control than the traditional Tight- Step- Up (TSU) 
approach, starting MTX without oral GCs, in so- called low- risk 
patients.9

From a health economical point of view, it is important to 
investigate to what extent different initial treatment choices and 
consecutive treatment steps within a treat- to- target strategy lead 
to differences in longer- term costs. Therefore, we conducted a 
full economic evaluation of the CareRA trial to study the cost per 
quality- adjusted life years (QALYs).

PATIenTs And MeTHOds
Using the 2- years data from the open label CareRA pragmatic 
treat- to- target randomised controlled trial (RCT) (EudraCT- 
number: 2008-007225-39), the incremental cost–utility and 
incremental net monetary benefit (iNMB) from a payer’s 
perspective were estimated. In the high- risk group, both COBRA 
Classic and COBRA Avant- Garde were compared with COBRA 
Slim. In the low- risk group, COBRA Slim was compared with 
TSU.

CareRA clinical trial
In total, 400 DMARD naïve patients with recently diagnosed RA 
(≤1 year) were assessed for eligibility between January 2009 and 
May 2013 and 379 were included.

Patients were stratified into a high- risk or low- risk group 
based on an algorithm with prognostic factors7 8 (erosions, rheu-
matoid factor (RF) or anticitrullinated cyclic peptide (anti- CCP) 
positivity and baseline Disease Activity Score in 28 joints with 
C- reactive protein (DAS28CRP)>3.2) and randomised into four 
different treat- to target schemes.

High- risk patients were randomised to one of the following 
initial treatment schemes:

 ► COBRA Classic: 15 mg MTX weekly, 2 g sulfasalazine daily 
and a weekly step- down scheme of oral prednisone starting 
at 60 mg daily and tapering through 40-25-20-15-10- mg 
daily to a maintenance dose of 7.5 mg, with further tapering 
from week 28, before completely stopping at week 34.

 ► COBRA Avant- Garde: 15 mg MTX weekly, 10 mg lefluno-
mide (LEF) daily and a weekly step- down scheme of oral 
prednisone starting at 30 mg daily and tapering through 
20–12.5-10-7.5 mg daily to a maintenance dose of 5 mg, 
with further tapering from week 28, before completely stop-
ping at week 34.

 ► COBRA Slim: 15 mg MTX weekly and a weekly step- down 
scheme of oral prednisone starting at 30 mg daily and 
tapering through 20–12.5-10-7.5 mg daily to a maintenance 
dose of 5 mg, with further tapering from week 28, before 
completely stopping at week 34.

Low- risk patients were randomised to either:
 ► COBRA Slim.
 ► TSU: 15 mg MTX weekly, no oral GCs allowed.
In all treatment arms, low disease activity (DAS28CRP ≤3.2) 

was used for steering treatment adaptations. The first trial year 
had prespecified (per- protocol) treatment adaptations. During 
the second year, adaptations were left at the discretion of the 
treating rheumatologist. An increase in the weekly MTX dose to 
20 mg was the first adjustment in all treatment schemes. Next, 
the dose of the other csDMARD was increased in the combina-
tion arms (COBRA Classic and COBRA Avant- Garde) or 10 mg 

LEF was added in the non- combination arms (COBRA Slim and 
TSU). Further treatment changes could include bDMARD initi-
ation according to Belgian reimbursement rules.10 Details on 
patient eligibility criteria, randomisation process, study design 
and treatment intensifications have been published.6–9 Patients 
were assessed at screening, baseline and then followed up at 
week 4, 8, 16, 28, 40, 52, 65, 78, 91 and 104. Optional visits, 
if clinically required, could be performed. Physicians filled out 
at every patient visit the electronic case record form (eCRF), 
comprising American College of Rheumatology core measures,11 
medications and adverse events (AEs).

Outcomes
Health utility and QALYs
A health utility represents the preference of value attributed to 
a health state. It is expressed on a continuous scale from zero 
(equalling death) to one (full health). Scores can also be below 
0 (states worse than death). By multiplying the utility value with 
years of survival, QALYs are calculated. For this study, QALYs 
were determined as the time- weighted average of reconstructed 
EuroQoL-5 Dimension (EQ- 5D) values for each visit in the total 
follow- up (area under the curve). EQ- 5D health utilities were 
reconstructed based on Health Assessment Questionnaire, age, 
pain on a Visual Analogue Scale and gender, using the validated 
UK algorithm of Hernández Alava et al.12–14 For patients expe-
riencing AEs that were either severe or lasted for more than 3 
months, the QALY was adjusted by a disutility, accounting for 
the duration of the AE. Based on an extensive literature search, 
disutilities per AE were constructed (online supplementary table 
2).15–24 If no specific disutility was found, a general moderate- 
intensity treatment associated disutility (0.002) was applied.25

Resource utilisation and direct healthcare costs
Healthcare costs in the economic analysis were rheumatology 
visits, RA- related medication (cs- and bDMARDs, GCs and 
all recorded analgesics including paracetamol, non- steroidals, 
tramadol and opioids), hospital admissions, laboratory and 
radiographs occurring during the 2- year trial.

Costs for rheumatology visits included scheduled and addi-
tional visits. Cost per visit was retrieved from the National 
Institute of Health and Disability Insurance (RIZIV) tariffs.26 
RA- related medication costs were calculated from the eCRF 
reported medication name, dose, intake duration and frequency, 
then valued according to the Belgian Centre for Pharmacothera-
peutic Information.27 Hospitalisation costs were calculated from 
AEs requiring hospitalisation and were price weighted depending 
on coded diagnosis (International Classification of Diseases, 
Ninth Revision, Clinical Modification), physician registered 
severity (mild, moderate, severe) and number of inpatient days 
with INAMI- RIZIV tariffs ( tct. fgov. be).28 Supplemental costs for 
laboratory and radiographs were also incorporated.29 All prices 
were converted to 2018 euros using the general Belgian health 
index rate ( statbel. fgov. be). Total costs per resource were calcu-
lated by multiplying the number of resources by the cost unit 
price extracted from Belgian national websites.26–29 Total costs 
per patient were obtained by summing costs of all resources. No 
discounting was considered due to the study’s short follow- up 
period (2 years).30

Cost-effectiveness analyses
This piggyback study, an economic evaluation alongside a clin-
ical trial, follows the superiority design of CareRA and was 
performed on the intention- to- treat (ITT) population.

https://dx.doi.org/10.1136/annrheumdis-2019-216874
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Table 1 Demographic and clinical characteristics at baseline per treatment scheme

High- risk Low- risk

CObRA Classic n=98 CObRA Avant- Garde n=93 CObRA slim n=98 CObRA slim n=43 Tsu n=47

Demographic variables

 Age, years 53 (12) 51 (13) 52 (13) 51 (14) 51 (14)

 Women, n (%) 64 (65) 64 (69) 63 (64) 33 (77) 38 (81)

 Smokers, n smoked ever (%) 56 (57) 56 (60) 58 (59) 21 (49) 18 (38)

 Current work n (%) 44 (45) 48 (52) 52 (53) 22 (51) 27 (57)

Clinical variables

 Body mass index, kg/m² 26 (4) 27 (4) 27 (4) 25 (4) 27 (4)

 Symptom duration, weeks; median (IQR) 22 (14–44) 25 (15–51) 24 (15–39) 21 (14–35) 19 (13–33)

 RF positive, n (%) 78 (80) 70 (75) 82 (84) 11 (26) 11 (23)

 Anti- CCP positive, n (%) 76 (78) 72 (77) 78 (80) 12 (28) 11 (23)

 Erosive disease, n (%) 32 (33) 32 (34) 32 (33) 1 (2) 0 (0)

 DAS28- CRP 4.67 (1.13) 4.45 (1.20) 4.55 (1.12) 4.28 (1.61) 4.30 (1.63)

 Pain, mm (0–100) 59 (24) 57 (24) 57 (22) 48 (31) 52 (23)

 Fatigue, mm (0–100) 51 (26) 49 (24) 49 (21) 39 (28) 46 (22)

 HAQ score (0–3) 1.10 (0.77) 0.93 (0.78) 0.92 (0.78) 0.81 (0.85) 0.85 (0.72)

 Health utility (−0.59 to 1) 0.47 (0.27) 0.51 (0.27) 0.53 (0.26) 0.59 (0.32) 0.55 (0.25)

Data are presented as mean and SD unless otherwise specified. Symptom duration=number of weeks between onset of symptoms and start of treatment. Health utility was 
derived using an EQ- 5D mapping algorithm.
Anti- CCP, anti- citrullinated cyclic peptide; CRP, C- reactive protein; DAS28, Disease Activity Score in 28 joints; EQ- 5D, EuroQoL-5 Dimension; HAQ, Health Assessment 
Questionnaire; RF, rheumatoid factor; TSU, Tight- Step- Up.

Differences in costs and QALYs between COBRA Classic 
and COBRA Avant- Garde compared with COBRA Slim for 
the high- risk group and between COBRA Slim and TSU for 
the low- risk group were analysed over 2 years. An incremental 
cost- effectiveness ratio (ICER) was calculated by dividing the 
cost difference by the QALY difference per pair of treatment 
schemes. The uncertainty analysis in the estimation of the ICER 
was plotted on cost- effectiveness planes (via non- parametric 
bootstrapping with 25 000 iterations of random sampling with 
replacement). Cost differences were depicted on the y- axis and 
QALY differences on the x- axis.

The incremental net monetary benefit (iNMB) of each compar-
ison was calculated as iNMB=[incremental benefit * willingness 
to pay (WTP)]-incremental cost. The impact on the iNMB for 
varying thresholds of WTP (€0–€150 000) for one QALY gain 
was calculated. This reflects absolute economic gain (positive) 
or loss (negative), given how much society is willing to pay per 
QALY gained (ƛ). The World Health Organization proposes that 
it is reasonable to pay for an intervention that provides one addi-
tional year of healthy life per capita.31 An intervention is consid-
ered cost- effective when the cost for one QALY gained falls 
below three times the gross domestic product per capita (GDP) 
and highly cost- effective when below the GDP.32 In Belgium, no 
prespecified WTP exists, but the 2018 GDP was k€40.320.33 
For this study, we used a WTP threshold (ƛ) of k€40 per QALY 
gained.

Considering the increased use of biosimilars, the base case 
analysis was repeated pricing bDMARDs at the lowest price of 
a biosimilar (Benepali) in Belgium (€153.15 for 50 mg weekly as 
of December 2018).

Sustained remission was used as an alternative health outcome 
to calculate the ICER. Sustained remission was defined as 
DAS28CRP <2.6 from week 16 to 104 at every visit.

Statistical analyses
Missing data were assumed to be missing at random and were 
imputed with multiple imputation (classification and regression 

trees) by chained equations.34 Missingness in clinical variables 
used to estimate utility, disease activity per time point, and total 
costs were imputed. Besides the incomplete variables, treatment 
strategy, centre of recruitment, age, gender, presence of comor-
bidities, AEs, RF, anti- CCP, erosions at baseline and trial comple-
tion were included as predictors in the matrix. Fifteen imputed 
datasets were created and analysed separately. Results of the 15 
analyses were pooled using Rubin’s rules.35 36

For comparisons in complete cases, non- parametric Mann- 
Whitney U or Kruskal- Wallis and X2 bootstrapped- corrected 
were used when appropriate.

All analyses were performed with R V.3.6.1.

ResuLTs
Patients
Of the 379 patients included in the CareRA trial, 289 patients 
were stratified to the high- risk (COBRA Classic n=98, COBRA 
Avant- Garde n=93, COBRA Slim n=98) and 90 to the low- risk 
group (COBRA Slim n=43, TSU n=47). Patient characteristics 
in each treatment arm are presented in table 1. Good retention 
rates of up to 89% were observed (online supplementary figure 
1). Missingness in the clinical variables over 2 years ranged from 
12% to 39% per different time point and was 15% for total costs 
(n=328 for total cost).

Health outcomes
QALYs over 2 years were comparable in the high- risk group 
(1.551, 1.544, 1.553) between COBRA Classic, COBRA Avant- 
Garde and COBRA Slim, respectively (table 2). In the low- risk 
group, 2- year- QALYs were higher in COBRA Slim (1.629) 
compared with TSU (1.488), resulting in an incremental gain 
of 0.141.

Sustained remission rates (table 2) were also comparable in 
the high- risk group, whereas in the low- risk group COBRA Slim 
(42%) had better sustained remission rates than TSU (26%).

https://dx.doi.org/10.1136/annrheumdis-2019-216874
https://dx.doi.org/10.1136/annrheumdis-2019-216874
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Figure 1 Costs across treatment schemes: mean € per patient and percentage (%) of the total cost in complete cost cases (n=328).
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Healthcare use and costs
Healthcare costs in complete cases, including costs of medica-
tion, were presented in figure 1. The healthcare cost of rheu-
matology consultations and use of laboratory and X- rays was 
comparable across all schemes. In both high- risk and low- risk 
groups, differences in average cost per patient between treat-
ment strategies could be attributed mainly to bDMARD use and 
hospitalisations (online supplementary table 1).

Combination arms (COBRA Classic and COBRA Avant- 
Garde) had a higher number of patients that were started on 
bDMARDs in the entire 2 years (online supplementary table 1), 
although not significant in all comparisons.

Total healthcare costs in the ITT population were for COBRA 
Classic (k€6.086), COBRA Avant- Garde (k€5.257) and COBRA 
Slim (k€4.622) in the high- risk group. In the low- risk group, 
costs were for COBRA Slim (k€4.007) and TSU (k€4.624).

Incremental cost per QALY
Given the higher costs and lower QALYs gained, COBRA Classic 
and COBRA Avant- Garde were dominated by COBRA Slim in 
the base- case analysis of the high- risk group (table 2). In the 
low- risk group, COBRA Slim also dominated TSU in view of 
the lower costs and higher number of QALYs gained (table 2). 
The sensitivity analyses considering biosimilar- prices for all 
bDMARDs yielded similar results (table 2).

Results from the 25 000 bootstrapped replications of the incre-
mental cost–utility ratios for each comparison are presented in 
figure 2. In the high- risk group, COBRA Classic was more costly 
than COBRA Slim in 96% of the bootstrapped replications and was 
dominated by Slim in 68% of these replications (figure 2A). The 
bootstrapped uncertainty of COBRA Avant- Garde indicated this 
strategy to be more costly in 78% of replications compared with 
COBRA Slim (figure 2B) and in 56% of replications, this strategy 
was dominated. In the low- risk group, COBRA Slim dominated 
TSU (figure 2C) in 71% of the bootstrapped replications.

Incremental net monetary benefit per QALY
Figure 3 represents the iNMB per comparison of schemes at 
different thresholds for WTP from €0 to k€150 per QALY. In the 
high- risk group, when comparing COBRA Classic and COBRA 
Avant- Garde versus COBRA Slim, the iNMB estimate (black 
full line) was negative and remained below zero on the y- axis 
(figure 3A,B) regardless of the WTP. In other words, there was no 
economic benefit of choosing COBRA Classic or COBRA Avant- 
Garde over COBRA Slim. In the low- risk group, COBRA Slim 
versus TSU had a positive iNMB. COBRA Slim’s estimate never 
crossed the zero, indicating COBRA Slim was cost- effective even 
at a very low WTP range (figure 3C).

Incremental net monetary benefit per sustained remission
Figure 4 represents the iNMB per comparison of schemes at 
different thresholds for WTP from €0 to k€150 per sustained 
remission (DAS28CRP <2.6 from week 16 to 104). The iNMB 
approach represents the monetary benefit (in €) for each extra 
percentage (%) of patients that reached sustained remission at 
different WTP values. In the high- risk group, when comparing 
COBRA Classic versus COBRA Slim, the iNMB estimate (black 
full line) was negative and remained below zero on the y- axis 
(figure 4A). Regardless of the WTP, there was no economic 
benefit. When comparing COBRA Avant- Garde versus COBRA 
Slim, there was an added economic benefit from k€20 onwards. 
However, the lower CI remained negative at any WTP range 
(figure 4B). In the low- risk group, COBRA Slim was dominant 
to TSU with higher proportions of sustained remission at a lower 

cost, making it consistently beneficial across the WTP range 
(figure 4C).

dIsCussIOn
This study showed that for high- risk early RA patients, 
csDMARD combination schemes with GCs (COBRA Classic 
and COBRA Avant- Garde) were not cost- effective or even domi-
nated in the first 2 years when compared with COBRA Slim, 
MTX monotherapy together with a moderate- dose step- down 
GC bridging scheme, for initial remission induction within 
a treat- to- target strategy. In the low- risk group, COBRA Slim 
dominated the traditional MTX monotherapy without GC in 
patients with early RA treated- to- target. However, selecting the 
most appropriate first- line DMARD regimen remains a complex 
clinical decision.1

We published previously that COBRA Slim treatment resulted 
in similar remission rates but less therapy- related AEs compared 
with COBRA Classic or COBRA Avant- Garde.8 Such adverse drug 
events have been associated with higher costs of illness37 and also 
reduced patient’s QoL. This piggyback, trial- based economic 
evaluation, provides evidence that MTX with step- down GCs is 
an effective initial treatment choice for all patients with RA by 
balancing the necessary treatment intensity to control the disease 
with a favourable safety profile, resulting in an adequate QoL. 
This strategy could moreover minimise chances of an interrup-
tion or modification of the treatment scheme leading to more 
frequent discomfort and higher costs.

This study’s results were comparable to other cost- effectiveness 
analyses of early RA strategy trials. In the BeSt trial, the COBRA 
Classic- like strategy had a total cost of k€9.2 of which k€5.0 
were direct medical costs (calculated from US dollars; exchange 
rate of 1:0.90),38 comparable to our cost of k€6.086 in COBRA 
Classic. In the COBRA- light trial, using strategies comparable to 
COBRA Classic and Slim, the total costs were k€9.7 and k€5.6, 
respectively, and differences in QALYs comparable to CareRA.39 
The robust comparability with previous trials reinforces our 
message that COBRA Slim seems a cost- saving strategy.

In patients perceived as high- risk, the main driver for the 
lower cost of COBRA Slim was the lower number of bDMARDs 
initiated in the 2 years of the CareRA trial (online supplemen-
tary table 1). Because COBRA Classic and COBRA Avant- Garde 
combined two csDMARDs, patients insufficiently responding 
to these schemes were after failing to dose escalation of both 
csDMARDs eligible for bDMARDs according to Belgian reim-
bursement criteria.10 In contrast, patients on COBRA Slim 
therapy had to first initiate and fail a second csDMARD before 
being eligible for bDMARDs. In line with good clinical prac-
tice, this approach, including if necessary different adaptation 
steps depending on the initial treatment effect, delays the need 
for initiating bDMARDs, resulting in cost benefits but also 
potentially patient benefits, in terms of risk:benefit ratio.40 The 
long- term CareRA outcomes from the observational follow- up 
(3 years) will provide additional insights into cost- effectiveness 
and further bDMARD use.

Despite the fact that several trials and meta- analyses have 
demonstrated that efficacy outcomes improve when using 
tumour necrosis factor inhibitor (TNFi) bDMARDs as first- line 
treatment41 42 they have poor cost- effectiveness profiles.43 44 
One of the challenges with these earlier analyses is that prices 
from before the approval of biosimilar TNFis were used for 
cost- effectiveness calculations. To estimate the hypothetical 
impact of using biosimilars in CareRA, an uncertainty analysis 
was performed changing every bDMARD to the lowest priced 
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Figure 2 Cost- effectiveness planes of the base- case analysis (€/QALY). ICER, incremental cost- effectiveness ratio; QALY, quality- adjusted life- year; 
TSU, Tight- Step- Up; WTP, willingness to pay.
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Figure 3 Mean incremental net monetary benefit (iNMB) with 95% 
CIs across different thresholds of willingness to pay (WTP) of the base- 
case cost–utility analyses with quality- adjusted life- years (QALYs) as 
health outcome. The black line is the estimate and the dotted lines its 
95%CIs.

Figure 4 Mean incremental net monetary benefit (iNMB) with 95% 
CIs across different thresholds of willingness to pay (WTP) of the 
secondary analyses with sustained remission (DAS28CRP <2.6 from 
week 16 to 104) as health outcome. The black line is the estimate and 
the dotted lines its 95%CIs.

biosimilar in Belgium at the time of this study. This analysis 
demonstrated robustness of the initial results. To further explore 
the use of earlier bDMARD use, we initiated the CareRA 
2020 trial (EudraCT # 2017-004054-41) examining the cost- 
effectiveness of accelerated but temporary bDMARD access after 
failing to MTX monotherapy with a GC bridging scheme.

Since pragmatic effectiveness trials seem best for economic 
studies, the use of data from the pragmatic CareRA study is a 
major strength for this economic analysis.45 As CareRA is a prag-
matic, treat- to- target, multicentre investigator- initiated RCT 

with less stringent inclusion and exclusion criteria, the study 
population may represent a typical day- to- day healthcare popu-
lation with no artificially enhanced compliance, using strategies 
already in place in clinical practice.46–48 The protocol- driven 
treatment adaptations were limited to two logical escalations 
of csDMARDs, meaning that when a bDMARD was needed, 
it was left at the discretion of the treating rheumatologist, just 
as in daily practice. However, this post hoc study of an RCT, 
provided no data on indirect costs nor direct non- medical costs. 
There might also be direct medical costs missing when it comes 
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to general practitioner appointments and use of paramedical or 
alternative therapies. Intangible costs are complicated to account 
for, yet our study provides a glimpse into them by recreating 
the EQ- 5D values considering pain and physical function among 
others. Moreover, the estimation of health utility was corrected 
for disutility produced by AEs.

COnCLusIOn
Based on this economic analysis, compared with more inten-
sive step- down combination strategies or to a conventional 
step- up approach, COBRA Slim, the combination of MTX and 
a moderate- dose GC bridging scheme, was less expensive and 
lead to comparable or better gain in QALYs. Therefore, we 
consider COBRA Slim a good starting strategy for all patients 
with early RA, irrespective of prognostic markers, in a treat- to- 
target setting.
Twitter sofia pazmino @sophie_33pl
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AbsTRACT
Objectives To investigate whether tumour necrosis 
factor alpha inhibitors (TnFis) are associated with an 
increased risk of neuroinflammatory diseases among 
patients with arthritic diseases.
Methods cohorts of patients with rheumatoid arthritis 
(Ra, n=25 796), psoriatic arthritis (psa, n=8586) and 
ankylosing spondylitis (as, n=9527) who initiated a 
TnFi treatment year 2000–2017 were identified from 
nationwide clinical rheumatology registers in sweden 
and denmark. information on demyelinating disease and 
inflammatory neuropathy diagnoses was retrieved from 
prospective linkage to national patients Register. a cox 
proportional hazard model was used to estimate HRs 
and 95% ci comparing TnFi exposed and non- exposed, 
by disease and country.
Results among 111 455 patients with Ra, we identified 
270 (sweden) and 51 (denmark) events (all types of 
neuroinflammatory diseases combined), corresponding 
to crude incidence rates (per 1000 person- years) of 0.37 
(sweden) and 0.39 (denmark) in TnFi- treated patients 
vs 0.39 (sweden) and 0.28 (denmark) in unexposed 
patients, and an age- sex- calendar- period- adjusted HR 
(95% ci) of 0.97 (0.72 to 1.33) (sweden) and 1.45 (0.74 
to 2.81) (denmark) in TnFi exposed compared with non- 
exposed patients. For a total of 64 065 as/psa patients, 
the corresponding numbers were: 196 and 32 events, 
crude incidence rates of 0.59 and 0.87 in TnFi- treated 
patients vs 0.40 and 0.19 in unexposed patients, and 
HRs of 1.50 (1.07 to 2.11) and 3.41 (1.30 to 8.96), for 
sweden and denmark, respectively. For multiple sclerosis, 
the patterns of HRs were similar.
Conclusions Use of TnFi in as/psa, but not in 
Ra, was associated with increased risk of incident 
neuroinflammatory disease, though the absolute risk was 
below one in 1000 patients/year.

InTROduCTIOn
Tumour necrosis factor alpha inhibitors (TNFis) 
have successfully established themselves as main-
stay therapies for rheumatoid arthritis (RA), psori-
atic arthritis (PsA) and ankylosing spondylitis (AS). 
Several case reports and small case series have 
indicated that treatment with TNFi treatment may 
be linked with neuroinflammatory disorders, for 

example, multiple sclerosis (MS), inflammatory 
neuropathies and optic neuritis.1–11

Indeed, available evidence suggests an important 
role of TNF in the pathogenesis of MS. High levels 
of TNF have been found in cerebral white matter 
lesions suggestive of MS and cerebrospinal fluid of 
patients with MS12 13; and a genetic variant in the 
gene encoding TNF- receptor 1 confers suscepti-
bility to MS.14 Patients with MS treated with TNFi 
in randomised clinical trials have shown unfa-
vourable results or have even been halted due to 
dose- dependent disease exacerbation.15 16 The back-
ground risk of developing a neuroinflammatory 

Key messages

What is already known about this subject?
 ► Numerous case reports suggest that multiple 
sclerosis- related disorders may be adverse 
events following treatment with tumour 
necrosis factor alpha inhibitor (TNFi) for arthritic 
diseases.

What does this study add?
 ► This study included 175 520 arthritic patients of 
whom 43 909 were treated with TNFi in routine 
care in Denmark and Sweden and followed for 
up to 17 years for neuroinflammatory events in 
National Patient Registers.

 ► An increased but rare risk of neuroinflammatory 
events following TNFi treatment among 
patients with psoriatic arthritis and ankylosing 
spondylitis compared with non- treated patients 
was observed in both Sweden and Denmark.

 ► No consistent and significant risk of 
neuroinflammatory events following TNFi 
treatment among patients with rheumatoid 
arthritis was found.

How might this impact on clinical practice or 
future developments?

 ► The risk profile following treatment with TNFis 
may be different for inflammatory arthritides, 
which has impact on decision making in clinical 
practice.
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Table 1 ICD-10 codes used to define the neuroinflammatory events 
of interest and specific subgroups of diseases for the analyses

neuroinflammatory event ICd code subgroup

Demyelinating diseases of the 
central nervous system

G35 with all sub- 
codes, G36.0, G36.8, 
G36.9, G37.1, G37.3, 
G37.5, G37.8, G37.9

1: Demyelinating diseases 
of the central nervous 
system and optic neuritis 
(subsequently named: 
‘demyelinating diseases’)Optic neuritis H46

Retrobulbar neuritis in 
diseases classified elsewhere

H48.1

Other encephalitis, myelitis 
and encephalomyelitis and 
unspecified

G04.8, G04.9

Multiple sclerosis (MS) G35 with all subcodes 2: MS

Inflammatory 
polyneuropathies

G61.0, G61.8, G61.9 3: Inflammatory 
polyneuropathies 
(subsequently named: 
‘polyneuropathies’)

ICD-10, International Classification of Diseases 10 revision.

event of these types may, however, depend on the type of arthri-
tides. For example (and in the absence of TNFi treatment), PsA 
patients have been reported to be at increased risk for MS,17 
while an inverse association has been suggested for RA and MS.18

To examine whether such neuroinflammatory events are 
merely coincidental or causally linked to the use of TNFi, 
and how any association may vary by treatment indication, 
large observational studies with sufficiently long follow- up are 
warranted. To date, only a few observational studies exist, mostly 
pointing towards increased risk of neuroinflammatory adverse 
events following TNFi treatment.19–21 We previously reported 
an association between TNFi treatment and MS among men (but 
not women) with RA and AS compared with the general popula-
tion.20 However, that study had limited power, nor did it capture 
other MS- related conditions, such as other types of demyelin-
ation or optic neuritis.

The purpose of the current study was, therefore, to investi-
gate, in a much larger cohort, the occurrence of MS and other 
types of neuroinflammatory events, and to assess risks specifi-
cally by TNFi treatment and by rheumatological condition. To 
do this, we combined nationwide clinical and health registers 
from Sweden and Denmark.

MATeRIAls And MeTHOds
data sources
We performed a prospective cohort study in Denmark and 
Sweden in parallel (ie, all analyses were run separately in each 
country), with inflammatory arthritis patients identified within 
national registers. DANBIO is a Danish nationwide quality and 
research register that covers 90%–98% of adults with rheumatic 
diseases treated with TNFi and other biologic disease- modifying 
anti- rheumatic drugs (bDMARDs) in routine care.22 23 The 
Swedish Anti- Rheumatic Treatment in Sweden Register (ARTIS) 
is a subset of the nationwide Swedish Rheumatology Quality 
Register that covers 87%–95% of bDMARD- treated patients 
with rheumatic diseases.24 In both registers, clinical data are 
collected prospectively. Diagnoses are validated by yearly 
medical record audits (DANBIO) with a positive predictive 
value of 96% for RA diagnoses in 201525 and the quality and 
coverage of the ARTIS register is regularly checked through 
reports and scientific publications.26 The nationwide Danish and 
Swedish National Patients Registers (NPR) were used to iden-
tify outcomes (selected neuroinflammatory diagnoses), and for 
identifying Swedish arthritis patients with RA, AS or PsA who 
were unexposed to TNFi. These registers are administrative and 
funded through public taxation and contain nearly complete 
information about inpatient and outpatient care.27 28 Finally, 
the Civil Registration System29 and the Swedish Population 
Register28 were used for retrieving information on dates of birth, 
death or emigration, respectively. The personal identification 
number assigned to every Danish and Swedish citizen permitted 
register linkage.

Cohort identification and follow-up
Inclusion criteria
The Danish data included patients from DANBIO with a diag-
nosis of RA, PsA or AS between 1 January 2000 and 20 January 
2017. The Swedish data included patients with a diagnosis of 
RA, PsA or AS between 1 January 2000 and 29 December, 2017 
identified from the NPR and/or from ARTIS (for all practical 
purposes, this setting could be seen as an identification of all 
TNFi exposed patients from the national underlying source 

population of all RA, PsA or AS). Patients were at least 18 years 
old at start of follow- up in both countries.

Exposure assessment and start of follow-up
In both countries, follow- up for patients exposed to TNFi (orig-
inator or biosimilar) started at the date of first TNFi treatment. 
For patients who were (yet) naïve to TNFi start of follow- up was 
defined as the first registered visit in DANBIO (Denmark), and 
for patients in Sweden, start of follow- up was at the second visit 
listing (RA or PsA/AS) in the NPR, or 1 January 2000, whichever 
came last, and with the additional condition that at least one of 
the two required arthritis diagnoses was established in a hospital 
Department of Rheumatology or Internal Medicine, a validated 
method to capture rheumatological diagnoses in NPRs.25 30 31 We 
did not consider use of non- TNFi biologicals which was used in 
less than 10% of patients in both cohorts.

Outcome information and end of follow-up
In addition to MS, we searched for a broader array of diagnostic 
codes that may correspond to neuroimmune conditions occur-
ring as a result of TNFi treatment1–11 using the WHO Interna-
tional Classification of Diseases 10th revision, which are coded 
by the discharging physician when a patient is discharged from 
hospital (table 1). All registered neuroinflammatory events were 
combined and categorised in three subgroups: (1) demyelinating 
diseases of the central nervous system including optic neuritis, 
subsequently termed ‘demyelinating diseases’; (2) MS and (3) 
inflammatory polyneuropathies, subsequently termed ‘polyneu-
ropathies’. Patients with one of the above- mentioned neuroin-
flammatory diagnoses prior to start of follow- up were excluded 
from the cohorts. The validity of MS in the Danish NPR has 
been found to be 96.3%.32

The cohorts were followed up from entry date until the date of 
the first registered neuroinflammatory diagnosis, death, emigra-
tion or the end of study (DANBIO: 10 May 2017 and Sweden: 
31 December 2017), whichever came first. TNF- naïve indi-
viduals who, during follow- up, started a TNFi treatment were 
censored from the TNFi- naïve group and contributed person- 
time and any events to the TNFi exposed group thereafter.

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

http://ard.bmj.com/
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statistical analyses
Baseline demographic and clinical characteristics of the cohort 
at entry are presented as numbers with their percentages and 
medians with IQR. Due to the prospective design, patients could 
contribute to both the exposed and the unexposed groups. In 
that case, baseline demographic and clinical characteristics were 
retrieved at the two time points corresponding to the start of 
follow- up of the episode in question.

A Cox proportional hazards model, with attained age as time 
scale, was used to estimate HRs and 95% CIs for the compar-
ison of TNFi treated to non- treated patients with delayed entry. 
Adjusted models included gender and year of inclusion in the 
cohorts (categorised as: 2000–2005, 2006–2011 and 2012–
2017). Exposure to TNFi was included in the model as a time- 
dependent variable. The proportionality assumption of the Cox 
proportional hazard model was checked for all variables using 
the method by Lin et al.33

The following sensitivity or subanalyses were performed: (1) 
An ‘on drug’ analysis, in which follow- up was censored at the 
date of discontinuation of the TNFi treatment (plus a 3- month 
interval), (2) Stratification by gender, (3) Stratification by 
follow-uptime(<1year,1–4yearsand≥5years)and(4)Strat-
ification by age at treatment start or cohort entry (age <50, 
50–64 and ≥65years). In addition, for the DANBIO cohort
only, a subanalysis was made with adjustment for smoking status 
(entered categorically as ‘previous’, ‘current’ or ‘never’ smokers 
at time of the first visit in DANBIO), and, among RA patients 
only, Disease Activity Score using 28 joint count and C reac-
tive protein (DAS28- CRP), when this information was recorded 
(complete- case analysis). Finally, for the Swedish cohort only, we 
performed a sensitivity analysis that employed alternative defini-
tions of the unexposed comparator: (1) the unexposed patients 
identified from ARTIS (ie, using the TNFi naïve patients from 
the Rheumatology Register instead of the NPR); (2) the unex-
posed patients from NPR restricted to patients treated with a 
conventional synthetic (cs) DMARD who either switched or esca-
lated to another csDMARD, the date of switching taken as the 
follow- up start, that is, a new- user active comparator approach. 
The study period for the latter analysis was restricted to 2006–
2017 due to the availability of the Swedish Prescribed Drug 
Register from which csDMARD information was retrieved34; (3) 
the unexposed patients from NPR with a start of follow- up at 
the second visit listing (RA or PsA/AS) in the NPR, or 1 January 
2006, whichever came last (study period 2006–2017) and (4) 
same as the latter one with 2011 instead of 2006 (study period 
2011–2017).

The number needed to harm (NNH) was calculated as the 
inverse of the crude excess incidence (ie, crude incidence rateex-

posed – crude incidence ratenon- exposed).
A p<0.05 was considered significant for all tests. Statistical 

analyses were conducted using SAS V.9.4 (SAS).

ResulTs
baseline characteristics
We included a total of 175 520 patients with RA, PsA or AS in 
the two cohorts of whom 43 909 (25%) patients were exposed 
to TNFi any time during follow- up (table 2).

The overall proportion of TNFi exposed patients varied from 
23% among patients with RA in the Swedish cohort to 38% 
among patients with PsA and AS in DANBIO. Median follow- up 
time varied between 2.7 years for non- exposed PsA and AS 
patients in DANBIO to 7.4 years among RA patients exposed to 
TNFi in both cohorts. Generally, TNFi exposed patients were 

younger at entry and at time of diagnosis than non- treated 
patients in both countries, they had a longer disease duration at 
entry, and they had higher disease activity based on clinical and 
subjective measures.

Rheumatoid arthritis
For Sweden and Denmark, respectively, we identified the 
following number of events per person- years: 160 events/706 
386 person- years and 33 events/162 003 person- years for 
‘demyelinating diseases’, 49 events/706 830 person- years and 11 
events/162 118 person- years for MS; and 110 events/706 650 
person- years and 18 events/162 088 person- years for ‘polyneu-
ropathies’. Taking all neuroinflammatory events combined in 
each country, the crude incident rates (per 1000 person- years) 
across all patients exposed to TNFi were 0.37 (Sweden) and 
0.39 (Denmark) vs 0.39 (Sweden) and 0.28 (Denmark) in unex-
posed patients (table 3).

We did not find any association between treatment with TNFi 
and risk of a neuroinflammatory event, (HR 0.97, (95% CI 0.72 
to 1.33)) for the Swedish cohort and an elevated but not signifi-
cantly increased (HR 1.45, (95% CI 0.74 to 2.81)) in the Danish 
cohort (table 3). For MS, a borderline statistically significantly 
reduced risk after exposure to TNFi was found in Sweden (HR 
0.44 (95% CI 0.18 to 1.05)). In Denmark, the number of MS 
events was very low (four events among the exposed vs seven 
events among the unexposed), hence, it was not possible to 
confirm or refute the Swedish results.

Among TNFi exposed patients experiencing an event (of any 
type), the median time to event counting from start of TNFi treat-
ment was 3.6 years (IQR=1.1–6.8) and 3.2 years (IQR=1.4–5.1) 
in the Swedish and Danish cohorts, respectively (online supple-
mentary table 1).

Sensitivity and subanalyses
Our sensitivity analyses did not demonstrate any signal of TNFi 
treatment being associated with risk of a neuroinflammatory 
event (all types combined) (online supplementary table 2). In 
both cohorts, though, a tendency towards increased risk of a 
neuroinflammatory events was seen with increasing age.

As and PsA
In Sweden and Denmark, we identified the following number of 
events per person- years: 141/447 906 person- years and 24/60 
835 person- years events of ‘demyelinating diseases’, 48/448 324 
person- years and 7/60 894 person- years MS events, 55/448 497 
person- years and 8/60 891 person- years polyneuropathy events, 
respectively. Taking all neuroinflammatory events combined in 
each country, the crude incidence rates (per 1000 person- years) 
in patients exposed to TNFi were 0.59 (Sweden) and 0.87 
(Denmark) vs 0.40 (Sweden) and 0.19 (Denmark) in unexposed 
patients. These rates translated into a 50% increased risk of a 
neuroinflammatory event (all types combined) among patients 
ever exposed to TNFi in the Swedish cohort (HR 1.50 (95% CI 
1.07 to 2.11)) and a 3.4- fold increased risk in the Danish cohort 
(HR 3.41 (95% CI 1.30 to 8.96)) compared with patients not 
exposed to TNFi (table 3). This corresponds to an NNH of 5300 
patients treated with TNFi/year in Sweden and 1500 patients in 
Denmark.

Among TNFi exposed patients experiencing an event, the 
time to (any type of) neuroinflammatory event was 3.8 years 
(IQR=1.7–5.9) and 3.1 years (IQR=1.4–8.6), and age at 
neuroinflammatory event among TNFi exposed patients was 
43 years (IQR=34–52) and 46 years (IQR=38–55) in the 

https://dx.doi.org/10.1136/annrheumdis-2019-216693
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Table 2 Baseline characteristics of ever and never TNFi exposed patients in the two cohorts divided by arthritic disease

demographics characteristics

Rheumatoid arthritis Ankylosing spondylitis and psoriatic arthritis

sweden denmark sweden denmark

TnFi exposed
TnFi 
unexposed TnFi exposed TnFi unexposed TnFi exposed TnFi unexposed TnFi exposed TnFi unexposed

Total, n 18 598 78 719 7198 26 006 13 615 48 288 4498 9611

Women, n (%) 14 011 (75) 56 036 (71) 5350 (74) 18 372 (71) 6286 (46) 23 665 (49) 1872 (42) 4747 (49)

Age at entry (years), median (IQR) 57
(47–66)

65
(54–74)

57
(48–65)

63
(52–72)

45
(35–55)

51
(39–61)

45
(35–54)

49
(39–60)

Median years of follow- up, median (IQR) 7.4
(3.7–12)

6.1
(2.7–11)

7.4
(4.2–10)

3.6
(1.8–6.1)

5.3
(2.6–9.1)

6.8
(3.1–12)

6.6
(3.7–9.4)

2.7
(1.1–4.9)

Age at rheumatological diagnosis, years, median (IQR)
(missing)

46
(35–56)
(325)

61
(50–71)
(0)

48
(37–57)
(490)

55
(44–66)
(3,743)

31
(23–42)
(130)

47
(36–58)
(0)

37
(28–47)
(622)

43
(33–54)
(2,670)

Calendar year of inclusion, n (%)

 2000–2005 5350 (29) 39 954 (51) 1806 (25) 627 (2) 1636 (12) 17 951 (37) 611 (14) 106 (1)

 2006–2011 6760 (36) 21 917 (28) 3376 (47) 11 014 (42) 4773 (35) 16 253 (34) 2185 (49) 2899 (30)

 2012–2017 6488 (35) 16 848 (21) 2016 (28) 14 365 (55) 7206 (53) 14 084 (29) 1702 (38) 6606 (69)

Smoking status, n (%)

 Current 801 (4) – 1680 (23) 4801 (18) 735 (5) – 1301 (29) 1770 (18)

 Previous 2157 (12) – 1869 (26) 5852 (23) 1837 (13) – 895 (20) 1696 (18)

 Never 2065 (11) – 2690 (37) 9314 (36) 2502 (18) – 1860 (41) 3638 (38)

 Missing 13 575 (73) 78 719 (100) 959 (13) 6038 (23) 8541 (63) 48 288 (100) 442 (10) 2507 (26)

Disease related characteristics

 Disease duration, years, median (IQR) (missing) 6.9 (2.5–15)
(321)

0.5 (0.2–3.0)
(0)

6.0 (2.2–14)
(490)

1.4 (0.1–8.9)
(3743)

8.6 (3.3–17)
(126)

0.5 (0.2–2.1)
(0)

3.4 (0.9–9.9)
(622)

1.1 (0.1–6.5)
(2 670)

 Disease duration <2 years, n
 (%)
 (missing)

3693 (20)
(321)

56 120 (71)
(0)

1542 (23)
(490)

11 856 (53)
(3 743)

2211(16)
(126)

35 929
(74)
(0)

1544
(44)
(622)

3970
(57)
(2 670)

 Tender joint count (0–28 scale), median (IQR) (missing) 6
(3-11)
(3188) (78 719)

8
(8-13)
(1182)

3
(0–7)
(1701)

2
(0–6)
(4269) (48 288)

6
(2-11)
(699)*

2
(0–6)
(893)*

 Swollen joint count (0–28 scale), median (IQR) (missing) 6
(3-11)
(3167) (78 719)

5
(2-9)
(1179)

2
(0–5)
(1643)

1
(0–4)
(4257) (48 288)

2
(0–5)
(709)*

0
(0–2)
(930)*

 DAS28- CRP, median (IQR) (missing) 4.8
(3.9–5.6)
(4296) (78 719)

4.8
(3.7–5.6)
(1513)

3.4
(2.1–4.6)
(5627)

3.6
(2.7–4.6)
(5429) (48 288)

4.3
(3.2–5.2)
(861)*

3.1
(1.9–4.2)
(2152)*

 BASDAI (0–10 scale), median (IQR) (missing)

(13 615) (48 288)

60
(46-73)
(1788)

46
(26-64)
(2867)

 CRP, mg/L, median (IQR) (missing) 11
(5–28)
(3214) (78 719)

12
(5–27)
(1100)

7
(3–16)
(2373)

7
(3–18)
(3538) (48 288)

9
(3–20)
(1098)

5
(2–11)
(1918)

 HAQ (0–3 scale), median (IQR) (missing) 1.1
(0.6–1.6)
(4076) (78 719)

1.3
(0.8–1.8)
(1304)

0.8
(0.3–1.3)
(3901)

 Seropositive RA, n (%) (missing) 2437
(39)
(12 348) (78 719)

5412
(75)
(463)

16 882
(72)
(2452)

Concomitant medication, n (%)

 Methotrexate 11 533 (62) – 4832 (67) 15 041 (58) 4607 (34) – 1726 (38) 3591 (37)

 Oral steroid 8226 (44) – 1911 (27) 3130 (12) 2131 (16) – 225 (5) 235 (2)

TNFi, n (%)

 Adalimumab (Humira) 3264 (18) 1776 (25) 3620 (27) 1600 (36)

 Infliximab (Remicade,
Remsima, Inflectra)

6353 (34) 2555 (36) 3947 (29) 1308 (29)

 Etanercept (Enbrel, Benepali) 6959 (37) 1773 (25) 4389 (32) 876 (20)

 Golimumab (Simponi) 906 (5) 199 (3) 1168 (9) 430 (10)

 Certolozumab pegol (Cimzia) 1116 (6) 895 (12) 491 (4) 284 (6)

Data are expressed as numbers (%) or median values (IQR).
*Only among psoriatic arthritis patients.
BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; CRP, C reactive protein; DAS28, Disease Activity Score using 28 joint count; HAQ, Health Assessment Questionnaire; RA, rheumatoid arthritis; TNFi, tumour necrosis factor-α inhibitor.

Swedish and Danish cohort, respectively (online supplementary 
table 1).

Sensitivity and subanalyses
The ‘on- drug’ analyses’ estimates were in agreement with the 
results of the main analysis although the risk estimates were 
lower and less precise in both countries (online supplementary 
table 2). The HR for male patients was twice the HR for female 
patients in the Danish cohort (5.81 vs 2.50), while in the 
Swedish cohort, the HRs were of the same order of magnitude 
in both sexes (1.37 for males vs 1.67 for females). However, 

despite the difference in HRs between males and females in 
the Danish cohort, gender did not appreciably modify the HR 
for the association between TNFi and the outcome(s) under 
study (ie, no interaction was found). The risk for a neuroin-
flammatory event was increased with increasing follow- up 
time in the Swedish cohort, whereas this was less evident 
in the Danish cohort due to low number of events in each 
stratum. No apparent association with age at cohort entry or 
treatments start was found. When restricting the unexposed 
patients in Sweden to csDMARD switchers or when the unex-
posed patients were retrieved from the Swedish Rheumatology 

https://dx.doi.org/10.1136/annrheumdis-2019-216693
https://dx.doi.org/10.1136/annrheumdis-2019-216693
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Register instead of NPR, a doubled risk of neuroinflammatory 
event was seen for TNFi exposed patients compared with non- 
exposed patients (online supplementary table 2). Crude inci-
dence rates were similar in AS and PsA patients in the Danish 
cohort. In the Swedish cohort, the incidence rates were higher 
in patients with AS than in PsA, but the ratios between exposed 
and unexposed were of the same magnitude in both diseases 
(online supplementary table 3).

dIsCussIOn
In this large population- based, prospective cohort study, we 
observed an increased risk of neuroinflammatory events sugges-
tive of demyelination following treatment with TNFi among 
patients with PsA or AS compared with non- exposed PsA or AS 
patients although the risk was very low. We found no significantly 
increased risk of neuroinflammatory events among RA patients 
treated with TNFi compared with non- treated RA patients, 
suggesting that the observed safety profile of TNFi with respect 
to MS and similar conditions varies with the treated diagnosis.

Two other studies have assessed the risk of different neuroin-
flammatory events following TNFi treatment in arthritis 
patients. Both studies used US health claim databases and a 
nested case–control design. The study by Bernatsky et al found 
a non- significant 31% increased risk of demyelinating events 
following TNFi exposure among RA patients compared with 
non- exposed RA patients,19 whereas Etminan et al found a more 
than twofold increased risk of peripheral neuropathy among 
arthritis patients (the study combined RA, PsA and AS into one 
group) with a past use of TNFi compared with arthritis patients 
not exposed to TNFi.21 Both studies had relatively short mean 
follow- up times (1.9 and 2.3 person- years, respectively) and the 
claims- based database used where unrepresentative, based of 
unemployed and older individuals. However, this might suggest 
an increased risk in the elderly patients as corresponds with our 
findings of a trend of increased risk with age among RA patients, 
although not significant.

Our large population- based study had a longer follow- up time 
than these studies and demonstrate that the pattern of risks for 
developing a neuroinflammatory event with TNFi treatment 
differs between RA and PsA/AS patients. Since chronic inflam-
matory diseases have distinct genetic profiles35 36 and different 
distribution of age and sex, these diseases should be separated in 
the risk analyses.

The underlying mechanisms of demyelinating disorders and 
inflammatory polyneuropathies following TNFi treatment that 
have been reported in the literature (mostly in case reports and 
small case series), are not completely understood, but several 
mechanisms have been proposed including the lack of entry 
through the blood–brain barrier theory, aggravation of CNS 
demyelination by decreasing TNF receptors and unfavourable 
altering of cytokine responses.37

The risk estimates obtained from the ‘on- drug’ analysis among 
PsA and AS patients were lower than in the main analysis which 
may suggest that demyelinating events develop after longer 
exposure time, and even after the treatment has been discon-
tinued. However, in our study, and due to data availability, the 
time to event varied across cohorts, thus making it difficult to 
confirm the nature of any temporal association between expo-
sure and outcome. However, our results are in keeping with a 
previous study from Denmark that observed six patients with 
RA, PsA or AS with a demyelinating neuroinflammatory disorder 
following TNFi treatment, observed from 5 months to 4 years 
after treatment start.5

There are limitations to the study. First, confounding by indi-
cation, or channelling, may explain some of our associations. 
This risk has, however, been mitigated by excluding patients 
who registered with any neuroinflammatory outcome prior 
to cohort entry. TNFi exposed RA patients had a more active 
disease based on clinical and objective disease activity measures. 
However, we do not know whether disease activity is associated 
with the risk of having a demyelinating disease or inflammatory 
neuropathy—and the risk estimates did not change considerably 
when adjusting for DAS28- CRP in subanalysis. Although valida-
tion studies have found high positive predictive values for RA, 
AS and PsA (79%–96%), there may be differences in the validity 
of treated vs untreated disease, though we do not believe these 
differences are large enough to explain our findings. Further, we 
cannot exclude residual or unknown confounding.

The strength of the study is the use of high- quality population- 
based rheumatic disease registers with long follow- up times (up to 
17 years) supplemented with near- complete nationwide patient 
registers. The use of data from two countries not only increased 
statistical power, but also provided a built- in means to compare 
patterns in the two countries, and thus the generalisability of the 
results. We included patients with the same underlying disease as 
comparison group which reduced the risk of surveillance bias.38 
Another feature of the current study is the agreement between 
the results from the two countries: despite slightly different defi-
nitions of the TNFi- naïve comparator cohorts in the two coun-
tries, the results point to joined conclusions. Since defining an 
unexposed group that is fully comparable to the TNFi exposed 
group is a real challenge in arthritides patients, a series of alter-
native comparator groups were defined for sensitivity analyses. 
All results pointed to similar conclusions, which strengthens the 
findings.

In conclusion, this large prospective cohort study including 
175 520 patients followed for 1 376 149 person- years showed 
that the use of TNFi for the treatment of PsA or AS, but not for 
RA, may be associated with increased risk of having a demyelin-
ating disease or inflammatory neuropathy. This information will 
be important for risk communication and evaluation in clinical 
practice, even though the absolute risk is low. The underlying 
biological mechanism needs to be further explored to charac-
terise the mechanism of action and to enable identification of 
susceptible patients.
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Key messages

What is already known about this subject?
 ► Studies of the risk of immunosuppression in 
patients undergoing surgery most commonly 
involve patients undergoing elective 
arthroplasty, but few studies have evaluated 
other major surgery.

What does this study add?
 ► In this study, patients with rheumatoid arthritis 
receiving biologics did not have a greater risk 
of postoperative infection after hip fracture, 
abdominopelvic or cardiac surgery compared 
with patients receiving methotrexate without a 
biologic.

 ► Glucocorticoids were associated with a dose- 
dependent increase in the risk of postoperative 
infection.

How might this impact clinical practice or 
future developments?

 ► Prolonged interruptions in biologics before 
major surgery is likely not required, but 
minimising glucocorticoids before surgery 
should be a focus of perioperative management.

AbsTRACT
Objectives The impact of immunosuppression on 
postoperative outcomes has primarily been studied in 
patients undergoing joint replacement surgery. We aimed 
to evaluate the impact of biologics and glucocorticoids 
on outcomes after other major surgeries.
Methods This retrospective cohort study used 
Medicare data 2006–2015 to identified adults with 
rheumatoid arthritis undergoing hip fracture repair, 
abdominopelvic surgery (cholecystectomy, hysterectomy, 
hernia, appendectomy, colectomy) or cardiac surgery 
(coronary artery bypass graft, mitral/aortic valve). 
logistic regression with propensity- score- based inverse 
probability weighting compared 90- day mortality and 
30- day readmission in patients receiving methotrexate 
(without a biologic or targeted synthetic disease- 
modifying antirheumatic drug (tsDMaRD)), a tumour 
necrosis factor inhibitor (TnFi) or a non- TnFi biologic/
tsDMaRD <8 weeks before surgery. similar analyses 
evaluated associations between glucocorticoids and 
outcomes.
Results We identified 10 777 eligible surgeries: 
3585 hip fracture, 5025 abdominopelvic and 2167 
cardiac surgeries. Compared with patients receiving 
methotrexate, there was no increase in the risk of 90- 
day mortality or 30- day readmission among patients 
receiving a TnFi (mortality adjusted OR (aOR) 0.83 
(0.67 to 1.02), readmission aOR 0.86 (0.75 to 0.993)) 
or non- TnFi biologic/tsDMaRD (mortality aOR 0.78 
(0.49 to 1.22), readmission aOR 1.02 (0.78 to 1.33)). 
analyses stratified by surgery category were similar. Risk 
of mortality and readmission was higher with 5–10 mg/
day of glucocorticoids (mortality aOR 1.41 (1.08 to 
1.82), readmission aOR 1.26 (1.05 to 1.52)) or >10 mg/
day (mortality aOR 1.64 (1.02 to 2.64), readmission aOR 
1.60 (1.15 to 2.24)) versus no glucocorticoids, although 
results varied when stratifying by surgery category.
Conclusions Recent biologic or tsDMaRD use was 
not associated with a greater risk of mortality or 
readmission after hip fracture, abdominopelvic or cardiac 
surgery compared with methotrexate. Higher dose 
glucocorticoids were associated with greater risk.

InTROduCTIOn
Patients with rheumatoid arthritis (RA) and other 
autoimmune conditions are frequently treated with 
immunosuppression, which can increase the risk of 
infection. Infections are of particular concern in 

patients undergoing major surgery, in which post-
operative complications such as pneumonia and 
wound infections can have substantial morbidity.

Perioperative immunosuppression management 
has been studied primarily in patients with RA 
undergoing arthroplasty. Patients with RA are at 
higher risk of postoperative infections after arthro-
plasty, with disease activity, comorbidities and 
immunosuppression all potentially contributing.1–5 
Conventional disease- modifying antirheumatic 
drugs (csDMARDs) such as methotrexate have not 
been associated with increased postoperative risk.6 
The risk with biological therapies remains uncer-
tain, although studies have suggested that stop-
ping a biologic before arthroplasty does not reduce 
infection risk and have shown no differences in 
risk across different biologics.7–9 Several studies, 
however, have demonstrated increased infection 
risk and readmission after arthroplasty with even 
modest glucocorticoid doses.1 4 10–12
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Few studies, however, have evaluated the contribution of 
specific immunosuppressive therapies to outcomes after other 
types of surgery.13 14 These surgeries have different postopera-
tive risks than arthroplasty and are often non- elective, with no 
opportunity for holding medications before surgery.

The goal of this study was to evaluate associations between 
biologic use and adverse outcomes in patients with RA under-
going common major surgical operations other than arthroplasty, 
including hip fracture, abdominopelvic and cardiac surgeries. A 
secondary goal was to evaluate associations between glucocorti-
coids and adverse outcomes.

MeTHOds
Using Medicare claims data 2006–2015, we identified adults≥18 
years old with RA based on ≥2 International Classifications of 
Diseases (ICD-9) provider diagnoses ≥7 days apart, use of a 
DMARD, and absence of psoriatic arthritis, ankylosing spondy-
litis and inflammatory bowel disease diagnoses in the year before 
surgery. Included patients underwent one of the following 
surgeries between 1 January 2007 and 31 August 2015 based 
on primary ICD-9 procedure codes from inpatient hospitalisa-
tions using established definitions: hip fracture repair, abdom-
inopelvic surgeries (cholecystectomy, hysterectomy, hernia 
surgery, appendectomy, colectomy for diverticular disease) and 
cardiac surgeries (coronary artery bypass graft (CABG), mitral 
or aortic valve surgery). We required that surgery occur by 
hospital day 3 for hip fracture, hysterectomy, hernia surgery 
and appendectomy and hospital day 7 for the other surgeries to 
avoid surgeries in which an outcome may have occurred prior to 
surgery or in which the surgical procedure might be the results 
of a complicated hospitalisation, rather than the main indica-
tion for hospitalisation. More than 90% of surgeries fell within 
these windows. We also applied other restrictions to ensure that 
surgeries were performed for specific indications and were not 
part of a larger procedure (online supplementary table S1). We 
further subdivided certain applicable surgeries (cholecystectomy, 
hernia, colectomy, CABG and valve surgery) into elective and 
non- elective surgery, as postoperative risks are different after 
elective and non- elective surgery. All elective surgeries were 
required to occur by hospital day 2 with no admission through 
the emergency department, transfer from another acute care 
hospital or admission status of ‘emergent’. Hip fracture repair 
and appendectomy were all considered non- elective, and all 
included hysterectomies were elective.

We required 1 year of continuous enrolment in Medicare 
A, B and D prior to surgery (baseline; online supplementary 
figure S1). We excluded patients with a diagnosis of malignancy 
(except non- melanoma skin cancer) or HIV in the past year, 
patients receiving multiple different biologics/targeted synthetic 
DMARDs (tsDMARDs) within 6 months before surgery and 
patients with another major surgery within 6 months. Patients 
could contribute multiple surgeries if >6 months apart.

exposures
To evaluate associations between immunosuppression use and 
postoperative outcomes, we classified patients in mutually 
exclusive groups: (1) methotrexate prescription fill <8 weeks 
before surgery with no biologic/tsDMARD <6 months before 
surgery (to avoid recent biologic discontinuations), (2) TNFi 
prescription/infusion<8 weeks before surgery with or without 
methotrexate, or (3) non- TNFi biologic prescription/infusion or 
tsDMARD prescription fill <8 weeks before surgery (16 weeks 
for rituximab), with or without methotrexate. All groups could 

receive other csDMARDs (hydroxychloroquine, sulfasalazine or 
leflunomide).

We separately evaluated associations between glucocorticoids 
and outcomes. Glucocorticoid dose in the 90 days prior to 
surgery was based on oral prescriptions for prednisone, pred-
nisolone and methylprednisolone, using prescribed dose in 
prednisone equivalents and days supply to determine each daily 
dose and truncating prescriptions if a new prescription was filled 
before the prescription end date. To account for differences 
between prescription instructions and patient behaviour (eg, a 
30- day prescription taken over 90 days), we averaged the daily 
dose over 90 days, categorising the average daily dose as ≤5 mg, 
>5 to 10 mg or >10 mg/day).

In secondary analyses, rather than compare biologic users to 
non- users, we directly evaluated the timing of biologics before 
surgery similar to previous studies.7 8 Here, we evaluated only 
patients receiving the two most common infusions (infliximab 
or intravenous abatacept), since the timing of treatment for infu-
sions can be precisely determined in this data source. We evalu-
ated whether the time between the last infusion and surgery (<4 
weeks, ≥4 to <8 weeks or ≥8 weeks to 6 months) was associ-
ated with different risk of postoperative outcomes.

Outcomes
The primary outcomes of interest were (1) mortality within 
90 days after surgery (including the index hospitalisation) 
or (2) readmission to an acute care hospital within 30 days 
after discharge. Readmission was identified among patients 
discharged to home, home healthcare, acute rehabilitation or 
a skilled nursing facility, considering rehospitalisations within 
1 day of discharge to be continuations of the initial hospitalisa-
tion and not counting hospitalisations with a primary diagnosis 
indicating rehabilitation.15 Reasons for readmission were based 
on primary discharge diagnosis codes classified using Chronic 
Conditions Warehouse software.16 17

Secondary outcomes included postoperative pneumonia 
and wound complications18 based on diagnosis codes from the 
index hospitalisation or any acute care hospitalisations within 
30 days after surgery (online supplementary table S1) because 
of specific concerns about these outcomes with biologics and 
glucocorticoids.19–21

Covariates
Covariates measured at baseline included demographics, zip 
code- based median household income from the American 
Community Survey 2009–2013,22 disability status, skilled nursing 
facility residence, surgery type, admission type (elective, urgent, 
emergent) and hospital day of surgery. We identified comorbid 
conditions, an adaption of the Charlson Comorbidity Index,23 
and measures of healthcare utilisation (outpatient visits, emer-
gency department visits, hospitalisations and hospitalised infec-
tion) during the baseline period. Medication use based on filled 
prescriptions≤90 before surgery days included non- steroidal 
anti- inflammatories, opioids, non- methotrexate csDMARDs and 
antibiotics. Number of previous biologics was determined using 
all data prior to the surgery date (mean 4 years).

statistical analysis
Associations between exposures and outcomes were evaluated 
using logistic regression using propensity score- derived inverse 
probability weights to balance all measured covariates across 
exposure groups, as described below. Cluster robust standard 
errors accounted for patients contributing multiple surgeries.24 
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Figure 1 Cohort selection. *See online supplementary table 1 for 
surgery specific exclusions. †Includes 2208 patients who received 
infliximab and 827 who received intravenous abatacept <6 months 
before surgery, used in timing analyses. AS, ankylosing spondylitis; IBD, 
inflammatory bowel disease; PsA, psoriatic arthritis; RA, rheumatoid 
arthritis; tsDMARD, targeted synthetic disease- modifying antirheumatic 
drug.

Analyses were first conducted in the overall population and 
then reanalysed (with recalculated propensity scores) separately 
for each surgery category (hip fracture, abdominopelvic and 
cardiac).

Propensity scores were generated based on the probability 
of being in each treatment group (methotrexate, TNFi, non- 
TNFi biologic/tsDMARD) using multinomial logistic regression 
models with all covariates of interest including a squared term 
for age (to account for nonlinearity) and average glucocorticoid 
dose before surgery (included variables in online supplementary 
table S2).10 25 26 Propensity scores were used to create stabilised 
inverse probability treatment weights truncated at the 1st and 
99th percentile.26–29 Balance of covariates across treatment cate-
gories was assessed compared with the reference group (meth-
otrexate), with standardised mean difference ≤0.1 indicating 
good balance. Unbalanced covariates were added as covariates 
to weighted models. Propensity scores and stabilised inverse 
probability treatment weights were recalculated in analyses with 
readmission as the outcome and in analyses of specific surgery 
categories. Discharge status was considered an intermediate vari-
able and was not included in readmission propensity scores. To 
address the possibility that methotrexate- treated patients with 
previous biologic treatment >6 months before surgery were 
more ill, we conducted a sensitivity analysis excluding patients 
with previous biologic use.

The same method was used to generate inverse probability 
treatment weights in glucocorticoid analyses, also including 
methotrexate use, biologic use and time of last biologic or 
methotrexate before surgery in propensity score models.

In secondary analyses, associations between infliximab timing 
or intravenous abatacept timing and outcomes were assessed 
using multivariable logistic regression models with potential 
confounders included as covariates.

Analyses were performed using Stata V.15.1 (StataCorp). 
Preliminary results were previously presented.30

ResulTs
We identified 10 777 surgeries among 10 483 patients meeting 
inclusion and exclusion criteria (figure 1). Mean age was 72 
and 80% of patients were female (table 1, online supplemen-
tary table S2). RA treatment before surgery was methotrexate 
without a biologic/tsDMARD in 6194 (57%), TNFi in 3523 
(33%) (709 adalimumab, 88 certolizumab, 972 etanercept, 
46 golimumab, 1708 infliximab), and non- TNFi biologic/
tsDMARD in 1060 (10%) (701 abatacept, 203 rituximab, 
127 tocilizumab, 29 tofacitinib). Surgery type was hip frac-
ture repair in 33%, abdominopelvic surgery in 47% (most 
commonly cholecystectomy) and cardiac surgery in 20%. 
Patients receiving a TNFi or non- TNFi biologic/tsDMARD 
were younger, had more outpatient visits, were more likely 
to have received prior biologics or be disabled and were less 
likely to have been in a skilled nursing facility. After applying 
inverse probability weights, patient characteristics were well 
balanced between methotrexate and TNFi groups with only 
slight residual imbalance in the non- TNFi biologic/tsDMARD 
group (online supplementary table S2).

Death occurred within 90 days of surgery in 577 (5.4%) 
patients and readmission within 30 days of discharge in 1282 
(12.8%) of 9977 surgeries with qualifying discharge. Outcome 
rates varied substantially by surgery type and were highest 
after non- elective colectomy or valve surgery and lowest after 
hysterectomy (table 2). The most common reasons for readmis-
sion were complication of the procedure (18.6%), septicaemia 
(6.6%) and congestive heart failure (6.0%; online supplemen-
tary table S3).

There was no significant difference in 90- day mortality among 
patients receiving a TNFi (aOR 0.83 (0.67 to 1.02)) or non- TNFi 
biologic/tsDMARD (aOR 0.78 (0.49 to 1.22)) versus patients 
receiving methotrexate without a biologic/tsDMARD (table 3). 
Compared with methotrexate, the risk of 30- day readmission 
was somewhat lower in patients receiving a TNFi (aOR 0.86 
(0.75 to 0.993)) and was similar in those receiving a non- TNFi/
tsDMARD (aOR 1.02 (0.78 to 1.33)). Results were similar in 
sensitivity analyses excluding patients with previous biologic use 
(online supplementary table S4).

