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Changing the wolf from outside: how 
microbiota trigger systemic 
lupus erythematosus
Isabelle Peene,1,2 Dirk Elewaut   1,2

Systemic lupus erythematosus (SLE) is a 
prototypic autoimmune disorder affecting 
multiple organ systems including skin, 
joint and several internal organs such as 
kidney, heart or lung. A hallmark of this 
disease is the development of circulating 
antibodies against nuclear antigens and 
immune complex formation. The best-
known antibodies are directed against 
native DNA and are prognostic for devel-
opment of lupus nephritis. The processes 
resulting to the cascade of events culmi-
nating in the clinical features of SLE are 
only partially understood and involve 
among others, defective clearance of 
apoptotic cells and enhanced DNA 
damage to ultraviolet irradiation, and 
netosis1 2 (figure 1). It has also been 
suggested for a long time that certain 
microbial triggers could play a role in the 
onset of SLE, supported by early reports 
that antibody responses to nucleic acids/
nucleoproteins were found in association 
with certain bacterial infections. More 
recently, more definitive proof of concept 
studies using germ-free and reconstituted 
mice highlighted that intestinal microbiota 
are able to drive development of systemic 
autoantibody responses.3 4 However, 
whether similar processes underlie devel-
opment of lupus nephritis and anti-DNA 
antibodies was unclear.

In Annals of Rheumatic Diseases, Azzouz 
et al5 describe the results of an in-depth 
analysis of the relationship between intes-
tinal microbiota, development of anti-DNA 
antibodies and their link to development 
of lupus nephritis. 16S rRNA sequencing 
was conducted on faecal samples from a 
discovery SLE cohort of 61 patients. In this 
cohort, the investigators described a clear 
evidence of dysbiosis with the fivefold over-
abundance of Ruminococcus gnavus (RG) 
versus controls being the most significant 

finding. RG is an anaerobic gram-positive 
taxon in the Fimicutes phylum and Lachn-
nospiraceae family and has been previously 
associated with ankylosing spondylitis 
(AS) and inflammatory bowel diseases 
(IBDs).6 Intriguingly, its relative abundance 
correlated with lupus disease activity. 
Outgrowth of Ruminococcus was associ-
ated with reciprocal reductions of intes-
tinal species such as Bacteroides uniformis. 
In addition to this, the investigators also 
revealed some evidence for impaired 
intestinal barrier integrity in a significant 
proportion of the patients with SLE. This 
could favour loss of systemic tolerance. To 
test the impact of overabundance of RG in 
patients with SLE, serum immunoglobulin 
(Ig)A and IgG antibody responses were 
measured. They were not only increased 
in SLE versus controls but the level of IgG 
anti-RG2 antibodies correlated with the 
faecal abundance of RG as well as the SLE 
Disease Activity Index score, a validated 
measure of disease activity. Based on these 
impressive correlations, the investigators 
evaluated the association between anti-RG 
and anti-native DNA antibodies, which are 
commonly found in patients with lupus 
nephritis. A number of observations listed 
below revealed a striking and selective asso-
ciation between anti-RG IgG antibodies 
and occurrence of anti-DNA antibodies, 
including correlation with IgG reactivity 
against human glomerular extracts, and 
inverse association with C3 and C4 levels 
indicative of complement activation typi-
cally observed in immune-complex medi-
ated diseases such as lupus nephritis. The 
investigators then sought to unravel the 
molecular nature of this observed asso-
ciation and found that RG2 but not RG1 
antigens cross-react with lupus anti-dsDNA 
antibodies. Using a hydrophobic interac-
tion chromatography-based strategy to 
characterise cell wall moeities, fractions of 
the RG2 strain were obtained and tested by 
nuclear magnetic resonance and mass spec-
trometry analysis and tested for immune 
reactivity using SLE sera. The lipoglycan 3 
cell wall expressed the immunodominant 
epitopes commonly recognised by SLE 
sera.