Unadjusted 90- day mortality and 30- day readmission were 
greater for patients receiving higher doses of glucocorticoids 
(table 3). Results from adjusted analyses were attenuated but 
still showed significantly higher risk of 90- day mortality among 
patients receiving an average of 5–10 mg/day (aOR 1.41 (1.08 
to 1.82)) or >10 mg/day of glucocorticoids (aOR 1.64 (1.02 
to 2.64)), and significantly higher risk of 30- day readmission 
among patients receiving 5–10 mg/day (aOR 1.26 (1.05 to 1.52)) 
or >10 mg/day of glucocorticoids (aOR 1.60 (1.15 to 2.24)) 
versus no glucocorticoids.

When hip, abdominopelvic and cardiac surgeries were eval-
uated independently, we found no significant differences 
in 90- day mortality or 30- day readmission with a TNFi or 
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Table 1 Select cohort characteristics

Methotrexate
(n=6194)

TnF
(n=3523) sMd pre sMd post

non- TnF biologic/tsdMARd
(n=1060) sMd pre sMd post Total

Age 74.2±10.7 70.0±11.6 −0.37 −0.01 70.3±11.3 −0.36 −0.12 72.5±11.3

Female 4907 (79.2) 2852 (81.0) 0.04 0.01 867 (81.8) 0.07 0.05 8626 (80.0)

Race

 White 5040 (81.4) 2648 (75.2) −0.15 −0.01 831 (78.4) −0.07 −0.06 8519 (79.0)

 Black 397 (6.4) 252 (7.2) 0.03 0.00 62 (5.8) −0.02 0.06 711 (6.6)

 Hispanic 371 (6.0) 343 (9.7) 0.14 0.00 68 (6.4) 0.02 −0.02 782 (7.3)

 Other/unknown 386 (6.2) 280 (7.9) 0.07 0.02 99 (9.3) 0.12 0.05 765 (7.1)

Disability

 Not disabled 4250 (68.6) 1977 (56.1) −0.26 0.00 602 (56.8) −0.25 −0.09 6829 (63.4)

 Disabled age <65 872 (14.1) 868 (24.6) 0.27 0.00 236 (22.3) 0.21 0.04 1976 (18.3)

 Disabled age ≥65 1072 (17.3) 678 (19.2) 0.05 0.00 222 (20.9) 0.09 0.07 1972 (18.3)

Year 2011–2015* 3307 (53.4) 1849 (52.5) −0.04 0.01 749 (70.7) 0.39 0.22 5905 (54.8)

Surgery type

 Hip fracture 2213 (35.7) 1050 (29.8) −0.13 −0.01 322 (30.4) −0.11 −0.05 3585 (33.3)

 Cholecystectomy elective 210 (3.4) 151 (4.3) 0.05 −0.01 36 (3.4) 0.00 −0.02 397 (3.7)

 Cholecystectomy non- elective 1020 (16.5) 660 (18.7) 0.06 0.02 191 (18.0) 0.04 0.00 1871 (17.4)

 Hysterectomy 397 (6.4) 349 (9.9) 0.13 0.00 80 (7.5) 0.05 0.02 826 (7.7)

 Hernia elective 282 (4.6) 151 (4.3) −0.01 0.00 47 (4.4) −0.01 0.03 480 (4.5)

 Hernia non- elective 216 (3.5) 148 (4.2) 0.04 0.00 30 (2.8) −0.04 0.03 394 (3.7)

 Appendectomy 180 (2.9) 129 (3.7) 0.04 0.01 48 (4.5) 0.09 0.01 357 (3.3)

 Colectomy elective 160 (2.6) 69 (2.0) −0.04 −0.01 25 (2.4) −0.01 0.00 254 (2.4)

 Colectomy non- elective 251 (4.1) 135 (3.8) −0.01 0.01 60 (5.7) 0.08 −0.01 446 (4.1)

 CABG elective 229 (3.7) 155 (4.4) 0.04 0.00 37 (3.5) −0.01 −0.01 421 (3.9)

 CABG non- elective 523 (8.4) 252 (7.2) −0.05 0.00 83 (7.8) −0.02 −0.04 858 (8.0)

 Valve elective 273 (4.4) 133 (3.8) −0.03 0.01 47 (4.4) 0.00 0.03 453 (4.2)

 Valve non- elective 240 (3.9) 141 (4.0) 0.01 0.00 54 (5.1) 0.06 0.08 435 (4.0)

Average glucocorticoid dose

 None 3248 (52.4) 1984 (56.3) 0.08 0.00 488 (46.0) −0.13 0.00 5720 (53.1)

 ≤5 1851 (29.9) 962 (27.3) −0.06 −0.01 324 (30.6) 0.02 −0.04 3137 (29.1)

 5–10 837 (13.5) 442 (12.5) −0.03 0.00 180 (17.0) 0.10 0.01 1459 (13.5)

 >10 258 (4.2) 135 (3.8) −0.02 0.01 68 (6.4) 0.10 0.05 461 (4.3)

Previous biologics

 0 5486 (88.6) 2949 (83.7) −0.14 −0.02 390 (36.8) −1.27 −0.11 8825 (81.9)

 1 543 (8.8) 448 (12.7) 0.13 0.01 461 (43.5) 0.86 0.07 1452 (13.5)

  >1 165 (2.7) 126 (3.6) 0.05 0.03 209 (19.7) 0.56 0.05 500 (4.6)

NSAIDs 1600 (25.8) 957 (27.2) 0.03 0.00 255 (24.1) −0.04 −0.03 2812 (26.1)

Opioids 2986 (48.2) 1860 (52.8) 0.09 0.00 612 (57.7) 0.19 0.15 5458 (50.6)

Charlson Score 3.0+/-2.8 2.7+/-2.8 −0.09 0.01 3.1+/-2.9 0.04 0.03 2.9+/-2.8

Extra- articular RA 127 (2.1) 92 (2.6) 0.04 0.00 42 (4.0) 0.11 0.08 261 (2.4)

Diabetes 1541 (24.9) 834 (23.7) −0.03 0.00 288 (27.2) 0.05 0.02 2663 (24.7)

Asthma/COPD 1346 (21.7) 717 (20.4) −0.03 0.00 208 (19.6) −0.05 0.03 2271 (21.1)

Hospitalisations past year

 0 3925 (63.4) 2365 (67.1) 0.08 0.00 698 (65.8) 0.05 −0.04 6988 (64.8)

 1–2 1454 (23.5) 758 (21.5) −0.05 0.00 231 (21.8) −0.04 0.02 2443 (22.7)

 >2 815 (13.2) 400 (11.4) −0.06 0.00 131 (12.4) −0.02 0.02 1346 (12.5)

Hospitalised infection past year 1062 (17.1) 500 (14.2) −0.08 0.00 153 (14.4) −0.07 0.03 1715 (15.9)

Outpatient visits 14.5±9.5 16.1±9.3 0.17 0.01 19.5±10.2 0.50 0.21 15.5±9.6

Skilled nursing facility stay past year 963 (15.5) 313 (8.9) −0.21 −0.01 74 (7.0) −0.27 −0.05 1350 (12.5)

Mean ± SD or N (%) shown. Full cohort characteristics shown in online supplementary table S2. Standardised mean differences (SMD) are shown compared with the methotrexate- treated 
group, either before (pre) or after (post) inverse probability weighting, with SMD >0.1 indicating imbalance. Characteristics with SMD >0.1 after weighting are shown in bold and were added as 
covariates to weighted models.
*Year modelled as continuous and SMD shown indicates standardised difference in means across groups.
CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti- inflammatory drugs; RA, rheumatoid arthritis; TNF, tumour necrosis factor; tsDMARD, 
targeted synthetic disease- modifying antirheumatic drugs.

non- TNFi biologic/tsDMARD versus methotrexate for any of 
the surgery categories (figure 2). Associations between gluco-
corticoid use and adverse outcomes varied by surgery category 
(figure 3). Associations with mortality were most pronounced 
among patients undergoing cardiac surgery although 30- day 

readmission was not significantly different across glucocorti-
coid doses in these patients. In contrast, patients undergoing hip 
fracture repair had no significant difference in 90- day mortality 
across glucocorticoid doses, but did have greater risk of 30- day 
readmission with higher glucocorticoid doses.

https://dx.doi.org/10.1136/annrheumdis-2019-216802
http://ard.bmj.com/


577George MD, et al. Ann Rheum Dis 2020;79:573–580. doi:10.1136/annrheumdis-2019-216802

Rheumatoid arthritis

Table 2 Outcomes by surgery type

n 90- day mortality 30- day readmission* Pneumonia Wound complication

Hip fracture surgery 3585 240 (6.7%) 350/3142 (11.1%) 206 (5.7%) 47 (1.3%)

Abdominopelvic surgery

 Appendectomy 357 ≤11 32/346 (9.2%) ≤11 ≤11

 Cholecystectomy elective 397 ≤11 38/394 (9.6%) 14 (3.5%) ≤11

 Cholecystectomy non- elective 1871 60 (3.2%) 239/1794 (13.3%) 109 (5.8%) 40 (2.1%)

 Colectomy elective 254 ≤11 35/253 (13.8%) ≤11 15 (5.9%)

 Colectomy non- elective 446 68 (15.2%) 85/374 (22.7%) 65 (14.6%) 63 (14.1%)

 Hernia elective 480 ≤11 48/480 (10.0%) ≤11 26 (5.4%)

 Hernia non- elective 394 21 (5.3%) 42/374 (11.2%) 28 (7.1%) 17 (4.3%)

 Hysterectomy 826 ≤11 49/823 (6.0%) ≤11 14 (1.7%)

Cardiac surgery

 CABG elective 421 ≤11 62/411 (15.1%) 20 (4.8%) ≤11

 CABG non- elective 858 55 (6.4%) 127/759 (16.7%) 87 (10.1%) 49 (5.7%)

 Valve elective 453 24 (5.3%) 93/442 (21.0%) 24 (5.3%) 15 (3.3%)

 Valve non- elective 435 63 (14.5%) 82/385 (21.3%) 47 (10.8%) 14 (3.2%)

Total 10 777 577 (5.4%) 1282/9977 (12.8%) 627 (5.8%) 328 (3.0%)

Cell sizes≤11 suppressed.
*Readmission within 30 days of discharge reported among patients discharged to home, home health, skilled nursing facility or inpatient rehabilitation.
CABG, coronary artery bypass graft

Table 3 Associations between biologics/targeted synthetic disease- modifying antirheumatic drug (tsDMARDs) and glucocorticoids with mortality 
and readmission

n

90- day mortality 30- day readmission

Mortality n (%)
unadjusted OR 
(95% CI)

Propensity- 
weighted OR 
(95% CI) Readmission n (%)*

unadjusted OR 
(95% CI)

Propensity- 
weighted OR 
(95% CI)

Methotrexate versus biologics/tsDMARDs

 Methotrexate 6194 401 (6.5%) Reference Reference 781/5690 (13.7%) Reference Reference

 TNF 3523 134 (3.8%) 0.57
(0.47 to 0.70)

0.83
(0.67 to 1.02)

367/3295 (11.1%) 0.79
(0.69 to 0.90)

0.86
(0.75 to 0.993)

 Non- TNF biologic/
tsDMARD

1060 42
(4.0%)

0.60
(0.43 to 0.82)

0.78
(0.49 to 1.22)

134/992
(13.5%)

0.98
(0.81 to 1.20)

1.02
(0.78 to 1.33)

Glucocorticoids†

 None 5720 252 (4.4%) Reference Reference 596/5329 (11.2%) Reference Reference

 ≤5 mg/day 3137 181 (5.8%) 1.33
(1.09 to 1.62)

1.20
(0.98 to 1.48)

386/2893 (13.3%) 1.22
(1.07 to 1.40)

1.10
(0.96 to 1.27)

 5–10 mg/day 1459 106 (7.3%) 1.70
(1.34 to 2.15)

1.41
(1.08 to 1.82)

216/1336 (16.2%) 1.53
(1.29 to 1.81)

1.26
(1.05 to 1.52)

 >10 mg/day 461 38
(8.2%)

1.95
(1.37 to 2.78)

1.64
(1.02 to 2.64)

84/419
(20.0%)

1.99
(1.54 to 2.57)

1.60
(1.15 to 2.24)

Propensity- weighted OR from inverse probability- weighted logistic regression models with separate analyses for methotrexate versus biologics/tsDMARDs and for 
glucocorticoids. Propensity score models include all covariates shown in online supplementary table S2. Glucocorticoid propensity score models also include use of methotrexate 
or type of biologic/tsDMARD and time of last prescription/infusion before surgery. Unbalanced covariates are included in weighed models.
*Readmission within 30 days of discharge reported among patients discharged to home, home health, skilled nursing facility or inpatient rehabilitation
†Glucocorticoid dose is the average daily dose in the 3 months prior to surgery.
TNF, tumour necrosis factor inhibitor.

We found no significant difference in the risk of secondary 
outcomes of hospitalised pneumonia or hospitalised wound 
complication within 30 days of surgery in patients receiving a 
TNFi or non- TNFi biologic/tsDMARD versus patients receiving 
methotrexate (online supplementary table S5). Higher dose 
glucocorticoids were associated with greater risk of wound 
complications (aOR 1.72 (1.24 to 2.39) for 5–10 mg/day, aOR 
1.68 (0.97 to 2.94) for >10 mg/day).

Among 2208 patients who received infliximab and 827 who 
received intravenous abatacept within 6 months of surgery, there 
was no significant difference in the risk of mortality or readmis-
sion in patients who received their last infusion <4 weeks before 
surgery compared with those who received the last infusion 4 to 

<8 weeks or ≥8 weeks before surgery after adjusting for poten-
tial confounders (online supplementary table S6).

dIsCussIOn
In this large observational study of patients with RA under-
going hip fracture, abdominopelvic or cardiac surgery, we 
found no increased risk of 90- day mortality, 30- day readmis-
sion, wound complications or postoperative pneumonia versus 
patients receiving methotrexate without a biologic/tsDMARD. 
Conversely, even low- dose glucocorticoid use (5–10 mg/day) was 
associated with greater risk of adverse outcomes.

Although previous studies of perioperative immunosup-
pression in patients undergoing the surgeries we examined are 

https://dx.doi.org/10.1136/annrheumdis-2019-216802
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Figure 2 Associations of biologic use with mortality and readmission by surgery type. OR from inverse probability- weighted logistic regression 
models. Propensity score models include the same variables as shown in online supplementary table S2 and are recalculated for each surgery type 
with unbalance covariates added to weighted models. Abd, abdominopelvic surgery; Cardiac, cardiac surgery; Hip, hip fracture surgery; TNF, tumour 
necrosis factor inhibitor; tsDMARD, targeted synthetic disease- modifying antirheumatic drug.

Figure 3 Associations of glucocorticoid use with mortality and 
readmission by surgery type. OR from inverse probability- weighted 
logistic regression models. Propensity score models include the same 
variables as shown in table 2 and are recalculated for each surgery 
type with unbalance covariates added to weighted models. Abd, 
abdominopelvic surgery; Cardiac, cardiac surgery; Hip, hip fracture 
surgery.

sparse,14 our results showing no significant increase in adverse 
outcomes in patients receiving a biologic are in line with data 
from studies of joint replacement surgery. These studies showed 
no difference in postoperative risk in patients who stopped versus 
continued biologics before surgery.7–9 Interestingly, in our study, 
biologic- treated patients had lower rates of adverse outcomes 
than patients receiving methotrexate without a biologic before 

adjusting for potential confounders. Although biologic- treated 
patients may have more severe RA (in our study biologic- treated 
patients were more likely to be disabled), biologic- treated 
patients also tend to be younger and have fewer comorbidi-
ties,31 as we found here. The small differences in risk favouring 
biologic- treated patients after adjusting for confounders likely 
reflect some residual confounding rather than risks associated 
with methotrexate or protective effects of biologics—reassur-
ingly, we found no difference in outcomes in patients receiving 
a biologic with versus without methotrexate (data not shown).

As we previously observed for arthroplasty,7 8 the lack of 
association between biologic use and adverse outcomes in this 
study suggests that holding biologics before the surgeries we 
examined may not be necessary. We required that all biologic- 
treated patients receive an infusion or fill a prescription for their 
biologic within 8 weeks of surgery (16 weeks of rituximab), 
excluding patients without evidence of recent biologic exposure. 
Although some patients may still have stopped their biologic 
before surgery, the majority of our surgeries were non- elective 
surgeries, in which patients would not have the opportunity 
to stop treatment. Additionally, we directly evaluated biologic 
timing among patients receiving infliximab or intravenous 
abatacept, for whom we could precisely identify timing based 
on infusion dates, and found no evidence that patients who 
received infliximab or intravenous abatacept within 4 weeks of 
surgery had greater risk of mortality or readmission compared 
with patients with a longer time between infusion and surgery. 
Nonetheless, our results should be interpreted cautiously since 
we cannot rule out the possibility of small benefits with biologic 
interruptions on the outcomes we studied or impacts on the 
frequency or severity of other postoperative outcomes.

Our results suggest that necessary non- elective surgeries need 
not be delayed in patients receiving biological therapy, since 
delaying these surgeries has its own consequences. For elective 
surgery, a common practice has been to hold biologics before 

https://dx.doi.org/10.1136/annrheumdis-2019-216802
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surgery. While our results show no obvious benefit to treatment 
interruptions, we also did not find obvious risks with short inter-
ruptions. Prolonged interruptions beyond one interval are likely 
not warranted. When deciding on shorter interruptions (eg, one 
dosing interval), clinicians should consider the risks and benefits, 
including the potential need for glucocorticoids if patients have 
a disease flare.

In analyses with all surgery types combined, we found a 
dose- dependent association between glucocorticoid use and 
mortality, readmission and wound complications. The difference 
between unadjusted and adjusted results did suggest substantial 
confounding; we cannot definitively establish causality and the 
potential for residual confounding remains. Additionally, results 
were more variable when stratified by surgery type. Whether 
these results reflect differences in glucocorticoid risk in different 
surgery types or whether these results are due to chance in these 
smaller subgroups is uncertain. Glucocorticoids have been asso-
ciated with poor wound healing32 and previous studies demon-
strated a dose- dependent association between glucocorticoid 
use and adverse outcomes in the non- operative setting33–35 and 
after orthopaedic surgery.7 10 We averaged glucocorticoid dose 
in the 90 days prior to surgery and could not evaluate dose 
changes immediately before surgery or doses during the hospi-
talisation, but our results suggest that glucocorticoid use in the 
months before surgery, especially >10 mg/day, should remain 
a concern in patients undergoing major surgery and may be a 
more important contributor to infection than more targeted 
immunosuppression.

Several limitations are inherent to this type of observational 
study. Outcomes from claims data may miss or misclassify 
specific postoperative complications36; we instead focused on 
mortality and readmission which can be accurately identified 
in claims data. We evaluated postoperative pneumonia and 
wound complications but could not fully assess morbidity or 
minor complications (eg, delayed wound healing) not leading 
to hospitalisation. Although typically biologic users would be 
expected to have more severe disease, we could not measure 
disease activity, which could be less well controlled in some 
non- biologic treated patients. We also excluded patients with 
recent changes in therapy who might have the highest disease 
activity. We cannot rule out the possibility that patients receiving 
biologics were selected differently for surgery (especially elective 
surgery) or were treated or monitored differently after surgery. 
Additionally, biologics may be avoided completely in patients 
who are frail or have comorbidities31 or survivorship bias could 
lead to a healthier biologic group, although we controlled for 
multiple comorbidities and measures of healthcare utilisation 
and attained good balance for measured covariates between 
exposure groups. Glucocorticoid results were more variable 
and there is even greater potential for unmeasured or residual 
confounding in these analyses. Some contributors to postop-
erative outcomes such as surgeon experience, severity of the 
presentation and difficulty of the surgery could not be directly 
measured, although these factors would not be expected to differ 
in biologic users versus non- users. Finally, although we analysed 
surgeries in groups that would be susceptible to similar types of 
complications, numbers were not sufficient to evaluate specific 
surgeries (eg, appendectomy, cholecystectomy) separately.

In conclusion, neither use of biologics nor biologic timing 
before surgery were associated with increased mortality or read-
mission after hip fracture, abdominopelvic or cardiac surgery. 
Higher dose glucocorticoids were associated with adverse 
outcomes after these surgeries, suggesting that minimising gluco-
corticoids should be a focus of perioperative medicine.
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Key messages

What is already known about this subject?
 ► The life- time risk of breast cancer is in the order 
of 1 woman out of 10. Several studies have 
reported a 15%–20% reduced risk of breast 
cancer in women with rheumatoid arthritis (RA), 
but the reasons behind this decrease remains 
unknown and unstudied.

 ► Previous studies have reported that tamoxifen 
and aromatase inhibitor treatment of breast 
cancer may increase the risk of RA.

What does this study add?
 ► We demonstrate that the risk of breast cancer 
after rheumatoid arthritis (RA) is indeed 
reduced, but this association cannot readily 
be explained by traditional breast cancer risk 
factors. By studying the future risk of RA in 
women with breast cancer, we demonstrate an 
equally pronounced risk reduction before RA 
diagnosis, again not explained by traditional 
breast cancer risk factors. These findings 
suggest that other factors, independent of RA, 
drive the inverse association between the two 
diseases.

 ► Tamoxifen and aromatase inhibitors do not 
seem to increase the risk of future RA.

How might this impact on clinical practice or 
future developments?

 ► With respect to patient counselling, the 
occurrence of a breast cancer in patients with 
rheumatoid arthritis (RA) is lower than in 
the general population, and tamoxifen and 
aromatase inhibitors appear safe in terms of 
risk of future RA.

AbsTRACT
Objectives To examine the risk of incident breast 
cancer in women with rheumatoid arthritis (Ra), and 
the risk of Ra in women with a history of breast cancer, 
taking antihormonal treatment for breast cancer into 
account.
Methods Using nationwide swedish registers, women 
with new- onset Ra diagnosed in 2006–2016 were 
identified and analysed using a cohort and a case–
control design. Each patient with Ra was matched on 
age, sex and place of residence to five randomly selected 
subjects from the general population. Through register 
linkages, we collected information on breast cancer, 
breast cancer risk factors (reproductive history and 
hormone replacement therapy) and socio- economy. The 
relative risk of breast cancer after Ra was assessed using 
cox regression, and the relative risk of Ra in women 
with a history of breast cancer was assessed using 
conditional logistic regression.
Results The risk of incident breast cancer in women 
with Ra was reduced and the association was not 
attenuated by adjustment for breast cancer risk factors 
(HR=0.80, 95% ci 0.68 to 0.93). The risk of Ra in 
women with a history of breast cancer was similarly 
reduced (oR=0.87, 95% ci 0.79 to 0.95). Women 
with breast cancer treated with tamoxifen (oR=0.86, 
95% ci 0.62 to 1.20) or aromatase inhibitors (oR=0.97, 
95% ci 0.69 to 1.37) did not have an increased risk of 
Ra compared with women with breast cancer treated 
differently.
Conclusions The decreased occurrence of breast 
cancer in patients with Ra is present already before Ra 
diagnosis; these reduced risks are not readily explained 
by hormonal risk factors. adjuvant antihormonal therapy 
for breast cancer does not seem to increase Ra risk.

bACKgROund
With a lifetime risk of close to 1 in 10, breast cancer 
is the most common cancer among women. Rheu-
matoid arthritis (RA) is the most common rheumatic 
disease affecting the joints, and has a marked female 
predominance. Although the overall risk of malig-
nancies in RA is increased by 10%–15% compared 
with the general population, large cohort studies 
have consistently reported decreased occurrence of 
breast cancer among women with RA.1–3

The characteristics and the reason(s) behind the 
decreased risk of breast cancer in women with RA 
remain unknown, indeed also virtually unstudied. 
Hormonal factors such as hormone replacement 
therapy (HRT),4 early menarche and late menopause,5 
no breast feeding6 and nulliparity and increasing age 
at first birth7 are all established risk factors for breast 
cancer. The role of these factors in the occurrence of 

RA is less clear. For HRT, available evidence does not 
indicate an association with risk of RA.8 9 For breast 
feeding, studies to date have reported a protective 
effect against RA,10–12 while results for parity and 
risk of RA are inconclusive.12–15 Early menopause 
may be associated with subsequent development of 
RA.10 16 Importantly, however, no study has assessed 
the extent to which the decrease in risk of breast 
cancer in women with RA can be explained by known 
breast cancer risk factors.

If the observed reduction in the risk of breast 
cancer in women with RA was attributable to shared 
risk factors rather than a causal effect of the RA 
disease or its treatment, then one would expect that 
the reduced risk of breast cancer would be present 
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already before the onset of RA. So far, the link between history of 
breast cancer and future risk of RA has been little investigated.17

The occurrence of RA following breast cancer is clinically and 
aetiologically important also for other reasons. Five to 10 years 
of adjuvant antihormonal treatment, for example, tamoxifen or 
aromatase inhibitors (AI), has become mainstay for oestrogen 
receptor positive breast cancer. Arthralgia is a common side 
effect of AI, and to a lesser extent also of tamoxifen. Some studies 
have suggested that these therapies not only induce arthralgia, 
but also inflammatory arthritis.18 19

Our study therefore had the following aims: first, to examine 
the risk of breast cancer in women with RA, and to investigate 
to what extent known breast cancer risk factors may explain the 
association. Second, to examine the risk of RA in women with a 
history of breast cancer, and whether antihormonal treatment for 
breast cancer modifies this association. To address the first aim, 
we used a cohort design, and to address the second aim, we used a 
case–control design, both applied to a nationwide population with 
new- onset RA and to individually matched population referents.

MATeRiAls And MeTHOds
setting and data sources
Swedish healthcare is public and tax funded. Patients with RA 
are typically diagnosed and treated by rheumatologists. Sweden 
has national and virtually complete registers on demographics 
and health data which can be linked together by the unique 
personal identity number issued to all Swedish residents. This 
study was based on linkages between the Swedish Rheumatology 
Quality Register (SRQ), the National Patient Register (NPR), the 
Cancer Register, the Prescribed Drug Register, the Total Popu-
lation Register, the Multigeneration Register and the Causes of 
Death Register, described elsewhere and in the online supple-
mentary material.20 21

sTudy pOpulATiOn And sTudy design
Women with new- onset RA between 1 January 2006 and 31 
December 2016 were identified from two partly overlapping 
sources, the SRQ and the NPR, using previously devised algo-
rithms (online supplementary figure 1). Patients were required 
to have either (1) two visits in the NPR with an RA diagnosis 
(main or contributory) in outpatient specialist care, and at 
least one visit in a rheumatology or internal medicine clinic or 
(2) an RA diagnosis in SRQ. An index date was defined as the 
date of disease debut in the SRQ, RA diagnosis in the SRQ or 
first RA diagnosis in the NPR (inpatient or outpatient care, see 
online supplementary material for International Classification of 
Diseases (ICD) codes), whichever came first. Subjects who had 
not fulfilled the criteria (1 or 2) within 18 months of the index 
date were excluded. For each individual with RA, we randomly 
selected five population referents from the general population, 
matched on year of birth, sex and place of residence at the time 
of index date. For the cohort analysis of risk of breast cancer in 
women with RA, the population referents functioned as general 
population comparators. For the case–control analysis of risk of 
RA in women with a history of breast cancer, the population 
referents functioned as incidence- density sampled controls.

bReAsT CAnCeR And AnTiHORMOnAl TReATMenT AfTeR 
bReAsT CAnCeR
Through linkage to the Swedish Cancer Register, all incident (1958 
or later) cases of breast cancer (ICD 170, non- invasive and invasive) 
in the study population were identified. In the Prescribed Drug 
Register, we identified all dispensed prescriptions of tamoxifen 

and tamoxifen- like substances (99.6% tamoxifen, and hereafter 
referred to as tamoxifen) and AI, respectively, in July 2005 or 
later (see Anatomical Therapeutic Chemical (ATC) Classification 
System codes in online supplementary material).

COvARiATes
We included information on educational level (from the Register 
of Total Population), country of birth, number of live births 
and age at first full- term pregnancy (from the Multigeneration 
Register), family history in a first- degree relative of breast cancer 
or ovarian cancer (via linkage to the Multigeneration and Cancer 
Registers), oral contraceptives and intrauterine devices and HRT 
(from the Prescribed Drug Register). Age 50 was used as a proxy 
for menopausal status. Status on all covariates were ascertained 
at index date. For details and for an assessment of the associa-
tion between these covariates and the outcome please see online 
supplementary material.

SAS V.9.4 was used for all analyses. The study was approved 
by the Stockholm Ethics Review Board.

sTATisTiCAl AnAlyses
To assess and characterise the risk of breast cancer in patients 
with RA, counting from RA diagnosis, we used a matched cohort 
design where patients with RA were considered exposed, and 
their population comparators unexposed. Start of follow- up for 
patients with RA (and for their matched population referents) 
was set to the date when all RA- defining inclusion criteria were 
fulfilled. Women with a history of breast cancer at the time of 
start of follow- up were excluded. End of follow- up was defined 
as 31 December 2016, death, emigration or breast cancer, 
whichever occurred first. Relative risks for breast cancer were 
assessed using Cox regression with follow- up time as the times-
cale. We first analysed age- adjusted models, and then gradu-
ally added more variables. In the full model, adjustments were 
made for age, calendar year, country of birth, educational level, 
HRT, oral contraceptives, age at first live birth, number of live- 
born children, family history of breast or ovarian cancer and 
previous invasive cancer. The risk of breast cancer was assessed 
overall, stratified by time since start of follow- up (<1 year, 1 
to <5 years, >5 years), RA serostatus and age at RA diagnosis 
(18–49 years, 50–75 years and >75 years). Relative risks were 
also assessed separately for premenopausal and postmenopausal 
cancer, and tumour, node, metastases (TNM) cancer stage at 
diagnosis (online supplementary material).

To assess the relative risk of RA in women with a history of 
breast cancer, we used a case–control design, and calculated ORs 
using conditional logistic regression. Besides the matching vari-
ables (year of birth, sex and place of residence), the fully adjusted 
model accommodated country of birth, educational level, age at 
first live birth, number of live- born children and family history 
of breast or ovarian cancer. ORs were assessed overall, and strat-
ified by age at RA diagnosis (18–49 years, 50–75 years, >75 
years) and RA serostatus. Also, ORs were assessed according 
to different exposure definitions, that is, time between the 
breast cancer and RA (<1 year, 1 to <5 years, 5 to <10 years, 
>10 years), premenopausal or postmenopausal breast cancer 
and TNM cancer stage at diagnosis (see online supplementary 
material).

To assess the risk of RA following antihormonal breast cancer 
treatment, we again used a case–control design. Exposure was 
defined as at least two dispensings of the antihormonal drug in 
question, between breast cancer diagnosis and the index date. Also, 
analyses of cumulative exposure of antihormonal treatment were 
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Table 1 Characteristics of study population of Swedish women with 
RA 2006–2016, and matched population referents

RA population referents

Persons (N) 15 921 79 441

Birth year (Q1–Q4) 1952 (1940–1963) 1952 (1940–1963)

Mean age at entry (SD) 59 (16) 59 (16)

Education (%)

 9 years or less 27 25

 10–12 years 56 55

 More than 12 years 15 19

RA in a first- degree relative (%) 10 4

Breast or ovarian cancer in a first- 
degree relative (%)

10 10

Invasive cancer prior to entry (%) 5 6

Country of birth (%)

 Sweden 84 83

 Rest of Europe 11 11

 Rest of the world 5 6

ACPA and RF negative 28 NA

ACPA or RF positive 68 NA

Mean age at first live birth (SD) 25 (5.0) 25 (5.0)

Children at index date (SD) 2 (1.4) 2 (1.4)

Combined oestrogen and 
progestin HRT (%)

5 5

Unopposed oestrogen HRT (%) 6 6

Combined oestrogen and 
progestin contraceptive (%)

9 9

Progestin only contraceptive (%) 7 7

ACPA, Anti- citrullinated protein antibodies; HRT, hormone replacement therapy; RA, 
rheumatoid arthritis; RF, Rheumatoid factor.

Table 2 Relative risk of breast cancer in RA versus general 
population comparators (cohort study), adjusted for, age, country of 
birth, educational level, HRT, oral contraceptives, age at first birth, 
number of children, family history of breast cancer/ovarian cancer, 
previous invasive cancer and calendar year

patients 
with RA, 
number

population 
comparators, 
number HR (95% Ci)

Overall 190 1191 0.80 (0.68 to 0.93)

Exposure variants

 RA, 18–49 years 18 155 0.59 (0.36 to 0.97)

 RA, 50–75 years 146 841 0.87 (0.73 to 1.03)

 RA, >75 years 26 195 0.68 (0.45 to 1.03)

 RA 18–50 and breast 
cancer <50 years

9 53 0.86 (0.42 to 1.75)

 Seronegative RA 55 346 0.77 (0.58 to 1.02)

 Seropositive RA 124 772 0.81 (0.67 to 0.98)

Outcome variants

 Breast cancer, 18–50 
years

9 102 0.47 (0.24 to 0.93)

 Breast cancer, >50 years 181 1089 0.83 (0.71 to 0.97)

 Stage 0 12 97 0.63 (0.34 to 1.14)

 Stage 1 85 490 0.87 (0.69 to 1.09)

 Stage 2 60 375 0.80 (0.61 to 1.05)

 Stage 3 4 41 0.49 (0.17 to 1.36)

 Stage 4 6 30 0.99 (0.41 to 2.39)

HRT, hormone replacement therapy; RA, rheumatoid arthritis.

performed (<6 months, 6 to <12 months, 12 to <18 months, 18 
to <24 months and ≥24 months), in these only one dispensing 
of antihormonal treatment was required. Since the Prescribed 
Drug Register started in July 2005, we restricted these analyses to 
women diagnosed with breast cancer from 2003 to 2016. As this 
would allow some patients receiving antihormonal treatment being 
misclassified as non- exposed, we performed a sensitivity analysis 
restricting the study period to July 2005 through December 2016. 
To avoid the inclusion of occult RA diagnosed shortly after breast 
cancer diagnosis, and misclassified RA due to acute arthralgia 
following initiation of antihormonal treatment, in a sensitivity 
analysis we excluded subjects with <1 year between the breast 
cancer diagnosis and index date.

ResulTs
Characteristics of the study population
During 2006–2016, we identified 15 921 incident patients with 
RA, who were matched with 79 441 subjects from the general 
population (table 1). Mean age at index date was 59 years, and 
68% were seropositive (5% unclassified, 6% had conflicting 
information).

OCCuRRenCe And RelATive RisK Of bReAsT CAnCeR in 
WOMen WiTH RA
During a mean follow- up of 5.00 years among patients with RA 
and 5.04 years among general population comparators, we iden-
tified 190 cases of breast cancer among 15 356 patients with RA, 
and 1191 cases among 75 854 population comparators, resulting 
in an age- adjusted and calendar year- adjusted HR=0.80 (95% CI 
0.68 to 0.93). This estimate was virtually unchanged by further 
adjustments (fully adjusted HR=0.80, 95% CI 0.68 to 0.93). 
The risk was similar among seronegative RA (HR=0.77, 95% CI 

0.58–1.02) and seropositive RA (HR=0.81, 95% CI 0.67–0.98), 
and for all age groups. We noted reduced risks for all TNM 
stages, and for both premenopausal and postmenopausal breast 
cancer (table 2).

OCCuRRenCe And RelATive RisK Of RA in WOMen WiTH 
A HisTORy Of bReAsT CAnCeR
At index date, 555 (3.5%) of the 15 921 patients with RA, and 
3193 (4.0%) of the controls had a history of breast cancer, 
age- adjusted OR=0.86 (95% CI 0.78 to 0.94), fully adjusted 
OR=0.87 (95% CI 0.79 to 0.95, table 3). ORs stratified by 
serostatus and age at RA diagnosis yielded similar results. There 
was no clear trend when examining the risk by menopausal 
status, or cancer stage, at breast cancer diagnosis. However, 
missing information on cancer stage was substantial, especially 
among earlier cases of cancer.

RelATive RisK Of bReAsT CAnCeR by TiMe befORe And 
AfTeR RA
There was no clear trend when stratifying by follow- up time 
(figure 1). The lowest OR for breast cancer was observed 5 to 
<10 years before RA, OR=0.76 (95% CI 0.63 to 0.93), and the 
highest 1 to <5 years before RA, OR=0.93 (95% CI 0.58 to 
1.38). The lowest HR for breast cancer was observed 1 to <5 
years after RA, HR=0.74 (95% CI 0.60 to 0.91), and the highest 
5 to <10 years after RA, HR=0.90 (95% CI 0.67 to 1.20).

OCCuRRenCe And RelATive RisK Of RA fOllOWing AnTi-
HORMOnAl TReATMenT AMOng WOMen WiTH A HisTORy 
Of bReAsT CAnCeR
A history of a first ever breast cancer occurring during 2003–
2016 was identified among 259 of the 15 921 patients with RA, 
and 1499 of the 79 441 controls (table 4). Among these subjects, 
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Table 3 Relative risk of RA in women with a history of breast 
cancer (case–control study), adjusted for, age, country of birth, 
educational level, age at first birth, number of children and family 
history of breast cancer/ovarian cancer

RA (n)
Controls 
(n) OR (95% Ci)

Overall 555 3193 0.87 (0.79 to 0.95)

Exposure variants

 Breast cancer, 18–50 years 123 761 0.82 (0.67 to 0.99)

 Breast cancer, >50 years 432 2432 0.89 (0.80 to 0.98)

 Stage 0, 2002–2016 28 130 1.10 (0.73 to 1.65)

 Stage 1, 2002–2016 110 530 1.04 (0.84 to 1.27)

 Stage 2, 2002–2016 61 456 0.67 (0.51 to 0.87)

 Stage 3, 2002–2016 9 33 1.35 (0.65 to 2.83)

 Stage 4, 2002–2016 1 17 0.29 (0.04 to 2.19)

Outcome variants

 RA, 18–49 years 24 111 1.09 (0.70 to 1.71)

 RA, 50–75 years 357 2132 0.84 (0.75 to 0.94)

 RA, >75 years 174 950 0.91 (0.77 to 1.08)

 Breast cancer 18–50 and RA >50 
years

99 650 0.77 (0.62 to 0.96)

 Seronegative RA 157 921 0.85 (0.71 to 1.01)

 Seropositive RA 367 2088 0.88 (0.78 to 0.98)

RA, rheumatoid arthritis.

figure 1 Relative risk of breast cancer (invasive or in situ) as a 
function of time before (left of vertical line, ORs) and after (right 
of vertical line, HRs) RA diagnosis. RA versus general population 
comparators, adjusted for age, country of birth and educational level. 
RA, rheumatoid arthritis

Table 4 Relative risk of RA in women, with or without a history 
of breast cancer, by antihormonal treatment before RA diagnosis, 
adjusted for age, education, age at first birth, number of children and 
family history of breast cancer/ovarian cancer

RA (n) Controls (n)
fully adjusted OR 
(95% Ci)

No breast cancer 15 366 76 248 1.07 (0.88 to 1.31)

Never AI or tamoxifen 117 631 REF

Only tamoxifen versus never 62 383 0.86 (0.62 to 1.20)

Only AI versus never 59 322 0.97 (0.69 to 1.37)

Both AI and tamoxifen versus 
never

21 163 0.68 (0.41 to 1.12)

AIs, aromatase inhibitors; RA, rheumatoid arthritis.

117 (45%) patients with RA and 631 (42%) controls had not 
received tamoxifen or AI treatment before RA diagnosis/index 
date (never vs ever, fully adjusted OR=1.23, 95% CI 0.92 to 
1.64).

Among the remaining 1010 patients with RA and controls, 
use of tamoxifen was somewhat more frequent than AI (n=629 
vs n=565), with some overlap (n=184). The risk of RA was 
not significantly associated with any combination of antihor-
monal breast cancer treatments; both tamoxifen and AI versus 
never treated: fully adjusted OR=0.68 (95% CI 0.41 to 1.12); 
tamoxifen- only versus never treated: OR=0.86 (95% CI 0.62 to 
1.20); AI- only versus never treated: OR=0.97 (95% CI 0.69 to 
1.37; table 4).

When examining cumulative tamoxifen exposure (years), 
we noted no trends in risk of RA (table 5). For AI, we noted 
an increased risk of RA among patients treated with AI for <6 
months (OR=1.58, 95% CI 1.02 to 2.45), but also a decreased 

risk with longer exposure time of >24 months OR=0.57, 95% 
CI 0.39 to 0.82).

Sensitivity analyses restricting the analysis of risk of RA among 
women with a history of breast cancer to cancer cases occur-
ring after the Prescribed Drug Register was started (July 2005 to 
December 2016), and excluding subjects with <1 year between 
the breast cancer diagnosis and index date, provided results 
similar to the main analysis (see online supplementary material).

disCussiOn
In this large population- based study, we made a series of 
important observations. Also in this recent modern cohort of 
patients followed from RA diagnosis, there was a decreased 
risk of breast cancer, corresponding to a lifetime risk of 1 in 
12.5, instead of 1 in 10 as in the general population.22 This risk 
reduction was independent of RA serostatus, and remained after 
adjusting for breast cancer risk factors. Furthermore, the risk of 
future RA in women with a history of breast cancer was reduced 
with risk estimates similar to those of breast cancer risk after RA. 
Finally, treatment of breast cancer with tamoxifen and AI did not 
constitute risk factors for the development of RA.

We noted, as has previously been reported,1 a 20% decreased 
risk of breast cancer in women with a history of RA, and extend 
this finding by demonstrating that adjusting for several important 
breast cancer risk determinants did not significantly impact this 
result. The relative risk of RA in women with a history of breast 
cancer was similar to the relative risk of breast cancer in women 
with a history of RA. Taken together, this would argue against 
the hypothesis that the decreased risk of breast cancer in patients 
with RA is due to the RA disease or its treatment. Rather, our 
data suggest that RA and breast cancer share genetic factors or 
environmental factors acting earlier in life. In this regard, it is 
interesting that the breast cancer ORs and HRs were similar for 
seropositive and seronegative RA.

This is one of the first studies examining the relationship 
between antihormonal breast cancer treatment, and the risk of 
RA.18 19 Contrary to a study by Caprioli et al, who studied the 
risk of RA in a cohort of 10 493 women with breast cancer, we 
did not find a markedly higher risk of RA in AI- treated compared 
with tamoxifen- treated patients. Although based on relatively 
small numbers, our upper confidence limits indicate a low prob-
ability for clinically significant risk increases overall. However, 
we cannot rule out an association between RA and tamoxifen/AI 
among specific subgroups, for example, as defined by hormonal 
receptor status, which we did not have information on. We did 
observe a trend towards a higher risk in the beginning of treat-
ment, but then a reduced risk after 2 years of AI treatment. Capr-
ioli et al did not compare the rate of RA among patients with 
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Table 5 Relative risk of RA in patients with a history of breast cancer, by accumulated time of antihormonal treatment before RA diagnosis, 
adjusted for age, education, age at first birth, number of children and family history of breast cancer/ovarian cancer

Cumulative exposure

Tamoxifen Ais

RA (n) Controls (n) OR (95% Ci) RA (n) Controls (n) OR (95% Ci)

<6 months 27 134 0.98 (0.65 to 1.49) 27 87 1.58 (1.02 to 2.45)

6 to <12 months 14 76 0.95 (0.53 to 1.68) 9 63 0.72 (0.36 to 1.44)

12 to <18 months 8 62 0.62 (0.30 to 1.30) 12 41 1.45 (0.76 to 2.77)

18 to <24 months 11 65 0.83 (0.43 to 1.57) 12 57 1.08 (0.58 to 2.02)

>24 months 42 283 0.74 (0.54 to 1.03) 31 267 0.57 (0.39 to 0.82)

AIs, aromatase inhibitors; RA, rheumatoid arthritis.

breast cancer to that of the general population. The rate that 
they observed (4.33 per 1000 person- years) is somewhat lower 
than population- based age and sex standardised incidence rates 
reported from Italy23 and Sweden.24 Our results also differed 
from that of a cross- sectional study by Chen et al that included 
more than 200 000 cases of breast cancer.18 They found a cumu-
lative dose- dependent risk increase of RA with both tamoxifen 
and AI treatment, compared with women with breast cancer 
who did not receive these treatments. However, they neither 
took follow- up time nor age into account. We believe that our 
nationwide study with a clearly defined population, which could 
account for person- time at risk, age and several other potential 
confounders, and the use of an appropriate comparator group, 
provides a more reliable estimate.

We adjusted our models for hormonal risk factors, which 
had little impact on our results. Whether this is due to residual 
confounding or a true absence of confounding is difficult to ascer-
tain, but we did observe that these factors were indeed risk factors 
for breast cancer in our study population (online supplementary 
material). Studies have found that certain polymorphisms of the 
cyclooxygenase-2 gene promoter are associated with an increased 
risk of breast cancer and a decreased risk of RA.25 26 Also, polymor-
phisms in the DRB1 gene, the major genetic susceptibility locus 
for RA,27 have recently been linked to a decreased risk of breast 
cancer.28 However, because of the complex inheritance, it is diffi-
cult to estimate the net effect of such singular genetic factors.

Our study has some limitations. Although algorithms for iden-
tifying incident RA diagnoses in the NPR have been validated 
and shown to have a positive predictive value close to 90%, 
misclassification of RA cannot be excluded.29 We lacked data 
on menarche, menopause and breast feeding. Early menarche 
has been reported as a risk factor, and long- term breast feeding 
seems protective, for both RA and breast cancer.10–12 Early 
menopause, which is negatively associated with breast cancer, 
has been reported as a risk factor for RA.11 16 We also could 
not account for some additional potential confounding factors 
including body mass index, smoking and alcohol consumption. 
Body mass index is considered a risk factor for both breast cancer 
and RA and would thus introduce a positive confounding.30 
Smoking is a risk factor for RA, but alcohol has been reported 
as being protective against RA.31 However, both are only weak 
risk factors for breast cancer.32 33 We were not able to account 
for mammographic screening. However, the negative associ-
ation between RA and breast cancer was described in studies 
conducted before mammographic screening was mainstay.34 35 
Moreover, since the assessment of RA risk after breast cancer is, 
by definition, an assessment among breast cancer survivors, we 
cannot exclude that breast cancer among would- be patients with 
RA could have a worse prognosis irrespective of cancer stage.36 37

The strengths of this study were its large sample size and long 
follow- up, the use of nationwide registers with high internal 

validity and coverage and that we could adjust our models for 
several potentially important confounders.

In conclusion, we found a decreased risk of breast cancer in 
patients with RA, and a similar decrease in risk of RA in patients 
with a history of breast cancer. We did not find evidence to 
support that the decreased risk of breast cancer was due to 
known risk determinants. Thus we were ultimately unable to 
explain the origins of this association. Antihormonal therapy as 
used in secondary breast cancer pharmacoprevention does not 
seem to increase RA risk.
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Key messages

What is already known about this subject?
 ► Rheumatoid arthritis- associated interstitial 
lung disease (RA- ILD) entails a high mortality. 
Therefore, an early detection is crucial in 
establishing an individualised treatment 
strategy.

 ► Anti- carbamylated protein antibodies (Anti- 
CarP) are associated with poor disease 
outcomes in RA patients and have been 
detected in various chronic lung diseases 
regardless of the RA history.

What does this study add?
 ► For the first time an association between RA- 
ILD and Anti- CarP has been found, which was 
independent of smoking, sex, age, RA disease 
duration, anticitrullinated protein antibody and 
rheumatoid factor.

How might this impact on clinical practice or 
future developments?

 ► These findings suggest a possible link between 
homocitrullination and the development of ILD 
in RA patients exists.

AbsTRACT
Objective To analyse the association between 
anti- carbamylated protein antibodies (anti- CarP) and 
interstitial lung disease (ilD) in rheumatoid arthritis (Ra) 
patients.
Methods Cross- sectional study including Ra 
patients fulfilling the 2010 aCR/eUlaR criteria. 
The main population comprised two groups: (1) Ra 
patients diagnosed with Ra- ilD (Ra- ilD group); (2) 
Ra patients without ilD (non- ilD Ra group). non- ilD 
Ra patients in whom ilD was suspected underwent a 
diagnostic work- up and, if ilD was diagnosed, were 
switched to the Ra- ilD group. ilD was diagnosed by 
high- resolution computed tomography and confirmed 
by a multidisciplinary committee. an independent 
replication sample was also obtained. Three anti- CarP 
igG autoantibodies against fetal calf serum (anti- FCs), 
fibrinogen (anti- Fib) and chimeric fibrine/filagrine 
homocitrullinated peptide (anti- CFFHP) and one anti- 
CarP iga against FCs (anti- FCs- iga) were determined 
by home- made elisa. associations between anti- CarP 
and ilD were analysed using multivariable logistic 
regression adjusted by smoking, sex, age, Ra disease 
duration, rheumatoid factor and anticitrullinated protein 
antibodies.
Results We enrolled 179 patients: 37 (21%) were 
finally diagnosed with Ra- ilD. anti- CarP specificities 
were more frequent in Ra- ilD patients (anti- FCs 70% 
vs 43%; anti- Fib 73% vs 51%; anti- CFFHP 38% vs 
19%; anti- CarP- iga 51% vs 20%, p<0.05 for all 
comparisons). serum titers of anti- CarP were significantly 
higher in Ra- ilD patients. anti- CarP specificities showed 
a robust effect towards increasing the odds of ilD in 
the multivariate analysis (anti- FCs (OR: 3.42; 95% Ci: 
1.13 to 10.40), anti- Fib (OR: 2.85; 95% Ci: 0.83 to 
9.70), anti- CFFHP (OR: 3.11; 95% Ci: 1.06 to 9.14) and 
anti- FCs- iga (OR: 4.30; 95% Ci: 1.41 to 13.04)). similar 
findings were observed in the replication sample.
Conclusions anti- CarP were strongly associated with 
ilD. The role of homocitrullination in Ra- ilD merits 
further investigation.

InTROduCTIOn
Interstitial lung disease (ILD) is a severe extra- 
articular manifestation of rheumatoid arthritis (RA), 
that affects 4%–50% of RA patients depending 
on the screening method and the population 

examined.1 RA- associated ILD (RA- ILD) entails a 
shortened survival with a mortality rate up to 10 
times higher than those without ILD,2 prompting a 
great effort to achieve an earlier diagnosis.

Various risk factors have been identified, including 
smoking, male sex, higher disease activity, longer 
disease duration, older age, positive rheumatoid 
factor (RF) and anticitrullinated protein antibodies 
(ACPAs).1 3 In recent years, several biomarkers have 
been proposed for RA- ILD screening,4 5 although 
there is no universally accepted screening test.

Anti- carbamylated protein antibodies (Anti- 
CarP) recognise homocitrullinated peptides, which 
are generated by a post- translational modification 
(PTM) of lysine residues.6 First described in 2011, 
Anti- CarP have been associated with poor disease 
outcomes in RA patients, including higher disease 
activity and radiographic progression.7–9 A recent 
study found higher mortality in Anti- CarP positive 
RA patients, which was particularly attributed to 
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respiratory diseases.10 Interestingly, Anti- CarP have been found 
in patients with various non- ILD chronic lung diseases irrespec-
tive of smoking or RA history.11 12

The objective of this study was to analyse the association 
between Anti- CarP and ILD in a population of RA patients.

MeTHOds
study design
We performed a cross- sectional study including RA patients diag-
nosed according to the 2010 ACR/EULAR criteria assessed in a 
rheumatology department outpatient clinic of a tertiary univer-
sity hospital. Individuals fulfilling other inflammatory arthritis 
or connective tissue disease diagnostic criteria were excluded.

study population
The main population comprised two groups; (1) patients diag-
nosed with RA- ILD before study inclusion (RA- ILD group); (2) 
consecutive patients with RA with no diagnosis of ILD, assessed 
by a single rheumatologist (RC- M) between July 2017 and July 
2018 (non- ILD RA group).

All non- ILD RA patients in whom ILD was suspected, under-
went an appropriate work- up (see RA- ILD diagnosis section). 
Subjects resulting in a new diagnosis were switched to the 
RA- ILD group. Criteria for suspicion were based on the presence 
of RA- ILD risk factors or persistent symptoms such as dyspnoea 
or cough. An independent replication sample with similar char-
acteristics was obtained from another hospital.

RA-ILd diagnosis
RA- ILD was diagnosed using high- resolution computed tomog-
raphy and classified according to the American Thoracic Society/
European Respiratory Society 2013 multidisciplinary classifica-
tion criteria of idiopathic interstitial pneumonias.13 Diagnoses 
were confirmed by a multidisciplinary committee including 
pneumologists, radiologists, pathologists, clinical immunolo-
gists, internists and rheumatologists.

demographic, clinical, therapeutic and serological data
In the main population, the variables analysed included demo-
graphics (age, sex and ethnicity), disease duration at study inclu-
sion, smoking status and smoking cumulative dose (number of 
packs per day×number of years of smoking). Disease activity 
and disability were assessed using the Disease Activity Score in 
28 joints (DAS28) and the Health Assessment Questionnaire 
Disability Index (HAQ- DI), respectively. Current conventional 
synthetic and biological disease- modifying antirheumatic drugs 
(csDMARDs and bDMARDs, respectively) and glucocorticoid 
use were evaluated. Hand and foot X- rays were obtained at 
study entry for analysis of radiological damage.

Antibodies measurement
Autoantibody status was measured in sera collected at study 
enrolment. Three carbamylated antigens, namely fetal calf serum 
(FCS), fibrinogen (Fib) and chimeric fibrin/filaggrin homoc-
itrullinated peptide (CFFHP) were obtained. CFFHP and its 
non- homocitrullinated version were synthesised by solid- phase 
peptide synthesis following a 9- fluorenylmethoxycarbonyl/t- bu
tyl strategy with subsequent cyclisation in solution by forming a 
disulfide bridge.14 15 Four Anti- CarP autoantibodies were deter-
mined by home- made ELISA tests with either carbamylated 
proteins or CFFHP as antigens, respectively; three IgG specific-
ities namely Anti- FCS, Anti- Fib and Anti- CFFHP and one IgA 
specificity against carbamylated FCS (Anti- FCS- IgA). Receiver 

operating characteristic (ROC) curve analysis and regression 
analysis were conducted using the GraphPad Prism5 programme 
and the cut- off values were determined with a specificity of 95% 
compared with a healthy population of blood donors (n=179). 
A series of successive dilutions of a pool of sera from four posi-
tive patients was used as a reference standard in all plates and to 
convert optical density (OD) values to arbitrary units (AU).

A positive cut- off value was defined as ≥173.5 AU/mL, ≥166.9 
AU/mL, ≥146.5 AU/mL and ≥257.0 AU/mL for Anti- FCS, 
Anti- Fib, Anti- CFFHP and Anti- FCS- IgA, respectively. A test 
was only considered positive and specific for homocitrulline 
when the AU/mL values were higher than the respective cut- off 
and the OD value difference between carbamylated (homocitrul-
linated) and native (non- homocitrullinated) antigens was at least 
0.1 in agreement with the methodology previously reported.16 
Further details on the ELISA techniques are provided in the 
online supplementary text.

RF was measured by nephelometry and ACPA was assessed 
by anti-CCP3 chemiluminescent immunoassay (QUANTA Flash 
CCP3, Inova Diagnostics). The cut- offs for positive values were 
25 international units (IU) and 20 chemiluminescence units 
(CU), respectively.

statistical analysis
Between- group differences were analysed using descriptive 
statistics as appropriate. Proportions were compared using the χ² 
or Fisher’s exact test. Continuous variables were analysed using 
the Student’s t- test or the Mann–Whitney U test and presented 
as means with SD (±) or medians with IQR.

The association between Anti- CarP and ILD was evaluated 
using logistic regression including a set of variables known to 
be related to the development of ILD such as smoking, sex, age, 
RA disease duration, ACPA and RF and others taken from the 
univariate analysis (p<0.2). Potential confounders such as treat-
ments or disease activity were not included in the models because 
of concerns regarding timing, dosing and study design. Different 
models were built using the all possible equations approach and 
the final models were chosen according to the Akaike informa-
tion criterion and the area under the ROC curve after assessing 
possible first order interactions.

Exploratory analysis, including the association between Anti- 
FCS- IgA and RA- ILD, and the unadjusted assessment of the 
overlap between antibodies and the association between Anti- 
CarP and smoking were performed in the main population.

There was only one observation missing for HAQ in the main 
population which was imputed using the average HAQ values in 
the respective group.

Two- tailed p values <0.05 were established to be statistical 
significance in all analyses, which were performed using both 
IBM SPSS for Windows V.23.0 and STATA V.15.

ethics
Signed informed consent was obtained from all patients before 
study enrolment. The Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines were followed.

ResuLTs
study population baseline features
One hundred and seventy- nine patients were enrolled in the 
main population: 31 in the RA- ILD group and 148 in the non- 
ILD group. The diagnostic work- up resulted in six new ILD 
diagnoses: these patients were relocated to the RA- ILD (see 
figure 1). Thus, 37 patients (21%) were finally included in the 
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Figure 1 Main population flow chart. ILD, interstitial lung disease; RA, 
rheumatoid arthritis.

Table 1 Main population demographic, clinical and therapeutic features

Main population, n: 179 RA- ILd, n: 37 non- ILd RA, n: 142 P value

Female (%) 141 (79) 25 (68) 116 (82) NS

Age mean (±SD) 59.7 (13.0) 67.3 (10.1) 57.7 (12.9) <0.005

Mean disease duration (±SD) 6.6 (5.0) 11.6 (7.1) 5.3 (13.3) <0.005

Current smokers (%) 30 (17) 7 (19) 23 (16) NS

Ever smokers (%) 83 (46) 21 (57) 62 (44) NS

Smoking cumulative dose (±SD) 24.1 (13.0) 30.7 (11.1) 21.8 (12.0) <0.005

Caucasian (%) 151 (84) 31 (84) 120 (85) NS

Other EAMs

 Sicca syndrome (%) 33 (18) 8 (22) 25 (18) NS

 Rheumatoid nodules (%) 21 (12) 7 (19) 14 (10) NS

 Serositis (%) 3 (2) 1 (3) 2 (1) NS

Treatment

 Glucocorticoids (%) 108 (60) 26 (70) 82 (58) NS

 csDMARDs (%) 155 (87) 33 (89) 132 (86) NS

 MTX (%) 115 (64) 20 (54) 95 (67) NS

 bDMARDs (%) 47 (26) 11 (30) 36 (25) NS

Mean DAS28 (±SD) 2.94 (1.18) 3.71 (1.35) 2.74 (1.05) <0.005

Erosive disease (%) 89 (50) 26 (70) 63 (44) <0.005

Mean HAQ- DI (95% CI) 0.39 (0.32 to 0.46) 0.69 (0.53 to 0.85) 0.31 (0.24 to 0.38) <0.005

Functional disability HAQ- DI ≥1 (%) 27 (15) 10 (27) 17 (12) 0.024

bDMARDs, biological disease- modifying antirheumatic drugs; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; DAS28, Disease Activity Score in 28 
joints; EAMs, extra- articular manifestations; HAQ- DI, Health Assessment Questionnaire Disability Index; ILD, interstitial lung disease; MTX, methotrexate; NS, not significant; RA, 
rheumatoid arthritis.

RA- ILD group and 142 in the non- ILD RA group. The repli-
cation sample was composed of 25 patients with RA- ILD and 
50 RA patients without ILD. The baseline features of the main 
population and the replication sample are summarised in table 1 
and online supplementary table S1, respectively.

In the main population, RA- ILD patients had a mean age at 
ILD diagnosis of 64.2 (±9.7) years and a mean time from RA 
diagnosis to ILD diagnosis of 8.5 (±7.4) years. Usual inter-
stitial pneumonia (38%) and non- specific pneumonia (38%) 
were the most frequent ILD patterns, followed by respiratory 
bronchiolitis- associated ILD (11%), cryptogenic organised pneu-
monia (8%) and desquamative interstitial pneumonia (5%).

Subjects within the RA- ILD group were older and had a longer 
disease duration than their counterparts at inclusion (p<0.005) 
as well as greater disease activity (DAS28 3.71 (±1.35) vs 2.74 

(±1.05), p<0.005), a higher proportion of erosive disease (70% 
vs 44%, p<0.005) and functional disability (HAQ- DI ≥1; 27% 
vs 12%, p value: 0.02). No differences in current (19% vs 16%, p 
value: 0.69) and ever- smoking (57% vs 44%, p value: 0.15) were 
observed, although patients with RA- ILD had a higher smoking 
cumulative dose (30.7 (±11.1) vs 21.8 (±12.0) packs/year, 
p<0.005). No between- group differences in the proportions of 
current csDMARDs (89% vs 86%, p value: 0.60), bDMARDs 
(30% vs 25%, p value: 0.59) or glucocorticoids (70% vs 58%, p 
value: 0.17) were observed.

Anti-CarP and RA-ILd
The proportions of positive Anti- CarP in the main population 
were 49%, 56%, 23% and 27% for Anti- FCS, Anti- Fib, Anti- 
CFFHP and Anti- FCS- IgA, respectively. All Anti- CarP fine spec-
ificities were more frequent in the RA- ILD group (Anti- FCS: 
70% vs 43%; Anti- Fib: 73% vs 51%; Anti- CFFHP: 38% vs 
19%; Anti- FCS- IgA: 51% vs 20%, p<0.05 for all comparisons) 
(table 2). Similar results were observed in the replication sample 
(Anti- FCS: 92% vs 48%, p<0.005; Anti- Fib: 76% vs 58%, p 
value: 0.12; Anti- CFFHP: 36% vs 18%, p value: 0.08).

In addition, the mean titers were higher in the RA- ILD group, 
ranging from approximately 1.3 for Anti- Fib to nearly fourfold 
for Anti- CFFHP; the differences were statistically significant for 
Anti- FCS, Anti- CFFHP and Anti- FCS- IgA (figure 2A–C,F).

A logistic regression model adjusted for age, RA disease dura-
tion, ACPA, RF, sex and smoking cumulative dose showed that 
Anti- FCS (OR: 3.42; 95% CI: 1.13 to 10.40), Anti- CFFHP (OR: 
3.12; 95% CI: 1.06 to 9.14) and Anti- FCS- IgA (OR: 4.30; 95% 
CI: 1.41 to 13.04) were independently associated with ILD. The 
results of the analysis for Anti- Fib (OR: 2.85; 95% CI: 0.83 to 
9.71) followed a similar trend, although not significant. This 
tendency was confirmed in the replication sample; Anti- FCS 
(OR: 10. 42; 95% CI: 1.68 to 64.46); Anti- Fib (OR: 1. 65; 95% 
CI: 0.40 to 6.86) and Anti- CFFHP (OR: 1. 49; 95% CI: 0.42 to 
5.29) (table 3).
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Table 2 Main population autoantibody status in patients with and without ILD

Main population, n: 179 RA- ILd, n: 37 non- ILd RA, n: 142 P value

ACPA positive (%) 128 (72) 29 (78) 99 (70) NS

Median titer ACPA (IQR) CU 222 (1341) 674 (2215) 143 (1132) NS

RF positive (%) 111 (62) 28 (76) 83 (59) NS

Median titer RF (IQR) IU 40 (182) 105 (298) 34 (110) NS

Anti- FCS positive (%) 87 (49) 26 (70) 61 (43) <0.005

Median titer Anti- FCS (IQR) AU/mL 168 (354) 332 (1700) 136 (304) <0.005

Anti- Fib positive (%) 100 (56) 27 (73) 73 (51) 0.019

Median titer Anti- Fib (IQR) AU/mL 186 (305) 281 (357) 175 (277) NS

Anti- CFFHP positive (%) 41 (23) 14 (38) 27 (19) 0.015

Median titer Anti- CFFHP (IQR) AU/mL 16 (131) 33 (834) 14 (115) 0.030

Anti- FCS- IgA positive (%) 48 (27) 19 (51) 29 (20) <0.005

Median titer Anti- FCS- IgA (IQR) AU/mL 102 (285) 258 (528) 79 (222) <0.005

ACPA, anticitrullinated protein antibody; Anti- CFFHP, IgG antibodies against chimeric fibrine/filagrine homocitrullinated peptide; Anti- FCS, IgG antibodies against carbamylated 
fetal calf serum; Anti- FCS- IgA, IgA antibodies against carbamylated fetal calf serum; Anti- Fib, IgG antibodies against carbamylated fibrinogen; AU, arbitrary units; CFFHP, chimeric 
fibrin/filaggrin homocitrullinated peptide; CU, chemiluminescence units; ILD, interstitial lung disease; IU, international units; NS, not significant; RA, rheumatoid arthritis; RF, 
rheumatoid factor.

Figure 2 Boxplots of autoantibody titers in patients with and without ILD. ACPA, anticitrullinated protein antibody; Anti- CFFHP, IgG antibodies 
against chimeric fibrine/filagrine homocitrullinated peptide; Anti- FCS, IgG antibodies against carbamylated fetal calf serum; Anti- Fib, IgG antibodies 
against carbamylated fibrinogen; Anti- FCS- IgA, IgA antibodies against carbamylated fetal calf serum immunoglobulin A; AU, arbitrary units; CU, 
chemiluminescence units; ILD, interstitial lung disease; IU, international units; RA, rheumatoid arthritis; RF, rheumatoid factor.

http://ard.bmj.com/
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Table 3 Logistic regression models for the association between Anti- CarP specificities with RA- ILD

Main population Replication sample

OR p>|z| 95% CI OR p>|z| 95% CI

Anti- FCS 3.421 0.030 1.125 to 10.404 10.419 0.012 1.684 to 64.459

 Age 1.068 0.008 1.017 to 1.120 1.045 0.211 0.974 to 1.122

 RA disease duration 1.291 0.000 1.161 to 1.436 0.989 0.708 0.933 to 1.047

 ACPA 0.525 0.300 0.155 to 1.775 0.708 0.809 0.043 to 11.624

 RF 2.016 0.246 0.616 to 6.596 5.080 0.080 0.823 to 31.330

 Sex 0.492 0.201 0.166 to 1.459 3.594 0.128 0.692 to 18.670

 Smoking cumulative dose 1.023 0.145 0.992 to 1.055 0.962 0.061 0.923 to 1.001

Anti- Fib 2.846 0.095 0 .834 to 9.708 1.649 0.491 0.396 to 6.856

 Age 1.070 0.006 1.020 to 1.123 1.047 0.142 0.984 to 1.115

 RA disease duration 1.276 0.000 1.147 to 1.420 0.983 0.518 0.934 to 1.034

 ACPA 0.618 0.427 0.188 to 2.026 1.768 0.641 0.160 to 19.419

 RF 1.688 0.431 0.459 to 6.212 5.613 0.056 0.956 to 32.952

 Sex 0.475 0.179 0.160 to 1.408 2.406 0.229 0.575 to 10.066

 Smoking cumulative dose 1.026 0.089 0.996 to 1.057 0.969 0.083 0.935 to 1.004

Anti- CFFHP 3.115 0.039 1.061 to 9.138 1.494 0.534 0.421 to 5.291

 Age 1.058 0.016 1.010 to 1.107 1.046 0.147 0.984 to 1.113

 RA disease duration 1.285 0.000 1.157 to 1.426 0.985 0.586 0.937 to 1.037

 ACPA 0.494 0.268 0.142 to 1.720 1.868 0.605 0.174 to 19.948

 RF 2.617 0.104 0.819 to 8.357 6.231 0.037 1.113 to 34.888

 Sex 0.382 0.092 0.124 to 1.171 2.030 0.321 0.501 to 8.215

 Smoking cumulative dose 1.023 0.143 0.992 to 1.055 0.971 0.126 0.937 to 1.008

ACPA, anticitrullinated protein antibody; Anti- CarP, anti- carbamylated protein antibodies; Anti- CFFHP, IgG antibodies against chimeric fibrine/filagrine homocitrullinated peptide; 
Anti- FCS, IgG antibodies against carbamylated fetal calf serum; Anti- Fib, IgG antibodies against carbamylated fibrinogen; ILD, interstitial lung disease; RA, rheumatoid arthritis; 
RF, rheumatoid factor.

Table 4 Overlap between Anti- CarP specificities with ACPA and RF in the main population

Anti- FCs      Anti- Fib Anti- CFFHP Anti- FCs- IgA

Positive
n: 87

negative
n: 92

Positive
n: 100

negative
n: 79

Positive
n: 41

negative
n: 138

Positive
n: 48

negative
n: 131

ACPA Positive, n: 128 76 (59%) 52 (41%) 85 (66%) 43 (33%) 40 (31%) 88 (69%) 43 (34%) 85 (66%)

Negative, n: 51 11 (22%) 40 (78%) 15 (29%) 36 (71%) 1 (2%) 50 (98%) 5 (10%) 46 (90%)

Median titer (IQR) CU 760 (2034) 26 (473) 732 (2062) 28 (415) 994 (2278) 75 (929) 154 (313) 12 (167)

RF Positive, n: 111 71 (64%) 40 (36%) 87 (78%) 24 (22%) 32 (29%) 79 (71%) 45 (41%) 66 (59%)

Negative, n: 68 16 (24%) 52 (76%) 13 (19%) 55 (81%) 9 (13%) 59 (87%) 3 (4%) 65 (96%)

Median titer (IQR) IU 102 (260) 18 (48) 115 (261) 12 (24) 105 (190) 32 (117) 184 (336) 0 (93)

ACPA, anticitrullinated protein antibody; Anti- CFFHP, IgG antibodies against chimeric fibrine/filagrine homocitrullinated peptide; Anti- FCS, IgG antibodies against carbamylated fetal calf serum; 
Anti- FCS- IgA, IgA antibodies against carbamylated fetal calf serum immunoglobulin A; Anti- Fib, IgG antibodies against carbamylated fibrinogen; CU, chemiluminescence units; IU, international 
units; RF, rheumatoid factor.

ACPA, RF and RA-ILd
No differences were found in the proportion of patients who 
tested positive for ACPA (78% vs 70%, p value: 0.29) or RF 
(76% vs 59%, p value: 0.06) according to ILD status. Numeri-
cally higher titers of both antibodies (median (IQR), 674 (2215) 
vs 143 (1132) CU, p value: 0.07) and (105 (298) vs 34 (110) IU, 
p value: 0.06) ACPA and RF, respectively) were observed in the 
RA- ILD group (see table 2 and figure 2D,E), although statistical 
significance was not reached.

Overlap between Anti-CarP with ACPA and RF
The overlap between Anti- CarP specificities in ACPA and RF 
positive patients is shown in table 4. Among those patients nega-
tive to both RF and ACPA, a small subset of positive Anti- FCS 
(9%), Anti- Fib (14%), Anti- CFFHP (3%) and Anti- FCS- IgA 
(6%) was observed. ACPA and RF titers were significantly higher 
in patients seropositive for Anti- FCS, Anti- Fib, Anti- CFFHP and 
Anti- FCS- IgA (p<0.005 for all comparisons).

Anti-CarP and smoking
Numerically higher proportions of all Anti- CarP were observed 
in ever and current smokers, although the difference was only 
significant for Anti- FCS (58% vs 41% and 67% vs 45%, respec-
tively), Anti- Fib (65% vs 48% and 77% vs 52%, respectively) 
and Anti- FCS- IgA (37% vs 18% and 50% vs 22%), p<0.05 
for all comparisons. No differences in the smoking cumulative 
dose according to the Anti- CarP status were observed. Details in 
the unadjusted association between Anti- CarP and smoking are 
provided in online supplementary table S2 and S3.

dIsCussIOn
This is the first study to analyse the association between Anti- 
CarP and RA- ILD. We found higher proportions and titers up to 
nearly fourfold greater of different Anti- CarP specificities in the 
RA- ILD group when compared with patients without this lung 
involvement. All Anti- CarP showed a consistent effect towards 
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increasing the odds of ILD, even after adjustment for pertinent 
confounders using logistic regression modelling.

Compared with the general population, RA entails a 50% 
higher risk of mortality.17 Over the past two decades, the 
mortality rate has declined, mostly due to a reduction in deaths 
related to cardiovascular disease and malignancies,18 19 possibly 
attributed to an earlier diagnosis and treat- to- target strate-
gies. Conversely, incident deaths from pulmonary disease have 
remained stable19 and may become the leading cause of death 
in RA patients. RA- ILD plays a major role in the burden of 
pulmonary- related deaths and constitutes an unmet need, even 
with available treatment options. RA- ILD patients usually have 
greater comorbidity and a higher incidence of infection, reflected 
by a higher mortality2 20 21 and a greater disability. Therefore, 
early detection is crucial in establishing an individualised treat-
ment strategy.

Various novel candidates have been proposed for RA- ILD 
screening, including imaging techniques such as positron emis-
sion tomography and pulmonary ultrasound,22 23 or serum 
biomarkers such as the matrix metalloproteinases 7, surfactant 
protein D and Krebsvon del Lungen-6.4 5 RA- ILD has been asso-
ciated with different antimodified protein antibodies (AMPAs) 
based on citrulline24 25 and more recently, malondialdehyde–
acetaldehyde adducts.26 Screening techniques can increase 
RA- ILD diagnostic accuracy, although a model based on features 
used in clinical practice such as age, sex, smoking, RF and ACPA 
has a potent screening capacity for symptomatic and subclinical 
RA- ILD.4 Based on these findings, we decided to include these 
features in addition to RA disease duration as adjusting variables 
in our models.

The relationship between ACPA and ILD has been addressed in 
different studies with most showing a higher seroprevalence and 
titers in RA- ILD cohorts.1 27–29 However, no association between 
ACPA and RA- ILD has been confirmed in other cohorts30 31 and 
up to 17% of patients with RA- ILD are reported to be ACPA- 
negative.20 In a recent meta- analysis, ACPA positivity was asso-
ciated with a higher risk for ILD (OR: 4.7, 95% CI: 2.1 to 10.6) 
although a single study contributed almost 75% to the weighted 
average and was not specifically concerned with RA- ILD.29 We 
found that ACPA and RF were numerically higher in patients with 
ILD, but the differences were not significant, unlike Anti- CarP.

The association between Anti- CarP and RA- ILD observed in 
the main population and the replication sample opens a debate 
on the potential role of homocitrullination (carbamylation) and 
its antibody response on its development. So far, no studies 
have evaluated homocitrulline in lung tissue of RA patients as 
opposed to citrulline.32 However, carbamylated peptides have 
been detected in the synovial of RA patients33 and lung tissue 
from smokers and asthma patients.34 35 Interestingly, Anti- CarP 
have been found in subjects with bronchiectasis, cystic fibrosis 
and chronic obstructive pulmonary disease with no smoking or 
RA history.11 12

Carbamylation can change the structure, function and anti-
body antigen binding avidity of a wide range of proteins.36 Thus, 
Anti- CarP may target homocitrullinated peptides found in the 
lung and promote a subsequent inflammatory response, which is 
essential in the genesis and progression of ILD.37 38 An alterna-
tive explanation is a direct pulmonary insult by the inflammatory 
cascade precipitated by an increased sensitivity of proteinases 
and the presence of free radicals and other inflammatory medi-
ators enhanced by carbamylated free amino acids found in the 
lung.36 Notably, the association between ILD and Anti- CarP- IgA 
presented the greatest effect size, fuelling the hypothesis that 
RA- related antibodies originate in the respiratory mucosa.39

Although ACPA and Anti- CarP present important differences 
in their genetic40 and environmental41 backgrounds, both anti-
body systems form part of the AMPA family and have great struc-
tural similarity.36 As in previous studies,8 9 a substantial overlap 
between autoantibodies was observed in our cohort. However, 
inhibition studies and the fact that a subset of ACPA negative 
patients can harbour Anti- CarP (up to 29% in our population) 
support the hypothesis that the overlap is only partial.7 42 Recent 
evidence indicates that exposure to a purified specific PTM such 
as homocitrulline, acetaldehyde or citrulline can induce AMPAs 
against antigens containing other PTMs.43 Hence, a single PTM 
can generate a breaking of tolerance against multiple modified 
antigens.

Smoking, the leading environmental risk factor for RA and 
RA- ILD is also a known risk factor for breaking tolerance against 
multiple modified antigens.44 Smoking can induce carbamyla-
tion directly by inhalation of thiocyanate or via myeloperoxi-
dase release by neutrophils at inflammation sites.8 34 36 Like a 
previous study,44 we found a higher seroprevalence of Anti- CarP 
among smokers. There were no between- group differences in 
ever or current smoking according to the presence of ILD, yet 
a higher smoking cumulative dose was observed. No interaction 
between the smoking cumulative dose and Anti- CarP specifici-
ties was observed in the regression models, suggesting that the 
association between Anti- CarP and ILD is not a simple surrogate 
marker for smoking.

Our study has some limitations. First, a relatively small 
proportion of patients with RA- ILD was included, so we had 
to be conservative while building our models because of the 
risk of overfitting, so residual confounding cannot be ruled- out. 
Treatment and disease activity were not included; the former 
due to concerns about the accuracy of timing and dosing and 
current literature’s inability to validate a true relationship 
between RA- ILD and methotrexate45 or bDMARDs.46–48 The 
latter, because of the design of the study with only a single 
measurement, which has not shown to be relevant in previous 
reports,49 50 as opposed to its longitudinal evaluation.51 Likewise, 
we cannot rule- out subclinical RA- ILD in the control group, 
mainly due to the lack of a universally accepted evidence- based 
screening approach. Finally, most of our patients are of Mediter-
ranean Caucasian origin, which has been associated with a less 
aggressive RA course and a lower prevalence of extra- articular 
disease.52

In conclusion, a robust association between different Anti- CarP 
and RA- ILD was found after adjusting for multiple confounders 
including ACPA and RF. These findings pose the debate whether 
a link between homocitrullination and the development of this 
devastating extra- articular manifestation exists. However, our 
results should be interpreted with caution and further studies 
validating our findings are needed.
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AbSTrACT
Objectives Bimekizumab selectively neutralises both 
interleukin (il)- 17a and il- 17F. We report efficacy and 
safety in a phase iib dose- ranging study in patients with 
active ankylosing spondylitis (as).
Methods adults with as (fulfilling modified new York 
criteria) were randomised 1:1:1:1:1 to bimekizumab 16 
mg, 64 mg, 160 mg, 320 mg or placebo every 4 weeks 
for 12 weeks (double- blind period). at week 12, patients 
receiving bimekizumab 16 mg, 64 mg or placebo were 
re- randomised 1:1 to bimekizumab 160 mg or 320 mg 
every 4 weeks to week 48; other patients continued on 
their initial dose (dose- blind period). The primary end 
point was assessment of spondyloarthritis international 
society (asas) 40 response at week 12 (non- responder 
imputation (nRi) for missing data).
results 303 patients were randomised: bimekizumab 
16 mg (n=61), 64 mg (n=61), 160 mg (n=60), 320 mg 
(n=61) or placebo (n=60). at week 12, significantly 
more bimekizumab- treated patients achieved asas40 
vs placebo (nRi: 29.5%–46.7% vs 13.3%; p<0.05 
all comparisons; OR vs placebo 2.6–5.5 (95% Ci 1.0 
to 12.9)). a significant dose- response was observed 
(p<0.001). The primary end point was supported by all 
secondary efficacy outcomes. at week 48, 58.6% and 
62.3% of patients receiving bimekizumab 160 and 320 
mg throughout the study achieved asas40, respectively 
(nRi); similar asas40 response rates were observed in 
re- randomised patients. During the double- blind period, 
treatment- emergent adverse events occurred in 26/60 
(43.3%) patients receiving placebo and 92/243 (37.9%) 
receiving bimekizumab.
Conclusions Bimekizumab provided rapid and 
sustained improvements in key outcome measures in 
patients with active as, with no unexpected safety 
findings versus previous studies.
Trial registration number nCT02963506.

InTrOduCTIOn
Ankylosing spondylitis (AS) is a chronic disease, 
characterised by inflammation of the axial skeleton.1 
It is also referred to as radiographic axial spondy-
loarthritis (r- axSpA). AS can often be accompanied 

by other manifestations such as peripheral enthesitis 
and arthritis, uveitis, inflammatory bowel disease 
(IBD) and psoriasis.1 2 Expression of human 

Key messages

What is already known about this subject?
 ► There remains a need for treatment options in 
ankylosing spondylitis (AS) that can provide 
sustained, long- term disease control and 
improve patient quality of life.

What does this study add?
 ► Bimekizumab, a monoclonal antibody that 
neutralises both interleukin (IL)- 17A and IL- 17F, 
has shown clinically relevant improvements in 
both psoriasis and psoriatic arthritis, leading to 
its evaluation in other IL-17- mediated diseases.

 ► This is the first study to assess bimekizumab in 
patients with active AS.

 ► A significant dose- response was observed with 
bimekizumab for ASAS40 at week 12 (p<0.05), 
with a rapid onset and greater ASAS40 
response rates for all doses of bimekizumab 
versus placebo, which continued to increase to 
week 48.

 ► A similar pattern was observed across 
secondary outcomes, representing 
improvements in quality of life measures versus 
placebo and over time.

 ► Safety was in line with previous bimekizumab 
studies and comparable with the IL- 17A 
inhibitor class.

How might this impact on clinical practice or 
future developments?

 ► Results from this study contribute to the 
growing body of evidence supporting dual 
neutralisation of IL- 17A and IL- 17F with 
bimekizumab as a novel therapeutic option for 
the treatment of AS.

 ► Phase III studies in patients with AS and 
non- radiographic axial spondyloarthritis are 
ongoing.
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leucocyte antigen (HLA)- B27 is strongly associated with the 
disease, and patients often have elevated levels of inflammatory 
markers such as C reactive protein (CRP).1 Patients experience 
chronic pain and functional impairment, impacting on sleep, 
daily activities and overall quality of life,3–5 with some patients 
experiencing physical disability due to structural damage of the 
spine.6

Non- steroidal anti- inflammatory drugs (NSAIDs) are a first- 
line treatment to provide symptomatic relief to patients with AS.7 
However, response to NSAIDs may be inadequate or they may 
be contraindicated. Conventional synthetic disease- modifying 
antirheumatic drugs, such as methotrexate or sulfasalazine, 
are not efficacious in axial disease, although the latter may be 
effective for patients with peripheral arthritis.7 Tumour necrosis 
factor (TNF) inhibitors are the first- line biologic in patients with 
high disease activity, but not all patients achieve adequate disease 
control or tolerate treatment.8 9 Interleukin (IL)- 17A inhibitors 
are effective second- line therapies10 11; however, some patients 
may still experience unsatisfactory response and require alterna-
tive treatments.

The IL-17 axis represents an established target in AS treat-
ment, and inflammation is associated with an increase in IL-17- 
producing innate immune cells.12 Two members of the IL-17 
cytokine family, IL- 17A and IL- 17F, share ~50% structural 
homology and have similar pro- inflammatory function, signal-
ling via the same receptor complex.13 14 Preclinical evidence 
from human in vitro assays has shown that IL- 17A and IL- 17F 
cooperate with other mediators of inflammation, such as TNF, 
to amplify inflammatory responses.15 The contribution of 
IL- 17F, in addition to IL- 17A, to pathological bone formation 
has been shown in a human periosteum- derived stem cell model 
of osteogenic differentiation, indicating that neutralisation of 
both cytokines inhibits this process to a greater extent than 
IL- 17A alone.16 17 In addition, levels of IL- 17A and IL- 17F have 
been found to be higher in the serum of patients with AS versus 
healthy controls, correlating with markers of systemic inflam-
mation.18 19

Bimekizumab is a monoclonal antibody developed to selec-
tively neutralise both IL- 17A and IL- 17F,20 and has been previ-
ously evaluated in a first- in- human study in patients with mild 
psoriasis, a proof- of- concept study in patients with moderate- 
to- severe psoriatic arthritis (PsA) and a phase IIb dose- ranging 
study in patients with moderate- to- severe plaque psoriasis.15 20 21 
The overlap in symptoms between psoriasis, PsA and AS,2 22 and 
involvement of the IL-17 pathway, led to the evaluation of bime-
kizumab as a potential therapeutic option in AS. Here, we report 
results of the phase IIb BE AGILE study, the first dose- ranging 
clinical study evaluating the efficacy and safety of bimekizumab 
in patients with active AS.

MeTHOdS
Study design
This phase IIb, randomised, 48- week, double- blind, placebo- 
controlled, parallel- group, dose- ranging study (BE AGILE) 
(online supplementary files 1; 2) was conducted at 74 centres 
across 10 countries in Europe and the USA.

Patient and public involvement
Patients with AS were consulted to understand treatment needs 
and recommend ways to facilitate study participation while 
minimising the burden of study visits. Study participants were 
recruited by the study sites and provided written consent to 
participate.

Participants
Eligible patients were ≥18 years of age with AS, as determined 
by documented radiographic sacroiliitis (X- rays were centrally 
read by two readers and a third in case of discrepancy), fulfilling 
the modified New York (mNY) criteria for AS,23 symptom dura-
tion of ≥3 months, age at onset of <45 years, with active disease 
as defined by Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI) score of ≥4 and spinal pain ≥4 on a 0–10 numer-
ical rating scale (NRS) (from BASDAI question 2). Patients 
were required to have at least one of the following: inadequate 
response to NSAIDs (defined as a lack of response for ≥4 weeks 
of continuous NSAID therapy or the lack of response to ≥2 
NSAIDs at the maximum tolerated dose for ≥4 weeks), intol-
erance to ≥1 NSAID or contraindication(s) to NSAIDs. Prior 
treatment with up to one TNF inhibitor was permitted, which 
must have been discontinued because of inadequate response, 
intolerance or loss of access.

Patients with active/symptomatic Crohn’s disease or ulcerative 
colitis (UC) were excluded; previous history of Crohn’s disease 
or UC was not an exclusion criterion. Other exclusion criteria 
were total ankylosis of the spine, a concurrent or history of malig-
nancy during the past 5 years, a diagnosis of other inflammatory 
conditions (eg, rheumatoid arthritis), active infection or infec-
tion requiring antibiotics within 2 weeks of baseline, a history 
of chronic or recurrent infections or a serious/life- threatening 
infection within 6 months of baseline, presence of significant, 
uncontrolled neuropsychiatric disorder, active suicidal ideation, 
or positive suicide behaviour within the past 6 months.

Interventions
Initially, patients were randomised 1:1:1:1:1 to receive subcuta-
neous bimekizumab 16 mg, 64 mg, 160 mg, 320 mg or placebo 
every 4 weeks. At the end of the double- blind period at week 12, 
following all assessments, patients were re- allocated treatment 
for the dose- blind period as follows: patients initially receiving 
placebo, bimekizumab 16 mg or 64 mg were randomised 1:1 to 
receive bimekizumab 160 or 320 mg every 4 weeks through to 
week 48. Patients in the bimekizumab 160 and 320 mg groups 
continued on the same schedule through to week 48 (figure 1; 
see online supplementary methods for additional information on 
interventions and randomisation and masking).

Outcomes
The primary efficacy end point was the percentage of patients 
with an Assessment of SpondyloArthritis international Society 
(ASAS) 40 response at week 12, defined according to the ASAS 
Handbook.24

Secondary efficacy end points were ASAS20 response, 
ASAS5/6 response, change from baseline in BASDAI, Bath 
Ankylosing Spondylitis Functional Index (BASFI) and Anky-
losing Spondylitis Disease Activity Score with CRP (ASDAS), 
all at week 12. Additional efficacy end points included ASAS40, 
ASAS20, ASDAS inactive disease (ID; <1.3), ASDAS low disease 
activity (ASDAS- LDA; 1.3–<2.1),25 ASDAS major improvement 
(ASDAS- MI; reduction ≥2.0 from baseline), ASAS partial remis-
sion (PR), change from baseline in the linear version of the Bath 
Ankylosing Spondylitis Metrology Index (BASMI)26 and change 
from baseline in Maastricht Ankylosing Spondylitis Enthesitis 
Score (MASES) index. Additional outcomes included measure-
ment of high- sensitivity CRP (hs- CRP) levels in blood samples 
and MRI performed in a subset of patients (20 planned per treat-
ment group) to evaluate the effect of bimekizumab on objective 

https://dx.doi.org/10.1136/annrheumdis-2020-216980
https://dx.doi.org/10.1136/annrheumdis-2020-216980
http://ard.bmj.com/


597van der Heijde D, et al. Ann Rheum Dis 2020;79:595–604. doi:10.1136/annrheumdis-2020-216980

Spondyloarthritis

Figure 1 (A) ASAS40 response at week 12 (primary efficacy end point; FAS, NRI). *P value vs placebo calculated from a logistic regression 
model including fixed effects for treatment, geographic region and prior TNF inhibitor exposure; *p<0.05, **p<0.01, ***p<0.001. (B) ASAS40 
responses over 48 weeks; FAS, NRI (weeks 0–12); DBS, NRI (weeks 12–48). (C) ASDAS over time; FAS, MI (weeks 0–12); DBS, MI (weeks 12–48). 
ASAS40, Assessment of SpondyloArthritis international Society improvement of ≥40%; ASDAS, Ankylosing Spondylitis Disease Activity Score; BKZ, 
bimekizumab; DBS, dose- blind set; FAS, full analysis set; MI, multiple imputation; NRI, non- responder imputation.

http://ard.bmj.com/
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Table 1 Patient demographics and baseline disease characteristics (FAS)

Placebo
Q4W (n=60)

bKZ 16 mg 
Q4W (n=61)

bKZ 64 mg 
Q4W (n=61)

bKZ 160 mg 
Q4W (n=60)

bKZ 320 mg 
Q4W (n=61)

All patients
(n=303)

Age, years, mean (SD) 39.7 (10.3) 43.3 (12.6) 40.4 (10.9) 42.4 (13.1) 45.0 (11.4) 42.2 (11.8)

Sex (male), n (%) 49 (81.7) 53 (86.9) 52 (85.2) 52 (86.7) 50 (82.0) 256 (84.5)

Caucasian, n (%) 60 (100) 58 (95.1) 60 (98.4) 59 (98.3) 61 (100) 298 (98.3)

HLA- B27 positive, n (%) 57 (95.0) 51 (83.6) 56 (91.8) 52 (86.7) 54 (88.5) 270 (89.1)

Time since onset of first symptoms, years, mean (SD) 14.1 (8.4) 16.2 (10.6) 12.4 (8.3) 14.8 (10.3) 15.3 (10.6) 14.6 (9.7)

Time since diagnosis, years, mean (SD) 6.6 (7.2) 8.0 (9.4) 7.3 (7.8) 8.8 (9.2) 8.8 (8.8) 7.9 (8.5)

ASDAS, mean (SD) 3.8 (0.9) 3.9 (0.7) 4.2 (0.8) 3.9 (0.8) 3.9 (0.7) 3.9 (0.8)

hs- CRP, mg/L, mean (SD) 17.6 (24.6) 15.2 (17.7) 23.5 (21.6) 20.5 (19.3) 18.4 (20.6) 19.0 (20.9)

BASDAI, mean (SD) 6.5 (1.4) 6.7 (1.4) 6.7 (1.3) 6.3 (1.3) 6.5 (1.6) 6.5 (1.4)

BASFI, mean (SD) 5.6 (2.0) 5.9 (1.7) 6.0 (1.8) 5.6 (2.2) 5.9 (2.0) 5.8 (2.0)

BASMI, mean (SD) 4.4 (1.6) 4.8 (1.7) 4.7 (1.7) 4.6 (1.8) 4.8 (1.8) 4.7 (1.7)

Spinal pain score, mean (SD) 7.0 (1.7) 7.2 (1.9) 7.4 (1.6) 6.6 (2.0) 7.3 (1.5) 7.1 (1.7)

PGADA, mean (SD) 7.0 (1.7) 7.1 (1.5) 7.3 (1.6) 6.5 (1.8) 7.1 (1.9) 7.0 (1.7)

Previous TNF inhibitor therapy, n (%) 7 (11.7) 8 (13.1) 7 (11.5) 7 (11.7) 5 (8.2) 34 (11.2)

Current NSAID therapy, n (%)

 1 51 (85.0) 53 (86.9) 50 (82.0) 54 (90.0) 56 (91.8) 264 (87.1)

  2 2 (3.3) 3 (4.9) 1 (1.6) 1 (1.7) 1 (1.6) 8 (2.6)

Receiving csDMARDs, n (%) 13 (21.7) 9 (14.8) 18 (29.5) 18 (30.0) 21 (34.4) 79 (26.1)

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, 
Bath Ankylosing Spondylitis Metrology Index; BKZ, bimekizumab; CRP, C reactive protein; csDMARD, conventional synthetic disease- modifying antirheumatic drug; HLA- B27, 
human leucocyte antigen- B27; NSAID, non- steroidal anti- inflammatory drug; PGADA, patient global assessment of disease activity; Q4W, every 4 weeks; TNF, tumour necrosis 
factor.

signs of inflammation (see online supplementary methods for 
additional information).

Patient- reported outcomes (PROs) included change from 
baseline in Ankylosing Spondylitis Quality of Life (ASQoL), 
36- Item Short Form Survey (SF-36) and sleep quality (Medical 
Outcomes Study (MOS)-12 item scale). Post hoc analyses 
included patients achieving a ≥50% improvement in BASDAI 
response (BASDAI 50) and change from baseline in fatigue 
(BASDAI question 1).

Safety monitoring included incidence of adverse events (AEs), 
serious AEs (SAEs), withdrawal due to AEs and AEs of special 
interest. AEs identified for additional safety monitoring included: 
serious infections including opportunistic and tuberculosis, cyto-
penia, severe hypersensitivity reactions, IBD, suicide ideation or 
behaviour, depression and anxiety, major cardiovascular events 
(MACE), malignancies and liver function test changes.

Statistical analysis
The sample size was calculated using a two- sided test for 
detecting a linear trend across proportions at a significance level 
of 0.05.27 Assuming 57 patients in each treatment group, the 
test for detecting the overall dose response based on ASAS40 
treatment response was powered at >99%. Sample size calcula-
tions were based on ASAS40 response data from phase III studies 
of TNF inhibitors and secukinumab in patients with AS,11 28 29 
performed using nQuery Advisor 7.0.

The full analysis set (FAS) consisted of all randomised patients 
who received ≥1 dose of study drug and had a valid measure-
ment of the ASAS components at baseline. All patients starting 
the dose- blind period and who received ≥1 dose of study drug 
were included in the dose- blind set. The per- protocol set (PPS) 
consisted of all patients in the FAS who had no important 
protocol deviation affecting the primary efficacy end point. The 
safety set (SS) consisted of all randomised patients who received 
at least one dose of study drug.

The primary analysis was based on a Mantel- Haenszel test30 
and modified ridit scores with the corresponding p value. Non- 
responder imputation (NRI) was used to account for missing 
data. Pairwise comparisons of each bimekizumab dose versus 
placebo for ASAS40 at week 12 were based on a logistic regres-
sion model with fixed effects for treatment, region and prior 
TNF inhibitor exposure. Multiplicity was accounted for using 
a fixed sequence testing procedure with each bimekizumab 
dose tested sequentially versus placebo from the highest to 
lowest dose; each test was only conducted if the previous test 
reached significance at a two- sided significance level of α=0.05, 
to control the overall type 1 error rate. Further information is 
provided in the online supplementary files 1 and supplemen-
tary file 2. Other categorical end points (ASAS20 response and 
ASAS5/6) were analysed as for the primary efficacy end point, 
using NRI to account for missing patient data. For continuous 
end points (ASDAS, BASDAI and BASFI), multiple imputation 
(MI) was used to account for missing patient data. Data for the 
secondary and additional efficacy end points are descriptive 
only. Post hoc analyses and safety data were summarised using 
descriptive statistics by each visit.

reSulTS
In total, 601 patients were screened, with 303 randomised and 
included in the FAS and SS, and 282 in the PPS. The majority 
of screening failures were patients not fulfilling radiographic 
sacroiliitis according to mNY criteria (online supplementary 
figure 2).

The majority of patients (98.0%; 297/303) completed the 
double- blind period (online supplementary figure 2); 89.5% 
(265/296) completed the dose- blind period.

Patient demographics and baseline disease characteristics were 
similar across dose groups (table 1). The study population was 
typical of a cohort of patients with highly active, established AS; 
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Table 2 Primary and secondary efficacy end points (week 12; FAS, NRI/MI)

Placebo Q4W (n=60) bKZ 16 mg Q4W (n=61) bKZ 64 mg Q4W (n=61) bKZ 160 mg Q4W (n=60) bKZ 320 mg Q4W (n=61)

ASAS40*, n (%)

Week 12 8 (13.3) 18 (29.5) 26 (42.6) 28 (46.7) 28 (45.9)

ASAS20*, n (%)

Week 12 17 (28.3) 25 (41.0) 38 (62.3) 35 (58.3) 44 (72.1)

ASAS5/6*, n (%)

Week 12 4 (6.7) 18 (29.5) 30 (49.2) 32 (53.3) 33 (54.1)

BASDAI†, mean (SD)

 Baseline 6.5 (1.4) 6.7 (1.4) 6.7 (1.3) 6.3 (1.3) 6.5 (1.6)

 Week 12 5.5 (2.2) 5.0 (2.1) 3.9 (2.1) 3.8 (2.0) 3.7 (2.1)

 Change from baseline −1.0 (1.7) −1.7 (2.3) data- fill="true"−2.7 (2.2) −2.5 (1.8) −2.9 (2.2)

BASFI, mean (SD),

 Baseline 5.6 (2.0) 5.9 (1.7) 6.0 (1.8) 5.6 (2.2) 5.9 (2.0)

 Week 12 5.0 (2.4) 4.6 (2.4) 4.1 (2.3) 3.9 (2.2) 3.7 (2.5)

 Change from baseline −0.6 (1.9) −1.4 (2.2) −1.9 (2.4) −1.7 (1.8) −2.2 (2.0)

ASDAS†, mean (SD),

 Baseline 3.8 (0.9) 3.9 (0.7) 4.2 (0.8) 3.9 (0.8) 3.9 (0.7)

 Week 12 3.5 (1.1) 3.0 (0.9) 2.5 (0.9) 2.5 (1.0) 2.4 (0.9)

 Change from baseline −0.4 (0.7) −0.9 (1.0) −1.7 (1.1) −1.4 (0.9) −1.5 (0.9)

*NRI.
†MI.
ASAS, Assessment of SpondyloArthritis international Society; ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; 
BASFI, Bath Ankylosing Spondylitis Functional Index; BKZ, bimekizumab; FAS, full analysis set; MI, multiple imputation; NRI, non- responder imputation; Q4W, every 4 weeks.

mean ASDAS was >3.5 (3.8–4.2) in all treatment groups and 
mean time since diagnosis was 7.9 (6.6–8.8) years.

efficacy
Double-blind period (to week 12)
The primary efficacy end point was reached with significantly 
more patients achieving ASAS40 at week 12 in all bimekizumab- 
treated groups (16 mg: 29.5%, OR vs placebo 2.6 (95% CI: 
1.0 to 6.5); 64 mg: 42.6%, OR 4.5 (95% CI: 1.8 to 10.9); 160 
mg: 46.7%, OR 5.5 (95% CI: 2.3 to 13.5); 320 mg: 45.9%, 
OR 5.3 (95% CI: 2.2 to 12.9)) compared with placebo (13.3%; 
all comparisons p<0.05) (figure 1A, table 2 and online supple-
mentary table 1). A statistically significant dose response was 
observed for ASAS40 at week 12 (p<0.001), with a dose- 
response effect observed across bimekizumab 16–160 mg doses 
and similar ASAS40 response between the 160 and 320 mg 
groups. Rapid responses with bimekizumab were observed, with 
8.2%–19.7% and 16.4%–50.8% of patients achieving ASAS40 
at week 1 and at week 4 vs 0% and 8.3% receiving placebo, 
respectively (figure 1B and online supplementary figure 3).

The primary end point was supported by all secondary effi-
cacy end points (online table 2). At week 12, a higher proportion 
of patients achieved ASAS20 and ASAS5/6 in the bimekizumab- 
treated groups compared with placebo. In addition, reductions 
from baseline in BASDAI, BASFI and ASDAS were greater in the 
bimekizumab- treated groups compared with placebo (table 2 and 
figure 1C). Other efficacy end points also indicated improve-
ments from baseline at week 12. ASDAS- MI was achieved by 
18.0%–34.4% of bimekizumab- treated patients vs 0% receiving 
placebo; ASDAS- ID was achieved by 3.3%–10.0% vs 0%, 
ASDAS- LDA was achieved by 14.8%–32.8% vs 13.3%, while 
ASAS- PR was achieved by 8.2%–23.0% vs 3.3%, respectively. 
Reductions from baseline in the MASES index were observed 
in patients with baseline enthesitis across bimekizumab dose 
groups (table 3). In post hoc analyses, BASDAI 50 was achieved 

by 37.9% and 47.5% of patients receiving bimekizumab 160 and 
320 mg, respectively (table 3).

Rapid reductions from baseline in hs- CRP were observed with 
bimekizumab treatment compared with placebo (table 3). In 
the 31 patients with MRI follow- up, reductions from baseline 
in Spondyloarthritis Research Consortium of Canada Sacro-
iliac (SPARCC SI) joint score were observed at week 12 in all 
bimekizumab treatment groups, and in spine Berlin score were 
observed in the three highest bimekizumab dose groups at week 
12 (online supplementary figure 4).

Improvements in patient global assessment of disease activity 
(PGADA), spinal pain, morning stiffness and BASFI were 
observed compared with baseline scores, and greater reductions 
from baseline in BASMI were seen in all bimekizumab- treated 
patients compared with placebo at week 12 (table 3). From post 
hoc analyses, reductions from baseline to week 12 in fatigue 
were observed in all patients, with the greatest reductions in the 
bimekizumab 160 and 320 mg groups (table 3). Change from 
baseline to week 12 in MOS Sleep Disturbance and Sleep Prob-
lems Index II were greater with bimekizumab in all dose groups 
versus placebo (table 4). Improvements in patient QoL were 
observed in all bimekizumab dose groups compared with placebo 
(table 4). Consistent with this, patient perception of physical 
health improved, with increases in SF-36 physical component 
summary (PCS) scores observed in all bimekizumab dose groups 
and higher scores with bimekizumab compared with placebo 
(table 4). SF-36 mental component summary (MCS) scores were 
similar to baseline, with all patients within the normal range.

Dose-blind period (weeks 12–48)
The ASAS40 response rates with bimekizumab treatment 
continued to increase after the first 12 weeks and were main-
tained to week 48 in patients continuing on the same bimeki-
zumab dose (160 mg: 58.6%, 320 mg: 62.3%; table 3 and figure 
1B). Of patients initially randomised to placebo, ≥50% achieved 
ASAS40 response at week 48 following re- randomisation to 
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Table 3 Other efficacy end points up to 48 weeks of bimekizumab treatment (DBS, NRI and MI)

n (%)

Placebo → bKZ 16 mg → bKZ 64 mg →

bKZ 160 mg 
(n=58)

bKZ 320 mg 
(n=61)

bKZ 160 mg 
(n=24)

bKZ 320 mg 
(n=36)

bKZ 160 mg 
(n=31)

bKZ 320 mg 
(n=27)

bKZ 160 mg 
(n=34)

bKZ 320 mg 
(n=25)

ASAS40* Baseline – – – – – – – –

Week 12 5 (20.8) 3 (8.3) 12 (38.7) 6 (22.2) 16 (47.1) 10 (40.0) 28 (48.3) 28 (45.9)

Week 48 13 (54.2) 18 (50.0) 11 (35.5) 11 (40.7) 19 (55.9) 16 (64.0) 34 (58.6) 38 (62.3)

ASAS20* Baseline – – – – – – – –

Week 12 9 (37.5) 8 (22.2) 14 (45.2) 11 (40.7) 21 (61.8) 17 (68.0) 35 (60.3) 44 (72.1)

Week 48 17 (70.8) 22 (61.1) 17 (54.8) 14 (51.9) 25 (73.5) 20 (80.0) 45 (77.6) 46 (75.4)

ASAS5/6* Baseline – – – – – – – –

Week 12 2 (8.3) 2 (5.6) 10 (32.3) 8 (29.6) 19 (55.9) 11 (44.0) 32 (55.2) 33 (54.1)

Week 48 15 (62.5) 16 (44.4) 13 (41.9) 13 (48.1) 21 (61.8) 20 (80.0) 37 (63.8) 40 (65.6)

ASAS- PR* Baseline 0 0 0 0 0 0 1.7 0

Week 12 1 (4.2) 1 (2.8) 3 (9.7) 2 (7.4) 5 (14.7) 4 (16.0) 10 (17.2) 14 (23.0)

Week 48 8 (33.3) 8 (22.2) 4 (12.9) 8 (29.6) 7 (20.6) 7 (28.0) 17 (29.3) 21 (34.4)

ASDAS- MI† Baseline – – – – – – – –

Week 12 0 0 7 (22.6) 4 (14.8) 13 (38.2) 8 (32.0) 15 (25.9) 19 (31.1)

Week 48 8 (33.3) 11 (30.6) 11 (35.5) 9 (33.3) 20 (58.8) 10 (40.0) 24 (41.4) 34 (55.7)

ASDAS- ID† Baseline 0 0 0 0 0 0 0 0

Week 12 0 0 1 (3.2) 1 (3.7) 3 (8.8) 3 (12.0) 6 (10.3) 6 (9.8)

Week 48 4 (16.7) 5 (13.9) 3 (9.7) 6 (22.2) 6 (17.6) 4 (16.0) 15 (25.9) 15 (24.6)

ASDAS- LDA† Baseline 0 0 0 0 0 0 1.7 0

Week 12 3 (12.5) 5 (13.9) 6 (19.4) 3 (11.1) 10 (29.4) 9 (36.0) 16 (27.6) 20 (32.8)

Week 48 9 (37.5) 16 (44.4) 10 (32.3) 7 (25.9) 13 (38.2) 8 (32.0) 17 (29.3) 23 (37.7)

Mean (Sd)

ASDAS† Baseline 3.71 (0.83) 3.88 (0.93) 3.96 (0.72) 3.84 (0.65) 4.12 (0.80) 4.18 (0.74) 3.86 (0.76) 3.94 (0.74)

Change from baseline Week 12 −0.31 (0.73) −0.37 (0.62) −1.11 (1.07) −0.85 (1.01) −1.72 (0.99) −1.64 (1.21) −1.40 (0.94) −1.52 (0.94)

Week 48 −1.70 (0.89) −1.80 (0.89) −1.63 (1.05) −1.61 (0.93) −2.01 (1.12) −2.04 (0.95) −1.78 (0.95) −2.03 (0.92)

BASDAI 50* Baseline – – – – – – – –

Week 12 3 (12.5) 4 (11.1) 9 (29.0) 5 (18.5) 14 (41.2) 12 (48.0) 22 (37.9) 29 (47.5)

Week 48 11 (45.8) 20 (55.6) 12 (38.7) 10 (37.0) 20 (58.8) 14 (56.0) 30 (51.7) 35 (57.4)

Geometric mean (median) Baseline 6.2 (6.1) 9.3 (10.9) 11.4 (10.7) 8.1 (9.9) 14.2 (16.7) 14.7 (17.6) 12.0 (16.0) 10.4 (11.3)

hs- CRP† Week 12 9.1 (9.4) 8.0 (9.4) 5.6 (5.5) 3.8 (4.3) 2.9 (3.0) 5.3 (6.1) 3.7 (4.3) 3.8 (3.5)

Week 48 2.9 (2.2) 2.9 (3.0) 4.0 (5.0) 3.0 (3.8) 3.4 (3.5) 4.1 (3.9) 3.9 (4.7) 3.0 (3.6)

BASFI† Baseline 5.8 (1.8) 5.5 (2.2) 5.8 (1.7) 5.9 (1.9) 5.6 (1.8) 6.2 (1.8) 5.5 (2.2) 5.9 (2.0)

Change from baseline Week 12 −1.0 (2.1) −0.3 (1.7) −1.7 (2.0) −1.1 (2.5) −1.6 (2.5) −2.1 (2.3) −1.7 (1.8) −2.2 (2.0)

Week 48 −2.9 (2.2) −2.4 (2.2) −2.3 (1.5) −2.5 (2.0) −2.8 (2.4) −2.9 (2.4) −2.5 (2.0) −2.9 (2.2)

Spinal pain† Baseline 6.9 (1.4) 7.0 (1.9) 6.8 (2.1) 7.7 (1.4) 7.4 (1.5) 7.4 (1.8) 6.6 (2.0) 7.3 (1.5)

Change from baseline Week 12 −1.5 (1.6) −0.7 (1.7) −2.2 (2.4) −2.2 (2.4) −3.3 (2.2) −3.2 (2.7) −2.6 (2.2) −3.6 (2.4)

Week 48 −3.7 (2.0) −3.7 (2.6) −3.0 (2.9) −3.8 (2.7) −4.2 (2.4) −4.1 (2.2) −3.8 (2.4) −4.7 (2.1)

Morning stiffness† Baseline 6.9 (1.7) 6.7 (2.0) 6.7 (2.0) 6.4 (1.9) 6.5 (2.2) 7.2 (1.7) 6.5 (1.8) 6.6 (2.1)

Change from baseline Week 12 −1.5 (1.7) −1.1 (1.5) −2.6 (3.0) −1.7 (2.8) −2.9 (2.9) −3.5 (2.5) −2.8 (2.0) −3.4 (2.7)

Week 48 −3.9 (2.2) −3.6 (2.4) −3.7 (3.0) −3.2 (2.3) −3.9 (2.8) −4.4 (2.0) −3.9 (2.2) −4.4 (2.4)

BASMI† Baseline 4.3 (1.6) 4.5 (1.6) 4.7 (1.7) 4.9 (1.8) 4.5 (1.8) 4.9 (1.5) 4.6 (1.8) 4.8 (1.8)

Change from baseline Week 12 −0.3 (0.6) −0.1 (0.8) −0.5 (1.0) −0.4 (0.6) −0.5 (0.8) −0.4 (0.7) −0.3 (0.7) −0.7 (0.7)

Week 48 −0.9 (1.0) −0.7 (1.0) −0.7 (1.1) −0.9 (0.7) −0.6 (0.7) −0.9 (0.7) −0.5 (1.0) −1.0 (0.9)

Fatigue† Baseline 6.4 (1.7) 6.8 (1.6) 7.1 (1.6) 7.1 (1.6) 6.8 (1.2) 6.7 (1.5) 6.4 (1.7) 6.4 (1.9)

Change from baseline Week 12 −0.7 (2.5) −1.0 (1.7) −1.6 (2.2) −1.6 (2.3) −2.4 (2.1) −2.6 (2.4) −2.1 (2.2) −2.1 (2.5)

Week 48 −2.7 (2.2) −2.8 (2.4) −2.7 (2.0) −3.2 (2.7) −3.5 (2.3) −3.1 (2.0) −3.1 (2.1) −3.3 (2.4)

PGADA† Baseline 7.0 (1.5) 6.9 (1.9) 7.0 (1.7) 7.4 (1.3) 7.4 (1.5) 7.1 (1.8) 6.5 (1.8) 7.1 (1.9)

Change from baseline Week 12 −1.5 (1.8) −0.7 (1.6) −1.9 (2.9) −2.0 (2.4) −3.3 (2.3) −3.2 (2.7) −2.2 (2.6) −3.2 (2.2)

Week 48 −3.8 (2.3) −3.5 (2.7) −3.3 (3.1) −3.4 (2.6) −4.0 (2.4) −4.0 (2.4) −3.5 (2.3) −4.5 (2.3)

MASeS‡

Placebo → bKZ 16 mg → bKZ 64 mg →
bKZ 160 mg 
(n=40)

bKZ 320 mg 
(n=42)bKZ 160 mg(n=17) bKZ 320 mg(n=23) bKZ 160 mg(n=21) bKZ 320 mg(n=18) bKZ 160 mg(n=22) bKZ 320 mg(n=11)

Change from baseline Baseline 4.1 (3.0) 5.0 (3.5) 3.5 (2.4) 5.9 (3.4) 4.6 (3.4) 3.9 (2.5) 3.8 (2.2) 4.6 (3.2)

Week 12 −2.5 (2.1) −2.1 (3.7) −1.2 (4.1) −2.0 (3.1) −2.4 (1.9) −3.6 (2.2) −2.5 (2.3) −2.7 (2.4)

Week 48 −3.8 (3.1) −4.4 (3.6) −2.5 (3.0) −4.6 (2.8) −3.1 (2,7) −3.2 (2.6) −3.3 (2.2) −3.4 (3.2)

*NRI.
†MI.
‡In patients with enthesitis at baseline.
ASAS, Assessment of SpondyloArthritis international Society; ASAS- PR, ASAS partial remission; ASDAS, Ankylosing Spondylitis Disease Activity Score; ASDAS- ID, ASDAS inactive disease; ASDAS- LDA, ASDAS low disease activity; ASDAS- MI, ASDAS 
major improvement; BASDAI 50, Bath Ankylosing Spondylitis Disease Activity Index ≥50% improvement; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; BKZ, bimekizumab; DBS, dose- 
blind set; hs- CRP, high- sensitivity C reactive protein; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; MI, multiple imputation; NRI, non- responder imputation; NRS, numerical rating scale; PGADA, patient global assessment of disease 
activity.
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Table 4 Patient- reported outcomes (week 12 (FAS) and week 48 (DBS); MI)

Mean (Sd)

Placebo → bKZ 16 mg → bKZ 64 mg →

bKZ 160 mg
(n=58)

bKZ 320 mg
(n=61)

bKZ 160 mg
(n=24)

bKZ 320 mg
(n=36)

bKZ 160 mg
(n=31)

bKZ 320 mg
(n=27)

bKZ 160 mg
(n=34)

bKZ 320 mg
(n=25)

MOS Sleep Disturbance Baseline 45.3 (8.3) 46.2 (6.8) 48.4 (8.3) 44.6 (10.0) 47.6 (9.6) 47.8 (7.5) 47.3 (8.1) 48.0 (8.9)

 Change from baseline Week 12 2.3 (8.4) 1.8 (6.0) 1.9 (8.4) 4.7 (8.7) 5.8 (7.9) 4.7 (5.6) 5.8 (6.2) 6.6 (7.5)

Week 48 7.3 (7.8) 6.9 (7.0) 3.8 (7.9) 8.8 (8.1) 7.6 (8.9) 6.7 (7.4) 6.6 (6.3) 6.7 (7.7)

MOS Sleep Problems Index II Baseline 45.5 (8.1) 45.3 (7.9) 48.2 (8.7) 42.4 (10.1) 47.6 (9.4) 47.5 (7.1) 46.9 (7.5) 47.2 (9.4)

 Change from baseline Week 12 2.1 (8.3) 1.8 (6.8) 2.2 (9.4) 5.9 (9.3) 5.9 (8.1) 4.9 (6.1) 5.6 (6.7) 6.8 (7.5)

Week 48 7.6 (8.7) 8.0 (9.1) 4.1 (7.5) 10.0 (9.0) 8.1 (8.6) 8.0 (7.2) 6.5 (6.1) 8.0 (7.92)

ASQoL Baseline 8.4 (4.7) 9.2 (4.7) 8.4 (4.4) 9.2 (4.1) 7.9 (4.2) 9.6 (4.0) 8.4 (4.3) 8.7 (4.3)

 Change from baseline Week 12 −1.3 (5.5) −1.3 (3.7) −2.8 (5.2) −1.9 (5.4) −3.5 (3.6) −5.0 (4.2) −3.5 (4.3) −4.6 (4.8)

Week 48 −4.2 (5.6) −5.3 (5.6) −3.9 (4.6) −5.0 (4.7) −5.0 (4.1) −6.3 (4.4) −4.9 (4.1) −5.4 (4.8)

SF-36 PCS Baseline 32.8 (6.9) 33.0 (8.4) 32.5 (8.7) 30.9 (6.5) 31.9 (7.8) 30.3 (5.6) 33.0 (8.2) 32.4 (7.7)

 Change from baseline Week 12 5.8 (6.9) 2.0 (6.2) 7.8 (7.4) 7.4 (9.3) 8.9 (8.8) 9.5 (8.4) 8.5 (7.6) 8.2 (7.2)

Week 48 12.8 (9.4) 10.9 (8.1) 10.1 (7.4) 12.6 (9.2) 12.9 (10.2) 13.4 (7.8) 12.0 (9.1) 12.0 (8.5)

SF-36 MCS Baseline 54.0 (9.1) 53.6 (8.7) 54.6 (9.5) 52.0 (7.8) 55.8 (7.4) 54.4 (7.2) 53.8 (8.1) 54.4 (8.5)

 Change from baseline Week 12 −0.4 (8.5) 0.3 (7.2) −0.1 (7.9) 3.8 (8.2) 1.7 (6.9) 4.0 (8.1) 1.0 (7.4) 3.4 (6.9)

Week 48 1.3 (10.2) 1.5 (7.8) 1.8 (7.8) 6.2 (8.4) 2.2 (6.6) 4.0 (7.0) 1.72 (8.2) 3.0 (7.7)

ASQoL, Ankylosing Spondylitis Quality of Life; BKZ, bimekizumab; DBS, dose- blind set; FAS, full analysis set; SF-36 MCS, SF-36 mental component summary; MI, multiple 
imputation; MOS, Medical Outcomes Study; SF-36 PCS, SF-36 physical component summary; SF-36, 36- Item Short Form Questionnaire.

bimekizumab 160 or 320 mg (54.2% and 50.0%, respec-
tively). ASAS20, ASAS5/6, ASDAS- MI, ASDAS- ID and ASAS- PR 
responses continued to increase from week 12 to week 48 
(table 3). ASDAS levels continued to decrease after week 12 and 
were maintained to week 48 (figure 1C). In patients with base-
line enthesitis, further reductions from baseline in MASES index 
were observed, with similar reductions seen across all bimeki-
zumab dose groups (table 3). In post hoc analyses, BASDAI 50 
response rates increased to week 48, with patients re- randomised 
from placebo to bimekizumab 160 or 320 mg achieving similar 
responses to patients receiving 160 and 320 mg throughout the 
study (table 3).

Following rapid reductions from baseline to week 12, hs- CRP 
levels were maintained in the bimekizumab 160 and 320 mg 
groups; in re- randomised patients, hs- CRP levels were similar to 
those who remained on the same bimekizumab dose throughout 
the study (table 3). SPARCC SI scores were low but marked 
reductions from baseline were observed at week 48, with the 
greatest reductions observed in the group re- randomised from 
placebo to bimekizumab 160 and 320 mg. MRI data were 
only available for two patients receiving bimekizumab 160 mg 
throughout the study and their baseline SPARCC SI scores were 
low; therefore, reductions in SPARCC SI were not observed in 
this dose group. Reductions from baseline in spine Berlin score 
at week 48 were also observed in bimekizumab- treated patients 
(online supplementary figure 4).

Improvements in PROs continued to week 48, with reduc-
tions from baseline in PGADA, spinal pain, morning stiffness, 
and BASFI observed in all treatment groups (table 3). Continued 
improvements in mobility were observed, with bimekizumab- 
treated patients experiencing reductions from baseline in 
BASMI (table 3). At week 48, similar reductions from baseline in 
fatigue were observed across bimekizumab dose groups (table 3). 
Improvements in Sleep Disturbance and Sleep Problems Index II 
seen at week 12 were maintained to week 48 in bimekizumab- 
treated patients (table 4). Patients who initially received placebo 
and were re- randomised to bimekizumab reported similar 
reductions in ASQoL during the dose- blind period as those 
receiving bimekizumab 160 and 320 mg from the start of the 

study (table 4). After initial improvements in SF-36 PCS scores 
over the first 12 weeks, scores were maintained in bimekizumab- 
treated patients; scores in SF-36 MCS remained similar to the 
double- blind period (table 4).

Safety
During the double- blind period, treatment- emergent AEs 
(TEAEs) were reported by 37.9% (92/243) of bimekizumab- 
treated patients compared with 43.3% (26/60) of patients 
receiving placebo. Overall, up to week 48, 77.6% (235/303) of 
patients reported TEAEs while receiving bimekizumab (table 5); 
the majority were mild or moderate in severity. The most 
frequently reported TEAE (≥10% of patients in any treatment 
group) in bimekizumab- treated patients was nasopharyngitis 
(11.2%, 34/303; table 5). There was no apparent dose relation-
ship with type or frequency of TEAEs.

During the double- blind period, SAEs were reported by 
1.2% (3/243) of bimekizumab- treated patients and 3.3% (2/60) 
of those receiving placebo. Thirteen of 303 (4.3%) patients 
receiving bimekizumab experienced SAEs during the 48- week 
study duration (see online supplementary file). TEAEs leading to 
discontinuation were reported by 2.5% (6/243) of bimekizumab- 
treated patients vs 1.7% (1/60) of patients receiving placebo in 
the double- blind period. Overall, 6.6% (20/303) of patients 
discontinued due to TEAEs.

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, resolved with systemic or 
topical antifungal treatment and no events led to patients with-
drawing from the study.

Four cases of IBD were reported (further details in online 
supplementary file). Two cases were new diagnoses of Crohn’s 
disease and were mild to moderate in intensity. One case (bime-
kizumab 320 mg group) occurred during the dose- blind period, 
was identified as related to treatment and resolved, the other 
(bimekizumab 160 mg group) was considered unrelated to treat-
ment, with diagnosis confirmed after the patient had withdrawn 

https://dx.doi.org/10.1136/annrheumdis-2020-216980
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Table 5 Summary of safety results (SS)

double- blind period Overall treatment period

Placebo Q4W
(n=60)
n* (%) (#)

bKZ 16 mg 
Q4W
(n=61)
n* (%) (#)

bKZ 64 mg 
Q4W
(n=58)
n* (%) (#)

bKZ 160 mg 
Q4W
(n=63)
n* (%) (#)

bKZ 320 mg 
Q4W
(n=61)
n* (%) (#)

bKZ 160 mg 
Q4W
(n=149)
n (eAIr)

bKZ 320 mg 
Q4W
(n=150)
n (eAIr)

All bKZ†
(n=303)
n (eAIr)

Any TeAe 26 (43.3) (41) 26 (42.6) (50) 17 (29.3) (33) 20 (31.7) (33) 29 (47.5) (61) 103 (168.7) 122 (221.1) 235 (186.2)

 Nasopharyngitis 0 2 (3.3) (2) 1 (1.7) (1) 3 (4.8) (3) 0 13 (12.0) 19 (16.6) 34 (13.7)

 Pharyngitis 0 0 0 2 (3.2) (2) 1 (1.6) (1) 11 (10.0) 7 (6.1) 18 (7.1)

 Bronchitis 1 (1.7) (1) 0 2 (3.4) (2) 0 0 4 (3.6) 12 (10.4) 18 (7.1)

 Upper respiratory tract infection 1 (1.7) (1) 0 1 (1.7) (1) 0 1 (1.6) (1) 5 (4.5) 11 (9.5) 17 (6.7)

 Oral candidiasis 0 0 0 0 3 (4.9) (3) 8 (7.2) 8 (7.0) 16 (6.3)

Serious TeAes 2 (3.3) (2) 0 2 (3.4) (5) 1 (1.6) (2) 0 5 (4.4) 6 (5.1) 13 (5.1)

Permanent withdrawal of study 
medication due to TeAes

1 (1.7) (1) 2 (3.3) (2) 1 (1.7) (1) 1 (1.6) (2) 2 (3.3) (2) 7 (6.2) 10 (8.7) 20 (7.9)

drug- related TeAes 6 (10.0) (8) 9 (14.8) (12) 6 (10.3) (10) 7 (11.1) (8) 12 (19.7) (17) 48 (52.0) 54 (58.7) 110 (54.0)

death 0 0 0 1 (1.6) (1) 0 1 (0.9) 0 1 (0.4)

TeAes of special interest 5 (8.3) (5) 9 (14.8) (10) 6 (10.3) (9) 3 (4.8) (3) 5 (8.2) (7)

 Opportunistic infection 0 1 (1.6) (1) 0 0 0 0 0 1 (0.38)

 Candida infections 0 0 0 0 3 (4.9) (3) 10 (9.1) 9 (7.9) 19 (7.5)

 Neutropenia 0 0 0 0 0 1 (0.9) 0 1 (0.4)

 Severe hypersensitivity reactions 0 0 0 0 0 0 0 0

 Suicide ideation 0 0 0 0 0 0 0 0

 Psychiatric disorder 2 (3.3) (2) 1 (1.6) (1) 0 0 0 0 0 1 (0.3)

 Major cardiovascular events 0 0 0 1 (1.6) (1) 0 2 (1.8) 0 2 (0.8)

 Hepatic events 2 (3.3) (2) 6 (9.8) (6) 4 (6.9) (7) 1 (1.6) (1) 1 (1.6) (2) 13 (12.1) 12 (10.4) 33 (13.6)

 ALT increased 0 1 (1.6) (1) 1 (1.7) (1) 0 1 (1.6) (1) 5 (4.5) 6 (5.1) 13 (5.1)

 AST increased 0 0 1 (1.7) (1) 0 1 (1.6) (1) 3 (2.7) 5 (4.3) 9 (3.5)

 GGT increased 1 (1.7) (1) 2 (3.3) (2) 2 (3.4) (3) 0 0 6 (5.4) 4 (3.4) 13 (5.1)

 Hepatic enzyme increased 1 (1.7) (1) 2 (3.3) (2) 1 (1.7) (1) 0 0 0 3 (2.5) 6 (2.3)

 Malignancies 0 0 0 0 0 0 0 0

 Inflammatory bowel disease 0 1 (1.6) (1) 0 0 0 1 (0.9) 2 (1.7) 4 (1.5)

In addition, one patient received doses of 160 and 320 mg in error and was therefore included in both the 160 and 320 mg groups, but only once in the all- BKZ group; (#) the 
number of individual occurrences of the AE.
*Number of patients reporting at least one TEAE.
†The all- BKZ group included 5 patients who received BKZ in the double- blind period but did not receive BKZ 160 or 320 mg: 2 patients in the 16 mg group and 2 patients in the 
64 mg group discontinued before re- randomisation; 1 patient in the 16 mg group did not start the dose- blind period.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BKZ, bimekizumab; EAIR, exposure- adjusted incidence rate per 100 patient- years; GGT, gamma- 
glutamyltransferase; Q4W, every 4 weeks; SS, safety set; TEAE, treatment- emergent adverse event.

from the study. Two cases were UC, one with a history of UC and 
one new diagnosis; both were considered mild and unrelated to 
treatment. The new diagnosis of UC occurred during the double- 
blind period (bimekizumab 16 mg, week 4). The other case was 
an exacerbation of UC during the dose- blind period in a patient 
with a history of UC who was receiving concomitant mesalazine 
(bimekizumab 320 mg, week 24). Overall, the exposure adjusted 
incidence rate (EAIR) per 100 patient- years for Crohn’s disease 
and UC was 0.77 each.

There were four cases of acute anterior uveitis during the 
study; two of these occurred in patients receiving bimekizumab, 
one during treatment and one after discontinuation (see online 
supplementary file). Overall, 15.2% of patients in the study 
reported a history of uveitis or iridocyclitis at baseline (patients 
with a recent history of uveitis were not excluded); the incidence 
rate of uveitis in patients receiving bimekizumab was 0.53 (EAIR 
0.77).

Two cases adjudicated as MACE were reported: one SAE 
(described in the online supplementary file), and one myocar-
dial infarction (bimekizumab 160 mg), which resolved, was 
considered unrelated to treatment and did not lead to treatment 
discontinuation.

No malignancies, severe hypersensitivity reactions or suicidal 
ideation were reported during the 48- week study (table 5).

No clinically meaningful changes from baseline in vital sign 
measurements (systolic and diastolic blood pressure, and pulse 
rate), or ECG results were observed in any treatment group 
during the overall study.

dISCuSSIOn
This was the first phase IIb study of bimekizumab in patients 
with active AS. Bimekizumab- treated patients had rapid and 
significant ASAS40 responses versus placebo at week 12 and 
these were supported by all secondary efficacy end points, as 
well as additional QoL and patient- reported measures of func-
tion and disease activity. All outcomes further improved from 
week 12 and were sustained to week 48. This study offers 
insights into the potential efficacy of bimekizumab for the 
treatment of patients with AS and provides further support for 
the encouraging findings from clinical and preclinical studies 
of bimekizumab,15 21 31 that dual neutralisation of IL- 17A and 
IL- 17F may be effective in the treatment of IL-17- mediated 
inflammatory diseases.

https://dx.doi.org/10.1136/annrheumdis-2020-216980
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TNF and IL- 17A inhibitors are currently recommended for 
the management of patients with AS7 9; the novel biological 
DMARD bimekizumab may provide an alternative therapeutic 
approach. A significant dose response was observed in ASAS40 
at week 12 with increasing bimekizumab dose from 16 to 320 
mg; responses were generally similar for the three highest doses 
and the greatest response was in the 160 mg group. The parallel 
study of bimekizumab in PsA also demonstrated the greatest 
ACR50 response in the 160 mg dose group.31 In patients with 
moderate- to- severe plaque psoriasis,21 the greatest responses 
were observed with bimekizumab 320 mg; this differing dose 
response may be due to differences between patient populations 
and efficacy in axial or joint disease compared with skin mani-
festations. Here, for all measures of disease activity, response 
rates increased and were sustained from week 12 through week 
48 in patients continuing on bimekizumab 160 and 320 mg. 
Notably, patients re- randomised at week 12 responded rapidly 
and achieved similar response rates from week 24 to week 48 
to patients receiving bimekizumab 160 or 320 mg continu-
ously throughout the study. Although there was a rapid onset 
of response for the primary and secondary efficacy end points, 
more stringent outcomes, such as ASDAS- ID, required observa-
tion over a longer time period; by week 48, one- quarter of this 
patient population with highly active disease achieved inactive 
disease in both the bimekizumab 160 and 320 mg groups.

Levels of inflammation, as measured by hs- CRP, decreased 
rapidly with bimekizumab treatment, with low levels of inflam-
mation maintained to week 48 in all bimekizumab- treated 
patients. SPARCC SI and spine Berlin scores generally improved 
from week 12 through week 48 across bimekizumab groups; 
however, results should be interpreted with caution due to the 
small number of patients per treatment group (range, 2–12) who 
had MRI assessments.

AS has a substantial impact on patients’ QoL in many key 
areas such as completion of daily activities, fatigue and sleep, 
with pain acknowledged as one of the most burdensome symp-
toms.32 Bimekizumab rapidly improved patient- reported spinal 
pain and improvements continued over the duration of the 
study. Changes from baseline to week 12 in sleep disturbance 
and sleep problems suggested that bimekizumab treatment 
improved sleep outcomes for patients, which were maintained 
to week 48. In addition, reductions in fatigue from baseline to 
week 12 and week 48 indicated sustained improvements for 
patients in another key symptom of their disease. Changes from 
baseline in SF-36 PCS domain indicated positive improvements 
in the physical aspects of patients’ disease.