The association with RG2 antibodies 
and anti-native DNA autoantibodies could 
be replicated in two small cohorts of, 
respectively, 27 patients with SLE and 17 
patients with active lupus nephritis but 
they were absent in patients with primary 
membranous glomuleronephritis and anti-
neutrophil cytoplasmic antibody associated 
vasculitis suggesting their relative spec-
ificity. In addition, the association with 
anti-RG2 antibodies was not found with 
other SLE autoantibodies such as anti-Ro. 
Collectively, the data shown by Azzouz et 
al reveal a novel and intriguing paradigm 
that SLE may be triggered or augmented 
through a molecular mimicry process 
between a lipoglycan expressed on the cell 
wall of intestinal RG2 and native DNA 
molecules (figure 1). However, whether 
these findings reflect causal associations is 
yet unclear. Some indirect evidence suggest 
that RG may foster barrier integrity loss as 
the Lachnnospiraceae family fill a special 
niche and degrade complex polysaccharides 
such as the intestinal mucus layer. On the 
other hand, expansion of RG strains has 
also been reported in both IBD and AS,6 yet 
whether they are identical as in SLE remains 
unclear. It is also unknown whether devel-
opment of anti-RG antibodies is a SLE-spe-
cific trait. In this regard, larger groups of 
controls including IBD, AS, spondyloar-
thritis (SpA) need to be tested. In addition, 
patients with SLE and Sjogren’s syndrome 
(SS), two closely related autoimmune 
diseases, share a common restricted gut 
microbiota diversity, but their oral micro-
biota are distinct.7 Knowledge of the gut 
microbiota diversity in relation to an auto-
antibody status shared by different diseases 
(for instance, as for antiRo52 in SLE, SS, 
systemic sclerosis and idiopathic inflamma-
tory myopathy) might further untangle this 
conundrum. An earlier study reported that 
sera from patients with SLE with antiRo60 
antibodies immunoprecipitate orthologs 
Ro60 derived from commensal bacteria.8 
In contrast to anti-DNA antibodies, this 
autoreactivity remains stable in the long 
term suggesting that it may be less influ-
enced by microbiota alterations over time. 
Further research should elucidate whether 
the fluctuations of anti-DNA antibodies in 
patients run parallel to shifts in the diver-
sity of gut microbiota. Furthermore, most 
definitive cause–effect studies such as 
gnotobiotic mouse models reconstituted 
with RG versus control microbiota on SLE 
features still need to be reported, but given 
the earlier reported association between 
intestinal microbiota, segmented filamen-
tous bacteria (a strong inducer of Th17 
responses) and development of antinuclear 
antibodies, it is tempting to assume that the 
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current associations reflect a true causal 
association in genetically predisposed indi-
viduals (figure 1). Alternatively, the asso-
ciation could reflect a lowered threshold 
for systemic autoantibody development. 
Collectively, the data presented here reflect 
the relevance of an emerging theme that 
epithelial surfaces constitute a gateway to 
a myriad of rheumatic diseases including 
rheumatoid arthritis, SpA including AS and 
psoriatic arthritis, now joined by SLE.
Correction notice This article has been corrected 
since it published Online First. The figure legend has 
been amended.
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Figure 1 Integrating intestinal microbiota into systemic lupus erythematosus (SLE) pathogenesis. (A) Exposure to various sterile and/or infectious 
stimuli can lead to apoptosis or NETosis contributing to release of modified self-antigen (DNA). Genetic susceptibility and/or defective clearance 
results in presentation of these modified self-antigens to T cells followed by B cell activation and eventually production of anti-DNA antibodies, well-
known for their association with lupus nephritis. (B) Dysbiosis in patients with SLE with fivefold overabundance of Ruminococcus gnavus (RG) leads 
to barrier disruption and loss of systemic tolerance with subsequent development of anti-RG antibodies mainly directed towards the fragment RG2 
(anti-RG2 antibodies). RG2-containing pools included moieties that were potent in vitro activators via toll-like receptor 2 (TLR2) (previously been 
implicated in lupus pathogenesis), illustrated by Azzouz et al5 by elevated serum interferon alpha 2. (C) SLE may be triggered or augmented through 
intestinal dysbiosis and a molecular mimicry process between a lipoglycan expressed on the cell wall of RG and native DNA molecules (1) Loss of 
systemic tolerance due to over abundance of RG and/or the formation of immune complexes may lead to augmented stimulation of innate immunity 
and subsequent enhanced presentation of self antigen followed by production of anti DNA antibodies. (2) Type1 interferon has a critical role in SLE 
pathogenesis. (3) Anti-DNA antibodies cross-react with RG2, more specifically the lipoglycan 3 cell wall expressing the immunodominant epitopes. 
Cross-reactivity of lupus autoreactive B cells to leaked stimulatory RG bacterial components, including TLR ligands(s), may contribute to the initiation 
and/or flares of SLE. (4) Kidney injury by direct antibody binding or by deposition of immune complexes.

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2019-215221 on 10 M
ay 2019. D

ow
nloaded from

 

http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2019-215221&domain=pdf&date_stamp=2019-06-07
http://dx.doi.org/10.1136/annrheumdis-2018-214856
http://dx.doi.org/10.1136/annrheumdis-2018-214856
http://ard.bmj.com/


869Peene I, Elewaut D. Ann Rheum Dis July 2019 Vol 78 No 7

Editorial

doi:10.1136/annrheumdis-2019-215221

RefeRences
 1 Gupta S, Kaplan MJ. The role of neutrophils and NETosis 

in autoimmune and renal diseases. Nat Rev Nephrol 
2016;12:402–13.

 2 Frangou E, Chrysanthopoulou A, Mitsios A, 
et al. REDD1/autophagy pathway promotes 
thromboinflammation and fibrosis in human systemic 
lupus erythematosus (SLE) through nets decorated with 

tissue factor (TF) and interleukin-17A (IL-17A). Ann 
Rheum Dis 2019;78:238–48.

 3 Van Praet JT, Donovan E, Vanassche I, et al. Commensal 
microbiota influence systemic autoimmune responses. 
Embo J 2015;34:466–74.

 4 Van de Wiele T, Van Praet JT, Marzorati M, et al. How 
the microbiota shapes rheumatic diseases. Nat Rev 
Rheumatol 2016;12:398–411.

 5 Azzouz D, Omarbekova A, Heguy A, et al. Lupus 
nephritis is linked to disease-activity associated 
expansions and immunity to a gut commensal. Ann 
Rheum Dis 2019;78:947–56.

 6 Breban M, Tap J, Leboime A, et al. Faecal microbiota 
study reveals specific dysbiosis in spondyloarthritis. 
Ann Rheum Dis 2017;76:1614–22.

 7 van der Meulen TA, Harmsen HJM, Vila AV, et al. 
Shared gut, but distinct oral microbiota composition 
in primary Sjögren’s syndrome and systemic lupus 
erythematosus. J Autoimmun 2019;97:77–87.

 8 Greiling TM, Dehner C, Chen X, et al. Commensal 
orthologs of the human autoantigen Ro60 as triggers 
of autoimmunity in lupus. Sci Transl Med 2018;10:pii: 
eaan2306.

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2019-215221 on 10 M
ay 2019. D

ow
nloaded from

 

http://dx.doi.org/10.1038/nrneph.2016.71
http://dx.doi.org/10.1136/annrheumdis-2018-213181
http://dx.doi.org/10.1136/annrheumdis-2018-213181
http://dx.doi.org/10.15252/embj.201489966
http://dx.doi.org/10.1038/nrrheum.2016.85
http://dx.doi.org/10.1038/nrrheum.2016.85
http://dx.doi.org/10.1136/annrheumdis-2018-214856
http://dx.doi.org/10.1136/annrheumdis-2018-214856
http://dx.doi.org/10.1136/annrheumdis-2016-211064
http://dx.doi.org/10.1016/j.jaut.2018.10.009
http://dx.doi.org/10.1126/scitranslmed.aan2306
http://ard.bmj.com/


870  Tan EM. Ann Rheum Dis 2019;78:870–871. doi:10.1136/annrheumdis-2018-214893

Heroes and pillars of rheumatology

Henry G Kunkel and Rheumatoid Factor
Eng M Tan

To cite: Tan EM. 
Ann Rheum Dis 
2019;78:870–871.

Handling editor David S 
Pisetsky

Professor emeritus, The Scripps 
Research Institute, La Jolla, CA 
92037, USA

Correspondence to
Eng M Tan, The Scripps Research 
Institute, La Jolla, CA 92037, 
USA;  emtan@ scripps. edu

Received 23 January 2019
Accepted 24 January 2019
Published Online First 
8 February 2019

© Author(s) (or their 
employer(s)) 2019. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

Henry Kunkel was born in Brooklyn, New York 
in 1916. He died in 1983 at the early age of 67. 
He was an outstanding clinical scholar who had a 
deep passion for scientific facts. Almost all his scien-
tific life was involved in biomedical research at the 
Rockefeller University in New York City. He had a 
laboratory on the third floor of Founder’s Hall (the 
first building at what was then Rockefeller Insti-
tute for Medical Research). His office was a spare, 
unpretentious room with a view of the East River in 
Upper Manhattan. To this room came many scien-
tists the world over as well as many of his former 
fellows who came back to see the old master. He 
was especially glad to talk about experimental data 
and would drop what he was doing to talk about 
the deeper significance of their observations. His 
parting words would often be, ‘Come again’

Kunkel has received numerous accolades which 
could be exemplified in the following story. His 
research grant application was being reviewed at an 
NIH Study section meeting and a reviewer pointed 
out the lack of details concerning techniques and 
procedures, but also said and I paraphrase, ‘but he 
(Kunkel) knows that we know that he knows how 
to do it.’ The application sailed smoothly through 
the meeting.

19S rHeumaToid faCTor iS anTibody To 
immune Complex
Among all the outstanding work that Kunkel has 
done, I consider his studies on the characterisa-
tion of rheumatoid factor (RF) to be a trailblazer in 
making us become aware of the intricacy of inter-
acting cellular functions which unexpectedly enable 
production of outcomes which are pathogenic. In 
the 1950s, Kunkel and his associates used a Spinco 
Model E analytical ultracentrifuge to study proteins 
of different sedimentation constants in serum. These 
studies culminated in two papers,1 2 which described 
a population of proteins in rheumatoid arthritis (RA) 
sera with a high sedimentation constant of 22S. The 
22S protein component was a complex of 19S and 7S 
proteins; the 19S protein was RF and the 7S compo-
nent was identical to 7S gamma globulin. Further 
studies revealed that the 19S protein was like anti-
body in that many other immune complexes could 
bind to the 19S protein dissociated from the 22S 
complex. The proposal that RF might be an antibody 
to antigen–antibody complexes was completely novel 
and surprising and aroused much scepticism; further 
evidence that 19S RF isolated from the 22S complex 
had other properties of 7S gamma globulin antibody 
convinced the sceptics. In quantitative immunopre-
cipitation experiments, immunoprecipitates of 22S 
could be solubilised in zones of antigen excess. In an 
understated fashion, Kunkel and his associates said 
that, ‘a search for the hypothetical antigen–antibody 

complex giving rise to the RF might yield consider-
able further information.’2’