Overall, bimekizumab was generally well tolerated across 
the treatment groups. The safety profile in patients with active 
AS was as expected given previous studies of bimekizumab in 
patients with psoriasis or PsA.15 21 Consistent with the mecha-
nism 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 did not lead to discontinua-
tion. Four cases of IBD were reported, including one in a patient 
with a history of UC; incidence of IBD is a known side effect 
of IL- 17A inhibition but is also a recognised manifestation of 
axSpA. The incidence of IBD reported in this study of bimeki-
zumab is comparable to that seen with TNF inhibitors,34 secuk-
inumab35 and ixekizumab in AS.36 To date, IBD has not been 
reported with bimekizumab in studies involving patients with 
psoriasis or PsA.21 31

The ASAS40 responses and secondary outcomes observed with 
bimekizumab in this phase IIb study compare favourably with 

those observed with ixekizumab10 and secukinumab11 in recent 
phase III studies in AS, involving similar numbers of patients. 
The 48- week duration of this study, providing long- term effi-
cacy data for bimekizumab ahead of completion of the phase 
III studies and demonstrating maintenance of responses over 
time, represents a strength of the study design. Study limitations 
include the relatively short placebo control period of 12 weeks, 
small patient numbers per treatment group due to the nature of 
the study design, a high number of Caucasian patients and MRI 
data being available for only a subset of patients.

In summary, bimekizumab may provide a promising ther-
apeutic option for patients with AS. Bimekizumab treatment 
resulted in rapid and sustained improvements across multiple 
outcomes of disease activity, QoL and function. These results 
support phase III evaluation of bimekizumab in axSpA (BE 
MOBILE 1, NCT03928704; BE MOBILE 2, NCT03928743) 
to determine the clinical benefits that may be associated with 
neutralising IL- 17F in addition to IL- 17A.
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Key messages

What is already known about this subject?
 ► Enteropathogenic bacteria triggering reactive 
arthritis (ReA) are often contracted while 
visiting (sub)tropical countries in particular. 
Although diarrhoeagenic Escherichia coli (DEC) 
are the most common pathogens causing 
travellers’ diarrhoea (TD), studies are lacking 
of whether DEC acquisition is associated with 
musculoskeletal (MSK) symptoms.

 ► Data are needed on how antibiotic treatment of 
TD influences development of MSK symptoms.

What does this study add?
 ► This is the first prospective study employing 
multivariate analysis to: (1) investigate whether 
reactive MSK symptoms are associated with 
acquisition of DEC and (2) determine incidence 
of MSK symptoms and ReA among travellers 
with DEC.

 ► Acquisition of DEC predisposes to development 
of MSK symptoms.

 ► Development of MSK symptoms does not 
depend on the severity of TD.

 ► Antibiotic use does not prevent development of 
MSK symptoms.

How might this impact on clinical practice or 
future developments?

 ► Acquisition of DEC predisposes to development 
of MSK symptoms. Antibiotic use does not 
prevent them. Therefore, concern about 
potential MSK symptoms does not justify 
antibiotic treatment for TD.

 ► As no vaccines are available, it appears that, 
today, the only reasonable approaches to 
prevent MSK symptoms are those decreasing 
the rate of exposure to intestinal pathogens.

AbSTrACT
Objectives Using a prospective research design, 
we evaluated the association between acquisition of 
diarrhoeagenic Escherichia coli (DeC) and development 
of reactive arthritis (Rea) and other reactive 
musculoskeletal (MsK) symptoms among international 
travellers.
Methods a total of 526 study participants were asked 
to provide pretravel and post- travel stool samples 
and fill in questionnaires (pretravel, post- travel and 
3- week follow- up). a multiplex quantitative PCR 
assay was deployed to detect five DeC comprising 
enteroaggregative E. coli, enteropathogenic E. coli, 
enterotoxigenic E. coli, enterohaemorrhagic E. coli 
and enteroinvasive E. coli and Salmonella, Shigella, 
Campylobacter, Yersinia, and Vibrio cholerae. 
Multivariate analysis was employed to identify factors 
predisposing to MsK symptoms. new post- travel MsK 
symptoms reported by participants with DeC were 
assessed by phone interviews and, if needed, clinically 
confirmed.
results From among the total of 224 volunteers who 
returned all questionnaires and stool specimens, 38 
(17.0%) reported MsK symptoms. Multivariate analysis 
revealed that acquisition of DeC was associated with 
MsK symptoms (OR 3.9; 95% Ci 1.2 to 13.3). Of the 151 
with only- DeC, four (2.6%) had Rea, two (1.3%) reactive 
tendinitis and three (2.0%) reactive arthralgia. Rea was 
mostly mild, and all patients with Rea were negative for 
human leucocyte antigen B27. antibiotic treatment of 
travellers’ diarrhoea did not prevent development of MsK 
symptoms.
Conclusion a total of 17% of volunteers reported 
post- travel MsK symptoms. DeC acquisition was 
associated with an increased risk of developing them, 
yet the Rea incidence remained low and the clinical 
picture mild. antibiotic treatment did not protect against 
development of MsK symptoms.

InTrOduCTIOn
Reactive arthritis (ReA) is a sterile arthritis typically 
appearing subsequent to a gastrointestinal or geni-
tourinary infection. Salmonella, Yersinia, Shigella 
and Chlamydia trachomatis are considered the clas-
sical causative agents, but also Campylobacter and 
Escherichia coli can trigger ReA.1–6 These bacteria 
are usually contracted while visiting (sub)tropical 
countries. Although diarrhoeagenic E. coli (DEC) 
are the most common pathogens causing travel-
lers’ diarrhoea (TD),7–11 association between DEC 

acquisition and musculoskeletal (MSK) symptoms 
has not been explored to date in prospective studies 
among travellers recruited before departure.

Up to 78% of travellers with TD contract DEC, 
but asymptomatic carriage is not rare either.8–11 
There are five pathotypes of DEC: enteropatho-
genic E. coli (EPEC), enteroaggregative E. coli 
(EAEC), enterotoxigenic E. coli (ETEC), entero-
invasive E. coli (EIEC) and enterohaemorrhagic E. 
coli (EHEC).12 EIEC is closely related to Shigella, 
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Figure 1 Study flow chart. *Subjects who returned questionnaire and stool sample before and after journey plus follow- up questionnaire. 
**Osteoarthritis, similar symptoms before journey. DEC, diarrhoeagenic Escherichia coli; MSK, musculoskeletal; ReA, reactive arthritis; ReTe, reactive 
enthesitis and tendinitis; ReAlg, reactive arthralgia

indistinguishable from it by quantitative PCR (qPCR). While it is 
well known that Shigella triggers ReA,13 the various DEC require 
more research.

In ankylosing spondylitis (AS), both microscopic intestinal 
inflammation14 and increased IgA levels against E. coli15 16 have 
been described. AS and ReA both belong to spondylarthritides 
and may have similar aetiological and pathogenetic mecha-
nisms.17 In animal experiments, immunisation with E. coli O:14 
and its lipopolysaccharide (LPS) has induced chronic arthritis, 
with LPS and interleukin 1 detected in synovial and pannus 
cells in arthritic joints.18 Furthermore, a higher frequency of E. 
coli- reactive Th1 cells have been found in synovial fluid among 
patients with AS than those with rheumatoid arthritis, suggesting 
involvement of mucosal antigens in the pathogenesis of AS.19

Routine diagnostics of TD previously only covered Salmo-
nella, Shigella, Campylobacter and Yersinia; EHEC 0157 and 
Clostridium difficile were analysed on request. Consequently, 
DEC, the most common TD pathogens, often remained unrec-
ognised.20 Recently, however, multiplex qPCR methods covering 
a large variety of TD pathogens have revolutionised the diagnos-
tics.9 11 20 21 EPEC, EAEC and ETEC are the three most common 
TD pathogens worldwide, while Campylobacter ranks as major 
pathogen only among travellers to Southeast Asia; Salmonella 
and Shigella are less frequent.7 11 21 22

Some studies have described ReA triggered by E. coli following 
urinary tract3 23 24 and gastrointestinal infections.4–6 25 However, 
the studies are few, their participants were not recruited prospec-
tively before travel, controls with no pathogen findings were not 
included and the various DEC (particularly EAEC) were mostly 
not covered.

The first part of our bipartite traveller study examined the 
rate of MSK symptoms, seeking to identify travel- related factors 
predisposing to/preventing them in a prospective study design 
encompassing all the various DEC. The second part investigated 
the incidence and clinical picture of ReA.

MeTHOdS
Study design and patient involvement
This research was conducted parallel to a larger prospective 
investigation of the aetiology and clinical features of TD.11 20 21 
The current study is the first to present data on its rheumato-
logical findings. The subjects were recruited at their pretravel 
visits to the Travel Clinic of Aava Medical Centre, Helsinki, 
between March 2009 and February 2010. The volunteers were 
asked to provide pretravel and post- travel stool samples and to 
complete three questionnaires (pretravel, post- travel and 3- week 
follow- up). The questionnaires collected information on travel 
characteristics, symptoms (eg, TD and MSK) and medications 
(antibiotics, antidiarrhoeals and so on). We have published a 
detailed description of the questionnaires and data on behaviour 
and symptoms.26

Stool samples were analysed with a qPCR for nine bacterial 
pathogens: Salmonella, Yersinia, Campylobacter, Vibrio chol-
erae, Shigella/EIEC, EHEC, ETEC, EAEC and EPEC.20 The 
findings were categorised into four groups: (1) no pathogens, 
(2) only- DEC (no other pathogens but EPEC, EAEC, ETEC 
or EHEC), (3) only non- DEC (no DEC but Shigella/EIEC, 
Salmonella, Campylobacter, Yersinia or V. cholerae), and (4) 
DEC+non- DEC. To ensure that the only- DEC group would 
include no other pathogens, we categorised Shigella/EIEC (not 
distinguishable by qPCR) as non- DEC, Shigella a known risk 
factor of ReA.13 We report separately on the MSK symptoms of 
those with Shigella/EIEC.

The inclusion criteria comprised providing all three question-
naires and both pretravel and post- travel stool samples. For the 
first part, we included all such participants, and for the second 
part, those with only DEC in post- travel specimen and MSK 
symptoms in 3- week follow- up with questionnaires (figure 1). 
If no other explanation for MSK symptoms was evident (eg, 
osteoarthritis and trauma), we contacted the volunteers by tele-
phone for a comprehensive interview and, if needed, invited 
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Table 1 Pathogen findings in all 224 post- travel stool samples* 
and for 38 participants reporting MSK symptoms in the follow- up 
questionnaire

Participants with 
post- travel stool 
findings n

Participants reporting 
post- travel MSK 
symptoms among 
participants with stool 
findings indicated, n (%)

Total 224 38 (17.0)

No pathogens 51 4 (7.8)

Any pathogen 173 34 (19.7)

Multiple types of pathogens 86 18 (20.9)

EPEC 99 20 (20.2)

ETEC 45 8 (17.8)

EAEC 104 21 (20.2)

EHEC 20 5 (25.0)

Shigella/EIEC 3 1 (33.3)

Salmonella 6 1 (16.7)

Campylobacter 13 1 (7.7)

*Six (2.7%) pretravel stool samples were positive for EPEC, four (1.8%) for 
EAEC and one (0.5%) for Campylobacter; of these, solely a participant with 
Campylobacter in pretravel stools developed MSK. EAEC was found as the sole 
pathogen in the same individual’s post- travel stools.
EPEC enteropathogenic Escherichia coli; EAEC, enteroaggregative Escherichia coli; 
EHEC, enterohaemorrhagic Escherichia coli; EIEC, enteroinvasive Escherichia coli; 
ETEC, enterotoxigenic Escherichia coli; MSK, musculoskeletal.

them to visit a rheumatologist for clinical assessment. The phone 
interview covered their history of MSK diseases and a detailed 
account of MSK symptoms. Those requested for an appointment 
were subjected to clinical examination and analyses of human 
leucocyte antigen B27 (HLA- B27), rheumatoid factor (RF) and 
C reactive protein (CRP).

Written informed consent was obtained from all participants. 
The participants were not asked to assess the burden of the inter-
vention and time required to participate in the research.

diagnostic criteria
ReA was defined as the development of synovitis (swelling 
accompanied by pain and/or painful movement) in a previ-
ously asymptomatic joint within 2 months after gastrointestinal 
symptoms. Inflammatory back pain (low back pain worsening at 
night) was also regarded as ReA.27 Reactive tendinitis and enthe-
sopathy (ReTe) were defined as tendinitis, heel or elbow pain, 
and limitation of joint movement without joint swelling, and 
reactive arthralgia (ReAlg) as pain in a previously asymptom-
atic joint not swollen and with a normal movement range. MSK 
symptoms among participants with previous rheumatological 
diagnosis were not defined as travel acquired.

TD was defined according to WHO criteria for diarrhoea.11 28 
Mild TD was defined as 1–2, moderate TD as 3–5 and severe TD 
as 6 or more loose or liquid stools or diarrhoea accompanied by 
fever and/or bloody stools or requiring hospitalisation.11

Statistical analysis
Data were analysed with SPSS software, V.22.0. Categorical vari-
ables were analysed by Pearson’s χ² test, Fisher’s exact test or 
binary logistic regression analysis when applicable. The following 
variables were subjected to multivariate analysis: gender, age as 
categorical variable, pathogen finding in post- travel stool sample 
(only- DEC, only non- DEC, DEC and non- DEC and no patho-
gens); severity of TD; and antibiotic use. Statistical significance 
was defined as p<0.05 or 95% CIs ranging only either above or 
below 1.

reSulTS
The first part of this bipartite study concerns risk factors of post- 
travel MSK symptoms, while the second describes the nature and 
incidence of clinical findings among those with DEC as the only 
travel- acquired pathogens. Our travellers visited sub- Saharan 
Africa (48.2%); Southeast Asia (21.4%); South Asia (10.7%); 
South and Central America and the Caribbean (10.7%); Europe, 
North America or Australia (5.8%); North Africa and Middle 
East (2.7%); and East Asia (0.4%).

Pathogen findings among all 224 travellers
Of the 526 subjects initially recruited,21 224 returned all three 
questionnaires and provided both stool samples. In pretravel 
specimens, the volunteers had few positive findings: six had 
(2.7%) EPEC, four (1.8%) EAEC and one (0.5%) Campylo-
bacter. Only the participant with Campylobacter developed 
MSK symptoms. As for post- travel samples, 173 (77.2%) partic-
ipants had at least one pathogen and 86 (38.5%) multiple types 
of pathogens: DEC was detected for 168 (75.0%); Shigella/EIEC 
for 3 (1.3%); Salmonella for 6 (2.7%); and Campylobacter for 
13 (5.8%) (table 1). DEC were the only pathogens identified for 
151 (67.4%), only non- DEC were detected for 5 (2.2%), DEC 
and non- DEC for 17 (7.6%) and no pathogens for 51 (22.8%). 
Among all of those with MSK and a DEC finding in post- travel 

stools, the DEC were travel acquired (no DEC in pretravel 
stools).

Part one
Risk factors of post-travel MSK symptoms
Of all 224 participants, 38 (17.0%) reported MSK symptoms 
in the follow- up questionnaire (tables 1 and 2). In total, 155 
(69.2%) contracted TD during the journey and 24 (15.5%) 
treated it with antibiotics. Scrutinising the relation between MSK 
symptoms and TD, we found that 18.7% (29/155) of those with 
and 13.0% (9/69) of those without TD reported MSK symp-
toms (OR 1.5, 95% CI 0.7 to 3.4; p=0.297). A closer look at 
antibiotic use among those 109 with TD during travel and only 
DEC in stools showed MSK symptoms for 27.3% (3/11) of those 
taking antibiotics and 19.4% (19/98) of those not taking (OR 
1.6; 95% CI 0.4 to 6.4, p=0.691).

In multivariate analysis, the findings of only- DEC were asso-
ciated with MSK symptoms (aOR 3.9, 95% CI 1.2 to 13.3). By 
contrast, no association was observed for TD, severity of TD, 
antibiotic use, age or gender (table 2).

Part two
MSK symptoms among travellers with only-DEC
Of the 151 participants with only- DEC in post- travel stools, 31 
(20.5%) reported MSK symptoms; one was not reached. Perusing 
the questionnaires, the symptoms of 12 participants were either 
considered unrelated to travel (eg, similar joint symptoms before 
journey) or ascribed to something else (eg, trauma and infec-
tion). Eighteen were interviewed by phone or invited for a clinic 
visit. Of these, nine had MSK symptoms related to some other 
disorder (eg, osteoarthritis). The joint symptoms of nine partici-
pants were considered newly acquired.

Three participants with Shigella/EIEC were not included in the 
only- DEC group, as described above. One reported MSK symp-
toms and was diagnosed with ReAlg in clinical examination.
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Table 2 Risk factors of musculoskeletal (MSK) symptoms

Total* MSK +† MSK –† univariate statistics Multivariable statistics

P value Or (95% CI) P value aOr (95% CI)n (%) n (%) n (%)

Total 224 38 (17.0) 186 (83.0)

Gender

 Male 83 (37.1) 9 (10.8) 74 (89.2) reference 1.0 reference 1.0

 Female 141 (62.9) 29 (20.6) 112 (79.4) 0.061 2.1 (1.0 to 4.8) 0.117 2.0 (0.8 to 4.9)

Age

 Mean±SD range 39.5+/-16.7
(0–72)

48.1+/-12.7
(21–67)

37.7+/-16.9
(0–72)

Age group (years)

 0–17 20 (8.9) 0 (0) 20 (100) n/a n/a

 18–30 57 (25.4) 5 (8.8) 52 (91.2) 0.656 0.7 (0.1 to 3.8) 0.353 0.4 (0.1 to 2.6)

 31–50 85 (37.9) 14 (16.5) 71 (83.5) 0.691 1.4 (0.3 to 6.8) 0.897 1.1 (0.2 to 5.9)

 51–64 46 (20.5) 17 (37.0) 29 (63.0) 0.083 4.1 (0.8 to 20.3) 0.131 3.6 (0.7 to 19.0)

 Over 65 16 (7.1) 2 (12.5) 14 (87.5) reference 1.0 reference 1.0

Pathogen finding

 Negative 51 (22.8) 4 (7.8) 47 (92.2) reference 1.0 reference 1.0

 Only- DEC 151 (67.4) 31 (20.5) 120 (79.5) 0.047 3.0 (1.0 to 9.1) 0.030 3.9 (1.1 to 13.2)

 Only non- DEC 5 (2.2) 0 (0) 5 (100) n/a n/a n/a n/a

 DEC+non- DEC 17 (7.6) 3 (17.6) 14 (82.4) 0.085 2.5 (0.5 to 12.6) 0.111 4.5 (0.7 to 27.9)

TD during travel

 No TD 69 (30.8) 9 (13.0) 60 (87.9) reference 1.0 reference 1.0

 Mild TD 53 (23.7) 9 (17.0) 44 (83.0) 0.544 1.4 (0.5 to 3.7) 0.571 1.4 (0.5 to 4.2)

 Moderate TD 62 (27.7) 14 (22.6) 48 (77.4) 0.156 1.9 (0.8 to 4.9) 0.272 1.8 (0.6 to 5.1)

 Severe TD 40 (17.9) 6 (15.0) 34 (85.0) 0.775 1.2 (0.4 to 3.6) 0.585 1.4 (0.4 to 5.3)

Antibiotic use during travel‡

 No AB 195 (87.1) 32 (16.4) 163 (87.6) reference 1.0 reference 1.0

 AB for TD 24 (10.7) 5 (20.8) 19 (79.2) 0.586 1.3 (0.5 to 3.9) 0.311 2.0 (0.5 to 7.1)

 AB other 5 (2.2) 1 (20.0) 4 (80.0) 0.831 1.3 (0.1 to 11.8) 0.460 2.5 (0.2 to 28.4)

*Percentages refer to proportion of risk factors.
†Percentages refer to proportion of participants with and without MSK symptoms for each risk factor.
‡Antibiotic regimens: 18 fluoroquinolones, 4 macrolides, 2 third- generation cephalosporins, 3 unknown and 5 others.
AB, antibiotic; aOR, adjusted OR; DEC, diarrhoeagenic Escherichia coli; TD, travellers' diarrhoea.

Table 3 Clinical picture of the four patients with reactive arthritis 
(ReA)

Patient 1 Patient 2 Patient 3 Patient 4

Age, years 48 47 50 50

Gender (M/F) M F F F

Pathogen EPEC
EAEC

EPEC EPEC EPEC

Affected joints Knees Toe; finger Feet; knees; 
elbows

Shoulder; 
elbow; wrist

Joint swelling − + − +

Arthtralgia + + + +

Low back pain + − + −

HLA- B27 antigen − − − −

Duration of ReA 
(months)

2 10 3 1

EAEC, enteroaggregative E.coli; EPEC, enteropathogenic Escherichia coli; F, female; 
M, male; ReA, reactive arthritis.

Clinical evaluation of nine participants with newly acquired 
MSK symptoms and deC as only pathogen
Of the nine participants with reactive MSK symptoms, four met 
the criteria for ReA, two had ReTe and for the remaining three, 
ReAlg remained as diagnosis. The symptoms had appeared on 
average 21.5 (SD 23.5, range 0–56) days after TD. The mean 
duration of MSK symptoms was 82.8 days (SD 92.9, range 
2–300).

The mean age was 47.7 years (SD 7.6, range 30–56). Six 
(66.7%) were women and two had a history of ReA (one had 
ReA and the other ReTe in this study). Eight (88.9%) reported 
TD during travel. None of the nine participants had contacted 
healthcare due to TD, nor taken antibiotics. One (11.1%) 
reported urogenital symptoms during travel; none reported 
extra- articular symptoms like uveitis or erythema nodosum.

Of the nine participants, seven (including all four with ReA) 
were evaluated at the rheumatology clinic on average 5.9 months 
(SD 2.0, range 4–8) after the onset of joint symptoms. The clin-
ical picture was mostly mild. The affected joints of the four ReA 
patients were knees, shoulder, elbow, wrist, fingers and toes 
(table 3). At the time of clinical examination, only one patient 
with ReA still had synovitis 8 months after symptom onset and 
needed an intra- articular corticosteroid injection (left MTP I). 
Only one patient with ReA reported fever during diarrhoea, and 
three patients had had mild TD. Only one with ReTe was HLA- 
B27 positive, while all four with ReA were HLA- B27 negative. 

The CRP values ranged between 3 mg/L and 6 mg/L. RF was 
negative for all seven.

Seven of the nine (77.8%) participants with ReA/ReTe/ReAlg 
had EPEC in their post- travel stools (table 4). Two had multiple 
pathogens, one EPEC and EAEC and the other EPEC and ETEC. 
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Table 4 Distribution of bacterial pathogens among patients with 
reactive musculoskeletal symptoms (n=9)

reA n=4* reTe n=2 reAlg n=3†

EPEC 4 1 2

ETEC 0 1 1

EAEC 1 0 1

*One patient with two pathogens (EPEC+EAEC).
†One patient with two pathogens (EPEC+ETEC).
EAEC, enteroaggregative Escherichia coli ; EPEC, enteropathogenic Escherichia 
coli; ETEC, enterotoxigenic Escherichia coli ; ReA, reactive arthritis; ReAlg, reactive 
arthralgia; ReTe, reactive tendinitis and enthesitis.

Table 5 Outline of previous studies assessing musculoskeletal symptoms following Escherichia coli infection

Study (ref) number of patients Type of deC
MSK symptoms/reA
n (%)

Clinical picture/duration of symptoms 
(months)

HlA- b27 status of those 
with MSK symptoms/
reA

Locht and Krogfelt4 177 ETEC ReA: 10 (5.6) Not described / 5.5 Not examined

Rees et al29 22 E. coli O157:H7 ReA: 1 (4.5)* Pain in hands and feet Not examined

Schiellerup et al5 290 All E. coli 28 (9.7)/ 3 (1.0) Median VAS joint pain 35.5 mm 10% HLA- B27 positive

EPEC (n=17; 5.8%) 1 (5.9)

ETEC (n=112; 38.6%) 8 (7.1)

A/EEC (n=138; 47.6%) 16 (11.6)

VTEC (n=23; 7.9%) 3 (13.0)

Townes et al6 395 E. coli O157 35 (8.9)/1 (0.25) Described among other pathogens 
together

12% HLA- B27 positive†

*Infection with Campylobacter and concomitant diagnosis of ulcerative colitis.
†among all participants with ReA tested, comprising findings of Campylobacter, Salmonella, Shigella, E. coli O157 and Yersinia.
A/EEC, attaching and effacing E. coli (considered EPEC), E. coli O157; DEC, diarrhoeagenic E. coli; EPEC, enteropathogenic E. coli; ETEC, enterotoxigenic E. coli; HLA- B27, human 
leucocyte antigen B27; MSK, musculoskeletal; ReA, reactive arthritis; VAS, visual analogue scale 0- 100mm; VTEC, verocytotoxin (shigatoxin) producing E. coli.

All four with ReA had EPEC, one also had EAEC. None had 
EHEC.

Incidence of reA, reTe and reAlg
On the basis of data on the 151 travellers with DEC as the sole 
pathogen, nine (6.0%) were diagnosed with travel- related ReA, 
ReTe or ReAlg, yielding for ReA an incidence of 2.6%, for ReTe 
1.3% and for ReAIg 2.0%.

dISCuSSIOn
This is the first prospective study to have employed multivariate 
analysis in investigating whether reactive MSK symptoms are 
associated with acquisition of DEC and determining the inci-
dence of enterogenic ReA among travellers with DEC.

Our main finding was that acquiring DEC is, indeed, associ-
ated with development of MSK symptoms. This study features 
three merits not seen in the four largish investigations that have 
previously examined DEC as a trigger of reactive joint symp-
toms4–6 29: we collected stool samples prospectively, included 
control groups, and covered EAEC, one of the most frequently 
detected pathogens among travellers with TD (table 5). Besides 
EAEC, we also covered, using the multiplex qPCR assay, EPEC, 
ETEC, EIEC and EHEC.

In addition to this broad pathogen coverage, our prospec-
tive study design with pathogen- positive and pathogen- negative 
travellers allowed multivariate analysis of predisposing factors. 
Contrary to previous studies, we found no association between 
MSK symptoms and age, female sex or severity of TD, all of 
which have previously been associated with the development of 
MSK symptoms.2 5 30 31 We also looked at antibiotic treatment 
of TD, as some travel medicine researchers have speculated that 

it could prevent postinfectious sequelae such as ReA or irritable 
bowel syndrome.30 31 We found no association between devel-
opment of MSK symptoms and antibiotic treatment of TD. This 
accords with research showing that antibiotic treatment of infec-
tions caused by Campylobacter, ETEC or non- typhoidal Salmo-
nellae does not prevent postinfectious joint symptoms.32–35 To 
our knowledge, the present investigation is the first to scrutinise 
the relation between antibiotic treatment of TD and MSK symp-
toms among travellers.

The prospective study design allowed the very first evaluation 
of the incidence of various MSK symptoms among individuals 
with travel- acquired DEC. MSK symptoms were recorded for 
a considerable proportion (20.5%) of those with DEC as the 
sole post- travel pathogen; the incidence of ReA was 2.6%, ReTe 
1.3% and ReAlg 2.0%. These figures resemble those reported 
for volunteers only recruited after acquisition of some pathogen. 
For postinfectious joint symptoms, Schiellerup et al5 report an 
incidence of 9.7% among patients with DEC—none had definite 
and three (1.0%) had probable ReA. Townes et al6 describe ReA 
for 0.25%, and Rees et al29 report prolonged joint symptoms 
for 4.5% of participants with E. coli O157. Locht and Krogfelt4 
show joint symptoms among 16% of patients with Campylo-
bacter (n=173) and 6% with ETEC (n=177) over a 6- month 
follow- up. As for incidence of MSK symptoms among patients 
with other pathogens, in their systematic review, Ajene et al36 
found ReA in the samples of 0.9%–1.2% of subjects with Salmo-
nella, Shigella or Campylobacter,36 a rate according with that 
among our participants who had DEC. Finnish studies exploring 
ReA following infection with Salmonella, Shigella and Campy-
lobacter have reported incidences of 4.5%, 7% and 7%, respec-
tively.2 13 37 In our investigation, the symptoms of ReA mostly 
remained mild, although one patient had arthritis persisting over 
8 months. All our patients with ReA were negative for HLA- 
B27, a finding according with a previous study, which found no 
relation between HLA- B27 and MSK symptoms following an 
infection with E. coli.5 Low prevalence of HLA- B27 and mild 
clinical course have also been reported among other pathogens 
triggering ReA in population- based studies.2 6 13 37

In previous studies, the microbe triggering ReA has often 
remained unidentified. Fendler et al38 report a causative 
pathogen in 56% of ReA cases and, on the other hand, among 
47% of patients with undifferentiated oligoarthritis without 
preceding symptoms of infection. Our data show a bacterial 
pathogen for 87.9% of travellers with MSK symptoms and all 
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of those with ReA. Interestingly, the development of MSK symp-
toms was not related to the severity of TD but, by contrast, those 
with MSK symptoms or ReA reported mostly mild or moderate 
TD. The pathogens were identified only because of participation 
in this study; travellers mostly do not seek medical care for mild 
TD symptoms.26 Furthermore, with the exception of EHEC, 
traditional stool diagnostics fails to detect species of DEC, and 
therefore, the pathogens would have remained unidentified 
in laboratories not using qPCR assays with a broad pathogen 
coverage.9 20 25

In our data, EPEC was the pathogen most frequently detected 
among those with new MSK symptoms (77.8%) and ReA 
(100%). Its role in adult TD has remained disputable,9 11 21 yet 
for this study population, we have previously reported EPEC 
more frequently among those with than those without TD.11 
Despite the considerable prevalence of EAEC among travel-
lers with TD, it has not been covered in the previous studies 
reporting association between various DEC and ReA or other 
postinfectious joint symptoms (table 5). We show EAEC for 
55.3% (21/38) of the participants with MSK symptoms versus 
44.6% (83/186) without them (table 1), and for 25.0% (1/4) 
with ReA versus 20.0% (1/5) with ReTe and ReAlg (table 4). 
ETEC deserves special attention, since it is often considered to 
cause more severe TD than the other DEC.7 It was detected in 
the specimens of 21.1% of the participants with MSK symptoms 
and none of those with ReA.

limitations and strengths
First, as we could not collect stool samples while abroad, the 
primary TD pathogen may in some cases have already disap-
peared before sampling. Second, our data may slightly overesti-
mate the incidence of MSK symptoms, since those with symptoms 
after travel may have been more eager to return the follow- up 
questionnaire. Third, the time period between primary pathogen 
acquisition and clinical examination was rather long. Naturally, 
our lengthy follow- up also enabled us to evaluate the patients’ 
recovery. However, we may have missed some ReA cases where 
the joint symptoms appeared later than 3 weeks after travel.

The main merits of our investigation are its prospective design 
and multiplex qPCR method with a wide coverage of pathogens. 
They allowed us to compare symptomatic versus asymptomatic 
participants with and without DEC, to look for an association 
between MSK symptoms and travel- acquired DEC and estimate 
the incidence of MSK symptoms. Furthermore, data on antibi-
otic use afforded a rare opportunity to estimate whether antibi-
otic treatment of TD could prevent MSK symptoms.

COnCluSIOn
This was the first prospective study to explore whether travel- 
acquired DEC are associated with reactive MSK symptoms 
and to provide incidences for such development. Multivariate 
analysis showed acquisition of DEC to be connected with risk 
of developing MSK symptoms yet the risk did not depend on 
severity of TD symptoms. The incidence of ReA proved fairly 
low and the course mild; no association was seen with HLA- 
B27. Further investigations are needed to confirm whether 
ReA triggered by DEC remains milder than that caused by the 
conventionally known bacteria. Antibiotic treatment of TD did 
not prevent post- travel MSK symptoms.
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Key messages

What is already known about this subject?
 ► The new guidelines for arterial hypertension 
from the American College of Cardiology/
American Heart Association define hypertension 
at a level of 130/80 mm Hg. However, studies 
in patients with systemic autoimmune diseases 
were not considered and recommendations 
were not made for such patients.

What does this study add?
 ► This observational longitudinal study of 1532 
patients with systemic lupus erythematosus, 
followed by 10.8 years on average, showed 
that an adjusted mean blood pressure (BP) 
level of 130–139/80–89 mm Hg over the first 
2 years of observation is associated with a 
2.5- fold increase in the risk of atherosclerotic 
cardiovascular events (AVEs) compared with 
normotensive (<130/80 mm Hg) patients 
with lupus. This level of BP conferred a 73% 
increased risk for AVEs after adjustment for all 
traditional and disease- related atherosclerotic 
risk factors.

How might this impact on clinical practice or 
future developments?

 ► These findings support that the target level of 
BP should be <130/80 mm Hg for all patients 
with lupus.

AbSTrACT
background The 2017 american college of 
cardiology/american Heart association guidelines 
defined hypertension at ≥130/80 mm Hg. studies on 
patients with connective tissue diseases were not 
considered. our aim was to assess the impact of this 
definition on atherosclerotic vascular events (aVEs) in 
systemic lupus erythematosus.
Patients methods individuals from the Toronto lupus 
clinic with at least 2 years of follow- up and no prior aVE 
were divided in three groups according to their mean 
blood pressure (Bp) over that period (≥140/90 mm Hg, 
130-139/80-89 mm Hg and <130/80 mm Hg). They were 
followed until the first occurrence of an aVE (fatal or 
non- fatal coronary artery disease, cerebrovascular event 
and peripheral vascular disease) or last visit. groups were 
compared as per the baseline atherosclerotic risk factors. 
a multivariable time- dependent analysis was performed 
to adjust for the presence of other risk factors.
results of 1532 patients satisfying the inclusion 
criteria, 155 (10.1%) had a Bp ≥140/90 mm Hg, 316 
(20.6%) 130–139/80–89 mm Hg and 1061 (69.3%) 
were normotensives. after a mean follow- up of 10.8 
years, 124 aVEs were documented. The incidence rates 
were 18.9, 11.5 and 4.5 per 1000 patient- years for 
the three groups, respectively (p=0.0007 between the 
130–139/80–89 mm Hg group and the normotensives). 
a mean Bp of 130–139/80–89 mm Hg over the 
first 2 years was independently associated with the 
occurrence of aVEs (HR 1.73, 95% ci 1.13 to 2.65, 
p=0.011).
Conclusion patients with lupus with a sustained 
mean Bp of 130–139/80–89 mm Hg over 2 years had 
a significantly higher incidence of aVEs compared with 
normotensive individuals. This Bp level should be the 
target for antihypertensive therapy to minimise their 
cardiovascular risk.

InTroduCTIon
The recently published guidelines for the manage-
ment of arterial hypertension in adults by the 
American College of Cardiology/American Heart 
Association (ACC/AHA) recommended a signifi-
cantly lower threshold of systolic and diastolic 
blood pressure (SBP, DBP) for diagnosis.1 The levels 
of 130–139 mm Hg for SBP and 80–89 mm Hg for 
DBP are now considered as stage 1 hypertension, in 
contrast to the previous recommendations in which 
hypertension was defined as BP ≥140/90 mm Hg.2 

According to the same guidelines, pharmacologic 
treatment should be offered in all individuals with 
stage 1 hypertension and a 10- year cardiovascular 
(CV) risk ≥10% (as calculated by the Atheroscle-
rotic Cardiovascular Disease (ASCVD) risk esti-
mator), regardless of age.1 Despite the fact that 
an entire section was devoted on special patient 
groups and certain comorbidities, no recommen-
dations were made for patients with connective 
tissue diseases such as systemic lupus erythematosus 
(SLE).

Hypertension is detected in up to 74% of patients 
with lupus and is one of the strongest predictors 
for accelerated atherosclerosis and atherosclerotic 
vascular events (AVEs).3 4 Patients with lupus have 
a fivefold increased lifetime risk for AVEs, while 
the relative risk is even higher in premenopausal 
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women.5 6 Therefore, proper management of hypertension is 
of paramount importance in SLE. However, on the basis of the 
recent guidelines, the patient with typical lupus (young female 
with no traditional atherosclerotic risk factors) would be consid-
ered as a low- risk individual7 and not offered treatment for a 
BP of 130–139/80–89 mm Hg. Moreover, CV risk calculation 
is problematic in SLE, primarily because the available risk scores 
do not take into account the disease itself and most are designed 
for patients older than 40 years. Although there are no studies 
that used the ASCVD risk estimator7 in patients with lupus, 
other risk scores, such as the modified 10- year Framingham Risk 
Score indicate that the classic risk scores significantly underesti-
mate CV risk.8

As such, the management of hypertension in lupus may be 
delayed, particularly at the levels of 130–139/80–89 mm Hg. 
The aim of the present study was to assess whether the new 
definition of hypertension is predictive for AVEs in patients 
with lupus and, specifically investigate if the BP threshold of 
130–139/80–89 mm Hg carries an excessive CV risk in SLE.

Patients and methods
The University of Toronto Lupus Clinic (UTLC) has currently 
enrolled 2008 patients since its establishment in 1970. All patients 
fulfilled the revised American College of Rheumatology criteria 
for SLE classification9 or had three criteria and a supportive 
biopsy. Patients are followed regularly at 2–6 months intervals 
according to a standardised research protocol, which is regularly 
updated. This protocol captures demographic, clinical, immuno-
logical and therapeutic variables as well as most comorbidities. 
Concerning hypertension, the protocol captures the actual BP 
(SBP/DBP) during the clinic visit (mean of two measurements 
in the sitting position with an aneroid sphygmomanometer 
after a 5 min rest) as well as the current pharmacological treat-
ment, including all major classes of the antihypertensive drugs 
(diuretics, ACE inhibitors, angiotensin receptor blockers (ARBs), 
beta- blockers, calcium channel blockers, centrally acting agents 
and others). All individuals have provided written informed 
consent for studies being conducted at the UTLC.

For the purpose of the present study, included patients should 
have had at least 2 years of follow- up after enrolment in the 
UTLC and at least one additional clinic visit after that 2- year 
period. Patients with less than 2 years of follow- up or with an 
AVE at any time prior to the 2 years time point (baseline) were 
excluded. Given that the levels of BP may fluctuate significantly 
over time in SLE and that BP measurements at one point in time 
are unreliable for the prediction of long- term outcomes,10 the 
adjusted mean BP was calculated for all eligible patients. This 
considered all BP measurements (regardless of treatment) that 
a patient had had in the first 2 years of follow- up and the time 
spent with each BP (time from visit to visit), assuming that this 
would remain practically unaltered between clinic visits. The 
mathematical equation used was

 

n∑
i=2

(
xi+xi−1

2

)
ti

n∑
i=2

ti

where xi is the level of the variable (SBP or DBP) at visit i, and 
ti is the time interval between visit i and i-1. By incorporating 
the time interval between measurements in its calculation, the 
adjusted mean BP considers the length of time that SBP and DBP 
are presumed to have remained at a particular level.

Patients were then categorised in three different groups 
according to their adjusted mean BP, as follows:

1. Group 1: patients with an adjusted mean BP <130/80 mm
Hg (normotensives).

2. Group 2: patients with an adjusted mean BP 130-139/80-89
mm Hg (stage 1 hypertension).

3. Group 3: patients with an adjusted mean BP ≥140/90 mm
Hg (stage 2 hypertension).

In cases where the SBP and DBP would classify a given patient 
in a different group, the individual was categorised in the group 
with the higher BP (eg, a patient with a BP of 125/85 mm Hg was 
classified in group 2). Hypertension was defined regardless of 
use of antihypertensive therapy. The baseline was defined as the 
2- year time point since enrolment to the UTLC. All individuals 
were followed until the occurrence of an AVE or the last visit. 
AVEs were defined as new- onset angina, myocardial infarction 
(MI), revascularisation procedures (percutaneous transluminal 
coronary angioplasty or coronary artery by- pass graft), conges-
tive heart failure (CHF) of ischaemic origin, peripheral vascular 
disease (PVD) requiring angioplasty, transient ischaemic attack 
(TIA), stroke and CV deaths (fatal MI or stroke).

The three groups of patients were compared at baseline as 
per the variables that have been reported to increase the risk for 
AVEs according to a recent systematic review.4 These included 
demographic (age, sex, race/ethnicity), clinical (disease duration, 
disease activity, accrued damage, current renal function), immu-
nological (antiphospholipid antibodies) and therapeutic vari-
ables (antimalarials and glucocorticosteroids). The prevalence of 
traditional atherosclerotic risk factors (diabetes, dyslipidaemia, 
smoking) was compared as well as the frequency of the antihy-
pertensive, hypolipidaemic and antiplatelet/anticoagulant drugs 
used. Incidence rates of AVEs were calculated as first occurrence 
of an event by 1000 patient- years for each group, while the 
effect of baseline BP groups was modelled using time- dependent 
Cox regression.

Statistical analysis
The adjusted mean BP was used as a categorical variable to clas-
sify patients into the three groups (normotensives, stage 1 hyper-
tension, stage 2 hypertension). Patients’ demographics, clinical 
and immunological variables and treatments, as well as the tradi-
tional atherosclerotic risk factors are presented as mean±SD or 
counts (percentages) and were compared using analysis of vari-
ance for continuous variables and X2 tests for categorical vari-
ables. Univariate and multivariable Cox proportional hazards 
regressions were performed using the demographic variables as 
time fixed and the other features as time- dependent predictors 
(being updated at each visit). All potential confounders along 
with the main variable of interest (groups based on the adjusted 
mean BP) were included in the analysis. Proportionality assump-
tion tests for Cox models were done using Schoenfeld residuals 
whereas the linearity of continuous variables in Cox models 
was tested using Martingale residuals.10 Statistical analysis was 
performed with SAS V.9.4; p<0.05 was considered significant.

reSulTS
Of 2008 patients, 1532 (88.1% females) satisfied the inclusion 
criteria. Of the excluded patients, 455 had a follow- up shorter 
than 2 years (median 1 year) and 21 had an AVE prior to the 
baseline. The mean age of the included patients at baseline was 
36.2±14.3 years and mean disease duration 6.1±6.3 years. One 
hundred and fifty- five patients (10.1%) had an adjusted mean BP 
≥140/90 mm Hg and 316 (20.6%) a mean BP of 130–139/80–89 
mm Hg over the first 2 years; the rest 1061 (69.3%) were normo-
tensives. The calculation of the adjusted mean BP was based on 
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Table 1  Traditional and lupus- related atherosclerotic risk factors at baseline

Variable
≥140/90 mm Hg
(n=155)

130-139/80-89 mm Hg
(n=316)

<130/80 mm Hg
(n=1061) P value

Age (year) 46.8±14.6 39.7±13.2 33.6±13.7 <0.001

Females (n, %) 126 (81.3) 266 (84.2) 957 (90.2) <0.001

Caucasians (n, %) 119 (76.8) 226 (71.5) 647 (61) <0.001

Blacks (n, %) 23 (14.8) 40 (12.7) 154 (14.5)

Others (n, %) 13 (8.4) 50 (15.8) 260 (24.5)

Adjusted mean BP (mm Hg) 149/91 135/86 112/71 <0.001

Diabetes (n, %) 17 (11.0) 18 (5.7) 23 (2.2) <0.001

Dyslipidaemia* (n, %) 94 (60.6) 121 (38.3) 195 (18.4) <0.001

Total cholesterol (mmol/L) 5.9±1.8 5.1±1.3 4.5±1.1 <0.001

Smoking (current, n, %) 36 (23.2) 57 (18.0) 159 (15.0) 0.004

Disease duration (y) 5.5±5.8 6.9±7.0 6.0±6.0 0.026

SLEDAI- 2K 5.2±5.0 5.2±5.6 4.3±4.4 <0.001

SDI 1.0±1.3 0.7±1.2 0.5±0.9 <0.001

eGFR (mL/min/1.73 m2) 69.9±31.6 86.0±32.4 102.0±29.4 <0.001

aPL† (n, %) 53 (34.2) 75 (23.7) 216 (20.4) 0.003

Antimalarials (n, %) 49 (31.6) 176 (55.7) 721 (68.0) <0.001

Glucocorticosteroids (GCS) (n, %) 125 (80.6) 230 (72.8) 690 (65.0) <0.001

Cumulative GCS dose (g)†‡ 16.9±17.9 18.9±22.6 15.5±18.7 <0.001

Antihypertensives (n, %) 59 (38.1) 95 (30.1) 168 (15.8) <0.001

Statins (n, %) 0 (0) 1 (0.3) 0 (0) 0.146

Antiplatelets/anticoagulants 
(n, %)

8 (5.2) 19 (6) 94 (8.9) 0.106

P values: trend from ANOVA for continuous variables, X2 test for categorical variables.
*Abnormal total cholesterol or low- density lipoprotein for two consecutive visits.
†Lupus anticoagulant and/or anticardiolipin antibodies (IgM, IgG).
‡From enrolment up to the baseline.
ANOVA, analysis of variance; aPL, antiphospholipid antibodies; BP, blood pressure; eGFR, estimated glomerular filtration rate; SDI, Systemic Damage Index; SLEDAI, SLE Disease 
Activity Index 2000.

Figure 1 Kaplan- Meier curve for the occurrence of AVEs over 
time (censored at 15 years) in the three patient groups (red line: 
≥140/90 mm Hg, yellow line: 130–139/80–89 mm Hg, green line 
<130/80 mm Hg). The differences were statistically significant among all 
groups. The baseline (T0) is 2 years after enrolment in the clinic. AVEs, 
atherosclerotic vascular events; BP, blood pressure.

6.3 BP measurements (average) over 2 years. The traditional and 
lupus- related atherosclerotic risk factors as well as the treatment 
variables at baseline are shown in table 1.

After a mean follow- up of 10.8 years (16 601 patient- years), 
124 AVEs were documented, including 20 CV deaths. The non- 
fatal AVEs were new- onset angina (n=40), acute MI (n=23), 

revascularisation procedures (n=12), CHF of ischaemic origin 
(n=9), cerebrovascular events (n=18) and PVD (n=2). The 
overall prevalence of AVEs was 32 (20.6%), 41 (13%) and 51 
(4.8%) in the ≥140/90 mm Hg, the 130–139/80–89 mm Hg and 
the <130/80 mm Hg groups, respectively. The incidence rates 
were 18.9, 11.5 and 4.5 per 1000 patient- years, respectively. 
The Kaplan- Meier curve for the occurrence of AVEs over time 
(censored at 15 years) in the three groups is shown in figure 1. 
The differences were statistically significant among all groups 
(p=0.0007 between normotensives and stage 1 hyperten-
sion, p=0.008 between stage 1 and stage 2 hypertension and 
p<0.0001 between normotensives and stage 2 hypertension). 
Similar trends were observed in the subcategories of the AVEs, 
such as hard AVEs (excluding angina and TIAs), coronary artery 
disease (CAD) events, cerebrovascular events and CV deaths 
alone, figure 2.

In a time- dependent multivariable analysis for the identifica-
tion of predictors for AVEs, an adjusted BP of 130–139/80–89 
mm Hg over the first 2 years since enrolment in the UTLC was 
independently associated with the occurrence of AVEs (HR 1.73, 
95% CI 1.13 to 2.69, p=0.011). Other associated factors were 
smoking, use of glucocorticosteroids, use of antiplatelet/anti-
coagulant agents and disease activity (as expressed by the SLE 
Disease Activity Index 2000), details in table 2.

A sensitivity analysis excluding 30 patients with end- 
stage renal disease (7 in the normotensive group, 13 in the 
130–139/80–89 mm Hg group and 10 in the ≥140/90 mm Hg 
group) yielded similar results (online supplementary tables 1 
and 2).
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Figure 2 Cumulative incidence of AVEs in the three bP groups. Similar 
trends were observed with REGARDS to the hard AVEs (excluding 
angina and transient ischaemic attacks), CAD events and CV deaths. 
The differences in the incidence rates of cerebrovascular events were 
not statistically significant. *P<0.001, **P=0.008. AVEs, atherosclerotic 
vascular events; BP, blood pressure; CAD, coronary artery disease; CV, 
cardiovascular.

Table 2 Univariable and multivariable time dependent COX regression analysis for predictors of AVEs

Variable

univariable analysis Multivariable analysis

Hr 95% CI P value Hr 95% CI P value

Stage 1 hypertension versus normotensives 1.77 1.17 to 2.68 0.007 1.73 1.13 to 2.65 0.0112

Stage 2 hypertension versus normotensives 1.96 1.23 to 3.12 0.0047 1.65 1.01 to 2.69 0.0456

Age 1.06 0.94 to 1.19 0.3311 2.01 0.96 to 4.22 0.064

Age squared 1.004 0.99 to 1.01 0.4396 0.99 0.99 to 1.00 0.0675

Female 0.51 0.31 to 0.82 0.0059 0.70 0.42 to 1.74 0.1787

Caucasian 1.16 0.75 to 1.80 0.5036 1.18 0.74 to 1.88 0.4771

Diabetes 1.60 0.93 to 2.86 0.0891 1.31 0.73 to 2.35 0.3686

Dyslipidaemia* 2.55 0.58 to 11.24 0.2169 1.71 0.33 to 8.83 0.5202

Smoking 1.61 1.03 to 2.50 0.0352 1.86 1.17 to 2.96 0.0084

SLEDAI- 2K 1.11 1.07 to 1.15 <0.0001 1.10 1.06 to 1.15 <0.0001

eGFR 0.99 0.99 to 1.00 0.0593 1.00 0.99 to 1.00 0.2388

Antiphospholipid antibodies† 1.70 1.15 to 2.53 0.00081 1.38 0.92 to 2.07 0.1236

Glucocorticoids 2.02 1.40 to 2.92 0.0002 1.76 1.19 to 2.60 0.0043

Anticoagulants/antiplatelets 3.05 2.09 to 4.46 <0.0001 3.34 2.25 to 4.94 <0.0001

Bold indicates variables associated with increased risk for atherosclerotic vascular events in the multivariable analysis.
*Abnormal total cholesterol or low- density lipoprotein for two consecutive visits.
†Lupus anticoagulant and/or anticardiolipin antibodies (IgM, IgG).
AVE, atherosclerotic vascular event; eGFR, estimated glomerular filtration rate; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.

dISCuSSIon
In the present study, we showed that patients with SLE with an 
adjusted mean BP of 130–139/80–89 mm Hg (regardless of anti-
hypertensive therapy) over the first 2 years of observation had a 
significantly higher risk for the development of AVEs compared 
with normotensive patients (adjusted mean BP <130/80 mm Hg). 
These patients had a higher prevalence of other traditional and 
lupus- related risk factors for atherosclerosis as well. However, a 
time- dependent multivariable analysis with multiple corrections 
for all these factors revealed that this level of BP independently 
increased the risk for AVEs by 73% over the entire follow- up 
period (10.8 years on average).

A time- adjusted measure of BP over the first 2 years of 
observation was selected instead of the traditional ACC/AHA 
definition of the average BP of ≥2 readings in two separate 

occasions.1 This was based on previous studies that showed 
that BP fluctuates considerably in patients with lupus, primarily 
because of variations in disease activity (and, consequently, 
increased use of glucocorticosteroids and/or non- steroidal anti- 
inflammatory drugs) and renal involvement.3 This means that a 
given patient may have high BP readings intermittently and for 
a short period of time; the BP will normalise after successful 
control of disease activity. It is unknown if these individuals 
carry a higher CV risk compared with other patients. None-
theless, Nikpour et al showed that time- adjusted BP, reflecting 
the cumulative exposure to hypertension over time, was more 
reliable than single BP readings for the prediction of AVEs in 
patients with lupus.11

The new ACC/AHA definition inevitably increases the preva-
lence of hypertension and, consequently, the number of patients 
that should be considered for management. In a recent study of 
38 276 American adults from the National Health and Nutrition 
Examination Survey, Dorans et al reported an age- standardised 
prevalence of 45.4% and an increase of more than 20% in the 
total number of individuals with hypertension in the USA.12 
In our cohort, the prevalence of hypertension (based on the 
adjusted mean BP over the first 2 years) was 10.1% according 
to the previous definition of ≥140/90 mm Hg and increased 
dramatically to 30.7% with the new threshold. In older studies 
in patients with lupus that used the previous definition of hyper-
tension, the prevalence reached 74%3; this should be expected 
to rise with the new definition.

Several studies in SLE showed that hypertension is inde-
pendently associated with increased rates of AVEs with a HR 
ranging from 1.05 to 3.5.6 13–18 Furthermore, hypertension 
has been related to every surrogate end- point for atheroscle-
rosis, including impaired endothelial function,19 20 arterial stiff-
ness,21–23 increased carotid intima–media thickness and plaque 
formation,24–26 coronary artery calcification27 and angiograph-
ically proven CAD.28 It was also an independent risk factor for 
myocardial perfusion defects.29 In all these studies, the threshold 
for the definition of hypertension was ≥140/90 mm Hg. It seems 
possible that the application of a lower threshold, such as the 
130–139/80–89 mm Hg, may further increase the impact of 
hypertension on the CV risk of such patients.
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The findings of the present study support that the target BP 
should be less than 130/80 mm Hg in all patients with lupus 
in order to minimise their CV risk. This seems to be indepen-
dent of age or the absence of other traditional risk factors that 
could erroneously lead to a low predicted 10- year CV risk. As 
mentioned above, most CV risk calculators are not designed to 
estimate the CV risk in patients younger than 40 years. Hence, 
the CV risk cannot be reliably predicted for the majority of 
patients with lupus. The average age of the patients with an 
adjusted mean BP of 130–139/80–89 mm Hg in our study was 
40 years, which is exactly the threshold used in the ASCVD risk 
estimator.7 Therefore, it seems reasonable that clinicians should 
not rely on CV risk calculators in SLE and commence treatment 
as soon as possible in cases of sustained BP elevation above the 
threshold of 130/80 mm Hg.

The optimal level of BP to maximise CV risk reduction is 
not known. In the Systolic Blood Pressure Intervention Trial, it 
was shown that intensive treatment of high- risk, non- diabetic 
patients aiming at a SBP <120 mm Hg conferred a 25% reduc-
tion in the rate of AVEs compared with individuals with an 
SBP target of less than 140 mm Hg.30 The average SBP of the 
intensive treatment patients was 121.4 mm Hg compared with 
the 136.2 mm Hg of the standard treatment individuals. Would 
lower BP levels further reduce the incidence rates of AVEs? In 
a population- wide study from Sweden in 187 106 patients with 
type 2 diabetes and no prior AVE, it was shown that there was a 
linear reduction of the non- fatal AVEs for gradually decreasing 
BP levels.31 The minimum CV risk (for non- fatal AVEs) was 
observed at the levels of 110–119 mm Hg (for SBP), while there 
was a significant increase at the levels of 120–129 mm Hg and a 
further significant increase at 130–139 mm Hg. The difference 
in the HR for AVEs between the lowest SBP threshold that was 
assessed in that study (110–119 mm Hg) to the 130–139 mm Hg 
level was 12% for all AVEs. However, these levels (110–119 mm 
Hg) were also associated with a 20% higher risk for heart failure 
and 28% higher risk for all- cause mortality compared with the 
130–139 mm Hg levels.31 Based on these data, targeting lower 
levels of BP might be unsafe in certain patients with lupus (eg, 
with prior heart disease or heart failure).

The purpose of the current study was not the assessment of 
the effect of treatment on CV outcomes in patients with lupus. 
Nevertheless, it was recently shown that the effective manage-
ment of the traditional atherosclerotic risk factors (including 
hypertension) led to a decrease of 60% in the incidence of AVEs 
from the 1980s to the 2010s.32 As such, it should be expected 
that the effective treatment of hypertension to levels lower than 
130/80 mm Hg will further reduce the incidence of AVEs in SLE.

The present report is an observational longitudinal study and 
not a randomised controlled trial. Therefore, its findings should 
be interpreted with caution, particularly since the patients with 
a BP of 130–139/80–89 mm Hg also had a higher prevalence 
of other atherosclerotic risk factors. Moreover, certain risk 
factors (obesity and family history of premature CAD) were not 
included in the analysis due to the large proportion of missing 
data in our cohort. Nevertheless, CV risk reduction is multidi-
mensional and should not be restricted to the tight control of 
hypertension alone but include all modifiable risk factors, such 
as dyslipidaemia, diabetes.

ConCluSIon
In conclusion, patients with lupus with an adjusted mean BP of 
130–139/80–89 mm Hg over the first 2 years from enrolment 
to the clinic had significantly higher incidence rates of AVEs 

over more than 10 years of follow- up on average compared with 
normotensive individuals. In a multivariable time- dependent 
analysis, this level of BP conferred a 73% higher risk for AVEs 
after adjusting for other traditional and lupus- related risk factors. 
The management of hypertension in patients with lupus should 
commence early and aim at levels below 130/80 mm Hg.
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AbSTrACT
Objectives Riociguat is approved for pulmonary arterial 
hypertension and has antiproliferative, anti- inflammatory 
and antifibrotic effects in animal models of tissue 
fibrosis. We evaluated the efficacy and safety of riociguat 
in patients with early diffuse cutaneous systemic sclerosis 
(dcssc) at high risk of skin fibrosis progression.
Methods in this randomised, double- blind, placebo- 
controlled, phase iib trial, adults with dcssc of  
<18 months’ duration and a modified Rodnan skin score 
(mRss) 10–22 units received riociguat 0.5 mg to 2.5 mg 
orally three times daily (n=60) or placebo (n=61). The 
primary endpoint was change in mRss from baseline to 
week 52.
results at week 52, change from baseline in mRss 
units was –2.09±5.66 (n=57) with riociguat and 
–0.77±8.24 (n=52) with placebo (difference of least
squares means –2.34 (95% Ci –4.99 to 0.30; p=0.08)). 
in patients with interstitial lung disease, forced vital 
capacity declined by 2.7% with riociguat and 7.6% 
with placebo. at week 14, average Raynaud’s condition 
score had improved ≥50% in 19 (41.3%)/46 patients 
with riociguat and 13 (26.0%)/50 patients with placebo. 
safety assessments showed no new signals with 
riociguat and no treatment- related deaths.
Conclusions Riociguat did not significantly benefit 
mRss versus placebo at the predefined p<0.05. 
secondary and exploratory analyses showed potential 
efficacy signals that should be tested in further trials. 
Riociguat was well tolerated.

InTrOduCTIOn
Systemic sclerosis (SSc) is an autoimmune connec-
tive tissue disease characterised by fibrosis, inflam-
mation and microvascular injury.1–3 Systemic 
organ manifestations include pulmonary arterial 
hypertension (PAH), interstitial lung disease (ILD), 
Raynaud’s phenomenon (RP) and digital ulcers 
(DU).3 4 To date, nintedanib is the only approved 
therapy for the treatment of SSc- ILD.5 6 Thus there 

is a significant unmet need, particularly in diffuse 
cutaneous SSc (dcSSc).3

The soluble guanylate cyclase (sGC) stimulator 
riociguat increases intracellular cyclic guanosine 
monophosphate (cGMP).7 cGMP activates protein 
kinases G, which are important in the regulation 
of vascular tone and remodelling.8 Riociguat was 
approved for treatment of PAH following the phase 

Key messages

What is already known about this subject?
 ► There is a need for new therapies for patients 
with diffuse cutaneous systemic sclerosis 
(dcSSc).

 ► The soluble guanylate cyclase stimulator 
riociguat has antiproliferative, anti- 
inflammatory and antifibrotic effects in vitro 
and in animal models of tissue fibrosis and has 
been shown to increase digital blood flow in 
patients with Raynaud’s phenomenon.

What does this study add?
 ► The RIociguat Safety and Efficacy in patients 
with diffuse cutaneous Systemic Sclerosis study 
failed to meet its primary endpoint of change 
in modified Rodnan skin score after 52 weeks 
at p=0.08. However, some secondary and 
exploratory endpoints showed potential efficacy 
signals that should be investigated in further 
trials. Riociguat was well tolerated, with no 
unexpected safety signals.

How might this impact on clinical practice or 
future developments?

 ► Although the primary endpoint was not 
significant, this phase IIb study provides 
important information that can inform future 
study design and gave preliminary findings that 
could be explored in future trials in patients 
with dcSSc.
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III Pulmonary Arterial Hypertension Soluble Guanylate Cyclase- 
Stimulator Trial 1 (PATENT-1) study, which included a subgroup 
with PAH- SSc, in which riociguat prevented the decline in 6 min 
walking distance seen with placebo.9 In a single- dose pilot study, 
riociguat increased digital blood flow in patients with RP.10 
Riociguat has demonstrated antiproliferative, anti- inflammatory 
and antifibrotic effects mediated by attenuation of transforming 
growth factor beta-1 signalling in animal models and in vitro 
studies.7 8 11–14 sGC stimulators prevented and treated fibrosis in 
models of SSc.12 15

We hypothesised that riociguat may benefit tissue fibrosis in 
dcSSc. The RIociguat Safety and Efficacy in patients with diffuse 
cutaneous Systemic Sclerosis (RISE- SSc) trial compared riociguat 
with placebo in patients with early dcSSc.16–18

MeTHOdS
design overview
RISE- SSc ( clinicaltrials. gov identifier: NCT0228376219) was a 
randomised, double- blind, placebo- controlled, parallel- group, 
phase IIb, international, multicentre study, consisting of a 
screening phase (≤2 weeks), a 52- week, double- blind, main treat-
ment phase and a long- term extension (see online supplementary 
figure S1 and supplementary file 2). All patients provided written 
informed consent. Each site’s institutional review board or ethics 
committee approved the protocol. The study was performed in 
accordance with the Declaration of Helsinki and Good Clinical 
Practice.

Study participants
Investigators enrolled patients ≥18 years old, fulfilling Amer-
ican College of Rheumatology/European League Against Rheu-
matism (ACR/EULAR) classification criteria for SSc,20 with 
dcSSc according to LeRoy and Medsger.21 Based on European 
Scleroderma Trials and Research Group (EUSTAR) cohort 
observations,16–18 entry criteria specified disease duration ≤18 
months (defined as time from first non- RP manifestation) and 
modified Rodnan skin score (mRSS) 10–22 units to enrich the 
study with patients at risk of skin fibrosis progression. Other 
inclusion criteria were per cent predicted forced vital capacity 
(FVC%) ≥45% and haemoglobin- corrected per cent predicted 
diffusing capacity of the lung for carbon monoxide (DLCO) 
≥40% at screening. Patients receiving concomitant nitrates, 
nitric oxide donors, phosphodiesterase inhibitors or recent SSc 
therapies were excluded (see online supplementary file 1, p1–3).

randomisation and intervention
Patients were randomised 1:1 to riociguat or matching placebo, 
individually adjusted every 2 weeks from 0.5 mg to 2.5 mg orally 
three times daily over 10 weeks and continued throughout the 
treatment phase. From week 26, rescue therapy was permitted 
at investigator discretion (see online supplementary file 1, p4). 
Physical examination, disease status and demographics were 
obtained at day 0. Disease status was re- evaluated at weeks 12, 
26 and 52, with additional assessments of mRSS and pulmonary 
function at week 39. Raynaud’s condition score was assessed by 
a patient diary completed daily for seven consecutive days before 
the first treatment dose and at week 14. Safety assessments 
included laboratory assessments at screening, on day 0, and at 
weeks 2, 4, 6, 8, 10, 26, 39 and 52, and evaluation of vital signs, 
adverse events (AEs) and serious adverse events (SAEs) coded 
by Medical Directory for Regulatory Activities preferred terms, 
DU net burden and prior and concomitant therapy at every visit.

Outcomes and follow-up
The primary endpoint was the change in mRSS from base-
line to week 52. To prevent interobserver variability, the same 
physician, experienced in skin scoring, scored the same patient 
throughout the study. Skin fibrosis was also analysed by prespec-
ified exploratory analyses of mRSS progression (increase by >5 
units and ≥25% from baseline) and regression (decrease by >5 
units and ≥25% from baseline). This definition was based on 
analyses suggesting that a reduction in mRSS of 3.2–5.3 units 
or 15%–25% from baseline is considered a minimally clini-
cally important difference.22 23 In addition, descriptive analysis 
in prespecified patient subgroups was performed (see online 
supplementary file 1, p4). Secondary endpoints were tested 
hierarchically in the order: American College of Rheumatology 
Composite Response Index for Systemic Sclerosis (ACR CRISS) 
at week 5224 (see online supplementary file 1, p5–6), Health 
Assessment Questionnaire Disability Index, patient’s global 
assessment, physician’s global assessment and change in FVC%. 
An independent, blinded Adjudication Committee reviewed clin-
ical outcomes potentially representing systemic organ manifes-
tations of dcSSc (see online supplementary file 1, p6), and all 
causes of death.

FVC% and DLCO% were assessed overall and (post hoc) in 
patients with ILD according to medical history and restrictive 
lung disease (FVC% 50%–75% at baseline).

Effects on RP at week 14 versus day 0 and net digital ulcer 
burden were prespecified exploratory analyses. For details of 
other prespecified exploratory analyses and post hoc assessments 
see online supplementary file 1, p6.

Statistical analysis
Assuming a standard deviation (SD) of 8 mRSS units,25 80% 
power, a two- sided significance level of 5% and 1:1 rando-
misation, 128 patients would be required to detect a placebo- 
adjusted difference of 4 units for intent- to- treat analysis of 
mRSS. Endpoints were analysed using mixed model repeated 
measures, with baseline mRSS as a covariate; treatment arm, 
region and study visit, the interaction effect between study visit 
and treatment arm as fixed effects and patient- specific random 
effects (see online supplementary file 3). The primary endpoint 
was also analysed by analysis of covariance with baseline mRSS 
as a covariate, and treatment arm and region as main effects. 
Endpoints present or not were estimated using Mantel- Haenszel 
weights. Analyses were performed on all patients randomised 
and treated with study medication using SAS V.9.2 software (SAS 
Institute Inc, Cary, North Carolina, USA). Since the primary 
endpoint was not met, all other p values are nominal, are only 
shown for predefined but not post hoc analyses, cannot be 
considered statistically significant and are presented for infor-
mation only.

Patient involvement
Patients were not directly involved in the design, recruitment or 
conduct of the study.

reSulTS
Study population
In total, 121 patients were randomised (riociguat, n=60; placebo, 
n=61). The study was completed according to the protocol. 
Five patients in each group received ≥1 new rescue therapy 
after week 26. Study discontinuation occurred in 18 (30.0%) 
riociguat- treated patients and 15 (24.6%) placebo- treated 
patients (figure 1). At week 52, 34 (80.9%)/42 riociguat- treated 
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Figure 1 Patient disposition.

Table 1 Baseline characteristics of study participants

Characteristics
Overall 
(n=121)

riociguat 
(n=60)

Placebo 
(n=61)

Mean age (SD), years 50.7 (12.2) 51.9 (11.5) 49.5 (12.9)

Female, n (%) 92 (76.0) 47 (78.3) 45 (73.8)

White, n (%) 89 (73.6) 43 (71.7) 46 (75.4)

Black, n (%) 5 (4.1) 2 (3.3) 3 (4.9)

Asian, n (%) 24 (19.8) 12 (20.0) 12 (19.7)

Native Hawaiian or other Pacific Islander, n (%) 1 (0.8) 1 (1.7) 0

Not reported, n (%) 2 (1.7) 2 (3.3) 0

Mean disease duration (SD), months (from first 
non- RP manifestation)

9.0 (6.4) 9.5 (7.0) 8.6 (5.8)

Mean mRSS (SD), units 16.8 (3.7) 16.9 (3.4) 16.7 (4.1)

Mean % predicted FVC (SD), % 92.8 (17.8) 90.7 (18.5) 94.8 (17.0)

Mean % predicted DLCO (Hb corr.) (SD), % 76.4 (18.5) 76.0 (19.9) 76.8 (17.2)

Swollen joint count ≥1, n (%) 38 (31.4) 23 (38.3) 15 (24.6)

Mean swollen joint count (SD), n 2.0 (4.7) 3.0 (6.1) 1.1 (2.5)

Tender joint count ≥1, n (%) 51 (42.1) 30 (50.0) 21 (34.4)

Mean tender joint count (SD), n 3.0 (6.2) 3.9 (7.3) 2.1 (4.8)

Digital ulcer count ≥1, n (%) 15 (12.4) 9 (15.0) 6 (9.8)

Mean digital ulcer count (SD), n 0.3 (1.1) 0.3 (0.7) 0.4 (1.4)

Mean digital ulcer count in patients with ulcers 
(SD), n

2.5 (2.3) 1.7 (1.0) 3.7 (3.2)

Tendon friction rubs ≥1, n (%) 35 (28.9) 15 (25.0) 20 (32.8)

Mean tendon friction rubs (SD), n 3.1 (2.2) 2.4 (1.1) 3.6 (2.7)

ILD by medical history, n (%) 25 (20.7) 12 (20.0) 13 (21.3)

Mean HAQ- DI (SD), units 0.79 (0.68) 0.89 (0.67) 0.69 (0.69)

Anti- RNA polymerase III positive, n (%) 26 (21.5) 10 (16.7) 16 (26.2)

Anti- SCl-70 (anti- topoisomerase I) positive, n (%) 49 (40.5) 26 (43.3) 23 (37.7)

Anti- centromere B positive, n (%) 10 (8.3) 4 (6.7) 6 (9.8)

DLCO, diffusing capacity of the lung for carbon monoxide; DLCO (Hb corr.), diffusing capacity of the 
lung for CO, corrected for haemoglobin; FVC, forced vital capacity; HAQ- DI, Health Assessment 
Questionnaire Disability Index; ILD, interstitial lung disease; mRSS, modified Rodnan skin score; RP, 
Raynaud’s phenomenon.

patients were receiving riociguat 2 or 2.5 mg three times daily. 
Patients generally had early dcSSc, with mean mRSS 17 and 
mean disease duration 8.6 months. Baseline characteristics were 
generally well balanced across groups (table 1).

Skin fibrosis
The primary endpoint was not met at the predefined p<0.05. 
At week 52, mean mRSS was 14.63 (SD 6.56) with riociguat 

versus 15.73 (SD 10.48) with placebo: difference of least squares 
(LS) means –2.34 (standard error (SE) 1.33); 95% confidence 
interval (CI) –4.99 to 0.30; relative difference –14%; p=0.0815. 
At week 52, the mean change from baseline in mRSS was –2.09 
(SD 5.66) with riociguat and –0.77 (SD 8.24) with placebo 
(figure 2A). Progression of mRSS (increase by >5 units and 
≥25% from baseline) was observed in 11 (18.6%)/59 patients 
with riociguat and 22 (36.7%)/60 patients with placebo (Mantel- 
Haenszel estimate of difference: –17.99% (95% CI –33.57% 
to –2.40%; nominal p=0.0237); figure 2B). Regression rates 
(decrease by >5 units and ≥25% from baseline) in the riociguat 
and placebo groups were 27 (45.7%)/59 and 18 (30.0%)/60, 
respectively (Mantel- Haenszel estimate of difference: 15.29% 
(95% CI –1.98% to 32.57%; nominal p=0.0827)).

On subgroup analyses, the change in mRSS with riociguat 
versus placebo showed a nominal p value <0.05 for mRSS 
17–22, anti- RNA polymerase III positive/SCl-70 negative, base-
line FVC 50%–75% and high- sensitivity C- reactive protein 
>3.0 mg/L (see online supplementary figure S2).

Secondary endpoints
ACR CRISS as a measure of improvement did not show signif-
icant differences in this trial designed for prevention of wors-
ening. Eighteen per cent of patients in each group had a CRISS 
improvement probability score ≥0.60 (estimate of difference: 
0.20% (95% CI –13.68% to 14.09%; nominal p=0.977)). 
However, in step 1 of the CRISS analysis, 1 (1.7%) patient in 
the riociguat group versus 4 (6.6%) in the placebo group met the 
definition for SSc- related organ involvement. Other secondary 
endpoints are shown in table 2.

lung function
Overall, the change in FVC% between baseline and week 52 
was −2.38% (SD 7.52) with riociguat and −2.95% (SD 9.73) 
with placebo (difference of LS means −0.20 (SE 1.61); 95% CI 
−3.40 to 3.00; nominal p=0.901; figure 3A). Two patients in 
each group developed new ILD. At baseline, 12 (20.0%) patients 
receiving riociguat and 13 (21.3%) patients with placebo had 
SSc- ILD by medical history, and 11 (18.3%) and 7 (11.5%), 
respectively, had baseline FVC% 50%–75%. Baseline characteris-
tics by lung fibrosis diagnosis are shown in online supplementary 
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Figure 2 (A) Change from baseline in mRSS during the study. Mixed model with repeated measurement was applied with baseline value, treatment 
group, region, visit and treatment by visit interaction as fixed effects, and subject as a random effect. Vertical lines represent 95% CI for change. (B) 
Proportion of patients with mRSS progression (increase in mRSS by >5 units and ≥25% from baseline: prespecified analysis). Treatment comparison 
(riociguat −placebo): estimate −17.99%, 95% CI −33.57 to −2.40. Mantel- Haenszel estimate of difference: nominal p=0.0237. CI, confidence interval; 
LS, least squares; mRSS, modified Rodnan skin score.

Table 2 Difference between riociguat group and placebo group in change from baseline to week 52 in secondary endpoints

endpoint riociguat (n=60) Placebo (n=61)
estimate of difference
(95% CI) nominal p value*

ACR CRISS

 No improvement, n (%) 1 (1.7) 4 (6.6)

0.20% (–13.68 to 14.09)† 0.977
 ≥3 missing criteria, n (%) 6 (10.0) 7 (11.5)

 CRISS probability ≥60%, n (%) 11 (18.3) 11 (18.0)

 CRISS probability <60%, n (%) 49 (81.7) 50 (82.0)

Mean HAQ- DI (SD), units

 Baseline 0.89 (0.67) 0.69 (0.69)
–0.07 (–0.23 to 0.08)‡ 0.3529

  Change at week 52 0.05 (0.38) (n=56) 0.13 (0.42) (n=52)

Mean patient global assessment (SD), units

 Baseline 3.93 (2.50) 3.77 (2.34)
0.79 (–0.12 to 1.69)‡ 0.0887

 Change at week 52 0.69 (2.75) (n=45) –0.02 (2.23) (n=46)

Mean physician global assessment (SD), units

 Baseline 4.33 (2.11) 4.02 (2.00)
0.83 (0.11 to 1.54)‡ 0.0241

  Change at week 52 –0.07 (2.16) (n=45) –0.75 (2.09) (n=47)

Mean % predicted FVC (SD), %

 Baseline 90.74 (18.52) 94.82 (17.03)
–0.20 (–3.40 to 3.00)‡ 0.901

 Change at week 52 –2.38 (7.52) (n=55) –2.95 (9.73) (n=51)

*Since the primary endpoint was not met, all other p values cannot be considered statistically significant and are presented for information only.
†Mantel- Haenszel estimate.
‡Mixed model repeated measures applied with baseline value, treatment group, region, visit and treatment by visit interaction as fixed effects, and subject as a random effect.
ACR, American College of Rheumatology; CI, confidence interval; CRISS, Composite Response Index for Systemic Sclerosis; FVC, forced vital capacity; HAQ- DI, Health Assessment 
Questionnaire Disability Index.

table S1. Depending on the diagnosis, the mean change in FVC% 
from baseline to week 52 was −7.6 to −8.7% with placebo and 
+0.7 to −2.7% with riociguat (figure 3B).

DLCO% decreased by −2.31% (SD 10.08) with riociguat 
and −4.09% (SD 12.19) with placebo (difference of LS means 
2.01 (SE 2.14); 95% CI −2.24 to 6.25; nominal p=0.3502). In 
patients with ILD by medical history the changes in DLCO% were 
–4.55 (SD 8.12) with riociguat (n=11) and –7.63 (SD 13.37)
with placebo (n=12). In those with baseline FVC% 50%–75%, 
DLCO% increased by 2.26 (SD 15.16) with riociguat (n=8) and 
fell by –7.32 (SD 17.24) with placebo (n=5).

raynaud’s phenomenon and digital ulcers
At baseline, 9 (15.0%) patients had DUs in the riociguat group 
versus 6 (9.8%) in the placebo group. New DUs were reported 

in 2 (3.3%) patients in the riociguat group and 6 (9.8%) in 
the placebo group at week 14, and in 5 (8.3%) patients and 
12 (19.7%) patients, respectively, at week 52. There were 4 
and 26 new DUs with riociguat and placebo, respectively, at 
week 14; and 12 and 72 new DUs, respectively, at week 52 
(see online supplementary figure S3). Concomitant medica-
tion with an indication for DU was used by 7 (11.7%) patients 
receiving riociguat and 10 (16.4%) patients with placebo. 
Changes from baseline to week 14 in Raynaud’s attack dura-
tion, frequency and symptoms favoured riociguat but nomi-
nally did not differ significantly between riociguat and placebo 
(see online supplementary table S2). The average Raynaud’s 
condition score improved by ≥50% in 19 (41.3%)/46 patients 
with riociguat and in 13 (26.0%)/50 patients with placebo. At 
week 52, reductions in net DU burden were –0.09 (SD 0.50) 
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Figure 3 (A) Change in FVC% from baseline to week 52 in overall population. (B) Change in FVC% from baseline to week 52 in patients with lung 
fibrosis at baseline by diagnostic subgroups (post hoc). Data points are mean (SE). Numbers close to axes are numbers of patients with data at week 
52. CI, confidence interval; FVC, forced vital capacity; ILD, interstitial lung disease; LS, least squares; SE, standard error.

and –0.08 (SD 1.47) with riociguat and placebo, respectively 
(difference of LS means –0.11 (SE 0.14); 95% CI –0.38 to 
0.17; nominal p=0.4444). No case of critical digital ischaemia 
occurred in either group.

Other endpoints
Findings from prespecified exploratory analyses and post hoc 
assessments are provided in online supplementary file 1, p12–19.

Adverse events
Overall, 58 (96.7%) patients in the riociguat group and 55 
(90.2%) in the placebo group experienced an AE (see online 
supplementary table S8). Most AEs in the riociguat group 
were mild to moderate, and most were gastrointestinal events 
(eg, gastro- oesophageal reflux disease, diarrhoea or nausea) or 
nervous system disorders (eg, dizziness, headache). Symptomatic 
hypotension was reported in 7 (11.7%) patients with riociguat 
and 6 (9.8%) patients with placebo. SAEs were reported in 9 
(15.0%) patients in the riociguat group and 15 (24.6%) in the 
placebo group (table 3). Eleven patients in each group had AEs 
resulting in discontinuation of study drug (see online supplemen-
tary table S9). No events of serious haemoptysis were reported. 
One patient in the riociguat group died from myocardial infarc-
tion 117 days after the last administration of riociguat and one 
patient in the placebo group died from left ventricular failure 
157 days after the last administration of placebo. Neither death 
was considered related to study drug.

Of those with ILD by medical history, AEs were reported in 10 
(83.3%)/12 patients with riociguat and 12 (92.3%)/13 patients 
with placebo. AEs reported more frequently with riociguat than 
with placebo were predominantly dizziness and gastrointestinal 
events (see online supplementary table S10). The incidence 
of respiratory, thoracic and mediastinal AEs was similar with 
riociguat (4 patients; 33.3%) and placebo (4 patients; 30.8%). 
SAEs were reported in 1 (8.3%)/12 and 3 (23.1%)/13 patients, 
respectively. Safety in patients with baseline FVC% 50%–75% 
showed no overall excess of AEs with riociguat (see online 
supplementary table S11).

dISCuSSIOn
RISE- SSc investigated the effects of riociguat on disease progres-
sion in patients with early dcSSc. mRSS was selected as the primary 
endpoint as it correlates with biopsy measures of skin thickness 
and reflects disease prognosis and visceral involvement.1 26 mRSS 
does, however, have challenging and unpredictable changes over 
the disease course and attempts to enrich trial populations with 
patients likely to progress have not been successful. Neverthe-
less, it is a validated surrogate marker of disease progression27 
and is accepted by authorities as an endpoint for skin fibrosis.22 
RISE- SSc was the first trial in SSc with the EUSTAR inclusion 
criteria designed to enrich the population with patients likely to 
show progression of skin fibrosis. Between baseline and week 52, 
36.7% of placebo- treated patients showed skin fibrosis progres-
sion, which is much higher than in similar trials,25 28–30 showing 
that our enrichment strategy was successful. This is consistent 
with other evidence that patients with baseline mRSS 15–22 and 
early disease showed higher progression rates than unselected 
cohorts.17 18 31

There are several potential reasons why the primary 
endpoint was not met in this study. First, RISE- SSc was 
designed to detect a placebo- adjusted change of mRSS between 
riociguat and placebo with 80% power. For the low baseline 
mRSS expected in this study, a 4- unit change would repre-
sent a change of 23%. The between- groups difference was 2.3, 
which was less than expected. This low treatment effect was 
probably the main reason why the primary endpoint was not 
met. In addition, the higher than expected numbers of skin 
fibrosis regressors18 and stable patients reduced the sensitivity 
of RISE- SSc to detect a significant change of mRSS. This is 
consistent with previous trials, in which mRSS improvements 
were observed in the majority of patients receiving placebo.32 33 
Other possible explanations include the very large variation in 
mRSS scores during the study.

As expected, the combined secondary endpoint did not favour 
riociguat because the ACR CRISS evaluates disease improve-
ment, whereas RISE- SSc was designed to detect prevention of 
progression. ACR CRISS is not expected to be positive in such 
a trial design.24
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Table 3 Serious adverse events

Patients reporting event, n (%)

event riociguat (n=60) Placebo (n=61)

Any SAE 9 (15.0) 15 (24.6)

Any study drug- related SAE 0 2 (3.3)

Discontinuation of study drug due to SAE 2 (3.3) 7 (11.5)

Angina pectoris 1 (1.7) 1 (1.6)

Atrial fibrillation 1 (1.7) 0

Abdominal pain 1 (1.7) 0

Intestinal pseudo- obstruction 1 (1.7) 0

Inflammation 1 (1.7) 0

Lung infection 1 (1.7) 0

Pneumonia 1 (1.7) 2 (3.3)

RP 1 (1.7) 1 (1.6)

Musculoskeletal discomfort 1 (1.7) 0

Pain in extremity 1 (1.7) 0

Dyspnoea 1 (1.7) 0

Intraductal proliferative breast lesion 1 (1.7) 0

Pericarditis 0 2 (3.3)

Left ventricular failure 0 1 (1.6)

Ventricular tachycardia 0 1 (1.6)

Gastric haemorrhage 0 1 (1.6)

Gastro- oesophageal reflux disease 0 1 (1.6)

Nausea 0 1 (1.6)

Vomiting 0 1 (1.6)

Infected skin ulcer 0 1 (1.6)

Anaemia 0 1 (1.6)

Exposure during pregnancy 0 1 (1.6)

Osteolysis 0 1 (1.6)

Scleroderma 0 1 (1.6)

Acute myeloid leukaemia 0 1 (1.6)

Gastric adenocarcinoma 0 1 (1.6)

Ovarian cancer 0 1 (1.6)

Cerebellar infarction 0 1 (1.6)

Syncope 0 1 (1.6)

Scleroderma renal crisis 0 1 (1.6)

Acute pulmonary oedema 0 1 (1.6)

Skin ulcer 0 1 (1.6)

Surgical/medical prophylaxis 0 1 (1.6)

MedDRA preferred terms are shown.
MedDRA, Medical Directory for Regulatory Activities; RP, Raynaud’s phenomenon; 
SAE, serious adverse event.

Some measures of mRSS, lung function in patients with 
evidence for pre- existing ILD and the prevention of new DU 
and RP symptoms suggest potential signals for efficacy. It is 
important to note that the descriptive analyses of predefined 
secondary and exploratory endpoints should not be interpreted 
as efficacy of riociguat, but as a potential signal that can be inves-
tigated in further studies.

AEs reported more frequently with riociguat than placebo were 
mainly gastrointestinal events, dizziness or peripheral oedema. 
These events are consistent with the effects of riociguat, such as 
relaxation of smooth muscle cells in the vasculature (often asso-
ciated with blood pressure decrease) or the gastrointestinal tract 
and did not increase the incidence of withdrawal due to AEs. 
SAEs were less common with riociguat than with placebo, no 
riociguat- treated patient experienced an SAE considered related 
to study treatment, and fewer discontinued study medication 
because of an SAE with riociguat than with placebo. Riociguat 

was, therefore, well tolerated in early dcSSc, particularly when 
compared with traditional immunosuppressive agents.34 35 Toler-
ability was also good in patients with ILD, which is important 
given the increased rates of death and SAEs with riociguat in a 
study in patients with pulmonary hypertension associated with 
idiopathic interstitial pneumonia.36

Discontinuation rates (≈30% with riociguat and ≈25% 
with placebo) were higher in RISE- SSc than with active treat-
ment in recent trials of abatacept (23%)37 or tocilizumab (9%)38 
in SSc. RISE- SSc recruited patients with very early disease 
(compared with these trials, which recruited patients with 
≤36 and≤60 months from onset of SSc, respectively). The early 
discontinuation may be related to the expectation of worsening 
of SSc in early disease (based on natural history), where AEs 
may lead the investigator to withdraw the patient (see online 
supplementary table S9), especially in a placebo- controlled trial. 
Indeed, another trial with a comparable very early disease popu-
lation showed a discontinuation rate of 40% in the active treat-
ment (CAT-192) group.39 Another explanation might be anxiety 
associated with early disease in the participants; however, these 
are speculations and should be explored in other trials in patients 
with very early disease. AEs in the riociguat and placebo groups 
contributed substantially to the discontinuations in the current 
study.

In conclusion, RISE- SSc failed to meet its primary endpoint 
and is therefore a negative trial. However, it provides important 
findings for the identification of patients at high risk of skin 
fibrosis progression that could inform future studies in patients 
with dcSSc. In addition, there are potential efficacy signals in 
early dcSSc and these may be explored further with additional 
randomised controlled trials.
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Key messages

What is already known about this subject?
 ► In the AMBITION study, patients with 
connective tissue disease- associated pulmonary 
arterial hypertension (CTD- PAH) benefited from 
initial combination therapy with ambrisentan 
plus tadalafil compared with either agent alone, 
when patients with risk factors for left heart 
disease were excluded.

What does this study add?
 ► In this post hoc analysis of the modified 
intention- to- treat population of the AMBITION 
study, initial combination therapy with 
ambrisentan and tadalafil provided benefit 
compared with initial monotherapy with 
either agent alone in patients with CTD- PAH 
or systemic sclerosis (SSc)- pulmonary arterial 
hypertension (PAH). The effect was most 
pronounced in patients with haemodynamic 
parameters characteristic of typical PAH without 
features of left heart disease and/or restrictive 
lung disease at baseline.

 ► This analysis also assessed the clinical 
utility of a three- parameter non- invasive 
risk stratification score. Overall, higher risk 
stratification at baseline was correlated 
with subsequent clinical failure events. A 
potential trend for lower risk of clinical failure 
with combination therapy compared with 
monotherapy in all risk groups was observed 
in both CTD- PAH and SSc- PAH populations. 
The clinical utility of a simplified risk category 
at follow- up (week 16) was limited, but when 
used, the risk of clinical failure was lower in 
patients undergoing combination therapy 
versus monotherapy in the low- risk group.

AbSTrACT
Objectives To evaluate initial combination therapy 
with ambrisentan plus tadalafil (COMB) compared with 
monotherapy of either agent (MOnO), and the utility 
of baseline characteristics and risk stratification in 
predicting outcomes, in patients with connective tissue 
disease- associated pulmonary arterial hypertension 
(CTD- PaH) and the systemic sclerosis (ssc)–pulmonary 
arterial hypertension (PaH) subpopulation.
Methods This post hoc analysis of the ambrisentan and 
Tadalafil in Patients with Pulmonary arterial Hypertension 
(aMBiTiOn) study included patients with CTD- PaH from 
the modified intention- to- treat population. Time to clinical 
failure (TtCF) was assessed by baseline characteristics, 
treatment assignment and risk group (low, intermediate 
and high) at baseline and week 16. TtCF was compared 
between groups using Kaplan- Meier curves and Cox 
proportional hazards regression modelling.
results The analysis included 216 patients (COMB, 
n=117; MOnO, n=99). The risk of clinical failure was 
lower with COMB versus MOnO (risk reduction: CTD- 
PaH 51.7%, ssc- PaH 53.7%), particularly in patients 
with haemodynamic parameters characteristic of typical 
PaH without features of left heart disease and/or 
restrictive lung disease at baseline. The risk of clinical 
failure was lower with COMB versus MOnO in the 
baseline low- risk group (HR not calculated due to no 
events in COMB), baseline intermediate- risk group (HR 
0.519, 95% Ci 0.297 to 0.905) and in the week 16 low- 
risk group (HR 0.069, 95% Ci 0.009 to 0.548).
Conclusions The benefit of COMB over MOnO was 
demonstrated in patients with CTD- PaH, particularly in 
those with typical PaH haemodynamic characteristics at 
baseline. COMB is appropriate for patients categorised 
as low risk and intermediate risk at baseline and low risk 
at follow- up.
Trial registration number nCT01178073.

InTrOduCTIOn
Pulmonary arterial hypertension (PAH) is a progres-
sive, life- threatening disease.1 2 Connective tissue 
disease- associated pulmonary arterial hypertension 
(CTD- PAH) is the second- most common aetiology; 
it has a range of underlying features, the most severe 
disease characteristics and the highest mortality of 
all PAH subgroups.3–5 Almost 75% of CTD- PAH 

cases are related to systemic sclerosis (SSc), which 
has a poor prognosis compared with other CTDs, 
with a 3 year survival rate of just 56%.4 6–8

The current treatment strategy in PAH is based on 
assessment of disease severity at diagnosis, and subse-
quent treatment escalation based on the patient’s 
condition.9 10 The 2015 European Society of Cardi-
ology (ESC) and European Respiratory Society (ERS) 
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Key messages

How might this impact on clinical practice or future 
developments?

 ► Combination therapy is appropriate for patients with typical 
PAH categorised as low and intermediate risk at baseline, 
while high- risk patients could possibly be considered for 
more advanced therapy. On reassessment of risk at follow- 
up, those remaining in the intermediate- risk category or 
deteriorating to the high- risk category may potentially benefit 
from escalation of therapy.

 ► A simplified risk stratification score at baseline may help 
inform disease management in patients with CTD- PAH, but 
further studies with larger patient populations are required. 

guidelines and 2018 World Symposium of Pulmonary Hyperten-
sion consensus recommend the use of risk stratification to guide 
treatment decisions, classifying patients as low, intermediate or 
high- risk.10 However, the clinical utility of risk stratification in 
patients with CTD- PAH or SSc- PAH has not yet been established.11

The Ambrisentan and Tadalafil in Patients with Pulmonary Arte-
rial Hypertension (AMBITION) study demonstrated a reduced 
risk of clinical failure in treatment- naive patients with PAH 
receiving initial ambrisentan plus tadalafil compared with initial 
monotherapy of either agent.12 A subanalysis of AMBITION and 
a separate clinical trial showed that combination therapy with 
ambrisentan and tadalafil is effective in the treatment of CTD- 
PAH and SSc- PAH.8 13 Additionally, although SSc- PAH is typically 
less responsive to therapy than other forms of PAH, significant 
improvements in haemodynamic measurements (such as cardiac 
index, mean pulmonary artery pressure (mPAP) and pulmonary 
vascular resistance (PVR)) were observed in response to ambris-
entan plus tadalafil compared with monotherapy, suggesting that 
these haemodynamic measurements have prognostic value.8

The AMBITION protocol was amended during the trial to 
exclude patients with less pronounced haemodynamics and/
or multiple risk factors for left heart disease.12 The primary  
analysis set (PAS) included patients who met these amended criteria; 
the modified intention- to- treat (mITT) population comprised all 
randomised patients who received study drug, including those who 
did not meet the revised eligibility criteria (ex- PAS). The mITT 
population included an additional 29 patients with CTD- PAH, 19 
of whom had SSc- PAH. Results for the PAS population12 and a 
post hoc analysis of the CTD- PAH and SSc- PAH subgroups in the 
PAS13 have been published, as has a post hoc analysis of the mITT 
population, which found that initial combination therapy may be 
associated with improved long- term survival compared with initial 
monotherapy.14

This post hoc subgroup analysis of the AMBITION mITT- 
CTD- PAH population assessed the relationship between base-
line characteristics (including haemodynamic parameters) and 
outcome, and evaluated the utility of an abbreviated, three- 
parameter non- invasive risk stratification score in predicting 
outcomes in patients with CTD- PAH.

MeTHOdS
Study design
This was a post hoc subgroup analysis of the mITT- CTD- PAH 
population and SSc- PAH subpopulation of the AMBITION 
study.12 Patients were randomised 2:1:1 to receive one time 
per day combination therapy (ambrisentan 10 mg plus tadalafil 

40 mg) or monotherapy (ambrisentan 10 mg plus placebo or 
tadalafil 40 mg plus placebo). Details of the study design have 
been described previously.12

Patient and public involvement
Patients were not involved in the design of this study nor in the 
post hoc analysis.

Patient population
The patient population has been described previously.12 13 During 
the study, a blinded interim review revealed a high prevalence of 
risk factors for left ventricular diastolic dysfunction; therefore, 
eligibility criteria were amended so that patients with ≥3 of the 
following risk factors for left ventricular diastolic dysfunction 
were excluded: body mass index ≥30 kg/m2, history of essential 
hypertension, diabetes mellitus and significant coronary artery 
disease. In addition, inclusion criteria for the diagnosis of PAH 
were modified: PVR increased from ≥240 to ≥300 dyne·/sec/
cm5; for patients with a PVR 300–499 dyne·sec/cm5, a pulmonary 
arterial wedge pressure (PAWP)/left ventricular end diastolic pres-
sure of ≤12 mm Hg was required (PAS population).12 This analysis 
included all patients (PAS and ex- PAS) who were randomised and 
received ≥1 dose of study drug (mITT population).

Assessments
The AMBITION trial12 primary endpoint was the time from 
randomisation to the first adjudicated clinical failure. Clinical 
failure was defined as death (any cause), hospitalisation for wors-
ening PAH, disease progression (defined as a decrease of >15% 
in 6 min walking distance (6MWD) from baseline combined 
with WHO Functional Class (WHO- FC) III/IV symptoms at 
two consecutive study visits ≥2 weeks apart), or unsatisfactory 
long- term clinical response (decrease in 6MWD from baseline 
(at two consecutive study visits ≥2 weeks apart)), together with 
WHO- FC III symptoms after 6 months of therapy. Secondary 
endpoints included change from baseline to week 24 in N- ter-
minal pro- B- type natriuretic peptide (NT- proBNP) and 6MWD.

Time to clinical failure (TtCF) for the following baseline 
subgroups was investigated (median values were used for contin-
uous variables): age (≤/>63 years); SSc- PAH diagnosis (yes/
no); haemodynamic parameters (mPAP (≤/>43 mm Hg)); PVR 
(≤/>593.5 dyne·sec/cm5); PAWP (≤/>9 mm Hg); cardiac index 
(≤/>2.5 L/min/m2); transpulmonary pressure gradient (TPG, 
≤/>34 mm Hg)); pulmonary function test parameters (forced 
expiratory volume in one second (FEV1, % predicted normal) 
≤/≥79.025%); total lung capacity (TLC, % predicted normal) 
≤/>86.11%); ≥1 comorbidity or no comorbidities, included in 
the PAS population (yes/no); immunosuppressant use (yes/no); 
and abbreviated risk category (low, intermediate or high). These 
parameters were selected as they have been identified as predic-
tors of poor outcome in prior studies.10 11 15–18

This study also assessed the clinical utility of an abbreviated 
version of the risk assessment method proposed in the 2015 
ESC/ERS PAH guidelines.10 19 Risk score was determined at 
baseline and week 16 based on three parameters graded 1 (low 
risk), 2 (intermediate risk) or 3 (high risk), according to thresh-
olds defined in the 2015 ESC/ERS PAH guidelines10: 6MWD 
(low, >440 m; intermediate, 165–440 m; and high, <165 m), 
NT- proBNP (low, <300 ng/L; intermediate, 300–1400 ng/L; and 
high, >1400 ng/L) and WHO- FC (low, I or II; intermediate, III; 
and high, IV). This grading method was based on a previous 
analysis of the Comparative, Prospective Registry of Newly 
Initiated Therapies for Pulmonary Hypertension (COMPERA) 
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Figure 1 Participant disposition and aetiology: (A) population distribution among treatment arms and (B) CTD- PAH population aetiologies (post hoc 
summary). *Five patients did not receive the study drug. CTD, connective tissue disease; ITT, intention to treat; MCTD, mixed connective tissue disease; 
mITT, modified intention to treat; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis; SLE, systemic lupus erythematosus.

database.20 A mean grade was obtained by dividing the sum of all 
grades by the number of available parameters for each patient/
time point and rounded to the closest integer. Transition from 
baseline to week 16 was categorised as improved, maintained or 
exacerbated. Patients in the high- risk subgroup at baseline and 
week 16 were included in the exacerbated group. TtCF after 
week 16 was analysed by week 16 abbreviated risk score cate-
gory. Week 16 was selected rather than week 24 to minimise the 
number of events excluded. Risk stratification in the CTD- PAH 
population was also assessed according to the French registry 
non- invasive method (ie, stratification by number of ESC/ERS 
low- risk criteria10 fulfilled for WHO- FC, NT pro- BNP and 
6MWD) at baseline and week 16.19

Safety was assessed through incidence of adverse events (AEs). 
Efficacy and safety assessments were performed at screening and 
randomisation visits, at weeks 4, 8, 16, 24 and every 12 weeks 
thereafter, at the final assessment visit and at the end- of- study visit.

Statistical analysis
The Kaplan–Meier product limit method was used to generate 
curves for TtCF. HRs and associated 95% CIs were calculated 
using Cox proportional hazards regression. For the subgroup 
analyses, the regression model included a term for subgroup 
by treatment interaction. All analyses are post hoc; therefore, 
p values are not presented, except where a HR cannot be calcu-
lated due to no clinical failure events. For the Cox proportional 
hazards regression, where there was evidence of non- proportional 
hazards, restricted mean survival time was calculated based on 
time from randomisation to first clinical failure event or week 
48 (area under the curve for each group). Week 48 was selected 
as the time point because it provided a sufficient sample size. For 
6MWD, missing values when calculating change from baseline 
to week 24 were imputed using last- observation- carried- forward 
imputation or worst- case imputation.12

reSulTS
Study population
This analysis included 216 patients with CTD- PAH (combina-
tion therapy, n=117; monotherapy (pooled), n=99) from the 
mITT population (n=605) (figure 1). Most patients were female 

and age was higher in the SSc- PAH group than in the CTD- PAH 
group; other disease characteristics were similar (table 1).

Time to clinical failure
The risk of clinical failure was 51.7% lower in the combination 
therapy group than in the monotherapy group in the CTD- PAH 
population (HR 0.483, 95% CI 0.286% to 0.817%) and 53.7% 
lower in the SSc- PAH population (HR 0.463, 95% CI 0.240% to 
0.895%) (figure 2).

Change in nT-probnP and 6MWd from baseline to week 24
In CTD- PAH and SSc- PAH populations, the decrease in 
geometric mean NT- proBNP levels and the increase in 6MWD 
from baseline to week 24 were greater in patients receiving 
combination therapy than monotherapy (online supplementary 
table S1).

TtCF by baseline subgroup
In the CTD- PAH population, a trend for lower risk of clin-
ical failure with combination therapy versus monotherapy 
was observed for all baseline subgroups, except PVR≤593.5 
dyne·sec/cm5 and ex- PAS; however, data should be interpreted 
cautiously due to large CIs. The risk of clinical failure was lower 
in patients undergoing combination therapy versus monotherapy 
for the following baseline haemodynamic characteristics: mPAP 
>43 mm Hg: HR 0.46, 95% CI 0.24 to 0.89; PVR >593.5 
dyne·sec/cm5: HR 0.25, 95% CI 0.13 to 0.51; TPG >34: HR 
0.35, 95% CI 0.18 to 0.68; PAWP ≤9 mm Hg: HR 0.32, 95% 
CI 0.15 to 0.69; cardiac index ≤2.5 L/min/m2: HR 0.34, 95% 
CI 0.18 to 0.67; and TLC >86.11%: HR 0.30, 95% CI 0.15 to 
0.61 (figure 3). The risk of clinical failure was also lower with 
combination therapy versus monotherapy in the PAS population, 
patients aged ≤63 years, patients who were not receiving base-
line immunosuppressants, patients with ≥1 comorbidity and 
patients with no comorbidities (figure 3). For analyses showing 
evidence of non- proportional hazards (PVR >593.5 dyne·sec/
cm5, cardiac index ≤2.5 L/min/m2 and no comorbidities), 
restricted mean survival times are detailed in online supplemen-
tary table S2.

https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
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Figure 2 Kaplan- Meier plots of time to first adjudicated clinical failure 
in the modified intention- to- treat population: (A) connective tissue 
disease- associated pulmonary arterial hypertension and (B) systemic 
sclerosis pulmonary arterial hypertension. 95% CIs (using log–log 
transform method) are presented for each treatment group at weeks 4, 
8, 16 and 24, and then every 12 weeks up to week 96.

risk stratification
When using the abbreviated COMPERA risk stratification 
method, at baseline, 27/216 (12.5%) patients were classified 
as low risk, 179/216 (82.9%) as intermediate risk and 10/216 
(4.6%) as high- risk. In the CTD- PAH population, the risk of 
clinical failure was lowest for patients in the low- risk group and 
highest in the high- risk group (low vs high: HR 0.192, 95% 
CI 0.047 to 0.777) (figure 4A). Kaplan–Meier curves demon-
strated a potential trend towards lower risk of clinical failure 
with combination therapy versus monotherapy in all risk groups 
at baseline (figure 4B). The risk of clinical failure was lower with 
combination therapy than monotherapy in the intermediate- risk 
group (intermediate- risk: HR 0.519, 95% CI 0.297 to 0.905). 
However, in the high- risk group, although a trend towards a 
lower risk of clinical failure with combination therapy versus 
monotherapy was observed (HR 0.197, 95% CI 0.022 to 1.803), 
the sample sizes were small (combination therapy, n=4; mono-
therapy, n=6). Additionally, in the low- risk group, no HR could 
be calculated due to no events in the combination therapy group; 
however, comparison by log- rank test supported a lower risk of 
clinical failure with combination therapy versus monotherapy 
(figure 4B).

At week 16, 19 patients had missing data; 55/197 (28%) 
patients were classified as low risk, 135/197 (69%) as intermediate 
risk and 7/197 (4%) as high risk. No significant difference was 

observed between treatment groups in the proportion of patients 
who improved, maintained or worsened from baseline to week 
16 (online supplementary table S3). Risk of clinical failure on or 
after week 16 was lowest in the low- risk group and highest in the 
high- risk group (low vs high: HR 0.198, 95% CI 0.067 to 0.580) 
(figure 4C). The risk of clinical failure after week 16 was lower 
with combination therapy versus monotherapy for patients in the 
week 16 low- risk group (HR 0.069, 95% CI 0.009 to 0.548); no 
significant difference between treatments was observed in the week 
16 intermediate- risk group (HR 0.705, 95% CI 0.372 to 1.337) 
(figure 4D). At week 16, patient numbers were insufficient in the 
high- risk group to allow a meaningful comparison between treat-
ment groups.

Findings showed a similar pattern in the SSc- PAH population 
compared with the CTD- PAH population (online supplementary 
figure S1).

When assessed via the French registry non- invasive method, 
patients fulfilling two or three low- risk criteria at baseline or 
week 16 had a significantly lower risk of subsequent clinical 
failure than those fulfilling 0 criteria (online supplementary 
figure S2). The risk of clinical failure at week 16 was lower with 
combination therapy versus monotherapy in patients fulfilling 
two or three criteria (online supplementary figure S2).

Safety
Overall, there was a similar AE profile across both treatment 
groups in the CTD- PAH and SSc- PAH populations (table 2). The 
most common AEs in both treatment groups were peripheral 
oedema and headache. Peripheral oedema was more common 
with combination therapy than monotherapy (both CTD- PAH 
and SSc- PAH) (table 2).

dISCuSSIOn
In this post hoc analysis of the AMBITION study mITT popu-
lation, initial combination therapy of ambrisentan and tadalafil 
was more effective than monotherapy in reducing the risk of 
clinical failure: 51.7% reduction in patients with CTD- PAH and 
53.7% reduction in patients with SSc- PAH. The risk of clinical 
failure in the CTD- PAH population was lower with combination 
therapy versus monotherapy for most baseline haemodynamic 
characteristic subgroups.

The benefit of combination therapy over monotherapy was 
pronounced in patients with baseline haemodynamic parame-
ters characteristic of typical PAH, such as high PVR, low cardiac 
index, high TPG and low PAWP. By contrast, in patients with an 
increased risk of left heart disease (low PVR and high PAWP) and/
or restrictive lung disease (low TLC), the benefit of combination 
therapy was less pronounced. Therefore, in the ex- PAS popu-
lation (an older subgroup of patients with more cardiovascular 
comorbidities),21 less benefit may be gained from combination 
therapy.22 Further research to determine the optimal treatment 
approach in addition to standard PAH therapies is required for 
this population.

The overall treatment goal in PAH is to achieve or maintain 
low- risk status10 19; therefore, classification of low- risk at base-
line or transitioning to low- risk status at week 16 is expected 
to be associated with improved outcomes.19 Overall, higher risk 
stratification at baseline and week 16 was correlated with higher 
risk of clinical failure. When stratified by baseline risk group, 
Kaplan- Meier plots suggested a potential trend towards lower 
risk of clinical failure with combination therapy versus mono-
therapy in all risk groups (CTD- PAH and SSc- PAH populations); 
however, patient numbers in the high- risk groups were small.

https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
https://dx.doi.org/10.1136/annrheumdis-2019-216274
http://ard.bmj.com/
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Figure 3 Forest plot of time to first adjudicated clinical failure: combination therapy versus monotherapy (pooled) per baseline subgroup. 
*Significant treatment by subgroup interaction; †evidence of non- proportionality (see online supplementary table S2); ‡hypertension, diabetes and
coronary artery disease; §low- risk valid HR could not be calculated; ¶indication for immunosuppressant use unknown. FEV1, forced expiratory volume 
in one second; mPAP, mean pulmonary arterial pressure; NA, not applicable; PAS, primary analysis set; PAWP, pulmonary arterial wedge pressure; PVR, 
pulmonary vascular resistance; SSc, systemic sclerosis; TLC, total lung capacity; TPG, transpulmonary pressure gradient.

When stratified by risk group at week 16, Kaplan–Meier plots 
showed a clear benefit for low- risk patients receiving combina-
tion therapy versus monotherapy. For patients at intermediate 
risk, combination therapy provided a reduced risk of clinical 
failure versus monotherapy from week 16–100, then the lines 
converged and plateaued. This suggests that combination therapy 
may delay, but not prevent, progression in patients considered 
intermediate risk at follow- up; therefore, these patients and 
low- risk patients on monotherapy may benefit from escalation 
of therapy. Additionally, patients considered high risk at base-
line or deteriorating to the high- risk group at follow- up may 
benefit from an escalation of therapy, but patient numbers were 
insufficient to draw meaningful conclusions. Clinical evaluation 
based on the maintenance or improvement of risk score using 

simplified risk stratification at week 16 may have limited utility 
in the prediction of future outcomes in this population.

Methods of risk score calculation employed in previous studies 
often used a higher number of invasive and/or non- invasive 
parameters than the method employed here.23–25 For example, 
a previous analysis of the AMBITION study used the Registry 
to Evaluate Early and Long- Term PAH Disease Management 
(REVEAL)risk score to stratify patients by baseline risk score.25 
In the current analysis, the utility of an abbreviated COMPERA 
risk score using three non- invasive parameters was evaluated. 
This methodology ensured a direct comparison between base-
line and week 16 as these non- invasive parameters were assessed 
at both time points. In addition, stratification using simpli-
fied, minimally invasive parameters has been shown to have a 

https://dx.doi.org/10.1136/annrheumdis-2019-216274
http://ard.bmj.com/


632 Kuwana M, et al. Ann Rheum Dis 2020;79:626–634. doi:10.1136/annrheumdis-2019-216274

Systemic sclerosis

Figure 4 Kaplan- Meier curves for time to clinical failure in the CTD- PAH population by risk category according to the abbreviated COMPERA 
method at baseline and week 16: (A) baseline CTD- PAH: overall, (B) baseline CTD- PAH: combination versus monotherapy (pooled), (C) week 16 CTD- 
PAH: overall and (D) week 16 CTD- PAH: combination versus monotherapy (pooled (low risk and intermediate risk only)). *NO HR calculation due to 
NO event in the combination therapy group (log- rank test: p=0.048). Week 16 Kaplan- Meier plots were described based on the period from week 16 
to the last assessment visit. Patient numbers were too low in the week 16 high- risk group to provide a meaningful comparison. CTD- PAH, connective 
tissue disease- associated pulmonary arterial hypertension.

predictive value similar to the full REVEAL risk score;26 27 this 
technique is likely to be simpler to apply in the clinic compared 
with those involving invasive parameters.

The lower number of parameters used in the current analysis 
may partly explain why risk categorisation did not support the 
benefit of initial combination therapy compared with mono-
therapy across all risk groups at both time points. Additionally, 
the non- invasive approach may not adequately discriminate 
low- risk and intermediate- risk patients. Given that our find-
ings suggest the importance of baseline haemodynamic char-
acteristics in predicting outcomes in patients with CTD- PAH, 
the addition of haemodynamic information may improve the 
sensitivity and validity of risk stratification and may help 
inform disease management.11 Another approach to improve 
risk stratification could be to use the seven- parameter strati-
fication as per the COMPERA analysis24 for risk stratification 
at baseline, with the abbreviated four- parameter non- invasive 
method23 at follow- up. However, in a recent post hoc anal-
ysis of the PATENT and CHEST studies,28–31 an association 

observed between the number of low- risk criteria achieved and 
improved outcomes suggested the validity of a three- parameter 
non- invasive risk assessment method in predicting outcomes in 
patients with PAH.19

When we determined risk stratification using the French 
registry non- invasive method, a higher number of low- risk 
criteria were associated with a lower clinical failure risk at 
baseline and follow- up; this is in line with findings using the 
abbreviated COMPERA method, supporting its validity as a risk 
assessment tool. Further studies with larger patient populations 
would be valuable in confirming the clinical utility of risk strati-
fication in predicting outcomes.

AEs were consistent with the known safety profile of ambris-
entan and tadalafil in the CTD- PAH population.12 13 In line 
with findings in the AMBITION trial,12 peripheral oedema was 
more common with combination therapy than monotherapy. In 
patients receiving multiple therapies, a greater number of side 
effects compared with patients undergoing single therapy are 
possible, particularly therapies associated with vasodilation.32

http://ard.bmj.com/
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Table 2 Summary of AEs in patients with CTD- PAH and SSc- PAH (mITT population)

number of patients with an Ae, n (%)

CTd- PAH SSc- PAH

Combination 
therapy
(n=117)

Monotherapy Combination 
therapy
(n=81)

Monotherapy

Ambrisentan
(n=52)

Tadalafil
(n=47)

Ambrisentan
(n=28)

Tadalafil
(n=28)

AEs*

Any AE 116 (99) 50 (96) 45 (96) 80 (99) 27 (96) 27 (96)

Peripheral oedema 56 (48) 20 (38) 14 (30) 37 (46) 9 (32) 9 (32)

Headache 40 (34) 18 (35) 18 (38) 24 (30) 9 (32) 10 (36)

Diarrhoea 34 (29) 17 (33) 12 (26) 23 (28) 5 (18) 9 (32)

Dizziness 21 (18) 15 (29) 12 (26) 13 (16) 7 (25) 7 (25)

Dyspnoea 25 (21) 12 (23) 10 (21) 20 (25) 5 (18) 6 (21)

Nausea 21 (18) 12 (23) 11 (23) 13 (16) 6 (21) 8 (29)

Arthralgia 20 (17) 7 (13) 12 (26) 10 (12) 3 (11) 4 (14)

Cough 19 (16) 5 (10) 11 (23) 13 (16) 0 7 (25)

Serious AEs†

Any serious AE 53 (45) 20 (38) 24 (51) 36 (44) 12 (43) 17 (61)

Pulmonary hypertension 7 (6) 4 (8) 6 (13) 4 (5) 1 (4) 5 (18)

Pneumonia 10 (9) 4 (8) 3 (6) 5 (6) 4 (14) 2 (7)

Dyspnoea 4 (3) 2 (4) 2 (4) 4 (5) 1 (4) 2 (7)

Anaemia 5 (4) 1 (2) 3 (6) 4 (5) 1 (4) 1 (4)

*AEs occurring in ≥25% of patients in any group.
†Serious AEs occurring in >4% of patients in any group.
AE, adverse event; CTD, connective tissue disease; mITT, modified intention to treat; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis.

In patients with CTD- PAH, the risk of clinical failure was 
lower with combination therapy versus monotherapy, partic-
ularly in those with baseline haemodynamic parameters char-
acteristic of typical PAH, without features of left heart disease 
and/or restrictive lung disease. A simplified risk stratification 
score at baseline using non- invasive parameters may be useful 
in predicting PAH- related outcomes in patients with CTD- PAH; 
however, its clinical utility at week 16 is limited. At baseline, 
Kaplan- Meier curves demonstrated a potential trend towards 
lower risk of clinical failure with combination therapy versus 
monotherapy in all risk groups. Combination therapy appeared 
beneficial compared with monotherapy in the week 16 low- risk 
group; other groups may benefit from escalated therapy. Incor-
porating additional haemodynamic information may increase 
risk stratification validity at follow- up; further research deter-
mining the optimal predictive tools in terms of applicability and 
accuracy at baseline, and follow- up in a large- scale cohort is 
warranted.
Correction notice This article has been corrected since it published Online First. 
in table 1, the unit of PVR has been corrected and number of FC iii in ssC/Mono 
amended.
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AbsTrACT
Objectives in this study, we aim to determine the 
effect of metformin on osteoarthritis (oa) development 
and progression.
Methods Destabilisation of the medial meniscus 
(DMM) surgery was performed in 10- week- old wild type 
and aMP- activated protein kinase (aMPK)α1 knockout 
(Ko) mice. Metformin (4 mg/day in drinking water) was 
given, commencing either 2 weeks before or 2 weeks 
after DMM surgery. Mice were sacrificed 6 and 12 weeks 
after DMM surgery. oa phenotype was analysed by 
micro- computerised tomography (μcT), histology 
and pain- related behaviour tests. aMPKα1 (catalytic 
alpha subunit of aMPK) expression was examined 
by immunohistochemistry and immunofluorescence 
analyses. The oa phenotype was also determined by μcT 
and Mri in non- human primates.
results Metformin upregulated phosphorylated and 
total aMPK expression in articular cartilage tissue. Mild 
and more severe cartilage degeneration was observed 
at 6 and 12 weeks after DMM surgery, evidenced by 
markedly increased osteoarthritis research society 
international scores, as well as reduced cartilage 
areas. The administration of metformin, commencing 
either before or after DMM surgery, caused significant 
reduction in cartilage degradation. Prominent synovial 
hyperplasia and osteophyte formation were observed 
at both 6 and 12 weeks after DMM surgery; these were 
significantly inhibited by treatment with metformin either 
before or after DMM surgery. The protective effects of 
metformin on oa development were not observed in 
aMPKα1 Ko mice, suggesting that the chondroprotective 
effect of metformin is mediated by aMPK signalling. 
in addition, we demonstrated that treatment with 
metformin could also protect from oa progression in a 
partial medial meniscectomy animal model in non- 
human primates.
Conclusions The present study suggests that 
metformin, administered shortly after joint injury, can 
limit oa development and progression in injury- induced 
oa animal models.

InTrOduCTIOn
Metformin is the first- line medication for the 
treatment of type 2 diabetes1 and the fourth- most 
prescribed medication in the USA in 2016 (https://
www. medicinenet. com/ top_ drugs_ prescribed_ 
in_ the_ us/ views. htm). Evidence suggests that 
metformin is generally well tolerated and seems 
to also be beneficial for a number of age- related 

diseases.2 3 Metformin could influence metabolic 
and cellular processes, such as inflammation, oxida-
tive damage, diminished autophagy, cell senescence 
and apoptosis.4–7

Metformin has been shown to activate AMP- 
activated protein kinase (AMPK), a master regulator 
of energy balance and metabolism. Dysregulation 
of AMPK is linked to multiple age- related diseases 
including diabetes, atherosclerosis, cardiovascular 
disease, cancer, neurodegenerative diseases and 
osteoarthritis (OA).8–12 Reduced AMPK activity, 
assessed by phosphorylation of a specific threonine 
in the catalytic alpha subunit of AMPK (AMPKα1), 
is observed in both human and mouse knee OA carti-
lage.12–14 Decreased phosphorylation of AMPKα1 
is also seen in chondrocytes after biomechanical 
injury or in response to interleukin-1β (IL-1β) and 
tumour necrosis factor-α (TNF-α).15 The adminis-
tration of metformin could reverse these catabolic 
responses.16 17 These findings suggest that sustained 

Key messages

What is already known about this subject?
 ► Metformin is the first- line medication for the 
treatment of type 2 diabetes.

 ► Metformin has been shown to activate AMP- 
activated protein kinase (AMPK).

 ► Osteoarthritis (OA) phenotype induced by 
destabilisation of the medial meniscus was 
accelerated in AMPKα1 (catalytic alpha subunit 
of AMPK) knockout (KO) mice.

What does this study add?
 ► Metformin had chondroprotective effect to 
decelerate OA development and progression.

 ► Metformin enhanced AMPK expression and 
phosphorylation in articular chondrocytes in 
mice.

 ► Metformin lost its chondroprotective effect 
on OA development in AMPKα1 KO mice, 
suggesting that the chondroprotective effect of 
metformin is mediated by AMPK signalling.

 ► Metformin had chondroprotective effect on OA 
development in non- human primates.

How might this impact on clinical practice or 
future developments?

 ► This study suggests that metformin may be used 
in clinics to treat patients with OA.
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AMPK activity in chondrocytes may be important for cartilage 
homeostasis. Indeed, it has been shown that AMPKα1 deficiency 
in chondrocytes accelerates development of both injury- induced 
and age- related spontaneous OA in mice.12

Patients with diabetes are nearly twice as likely to have 
arthritis, indicating a diabetes- arthritis connection.18 19 Diabetes 
can damage joints, a condition called diabetic arthropathy.19 
Joint pain may be a response to an illness, injury or arthritis. 
AMPK has been identified as a novel target for pain treat-
ment and metformin has been shown to decrease sensitivity to 
mechanical and thermal allodynia.20 21

OA is the most common form of arthritis and the leading 
cause of chronic disability among elderly people. According to 
estimates published in 2015, up to 240 million people around 
the world suffer from OA.22 Symptomatic knee OA occurs in 
10% of men and in 13% of women aged 60 years or older.23 
The number of people affected with symptomatic OA is likely 
to increase because of the ageing of the population and the 
obesity epidemic.15 Given the role of AMPK in OA and pain 
and metformin being an AMPK activator,12 20 21 in the present 
studies, we investigated the effects of metformin on prevention 
and treatment of OA both structurally and functionally in an OA 
mouse model induced by destabilisation of the medial meniscus 
(DMM). We also determined whether metformin limits OA 
development and progression through activation of AMPK 
signalling using AMPKα1 knockout (KO) mice. To further deter-
mine the therapeutic effect of metformin in OA pathogenesis in 
large animals, we performed a pilot experiment testing the effect 
of metformin on OA treatment in a partial medial meniscectomy 
(PMM) model using a non- human primate. Our findings demon-
strated that metformin possesses chondroprotective effects on 
OA development and progression in rodents and in non- human 
primates through activation of AMPK signalling. Our studies 
suggest that metformin may be used in clinical interventions of 
OA disease.

MATerIAls And MeTHOds
See online supplementary materials and methods.

resulTs
Metformin limited OA development and delayed OA 
progression in the mouse dMM model
To examine the effect of metformin on OA development and 
progression, we performed DMM surgery in 10- week- old male 
C57 wild- type (WT) mice with or without metformin admin-
istration commencing either 2 weeks before (limit or preven-
tion) or 2 weeks after (delay or treatment) DMM surgery (see 
online supplementary figure S1A). We carried out histological 
analyses to assess knee joint damage including articular cartilage 
degradation, synovial tissue hyperplasia and osteophyte forma-
tion 6 and 12 weeks after DMM surgery. As expected, cartilage 
degeneration was mild at 6 weeks and became more severe at 
12 weeks after DMM surgery, evidenced by markedly increased 
Osteoarthritis Research Society International (OARSI) scores 
(figure 1A,B,G), as well as reduced cartilage areas, quantified by 
histomorphometrical analysis of the Alcian blue stained articular 
cartilage areas. The administration of metformin (4 mg/day in 
drinking water, until the animals were sacrificed), commencing 
either 2 weeks before or 2 weeks after DMM surgery, caused 
partial but significant reduction in cartilage degradation 
(figure 1C,H). Prominent synovial hyperplasia (figure 1D,I) and 
osteophyte formation (figure 1E,F,J,K) analysed by synovitis 
score and osteophyte size and maturity were observed at both 6 

and 12 weeks after DMM surgery; both were significantly inhib-
ited by treatment with metformin either before or after DMM 
surgery. Results of micro- computerised tomography (µCT) anal-
ysis also showed that significantly increased osteophyte forma-
tion was observed in mice 6 and 12 weeks after DMM surgery 
(figure 1L,M) and this effect was significantly inhibited by treat-
ment with metformin administered commencing either before 
or after DMM surgery (figure 1L,M). Considering OA progres-
sion during the 6 to 12 weeks period after DMM surgery, we 
found that in terms of the OARSI score, cartilage area and syno-
vitis score, the progression rates were similar with or without 
metformin treatment in WT mice (see online supplementary 
figure S1B–D). However, in terms of osteophyte size and osteo-
phyte maturity, the progression rates were significantly reduced 
after metformin treatment in WT mice (see online supplemen-
tary figure S1E,F). We also analysed changes in subchondral bone 
mass and found that subchondral bone mass was significantly 
increased 6 and 12 weeks after DMM surgery in WT mice (see 
online supplementary figure S1L) and metformin had no signif-
icant effect on DMM- induced subchondral bone mass increase 
(see online supplementary figure S1L). These results suggest that 
metformin can limit OA development and delay OA progression 
in the injury- induced OA mouse model, administered shortly 
after joint injury.

Metformin induced AMPK phosphorylation and expression
Because metformin is a known AMPK activator,24 we exam-
ined, using immunohistochemistry (IHC) analysis, whether 
metformin upregulates the phosphorylation and expression of 
AMPKα1 in articular cartilage tissue. We found that metformin, 
either given before or after DMM surgery, significantly increased 
phosphorylated AMPKα1 expression in articular chondrocytes 
of knee cartilage at both 6 and 12 weeks after DMM surgery 
(figure 2A,B). Notably, metformin also increased total AMPKα1 
expression in articular chondrocytes at the 6- week time point 
when it was given before or after DMM surgery (figure 2A,C).

AMPK mediated chondroprotective effect of metformin
Next, we performed an in vitro study to determine the 
effect of metformin on TNF-α and IL-1β-induced catabolic 
response. We found that expression of Mmp3, Mmp13, 
Adamts4 and Adamts5 was significantly upregulated by 
TNF-α (figure 3A–D) and IL-1β (figure 3E–H) in primary 
murine articular chondrocytes derived from WT mice. The 
addition of metformin significantly inhibited TNF-α and 
IL-1β-induced Mmp13 expression (figure 3B,F) and IL-1β-in-
duced Mmp3 expression (figure 3E). In addition, metformin 
inhibited TNF-α-induced Adamts4 expression (figure 3C) and 
TNF-α- and IL-1β-induced Adamts5 expression (figure 3D,H) 
in WT chondrocytes. We also examined effects of metformin 
on expression of TNF-α- and IL-1β-induced chondrocyte 
catabolic marker genes in articular chondrocytes derived from 
AMPKα1-/- mice. Metformin had no significant effects on 
expression of TNF-α and IL-1β-induced chondrocyte marker 
genes in articular chondrocytes derived from AMPKα1-/- mice 
(figure 3A–H). These findings suggest that metformin is a 
potent drug inhibiting catabolic responses caused by inflamma-
tory cytokines. In addition to catabolic genes, we also exam-
ined expression of anabolic genes. We found that metformin 
upregulated expression of Col2a1, aggrecan, Sox9 and IGF-1 
in articular chondrocytes of WT mice (figure 3I–L, N–Q). In 
contrast, metformin had no significant effect on Bmp7 expres-
sion (figure 3M,R). Metformin also reversed the inhibitory 

https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
https://dx.doi.org/10.1136/annrheumdis-2019-216713
http://ard.bmj.com/


637Li J, et al. Ann Rheum Dis 2020;79:635–645. doi:10.1136/annrheumdis-2019-216713

Osteoarthritis

Figure 1 Metformin limited osteoarthritis (OA) development and delayed OA progression in the mouse destabilisation of the medial meniscus 
(DMM) model. (A) Representative histology images of osteoarthritic knee joints, that were collected 6 and 12 weeks after DMM surgery. Yellow 
arrowheads indicate articular cartilage degradation, green arrowheads indicate osteophytes and red arrowheads indicate synovial hyperplasia. n=7; 
scale bar: 200 µm. (B, G) The severity of OA- like phenotype was analysed by grading histological sections in medial femoral condyles (MFCs) and 
the medial tibial plateau (MTP) using the Osteoarthritis Research Society International (OARSI) score system. (C, H) The articular cartilage areas of 
MFCs and MTPs were quantified by tracing the Alcian blue positive stained areas using the OsteoMeasure system. (D, I) The degree of synovitis was 
semi- quantified by the number of synovial lining layers. (E, F, J, K) Osteophytes were semi- quantified by evaluating the osteophyte formation score 
consisting of two domains, size (E, F) and maturity (J, K). n=7. (L, M) The osteophyte formation was analysed by micro- computerised tomography in 
mice with or without metformin treatment 6 and 12 weeks after DMM surgery. The volume of calcified meniscus and synovial tissue was quantified. 
n=6; scale bar: 1 mm. Statistical analysis was conducted using two- way analysis of variance followed by the Tukey- Kramer test. # p<0.05, ## p<0.01, 
compared between sham and DMM groups; *p<0.05, **p<0.01, ***p<0.001, compared between groups with or without metformin treatment in 
mice with DMM surgery. Met, metformin; WT, wild type.

effects of TNF-α on expressions of Col2a1, aggrecan, Sox9, 
IGF-1 and Bmp7 (figure 3I–M). In addition, except upregu-
lation of IGF-1 expression (figure 3L,Q), metformin had no 
significant effects on other anabolic genes in AMPKα1-/- mice. 
These results suggest that metformin exerts its chondroprotec-
tive effect not only by inhibition of catabolic genes but also by 
upregulation of anabolic genes through an AMPK- dependent 
mechanism. IHC results further demonstrated that expression 
of MMP13, Adamts5 and Col- X proteins was upregulated in 
mice performed with DMM surgery (see online supplemen-
tary figure 3S). The administration of metformin, commencing 
either before or after DMM surgery, could significantly inhibit 
MMP13, Adamts5 and Col- X expression (see online supple-
mentary figure 3S) in WT mice. However, no significant 
attenuation effect of metformin on MMP13, Adamts5 and 
Col- X expression in AMPKα1-/- mice was seen (see online 

supplementary figure 3S). We also examined the effect of 
metformin on AMPK phosphorylation in human articular 
chondrocytes and found that metformin significantly upregu-
lated AMPK phosphorylation within 16 hours time period (see 
online supplementary figure S2A). TNF-α and IL-1β inhibited 
AMPK phosphorylation and these inhibitory effects could 
be reversed by treatment with metformin (see online supple-
mentary figure S2B). In addition, IL-1β-induced nitric oxide 
release could be inhibited by metformin in a dose- dependent 
manner in articular chondrocytes derived from WT mice; this 
effect was abolished in articular chondrocytes derived from 
AMPKα1-/- mice (see online supplementary figure S2C). In our 
previous studies, we have shown that expressions of phosphor-
ylated and total AMPKα1 are reduced in both primary chon-
drocytes isolated from knee joint tissues of OA patients (by 
Western blot analysis) and articular cartilage tissues collected 
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Figure 2 Metformin induced AMP- activated protein kinase (AMPK) phosphorylation and expression. (A) Knee joint sections from sham, 
destabilisation of the medial meniscus (DMM) surgery (6 or 12 weeks after DMM surgery) or treatment with or without metformin were analysed for 
AMPK expression using immunohistochemistry methods. Results showed that expression of both phosphorylated AMPKα (pAMPKα) (upper panel) 
and total AMPKα (catalyticalpha subunit of AMPK) (lower panel) was upregulated by the treatment with metformin. The cells present in the non- 
calcified regions of femoral and tibial cartilage were subjected to further analysis. (B, C) Cells with positive staining for pAMPKα and total AMPKα 
were quantified (n=3). Statistical analysis was conducted using two- way analysis of variance followed by the Tukey- Kramer test. ## p<0.01, compared 
between sham and DMM groups; *p<0.05, compared between groups with or without metformin treatment in mice with DMM surgery. Met, 
metformin; NC, negative control; WT,wild type.

from OA patients (by IHC), compared with normal primary 
knee chondrocytes and normal knee cartilage, respectively.15

We then went on to test the effects of metformin on OA 
development in AMPKα1-/- mice. We found that AMPKα1-/- 
mice administered metformin still exhibited the OA pheno-
type to an extent similar to that of WT mice not administered 
metformin. This was demonstrated by analysing histolog-
ical changes (figure 4A) and changes in OARSI scores 
(figure 4B,G), cartilage area (figure 4C,H), synovitis score 
(figure 4D,I), osteophyte size (figure 4E,J) and osteophyte 
maturity (figure 4F,K). Results of µCT analysis showed that 
significant osteophyte formation was observed 6 and 12 weeks 
after DMM surgery in AMPKα1-/- mice (figure 4L,M). Treat-
ment with metformin, commencing either before or after 
DMM surgery, had no significant effect on inhibition of osteo-
phyte formation in AMPKα1-/- mice (figure 4L,M). Consid-
ering the OA progression rate, all parameters reflecting OA 
progression, including OARSI scores, cartilage areas, synovitis 

score, osteophyte size and osteophyte maturity, had no signif-
icant changes in AMPKα1-/- mice (see online supplementary 
figure S1G–K). In addition, we found that subchondral bone 
mass was significantly increased 6 and 12 weeks after DMM 
surgery in AMPKα1-/- mice (see online supplementary figure 
S1M). Metformin had no significant effect on DMM- induced 
subchondral bone mass increase (see online supplementary 
figure S1M). These results suggest that the chondroprotective 
effect of metformin was mediated by AMPK.