Synovial CaviTieS and oTHer SequeSTered 
SiTeS may be niduS for SuSTained 
anTibody and immune Complex-mediaTed 
inflammaTion in ra
These seminal studies were suggestions that, to eluci-
date the pathogenesis of RA, one should include 
studies in which antibody and immune complex-me-
diated pathogenesis are involved. Many decades after 
the original observations, I believe we are beginning 
to unravel the complex scenario of RA pathogenesis. 
It is highly likely that the major candidate antigen 
in the ‘hypothetical antigen–antibody complex’ 
could be citrullinated filaggrin, a cytokeratin fila-
ment aggregating protein. Initially called perinuclear 
factor, it is produced by deiminating enzymes in 
many cell types.3–5 As the Kunkel studies suggested, 
other antigen–antibody complexes may also be 
involved, but citrullinated proteins may be the major 
player. A renewable source of citrullinated proteins 
appears to be the synovial cavities of inflamed joints. 
Hollingsworth et al6 showed that the high percentage 
of neutrophils in synovial effusions was due to high 
turnover and not due to stagnation of neutrophils in 
synovial cavities. As studies showed, in RA synovial 
fluid, the major chemoattractant factor is complement 
component C5a and neutrophilia is augmented by 
C4a, a chemotaxis inhibitor for monocytes, allowing 
the preferential accumulation of neutrophils.7 The 
fact that complement-related fragments are plentiful 
in synovial fluids is a strong testament for the role of 
complement activation8–11 and the membrane attack 
complex (C5b–C9) in inducing hypercitrullination of 
neutrophil intracellular proteins.12 13 Basically, it can 
be said that the ‘RF is antibody to immune complex’ 
concept is the key to a reasonable construct on the 
chain of events in RA pathogenesis (also see detailed 
review in,14 and RA is probably an extreme form of 
immune complex illness.

Henry Kunkel received numerous honours during 
his lifetime, including the Gairdner Foundation 
Award (1962), Doctor of Medicine (Honoris Causa) 
University of Uppsala, Sweden (1964), Modern 
Medicine Distinguished Service Award (1973), Albert 
Lasker Award for Basic Medical Research (1975), 
Passano Foundation Award (1975), Avery Land-
steiner Award (1975), American College of Physi-
cians Award (1975), Louisa Gross Horwitz Award 
of Columbia University (1977), New York Academy 
of Medicine Award (1977), Kovalenko Medal of the 
National Academy of Science (1979), Lita Annen-
berg Hazen Award (1980), Pasteur Medal (1980) 
and Doctor of Medicine (Honoris Causa) Harvard 
University (1982). The photo of Henry Kunkel (see 
figure 1) was taken in 1980 at a restaurant in Paris 
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figure 1 This picture of Henry Kunkel was taken in 1980 at a 
restaurant in Paris on the occasion of a meeting of the International 
Congress of Immunology. He had just been informed that he was the 
recipient of the Lita Annenberg Hazen Award for Excellence in Clinical 
Research (from the personal collection of the author).

when he was informed that he had received the Lita Annenberg 
Hazen Award for excellence in clinical research.
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AbsTRACT
To develop a comprehensive listing of the greatest unmet 
scientific and clinical needs in rheumatology. The 20th 
annual international Targeted Therapies meeting brought 
more than 100 leading basic scientists and clinical 
researchers in rheumatology, immunology, epidemiology, 
molecular biology and other specialties. During the 
meeting, breakout sessions were convened, consisting 
of five disease-specific groups with 20–30 experts 
assigned to each group based on expertise. Specific 
groups included rheumatoid arthritis, psoriatic arthritis, 
axial spondyloarthritis, systemic lupus erythematosus, 
connective tissue diseases and a basic science 
immunology group spanning all of these clinical domains. 
In each group, experts were asked to consider recent 
accomplishments within their clinical domain in the last 
year and update the unmet needs in three categorical 
areas: basic/translational science, clinical science and 
therapeutic development, and clinical care. While 
progress was noted among some of previously identified 
needs, both new needs were identified and themes from 
prior meetings were re-iterated: the need for better 
understanding the heterogeneity within each disease, 
and for identifying preclinical states of disease allowing 
treatment and prevention of disease in those at risk, and 
the elusive ability to cure disease. Within the clinical care 
realm, improved comorbidity management and patient-
centred care continue to be unmet needs, and the need 
for new and affordable therapeutics was highlighted. 
Unmet needs for new and accessible targeted therapies, 
disease prevention and ultimately cure remain a priority 
in rheumatology.

bACkgRound
The Targeted Therapies meeting has met annually 
for 20 years, with experts in the fields of clinical 
rheumatology, infectious diseases, epidemiology 
and basic scientific areas including immunology 
and molecular biology, presenting research devel-
opments in their fields. The meeting focuses on 
medicine and translational research, and stimu-
lates collaboration between basic scientists and 
clinicians. The meeting’s objective is to update 
participants regarding the latest insights regarding 
disease mechanism(s) and pathophysiology, and 
recent developments with both existing and novel 
targeted therapies in rheumatology. Previously, a 
consensus document describing the recommended 
use of targeted therapies within rheumatology was 
produced from this meeting.1 However, with the 

expanse of biologic therapies and the recent clinical 
recommendations published from both American 
College of Rheumatology and the European Union 
League Against Rheumatism,2–4 a single consensus 
document covering all targeted therapies across all 
disease indications became too complex and volu-
minous as a single manuscript. Accordingly, the 
annual meeting’s output was modified to debate 
and formulate a list of key unmet needs within 
the field, consistent with the meeting’s underlying 
objective of promoting innovation and collabora-
tion within all areas of rheumatology.5 6 With the 
2018 meeting, we conducted a similar process to 
review and update these unmet needs, with the goal 
of producing a roadmap for research in the future.