Metformin attenuated OA pain
We then performed a series of tests to determine if metformin 
lowers OA pain sensitivity. The results of von Frey tests 
showed that significantly reduced paw withdrawal response 
thresholds were observed after DMM surgery in mice without 
metformin treatment in WT mice (figure 5A,B). The admin-
istration of metformin (4 mg/day in drinking water, until the 
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Figure 3 AMP- activated protein kinase (AMPK) mediated chondroprotective effect of metformin. (A–H) Murine articular chondrocytes were 
treated with metformin (2 mg) and then incubated with tumour necrosis factor-α (TNF-α; 100 ng/mL) (A–D) or interleukin-1β (IL-1β; 10 ng/mL) (E–H) 
for 6 hours. Expression of Mmp3, Mmp13, Adamts4 and Adamts5 mRNAs were analysed by real- time polymerase chain reaction (PCR) (n=3). (I) 
Immunohistochemistry (IHC) assays were performed using histological sections collected from mice with sham operation or destabilisation of the 
medial meniscus (DMM) surgery with metformin treatment. Expression of MMP13, Adamts5 and Col- X was examined (n=3). AMPKα1,catalytic alpha 
subunit of AMPK; KO, knockout; Met, metformin; mRNA, messenger RNA; WT, wild type.

animals were sacrificed), commencing either 2 weeks before or 
2 weeks after DMM surgery, could significantly increase paw 
withdrawal response threshold, reflecting reduced pain sensi-
tivity in WT mice (figure 5A,B). In contrast, metformin had 
no significant effect on reversing paw withdrawal response 
threshold and reducing pain sensitivity in AMPKα1-/- mice 
(figure 5C,D). We also tested spontaneous activity of the 
mice in response to DMM surgery and metformin treatment 
using the Laboratory Animal Behaviour Observation, Regis-
tration and Analysis System (LABORAS). We found that travel 
distance (figure 5E,F), average walking speed (figure 5I,J), 
rearing frequency (figure 5M,N) and rearing duration (see 
online supplementary figure 5R,S) were significantly decreased 
6 weeks after DMM surgery without metformin treatment. 
Treatment with metformin, commencing either before or after 
DMM surgery, could significantly reverse reduced spontaneous 
activity caused by DMM surgery (figure 5E,F,I,J,M,N,R,S), 
indicating that in addition to the inhibition of mechanically- 
induced pain sensitivity, metformin could also reverse reduced 
spontaneous activity observed in mice with DMM surgery. In 
contrast, treatment with metformin had no significant effect 
on reduced spontaneous activity caused by DMM surgery 

in AMPKα1-/- mice (figure 5G,H,K,L,P,Q). These results are 
consistent with those of von Frey tests.

Because metformin possesses a protective effect against 
DMM- induced OA pain, we examined whether metformin 
affects phosphorylation and expression of AMPKα1 in dorsal 
root ganglia (DRG) using immunofluorescence (IF) staining. 
We found that expressions of pAMPKα1 and total AMPKα1 
were significantly reduced 6 and 12 weeks after DMM 
surgery (figure 6A–C). Treatment with metformin upregu-
lated pAMPKα1 and total AMPKα1 expression in DRG cells 
after DMM surgery (figure 6A–C). AMPKα1 expression was 
mainly detected in the cell membrane (figure 6A). We then 
analysed expression of a pain- related marker downstream of 
AMPK, transient receptor potential ankyrin 1 (TRPA1), and 
found that TRPA1 expression was significantly upregulated 6 
and 12 weeks after DMM surgery (figure 6D). Treatment with 
metformin, commencing either before or after DMM surgery, 
significantly inhibited TRPA1 expression in DRG tissues 
(figure 6D). In addition, we also analysed expressions of a 
series of pain- related marker genes in articular chondrocytes 
isolated from 4- day- old WT and AMPKα1-/- mice. We found 
that TNF-α and IL-1β significantly upregulated pain- related 
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Figure 4 Metformin had no protective effect on destabilisation of medial meniscus (DMM)- induced osteoarthritis (OA) in AMP- activated protein 
kinase (AMPK) α1 knockout (KO) mice. (A) DMM surgery or sham operation was performed in 10- week- old AMPKα1 KO mice. Metformin (4 mg/kg/
day in drinking water, until the animals were sacrificed) was administered to the mice 2 weeks before or 2 weeks after DMM surgery. Representative 
histology images of osteoarthritic knee joints demonstrated that metformin had no significant effect on OA development in AMPKα1 KO mice. Yellow 
arrowheads indicate articular cartilage degradation, green arrowheads indicate osteophytes and red arrowheads indicate synovial hyperplasia. n=7; 
scale bar: 200 µm. (B–K) Quantification or semi- quantification assessments, including Osteoarthritis Research Society International (OARSI) score (B, 
G), cartilage area (C, H), synovitis score (D, I), osteophyte size (E, J) and osteophyte maturity (F, K) were performed using histological sections. n=7. (L, 
M) Osteophyte formation was analysed by micro- computerised tomography in mice with or without metformin treatment 6 and 12 weeks after DMM
surgery. The volume of calcified meniscus and synovial tissue was quantified (n=6). Statistical analysis was conducted using two- way analysis of 
variance followed by the Tukey- Kramer test. # p<0.05, ## p<0.01, compared between sham and DMM surgery groups. AMPKα1,AMP- activated protein 
kinase α1; Met, metformin.

marker genes, such as MCP-1, CCR2, NGF, TNF-α in both WT 
and AMPKα1-/- mice (see online supplementary figure S3A–J). 
Treatment with metformin significantly inhibited expressions 
of these marker genes induced by TNF-α and IL-1β in WT 
chondrocytes but not in AMPKα1- deficient chondrocytes (see 
online supplementary figure S3A–J). These results suggest that 
metformin may upregulate AMPKα1 expression and phos-
phorylation and further inhibit pain- related signals in DRG 
and cartilage tissues.

Metformin alleviated OA development in non-human 
primates
To further investigate the role of metformin in large animals, we 
determined the effect of metformin on OA development in non- 
human primates. We performed PMM surgery on male rhesus 

macaques with 8.5 to 11.4 years of age which were treated with 
vehicle (n=4) or metformin (n=5) 1 month after PMM surgery 
(see online supplementary figure S4). The PMM surgery was 
performed on the left knee joint and a sham operation was 
performed on the right knee joint (figure 7A). OA- like lesions 
were observed in rhesus macaques 7 months after PMM surgery 
at the macroscopic level (figure 7B). The semi- quantification 
score of cartilage damage for femoral and tibial condyles 
showed that the treatment with metformin significantly allevi-
ated the cartilage lesions (figure 7C). μCT analysis showed that 
subchondral bone mass was significantly increased in the rhesus 
macaques 7 months after PMM surgery (figure 7D). In contrast, 
subchondral bone mass was significantly reduced by treatment 
with metformin in the rhesus macaques 7 months after PMM 
surgery (figure 7D,E). MRI analysis showed that treatment with 
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Figure 5 Metformin attenuated osteoarthritis pain. (A, B) Metformin (4 mg/kg/day in drinking water, until the animals were sacrificed) was 
administered 2 weeks before (limit group) or after (delay group) destabilisation of the medial meniscus (DMM) surgery. Mechanical sensitivity 
was measured using von Frey filaments biweekly after DMM surgery. n=10. Statistical analysis was conducted using two- way analysis of variance 
(ANOVA) followed by the Tukey- Kramer test. *p<0.05, **p<0.01, ***p<0.001, compared between groups with or without metformin treatment in 
mice with DMM surgery. (C–J) Changes in spontaneous activity, including travel distance (C, D), average walking speed (E, F), rearing frequency (G, 
H) and rearing duration (I, J) were evaluated using the Laboratory Animal Behaviour Observation Registration and Analysis System (LABORAS, Metris, 
Netherlands) 2, 6 and 10 weeks after DMM surgery (n=4). Statistical analysis was conducted using two- way ANOVA followed by the Tukey- Kramer 
test. *p<0.05, compared between groups with or without metformin treatment in mice with DMM surgery. AMPKα1,catalytic alpha subunit of AMPK; 
Met, metformin; WT, wild type.

metformin protected against cartilage loss, demonstrated by 
higher cartilage thickness observed in metformin treated rhesus 
macaques 3 and 7 months after PMM surgery (figure 7F,G). 
Results of pain- related behaviour test also showed that the dura-
tion of standing and walking was significantly increased by treat-
ment with metformin 7 months after PMM surgery (figure 7H). 
Because metformin inhibits OA development in non- human 
primates, these findings suggest that metformin may be used to 
treat patients with OA disease.

dIsCussIOn
We have made several key observations in the studies presented 
here. (1) We found that metformin, administered shortly after 
joint injury, limits OA development and delays OA progres-
sion. Metformin also relieves OA- associated pain sensitivity 
in mice. (2) We found that metformin upregulates AMPKα1 
expression and that metformin lost its chondroprotective effect 

in AMPKα1 KO mice; this suggests that the chondroprotective 
effect of metformin is mediated by activation of AMPK signal-
ling. (3) To determine the role of metformin in large animals, 
we performed a pilot experiment using non- human primates. 
We found that metformin also possesses a chondroprotective 
effect in non- human primates. In addition, we also analysed the 
OA progression rates during 6 to 12 weeks period after DMM 
surgery. We found that, during this period, the progression rates 
of some OA features, including OARSI score, cartilage area and 
synovitis score, were not significantly changed after metformin 
administration; in contrast, the progression rates of some other 
OA features, including osteophyte size and osteophyte matu-
rity were significantly reduced after metformin administration. 
Our findings suggest that metformin may be used clinically to 
treat patients with OA and that selective OA symptoms may 
be improved after metformin administration shortly after joint 
injury.
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Figure 6 Metformin upregulated AMP- activated protein kinase (AMPK) expression in the dorsal root ganglia (DRG). (A) Immunofluorescence 
(IF) assays were performed in histological sections of DRG tissues in the mice 6 and 12 weeks after destabilisation of the medial meniscus (DMM) 
surgery; expression of pAMPKα1 and total AMPKα1 was examined by IF staining. (B, C) Results of quantification analysis demonstrated that AMPKα1 
expression (phosphorylated and total AMPK α1) was significantly reduced after DMM surgery. Metformin significantly increased the expression of 
pAMPKα1 and total AMPK α1 protein levels in DRG tissues (n=3). Statistical analysis was conducted using two- way analysis of variance followed 
by the Tukey- Kramer test. ##p<0.01, compared between sham and DMM groups; *p<0.05, **p<0.01, compared between groups with or without 
metformin treatment in mice with DMM surgery. pAMPK,phosphorylated AMPK; t- AMPK, total AMPK; TRPA1, transient receptor potentialankyrin 1; 
WT, wild type.

OA is the most common form of arthritis and the leading 
cause of chronic disability among older people. More than 50% 
of people over the age of 65 years have radiological evidence 
of OA, with approximately 10% of men and 18% of women 
suffering symptomatic OA.25 In a population- based cohort study, 
the lifetime risk of symptomatic knee OA was 45%.26 There 
is currently no medication available to cure OA disease or to 
decelerate OA progression; thus disease- modifying OA drugs are 
urgently needed to not only alleviate pain and improve function, 
but also to delay the structural progression of the disease. None 
of drugs currently being tested in Phase II and Phase III clinical 
trials for OA treatment are aimed at targeting AMPK signalling; 

thus, a drug, such as metformin, acting on activation of AMPK 
signalling, represents a novel class of drugs to treat OA disease.

AMPK signalling has been suggested to be involved in OA 
development27 and AMPK deficiency in chondrocytes acceler-
ates the progression of OA induced by DMM surgery or ageing 
in adult mice.12 However, opposite results have also been 
reported, showing that no significant difference in OA devel-
opment was observed in chondrocyte- specific AMPKα1 KO 
mice.28 It has also been reported that activation of AMPK signal-
ling negatively regulates chondrocyte differentiation.29 In the 
present studies, we found that the knee joint phenotype induced 
by DMM surgery in AMPKα1 KO mice was not significantly 
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Figure 7 Metformin alleviates partial medial meniscectomy (PMM)- induced osteoarthritis (OA) development in non- human primates. (A) The PMM 
surgery was performed on the left knee joint and the sham operation was performed on the right knee joint in rhesus macaques with 8.5 to 11.4 
years of age. (B, C) Cartilage damage was observed in rhesus macaques 7 months after the PMM surgery. The administration of metformin inhibited 
articular cartilage damage in rhesus macaques with PMM surgery (yellow arrows: articular cartilage damage). (D, E) Two- dimensional and three- 
dimensional images of micro- computerised tomography (μCT) scans were obtained 7 months after PMM surgery (yellow arrow: subchondral sclerosis 
and red arrow: osteophyte). (F) Knee OA was monitored by MRI 1 month before surgery and 1, 3 and 7 months after surgery (red arrows: osteophytes; 
yellow arrow: subchondral sclerosis; blue arrow: knee joint medial collateral ligament). (G) The medial articular cartilage thickness including medial 
femoral condyles and the medial tibial plateau was quantified using MRI. Control group: rhesus macaques received PMM surgery and were treated 
with vehicle (n=4); experimental group: Rhesus macaques received PMM surgery and were treated with metformin (n=5). (H) Changes in animal 
behaviour were observed and recorded. *p<0.05, compared between groups with or without metformin treatment. Met,metformin.

different from that of WT mice; however, metformin has protec-
tive effect on OA progression in WT mice, but not in AMPKα1 
KO mice. These results suggest that normal levels of AMPKα1 
may not be required for maintaining joint tissue homeostasis and 
that metformin does play a chondroprotective effect through 
activation of AMPK signalling. The AMPKα1 KO mice used in 
our study are AMPKα1 global KO mice, but not chondrocyte- 
specific KO mice reported in previous studies.12 28 In addition to 
mature chondrocytes, AMPKα1 gene was also deleted in mesen-
chymal progenitor cells in AMPKα1 global KO mice so both 
mesenchymal progenitor cells and mature chondrocytes may 
contribute to the observations that deletion of AMPKα1 blocks 
the chondroprotective effect of metformin in the current studies.

AMPK exists as a heterotrimeric complex composed of a cata-
lytic α subunit and regulatory β and γ subunits. Binding of AMP 
to the γ subunit allosterically activates the complex, making it a 
more attractive substrate for phosphorylation on Thr172 in the 

activation loop of the α subunit by its major upstream AMPK 
kinase, liver kinase B1 (LKB1).30 The activity of AMPK and 
its upstream regulator LKB1 is reduced in cartilage from aged 
mice and mice with OA, as well as in bovine chondrocytes after 
dynamic compression- induced biomechanical injury.31

In our in vitro studies, we found that metformin upregulated 
pAMPKα1 expression within a short period of time, but not the 
total AMPKα1 protein. In contrast, we found that metformin 
significantly upregulated total AMPKα1 expression in articular 
chondrocytes and in DRG cells. This difference may be due to 
the duration of treatment. In vivo treatment with metformin 
was 6 and 12 weeks. The long- term effect of metformin on the 
upregulation of total AMPKα1 may also contribute to the effect 
of metformin on OA treatment. In addition to the treatment 
duration, the endogenous AMPK levels may also affect the effec-
tiveness of metformin treatment. OA is a heterogeneous disease. 
Metformin may be specifically effective for OA patients with low 
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AMPK levels. In the future, we may further stratify OA patients 
into two groups with high and low AMPK levels to further deter-
mine the effectiveness of metformin on OA pathogenesis.

In this study, we also found that metformin is an effective drug 
to relieve OA pain. Pain is the most common reason that OA 
patients seek medical attention and is frequently a symptom of 
underlying joint injury. AMPK activation plays an important role 
in blocking pain sensitivity.32 33 Pain hypersensitivity resulting 
from injury or disease is often paralleled by increased excit-
ability of peripheral sensory neurons in the DRG.15 The TRPA1 
channel is a widely recognised chemical and thermal sensor that 
plays vital roles in pain transduction.34 Metformin, as an AMPK 
activator, inhibited TRPA1 activity in DRG neurons by inhib-
iting membrane- associated TRPA1 expression and metformin 
also inhibited TRPA1- mediated calcium influx.35 These findings 
suggest that AMPK is a key regulator of TRPA1 channels and 
that metformin may inhibit pain sensitivity through activation 
of AMPK signalling in DRGs. In the present studies, we found 
that treatment with metformin significantly upregulated phos-
phorylated and total AMPKα1 expression in DRG tissues and 
also inhibited the increased pain sensitivity caused by DMM 
surgery. These findings suggest that metformin may inhibit 
pain- mediating calcium channel activities through activation of 
AMPK signalling in DRG tissues. From our limited time- course 
studies, it seems that pain relieving effect of metformin may be 
related to its chondroprotective effect on DMM- induced OA 
pathology.

The current study has several limitations. First, our study 
suggests that metformin could be used clinically for young 
patients shortly after their joint injury to limit OA development 
and progression. However, one critical question that we could 
not address in this study is whether metformin is able to delay 
OA progression when OA is fully developed. Our long- term goal 
is to perform a longitudinal study to investigate the effect of 
metformin on OA progression and OA associated pain when 
OA is fully developed; for example, 8 and 12 weeks after DMM 
surgery. Second, to further determine the role of metformin in 
OA treatment, we tested effects of metformin in non- human 
primates. Although a positive effect of metformin on OA treat-
ment has been obtained using non- human primates in the pilot 
study, one limitation of this study is that animal numbers were 
relatively small. The effect of metformin on large animals needs 
to be further investigated. Third, in the presented studies, 
we have used young, healthy and male mice and male rhesus 
macaques for OA studies, to further determine the chondropro-
tective effects of metformin, we will test the effects of metformin 
on female mice, on ageing- associated OA models and on obese 
mice. These studies will provide full spectrum of chondroprotec-
tive effects of metformin.

Our studies suggest that metformin may be used clinically to 
treat young patients shortly after their joint injury. In human 
clinical studies, metformin application has been demonstrated to 
have a beneficial effect on long- term knee joint outcomes in those 
with knee OA and obesity.36 In contrast, a retrospective cohort 
study was conducted using information of 3217 patients with 
type 2 diabetes in the UK. Patients had recorded type 2 diabetes 
and treatment with metformin. The outcome was the record 
of OA during follow- up. The results demonstrated that treat-
ment with metformin had no significant effect on OA progres-
sion.37 This discrepancy could be the result of different dosages 
and treatment durations that were administered. Randomised 
controlled clinical trials are needed to determine whether 
metformin could be used as a potential disease- modifying drug 
for knee OA with or without the obese phenotype.
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AbsTrACT
Objectives emerging evidence suggests that the 
microbiome plays an important role in the pathogenesis 
of osteoarthritis (oa). We aimed to test the two- hit model 
of oa pathogenesis and potentiation in which one ’hit’ 
is provided by an adverse gut microbiome that activates 
innate immunity; the other ’hit’ is underlying joint damage.
Methods Medical history, faecal and blood samples 
were collected from human healthy controls (oa- MeTs-, 
n=4), knee oa without metabolic syndrome (oa+MeTs-, 
n=7) and knee oa with metabolic syndrome 
(oa+MeTs+, n=9). each group of human faecal 
samples, whose microbial composition was identified by 
16s rrna sequencing, was pooled and transplanted into 
germ- free mice 2 weeks prior to meniscal/ligamentous 
injury (Mli) (n≥6 per group). eight weeks after Mli, mice 
were evaluated for histological oa severity and synovitis, 
systemic inflammation and gut permeability.
results Histological oa severity following Mli was 
minimal in germ- free mice. compared with the other 
groups, transplantation with the oa+MeTs+ microbiome 
was associated with higher mean systemic concentrations 
of inflammatory biomarkers (interleukin-1β, interleukin-6 
and macrophage inflammatory protein-1α), higher gut 
permeability and worse oa severity. a greater abundance 
of Fusobacterium and Faecalibaterium and lesser 
abundance of Ruminococcaceae in transplanted mice 
were consistently correlated with oa severity and systemic 
biomarkers concentrations.
Conclusion The study clearly establishes a direct gut 
microbiome- oa connection that sets the stage for a new 
means of exploring oa pathogenesis and potentially 
new oa therapeutics. alterations of Fusobacterium, 
Faecalibaterium and Ruminococcaceae suggest a role of 
these particular microbes in exacerbating oa.

InTrOduCTIOn
The past decade has witnessed a gradual but funda-
mental shift in our understanding of the mechanisms 
underlying osteoarthritis (OA) towards the concept 
that it is a complex multitissue pathology in which 
low- grade, chronic inflammation has a central role.1 
A number of risk factors playing important roles in 
OA have been identified, including age,2 obesity,2 
metabolic syndrome (MetS),3 joint trauma2 and 
genetic predisposition.2 Among these factors, MetS 
has attracted great research interest.4–6 Schott et al7 
reported that oligofructose, a non- digestible prebiotic 

fibre, could restore the gut microbiota of obese OA 
mice to that of a lean gut microbial profile, suggesting 
that systemic inflammation in OA is influenced by the 
gut microbiome. A role of the gut microbiome has 
been shown for several diseases with inflammatory 
components including type 2 diabetes,8 non- alcoholic 
steatohepatitis9 and cardiovascular diseases.10 A 
subtype of metabolic OA has been proposed,11 with 
some studies proposing that metabolic syndrome in 
OA is largely driven by body mass index (BMI).12 
However, the mechanisms underlying metabolic 
syndrome are still unclear. Although the gut micro-
biome contributes to activation of low- grade 

Key messages

What is already known about this subject?
 ► The gut- microbiome plays an important role in 
the pathogenesis of many different conditions, 
including osteoarthritis (OA). Germ- free mice 
have reduced susceptibility to OA following 
destabilisation of the medial meniscus, although 
the mechanism is not clear.

What does this study add?
 ► We demonstrated that (1) transplanting 
faecal samples from patients with metabolic 
syndrome (MetS) to germ- free mice increased 
gut permeability, endotoxemia and systemic 
low- grade inflammation and lead to 
aggravated severity of OA induced by meniscal 
ligamentous/injury surgery. (2) The abundances 
of the Fusobacterium, Faecalibacterium 
and Ruminococcacea bacterial genera were 
consistently associated with both histological 
OA severity and inflammatory biomarkers, 
suggesting that they might be some of the 
bacterial agents linked to the MetS capable of 
aggravating OA severity in germ- free mice and 
potentially their human donors.

How might this impact on clinical practice or 
future developments?

 ► These results support treatments aimed at 
beneficially modifying the intestinal microbiome 
such as a high- fibre diet, weight loss, exercise, 
unabsorbable antibiotic and, as a last resort, 
microbiota transplantation.
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inflammation in MetS conditions,13–15 the link is currently specu-
lative in OA.16

Our group has proposed a two- hit model of OA pathogen-
esis in which, as one hit, factors associated with an adverse gut 
microbiome activate the innate immune response. The other hit 
results from joint damage that releases damage associated with 
molecular pattern molecules, such as hyaluronan and fibronectin 
fragments that result in a synergistic activation of inflammatory 
pathways and the inflammasome leading to OA.16 The goal of the 
current study was to evaluate our two- hit hypothesis model of 
OA pathogenesis. We hypothesised that an adverse microbiome 
would exacerbate the histopathological severity of OA induced 
by joint injury in a murine model. To generate a ‘first- hit’, we 
transplanted these mice with human faecal samples from healthy 
controls, or individuals with knee OA without MetS, or knee OA 
with MetS. To generate a ‘second- hit’, we created a meniscal/
ligamentous injury (MLI) in murine knee joints.

MeTHOds
study cohort, patient characteristics and sample collection
Human blood sample collection and all experimental procedures 
were approved by the Institutional Review Board of SiChuan 
University (WCHSIRB- D-2017–111), in accordance with the 
guidelines provided by the Health Sciences Authority of China. 
Informed written consent was obtained from participants for 
this study in accordance with Declaration of Helsinki. MetS 
was defined according to criteria developed by the International 
Diabetes Federation (IDF)17 (see online supplementary methods). 
Primary symptomatic knee OA for this study was defined by the 
American College of Rheumatology criteria,18 together with 
radiographic severity grade III or IV of the Kellgren/Lawrence 
scale.19 Based on these criteria, participants (all female) were 
classified as: (1) Healthy controls without evidence of OA or 
MetS (OA- METS-, n=4); (2) OA without MetS (OA+METS-, 
n=7) and (3) OA with MetS (OA+METS+, n=9).

Stool samples were freshly collected from each participant 
within 15 min after excretion, were immediately frozen and stored 
in liquid nitrogen. Fasting plasma and serum were collected on the 
day of admission and stored at −80℃ for further analysis.

experimental animals and study design
Germ- free C57BL/6J mice were bred at the Department of 
Laboratory Animal Science of the Third Military Medical 
University in Chongqing, China and housed under a 12 hours 
light- dark cycle in the gnotobiotic facilities. All mice were fed 
with sterile food and water ad libitum, and bacterial contami-
nation was monitored by periodic examination of stools. Age- 
matched C57BL/J mice were born, raised and maintained in a 
specific- pathogen- free (SPF) animal facility at the same institu-
tion with the same light- dark cycle, food and water. All animal 
experiments were approved by the SiChuan University Animal 
Care and Use Committee and followed the recommendations 
from the Guide for the Care and Use of Laboratory Animals of 
Chinese Association for Laboratory Animal Science.

Forty- two germ- free mice (8 weeks old) underwent faecal 
transplantation over 2 weeks with or without MLI surgery 
2 weeks later; they were divided into five groups as follows: 
(1) Germ- free with surgery (SALINE/MLI+): Germ- free mice 
transplanted with sterile normal saline with MLI surgery (three 
male and three female); (2) Healthy with no surgery (OA- 
METS-/MLI-): Germ- free mice transplanted with stool samples 
from healthy controls without MLI surgery (three male and 
three female); (3) Healthy with surgery (OA- METS-/MLI+): 

Germ- free mice transplanted with stool samples from healthy 
controls with MLI surgery (three male and three female); (4) 
Non- MetS with surgery (OA+METS-/MLI+): Germ- free mice 
transplanted with stool samples from patients with OA without 
MetS with MLI surgery (6 male and six female); (5) MetS with 
surgery (OA+METS+/MLI+): Germ- free mice transplanted 
with stool samples from patients with both OA and MetS with 
MLI surgery (six male and six female) (figure 1A). Twelve SPF 
mice (six male and six female) underwent MLI at the age of 
10 weeks to serve as a SPF/MLI+control group (figure 1A). As 
germ- free mice are very sensitive to anaesthesia, one male mouse 
in the OA+METS+/MLI+ group died postoperatively. We 
were unable to retrieve faecal samples from the gut of one male 
mouse from the OA+METS-/MLI+ group and thus were unable 
to obtain the 16S rRNA gene sequencing data for this animal. 
In order to provide a reference, we also evaluated the level of 
histological knee OA of three age- matched naïve germ- free mice 
(one male and two female).

Microbiome transplantation
For microbiota transplantation, frozen human faecal samples 
were pooled from donors in the same group, were pulverised 
with a mortar and pestle, then resuspended with sterile saline 
and centrifuged to obtain the supernatant. At 8 weeks of age, 
germ- free mice were orally inoculated (200 µL for each mouse) 
two times a daily for 2 weeks with the prepared faecal contents 
from the different groups of donors. Recipient mice transplanted 
with microbiota were kept in different Trexler- type film isola-
tors, fed with sterile food and water, with bacterial contamina-
tion strictly controlled.

MLI surgery
MLI was performed at age 10 weeks after successful faecal 
transplantation of mice. MLI was induced by transecting the 
medial collateral ligament and detaching the anterior horn of 
the meniscus in the right knee, as described previously.20 The 
animals were sacrificed 8 weeks after MLI with collection of 
knee joints, blood, small intestine, colon, peritoneal fat tissue 
and stool samples.

Histologic assessment of OA severity
All right knees were evaluated histologically for cartilage lesions, 
cartilage proteoglycan content and synovitis (as described in 
online supplementary methods) by two evaluators (XJW and 
CG) blinded to the group assignment (all mice were given a 
numerical code).

Multivariable regression analysis of predictors of histological 
outcomes
In order to assess the effects of both sex and body weight on 
the histological outcomes, we performed multivariable regres-
sion analysis with covariates of group, sex and weight (weight 
at start, weight at 18 weeks or ∆weight defined as weight at 18 
weeks minus weight at start).

Plasma analysis for inflammatory biomarkers
EDTA plasma samples were collected from all mice. Details on 
the ELISA assay for inflammatory biomarkers (G- CSF, IL-1β, 
IL-6, IL-10, IL-17, IP-10, MCP-1 and MIP-1α) and the LPS 
detection assay are provided in online supplementary methods.

https://dx.doi.org/10.1136/annrheumdis-2019-216471
https://dx.doi.org/10.1136/annrheumdis-2019-216471
https://dx.doi.org/10.1136/annrheumdis-2019-216471
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Figure 1 Gut microbiome profiles of the cohort and recipient mice. (A) Schematic representation of faecal microbiota transplantation. Germ- 
free mice are orally inoculated with prepared faecal contents from three different groups of people (OA- METS-, OA+METS and OA+METS+). After 
the success of gut microbiome colonisation, MLI was induced in mice from the SALINE/MLI+, SPF/MLI+, OA- METS-/MLI+, OA+METS-/MLI+ and 
OA+METS+/MLI+ groups. After 8 weeks, the mice were sacrificed for further analysis. (B) Alpha diversity analysis showed no significant differences 
between the people from three different groups. (C) Beta diversity of faecal microbiome of people from three different groups. (D) NMDS analysis 
showed significant differences between Health and OA with MetS groups. (E) Decreased Alpha diversity observed in mice from the OA+METS+/MLI+ 
group, compared with mice from the SALINE/MLI+, OA- METS-/MLI-, OA- METS-/MLI+ and OA+METS-/MLI+ groups. (F) Beta diversity analysis showed 
that enterotype of mice from the OA- METS-/MLI- and OA- METS-/MLI+ groups was clustered together, enterotype of mice from the OA+METS-/MLI+ 
group was clustered together while enterotype of mice from the OA+METS+/MLI+ group was clustered together. (G) Community bar- plot analysis 
showed relative abundance of faecal microbiota in each group at the genera level. (H) Seven kinds of bacteria showed significant differences in the 
genera level between mice from the OA- METS/MLI+, OA+METS-/MLI+ and OA+METS+/MLI+ groups. Data were compared by the Kruskal- Wallis 
test (p values were adjusted by the Bonferroni correction). Each bar represents a group (x- axis) with mean and 95% CI (y- axis). METS, metabolic 
syndrome; MLI, meniscal/ligamentous injury; NMDS, non- metric multidimensional scaling; OA, osteoarthritis; SPF, specific- pathogen- free.

16s rrnA gene sequencing, bioinformatics and statistical 
analysis
Total DNA was isolated, amplified and sequenced according to 
standard procedures.21 22 The determination of bacterial species 
is described in online supplementary methods.

FIsH analysis for bacterial translocation in the gut
Evaluation for bacterial translocation via the gut endothelium was 
evaluated by fluorescence in situ hybridisation (FISH) by modifica-
tion of a previous protocol23 (see online supplementary methods).

Peritoneal fat gene expression
Peritoneal fat from each mouse was harvested and processed for 
RNAseq analyses as described in online supplementary methods.

Gene expression of tight junction molecules
Colonic tissue was harvested from mice for mRNA expression of 
tight junction proteins (ZO-1 and occludin) by RT- PCR (details 
provided in online supplementary methods).

statistical analyses
All statistical analyses were performed using SPSS 22.5 (SPSS, 
Chicago, Illinois, USA) unless otherwise specified. Descriptive 
statistics are presented as means±SD for continuous variables. 
Normal distribution was tested using the Kolmogorov- Smirnov 
test. Normally distributed data from multiple groups were 
compared by one- way analysis of variance and all other data 
were compared by the Kruskal- Wallis test. When multiple 
comparisons were fewer than 10, p values were adjusted using 

https://dx.doi.org/10.1136/annrheumdis-2019-216471
https://dx.doi.org/10.1136/annrheumdis-2019-216471
https://dx.doi.org/10.1136/annrheumdis-2019-216471
https://dx.doi.org/10.1136/annrheumdis-2019-216471
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Table 1 Human donor demographics

demographics
Healthy
(n=4)

OA without 
Mets
(n=7)

OA with Mets
(n=9) P value

Gender (F/M) 4/0 7/0 9/0 1

Age (years) 64.3±9.9 61.7±6.2 68.8±8.1 0.244

BMI (kg/m2) 22.19±1.37 21.61±2.50 29.58±2.82 <0.001

Waist circumference 
(cm)

72.2±1.7 73.1±3.2 83.9±3.0 <0.001

LDL (mmol/L) 2.86±0.79 2.89±0.56 3.83±0.67 0.017

HDL (mmol/L) 1.96±0.41 1.86±0.64 1.28±0.42 0.034

TG (mmol/L) 1.12±0.32 0.81±0.44 1.85±0.85 0.015

CHOL (mmol/L) 4.57±0.94 4.89±0.81 4.12±1.94 0.588

P < 0.05 in bold.
BMI, body mass index; CHOL, cholesterol; F, female; HDL, high- density lipoprotein; 
LDL, low- density lipoprotein; M, male; MetS, metabolic syndrome; OA, osteoarthritis; 
TG, triglyceride.

the Bonferroni correction. Otherwise, p values were adjusted by 
false discovery rate (FDR) correction according to the Benjamini- 
Hochberg procedure. The Shannon index at the genera level was 
calculated with QIIME (V.1.7.0). Principle component analysis 
(PCA) was performed using the FactoMineR packages and clus-
terSim package in R software (V.2.15.3). PLS- DA was performed 
using SIMCA- P software to cluster the sample plots across 
groups. For correlation of inflammatory biomarker levels with 
OA severity scores, Spearman correlations were used. To test the 
null hypothesis, we defined the significance level α as 0.05. A 
p<α was considered statistically significant.

resuLTs
Cohort demographics
For murine transplantation, a total of 20 human female study 
participants provided faecal samples including 4 healthy controls 
without knee OA (OA- METS-), 7 with knee OA without MetS 
(OA+METS-) and 9 with knee OA with MetS (OA+METS+). 
Baseline characteristics of age and total plasma cholesterol of the 
three groups were similar (table 1). However, the OA+METS+ 
group had significantly higher mean values for BMI, low- density 
lipoprotein cholesterol and triglyceride level (table 1) and signifi-
cantly lower mean high- density lipoprotein level (table 1). Meta-
bolic syndrome criteria for each donor are provided in online 
supplementary table S1.

Gut microbiome profiles of the cohort and recipient mice
By 16S rRNA gene sequencing, there were no significant differ-
ences of alpha diversity among the three groups of donor 
microbiomes (figure 1B). By non- metric multidimensional 
scaling analysis, there was a significantly different beta diver-
sity of the faecal microbiomes of the three groups (p=0.045) 
(figure 1C,D). The alpha diversity at a genus level was much 
lower in the germ- free mice transplanted with faecal matter from 
the OA+METS+/MLI+ group (figure 1E). PCA using Jensen- 
Shannon distance was performed to cluster the 34 samples into 
three distinct enterotypes (figure 1F). At the genus level, a total of 
140 genera were identified among all samples; the five dominant 
genera were Bacteroides, Blautia, Parabacteroides, Lachnoclos-
tridium and Turicibacter (figure 1G). At the genus level, the rela-
tive abundance of 10 bacteria was significantly different in the 
faecal samples collected from mice of the healthy with surgery 
(OA- METS-/MLI+), Non- MetS with surgery (OA+METS-/
MLI-) and MetS with surgery (OA+METS+/MLI+) groups. 

Seven of the bacterial genera, including Anaerostipes, Butyr-
icicoccus, Erysipelatoclostridium, Faecalibacterium, Fusobacte-
rium, Lachnoclostridium and Ruminococcaceae_UCG-013, were 
significantly different between mice from the OA- METS-/MLI+ 
and OA+METS+/MLI+ groups (figure 1H), others are shown 
in online supplementary figure S1.

Highest histological joint damage observed in the 
OA+MeTs+/MLI+ group
For ease of comparison, histological scores (mean, SD) for each 
group are presented in figure 1A; they are also depicted in bar 
graph form in figure 2B,C and E, with p values presenting the 
differences across all main groups (data for naïve germ- free mice 
provided for reference only).

Minimal signs of OA and synovitis were found in the age- 
matched naïve germ- free mice (OARSI score: 2.0±1.0; Safranin 
O score: 0.7±0.7; Synovitis score: 0.3±0.6) (figure 2B,C and E). 
Mean OARSI cartilage damage scores were significantly higher in 
the OA+METS+/MLI+ group (18.7±1.6) in comparison with 
the other groups. Mice from the OA+METS-/MLI+ (14.3±3.6), 
OA- METS-/MLI+ (14.0±2.8) and SPF/MLI+ (12.7±3.0) groups 
had significantly higher mean OARSI scores than mice from 
the SALINE/MLI+ (4.8±1.2) and OA- METS-/MLI- (5.0±2.0) 
groups. There were no significant differences between SALINE/
MLI+ and OA- METS-/MLI- groups. Also, no significant differ-
ences were found among SPF/MLI+, OA- METS-/MLI+ and 
OA+METS-/MLI+ groups (figure 2A,B). Similar results were 
observed for cartilage safranin O scores indicative of proteo-
glycan content; the mice from the OA+METS+/MLI+ group 
had a significantly higher mean score (11.6±0.5) compared with 
those from SALINE/MLI+ (2.3±0.8, p=0.003), SPF/MLI+ 
(8.6±1.2, p=0.004), OA- METS-/MLI- (2.5±1.0, p=0.003), 
OA- METS-/MLI+ (9.3±1.0, p=0.034) and OA+METS-/MLI+ 
(9.4±1.9, p=0.03) groups (figure 2A,C).

The mean synovitis score of the OA+METS+/MLI+ group 
(4.1±0.9) was significantly higher than the mean scores of the 
SALINE/MLI+ (0.5±0.5, p=0.005), SPF/MLI+ (1.8±1.0, 
p=0.005), OA- METS-/MLI- (0.3±0.5, p=0.005), OA- METS-/
MLI+ (1.7±1.0, p=0.015) and OA+METS-/MLI+ (1.8±1.2, 
p=0.008) groups (figure 2D,E). The mean synovitis scores 
of these latter groups, (SALINE/MLI+, OA- METS-/MLI-, 
OA- METS-/MLI+ and OA+METS-/MLI+), did not differ 
significantly.

Multivariable regression analysis of histological outcomes
There were no significant differences in weight at 8 weeks (study 
start), weight at 18 weeks or ∆weight among the six groups (see 
online supplementary table S2 and figure S2). By multivariable 
regression analyses, group was strongly associated with OARSI, 
Safranin O and synovitis scores. However, sex, weight at start, 
weight at 18 weeks and ∆weight were not associated with the 
histological outcomes (see online supplementary table S3).

Inflammatory biomarkers analysis
OA+METS+/MLI+ had the highest mean plasma G- CSF, IL-1β, 
IL-6, IL-10, IL-17, IP-10, MCP-1, MIP-1α. After FDR correc-
tion, compared with the other five groups, the OA+METS+/
MLI+ group had statistically significant higher mean plasma 
IL-1β, IL-6 and MIP-1α (figure 3) (see online supplementary 
table S2). Mean IP-10 was significantly lower in the SALINE/
MLI+ group compared with the other five groups (figure 3) 
(see online supplementary table S2). There were no significant 
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Figure 2 Histology assessments of osteoarthritis severity and synovitis 8 weeks after the surgery. (A) Representative images of safranin O/fast 
green section of the mice knee joint from different groups (Scale bar in the left panels, 200 µm; Scale bar in the right panels, 50 µm). (B) Comparison 
of OARSI scores between the groups. (C) Comparison of Safranin O scores between the groups. (D) Representative images of H&E section showing 
synovitis in mice from different groups (arrows show synovitis) (Scale bar, 50 µm). (E) Comparison of synovitis scores between the groups. With the 
exception of the naïve germ- free mice (provided for reference only as indicated by a vertical dashed line to the right of this group in panels B, C 
and E), data for all other groups were compared by the Kruskal- Wallis test, multiple comparison p values were adjusted by the Benjamini- Hochberg 
procedure. Each bar represents a group (x- axis) with mean and 95% CI (y- axis). Green dotted lines are references for mean respective histological 
scores of naïve germ- free mice. METS, metabolic syndrome; MLI, meniscal/ligamentous injury; OA, osteoarthritis; OARSI, Osteoarthritis Research 
Society International.

http://ard.bmj.com/
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Figure 3 Inflammatory biomarkers analysis. (A) G- CSF. (B) IL-1β. (C) IL-6. (D) IL-10. (E) IL-17. (F) IP-10. (G) MCP-1. (H) MIP-1α. Data were compared 
by the Kruskal- Wallis test, and multiple comparison p values were adjusted by the Benjamini- Hochberg procedure. Each bar represents a group (x- 
axis) with mean and 95% CI (y- axis). G- CSF, granulocyte- colony stimulating factor; IL-1β, interleukin one beta; IL-6, interleukin 6; IL-10, interleukin 10; 
IL-17, interleukin 17; IP-10, interferon gamma- induced protein 10; METS, metabolic syndrome; MCP-1, monocyte chemoattractant protein 1; MIP-1α, 
macrophage inflammatory protein 1α; MLI, meniscal/ligamentous injury; OA, osteoarthritis.

differences of mean plasma IL-10 or lipopolysaccharide binding 
protein among the six groups.

Gut permeability
According to the two- hit hypothesis, MetS can increase gut 
permeability, causing systematic low- grade inflammation. In the 
current study, we examined gut permeability by mRNA expres-
sion of intestinal tight junction proteins (ZO-1 and occludin) in 
colon tissue, plasma lipopolysaccharide (LPS) level and bacte-
rial translocation by fluorescence FISH analyses of the gut 
endothelium. As expected, significantly lower mRNA levels of 
ZO-1 and occludin were detected in the OA+METS+/MLI+ 
group compared with the other five groups (figure 4G,H). 
Also, OA+METS+/MLI+ group had significantly higher mean 
plasma LPS level compared with the other five groups (figure 4F) 
with evidence of bacterial translocation via the gut endothelium 
confirmed by FISH (figure 4A–E).

differential expression and gene set enrichment analyses of 
peritoneal fat tissue
We identified 171 differentially expressed genes (DEGs) in 
peritoneal fat tissue between the OA+METS+/MLI+ and 
SALINE/MLI+ groups (see online supplementary table S4); 
101 DEGs were upregulated and 70 DEGs downregulated in 
the OA+METS+/MLI+ group. To obtain a deeper insight into 
the function of the DEGs, gene set enrichment analysis (GSEA) 
was used. DEGs between the two groups were highly enriched 
in pathways related to butanoate metabolism (highly activated 

in the SALINE/MLI+ group, p=0.002, Normalised Enrich-
ment Score (NES)=−2.12, FDR q=0.010), lipids and lipopro-
teins metabolism (highly activated in the SALINE/MLI+ group, 
p<0.001, NES=−1.94, FDR q=0.029), leucocyte transendo-
thelial migration (highly activated in the OA+METS+/MLI+ 
group, p<0.001, NES=1.88, FDR q=0.231) and the TGF-β 
signalling pathway (highly activated in the OA+METS+/MLI+ 
group, p=0.011, NES=1.76, FDR q=0.165) (figure 5A–D).

Correlations between gut bacterial genera, cartilage 
histology scores and inflammatory biomarkers
OARSI scores reflecting overall severity of knee OA were signifi-
cantly positively correlated with the abundance of five different 
gut bacterial genera and significantly negatively correlated with 
eight other gut bacterial genera (figure 5E) (see online supplemen-
tary table S5). Safranin O scores reflecting cartilage proteoglycan 
loss were significantly positively correlated with four different 
gut bacterial genera and significantly negatively correlated with 
eight other gut bacterial genera (figure 5E). Specifically, Candi-
datus_Stoquefichus, Faecalibacterium, Tyzzerlla_4 and Fusobac-
terium were consistently significantly positively correlated with 
cartilage histology scores (higher scores worse) while Erysipela-
toclostridium, Eubacterium, Marvinbryantia, Bacteroides and 
Ruminococcaceae_UCG-013 were consistently significantly 
negatively correlated with cartilage histology scores.

Plasma concentrations of IL-1β, IL-6 and MIP-1α were consis-
tently significantly positively correlated with the abundance of 
Fusobacterium and Faecalibacterium and negatively correlated 
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Figure 4 Germ- free mice transplanted with faecal samples from patients of OA with metabolic syndrome showed increased gut permeability. (A–E) 
Representative images of gut barrier visualised by fish (16S rRNA genes of all bacteria (red) and nuclei (green)) (left panels original magnification: 
×60; right panels original magnification: ×240). Bacteria invasion into colonic mucosa was captured in mice from the OA+METS+/MLI+ group 
(E) (marked by asterisk). No signs of bacteria invasion were observed in mice from the SPF/MLI+ (A), OA- METS-/MLI- (B), OA- METS-/MLI+ (C), 
OA+METS-/MLI+ (D) groups. (F) Significantly increased systemic plasma LPS levels were observed in mice from the OA+METS+/MLI+ group. (G) 
Significantly decreased mRNA level of tight junction protein ZO-1 was observed in mice from the OA+METS+/MLI+ group, compared with mice from 
the SALINE/MLI+ (p<0.01), SPF/MLI+ (p<0.01), OA- METS-/MLI- (p=0.036), OA- METS-/MLI+ (p=0.036) and OA+METS-/MLI+ (p=0.036) groups. (H) 
Significantly increased mRNA level of tight junction protein Occludin was preserved in mice from the SALINE/MLI+ (p<0.01), SPF/MLI+ (p<0.01), OA- 
METS-/MLI- (p=0.02), OA- METS-/MLI+ (p=0.034) and OA+METS-/MLI+ (p=0.048) groups, compared with those from the OA+METS+/MLI+ group. 
**Stands for p<0.01, *stands for 0.01≤p<0.05. Data were compared by the Kruskal- Wallis test, multiple comparison p values were adjusted by 
the Benjamini- Hochberg procedure. Each bar represents a group (x- axis) with mean and 95% CI (y- axis). METS, metabolic syndrome; MLI, meniscal/
ligamentous injury; OA, osteoarthritis; SPF, specific- pathogen- free.

with the abundance of Ruminococcaceae_UCG-013 (figure 5F) 
(online supplementary table S5). Thus, these three gut bacterial 
genera, Fusobacterium, Faecalibacterium and Ruminococcaceae_
UCG-013, showed congruent correlations with both inflamma-
tory biomarkers and cartilage histology scores.

dIsCussIOn
We previously hypothesised that the gut microbiome plays a crit-
ical role in the two- hit model of MetS related OA pathogenesis.16 

Our study results support this hypothesis showing a noticeable 
impact of the human gut microbiome on injury induced OA 
severity in a mouse model system. The MetS+ mice developed 
increased gut permeability (by colonic epithelial FISH analyses) 
with endotoxemia (elevated LPS) in association with upregula-
tion of circulating proinflammatory molecules consistent with 
an activated innate immune system. Cani et al24 first showed that 
endotoxemia triggers the expression of inflammatory factors 
and functions as a stimulus of metabolic syndrome. Several of 
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Figure 5 GSEA of the RNA sequencing data of peritoneal fat tissue between OA+METS+/MLI+ versus SALINE/MLI+ mice (A–D). (A) GSEA for 
butanoate metabolism. (B) GSEA for metabolism of lipids and lipoproteins. (C) GSEA for leucocyte transendothelial migration. (D) GSEA for TGF-β 
signalling pathway. The enrichment plot on the left of each panel shows the distribution of genes in the set that is correlated with the SALINE/MLI+ 
or OA+METS+/MLI+ groups. The heatmap on the right of each panel shows where gene expression is relatively high (red) or low (blue) for each gene 
in the indicated sample. Correlation between gut bacterial genera, cartilage histology scores and inflammatory biomarkers (E–F). (E) Correlations 
between abundance of bacterial genera and cartilage histology scores. (F) Correlations between the abundance of bacterial genera and inflammatory 
biomarkers. **Stands for p<0.01, *stands for 0.01≤p<0.05. Positive correlation: red, negative correlation: green. Spearman correlations were 
performed. GSEA, gene set enrichment analysis; METS, metabolic syndrome; MLI, meniscal/ligamentous injury; OA, osteoarthritis.
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the plasma cytokines elevated in the MetS+ mice in our study, 
IL-1β, IL-6 and MIP-1α, are considered key mediators of OA 
in patients.25–27 Emerging evidence suggests that IL-1β,28 29 
IL-630 31 and MIP-1α32 play important roles in lipid metabo-
lism and persistence of low- grade inflammation. In the context 
of joint injury, the activated innate immune system would be 
expected to exacerbate the pathological process of OA. Despite 
joint injury, the germ- free mice (SALINE/MLI+) in our study 
had signs of mild OA that were reduced compared with the SPF/
MLI+ group (62% reduction in OARSI score and 73% reduc-
tion in Safranin O score) and the OA- MetS-/MLI+ group (66% 
reduction in OARSI score and 75% reduction in Safranin O 
score). This is consistent with Ulici et al33 who demonstrated 
that germ- free DMM+ mice had reduced OA compared with 
SPF- DMM mice (47% reduction in sum articular cartilage struc-
ture score and 42% reduction in sum Safranin O score). Taken 
together, we show for the first time, to our knowledge, a direct 
gut microbiome- OA connection whereby the microbiome from 
different groups of people could change the pathological process 
of OA induced by surgery in mice.

In order to evaluate the metabolic status of our mice, we also 
performed RNA sequencing of the peritoneal fat tissue. The 
GSEA analysis revealed highly activated butanoate (or butyrate), 
lipid and lipoprotein metabolism pathways in the germ- free 
SALINE/MLI+ group. Butanoate or butyrate is a group of short 
chain fatty acids produced through fermentation of dietary 
fibres in the lower intestinal tract.34 Colonocytes use bacteri-
ally produced butyrate as their primary energy source; butyrate 
prevents deficits in mitochondrial respiration and autophagy.35 
The expressions of GPR109, a butyrate receptor, and SLC5A8, 
a butyrate transporter, are markedly reduced in the ileum and 
colon of germ- free mice.36 Thus, a germ- free mouse devoid of a 
gut microbiome producing butyrate could increase the capacity 
of the gut endothelial cells to oxidise n- butyrate, as observed in 
this study as a form of rescue or countermeasure to butyrate scar-
city (supported by Cherbuy et al37). The concurrent elevation of 
lipid and lipoprotein metabolism in germ- free mice,38 39 provide 
one explanation for the resistance of germ- free C57BL/6J mice 
to high- fat- diet induced obesity.38

Moreover, the GSEA analysis revealed highly activate leuco-
cyte transendothelial migration and TGF-β signalling pathways 
in the OA+/METS+/MLI+ group. This finding might reflect 
elevated low- grade inflammation, which is consistent with 
our biomarker findings and endotoxemia. TGF-β can regu-
late multiple types of immune cells including T cells, B cells, 
macrophage, dendritic cells and natural killer cells.40 Addition-
ally, TGF-β signalling is highly activated during tissue repair 
processes such as OA.41 42 Thus, the highly activated TGF-β 
signalling found in the OA+METS+/MLI+ group might repre-
sent elevated low- grade inflammation and the highly activated 
tissue repair processes.

In the current study, although we did not find significant differ-
ences of alpha diversity among the three human donor groups, 
the mice gut microbiome profile differed significantly in alpha 
diversity following transplantation. As shown by Turnbaugh et 
al,43 only 77% of the human gut microbiome can colonise germ- 
free mice, likely related to differences in diet, environment and 
small- intestine:colon length ratio. Though humans and mice 
share more than 60% of their gut microbiome genera, certain 
genera, such as Mitsuokella, Megasohera and Dialister, are exclu-
sive to humans44 and therefore unlikely to be able to colonise 
germ- free mice.

To identify the bacteria responsible for aggravating OA induced 
by MLI, we evaluated the correlation of gut bacterial genera, 

OA histologic severity and inflammatory biomarkers. The abun-
dance of Fusobacterium and Faecalibacterium (both increased in 
abundance in OA+METS+/MLI+) was consistently positively 
correlated while Ruminococcaceae (decreased in abundance in 
OA+METS+/MLI+) was consistently negatively correlated 
with OARSI scores, Safranin O scores, IL-1β, IL-6 and MIP-1α. 
Interestingly, Fusobacterium has been associated with abnormal 
metabolic status, with enrichment in obese Japanese45 and 
Chinese46 populations, in patients with MetS47 and sows (pigs) 
with MetS.48 One of the most famous and notorious members 
from Fusobacterium genus, Fusobacterium nucleatum, has been 
associated with the occurrence of multiple conditions including 
inflammatory bowel disease,49 colorectal cancer50 and rheuma-
toid arthritis.51 In contrast, Faecalibacterium, especially Faecali-
bacterium prausnitzii, is decreased in many chronic pathological 
conditions and generally considered a good organism with 
versatile metabolic abilities.52 However, we observed a positive 
correlation of abundance of Faecalibacterium with OA histo-
logical severity and inflammatory biomarkers. Our results are 
supported by van Dijkhuizen et al who demonstrated signifi-
cantly greater abundance of Faecalibacterium in patients with 
juvenile idiopathic arthritis compared with controls.53 There are 
several potential reasons underlying these differences in results. 
We only used 16S rRNA sequencing to identify the genus of 
different bacteria; this might not specifically identify the species. 
Faecalibacterium prausnitzii is the only species isolated from this 
genus until now;54 we still know nothing about the biological 
behaviour of the other members of the Faecalibacterium family. 
Even among the Faecalibacterium prausnitzii species, there are 
different subspecies; differing proportions of these subspecies 
could result in differences in metabolite production such as 
short- chain fatty acid production. Second, the positive correla-
tion between Faecalibacterium abundance, OA histological 
severity and inflammatory biomarkers may be an effect rather 
than a cause of inflammation in the donors.

Ruminococcaceae was protective in our model system and 
reduced in abundance in the OA+METS+/MLI+ group. 
Decreased abundance of Ruminococcaceae has been found 
in patients with MetS55 and non- alcoholic steatohepatitis.56 
Ruminococcaceae can mediate the protective effects of dietary 
capsaicin against chronic low- grade inflammation and associ-
ated obesity induced by a high- fat diet.57 Its protective effect 
against low- grade inflammation was attributed to its production 
of butyrate, serving as a primary energy source for colonic intes-
tinal bacteria and a beneficial factor for gut health by causing 
decreased intestinal permeability.58

Recently, Boer et al59 found in the Rotterdam Study that 
Streptococcus species are associated with increased knee pain 
and inflammation. In the current study, compared with the other 
groups, the relative abundance of Streptococcus was increased in 
both the OA+MetS+ humans and OA+MetS+/MLI+ mice (see 
online supplementary figure S3). However, the differences in our 
donors were not statistically significantly different (p=0.42) and 
of borderline significance in mice (p=0.053). The gut micro-
biome is affected by many factors including diet, ethnicity and 
lifestyle.60 The population of the Rotterdam Study was primarily 
Caucasian of European ancestry; in contrast, our human micro-
biome donors were all Han Chinese. This might in part explain 
why we did not find similar results. Study power may also have 
contributed to this difference since the Rotterdam study included 
n=1427 (with replication in n=867) participants; given the 
trends in our OA+/MetS+ humans and OA+MetS+/ML+ 
mice, with larger sample sizes we may have been able to detect 
an association of Streptococcal species with OA outcomes.
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There are several limitations to this study. First, the sample 
size of the human study was relatively small and all donors were 
Chinese. Therefore, our results may only reflect the specific 
population tested. Second, we did not include an OA- MetS+ 
group; thus, we could not evaluate the single effect of MetS 
on OA. Third, some studies have shown that sex has effects in 
surgical mouse models.61 Although we used both female and 
male germ- free mice in the current study, we used only female 
human donors; thus, we cannot rule out the effect of sex on our 
study. However, the multivariable regression showed that sex 
effects on the histological outcomes in the current study were 
not statistically significant. Fourth, because of the constrained 
spaces of the germ- free containers during sacrifice, we could 
not collect other tissues, including synovial fluid or intrapatellar 
fat pad to explore their differences between groups. However, 
according to Barboza et al,5 the intrapatellar fat pad is not the 
initiating factor of metabolic induced knee OA nor does it well 
represent the metabolic status locally in the joint. Fifth, due 
to the limited resolution of the 16S rRNA sequencing meth-
odology, we were unable to identify specific species or strains 
of Fusobacterium, Faecalibacterium or Ruminococcaceae that 
could be driving the correlations between OA histological 
severity and inflammatory biomarkers. Sixth, our results support 
the Koch’s second postulate of infectious disease in this ‘non- 
communicable’ disease62 and cannot unequivocally establish the 
causality between these bacteria and the occurrence of OA. To 
prove Koch’s first and third postulates, the OA- gut microbiome 
connections need to be evaluated in more people with OA and 
the suspect microbes need to be transplanted into germ- free mice 
to understand how they are associated with disease in humans. 
Seventh, though the metabolic and inflammatory status changed 
in the mice after the MetS faecal sample transplantation, we did 
not observe any differences in body weight (weight at 8 weeks 
(study start), weight at 18 weeks or ∆weight) or their association 
with histological outcomes. Previously, Ussar et al63 studying the 
interactions between the gut microbiome, host genetics, diet and 
obesity, found that all three elements were necessary for weight 
change. In the current study, we used only a normal diet in all 
groups and sacrificed mice 8 weeks after confirmed colonisa-
tion. Parséus et al64 showed that weight differences caused by 
different gut microbiome colonisation, even fed with a high fat 
diet, would take as long as 10 weeks. Finally, the goal of our 
study was to evaluate the effects of human microbiota on trauma 
induced OA in the mouse. We therefore cannot speculate on 
the effects of the mouse microbiome on OA in this study. We 
also believe these results merit further analysis of the role of key 
microbiota in human OA.

In summary, we demonstrated that (1) OA severity induced by 
MLI surgery was reduced in germ- free mice; (2) faecal transplan-
tation from patients with MetS to germ- free mice could increase 
gut permeability causing endotoxemia, systemic low- grade 
inflammation and aggravate severity of OA induced by MLI 
surgery; (3) the abundances of the Fusobacterium, Faecalibac-
terium and Ruminococcacea bacterial genera were consistently 
associated with both histological OA severity and inflammatory 
biomarkers, suggesting that they might be the bacterial agents 
linked to the MetS that are responsible for aggravating OA 
severity in germ- free mice. These results support our two- hit 
hypothesis of OA involving the gut microbiome. Because the gut 
microbiome is capable of change through interventions such as 
diet and exercise, it could be a promising therapeutic target in 
OA. Future studies are needed to explore the causal mechanism 
and potential translation of the present findings into clinical 
practice.
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AbsTrACT
Objectives genome- wide meta- analyses of clinically 
defined gout were performed to identify subtype- 
specific susceptibility loci. Evaluation using selection 
pressure analysis with these loci was also conducted to 
investigate genetic risks characteristic of the Japanese 
population over the last 2000–3000 years.
Methods Two genome- wide association studies 
(gWass) of 3053 clinically defined gout cases and 4554 
controls from Japanese males were performed using the 
Japonica array and illumina array platforms. about 7.2 
million single- nucleotide polymorphisms were meta- 
analysed after imputation. patients were then divided 
into four clinical subtypes (the renal underexcretion type, 
renal overload type, combined type and normal type), 
and meta- analyses were conducted in the same manner. 
selection pressure analyses using singleton density score 
were also performed on each subtype.
results in addition to the eight loci we reported 
previously, two novel loci, PIBF1 and ACSM2B, 
were identified at a genome- wide significance level 
(p<5.0×10–8) from a gWas meta- analysis of all gout 
patients, and other two novel intergenic loci, CD2- 
PTGFRN and SLC28A3- NTRK2, from normal type gout 
patients. subtype- dependent patterns of manhattan plots 
were observed with subtype gWass of gout patients, 
indicating that these subtype- specific loci suggest 
differences in pathophysiology along patients’ gout 
subtypes. selection pressure analysis revealed significant 
enrichment of selection pressure on ABCG2 in addition to 
ALDH2 loci for all subtypes except for normal type gout.

Conclusions our findings on subtype gWas meta- 
analyses and selection pressure analysis of gout will 
assist elucidation of the subtype- dependent molecular 
targets and evolutionary involvement among genotype, 
phenotype and subtype- specific tailor- made medicine/
prevention of gout and hyperuricaemia.

Key messages

What is already known about this subject?
 ► Our previous genome- wide association study 
(GWAS) was performed on broad subtypes of 
gout with only 945 gout cases. A recent study 
has revealed genetic adaptive evolution of gout 
in the Japanese population.

What does this study add?
 ► This is the first GWAS meta- analyses of clinically 
defined gout with more finely differentiated 
subtypes using two GWAS platforms with 
larger samples (3055 cases and 4554 controls). 
We identified multiple subtype- specific loci 
including four novel loci such as CD2, which 
encodes a well- known surface antigen found on 
all peripheral blood T- cells.

 ► The present study showed significant 
enrichment of selection pressure on two genes, 
ABCG2 and ALDH2, for gout susceptibility in the 
Japanese population over the last 2000–3000 
years.
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http://ard.bmj.com/
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Table 1 Subtypes of gout* used in the present study

subtype Clinical parameters

Differentiated subtype

 RUE type gout FEUA <5.5% and UUE ≤25

 ROL type gout FEUA≥5.5% and UUE >25

 Combined type gout FEUA <5.5% and UUE >25

 Normal type gout FEUA≥5.5% and UUE ≤25

Broader subtype

 RUE gout (RUE type gout +combined type gout) FEUA <5.5%

 ROL gout (ROL type gout +combined type gout) UUE >25

*Subtypes of hyperuricaemia can be classified in the same manner.
FEUA, fractional excretion of uric acid (unit: %); ROL, renal overload; RUE, renal 
underexcretion; UUE, urinary urate excretion (unit: mg/h/1.73 m2).

Key messages

How might this impact on clinical practice or future 
developments?

 ► Our subtype GWASs of gout enabled us to develop subtype- 
dependent molecular targets that will lead to novel 
subtype- specific genome tailor- made therapies for gout/
hyperuricaemia.

 ► The present study also elucidates the Japanese genetic 
evolution of susceptibility to gout/hyperuricaemia and its 
subtypes.

InTrOduCTIOn
Gout is a well- known disease that manifests as acute and severe 
non- infectious arthritis.1 2 According to patients’ clinical param-
eters which reflect its causes,2–5 gout can be classified into four 
distinct subtypes: the renal underexcretion (RUE) type, renal 
overload (ROL) type, combined type and normal type, as 
shown in table 1 and online supplementary figure S1. Because 
these subtypes reflect causes of gout, genome- wide association 
studies (GWASs) of these subtypes are also likely to indicate 
its various genetic and pathophysiological backgrounds. While 
dividing patients into these subtypes is helpful for understanding 
patients’ pathophysiology, GWASs of these subtypes have only 
rarely been conducted, partly because clinical data, including 
time- consuming urinary collection, are necessary to categorise 
these subtypes. We previously performed a GWAS with clini-
cally defined gout patients,6 followed by another with broader 
subtypes:7 RUE gout and ROL gout (table 1 and online supple-
mentary figure S1), that revealed their specific loci. Although 
we were able to show these associations, this process has its 
limitations, including the use of a custom chip for replication 
studies that did not provide comprehensive genetic association 
searching. We use finely differentiated subtypes in daily clinical 
settings but there were not sufficient numbers of patients in the 
previous study7 to enable a GWAS with these finely differenti-
ated subtypes. This prompted us to conduct, for the first time, 
GWASs with four distinct subtypes using meta- analysis across 
two GWAS platforms with a larger number of patients. We addi-
tionally conducted selection pressure analysis of the Japanese 
population on gout subtypes with the risk loci identified in the 
present study in order to investigate the evolutionary selective 
pressure on the Japanese population over the last 2000–3000 
years.

MeTHOds
study subjects and patients involvement
We performed subtype genome- wide meta- analyses based on 
two case–control data sets for gout that included the Japonica 
Array8 and Illumina Array platforms. Patients with known clin-
ical parameters were recruited from Japanese male outpatients 
at gout clinics (see online supplementary methods). All 3104 
cases were clinically diagnosed as having primary gout according 
to the criteria established by the American College of Rheuma-
tology,9 and their subtypes were also diagnosed along with their 
clinical parameters as described previously3 5 6 (table 1 and online 
supplementary figure S1). As controls, 6081 individuals were 
assigned from Japanese male participants in the Japan Multi- 
Institutional Collaborative Cohort Study (J- MICC Study).10 11 
This research was done without patient involvement (see online 
supplementary methods).

Genotyping and imputation for the Japonica Array data set
A total of 1048 male clinically defined gout cases and 1179 male 
controls from the J- MICC Study10 11 were genotyped with the 
use of a Japonica SNP Array.8 The detail of quality control is 
described in online supplementary methods. This quality control 
filtering resulted in the selection of 1028 case subjects and 1167 
control subjects as well as 603 009 single- nucleotide polymor-
phisms (SNPs). Prephasing and imputation were performed 
using SHAPEIT212 and Minimac3,13 respectively. Postimpu-
tation quality control was also performed as described in the 
online supplementary methods. Ultimately, 1028 case subjects 
and 952 control subjects as well as 7 529 176 SNPs remained for 
the GWAS analysis.

Genotyping and imputation for the Illumina Array data set
As case data, 2056 male gout cases subjects were genotyped with 
the use of HumanOmniExpress or HumanOmniExpressExome 
BeadChip Arrays (Illumina, San Diego, CA, USA). The detail 
of quality control is described in the online supplementary 
methods. This quality control filtering resulted in the selection 
of 2032 case subjects and 4901 control subjects as well as 553 
321 SNPs. Postimputation quality control was also performed 
as described in the online supplementary methods. Ultimately, 
2025 case subjects and 3602 control subjects as well as 7 356 
207 SNPs remained for the GWAS analysis.

Association analysis for snPs and gout
The association of SNPs with gout was assessed using logistic 
regression analysis (generalised linear model); the dependent 
variable was gout label (case=1, control=0), and the indepen-
dent variables included imputed genotypes of each SNP and 
covariates. The covariates comprised the first four principal 
component scores. The effect sizes and standard errors estimated 
in logistic regression analysis were used in the subsequent meta- 
analysis. The association analysis was performed with the use 
of Efficient and Parallelizable Association Container Toolbox 
(EPACTS). https:// genome. sph. umich. edu/ wiki/ EPACTS).

Meta-analyses
The meta- analyses were performed using a total of 3053 cases 
and 4554 controls from the two data sets (online supplemen-
tary table S1–S3). The association results for each SNP across 
the studies were combined with METAL software14 using the 
fixed- effects inverse- variance- weighted method. Heterogeneity 
of effect sizes was assessed via the I2 index. The meta- analysis 
included 7 206 774 SNPs and the results from both the Japonica 
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Figure 1 Manhattan plots of GWASs of subtypes of gout. Clinical subtypes and Manhattan plots of GWASs of all gout types, RUE type gout, 
combined type gout, ROL type gout and normal type gout are shown. The x- axis represents chromosomal positions and the y- axis shows −log10 p 
values. The dotted lines indicate the genome- wide significance threshold (p=5.0×10–8). FEUA, fractional excretion of uric acid (%); GWASs, genome- 
wide association studies; ROL, renal overload; RUE, renal underexcretion; UUE, urinary urate excretion (mg/h/1.73 m2). See table 1 and online 
supplementary figure S1 for a detailed classification of gout/hyperuricaemia.

and Illumina Arrays. The genome- wide significance level α was 
set to a p value of <5×10–8.

Genetic correlation analysis
Genetic correlation analysis using linkage disequilibrium score 
(LDSC) regression analysis15 was conducted to examine the 
potential genetic overlap between gout subtypes and between 
each subtype and serum uric acid (SUA) levels. For the regres-
sion, we used the 1000 genomes phase_3 East Asian LDSC and 
summary statistics for high- quality common SNPs present in the 
HapMap 3 reference panel for each analysis.

selection pressure analysis
The details of genome- wide recent natural selection signature 
using singleton density score (SDS)16 from high- depth whole 
genome sequence data of the Japanese population had been 
described in the previous study.17 Using the same approach,17 we 
calculated the SDS of gout- risk variants identified in the present 
study, and evaluated overlaps between enrichment of the natural 
selection signatures and these variants from each subtype.

resulTs
subtype GWAss of gout
Figure 1 displays Manhattan plots of all and four clinical 
subtypes of gout, and figure 2 shows regional plots of novel loci. 
Compared with the plotted pattern for all clinically defined gout 
patients, each gout subtype (RUE type, ROL type, combined 
type and normal type) shows a subtype- specific plotted pattern 
and indicates the presence of cause- specific associated genes such 
as SLC2A9 and ABCG2. Table 2 lists the genome- wide significant 
loci from subtype GWASs. In total, 10, five, two, seven and three 

loci were identified at the genome- wide significant level to be 
associated with all, the RUE type, ROL type, combined type and 
normal type gout, respectively. Of these, two loci from all gout 
types, rs76499759 of PIBF1 and rs9926388 of ACSM2B, and 
another two intergenic loci from normal type gout, rs146978188 
of CD2- PTGFRN and rs548944057 of SLC28A3- NTRK2, were 
detected as novel loci.

For all gout cases (table 2), 10 loci showed associa-
tion at the genome- wide significance level: rs4148155 of 
ABCG2 (pmeta=1.81×10–101; ORs=2.23), rs671 of ALDH2
(pmeta=3.19×10–54; OR=1.93), rs3775946 of SLC2A9
(pmeta=3.73×10–41; OR=1.63), rs145954970 of SLC22A11
(pmeta=2.25×10–21; OR=12.43), rs3129500 of FAM35A
(recently renamed as SHLD2, pmeta=4.34×10–17; OR=1.37),
rs1260326 of GCKR (pmeta=2.07×10–13; OR=1.30), rs1010269
of BCAS3 (pmeta=1.81×10–9; OR=1.24), rs2817188 of
SLC17A1 (pmeta=1.06×10–8; OR=1.35), rs9926388 of
ACSM2B (pmeta=2.30×10–8; OR=1.24) and rs76499759 of
PIBF1 (pmeta=2.79×10–8; OR=1.27). Among these 10 loci,
PIBF1 and ACSM2B (table 2 and figure 2A,B). were identified 
for the first time as gout- risk loci at the genome- wide signif-
icance level. BCAS3 was identified here for the first time by 
the GWAS approach with Japanese individuals, while Li et al18 
reported that rs11653176, another SNP of BCAS3, is associated 
with gout based on a GWAS with a Han Chinese population. We 
also replicated its association with gout in a Japanese population 
using a candidate gene approach.19 Other loci have been previ-
ously reported to have an association with gout in our previous 
GWASs6 7 and association studies.20 21 As suggestive loci for gout, 
seven loci: PDZK1, TACR1- EVA1A, LOC100128993, ARID5B, 
TOLLIP- AS1- BRSK2, SLC38A1 and MLXIP, were detected 
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Figure 2 Regional association plots of novel gout loci. Two loci were revealed to exceed the genome- wide significance level from the meta- analysis 
of GWASs from all gout patients, and another two loci from normal type gout patients. The highest association signal in each panel is located on (A) 
PIBF1, (B) ACSM2B, (C) CD2- PTGFRN and (D) SLC28A3- NTRK2. The region within 1 Mb from the single- nucleotide polymorphism (SNP) indicating 
the lowest p value is shown. (Upper panel) Plots of −log10 p values for the test of SNP association with gout. The SNP showing the lowest p value in 
the meta- analysis is depicted as a purple diamond. Other SNPs are colour- coded according to the extent of linkage disequilibrium (measured in r2) 
with the SNP showing the lowest p value. Recombination rates (centimorgans per Mb) estimated from HapMap Phase II data are also plotted. (Lower 
panel) RefSeq genes. Genomic coordinates are based on NCBI human genome reference sequence build hg19. The r2 data were calculated with 1000 
Genomes Project Phase_3 JPT samples.45 GWASs, genome- wide association studies.

(see online supplementary table S4). Of these, PDZK1, a gene 
encoding a scaffolding protein22 23 such as for urate transporters 
SLC22A12/URAT1 and ABCG2, was reported to have an asso-
ciation with SUA by a GWAS approach24 25 and with gout as a 
result of candidate gene approach studies.26–28

As shown in online supplementary table S2, all the 3053 cases 
were classified into RUE type gout (654 cases), ROL type gout 
(486 cases), combined type gout (905 cases) and normal type 
gout (92 cases) for GWASs of gout subtypes.

The meta- analysis of a GWAS of the RUE type gout (table 2) 
showed significant SNPs in the following five loci: rs3775948 
of SLC2A9 (pmeta=8.01×10–22; OR=1.89), rs4148155 of
ABCG2 (pmeta=2.54×10–16; OR=1.69), rs4646776 of ALDH2

(pmeta=5.80×10–16; OR=1.86), rs9420434 of GLUD1
(pmeta=8.62×10–11; OR=1.54) and rs76741582 of SLC22A11
(pmeta=1.06×10–10; OR=3.93). Since GLUD1 is in LD with
SHLD2/FAM35A, for which we previously showed a significant 
association with gout,7 all of these five loci were previously iden-
tified as having an association with gout.6 7 We also detected nine 
suggestive loci: SMYD3, GCKR- C2orf16, SMARCC1, FRMD4B- 
MITF, ARL4A- ETV1, C7orf66- EIF3IP1, ASB10, PXDNL and 
LOC100287896- POLD3, for RUE type gout as shown in online 
supplementary table S4.

From ROL type gout (table 2), rs4148155 of ABCG2 
(pmeta=9.75×10–46; OR=2.79) and rs11066008 of ACAD10
(ALDH2) (pmeta=4.20×10–12; OR=1.79) were revealed to have

https://dx.doi.org/10.1136/annrheumdis-2019-216644
https://dx.doi.org/10.1136/annrheumdis-2019-216644
https://dx.doi.org/10.1136/annrheumdis-2019-216644
https://dx.doi.org/10.1136/annrheumdis-2019-216644
http://ard.bmj.com/


661Nakayama A, et al. Ann Rheum Dis 2020;79:657–665. doi:10.1136/annrheumdis-2019-216644

Crystal arthropathies

Ta
bl

e 
2 

Si
gn

ifi
ca

nt
 g

ou
t l

oc
i i

de
nt

ifi
ed

 in
 th

e 
pr

es
en

t g
en

om
e-

 w
id

e 
m

et
a-

 an
al

ys
es

sn
P*

lo
cu

s
Ch

r.
Po

si
ti

on
(b

p)
†

G
en

e‡

A
lle

le
s

Ill
um

in
a 

A
rr

ay
Ja

po
ni

ca
 A

rr
ay

M
et

a-
 an

al
ys

is

ri
sk

n
on

- 
ri

sk

rA
F

O
r 

(9
5%

 C
I)

P 
va

lu
e

rA
F

O
r 

(9
5%

 C
I)

P 
va

lu
e

O
r 

(9
5%

 C
I)

P 
va

lu
e

I2
H

et
P

Ca
se

Co
nt

ro
l

Ca
se

Co
nt

ro
l

Al
l g

ou
t p

at
ie

nt
s

rs
12

60
32

6
2p

23
.3

2
27

 7
30

 9
40

G
CK

R
T

C
0.

62
3

0.
54

5
1.

33
 (1

.2
2 

to
 1

.4
4)

8.
75

×
10

–1
2

0.
61

3
0.

56
5

1.
22

 (1
.0

7 
to

 1
.3

9)
3.

61
×

10
–3

1.
30

 (1
.2

1 
to

 1
.3

9)
2.

07
×

10
–1

3
10

.3
0.

29
1

rs
37

75
94

6
4p

16
.1

4
9 

99
5 

25
6

SL
C2

A9
G

A
0.

67
7

0.
56

9
1.

62
 (1

.4
9 

to
 1

.7
6)

4.
55

×
10

–2
9

0.
67

2
0.

55
5

1.
67

 (1
.4

6 
to

 1
.9

2)
9.

42
×

10
–1

4
1.

63
 (1

.5
2 

to
 1

.7
5)

3.
73

×
10

–4
1

0
0.

66
9

rs
41

48
15

5
4q

22
.1

4
89

 0
54

 6
67

AB
CG

2
G

A
0.

45
4

0.
27

7
2.

18
 (2

.0
0 

to
 2

.3
8)

1.
05

×
10

–7
0

0.
46

2
0.

26
4

2.
38

 (2
.0

6 
to

 2
.7

5)
8.

13
×

10
–3

3
2.

23
 (2

.0
8 

to
 2

.4
1)

1.
81

×
10

–1
01

3.
8

0.
30

8

rs
28

17
18

8
6p

22
.2

6
25

 8
07

 6
03

SL
C1

7A
1

G
A

0.
87

4
0.

82
5

1.
33

 (1
.1

8 
to

 1
.5

1)
5.

03
×

10
–6

0.
87

1
0.

83
6

1.
40

 (1
.1

6 
to

 1
.6

9)
5.

03
×

10
–4

1.
35

 (1
.2

2 
to

 1
.5

0)
1.

06
×

10
–8

0
0.

66
0

rs
31

29
50

0
10

q2
3.

2
10

88
 9

15
 1

07
SH

LD
2/

FA
M

35
A

G
A

0.
42

3
0.

35
8

1.
40

 (1
.2

9 
to

 1
.5

3)
2.

36
×

10
–1

4
0.

42
3

0.
37

1
1.

30
 (1

.1
3 

to
 1

.5
0)

2.
71

×
10

–4
1.

37
 (1

.2
8 

to
 1

.4
8)

4.
34

×
10

–1
7

0
0.

35
5

rs
14

59
54

97
0

11
q1

3.
1

11
64

 2
73

 8
30

SL
C2

2A
11

C
G

0.
99

5
0.

97
1

10
.4

3 
(5

.8
3 

to
 1

8.
66

)
2.

78
×

10
–1

5
0.

99
7

0.
96

7
25

.0
9 

(7
.8

3 
to

 8
0.

37
)

5.
75

×
10

–8
12

.4
3 

(7
.3

9 
to

 2
0.

92
)

2.
25

×
10

–2
1

42
.8

0.
18

6

rs
67

1
12

q2
4.

12
12

11
2 

24
1 

76
6

AL
DH

2
G

A
0.

82
3

0.
72

5
1.

89
 (1

.7
1 

to
 2

.0
8)

8.
65

×
10

–3
6

0.
82

1
0.

68
4

2.
04

 (1
.7

5 
to

 2
.3

7)
2.

78
×

10
–2

0
1.

93
 (1

.7
8 

to
 2

.1
0)

3.
19

×
10

–5
4

0
0.

41
2

rs
76

49
97

59
13

q2
2.

1
13

73
 5

68
 5

11
PI

bF
1

A
G

0.
21

9
0.

18
0

1.
30

 (1
.1

7 
to

 1
.4

3)
2.

56
×

10
–7

0.
21

2
0.

18
3

1.
20

 (1
.0

2 
to

 1
.4

1)
2.

62
×

10
–2

1.
27

 (1
.1

7 
to

 1
.3

8)
2.

79
×

10
–8

0
0.

41
8

rs
99

26
38

8
16

p1
2.

3
16

20
 5

58
 4

41
AC

sM
2b

A
G

0.
30

1
0.

25
2

1.
24

 (1
.1

4 
to

 1
.3

6)
1.

05
×

10
–6

0.
31

5
0.

27
7

1.
22

 (1
.0

6 
to

 1
.4

2)
6.

46
×

10
–3

1.
24

 (1
.1

5 
to

 1
.3

3)
2.

30
×

10
–8

0
0.

86
1

rs
10

10
26

9
17

q2
3.

2
17

59
 4

48
 9

45
BC

AS
3

G
A

0.
55

8
0.

50
3

1.
24

 (1
.1

4 
to

 1
.3

4)
6.

06
×

10
–7

0.
58

3
0.

52
8

1.
26

 (1
.1

0 
to

 1
.4

3)
7.

68
×

10
–4

1.
24

 (1
.1

6 
to

 1
.3

3)
1.

81
×

10
–9

0
0.

83
6

RU
E 

ty
pe

 g
ou

t p
at

ie
nt

s

rs
37

75
94

8
4p

16
.1

4
9 

99
5 

18
2

SL
C2

A9
C

G
0.

70
5

0.
57

3
1.

83
 (1

.5
7 

to
 2

.1
4)

2.
60

×
10

–1
4

0.
71

7
0.

55
6

2.
04

 (1
.6

1 
to

 2
.5

9)
3.

82
×

10
–9

1.
89

 (1
.6

6 
to

 2
.1

5)
8.

01
×

10
–2

2
0

0.
44

8

rs
41

48
15

5
4q

22
.1

4
89

 0
54

 6
67

AB
CG

2
G

A
0.

38
8

0.
27

7
1.

66
 (1

.4
3 

to
 1

.9
3)

2.
72

×
10

–1
1

0.
38

2
0.

26
4

1.
74

 (1
.3

9 
to

 2
.1

9)
1.

73
×

10
–6

1.
69

 (1
.4

9 
to

 1
.9

1)
2.

54
×

10
–1

6
0

0.
73

7

rs
94

20
43

4
10

q2
3.

2
10

88
 8

43
 2

09
G

LU
D1

 (S
HL

D2
)

C
T

0.
31

6
0.

24
5

1.
49

 (1
.2

7 
to

 1
.7

4)
6.

39
×

10
–7

0.
34

2
0.

24
3

1.
65

 (1
.3

1 
to

 2
.0

9)
2.

37
×

10
–5

1.
54

 (1
.3

5 
to

 1
.7

5)
8.

62
×

10
–1

1
0

0.
46

2

rs
76

74
15

82
11

q1
3.

1
11

64
 2

47
 8

50
SL

C2
2A

11
T

C
0.

02
8

0.
00

9
3.

57
 (2

.1
6 

to
 5

.8
8)

6.
31

×
10

–7
0.

03
6

0.
00

8
4.

87
 (2

.3
1 

to
 1

0.
25

)
3.

09
×

10
–5

3.
93

 (2
.5

9 
to

 5
.9

5)
1.

06
×

10
–1

0
0

0.
49

7

rs
46

46
77

6
12

q2
4.

12
12

11
2 

23
0 

01
9

AL
DH

2
G

C
0.

81
9

0.
72

2
1.

88
 (1

.5
7 

to
 2

.2
6)

1.
73

×
10

–1
1

0.
79

6
0.

68
0

1.
82

 (1
.4

 to
 2

.3
6)

6.
66

×
10

–6
1.

86
 (1

.6
0 

to
 2

.1
6)

5.
80

×
10

–1
6

0
0.

83
9

RO
L 

ty
pe

 g
ou

t p
at

ie
nt

s

rs
41

48
15

5
4q

22
.1

4
89

 0
54

 6
67

AB
CG

2
G

A
0.

51
5

0.
27

7
2.

87
 (2

.4
3 

to
 3

.3
9)

5.
14

×
10

–3
5

0.
49

3
0.

26
4

2.
61

 (2
 to

 3
.4

1)
2.

05
×

10
–1

2
2.

79
 (2

.4
2 

to
 3

.2
2)

9.
75

×
10

–4
6

0
0.

55
9

rs
11

06
60

08
12

q2
4.

12
12

11
2 

14
0 

66
9

AC
AD

10
 (A

LD
H2

)
A

G
0.

72
4

0.
64

3
1.

67
 (1

.3
8 

to
 2

.0
4)

2.
49

×
10

–7
0.

75
1

0.
60

0
2.

12
 (1

.5
6 

to
 2

.8
9)

1.
57

×
10

–6
1.

79
 (1

.5
2 

to
 2

.1
1)

4.
20

×
10

–1
2

39
0.

20
0

Co
m

bi
ne

d 
ty

pe
 g

ou
t p

at
ie

nt
s

rs
12

60
32

6
2p

23
.3

2
27

 7
30

 9
40

G
CK

R
T

C
0.

64
7

0.
54

5
1.

45
 (1

.2
7 

to
 1

.6
6)

4.
92

×
10

–8
0.

61
5

0.
56

5
1.

23
 (1

.0
3 

to
 1

.4
8)

2.
50

×
10

–2
1.

37
 (1

.2
3 

to
 1

.5
3)

1.
05

×
10

–8
50

.5
0.

15
5

rs
37

75
94

8
4p

16
.1

4
9 

99
5 

18
2

SL
C2

A9
C

G
0.

69
0

0.
57

3
1.

70
 (1

.4
8 

to
 1

.9
5)

9.
54

×
10

–1
4

0.
67

2
0.

55
6

1.
63

 (1
.3

5 
to

 1
.9

7)
2.

58
×

10
–7

1.
67

 (1
.5

0 
to

 1
.8

7)
1.

43
×

10
–1

9
0

0.
74

8

rs
74

90
49

71
4q

22
.1

4
89

 0
50

 0
26

AB
CG

2
A

C
0.

47
4

0.
27

6
2.

42
 (2

.1
1 

to
 2

.7
8)

2.
40

×
10

–3
6

0.
47

4
0.

26
4

2.
56

 (2
.1

1 
to

 3
.0

9)
5.

87
×

10
–2

2
2.

46
 (2

.2
0 

to
 2

.7
6)

1.
53

×
10

–5
6

0
0.

64
6

rs
65

86
06

3
10

q2
3.

2
10

88
 9

49
 0

45
SH

LD
2/

FA
M

35
A

G
A

0.
45

7
0.

36
8

1.
60

 (1
.3

9 
to

 1
.8

5)
1.

60
×

10
–1

0
0.

43
6

0.
39

3
1.

28
 (1

.0
4 

to
 1

.5
8)

1.
94

×
10

–2
1.

49
 (1

.3
2 

to
 1

.6
8)

4.
30

×
10

–1
1

65
.6

0.
08

8

rs
11

23
18

79
11

q1
3.

1
11

64
 5

81
 6

45
CD

C4
2B

PG
 

(S
LC

22
A1

2)
G

A
0.

36
0

0.
29

5
1.

38
 (1

.1
9 

to
 1

.6
0)

2.
44

×
10

–5
0.

37
5

0.
28

2
1.

56
 (1

.2
9 

to
 1

.8
9)

4.
39

×
10

–6
1.

44
 (1

.2
8 

to
 1

.6
2)

7.
66

×
10

–1
0

4.
4

0.
30

7

rs
11

68
73

08
7

12
q2

4.
13

12
11

2 
51

1 
91

3
N

AA
25

 (A
LD

H2
)

G
C

0.
82

8
0.

74
9

2.
21

 (1
.8

0 
to

 2
.7

2)
5.

86
×

10
–1

4
0.

84
5

0.
68

3
2.

61
 (2

.0
6 

to
 3

.3
1)

2.
69

×
10

–1
5

2.
38

 (2
.0

3 
to

 2
.7

8)
1.

88
×

10
–2

7
6.

1
0.

30
2

rs
99

05
27

4
17

q2
3.

2
17

59
 4

50
 4

41
BC

AS
3

C
T

0.
55

8
0.

48
2

1.
34

 (1
.1

8 
to

 1
.5

3)
1.

20
×

10
–5

0.
58

1
0.

49
9

1.
42

 (1
.1

9 
to

 1
.7

0)
1.

03
×

10
–4

1.
37

 (1
.2

3 
to

 1
.5

2)
5.

62
×

10
–9

0
0.

59
6

N
or

m
al

 ty
pe

 g
ou

t p
at

ie
nt

s

rs
14

69
78

18
8

1p
13

.1
1

11
7 

38
3 

16
6

Cd
2 

- P
TG

Fr
n

A
G

0.
06

5
0.

01
5

6.
53

 (3
.0

9 
to

 1
3.

77
)

8.
35

×
10

–7
0.

08
6

0.
02

1
5.

58
 (1

.3
3 

to
 2

3.
46

)
1.

90
×

10
–2

6.
31

 (3
.2

6 
to

 1
2.

24
)

4.
93

×
10

–8
0

0.
84

9

rs
41

48
15

5
4q

22
.1

4
89

 0
54

 6
67

AB
CG

2
G

A
0.

47
3

0.
27

7
2.

38
 (1

.7
1 

to
 3

.3
3)

3.
35

×
10

–7
0.

43
8

0.
26

4
2.

14
 (1

.0
5 

to
 4

.3
6)

3.
67

×
10

–2
2.

34
 (1

.7
3 

to
 3

.1
6)

3.
64

×
10

–8
0

0.
78

7

rs
54

89
44

05
7

9q
21

.3
3

9
87

 1
74

 1
07

sl
C2

8A
3 

- n
Tr

K2
T

A
0.

12
5

0.
04

6
3.

89
 (2

.2
2 

to
 6

.8
3)

2.
13

×
10

–6
0.

16
0

0.
04

7
4.

58
 (1

.6
3 

to
 1

2.
83

)
3.

83
×

10
–3

4.
04

 (2
.4

7 
to

 6
.6

2)
2.

91
×

10
–8

0
0.

78
8

*d
bS

N
P 

rs
 n

um
be

r.
†S

N
P 

po
si

tio
ns

 a
re

 b
as

ed
 o

n 
N

CB
I h

um
an

 g
en

om
e 

re
fe

re
nc

e 
se

qu
en

ce
 B

ui
ld

 h
g1

9.
‡N

ov
el

 lo
ci

 a
re

 s
ho

w
n 

in
 b

ol
d.

Ch
r, 

ch
ro

m
os

om
e;

 R
AF

, r
is

k 
al

le
le

 fr
eq

ue
nc

y;
 R

O
L,

 re
na

l o
ve

rlo
ad

; R
U

E,
 re

na
l u

nd
er

ex
cr

et
io

n;
 S

N
P, 

si
ng

le
- n

uc
le

ot
id

e 
po

ly
m

or
ph

is
m

.

http://ard.bmj.com/


662 Nakayama A, et al. Ann Rheum Dis 2020;79:657–665. doi:10.1136/annrheumdis-2019-216644

Crystal arthropathies

an association. We had previously reported both to have a signif-
icant association with gout.6 7 20 21 Three suggestive loci, CNPY4, 
GRID1 and KCNJ2- CASC17, were also identified from ROL 
type gout (see online supplementary table S4).

Combined type gout displayed the following seven signif-
icant loci (table 2): rs74904971 of ABCG2 (pmeta=1.53×10–

56; OR=2.46), rs116873087 of NAA25 (pmeta=1.88×10–27;
OR=2.38), rs3775948 of SLC2A9 (pmeta=1.43×10–19;
OR=1.67), rs6586063 of SHLD2/FAM35A (pmeta=4.30×10–11;
OR=1.49), rs9905274 of BCAS3 (pmeta=5.62×10–9; OR=1.37),
rs11231879 of CDC42BPG (pmeta=7.66×10–10; OR=1.44)
and rs1260326 of GCKR (pmeta=1.05×10–8; OR=1.37). There
are studies on these which report an association between 
CDC42BPG and hyperuricaemia from the Japanese exome- wide 
association study,29 and GWAS on SUA from a Korean popula-
tion.30 The significance around rs11231879 of CDC42BPG was, 
however, no longer evident when conditioned on rs11231879 
itself, nor when conditioned on the secondarily significant SNP, 
rs56093838 of SLC22A12/URAT1, demonstrating that these 
signals were from the same locus (see online supplementary 
figure S2). Because URAT1 is a well- known urate transporter 
that markedly affects SUA level, these findings indicate that the 
true associated gene for combined type gout on chromosome 
11q13.1 locus is not CDC42BPG, but SLC22A12/URAT1. 
rs116873087 of NAA25 is in strong LD with rs671 of ALDH2 
(r2=0.97 in the 1000 Genomes Project Phase_3: JPT samples). 
All of the seven loci had therefore been previously identified 
as having an association with gout.6 7 20 21 Two suggestive loci, 
NCKAP5- MIR3679 and PRDM8- FGF5, were also identified 
from combined type gout (see online supplementary table S4).

Three significant loci were found from normal type 
gout: rs548944057 of SLC28A3- NTRK2 (pmeta=2.91×10–8;
OR=4.04), rs4148155 of ABCG2 (pmeta=3.64×10–8; OR=2.34)
and rs146978188 of CD2- PTGFRN (pmeta=4.93×10–8;
OR=6.31). Of these, two intergenic loci are novel suscepti-
bility loci for gout (table 2 and figure 2C,D) There were eight 
suggestive loci: ZNF639- MFN1, RUNX2- CLIC5, DST, HGF, 
MED27- NTNG2, LINC00944- LINC02372, SV2B and GABPA, 
for normal type gout as shown in online supplementary table S4.

The LDSC regression analysis was performed to examine the 
potential genetic overlap between gout subtypes and between 
each subtype and SUA levels. Significant positive genetic correla-
tions were observed among these subtypes as well as between 
these traits and SUA levels (see online supplementary figure S3).

selection pressure analysis of gout susceptibility
We also performed selection pressure analysis of gout on the basis 
of a previous report on the recent natural selection signature in 
the Japanese population.17 This analysis enables us to elucidate 
the genetic risks of gout characterised in the recent evolutionary 
history (2000–3000 years) of the Japanese population. Because 
ALDH2 was reported to be subjected to strong selection pressure 
in the Japanese population,17 and because ABCG2,31 32 as well as 
ALDH2,20 21 33 is a well- known strong susceptible gene for gout 
in Japanese, selection pressure analysis was initially performed 
outside of these two loci. As a result, only combined type gout 
showed significant enrichment of selection pressure (p=0.026; 
figure 3 and online supplementary table S5). When the ABCG2 
locus was included in the analysis, all of these subtypes except 
for normal type gout then showed significant enrichment of 
selection pressure. As expected, analysis including ALDH2 and 
outside of ABCG2 showed significant enrichment of selection 
pressure except for normal type gout. This trend also persisted in 

the analysis with all associated SNPs (figure 3 and online supple-
mentary table S5).

dIsCussIOn
We previously performed GWASs of clinically defined gout cases 
in the Japanese population and found loci including ABCG2, 
SLC2A9, ALDH2 (CUX2), GCKR and SHLD2/FAM35A to be 
associated with gout at a genome- wide significant level.6 7 While 
our previous study was performed with broader subtypes, it is 
one of the unique points of this study that the present GWAS 
is the first to be conducted with four differentiated subtypes: 
the RUE type, ROL type, combined type and normal type gout 
(figure 1), which are commonly used in daily clinical settings. 
Two platforms for GWASs and meta- analyses between them were 
used to perform a comprehensive genetic association search.

The results allowed four novel loci to be identified from the 
present study. The pathophysiological associations of the two 
novel loci from all gout types, PIBF1 and ACSM2B with gout, are 
totally unknown. PIBF (progesterone- induced blocking factor) is 
induced by progesterone and is a mediator that exerts substan-
tial antiabortive activities, including cytokine secretion.34 PIBF1 
might be therefore involved in decreased urate production by 
female hormone and/or decreased inflammatory response to 
gout attack. ACSM2B (acyl- CoA synthetase medium chain 
family member 2B) is a predominant transcript in the human 
liver and an enzyme catalysing the activation of medium- chain 
length fatty acids.35 Because ASCM2B is involved in the produc-
tion of ATP, a purine body metabolised to urate, ASCM2B might 
contribute to gout via that mechanism. While the present study 
showed significance at SNPs of two genes, it is of course possible 
that these are mere markers and that the true risk SNPs are 
present close by. For example, since UMOD, a causative gene 
of uromodulin- associated kidney disease (previously known as 
familial juvenile hyperuricemic nephropathy)36 is located 180 kb 
downstream from rs9926388 of ACSM2B, there might be a rela-
tionship between them.

Another two intergenic loci from normal type gout, 
rs146978188 of CD2- PTGFRN and rs548944057 of SLC28A3- 
NTRK2, were detected for the first time to have an association 
with gout. CD2 is well known as a surface antigen found on 
all peripheral blood T- cells, and PTGFRN/CD9P-1 encodes 
prostaglandin F2 receptor inhibitor. Neither of these was previ-
ously known to have an association with gout or uric acid. 
CD101, which is next to PTGFRN (150 kb downstream from 
rs146978188), is reported to be expressed on macrophages/
monocytes and T- cells, to confer a modulatory/coregulatory 
function, and to be conspicuously downregulated in rheumatoid 
arthritis patients.37 Because macrophages are a chief contributor 
to gouty attack, CD101 might be the true susceptible gene for 
normal type gout. rs146978188 is also in LD with an SNP of 
SLC22A15/FLIPT1, an orphan transporter gene in the same 
family as SLC22A12/URAT1, a well- known urate transporter 
gene that is strongly associated with gout. This transporter gene 
might have an association with normal type gout. SLC28A3/
CNT3 is reported to be an Na+- dependent pyrimidine- selective 
and purine- selective transporter found predominantly in the 
intestine and kidney,38 39 which are the main urate excretion 
pathways. Further analysis is needed to elucidate the relation-
ship between this transporter gene and gout, including normal 
type gout.

While the present study revealed only suggestive loci from 
other subtype GWASs, some of these loci from subtype gout 
also suggest a relationship with RUE, extra- RUE and/or 
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Figure 3 Overlap between natural selection signatures and genetic risk of gout and its subtypes in the Japanese population. For each trait, inflation 
of the selection χ2 value is indicated along the x- axis, and −log10(p) of enrichment is plotted along the y- axis. The horizontal grey line represents
significance threshold (p<0.05). Because ABCG2 and ALDH2 are associated with a well- known genetic risk of gout in Japanese individuals, selection 
pressure analyses without these loci were performed initially (filled circle), and subsequent analyses were conducted with ABCG2 (filled triangle), 
as well as ABCG2 and ALDH2 (filled square). When calculated with ABCG2 (outside of ALDH2) (filled triangle), all but normal type gout showed 
significant selective pressure, indicating that ABCG2 is involved in adaptive evolution in Japanese for having higher SUA levels, which can result in 
gout. Finally, all but normal type gout also showed significant selective pressure with ABCG2 and ALDH2 loci (filled square). ROL, renal overload; RUE, 
renal underexcretion; SDS, singleton density score; SNPs, single- nucleotide polymorphisms.

overproduction of urate, because gout subtypes reflect their 
clinical parameters (table 1). GWASs with these subtypes should 
therefore be useful for estimating the expression and function of 
proteins encoded by identified loci. rs557868370 of SLC38A1, 
a transporter gene, was detected as a suggestive locus (see online 
supplementary table S4). Since there is a study reporting the 
relationship between oxidative stress and SLC38A1/SNAT1,40 
it might have a relationship with urate, which also has antiox-
idative stress effects. Because genetic variants in urate trans-
porter genes such as ABCG2, SLC2A9 and SLC22A12 are well 
known to cause SUA variation and gout, it is also possible that 
the SLC38A1/SNAT1 transporter is involved in urate or purine 
transport.

Very recently, Tin et al41 performed transancestry GWAS meta- 
analysis of SUA and gout, including self- reported gout cases. We 
compared these SNPs and found five of the 10 loci detected here 
(GCKR, SLC2A9, ABCG2, SLC17A1 and BCAS3) to be associ-
ated with gout (see online supplementary table S6), indicating 
population differences in the genetic basis of gout.

Taking into account the evidence of shared genetic back-
ground among gout subtypes (see online supplementary figure 
S3) and the presence of subtype- specific genetic factors of gout 
(figure 1, table 2), these results will provide helpful information 
for the development of novel subtype- specific genome tailor- 
made medicines and/or prevention for gout and hyperuricaemia.

Adaptive evolution results from adaptation to environmental 
changes over generations. Selection pressure analysis using 
SDS in the present study has elucidated which genes have been 
involved in adaptive evolution over the last 2000–3000 years 

in the Japanese population. The results revealed that the Japa-
nese population has evolved to have higher SUA levels, which 
can result in gout, due to the ABCG2 locus in addition to the 
already- known ALDH2 gene. ABCG2 is now a well- known 
susceptible gene for hyperuricaemia and gout, especially in the 
Japanese population.31 42 Few patients had gout before West-
ernisation of Japan about 150 years ago, which brought more 
purine- rich foods to Japan. The fact that ABCG2 also has a rela-
tionship with SUA levels might thus have caused few problems 
to Japanese people until recently. The upside of SUA elevation 
in the Japanese population might include resistance to anti-
oxidative stress, lower cancer risk, neuroprotective effect and 
longevity.43 44 Selection pressure analysis with other populations 
will also generate more information on evolutionary association 
with gout to elucidate this hypothesis.

In summary, we performed GWASs of all gout as well as of 
distinct gout subtypes, and identified multiple subtype- specific 
loci including four novel loci. Selection pressure analysis 
revealed significant enrichment of selection for the ABCG2 and 
ALDH2 loci in Japanese gout patients of each subtype. These 
findings will lead to elucidation of the molecular pathophysi-
ology of each gout/hyperuricaemia subtype and the development 
of novel subtype- specific genome tailor- made medicine/preven-
tion of gout and hyperuricaemia.
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Table 1 Preclinical and clinical data on chloroquine (CQ) and 
hydroxychloroquine (HCQ) in coronavirus disease 2019 (Covid-19)

Type of 
study Main results

Wang et al1 In vitro At low micromolar concentration, CQ blocks viral infection 
at both entry and at post- entry stages of the 2019- nCoV 
infection in Vero E6 cells.

Yao et al2 In vitro HCQ is more potent than CQ in inhibiting viral infection 
at entry and post- entry stages; EC50 values CQ and HCQ 
decreased with longer incubation times providing higher 
intracellular concentrations and a better antiviral effect.
Suggested dosing for HCQ: 400 mg/two times a day at day 
1, followed by 200 mg/two times a day.

Gao et al3 Case 
series

CQ phosphate is superior to the control treatment in 
inhibiting the exacerbation of pneumonia, improving lung 
imaging findings, promoting a virus- negative conversion 
and shortening the disease course. No severe adverse 
events were reported.

Gautret et al4 Case 
control

HCQ induces viral clearance after 6 days of treatment, 
either alone or in combination with azithromycin 
(respectively, 70% and 100% negative nasopharyngeal 
samples among treated patients compared with 12.5% of 
untreated patients).

EC, effective concentration 50; nCoV, novel coronavirus.

To consider or not antimalarials as a 
prophylactic intervention in the SARS- CoV-2 
(Covid-19) pandemic

These days, the entire scientific community is facing the severe 
acute respiratory syndrome coronavirus-2 (SARS- CoV-2) emer-
gency, characterised last 11 March by WHO as a pandemic. 
Social behaviour modification measures may somehow limit the 
spreading of the infection. However, in the case of an extremely 
contagious pathogen, the huge number of infected people may 
be a challenge for the health system. What if there was a prophy-
lactic drug?

In the light of their in vitro effect and early clinical results, 
antimalarial drugs chloroquine (CQ) and hydroxychloroquine 
(HCQ) have been proposed for patients with SARS- CoV2- 
related pneumonia (Covid-19) and are now included in the 
Chinese guidelines for the management of Covid-19 (version 7, 
3 March 2020).

Antiviral activity of antimalarials has been known for more 
than 10 years (see online supplementary text).

Recently, Wang et al demonstrated that at low micromolar 
concentration CQ was able to potently block viral replication of 
Covid-19, in vitro; the effective concentration of CQ was that 
achievable in patients receiving 500 mg/daily.1 HCQ also showed 
an anti- SARS- CoV-2 effect, decreasing the viral replication in 
a time and concentration- dependent manner.2 Interestingly, CQ 
and HCQ prevent the viral replication also at entry stage (ie, 
when added in cell culture before the viral challenge).2 To date, 
more than 100 patients have been treated with CQ showing 
promising results.3 A very recent study showed that, already 
after 6 days, HCQ induced a negativity of viral RNA in nasopha-
ryngeal sample: 70% of patients treated with HCQ alone and 
100% of those treated with HCQ in combination with azith-
romycin determined a viral clearance compared with 12.5% 
of patients who did not receive HCQ.4 Table 1 summarises the 
data available to date on CQ and HCQ. Many clinical trials on 
the use of CQ or HCQ are now recruiting patients. Two more 

European trials, not yet recruiting, will assess the efficacy of 
CQ/HCQ in preventing symptomatic Covid-19 in healthcare 
workers, or other individuals at significant risk ( ClinicalTrials. 
gov Identifiers: NCT04303507 and NCT04304053).

CQ and HCQ have been used for autoimmune rheumatic 
diseases since 1940s, being safe and well tolerated in most 
patients.5 Data from the literature, including our own experi-
ence, reported a low incidence of side effects, generally mild 
to moderate.5 6 The most serious complication (ie, the retinal 
toxicity) depends on weight- adjusted daily dose and, most of all, 
cumulative dose of antimalarials. Similarly, the (rare) cardiotox-
icity seems to be related to the cumulative dose, even if mecha-
nistic evidence is still lacking.5

Mass drug administration is an intervention used as malaria- 
control measure delivering safe and inexpensive drugs to prevent 
or alleviate symptoms and morbidity while reducing transmis-
sion and improving global health. Is it ethical to propose CQ or 
HCQ for preventing the spreading of Covid-19 without any data 
coming from evidence- based medicine? Even though ‘primum 
non nocere’: is it permissible to take a controlled risk in the event 
of a pandemic? In such a case: would it be reasonable to consider 
antimalarials as primary prophylaxis in healthy subjects living in 
highest risk regions or, at least, to use them in those tested posi-
tive for Covid-19 but still asymptomatic? The advantage of CQ 
or HCQ is that they are safe and inexpensive to administer for a 
relatively short time, therefore good candidates for mass admin-
istration, whenever not contraindicated. Waiting for supportive 
data from clinical trials, the scientific community is moving 
towards pre- emptive use of antimalarials (see online supplemen-
tary figure 1). If mass prophylaxis was accepted as an option 
worldwide, this would raise the question of whether there is 
enough supply of CQ and HCQ to support this approach.
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Table 1 Clinical characteristics of the patients with confirmed or 
suspected COVID-19

Confirmed 
COVID-19

Clinical picture 
highly suggestive 
of COVID-19

Contact with 
a known 
COVID-19 
patient

Number of patients 4 4 5

Age (years) (mean±SD) 58±5 56±8 54±12

Female, n (%) 4 (100) 3 (75) 4 (80)

Comorbidities, n (%)

 Hypertension 1 (25) 2 (50) 1 (20)

 Diabetes 0 0 0

 Cardiovascular disease 0 0 1 (20)

  Other 4 (100) 4 (100) 3 (60)

Smoking, n (%)

 Active 1 (25) 0 0

 Previous 2 (50) 3 (75) 1 (20)

Rheumatological diagnosis

 RA, n (%) 3 (75) 3 (75) 5 (100)

  SpA/PA,* n (%) 1 (25) 1* (25) 0

Rheumatological treatment, n (%)

 bDMARD

 Adalimumab 0 0 1 (20)

   Etanercept 2 (50) 2 (50) 0

 Abatacept 1 (25) 1 (25) 0

 Tocilizumab 0 0 1 (20)

 tsDMARD

 Tofacitinib 1 (25) 0 1 (20)

   Baricitinib 0 1 (25) 2 (40)

 Concomitant csDMARD

   Methotrexate 2 (50) 1 (25) 3 (60)

   Leflunomide 1 (25) 0 1 (20)

   Sulfasalazine 0 1 (25) 0

Concomitant hydroxychloroquine 1 (25) 2 (50) 2 (40)

Low- dose glucocorticoids* 2 (50) 2 (50) 2 (40)

Known contact with COVID-19 0 1 (25) 5 (100)

Symptoms, n (%)

 Fever 4 (100) 1 (25) 0

 Non- productive cough 3 (75) 2 (50) 0

 Sputum production 1 (25) 0 0

 Rhinorrhea 2 (50) 1 (25) 0

 Sore throat 0 0 0

 Fatigue 4 (100) 2 (50) 0

 Myalgia 2 (50) 1 (25) 0

 Arthralgia 1 (25) 1 (25) 0

 Anosmia/dysgeusia 3 (75) 3 (75) 0

 Dyspnoea at rest 1 (25) 0 0

 Dyspnoea on exertion 2 (50) 1 (25) 0

 Headache 2 (50) 0 0

 Diarrhoea 1 (25) 0 0

 Nausea/vomiting 0 0 0

Chest X- ray performed 4 (100) 0† 0

Chest X- ray pathological findings 0 0 0

Hospital admission 1 (25) 0 0

*Glucocorticoids≤5 mg/day prednisone equivalent.
†Subject to home quarantine.
bDMARD, biological disease- modifying antirheumatic drug; COVID-19, coronavirus disease 
2019; csDMARD, conventional synthetic disease- modifying antirheumatic drug; PA, psoriatic 
arthritis; RA, rheumatoid arthritis; SpA, spondyloarthritis; tsDMARD, targeted synthetic 
disease- modifying antirheumatic drug.

Clinical course of COVID-19 in a series of 
patients with chronic arthritis treated with 
immunosuppressive targeted therapies

Different viral agents are associated with an increased risk of 
more severe disease course and respiratory complications in 
immunocompromised patients.1–3 The recent outbreak of 
severe acute respiratory syndrome coronavirus 2 (SARS- CoV-2) 
disease 2019 (COVID-19) responsible for a severe acute respi-
ratory syndrome (SARS) represents a source of concern for the 
management of patients with inflammatory rheumatic diseases. 
Lombardy is the region in Northern Italy with the highest inci-
dence of COVID-19 cases, with more than 33 000 confirmed 
patients and 1250 requiring admission to the intensive care 
unit within 1 month. Since the first reports of COVID-19 cases 
in Italy, we have circulated a survey with a 2- week follow- up 
contact to patients with chronic arthritis treated with biolog-
ical disease- modifying antirheumatic drugs (bDMARDs) or 
targeted synthetic disease- modifying antirheumatic drugs 
(tsDMARDs) followed up at our biological outpatient clinic in 
Pavia, Lombardy. The survey investigated the patients’ health 
conditions, the presence of contacts with subjects known to be 
affected by COVID-19 and management of the DMARDs during 
the first few weeks of pandemic. All patients had provided their 
informed consent for the use of personal and clinical data for 
scientific purposes, and no patient refused to participate.

During the first month, we have collected information on 
320 patients (female 68%, mean age 55±14 years) treated with 
bDMARDs or tsDMARDs (57% with rheumatoid arthritis, 43% 
with spondyloarthritis, 52% treated with tumour necrosis factor 
inhibitors, 40% with other bDMARDs and 8% with tsDMARDs). 
As shown in table 1, four were confirmed cases of COVID-19 
identified through rhinopharyngeal swabs. Another four patients 
reported symptoms which were highly suggestive of COVID-19. 
Five additional patients with reported certain contacts remained 
asymptomatic at the end of the 2- week observation period.

All patients with confirmed COVID-19 received at least one 
antibiotic course, and the hospitalised patient also received anti-
viral therapy and hydroxychloroquine. Overall, five patients 

were on previous stable treatment with hydroxychloroquine. All 
patients with symptoms of infection temporarily withdrew the 
bDMARD or tsDMARD at the time of symptom onset. To date, 
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there have been no significant relapses of the rheumatic disease. 
None of the patients with a confirmed diagnosis of COVID-19 
or with a highly suggestive clinical picture developed severe 
respiratory complications or died. Only one patient, aged 65, 
required admission to hospital and low- flow oxygen supplemen-
tation for a few days.

Our findings do not allow any conclusions on the incidence 
rate of SARS- CoV-2 infection in patients with rheumatic diseases, 
nor on the overall outcome of immunocompromised patients 
affected by COVID-19. A high level of vigilance and strict 
follow- up should be maintained on these patients, including the 
exclusion of superimposed infections. However, our preliminary 
experience shows that patients with chronic arthritis treated with 
bDMARDs or tsDMARDs do not seem to be at increased risk of 
respiratory or life- threatening complications from SARS- CoV-2 
compared with the general population.

These findings are not surprising as the severe respiratory 
complications caused by coronaviruses are thought to be driven 
by the aberrant inflammatory and cytokine response perpetu-
ated by the host immune system.4 During different coronavirus 
outbreaks, such as SARS and Middle East respiratory syndrome, 
there has been no increased mortality reported in patients under-
going immunosuppression for organ transplantation, cancer 
or autoimmune diseases.3 5 Accordingly, among 700 patients 
admitted for severe COVID-19 at our hospital (a referral 
centre for SARS- CoV-2 infection) during last month, none was 
receiving bDMARDs or tsDMARDs.

Although continuous surveillance of patients with rheumatic 
diseases receiving immunosuppressive drugs is warranted, these 
data can support rheumatologists for the management and coun-
selling of their patients, avoiding the unjustifiable preventive 
withdrawal of DMARDs, which could lead to an increased risk 
of relapses and morbidity from the chronic rheumatological 
condition.
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COVID-19 in a patient with systemic sclerosis 
treated with tocilizumab for SSc- ILD

During the current global outbreak of coronavirus disease 2019 
(COVID-19), risk stratification of patients is of utmost importance. 
Currently, patients >65 years and those with pre- existing medical 
conditions such as cardiovascular disease, chronic respiratory 
disease or diabetes mellitus are considered at higher risk for severe 
disease.1 The Swiss Federal Office of Public Health, like similar 
authorities around the world, has additionally included patients on 
immunosuppressants in the high- risk group for developing severe 
COVID-19.2 However, at this moment we do not have enough 
evidence either to support or to reject this assumption.

We report the case of a 57- year- old woman with systemic scle-
rosis (SSc) who developed COVID-19. Comorbidities were insulin- 
dependent type 2 diabetes mellitus and WHO grade I obesity. The 
anti- topoisomerase I antibody- positive patient was diagnosed with 
SSc in 2017. SSc- associated interstitial lung disease (SSc- ILD), with 
cough and exertion dyspnoea, was the leading organ manifesta-
tion, associated with symmetrical, non- erosive polyarthritis, and 
elevated acute phase reactants. Treatment with the anti- interleukin 
(IL) 6 receptor blocker tocilizumab, with 8 mg/kg body weight 
every 4 weeks intravenously, was started, leading to a good control 
of both arthritis and SSc- ILD, with gradual improvement of muscu-
loskeletal and respiratory symptoms, lung function and high- 
resolution CT imaging (figure 1). At the last annual assessment in 
January 2020, her forced vital capacity and carbon monoxide lung 
diffusion capacity were 92% and 70% of the respective predicted 
values. Tocilizumab was continued at 5- week intervals.

On 12 March 2020, 4 weeks after the last tocilizumab infusion, 
the patient presented to our hospital’s emergency department 
with cough, headache and general malaise since about 1 week. She 
reported contact with a patient with COVID-19 2 weeks earlier. 
As she was in relatively good general health condition, subfebrile 
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Figure 1 High- resolution CT (HRCT) of the chest, 8 weeks before 
onset of coronavirus disease 2019 (COVID-19). Ground glass and 
reticulation as signs of systemic sclerosis (SSc)- associated interstitial 
lung disease are visible, with an overall lung involvement of <20%.

(37.6°C), with unchanged bibasal lung crackles and no significant 
dyspnoea, she was allowed to return home with symptomatic treat-
ment only. The nasopharyngeal swab was positive for the Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS- CoV2) by real- 
time reverse transcription- PCR. She was quarantined at home and 
monitored by daily telephone calls, and the upcoming tocilizumab 
infusion was postponed. The symptoms remained mild, and, 10 
days later, she reported to be free of symptoms. A follow- up naso-
pharyngeal swab for SARS- Cov2 performed on March 26 turned 
out negative. She was thus declared cured from the infection and 
scheduled to receive the next tocilizumab dose 4 days after the 
negative test.

In this case, a patient with insulin- dependent type 2 diabetes 
mellitus and SSc- ILD treated with tocilizumab developed a mild 
form of COVID-19. Her pre- existing ILD and diabetes are WHO- 
defined risk factors for a more severe course of COVID-19,1 while 
immunosuppressive treatment is currently also regarded as a risk 
factor.2 In previous coronavirus outbreaks however, immunosup-
pression was not a documented risk factor.3 At present, in patients 
with COVID-19 from Wuhan, China, higher levels of C reactive 
protein and IL-6 have been associated with increased mortality.4 
Accumulating evidence suggests that a subgroup of patients with 
severe COVID-19 develop a cytokine storm syndrome.4 Currently, 
several ongoing randomised trials study the efficacy and safety of 
anti- IL-6- receptor monoclonal antibodies in severe COVID-19.5 6 
Although these agents are immunosuppressive and thus formally 
contraindicated in patients with active infections, they may show 
benefit in certain subgroups of COVID-19- associated severe acute 
respiratory distress syndrome. In addition, our case indicates that 
IL-6- blocking treatment given for chronic autoimmune diseases 
such as rheumatoid arthritis or connective tissue disease may even 
prevent the development of severe COVID-19. While we are 
fully aware of the limitations of single- case observations, we think 
the presented case report supports this hypothesis. Thus, future 
prospective, controlled studies should include an analysis for the 
potential preventive effects of IL-6 blockade in COVID-19.
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Long- term effectiveness of live herpes zoster 
vaccine in patients with rheumatoid arthritis 
subsequently treated with tofacitinib

Herpes zoster (HZ) incidence is higher in patients with rheu-
matoid arthritis (RA) compared with the general population,1 
and it may be further increased with disease- modifying anti-
rheumatic drugs (DMARDs).2 Tofacitinib is an oral Janus kinase 
inhibitor for the treatment of RA. Real- world data indicate that 
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Table 1 Patient profiles of HZ cases

Case #1 Case #2 Case #3 Case #4 Case #5

Age, years 65 60 77 74 74

Sex Female Male Female Male Male

Race White White White White White

Study drug
(A3921237)

Tofacitinib
5 mg two times per day

Tofacitinib
5 mg two times per day

Placebo Placebo Placebo

Study drug
(ORAL Sequel)

Tofacitinib
10 mg two times per day

Tofacitinib
5 mg two times per day

Tofacitinib
5 mg two times per day

Tofacitinib
10 mg two times per day

Tofacitinib
10 mg two times per day

Background RA drugs MTX 15 mg/week
Prednisone 5 mg/day

MTX 20 mg/week None None MTX 20 mg/week

Type of HZ Monodermatomal Monodermatomal Monodermatomal Monodermatomal 5 dermatomes

Severity of HZ* Moderate Mild Moderate Mild Mild

Duration of HZ, days 49 14 14 16 10

Action to study drug No action taken Stopped temporarily No action taken No action taken Stopped temporarily

Outcome of HZ Resolved with acyclovir Resolved with famciclovir Resolved with acyclovir 
and azithromycin

Resolved with 
valacyclovir

Resolved with 
valacyclovir

Occurrence of HZ

 Time after LZV vaccination, days 218 280 748 741 544

  Time after initiation of tofacitinib, days 202 267 702 699 466

VZV humoral immunity (IgG titre), U/mL†

 Baseline 224.3 36.9 96.6 237.3 208.3

 Week 6 444.0 70.9 186.9 231.5 222.5

 Change from baseline (fold rise at week 6) 1.98 1.92 1.93 0.98 1.07

VZV cell- mediated immunity, SFCs/106 PBMCs‡

 Baseline 25 41 25 25 25

 Week 6 25 76 51 25 25

 Change from baseline (fold rise at week 6) 1.00 1.85 2.04 1.00 1.00

*Determined by the investigator.
†Assessed by gpELISA (PPD Vaccines and Biologics); mean VZV IgG titres in patients receiving tofacitinib and placebo, respectively, in the index study were 201 and 182 U/mL at baseline and  
403 and 323 U/mL at week 6 (fold rise at week 6 was 2.11 with tofacitinib and 1.74 with placebo).5

‡Assessed by IFNγ ELISPOT (Pfizer Inc Vaccine Research Unit, Pearl River, New York, USA); limit of detection was 25 SFCs/106 PBMCs; values in the table shown as 25 SFCs/106 PBMCs may be 
below this threshold; mean VZV cell- mediated immunity in patients receiving tofacitinib and placebo, respectively, in the index study was 48 SFCs/106 PBMCs and 43 SFCs/106 PBMCs at baseline, 
and 70 SFCs/106 PBMCs and 56 SFCs/106 PBMCs at week 6 (fold rise at week 6 was 1.50 with tofacitinib and 1.29 with placebo).5

ELISPOT, enzyme- linked immunosorbent spot; gpELISA, glycoprotein- based enzyme- linked immunosorbent assay; HZ, herpes zoster; IFNγ, interferon gamma; IgG, immunoglobulin G; LZV, live zoster 
vaccine; MTX, methotrexate; PBMCs, peripheral blood mononuclear cells; RA, rheumatoid arthritis; SFCs, spot- forming cells; VZV, varicella zoster virus.

HZ incidence is approximately twofold higher with tofacitinib 
versus biologic DMARDs (bDMARDs).3

Current American College of Rheumatology guidelines condi-
tionally recommend that patients with RA aged ≥50 years 
receive HZ vaccine prior to tofacitinib or bDMARDs.4 We previ-
ously evaluated the immunogenicity of a live attenuated zoster 
vaccine (LZV), administered 2–3 weeks prior to tofacitinib or 
placebo with background conventional synthetic DMARDs. 
Both groups had similar varicella zoster virus (VZV)- specific 
immune responses, and overall immune responses were compa-
rable with those of healthy volunteers in previous studies.5 We 
have now followed this patient cohort in an open- label, long- 
term extension (LTE) study of tofacitinib.

Patients enrolled in the index study (A3921237; 
NCT02147587)5 could join ORAL Sequel (LTE study; 
A3921024; NCT00413699) 14 weeks post- vaccination, where 
they received open- label tofacitinib 5 or 10 mg two times per 
day (online supplementary figure S1); background RA therapy 
was also allowed. Patients were followed for 27 months. Post- 
vaccination, adverse events (AEs), including discontinuations 
due to AEs, were recorded during the study within 28 days of the 
last dose. Incidence rates (IRs; patients with events/100 patient- 
years (PY)) and 95% CIs for HZ post- vaccination were calcu-
lated based on time to first event (patients not reporting an event 
were censored at last treatment dose). Short- term VZV- specific 
immunity was evaluated at baseline and week 6 post- vaccination 
during the index study.

Vaccine- related AEs in the index study included mild injection- 
site pain, swelling, redness, itching and myalgia. Disseminated 
vaccine- strain varicella was also reported in a patient with no 
previous exposure to VZV.5 After rollover into ORAL Sequel, 100 
patients received an average tofacitinib dose of 5 mg (n=46) or 
10 mg (n=54) two times per day. Mean (range) tofacitinib expo-
sure was 489 (46–811) days and overall exposure was 139 PY.

LZV did not provide adequate protection to all patients. 
Five HZ cases (#1–5) occurred in the LTE study 218, 280, 
748, 741 and 544 days post- vaccination, respectively (IR=3.60 
(1.17, 8.39); table 1). Cases #1–4 were monodermatomal and 
case #5 involved five dermatomes. All HZ events were mild/
moderate in severity and resolved with antiviral treatment.

VZV humoral immunity (immunoglobulin G (IgG) titre) 
and VZV cell- mediated immunity (interferon-γ enzyme- linked 
immunosorbent spot (ELISPOT)) in patients receiving tofac-
itinib or placebo in the index study5 are shown in table 1. 
In terms of immunity after LZV in this analysis, cases #1, 
#4 and #5 had undetectable VZV cell- mediated immunity, 
at baseline and week 6; cases #2 (patient received tofaci-
tinib 5 mg two times per day in index and LTE studies) and 
#3 (patient received placebo and tofacitinib 5 mg two times 
per day in index and LTE studies, respectively) responded 
adequately to vaccination by both IgG and ELISPOT measures 
but had lower than average VZV IgG levels at baseline (case 
#2: 36.9 U/mL vs average of 201 U/mL; case #3: 96.6 U/mL 
vs average of 182 U/mL) and week 6 (case #2: 70.9 U/mL 
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vs average of 403 U/mL; case #3: 186.9 U/mL vs average of 
323 U/mL; table 1).

HZ incidence was similar to that in patients receiving  
tofacitinib in phase 1/2/3/LTE studies up to 9.5 years (IR=3.6 
(3.4, 3.9); n=782/7061]),6 although the present analysis was 
limited due to the small number of patients, and 95% CIs were 
wide. Cell- mediated responses in cases #2 and #3 may have 
been short- lived; however, serial longitudinal data are required 
to confirm this.

These results suggest that LZV may not provide adequate 
long- term protection, as previously demonstrated in healthy 
individuals aged ≥60 years 3 years post- vaccination, in which 
HZ risk was reduced by 51%.2 While it is possible that LZV 
booster vaccinations may improve vaccine efficacy, to date there 
is a lack of data on the use and timing of booster vaccinations, 
and no recommendations on the use of LZV booster vaccina-
tions currently exist. This highlights the importance of evalu-
ating the newly approved subunit non- live vaccine (Shingrix) in 
patients with RA receiving tofacitinib.
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CDAI and DAS28 in the management of 
rheumatoid arthritis in clinical practice

The primary therapeutic target for rheumatoid arthritis is remis-
sion, assessed using validated composited measures.1 Currently, 
index- based remission frequently used in clinical practice are 
disease activity (CDAI) and Disease Activity Score for 28 joints 
(DAS28). Generally, it has been reported that CDAI is more 
stringent than DAS28 in assessing clinical remission.1 2 However, 
this confirmation was mainly derived from trial results. Hence, 
this study aimed to investigate the real- world performance of 
CDAI and DAS28- erythrocyte sedimentation rate (ESR).

In total, 1585 consecutive patients with rheumatoid arthritis 
(mean age: 64 years, sex: 84% were women, mean disease dura-
tion: 12.0 years) in Keio University Hospital were reviewed 
cross- sectionally. Current treatments were conventional 
synthetic disease- modifying antirheumatic drugs (csDMARDs) 
alone, tumour necrosis factor inhibitors (TNFi), interleukin 6 
receptor inhibitors (IL- 6i), cytotoxic T- lymphocyte associated 
antigen (CTLA)- 4Ig and janus kinase inhibitors (JAKi) in 39.2%, 
29.0%, 22.8%, 7.1% and 1.8% patients, respectively. Defini-
tion of cut- offs of each composite scores was following; remis-
sion, CDAI ≤2.8, DAS28- ESR <2.6; low disease activity, CDAI 
≤10, DAS28- ESR <3.2; moderate disease activity; CDAI ≤22, 
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Figure 1 (A) Clinical characteristics of patients achieving clinical disease activity (CDAI) remission.a, csDMARDs vs TNFi and IL- 6i; b, TNFi vs 
csDMARDs and CTLA- 4Ig; c, CTLA- 4Ig vs TNFi and IL- 6i; d, IL- 6i vs csDMARDs and CTLA- 4Ig;e, csDMARDs vs IL- 6i; f, IL- 6i vs all others; g, CTLA- 4Ig vs 
TNFi and IL- 6i; h, No significant difference with the Bonferroni adjustment; i, IL- 6i vs csDMARDs,CTLA- 4Ig and JAKi (B) Disease Activity Score for 28 
joints (DAS28)- erytherocyte sedimentation rate (ESR) in patients with CDAI remission. (C) Venn diagrams of CDAI remission and DAS28- ESR remission. 
CRP, C- reactive protein; csDMARD, conventional synthetic disease- modifying antirheumatic drugs; EGA, evaluator global assessment; HAQ, Health 
Assessment Questionnaire; IL, interleukin; PGA, patient global assessment.

DAS28- ESR≤5.1; high disease activity, CDAI >22, DAS28- ESR 
>5.1.

First, we focused on the patients in CDAI remission (62.7% in 
all, 66.4% treated with csDMARDs, 65.8% treated with TNFi, 
58.6% treated with IL- 6i, 51.3% treated with CTLA- 4Ig and 
31.0% treated with JAKi, p＝0.06). Figure 1A shows the charac-
teristics of patients in CDAI remission by treatment. As expected, 
DAS28- ESR and acute phase reactants were significantly lower 
in the IL- 6i- treated group. Among patients in CDAI remission, 
the proportion of DAS28- ESR non- remission was 19.4% in 
those treated with csDMARDs, 18.2% treated with TNFi, 4.2% 
treated with IL- 6i, 27.6% treated with CTLA- 4Ig and 33.3% 
treated with JAKi (figure 1B). In contrast, among patients in 
DAS28 remission, the proportion of CDAI non- remission was 
11.7% in those treated with csDMARDs, 15.4% treated with 
TNFi, 29.5% treated with IL- 6i, 16.0% treated with CTLA- 4Ig 
and 14.3% treated with JAKi. Figure 1C depicts diagrams of 
CDAI remission and DAS28- ESR remission, demonstrating that 
more patients satisfied the CDAI remission criteria without satis-
fying the DAS28- ESR remission criteria than vice versa, except 
for those treated with IL- 6i. A comparison of variables between 

patients in CDAI remission and DAS28- ESR non- remission 
and those in CDAI non- remission and DAS28- ESR remission is 
shown in table 1. Many differences were noted, but patients in 
CDAI remission and DAS28- ESR non- remission had higher acute 
phase reactants and comorbidity rates, and those in CDAI non- 
remission and DAS28- ESR remission had worse patient- reported 
outcomes. However, actual tender and swollen joint counts were 
a little higher in patients in DAS28- ESR non- remission than 
those in CDAI remission.