MeTHods
We assigned conference participants to disease-spe-
cific breakout groups which included Psori-
atic Arthritis (PsA), Rheumatoid Arthritis (RA), 
Axial Spondyloarthritis (axSpA), Systemic Lupus 
Erythematous (SLE) and Connective Tissue 
Diseases (CTD). The CTD group was charged with 
specifically discussing Sjögren’s syndrome, myositis, 
systemic sclerosis, IgG4-related disease and vascu-
litis including Behcet’s disease. Experts in each 
group were tasked with identifying unmet needs in 
three categorical areas: clinical care, clinical science 
and therapeutic development, and basic/trans-
lational science. A ‘facilitator’ and ‘rapporteur’ 
lead each group’s discussion and summarised their 
results. The groups were asked to highlight notable 
progress made towards previously identified needs,5 
identify new areas of need, and categorise all unmet 
needs as either primary or secondary. Subject-
matter groups did not pursue formal measures of 
agreement or consensus, and needs were not ranked 
or further prioritised.

ResulTs
The RA group (table 1) reiterated the progress 
made to date with treatment of RA, including the 
strategy of ‘treat to target’ with rapid dose escala-
tion of methotrexate followed by addition of either 
biologic disease-modifying antirheumatic drugs 
(DMARDs) or targeted small molecules. However, 
the committee also recognised that a significant 
proportion of patients continue to have moderate 
to high disease activity despite these therapeutic 
approaches, and the group highlighted the need 
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to further define ‘treatment-resistant disease’.7 These patients 
should be the priority for study with new molecules, as they 
remain the most difficult to treat. On the other hand, another 
unmet need highlighted the necessity of better identifying 
patients in low disease activity/remission in whom dose reduc-
tion could be considered8 and, accordingly, highlighted a need 
for clinical trials to evaluate dose reduction strategies and their 
impact on both joint and extra-articular disease. There is also a 
need for registry or other population-based observational studies 
for postmarketing surveillance of biologics including originators 
and biosimilars, as well as newly approved small molecules.9 10 
Identifying patients who should be able to dose reduce without 
a risk for flare remains challenging, and will require further 
development of biomarkers, particularly within target tissues, 
and imaging programmes.11 Future clinical trials should use such 
biomarkers to stratify patients.

Pain and fatigue were also recognised as important components 
of disease morbidity in a substantial portion of patients, despite 
there being numerous efficacious therapies for decreasing inflam-
mation. Specific research regarding the multifactorial origin of 
fatigue and pain in RA should be developed using new methods 
of neuroimaging12 and ideally used to further the development 
of novel, non-opioid analgesics. Another domain of therapeutic 
unmet need was highlighted again this year: specifically the eval-
uation and treatment of extra-articular disease including RA lung 
disease. The impact of DMARD therapy and low disease activity 
on cardiovascular disease was also highlighted as a continued 
important area of study. A major challenge remains access to 
care due to the high cost of biologic and new small-molecule 
DMARDs.13 This was a universal concern of group members 
independent of country of origin, as many patients fear the loss 
of access to treatment. The potential ability of biosimilars to 
allow for greater access to biologics was debated, although it 
remains unclear whether this will occur.

The group also identified the need for RA classification to 
extend beyond predefined clinical definitions; for example, 
using clinical phenotypes (eg, treatment response (ie, TNF 
vs B-cell responsive disease)) or developing a new mecha-
nism-based taxonomy of disease. The role of the microbiome in 
RA development and natural history, the development of animal 
models more reflective of human disease, and the identification 
of extra-articular sites (eg, the gut) that could be driving joint 
inflammation were re-identified as areas of research needs.14

For PsA (table 2), advances have been escalating due to the 
convergence of greater understanding of the pathophysiology 
of PsA’s varied clinical domains and the coming to fruition of 
numerous therapeutic clinical trials.15 Whereas a core set of 
clinical domains to be assessed in PsA clinical trials and long-
term observational studies was recently revised and updated,16 
the identification of a core outcome measure set for clinical 
trials is in process.17 New therapies have been approved for PsA, 
confirming the importance of several pathophysiological path-
ways including the cytokines TNF, IL-17 and IL-23, as well as 
various T-cell subset pathways.18–20 TNF inhibitors continue to 
represent standard of care, including one new approval—intra-
venous golimumab. Other approvals include two additional oral 
agents, the JAK inhibitors tofacitinb and baricitinib, an additional 
IL-17 inhibitor ixekizumab, and the T-cell modulator abatacept. 
Numerous other agents which exploit these and other pathways 
are in phase II and III trials, including the IL-23 inhibitors gusel-
kumab, risankizumab and tildrakizumab, and JAK inhibitors 
filgotinib and upadacitinib.21 Country-based or regional-based 
clinical registries around the world are maturing with substan-
tial numbers of patients with clinically well-characterised PsA 
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Table 2 Primary and secondary unmet scientific needs within psoriatic arthritis with regard to translational science, clinical science and 
therapeutic trials, and clinical care∗

Primary unmet needs secondary unmet needs

Translational 
science

Understanding how to use molecular imaging modalities to interrogate tissue 
pathophysiology, especially the enthesium
Better understanding the effect of genetic markers, skin and gut microbiome 
patterns, metabolic syndrome and central sensitisation (fibromyalgia) on disease 
subtypes and their outcomes
Further development of longitudinal, clinically well-characterised cohorts with 
appropriate imaging, tissue and fluid samples; improved data-sharing among 
investigators; these relate to inception cohorts as well as cohorts of patients 
with long-standing disease