Our data demonstrate that despite the belief that CDAI is 
more stringent than DAS28- ESR when defining remission, in a 
real- world setting where more than half of patients were well 
controlled, quite a few patients who satisfied the CDAI remis-
sion criteria did not meet the DAS28- ESR remission criteria, 
except for those who were treated with IL- 6i, because of the 
direct inhibition of high acute phase reactants. The fact that 
many patients fulfilled the CDAI but not DAS28- ESR remis-
sion could be explained by several reasons including residual 
synovitis in joints that are not included in the main 28 joints, 
which could lead to an increase in acute phase reactants and 
elevate only DAS28- ESR, extra- articular involvement or other 
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Table 1 Clinical characteristics of patients who met both or either CDAI and/or DAS28- ESR remission

ALL csDMARDs TNFi IL- 6i

Both REM
n=831

CDAI REM
n=163

DAS28- ESR REM
n=183

CDAI REM
n=80

DAS28- ESR
REM
n=44

CDAI REM
n=55

DAS28- ESR
REM
n=45

CDAI REM
n=9

DAS28- ESR
REM
n=85

Age, years 61.0±14.2 69.6±12.6 63.4±15.0 70.8±12.7 63.0±14.9 68.3±11.6 61.2±16.3 63.2±16.7 63.1±14.2

Disease duration, years 10.5±7.6 13.0±9.3 12.8±9.7 12.5±9.4 11.5±11.3 14.8±9.1 12.6±7.5 8.0±8.0 13.3±9.7

Female, % 80.9 85.3 89.6 82.5 90.9 85.5 80.0 88.9 94.1

CDAI 0.8±0.8 1.4±0.9 5.0±2.1 1.4±0.9 4.4±1.5 1.5±0.8 4.6±1.7 1.3±0.9 5.6±2.3

DAS28- ESR 1.8±0.6 2.9±0.2 2.1±0.4 2.9±0.2 2.2±0.3 2.9±0.2 2.2±0.3 2.8±0.2 1.9±0.5

TJC28 0.0±0.2 0.1±0.4 0.4±0.8 0.1±0.4 0.3±0.6 0.1±0.3 0.3±0.6 0.0±0.0 0.6±0.9

TJC=0, % 96.8 88.3 73.2 90.0 79.5 87.3 75.6 100 67.1

TJC≤1, % 99.5 99.4 88.5 98.8 90.9 100 93.3 100 84.7

SJC28 0.1±0.3 0.1±0.4 0.9±1.3 0.2±0.4 0.4±0.7 0.1±0.3 1.0±1.5 0.1±0.3 1.1±1.4

SJC=0, % 95.2 87.7 56.8 86.3 68.2 90.9 60.0 88.9 48.2

SJC≤1, % 98.9 99.4 75.4 98.8 90.9 100 66.7 100 70.6

EGA, mm 1.1±2.3 2.0±3.1 6.2±6.0 2.0±3.2 4.5±5.3 2.0±2.9 7.1±6.6 2.9±5.8 6.8±6.1

EGA≤10 mm, % 98.8 97.5 76.5 97.5 81.8 98.2 68.9 88.9 76.5

PGA, mm 5.7±6.6 9.5±8.2 31.1±20.0 9.1±8.3 32.0±20.1 10.6±8.5 25.7±17.1 9.4±8.9 32.9±21.1

PGA≤10 mm, % 79.3 62.6 15.8 66.3 15.9 54.5 24.4 66.7 11.8

HAQ- DI 0.19±0.38 0.41±0.59 0.82±0.78 0.36±0.58 0.51±0.66 0.46±0.67 0.63±0.71 0.43±0.29 1.03±0.80

HAQ- DI ≤0.5, % 89.3 75.4 46.4 78.8 63.6 74.5 60.0 66.7 32.9

ESR, mm 13.4±8.9 45.7±16.9 8.0±4.8 45.2±16.2 9.9±4.3 45.1±15.8 10.2±4.6 46.7±17.1 5.6±3.9

CRP, mg/dL 0.09±0.16 0.37±0.59 0.07±0.14 0.48±0.74 0.09±0.14 0.21±0.27 0.11±0.17 0.30±0.38 0.02±0.05

MMP-3, ng/mL 48.4±42.5 58.8±61.2 62.9±67.0 62.9±75.4 60.3±55.2 49.0±36.4 50.8±42.5 71.9±66.9 66.2±73.3

Complications, % 11.3 26.4 18.0 25.0 9.1 18.2 4.4 33.3 27.1

 ILD, % 4.6 11.7 7.1 7.5 6.8 12.7 0 22.2 10.6

 Chronic infection, % 3.5 11.0 4.9 13.8 0 3.6 0 0 7.1

 Sjögren syndrome, % 3.2 3.7 6.0 3.8 2.3 1.8 2.0 11.1 9.4

Data of patients treated with CTLA- 4Ig and JAK inhibitors were omitted because of a small samples size. Figures are a mean±SD unless otherwise stated.
CDAI, clinical disease activity; CRP, C- reactive protein; csDMARDs, conventional synthetic disease- modifying antirheumatic drug; DAS28, Disease Activity Score for 28 joints; EGA, 
evaluator global assessment; ESR, erythrocyte sedimentation rate; HAQ- DI, Health Assessment Questionnaire- disability index; ILD, interstitial lung disease; IL- 6i, interleukin 6 
inhibitors; MMP-3, matrix metalloproteinase-3; PGA, patient global assessment; REM, remission; SJC, swollen joint count; TJC, tender joint count; TNFi, TNF inhibitors.

comorbidities that could elevate the C- reactive protein irrele-
vant to arthritis. The prevalence of complications was higher 
in patients in CDAI remission and DAS28- ESR non- remission 
regardless of rheumatoid- related (interstitial lung disease or 
Sjögren syndrome) or non- related (chronic infection) condi-
tions. Our data indicate that while CDAI reflects mainly arthritis, 
DAS28- ESR reflects not only arthritis (probably to a lesser extent 
than CDAI) but also extra- articular or extrarheumatoid compli-
cations. Also, the idea that CDAI is more stringent than DAS28 
in assessing remission has been mainly derived from clinical trial 
data. Clinical trials usually exclude patients with comorbidities, 
and that can be one of the causes which lead to the discrepancy 
in index- based remission between trials and clinical practice 
as we have shown in the present study. However, patients in 
both CDAI and DAS28- ESR remission were apparently in better 
condition than those who met either criteria; therefore, in the 
management of rheumatoid arthritis, assessing patients with 
two composite measures can yield important opportunities to 
consider what causes the discrepancy between the measures and 
adjust treatment appropriately.

This was only a cross- sectional study, which did not evaluate 
longitudinal radiological and functional progression. A large 
prospective cohort is needed to establish the optimal usage and 
interpret composite measures and their components in clinical 
practice.
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Figure 1 Hair before and after treatment with baricitinib.

Efficacy of JAK 1/2 inhibition in the treatment of 
diffuse non- scarring alopecia due to systemic 
lupus erythematosus

The Janus kinase (JAK)- signal transducer and activator of tran-
scription (STAT) pathway is crucial for the autocrine loop of 
type I interferons (IFNs) and is located upstream of important 
systemic lupus erythematosus (SLE)- associated pathogenic 
proinflammatory cytokines and chemokines. Baricitinib is a JAK 
1/2 inhibitor approved for treating rheumatoid arthritis and is 
also being tested in other diseases, including SLE. Baricitinib 
improved the proportion of patients with SLE who achieved 
arthritis or rash resolution; however, the subset of patients with 
skin involvement was not reported in the study.1 Alopecia is one 
of the most common cutaneous symptoms in SLE. Patients can 
exhibit different subtypes of alopecia.2 Diffuse non- scarring hair 
loss, which is the most frequently observed type of alopecia in 
patients with SLE, is not life- threatening, but substantially affects 
quality of life for cosmetic reasons and may reflect latent SLE 
activity.3 To our knowledge, the efficacy of JAK inhibitors for 
treating alopecia in SLE is unknown. Herein, we describe a 
patient with SLE who experienced substantial improvement in 
diffuse non- scarring alopecia following baricitinib therapy.

The patient was a 27- year- old Japanese woman who was diag-
nosed with SLE at age 21, requiring corticosteroid and tacrolimus 
treatment. Arthritis, renal damage with proteinuria, leucopenia, 
high- titre antidouble- stranded DNA antibody and hypocomple-
mentaemia were observed at onset. SLE disease activity had been 
stable after remission but relapsed at the age of 26 (prednisolone 
(PSL) 3.0 mg/day and hydroxychloroquine 200 mg/day at the 
time). Along with the relapse of serum markers and proteinuria, 
chilblain lupus erythematosus and diffuse hair loss developed. 
Because the reinitiation of tacrolimus had no beneficial effect, 
the PSL dose was increased to 17.5 mg/day and mycophenolate 
mofetil 1500 mg/day was initiated. Renal involvement and serum 
markers improved, but skin lesions progressed. Adding belim-
umab (400 mg/4 weeks after loading dose) was ineffective. When 
PSL was increased to 40 mg after steroid pulse therapy, the chil-
blain lupus erythematosus improved but the hair loss progressed 
(see online supplementary figure S1). She was referred to our 
hospital at the age of 27. Since promising outcomes of treatment 
with the JAK inhibitors tofacitinib, ruxolitinib and baricitinib for 
alopecia areata unrelated to SLE have been reported,4 we intro-
duced baricitinib (4 mg/day) along with combination therapy 
with PSL, mycophenolate mofetil and hydroxychloroquine. 
Surprisingly, no progression of hair loss was observed after 4 
weeks of treatment, and prominent hair regrowth was observed 
after 8 weeks (figure 1 and online supplementary figure S2). At 

12 weeks, the PSL dose was gradually reduced to 12.5 mg, and 
no lesions—including alopecia—relapsed. In the present patient, 
baricitinib treatment was well tolerated and no severe adverse 
events occurred.

The mechanisms involved in alopecia in SLE are unknown, 
but the clinical course of the current patient suggests that the 
JAK- STAT pathway—which cannot be controlled via treatment 
including pulse corticosteroids—may be integrally involved. It is 
thought that JAK inhibitors eliminate the IFN signature by inhib-
iting the downstream signalling of IFN- gamma and gamma cyto-
kine receptors, and thus prevent the development of alopecia 
areata.5 While considerable attention has been focused on type 
I IFNs in studies investigating IFN- associated gene expression 
profiles in SLE, the type II IFN (IFN- gamma) pathway is also 
considered to be pathogenic in the cutaneous involvement.6 The 
pathogenesis of SLE in patients with severe diffuse non- scarring 
alopecia may be primarily driven by IFN- gamma, and JAK inhib-
itors may constitute another therapeutic option in patients in 
which standard treatments are ineffective. Our case and the 
initial evidence of effectiveness of baricitinib in a recent phase 
II trial1 indicate cautious optimism, while awaiting larger trials. 
Notably, the overall risk- benefit assessment of SLE treatment 
with baricitinib should be discussed further.
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Histopathological subgrouping versus renal risk 
score for the prediction of end- stage renal 
disease in ANCA- associated vasculitis

In patients with antineutrophil cytoplasmic antibody- associated 
vasculitis (AAV) and renal involvement, the development of 
end- stage renal disease (ESRD) remains an undesired issue. To 
date, reported predictors of renal outcome are mainly patients’ 
age, severe renal dysfunction and histopathological findings at 
presentation.1 2 Histopathological classification as defined by 
Berden et al was proposed to be helpful with the highest renal 
survival rates in the focal group and the poorest in the scle-
rotic group.3 4 Recently, Brix et al suggested the antineutrophil 
cytoplasmic antibody renal risk score (ARRS) to predict ESRD 
in patients with AAV.5 Unlike Berden's classification, ARRS 
combines histopathological findings (the percentage of normal 
glomeruli, tubular atrophy and interstitial fibrosis) with baseline 
glomerular filtration rate (GFR). Here, we aimed to assess the 
prognostic factors for renal survival and to evaluate the perfor-
mances of Berden’s histopathological classification and ARRS 
for predicting ESRD.

We reviewed the medical records of all patients diagnosed 
with AAV according to biopsy and/or antineutrophil cytoplasmic 
antibody (ANCA) serology. Patients with renal involvement 
and categorised according to the 2012 Chapel Hill consensus 
nomenclature were included. Renal- limited vasculitis (RLV) was 
considered as a separate group. We reviewed renal biopsies in 
order to calculate ARRS and according to Berden’s classification. 
Renal survival was defined as the time between diagnosis and the 
development of ESRD (GFR<15 mL/min/1.73 m2 or the start of 
a permanent dialysis programme).

Patients’ of two centres were treated similarly, starting with 
cyclophosphamide or rituximab in conjunction with high- dose 
glucocorticoids for induction or major relapses, and maintenance 
treatment was composed of a combination of oral methylpred-
nisolone and azathioprine, rituximab or mycophenolate mofetil 
for at least 24 months after remission had been achieved. Factors 
predictive of renal survival were evaluated by the Kaplan- Meier 
method and the Cox proportional hazard model.

In total, 167 patients with AAV (90 with granulomatosis with 
polyangiitis (54%), 39 with microscopic polyangiitis (23%), 30 
with RLV (18%) and 8 with eosinophilic granulomatosis with 
polyangiitis (5%)) (95 men (57%), median age at diagnosis of 
55 (IQR 19) years, median serum creatinine level at diagnosis of 
3.74 (IQR 5.32 mg/dL) with renal involvement at presentation 
were analysed. ANCAs were detected in 87% (141/163) of the 
patients with indirect immunofluorescence (IIF) and/or ELISA. 
ESRD developed in 52 patients (34%) over a median follow- up 
of 39.6 (IQR 65) months, and the median renal survival was 
31 (IQR 65) months. In 72 patients (46%), haemodialysis was 
performed at presentation. Of the 106 kidney biopsies which 
were available for the final analysis, 14 (13%) were sclerotic, 
41 (39%) were crescentic, 33 (31%) were mixed and 18 (17%) 
were focal, and among them, ESRD developed in 79%, 51%, 
32% and 18%, respectively (p=0.003). Among our patients, 
14% were at low risk, 63% were at medium risk and 23% were 
at high risk group according to ARRS, and ESRD developed in 
8%, 42% and 67%, respectively (p=0.005). In univariate anal-
ysis, age at diagnosis (HR 1.02, 95% CI 1.00 to 1.04, p=0.045), 
AAV subgroups (p=0.01), Berden’s classification (p=0.009), 
ARRS (p=0.01), serum creatinine level (HR 1.14, 95% CI 1.09 
to 1.19, p<0.001) and GFR (HR 0.92, 95% CI 0.89 to 0.95, 
p<0.001) were the baseline characteristics associated with renal 
survival. In multivariate analysis (table 1), Berden’s classification 
predicted renal survival in model 1, but when GFR at diagnosis 
was included (model 2) in the model, it lost its significance. 
However, the ARRS was found to be an independent prognostic 
factor for renal survival (model 3) with the same characteristics 
in the model.

In baseline evaluation, the prediction of the development 
of ESRD in patients with AAV may be important for treating 
physicians. Histopathological findings are proposed to be 
helpful; however, it does not consider baseline renal function. 
In the present study, ARRS seems to be more advantageous than 
Berden’s classification, and the possible explanation might be the 
incorporation of baseline GFR to the histopathological findings. 
The main limitations of the present study are being retrospective 
and the absence of interobserver reliability.

In conclusion, high ESRD development rates in AAV empha-
sises the importance of identifying patients at risk. At this point, 
our results support the usage of both clinical and histopatholog-
ical findings to predict the renal outcome.
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Table 1 Multivariate analysis models which predict renal survival

Parameters

Model 1 Model 2 Model 3

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Age at diagnosis 1.01 0.98 to 1.03 0.39 0.98 0.96 to 1.01 0.41 1.01 0.99 to 1.04 0.18

AAV subgroups 0.36 0.21 0.06

 GPA versus MPA 2.10 0.87 to 5.08 0.09 2.72 1.07 to 6.92 0.03 4.07 1.45 to 11.39 0.007

 EGPA versus MPA 0 0 n/A 0.98 0.02 0 n/A 0.99 0 0 n/A 0.98

 RLV versus MPA 2.22 0.86 to 5.75 0.09 2.20 0.80 to 6.05 0.12 2.92 0.99 to 8.60 0.05

Histopathological classification – – 0.04 – – 0.08 – – –

 Focal versus sclerotic 0.20 0.05 to 0.75 0.01 0.31 0.07 to 1.27 0.10 – – –

 Mixed versus sclerotic 0.32 0.11 to 0.87 0.02 0.25 0.08 to 0.76 0.01 – – –

 Crescentic versus sclerotic 0.57 0.23 to 1.41 0.22 0.53 0.21 to 1.29 0.16 – – –

GFR at diagnosis – – – 0.90 0.86 to 0.95 <0.001 – – –

ANCA renal risk score – – – – – – – – 0.04

 Moderate versus low – – – – – – 5.62 0.74 to 42.35 0.09

 High versus low – – – – – – 10.48 1.32 to 82.88 0.02

Bold indicates statistically significant values at group level.
AAV, antineutrophil cytoplasmic antibody- associated vasculitis; ANCA, antineutrophil cytoplasmic antibody; EGPA, eosinophilic granulomatosis with polyangiitis; GFR, glomerular 
filtration rate; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; N/A, not applicable; RLV, renal- limited vasculitis.

Correspondence to Professor Servet Akar, Department of Internal Medicine, 
Division of Rheumatology, Izmir Katip Celebi University Faculty of Medicine, 35620 
Çiğli/İzmir, Turkey;  servet. akar@ gmail. com

Handling editor Josef S Smolen

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 Not commissioned; externally peer reviewed.

© Author(s) (or their employer(s)) 2020. No commercial re- use. See rights and 
permissions. Published by BMJ.

To cite Gercik O, Bilgin E, Solmaz D, et al. Ann Rheum Dis 2020;79:675–676.

Received 29 November 2019

Revised 3 February 2020
Accepted 4 February 2020
Published Online First 10 February 2020

Ann Rheum Dis 2020;79:675–676. doi:10.1136/annrheumdis-2019-216742

ORCID iDs
Onay Gercik http:// orcid. org/ 0000- 0002- 0994- 8899
Emre Bilgin http:// orcid. org/ 0000- 0002- 2260- 4660
Dilek Solmaz http:// orcid. org/ 0000- 0002- 9035- 689X

RefeRences
 1 Flossmann O, Berden A, de Groot K, et al. Long- Term patient survival in ANCA- 

associated vasculitis. Ann Rheum Dis 2011;70:488–94.
 2 de Lind van Wijngaarden RAF, Hauer HA, Wolterbeek R, et al. Clinical and histologic 

determinants of renal outcome in ANCA- associated vasculitis: a prospective analysis of 
100 patients with severe renal involvement. J Am Soc Nephrol 2006;17:2264–74.

 3 Berden AE, Ferrario F, Hagen EC, et al. Histopathologic classification of ANCA- 
associated glomerulonephritis. J Am Soc Nephrol 2010;21:1628–36.

 4 Chen Y- X, Xu J, Pan X- X, et al. Histopathological classification and renal outcome in 
patients with antineutrophil cytoplasmic antibodies- associated renal vasculitis: a study 
of 186 patients and metaanalysis. J Rheumatol 2017;44:304–13.

 5 Brix SR, Noriega M, Tennstedt P, et al. Development and validation of a renal risk score 
in ANCA- associated glomerulonephritis. Kidney Int 2018;94:1177–88.

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2019-216742&domain=pdf&date_stamp=2020-04-08
http://orcid.org/0000-0002-0994-8899
http://orcid.org/0000-0002-2260-4660
http://orcid.org/0000-0002-9035-689X
http://dx.doi.org/10.1136/ard.2010.137778
http://dx.doi.org/10.1681/ASN.2005080870
http://dx.doi.org/10.1681/ASN.2010050477
http://dx.doi.org/10.3899/jrheum.160866
http://dx.doi.org/10.1016/j.kint.2018.07.020
http://ard.bmj.com/


1 of 1Ann Rheum Dis May 2020 Vol 79 No 5

Inflammatory and non- inflammatory triggers of 
acute coronary syndromes

Inflammation plays an important role in the pathogenesis of acute 
coronary syndromes (ACS).1 However, ACS include different 
clinical conditions that can present as an acute cardiac event, 
and it may also be seen in various clinical settings independent 
of underlying cardiovascular status and traditional risk factors.2 
Recently, Westerlind et al3 reported that siblings of patients with 
rheumatoid arthritis (RA) are at increased risk of ACS that could 
not be explained by traditional cardiovascular risk factors. This 
article provides excellent information regarding importance of 
inflammation and its hereditary role in the pathophysiology of 
ACS. Nevertheless, because of many clinical conditions may be 
the underlying cause of ACS and myocardial infarction (MI), 
there are some important points to be discussed to clarify the 
findings of the present article.

ACS and MI may also occur as an acute cardiac event in the 
absence of significant coronary artery disease (CAD) and inflam-
mation. This type of MI is known as type 2 MI, and may occur 
in the context of a mismatch between myocardial oxygen supply 
and demand due to various diseases.4 Therefore, ACS is not only 
triggered by atherosclerotic plaque disruption, it may occur due 
to non- cardiovascular reasons, and this situation should be taken 
into consideration while defining ACS. Additionally, inflamma-
tion also seems to play a role in the mechanism of ACS secondary 
to non- atherosclerotic spontaneous coronary artery dissection.5 
Hence, it would be worth to know the CAD severity and the 
underlying mechanism of ACS of the study groups in the study 
by Westerlind et al,3 to comment on the relationship between 
index event and patients’ clinical conditions.

In conclusion, rheumatoid diseases and inflammation have 
important roles in the pathophysiology of CAD and ACS. 
However, ACS and MI do not occur only due to atherosclerotic 
plaque disruption. Non- cardiovascular and non- atherosclerotic 
reasons also may trigger ACS and MI in various clinical condi-
tions. Hence, the underlying mechanism of ACS should be 
clearly stated to claim a relationship between siblings of patients 
with RA and an increased risk of ACS.
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Response to: ‘Inflammatory and non- 
inflammatory triggers of acute coronary 
syndromes’ by Eyuboglu

We thank Dr Eyuboglu for his comments1 on our article ‘Siblings 
of rheumatoid arthritis patients are at increased risk for acute 
coronary syndrome’.2

Familial risks tell us if risk factors for a disease are shared 
within families. By studying familial risks, we can also investi-
gate shared susceptibility between diseases. In our present study, 
we have, by using the full siblings of patients with rheumatoid 
arthritis (RA), created a study population that are enriched 
for both the genetic and (familial) environmental risk factors 
involved in RA. If any disease has an increased frequency in our 
cohort of siblings of patients with RA, a cohort with an overrep-
resentation of RA risk factors compared with the general popu-
lation, it provides evidence for a shared susceptibility between 
that disease and RA.

What a potential observed risk increase does not tell us is 
whether it is due to genetic or environmental factors. And, as Dr 
Eyoboglu points out, it also does not tell us what type of under-
lying mechanisms are involved. But it does tell us that there is a 
relationship between the two diseases, regardless of mechanisms 
of actions.

We share Dr Eyuboglu’s interest in what the underlying mech-
anisms are and completely agree that knowing more about the 
pathophysiology underlying the identified acute myocardial 
infarctions (AMI) among the acute coronary syndromes (ACS) in 
our study population would be of great interest. Unfortunately, 
that information was not within our data and it was not possible 
for us to shed light on this in our present study. We do know, 
however, that close to 90% of the AMI registered during 2011 
in Sweden were type 1 AMI,3 meaning that the majority of the 
events among the siblings of the patients with RA, are likely to 
be type 1 AMI with an underlying atherothrombotic coronary 
event.

So in conclusion, the increase in ACS risk among the siblings 
tells us that there is a family- shared link between RA and ACS, 
but it does not tell us how and why. We thus agree with Dr 
Eyuboglu that looking further into the underlying mechanisms 
of the ACS events are of great interest and importance to learn 
more about the disease mechanisms, and we hope to study this 
further in coming studies.

Helga Westerlind    ,1 Marie Holmqvist,1 Lotta Ljung,1,2 Thomas Frisell    ,1 
Johan Askling1,3

1Clinical Epidemiology Division, Department of Medicine, Solna, Karolinska Institutet, 
Stockholm, Sweden
2Department of Public Health and Clinical Medicine/Rheumatology, Umeå University, 
Umeå, Sweden
3Department of Rheumatology, Theme Infection and Inflammation, Karolinska 
University Hospital, Stockholm, Sweden

Correspondence to Dr Helga Westerlind, Department of Medicine, Karolinska 
Institutet, S-171 77 Solna, Sweden;  Helga. Westerlind@ ki. se

Handling editor Prof Josef S Smolen

Funding This study was funded by Stockholm County Council (ALF), The Nordic 
Research Council (Nordforsk), Karoliska Institutet (Strategic Research Area 
Epidemiology), Stiftelsen för Strategisk Forskning, Heart Lung Foundation, Swedish 
Research Council and The Rheumatology Research Foundation (FOREUM).

Competing interests JA has or has had research agreements with Abbvie, 
Astra- Zeneca, BMS, Eli Lilly, MSD, Pfizer, Roche, Samsung Bioepis and UCB, mainly 
in the context of safety monitoring of biologics via ARTIS/Swedish Biologics Register. 
Karolinska Institutet has received remuneration for JA participating in advisory 
boards arranged by Pfizer and Lilly.

Patient consent for publication Not required.

Provenance and peer review Commissioned; internally peer reviewed.

© Author(s) (or their employer(s)) 2020. No commercial re- use. See rights and 
permissions. Published by BMJ.

To cite Westerlind H, Holmqvist M, Ljung L, et al. Ann Rheum Dis 2020;79:e50.

Received 4 March 2019
Accepted 5 March 2019
Published Online First 28 March 2019

 ► http:// dx. doi. org/ 10. 1136/ annrheumdis- 2019- 215277

Ann Rheum Dis 2020;79:e50. doi:10.1136/annrheumdis-2019-215293

ORCID iDs
Helga Westerlind http:// orcid. org/ 0000- 0003- 3380- 5342
Thomas Frisell http:// orcid. org/ 0000- 0002- 5735- 9626

RefeRences
 1 Eyuboglu M. Inflammatory and non- inflammatory triggers of acute coronary syndromes. 

Ann Rheum Dis 2020;79:e49.
 2 Westerlind H, Holmqvist M, Ljung L, et al. Siblings of patients with rheumatoid arthritis 

are at increased risk of acute coronary syndrome. Ann Rheum Dis 2019;78:683–7.
 3 Baron T, Hambraeus K, Sundström J, et al. Type 2 myocardial infarction in clinical 

practice. Heart 2015;101:101–6.

Correspondence response

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0003-3380-5342
http://orcid.org/0000-0002-5735-9626
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2019-215293&domain=pdf&date_stamp=2020-03-31
http://dx.doi.org/10.1136/annrheumdis-2019-215277
http://orcid.org/0000-0003-3380-5342
http://orcid.org/0000-0002-5735-9626
http://dx.doi.org/10.1136/annrheumdis-2019-215277
http://dx.doi.org/10.1136/annrheumdis-2018-214828
http://dx.doi.org/10.1136/heartjnl-2014-306093
http://ard.bmj.com/


1 of 1Ann Rheum Dis May 2020 Vol 79 No 5

Assessment of responsiveness of the 
musculoskeletal component of SLE- DAS in an 
independent cohort

We read with interest the report by Jesus et al on the Systemic 
Lupus Erythematosus Disease Activity Score (SLE- DAS).1 We 
agree that the systemic lupus erythematosus disease activity 
index 2000 (SLEDAI- 2K) in its original form has limitations as a 
disease activity tool. Since each organ manifestation can only be 
graded as present or absent, it is unable to differentiate between 
mild, moderate or severe disease activity, nor partial response in 
any feature.

Our group is researching outcome measures in musculoskel-
etal SLE. We published a previous study of responsiveness of 
various musculoskeletal outcome measures in patients treated 
with glucocorticoids.2 As expected, the musculoskeletal compo-
nent of the SLEDAI- 2K was less responsive than the physician 
visual analog scale (physician VAS), musculoskeletal component 
of the British Isles Lupus Assessment Group (BILAG) index or 
ultrasound, all of which allow for various grades of severity.

The musculoskeletal component of the new SLE- DAS should, 
in theory, improve its responsiveness as it includes a term for 
swollen joint count as a continuous variable. We therefore calcu-
lated musculoskeletal component of new SLE- DAS tool in our 
previously published data set of 20 patients. These patients had 
objective synovitis, were treated with 120 mg of intramuscular 
depomedrone and assessed at 0 and 4 weeks. We calculated the 
musculoskeletal component of the SLE- DAS using the terms:

 

3.132 x (Presence of Arthritis Yes/No) +

0.454 x (swollen joint count in 28 joints)  
As in our publication, change was assessed using Wilcoxon 

signed- rank test. Effect size was calculated using standardised 
test statistic, Z, using the formula r=Z/sqrt(n1+n2). Effect sizes 
were judged using Cohen’s criteria as large (≥0.5), medium 
(≥0.3) or small (≥0.1).3

As expected, and like the other variables, the musculoskeletal 
SLE- DAS significantly reduced from median 13.4 (IQR 12.6–
14.7) to median 6.2 (IQR 0.0–12.5, p=0.001). The effect size 
was large at −0.548. As predicted by its developers, this was 
superior to the musculoskeletal component of SLEDAI- 2K which 
had an effect size of −0.418. However, the musculoskeletal SLE- 
DAS was not as responsive as the musculoskeletal component of 
the BILAG index (−0.576), which could be graded as improving, 
or physician VAS (−0.599), which was a continuous variable. 
However, the disadvantage of these two variables is that they are 
heavily dependent on the training and expertise of the assessors. 
Measures based on joint counts like SLE- DAS may show more 
robust inter- reader reliability.

There is another crucial feature of musculoskeletal lupus in 
which the BILAG index and physician VAS are advantageous: 
subclinical synovitis. We recently showed that in patients with 
SLE presenting with inflammatory joint pain, 38% had swollen 
joints. However, a further 27% had ultrasound- proven synovitis 

without a swollen joint. Ultrasound- only synovitis was clinically 
significant, being associated with worse serology, and patient- 
reported and physician- reported outcomes.4 Since the muscu-
loskeletal component of SLE- DAS is based entirely on swollen 
joint count, it would not be able to detect or monitor disease 
activity in this subgroup.

In summary, we validate the superior responsiveness of the 
musculoskeletal component of SLE- DAS compared with the 
SLEDAI- 2K in an independent longitudinal study. However, 
our data suggest that a better outcome measure focusing on this 
specific organ system could be designed.
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Response to: ‘Assessment of responsiveness of 
the musculoskeletal component of SLE- DAS in 
an independent cohort’, by Hassan et al

It was with great interest that we read the letter ‘Assessment of 
responsiveness of the musculoskeletal component of SLE- DAS in 
an independent cohort’ by Hassan et al.1

We recently published the derivation and validation of the 
Systemic Lupus Erythematosus Disease Activity Score (SLE- 
DAS), a new continuous measure of SLE disease activity with 
high sensitivity and specificity to change.2

Hassan et al report in their letter that in an analysis of 20 
SLE patients, the responsiveness of the arthritis component of 
SLE-DAS(largeeffectsizeof−0.548)issuperiortothatofthe
arthritis component of SLE Disease Activity Index (DAI)- 2K 
(mediumeffectsizeof−0.418).1 3 These results corroborate our 
data.24 Moreover, Hassan et al report that the arthritis compo-
nent of SLE- DAS presents a similarly large effect size comparing 
with the arthritis component of the British Isles Lupus Assess-
mentGroup(BILAG)(−0.576).AshighlightedbyHassanet al, 
the SLE- DAS is expected to present a more robust inter- reader 
reliability than physician visual analogue scale and BILAG, and 
to be less dependent on the training and expertise of the asses-
sors than BILAG.

We further emphasise that SLE- DAS is a global disease activity 
index (non- organ specific), which presents a major advantage 
over BILAG for use in daily clinical practice, as it is much less 
time- consuming and requires a collection time similar to SLEDAI.

Hassan et al report that joint ultrasonography (US) is able 
to detect subclinical synovitis in SLE patients. We agree that in 
selected patients joint US can be useful to complement clinical 
assessment. However, the requirement for US joint assessment 
is not advisable to integrate a disease activity instrument, such 
as SLE- DAS, as it would constitute a major barrier for its prac-
ticality. Importantly, previous studies did not find any added 
value of systematic joint US assessment for treatment decision in 
chronic arthritis.5–7

In summary, this letter by Hassan et al corroborates the 
improved responsiveness of the arthritis component of SLE- DAS 
in an independent longitudinal cohort. The relative sensitivity 
and specificity of SLE- DAS and BILAG will be further tested in 
our upcoming study comparing BILAG and SLE- DAS.
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Adipose stromal vascular fraction and 
regenerative therapy in SSc: response to the 
article by Magalon et al

We read with interest the report by Magalon et al,1 supporting 
the use of stromal vascular fraction (SVF) derived from adipose 
tissue, as an innovative autologous biotherapy for patients 
affected by systemic sclerosis (SSc). This disease is a complex 
multisystem disorder, characterised by microvascular damage, 
dysregulation of innate and adaptive immunity and generalised 
fibrosis in the skin and multiple organs, lacking a specific 
therapy. SSc is classified into two subsets: limited cutaneous 
(lcSSc), in which the skin fibrosis is limited to the extremities 
(hands, arms and face), and diffuse cutaneous (dcSSc), in which 
the skin fibrosis progresses more rapidly, affecting the trunk 
and extremities, frequently involving the internal organs.2 Due 
to this heterogeneity, in terms of extent, severity and rate of 
progression, it is still a matter of debate if both the subsets 
share a common pathogenic mechanism. At present, a growing 
body of evidence has been published concerning mesenchymal 
stem cells (MSCs) therapy for patients with SSc—the cell popu-
lation larger represented in the SVF, in the last few years. In 
this work, the authors1 showed that the transcriptome profile 
of SVF, derived from patients with SSc, exhibited a profibrotic 
signature, without compromising the vascular repair capacity of 
SVF. In this context, we previously published data, confirmed 
also by other groups, showing a strong profibrotic signature 
in the MSCs, derived from patients with dcSSc,2–6 and thus 
suggesting their involvement in the rapid evolution of fibrosis. 
Furthermore, the authors enrolled nine patients with dcSSc and 
15 patients with lcSSc. Of note, the authors1 did not stratify 
the results between the two subsets and analysing the graphs 
of the paper, we may observe a large distribution of the data 
which partially impairs the results. Furthermore, the majority 
of the experiments were performed in very small number of 
patients (from 4 to 8) and without any explanation about 
how they were selected. Given the different profibrotic fate 
of patients with dcSSc and the significant profibrotic signature 
of MSCs derived from these patients, it should be important 
to compare the presence of possible different SVF effects, 
deriving from the two different subsets of the disease. Paradox-
ically, due to the MSCs profibrotic signature in SSc, it could 
be possible that the pathogenic milieu may force autologous 
cells to transdifferentiate to myofibroblasts, thus increasing 
the fibrotic burden.2–6 In fact, the transcriptomic analysis, in 
the study of Magalon et al1 confirmed the GDF15 gene over-
expression which is strongly related to the fibrotic pathway. 
Further refinements in the understanding of SSc- SVF profile, 
together with targeted approaches to both SSc endothelial cells 
and pathological microenvironment, are needed to improve the 
regenerative approach of SSc.
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Response to: ‘Adipose stromal vascular fraction 
and regenerative therapy in SSc: response to the 
article by Magalon et al’ by De Benedetto et al

We would like to thank Di Benedetto et al1 for their construc-
tive comments on our recent publication in Annals of Rheumatic 
Disease entitled ‘Molecular profile and proangiogenic activity of 
the adipose- derived stromal vascular fraction used as an autologous 
innovative medicinal product in patients with systemic sclerosis’.2

Di Benedetto et al mentioned that the profibrotic signature 
of mesenchymal stem cells (MSCs) derived from patients with 
the diffuse cutaneous form of systemic sclerosis (dc- SSc) has 
been established from previous works. In line with this, they 
discussed the potential risk of increasing the fibrotic burden 
by using autologous adipose- derived stromal vascular fraction 
(ADVSF) in which MSCs are highly represented.

Although this is a fair question in the context of developing 
MSCs- based therapy for SSc, we would like to emphasise the fact 
that the biological findings referred to by Di Benedetto et al, may 
not be fully extrapolated to the ADSVF used in our study. Indeed, 
the mentioned studies rather relate to MSCs derived in culture 
from the bone marrow using research- grade reagents that are very 
different from the mesenchymal cell compartment that we aimed 
to describe in the non- cultured clinical- grade ADSVF. Indeed, the 
use of MSCs necessitate an in vitro amplification procedure which 
can have a major impact on the differentiation and characteristics 
of MSCs,3 4 thereby limiting the comparison between native MSCs 
present within ADSVF. ADSVF is also a complex product whose 
biological properties result from multiple interactions between 
various cell subpopulations, and the role of each cell subset remains 
to be identified. In addition, it is well established that cultured 
MSCs derived from bone marrow and adipose tissue are quite 
different populations5 and to our knowledge, such a profibrotic 
profile of MSCs derived from the adipose tissue of patients with 
SSc was not reported, as recently confirmed by the review from 
Rozier et al.6 In 2017, report from the team of the Department of 
Biotechnological and Applied Clinical Sciences (l’Aquila University, 
Italy) indicated that MSCs isolated from adipose tissue of dc- SSc 
may represent a possible therapeutic option as they show similar 
biological properties compared with MSCs from healthy donors.7

From a clinical point of view, we are surprised that Benedetto 
et al omitted to mention that autologous ADSVF, injected in the 
fingers of 12 patients with SSc (including five dc- SSc) displaying 
hand disability, was shown to have a good safety profile and a 
potential efficacy.8 In particular, results of Rodnan score applied 
to the hands, with a follow- up until 2 years, did not indicate any 
worsening of the fibrosis aspect.9

We would also like to emphasise that the potential strength of our 
study was that it was performed on clinical- grade ADSVF, meaning 
that the analysed ADSVF correspond to the products potentially 
injected in the SCLERADEC II randomised placebo- controlled 
trial (NCT02558543). From our point of view, evaluation of this 
therapeutic ADSVF makes our findings of particular clinical rele-
vance but limits the amount of ADSVF available for biological 
investigations. This is the reason why functional angiogenic assays 
could not be performed on a larger number of samples prepared 
from various forms of the disease. We fully agree that additional 
studies are needed to consider whether the limited or diffuse cuta-
neous form of SSc have a similar impact on ADSVF properties. As 
suggested by Benedetto et al, refinements in the characterisation 
of SSc- ADSVF profile is still required. Beyond transcriptomic and 
phenotypic signature, further work should implement accurate 

in vitro and in vivo functional assays to address the contribution 
of each of the cellular subsets and their interactive benefit in the 
modulation of fibrosis, angiogenesis and inflammation. These 
targeted approaches, together with outputs from the ongoing clin-
ical trials, are needed to further define the optimal strategies for 
cell- based therapies of SSc.
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Could autologous adipose- derived stromal 
vascular fraction turn out an unwanted source 
of profibrotic myofibroblasts in 
systemic sclerosis?

With great interest, I read the recent publication by Magalon 
et al1 in the Annals of the Rheumatic Diseases. The results of 
this study are placed in the scenario of a quite complex disease 
featuring vasculopathy, autoimmunity and extensive multiorgan 
fibrosis whose life- threatening nature is well testified by a 5- year 
mortality of 30%–50% in a subset of patients with diffuse cuta-
neous systemic sclerosis (SSc) and internal organ involvement.2 
Although substantial basic/translational and clinical research 
progresses have been achieved over the past decade, current 
treatments are mainly organ based and do not result in a cure 
which highlights the urgent need of developing new poten-
tially disease- modifying therapies and personalised medicine 
approaches.2

In this context, the adipose- derived stromal vascular frac-
tion (ADSVF) has recently gained attention as an innovative 
biotherapy because of its abundance of mesenchymal- like stem/
stromal cells (referred to as adipose- derived stem cells; ADSC), 
accessibility and ease of harvest. The same research team has 
previously reported encouraging results from a phase I clinical 
trial showing a good safety profile and a potential efficacy of 
local injection of autologous ADSVF to treat hand disability in 
patients with SSc.3 This evidence was further substantiated by 
an up to 2- year follow- up analysis indicating an improvement of 
ischaemic vasculopathy (ie, Raynaud’s phenomenon and digital 
ulcers), hand pain and global quality of life without any signifi-
cant worsening of fibrosis as assessed by modified Rodnan skin 
score applied to the hands.4 The aforementioned observations 
represented the obvious groundwork for the herein commented 
study,1 in which the authors provided a thorough characterisa-
tion of the cellular and molecular profiles of therapeutic- grade 
ADSVF harvested from patients with SSc in comparison with 
healthy donors (HD). Such an analysis is of extraordinary 
importance, especially when considering that the composition of 
ADSVF is extremely heterogeneous as it includes not only ADSC, 
that represent its major constituents, but also endothelial cells/
progenitors, pericytes, and haematopoietic and immune cells.1 
The authors reported no substantial difference in the distribu-
tion of the various cell populations in SSc- ADSVF compared 
with HD- ADSVF, and the two products performed similarly with 
only slight differences in terms of their vasculogenic/angiogenic 
capacity assessed by a number of in vitro and in vivo assays.1 
Nonetheless, global and single- cell RNA- sequencing approaches 
and analysis of ADSVF- derived secreted factors revealed a 
differential endothelial and stromal cell molecular signature of 
the SSc- ADSVF reflecting endothelial activation, deregulation 
of angiogenesis and fibrosis, such as an upregulation of growth 
differentiation factor-15 that has previously been implicated in 
SSc- related fibrosis.1

I particularly appreciated the balanced conclusions of the 
authors that not only emphasised the potential of autologous 
ADSVF to treat SSc- related vasculopathy on the basis of its 
preserved vascular repair capacity, but also frankly acknowl-
edged that the significance of the molecular profile alterations 
detected in the SSc- ADSVF deserves an in- depth investigation, 
since they may be relevant for the fibrotic process.1 In this 
regard, I believe that some additional cues are worth consid-
ering. First, another study has previously analysed the ADSVF 

from patients with diffuse cutaneous SSc and reported somehow 
different results.5 In fact, Virzì et al5 have shown that SSc- 
ADSVF displays an altered cell composition characterised by a 
reduced number of cells with a stem- like phenotype, as well as 
a high content of proinflammatory cytokines and a shortage of 
angiogenic factors. Moreover, at variance with an earlier study 
showing that isolated SSc- ADSC exhibit similar biological prop-
erties (ie, surface antigenic profile, proliferation and differen-
tiation potentials, immunosuppressive properties and capacity 
to support endothelial cell tube formation) compared with 
HD- ADSC,6 Virzì et al5 found that SSc- ADSC may retain high 
multipotency but fail to sustain terminally differentiated adipo-
cyte, osteocyte and chondrocyte progenies. Second, similarly to 
previous findings on SSc bone marrow- derived mesenchymal 
stem/stromal cells,7 Lee et al8 have recently reported that early 
passage SSc- ADSC have a profibrotic and antiadipogenic pheno-
type characterised by high levels of the myofibroblast marker 
α-smooth muscle actin and low expression of both caveolin-1 
and the adipogenic marker FABP4. Of note, they also demon-
strated that a myofibroblast- like phenotype could be induced 
in HD- ADSC by treatment with transforming growth factor-β8 
which suggests that the SSc pathological environment might be 
relevant in determining an unwanted profibrotic fate of ADSC. 
Finally, we should not overlook that cell fate mapping studies 
in the bleomycin- induced mouse model of skin fibrosis clearly 
demonstrated that adiponectin- positive progenitors that are 
normally confined to the intradermal adipose tissue compart-
ment redistribute into the lesional dermis, where they lose the 
adipocytic markers and acquire a myofibroblast- like pheno-
type.9 Taken together, it is clear that the functional experimental 
approach employed by Magalon et al1 could exclusively disclose 
the vascular repair performance of SSc- ADSVF, but much work 
is still to be done (eg, xenogeneic human SSc- ADSVF injection 
in mouse models) to definitely rule out that autologous ADSVF 
might even behave as an unwanted source of profibrotic myofi-
broblasts in a therapeutic setting. Based on either the evidence 
that the specific pathological environment might be crucial in 
affecting the ADSC fate or the lesson we recently learnt from 
gene expression profiling studies on the existence of different 
molecular subtypes of SSc fibrotic skin disease,8 10 a future 
in- depth molecular and functional characterisation of ADSVF in 
larger SSc cohorts has the great potential to help in predicting 
which patients are more likely to benefit from an autologous 
ADSVF- based therapeutic approach.
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Response to: ‘Could autologous adipose- derived 
stromal vascular fraction turn out an unwanted 
source of profibrotic myofibroblasts in systemic 
sclerosis?’ by Manetti

We would like to thank Dr Manetti for his relevant comments1 
on our recent article in the Annals of Rheumatic Disease 
entitled ‘Molecular profile and proangiogenic activity of the 
adipose- derived stromal vascular fraction used as an autolo-
gous innovative medicinal product in patients with systemic 
sclerosis’2. We are pleased that this study has raised such a high 
interest in the scientific community and allows us to provide 
additional comments to those recently published3 4 in order 
to discuss the potential profibrotic profile of adipose- derived 
stem cells (ADSC) derived from patients with diffuse cutaneous 
systemic sclerosis (SSc). We agree that SSc is a rare but poten-
tially lethal autoimmune disease that challenges the urgent 
need to develop novel therapeutic approaches. In this context, 
autologous fat grafting has been successfully used to limit SSc- 
associated clinical complications such as SSc- related perioral 
thickening and mouth opening limitation5 facial handicap6 
or digital ulcers.7 These clinical results opened up research 
perspectives on autologous adipose tissue based therapies for 
patients suffering from SSc. However, we agree that the ques-
tion raised by Dr Manetti : ‘Could autologous adipose- derived 
stromal vascular fraction turn out an unwanted source of 
profibrotic myofibroblasts in systemic sclerosis?’ is of a major 
concern.

Indeed, some studies performed on skin biopsies in patients 
with SSc suggested that perivascular cells from the mesen-
chymal lineage were prone to myofibroblastic differentiation.8 
However, recent investigations regarding the impact of SSc 
disease on the disorganisation of the adipose tissue archi-
tecture9 or altered differentiation capabilities9 and reduced 
proliferation rate and metabolic activity of ADSC10 remain 
controversial. Conversely, Capelli and colleagues showed that 
ADSC obtained from patients with SSc exhibit phenotypic 
pattern, proliferation, immunosuppressive properties and 
differentiation potential that are similar to the ones observed 
in healthy controls, emphasising the safety of using autolo-
gous ADSC grafting as a therapeutic option for SSc.11 The 
discordance between these studies may be explained by (1) 
the variable sources and expansion protocols that allow to 
derive ADSC and (2) the high interindividual heterogeneity 
between patients with SSc in terms of severity, duration and 
manifestations of the disease and ongoing treatment. More-
over, these preliminary studies have concerned investigation 
at the cellular levels whereas it is now well established that 
the mechanisms sustaining the function of ADSC mainly rely 
on the secretion of factors able to regulate endogenous cell 
activity. Although ADSC is one of the most represented cell 
subtype in adipose- derived stromal vascular fraction (ADSVF), 
we believe that conclusions driven from ADSC derived in 
culture from patients with SSc cannot be extrapolated to the 
freshly isolated autologous therapeutic ADSVF characterised 
in our study. In line with this assumption, recent studies have 
highlighted differences in the paracrine content of expanded 
and non- expanded ADSC and suggest that ADSVF may secrete 
a larger panel of soluble factors with beneficial properties for 
cell therapy than ADSC.12

Furthermore, although pathogenesis of SSc is not 
fully understood, it is now recognised that endothelial 

dysfunction constitutes the primum movens for fibrosis 
progression. Thus, the SCLERADEC phase I clinical trial 
(NCT :01813279) and the preserved proangiogenic activity 
of SSc- ADSVF described in our study suggest that the pres-
ence of regenerative endothelial progenitors cells in ADSVF 
is a major advantage in preventing and/or limiting SSc- 
associated vasculopathy.2 13 In addition, transcriptomic and 
molecular signatures of SSc are not strictly correlated to the 
in vivo properties of progenitor cells. Indeed, we have found 
several markers of endothelial activation and dysregulation 
in the secretome of ADSVF from patients with SSc, without 
compromising its vascular repair capacity compared with 
ADSVF from healthy donors.

Nonetheless, we agree with Dr Manetti that implementa-
tion of in vitro and/or in vivo potency assays addressing both 
vascular and fibrotic properties of ADSVF are needed to define 
the optimal cellular- based strategies in SSc. From our point 
of view, such developments can benefit from investigations 
conducted using a pharmaceutical grade cell therapy product 
infused in the frame of a controlled clinical trial in order to 
integrate not only the patients and disease characteristics but 
also the possible impact of the manufacturing process.
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MYCYC: unravelling the long road ahead in 
ANCA- associated vasculitis

We read with great interest the article on ‘Mycophenolate 
mofetil versus cyclophosphamide for remission induction in 
ANCA- associated vasculitis: a randomized, non- inferiority 
trial’ by Jones et al.1 The trials of mycophenolate mofetil 
(MMF) for induction in antineutrophil cytoplasmic antibody 
(ANCA)- associated vasculitis (AAV) done previously were 
single- centre studies mostly restricted to patients with micro-
scopic polyangiitis (MPA), predominantly from South East 
Asia.2 3 We commend the authors for including a large popu-
lation of patients with AAV of different age groups, with true 
representation of both granulomatosis with polyangiitis, and 
patients with MPA from different countries, thus overcoming 
the limitations of previous studies and possibly bringing us 
closer to the true estimate of efficacy of MMF as an induction 
agent in AAV. However, certain aspects of this study require 
clarification and discussion.

First, median baseline estimated glomerular filtration rate 
(eGFR) of 51 mL/min/m2 of the trial patients did not improve 
considerably at 6 or 18 months in either of the two arms (online 
supplementary figure 1B of the paper). Non- reversibility of 
renal dysfunction with immunosuppressive therapy raises 
a suspicion of a component of chronicity to the underlying 
renal disease. Since patients with recent decline (eGFR fall 
>20%) in renal function in previous 2 weeks were excluded, 
the baseline renal dysfunction at entry could be reflective of 
previously unrecognised or relapsing/refractory renal disease. 
Thus, although newly diagnosed (within 6 months) patients 
were included in the trial, it might be prudent to examine the 
duration of disease (taken from onset of first AAV- related 
symptom) at the time of recruitment. Were the recently diag-
nosed patients with AAV included in the study recruited at first 
presentation or at a relapse?

It would be interesting to see the predictors of relapse in the 
study, and whether there was any correlation with the dose of 
MMF used for induction or the dose of steroids at the time of 
relapse. Was there any incremental benefit of increasing the 
MMF dose to 3 g/day in terms of remission and subsequent 
relapse rates? Did the 18% patients who received MMF <2 
g/day relapse more? In today’s world where we are gradu-
ally attempting a transition towards low or no steroid use in 
AAV, knowledge of a correlation (or a lack thereof) between 
steroid dose and risk of relapse would be quintessential. Since 
a sizeable number (26) of patients in each arm were not on 
maintenance azathioprine by the end of 18 months, did this 
correlate with an increased risk of relapse? With the post hoc 
subgroup analysis showing that most relapses in the MMF arm 
occurred in patients with PR3- ANCA, further clarification 
on the subsequent comment by the authors, ‘There was no 
evidence that the effect of MMF on relapse differed by ANCA 
subtype (p=0.52 for interaction)’ may be helpful.

We could not help but notice a few factual errors and text- 
table discrepancies. Two withdrawals or loss to follow- up by 
6 months in the MMF group (figure 1 of the paper) versus 
three in the text. The p value for the incidence rate ratio (IRR) 
for relapse rates in MMF versus cyclophosphamide (CYC) is 
<0.05 even though the lower limit of 95% CI crosses 1 (IRR 
1.97, 95% CI 0.96 to 4.23, p=0.049). Interestingly, as per 
the results of the primary efficacy analysis in the same data 
set presented at the 16th International Vasculitis and ANCA 
workshop and published in abstract form in the La Presse 

Medicale in 2013, the non- inferiority endpoint was not met.4 
The primary remission endpoint occurred in 46/70 (66%) 
MMF vs 48/70 (69%) CYC, with the risk difference being 
−3% (90% CI −16% to 10%), leading to a p value of 0.06 for 
non- inferiority.

It would be interesting to know the indication for prerando-
misation treatment with plasmapheresis or pulse methylpred-
nisolone. With 24% patients in the MMF arm receiving one 
dose of pulse CYC, 59% receiving intravenous pulse meth-
ylprednisolone and 11% receiving plasma exchange before 
randomisation, the efficacy estimates of MMF, and the time 
taken for remission are prone to overestimation, although the 
prerandomisation treatment did not differ between the two 
arms

The steroid dosage protocol followed in the MYCYC mimics 
the current standards of practice in AAV. Higher remission rates 
at 6 months irrespective of steroid compliance compared with 
those with steroid compliance, along with comparable remission 
rates of most induction agents in AAV, make one wonder if the 
efficacy estimates of second induction agents in AAV in MYCYC 
and other induction trials like CYCLOPS, RAVE, RITUXVAS 
or NORAM have been confounded by the use of background 
steroids. Although the preliminary results of the PEXIVAS have 
found reduced dose (<60%) glucocorticoids (GC) to be non- 
inferior to standard dose GC in terms of efficacy,5 the exact 
contribution of steroids in the currently used steroid- based 
combination induction regimens in AAV should be clearer with 
the results of low- steroid induction trials in AAV like the LoVAS.6

With the documented efficacy of MMF in advanced prolifera-
tive lupus nephritis and the inclusion of a small subset of patients 
with AAV with severe renal involvement in the study by Han et 
al,3 comparison of MMF versus CYC in this cohort of patients 
represents an unmet need that needs to be studied in systemati-
cally designed prospective studies.

Finally, with a statistically significant increase in relapse rates 
in the MMF arm after 18 months of follow- up in the current 
study, it would be interesting to see if the long- term outcome 
of this cohort of patients parallels the NORAM trial.7 8 With 
the still uncertain way of handling steroids during induction and 
maintenance of AAV and the expanding therapeutic armamen-
tarium for AAV, these certainly are challenging although exciting 
times in the management of AAV.
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Response to: ‘MYCYC, unravelling the long road 
ahead in ANCA- associated vasculitis’ by Jain 
et al

In their letter to the editor, Jain et al raised some issues regarding 
our recent paper. We appreciate their interest in our study and 
their positive comments.1

Jain et al highlight the fact that the presenting glomerular 
filtration rate (GFR) did not improve considerably during 
the study and were concerned that this raised the suspicion 
that there was a component of chronicity associated with the 
underlying disease. This is unlikely; at study entry it was an 
inclusion criteria that all patients had newly diagnosed disease, 
not relapsing disease and had not received either rituximab 
therapy or more than one intravenous pulse of cyclophos-
phamide or more than 2 weeks daily oral cyclophosphamide. 
Renal vasculitis can present in a number of different ways; 
from microscopic haematuria with a normal renal function to 
the syndrome of rapidly progressive glomerulonephritis neces-
sitating dialysis. The stability of GFR over the course of the 
study reflects the facts that GFR at entry was relatively high 
(51 mL/min), that patients with a clinical syndrome of rapidly 
progressive glomerulonephritis were excluded (defined as a 
20% fall in GFR over a 2 weeks), that patients with a GFR 
<30 mL/min were excluded and that active renal vascu-
litis was not a requirement for entry. Eighty- one per cent of 
patients had active renal vasculitis at study entry and the lack 
of change in GFR is very likely a reflection of less severe renal 
disease rather than more chronic renal disease. Change in GFR 
demonstrated includes all patients from the study and is not 
a subgroup analysis of patients with active renal vasculitis at 
entry.2 However, we did not collect data on time from diag-
nosis to inclusion in the study and we have not analysed renal 
biopsies in this study to determine chronicity of the lesions 
present in those who had a renal biopsy performed.

The indication for additional treatments intravenous meth-
ylprednisolone (MP) and plasma exchange or initiation of oral 
steroids, and cyclophosphamide (CYC) in the 2 weeks before 
study entry were not recorded; however, these treatments were 
permitted prior to enrolment as these are standard treatments 
initiated for severe disease and reflect usual clinical practice.3 
Exclusion of patients receiving these treatments would have 
restricted the study population to those with milder disease, 
thus limiting generalisability of results. Recognising that 
intravenous MP or plasma exchange may affect short- term 
outcomes, use of these additional treatments was a stratifica-
tion factor in the randomisation process to ensure groups were 
balanced in this regard.

Jain et al were interested in predictors of relapse but the 
study was an induction trial and not designed to investi-
gate relapse of disease. The study was not powered for this 
endpoint and follow- up duration was short, with only 18 
months follow- up. We do not feel it appropriate to report risk 
factors of relapse in this manuscript. Jain et al are concerned 
that mycophenolate mofetil (MMF) dosing may have impacted 
on treatment efficacy and risk of relapse, however, a number 
of patients receiving different doses of MMF are too small to 
investigate this; only 12 patients received <2 g and 4 patients 
received >2 g.

Clarification was requested on relapses relating to patients 
with Proteinase 3- anti- neutrophil cytoplasm antibody (PR3- 
ANCA)- associated disease. We were unable to detect a 

statistical difference in relapse rates between MMF and CYC 
in Myeloperoxidase (MPO)- ANCA disease, the increase in 
relapse rate was accounted for by patients with PR3- ANCA 
positivity. However, we have not included this statistical data 
in the manuscript as the study was underpowered to test this 
hypothesis. We are concerned about an overinterpretation of 
our data if this is stated. We, therefore, tested for an interac-
tion of MMF and disease type and could show no evidence 
that the effect of MMF on relapse differed by ANCA subtype, 
this is included in the manuscript.

Jain et al were concerned that the p value for the incidence 
risk ratio (IRR) for relapse rates in MMF versus CYC is <0.05 
even though the lower limit of 95% confidence intervals (CI) 
crosses 1 (IRR 1.97, 95% CI 0.96 to 4.23, p=0.049). This is 
not a factual error as Jain et al suggest. The CI and p value are 
derived from different models, so it is possible that these disagree 
particularly in a ‘borderline’ case like this. Relapse rate was a 
secondary outcome in this study which was not powered to give 
robust evidence on relapse. The abstract published in 2013 was 
based on preliminary findings and was submitted before final 
adjudication of the data and analysis. The final analysis of the 
study is as published in Annals of Rheumatic Diseases, and the 
study met the primary endpoint as stated.

The indication for additional treatments intravenous meth-
ylprednisolone and plasma exchange or initiation of oral 
steroids, and cyclo in the 2 weeks before study entry were 
not recorded, however, these treatments were permitted prior 
to enrolment as these are standard treatments initiated for 
severe disease and reflect usual clinical practice.3 Exclusion of 
patients receiving these treatments would have restricted the 
study population to those with milder disease, thus limiting 
generalisability of results. Recognising that intravenous MP 
or plasma exchange may affect short- term outcomes, use of 
these additional treatments was a stratification factor in the 
randomisation process to ensure groups were balanced in this 
regard. Given this balance it is expected that any overestima-
tion of time to remission is likely to have affected both treat-
ment groups similarly.

We agree that the steroid dosing in MYCYC may have contrib-
uted to remission and relapse outcomes, and for this reason 
was standardised across treatment groups and compliance with 
steroid taper was a component of the primary remission outcome 
definition. We also agree that remission efficacy observed with 
MMF and steroids in this study should not be interpreted as 
MMF efficacy alone or with lower steroid regimen without 
further randomised data.

We agree with Jain et al that there remain many questions 
about the management of ANCA associated vasculitis (AAV) 
with regard to steroids and maintenance therapy but these are 
out with the realms of this publication.
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Changing landscape of immunosuppression in 
ANCA- associated vasculitis

Over last decades, there have been substantial advances in the 
immunosuppressive treatment for antineutrophil cytoplasmic 
antibody (ANCA)- associated vasculitides (AAV), that is, granu-
lomatosis with polyangiitis (GPA) and microscopic polyangiitis 
(MPA). The recently published MYCYC study added another 
piece of evidence to our knowledge of treatment options in 
patients with AAV.1 In an open- label, two- group, parallel- 
design, randomised trial, 140 newly diagnosed patients with 
active GPA or MPA were allocated to remission induction with 
mycophenolate mofetil (MMF) or pulsed cyclophosphamide 
in combination with the same oral glucocorticoid regimen. 
Non- inferiority was demonstrated for the primary remission 
endpoint, which occurred by 6 months in 67% of patients in 
the MMF group and 61% of patients in the cyclophosphamide 
group (risk difference 5.7%, 90% CI −7.5% to 19%). The 
median time to remission was also similar in the MMF and 
cyclophosphamide groups. However, treatment with MMF was 
associated with a higher occurrence of relapses compared with 
cyclophosphamide (33% vs 19%, p=0.049). As expected, the 
higher relapse rate following remission induction with MMF 
was accounted for by more frequent relapses in patients with 
proteinase-3 ANCA, but not patients with myeloperoxidase 
(MPO) ANCA. The authors suggested that MMF induction 
therapy might be a suitable alternative to cyclophosphamide in 
patients at low risk of relapse, such as those with MPO- ANCA.

Unlike methotrexate, MMF can be used in patients with 
moderate or severe renal disease. Moreover, remission induc-
tion treatment with MMF was similar in efficacy to pulsed 
cyclophosphamide in patients with lupus nephritis.2 It seems 
that MPO- ANCA associated renal vasculitis may be a primary 
indication for administration of MMF. At entry into MYCYC 
study, 81% of patients in the MMF and cyclophospha-
mide groups presented with proteinuria, haematuria and/or 
impaired kidney function. Only two patients in both groups 
progressed to end stage renal disease, while average estimated 
glomerular filtration rate at 18 months did not differ between 
groups.

Unlike cyclophosphamide, MMF does not induce infertility 
that causes particular concerns in younger patients with AAV. 
Therefore, adolescents and young adults should also be consid-
ered as candidates for MMF induction regimen. MYCYC 
study was the first randomised trial in AAV to include paedi-
atric patients (n=8). The response rates were similar in the 
MMF and cyclophosphamide groups in children. However, 
the small number of paediatric participants precludes any 
definite conclusions regarding the efficacy or safety of MMF 
in this population. Of note, an advantage of MMF in safety 
over cyclophosphamide should not be overestimated given the 
similar rates of adverse events, including serious infections, 
in the two groups. Over 18 months of follow- up, malignan-
cies were reported in one patient from MMF group and one 
patient from cyclophosphamide group.

Only patients with newly diagnosed AAV participated in the 
MYCYC study. Therefore, the efficacy of MMF as compared 
with cyclophosphamide in patients with relapsing AAV is not 
established. In RAVE trial, conventional immunosuppression 
with cyclophosphamide followed by azathioprine was inferior 
to rituximab at 6 and 12 months in 101 patients who had 
relapsing disease at baseline.3 We can speculate that in patients 
with relapsing AAV remission induction treatment with MMF 

would be even less effective and should be avoided. In the 
IMPROVE trial, MMF was also inferior to azathioprine for 
maintaining disease remission in 156 patients with AAV.4

Currently, rituximab is increasingly used for initial induc-
tion remission treatment in patients with both de novo and 
relapsing AAV. Moreover, in the USA, rituximab label has 
been recently updated to include information for mainte-
nance therapy in adult patients with GPA and MPA who have 
achieved remission with induction treatment. The apparent 
benefits of rituximab question the future of MMF in patients 
with AAV. High cost of rituximab is one of the main factors 
limiting its use in AAV in many countries. The independent 
Evidence Review Group commissioned by the National Insti-
tute for Health and Care Excellence (NICE) has recently 
concluded that rituximab was likely to represent a cost- 
effective addition to the treatment sequence if given after 
cyclophosphamide treatment.5 In Russia, there is almost a 
7- fold difference between the acquisition costs for rituximab 
and MMF. However, the emergence of less expensive (by up 
to 30%) biosimilars of rituximab improved patients’ access to 
modern care. Accumulating evidence suggest that a proportion 
of patients with AAV are overtreated with rituximab and may 
benefit from safer and more cost- effective low- dose regimens 
of rituximab administration.6

In summary, the results of MYCYC study and other 
randomised controlled trials pave the way for precision medi-
cine in AAV. We agree with the authors that stratified treat-
ment approaches are indicated in order to optimise long- term 
outcomes. The choice of treatment depends on many factors, 
including age of patient, severity of AAV, ANCA specificity, 
renal function, the presence of granulomatous lesions and so 
on (table 1). Emerging treatment options, that is, complement 
inhibitors (avacopan, IFX-1) may result in implementation 
of safer, steroid- free remission induction and maintenance 
regimens.

Sergey V Moiseev    ,1 Ilya Smitienko,2 Nikolai Bulanov,1 
Ekaterina Karovaikina,1 Pavel I Novikov1

1Department of Rheumatology, Tareev Clinic of Internal Diseases, Sechenov First 
Moscow State Medical University, Moscow, Russian Federation
2Medical Center K+31, Moscow, Russian Federation

Correspondence to Professor Sergey V Moiseev, Tareev Clinic of Internal Diseases, 
Sechenov First Moscow State Medical University, Moscow 119435, Russian 
Federation;  clinpharm@ mtu- net. ru

Correction notice This article has been corrected since it published Online First. 
Table 1 has been corrected.

Handling editor Josef S Smolen

Correspondence

Table 1 Possible tailored regimens of remission induction treatment 
in patients with AAV

Non- severe AAV Severe AAV

Proteinase-3 ANCA Methotrexate* or rituximab Rituximab† or 
cyclophosphamide

MPO- ANCA Methotrexate* or MMF or 
rituximab

Cyclophosphamide or 
rituximab† or MMF†

ANCA- negative Methotrexate* or 
cyclophosphamide

Cyclophosphamide

Immunosuppressive medications should be used in combination with 
glucocorticoids (at least 40 mg daily of prednisone in non- severe AAV and at least 
60 mg daily of prednisone in severe AAV).
*Only in patients with estimated glomerular filtration rate >30 mL/min/1.73 m2.
†Preferably in younger patients as well as in patients with relapsing disease.
AAV, ANCA- associated vasculitides; ANCA, antineutrophil cytoplasmic antibody; 
MMF, mycophenolate mofetil; MPO, myeloperoxidase.
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