Development of appropriate animal models for pathogenesis
Understanding various mechanisms of pain, including central sensitisation
Understanding the progression of skin psoriasis to that of associated arthritis.
Understanding at the molecular level similarities or differences in inflammation 
between affected joints and skin

Clinical 
science and 
therapeutic 
trials

Standardisation of enthesitis and dactylitis measures
Reliable and feasible imaging assessment of new bone formation
Correlation of physical examination with advanced imaging (US, MRI)
Testing the benefits and risks of scores that use multiple disease domains vs 
scores that use single domains for approval of drugs
Understanding differential therapeutic effects on different clinical domains in 
PsA
Further evaluation of combination therapies and strategic trials including 
the use of sequential therapies, controlled withdrawal, the treatment of early 
disease, and the treatment of monoarticular or oligoarticular disease
Head-to-head comparison of therapies with different mechanisms of action

Development/validation of advanced imaging and other biomarkers including 
patient-reported outcomes to assess disease activity and clinical outcomes in 
the different clinical domains of PsA
Use of NMR spectroscopy and other advanced imaging for metabolic syndrome
Specific interventions related to microbiome

Clinical care Standardisation in the characterisation and measurement of PsA clinical 
domains
The development of a clinician-feasible measure(s) of PsA remission or low 
disease activity as a target of therapy.
Developing better knowledge, communication and screening approaches 
(including the development of educational initiatives and cross-specialty clinics) 
for rheumatologists, dermatologists and primary care providers caring for 
patients with PsA to facilitate earlier diagnosis
Improved clinical attention to PsA-related comorbidities, especially metabolic 
syndrome and central sensitisation

Use of serum and other types of biomarkers for diagnosis, disease severity 
categorisation and identifying structural damage
The development of guidance regarding therapeutic choice based on patient 
factors, clinical presentations and ‘to be developed’ biomarkers

*Sequence of needs within the table is random and is not meant to imply order of importance.
PsA, psoriatic arthritis.

with, in some cases, paired biorepositories to pursue clinical 
and translational science in ‘real world’ settings distinct from 
clinical trial populations. Efforts to standardise clinical assess-
ments have occurred in recent years, and publications regarding 
disease natural history, clinical features and treatment outcomes, 
and comorbidities are now emerging from these registries. The 
heterogeneous clinical domains include arthritis and skin mani-
festations, and also enthesitis, dactylitis, spondylitis, enthesitis, 
uveitis, nail disease, and colitis are being studied translationally 
and clinically.22 Research on how to optimally assess these various 
clinical domains both individually and as part of composite 
measures is proceeding. This is important to holistically eval-
uate PsA when targeting remission or low disease activity during 
treatment, but also to recognise how treatments may differen-
tially affect different domains, raising the need for combination 
therapy and/or therapy intensification.20 21 23 At the moment, 
several composite measures, both categorical to measure multi-
domain response, and continuous to measure disease activity as 
well as response, are being used in clinical trials and registries. 
There is not yet a consensus on which measure(s) will be the 
optimal one to use as a target of treatment.24 Numerous ques-
tions remain at a basic science level. What mechanisms underlie 
the pathogenesis of different clinical domains; how similar and 
different? In situations where it is difficult to interrogate mech-
anisms by tissue biopsy (eg, enthesitis), can advanced imaging 
techniques serve as a useful tool? There is a need to understand 
the transition from having just skin disease to the development 
of musculoskeletal features at the translational level: can arthritis 
development be preventable in those with skin psoriasis? Needed 
are serum biomarkers which predict that transition, as well as 

assessment of disease activity and predicting progressive struc-
tural damage in those with established PsA. Conversely, many 
patients with PsA have little or no skin involvement and do not 
even know they have skin psoriasis—this raises the question as 
to whether this group of patients is fundamentally different than 
those with significant skin disease. Biomarkers should be devel-
oped using well-characterised clinical cohorts with appropriate 
imaging, tissue and fluid samples. An expert group has initi-
ated a project to fund a collaborative consortium of centres to 
collect such samples.25 There is increasing understanding about 
genetic, gastrointestinal and skin microbiome profiles in PsA.26 
It is associated with a number of comorbidities, including meta-
bolic syndrome (obesity, hypertension, hyperlipidaemia), which 
increases the risk for early cardiovascular disease.27 A common 
but inadequately recognised comorbidity, the phenomenon of 
central sensitisation, which overlaps with fibromyalgia, charac-
terised by augmented pain and fatigue, can have a significant 
impact on disease assessment and therapeutic response. There is 
a need for greater understanding of the impact of comorbidities, 
especially if modifiable, on disease course and outcomes through 
registry-based studies.28

Unlike RA, there have been a paucity of PsA studies evalu-
ating combined or sequential therapies, controlled withdrawal 
and treatment of early or ‘pre-disease’. As more therapies 
with different mechanisms of action are proven efficacious in 
PsA, head-to-head comparisons are needed; several trials are 
underway, including comparison of TNF and IL-17 inhibition.29 
It was highlighted in deliberations that ‘it takes a village’ to 
care for a patient with PsA. Optimal care teams include rheu-
matologists and also dermatologists, ophthalmologists and 
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Table 3 Primary and secondary unmet scientific needs within axial spondyloarthritis with regard to translational science, clinical science and 
therapeutic trials, and clinical care∗
Translational/basic 
science

 ► What are the hallmarks of early SpA and pre-SpA?
 ► Better understanding of the links between intestinal disease and the 

pathogenesis of SpA
 ► Improve international collaborations to set up registries and bio-banks on 

SpA in order to share experience and resources for research
 ► Explore novel imaging modalities (PET, enhanced MRI etc) to enable early 

diagnosis and define imaging parameters in interventional studies

Clinical science/
therapeutic trials

 ► Improve our knowledge of peripheral SpA, particularly the disease course 
and the response to therapy. This can be addressed by large cohort 
studies

 ► Design strategy trials to study the optimal use and choice of biologics and 
small molecules that will deliver the best outcome in SpA

 ► Head-to-head trials that compare the efficacy of different biologics in SpA
 ► Can early treatment modify the disease course

 ► Understanding the biological basis of non-responders to current therapies, 
especially biologics

 ► Identify biomarkers and imaging and clinical markers that differentiate 
subsets of SpA that respond preferentially to one or another therapy

 ► Better understand the effects of treatment of SpA on inflammation of the 
eye and the gut

 ► International collaboration to conduct strategy trials
 ► Conduct T2T trials with clinical remission as the target

Clinical care  ► Improved identification of early SpA and early referral to rheumatologists  ► Improved patient education and patient involvement in clinical research 
and care

SpA, spondyloarthritis.

gastroenterologists with the ability to closely communicate their 
care of the disease’s key clinical features and associated condi-
tions.30 31 Professional societies are nurturing the development 
of ‘combined’ clinics staffed by rheumatologists and derma-
tologists, especially in academic centres for teaching as well as 
clinical consultation purposes. Similar efforts in the commu-
nity among private practitioners are also occurring to improve 
communication and collaboration between specialists caring 
for these patients.32 Education of dermatologists, primary care 
providers and others who may see patients with PsA prior to 
the rheumatologist should be focused on screening patients with 
skin psoriasis for inflammatory musculoskeletal symptoms.

In axSpA (table 3), there is an urgent need to increase our 
knowledge of the intestinal microbiome and pathology and their 
influence on the development of SpA. Clinical and subclinical 
inflammation is a major feature of SpA, and there is increasing 
evidence of intestinal dysbiosis in SpA.33

Biomarkers for early disease stages (or ‘pre-disease’) are 
lacking, as is the clinical and pathophysiological understanding 
of the processes that characterise SpA at the time of onset or 
before.34 To accomplish these aims, international collaborations 
in terms of registries and bio-banks need to be established, inte-
grated with the exploration of novel imaging modalities like 
enhanced MRI and PET scanning to detect early pathology.35 To 
improve clinical care, education should focus on early referral 
and diagnosis.36 This includes the appropriate use of imaging 
for both correctly interpreting disease classification criteria as 
well as making a correct diagnosis.34 Moreover, identifying 
patient subsets that can be best treated with a specific biologic 
agent could tremendously enhance treatment effectiveness.37 
In the domain of clinical research and trials, peripheral SpA 
remains relatively unstudied, and there are little data to guide 
the treatment choice.38 For axial SpA, although current biologics 
have demonstrated efficacy, our knowledge of which biologics 
to choose is unsatisfactory, and head-to head trials as well as 
treatment strategy trials are needed to guide clinicians.37 Ideally, 
such studies should be complemented by detailed biomarker 
and genetic analyses in order to identify predictive factors asso-
ciated with treatment response, as well as to understand the 
mechanisms of inadequate response to a biologic. Such studies 
will likely require international collaboration in order to be 
successful.

SLE (table 4), with its protean yet heterogeneous clinical 
manifestations as well as extensive autoimmunity and immune 
cell dysfunction, remains a disease that requires deeper insights 

into its aetiology and mechanisms in addition to more effec-
tive therapies. The breakout group discussing unmet needs and 
research priorities related to SLE noted considerable progress in 
those areas of scientific and clinical need that had been identi-
fied in 2017.5 Technological advances continue to allow dissec-
tion of the phenotypes and mechanisms of regulating T and B 
lymphocytes, including the important role of cell metabolism 
and effector cell populations.39 40 The significance of nucleic 
acid triggers of innate immune responses and type I interferon 
production continues to gain strong support.41 42 New insights 
regarding the contribution of brain microglial cells43 and tran-
scriptome analysis of kidney tissue from patients with lupus 
nephritis,44 particularly data generated through the Accelerating 
Medicines Partnership programme, highlight the importance 
of tissue-specific mechanisms that contribute to the various 
disease phenotypes.45 The growing understanding of epigen-
etic alterations46 and correlation of genome-wide association 
studies with clinical phenotypes have identified new genes and 
loci associated with risk of developing lupus, extending these 
analyses to include more samples from patients of African-Amer-
ican and Asian ethnicities.47 Metabolic studies and studies 
of perturbations of signalling pathways, such as mTOR, have 
extended understanding of disease pathophysiology.47 48 Despite 
these advances addressing factors impacting susceptibility and 
immune and tissue-specific mechanisms, the group reiterated the 
view that the current classification criteria for SLE contribute to 
the observed heterogeneity of disease. Effective bioinformatics 
tools, including machine learning, will be required to effectively 
interpret in an unbiased manner the extensive and growing data-
sets derived from patient cohorts followed longitudinally, which 
include genetic, epigenetic, transcriptomic, serological, immu-
nological and microbiome data. These comprehensive analyses 
will likely yield actionable insights into the clinical heterogeneity 
of SLE. Despite continued progress in basic and clinical research, 
the group articulated the reality that the ‘cause’ of SLE remains 
elusive. Understanding the core aetiology of SLE, as well as the 
continued dissection of its disease mechanisms, were identified 
as the highest priority challenges for the research community.

Clinical trial design has been supported by the general accep-
tance of SLE Responder Index 4 as an informative measure of 
response to therapy48; novel outcome measures also have been 
developed.49 Industry-sponsored clinical trials have generated 
valuable samples to be analysed for biologic factors associated 
with clinical response to therapy. Patients have identified ‘lupus 
fog’ and fatigue as the disease manifestations of greatest concern, 
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challenging the research community to identify instruments that 
are sensitive and specific in their measure of these symptoms, 
and to design trials to test candidate therapeutic interventions.50 
Clinical trials should be conducted in distinct clinical subpopu-
lations to optimise the likelihood of detecting a significant clin-
ical response. Development of practical interventions that might 
improve access to care, compliance with treatment and clinical 
outcomes represents yet another priority area to address the 
unmet needs of patients with lupus.

The CTD portion of this exercise included a number of diseases, 
including Sjogren’s syndrome, systemic sclerosis, inflammatory 
myopathies and vasculitides (table 5 and online supplementary 
table 5a–d). The unmet need in this group of diseases mirrored 
their inherent heterogeneity. The group agreed that compared 
with the prior year, little had changed with regard to identified 
unmet needs.

Emerging checkpoint inhibitor adverse events dominated the 
groups’ conversation early on, as these malignancy therapies can 
trigger severe rheumatic manifestations even among individuals 
who lack a history of CTD.51 52 Understanding most aspects of 
these events was highlighted again as an important unmet need 
including basic questions regarding incidence, risk factors, and 
optimal clinical management with glucocorticoids and other 
immunosuppressives. The ramifications of instituting immuno-
suppression in these cases, in terms of the ability to continue 
using checkpoint inhibitors and control of the underlying malig-
nancy, represent important and challenging clinical questions. 
This area is changing rapidly and is of increasing need for rheu-
matological input.

In ANCA-associated vasculitis, there is a need to profile the 
genomic, proteomic ANCA subtypes MPO, PR3 and EGPA 
before therapy initiation as markers of prognosis. It is important 
to assess the use of these subsets to ascertain whether they can 
be used as therapeutic guides with current and novel treatments 
in patients with new onset and remission induction. Such ther-
apies include rituximab, anti IL-6, JAK inhibitors, anti granu-
locyte-macrophage colony-stimulating factor and synthetic 
chemotherapies (eg, cyclophosphamide, azathioprine, metho-
trexate, mycophenolate mofetil) and anti-IL5/anti-IL5Rα (EGPA) 
as well as randomised control trials targeting the complement 
pathway. Secondary unmet needs include understanding the 
relationship between disease pathophysiology and autoantibody 
states, as well as the patterns of disease regarding organ involve-
ment and treatments, and identification of strategies to predict 
when (if ever) ANCA vasculitis treatment can be discontinued 
without risk of recurrence.

Giant cell arteritis (GCA) and Takayasu arteritis (TAK) were 
the representative types of large vessel vasculitis (LVV) consid-
ered. Recognising the important differences in the clinical 
features and response to various therapies used and in develop-
ment, as well as effect on life expectancy and need for vascular 
surgery, the role, use and cost-effectiveness of approved IL-6 
antagonist therapy in GCA, as well as its potential role in TAK 
are primary unmet needs.53 Other unmet secondary needs are 
efforts to understand the effects of anti-IL6 on the fundamental 
disease pathophysiology. The efficacy of abatacept in GCA 
requires ongoing study. Better outcome measures and disease 
activity measures and strategies for their use are needed for all 
forms of LVV, including improved biomarkers and imaging (PET, 
US, MRI, CT). For all forms of vasculitis, international prospec-
tive observational studies of patient cohorts that include clinical 
imaging and bio-banking are needed.

For systemic sclerosis, similarly, the potential use of IL-6 
inhibition remains important to further evaluate,54 as well as 
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Table 5 Primary and secondary unmet scientific needs within other connective tissue disorders/vasculitis with regard to translational science, 
clinical science and therapeutic trials, and clinical care (these are overarching needs in common across individual diseases (including Sjogren’s 
syndrome, systemic sclerosis, inflammatory myopathies and vasculitides, including IgG4-related disease); individual diseases are presented in online 
supplementary appendices)∗

Primary unmet needs secondary unmet needs

Translational 
science

Need for better definition of the disease phenotype (heterogeneity of disease currently a problem in 
treatment, trial design etc)
Multidisciplinary centres of excellence needed (led by experts to include a rheumatologist)
Elucidating underlying pathophysiology of checkpoint inhibitor–induced connective tissue disease 
manifestations/reactions

Clinical science 
and therapeutic 
trials

Need for clinical trials with better defined outcome measures (clinician and patient)
Determine the incidence of checkpoint inhibitor–induced connective tissue disease adverse events and to 
develop optimal treatment algorithms for such events

Need for new targets defined by elucidation of 
pathophysiological processes

Clinical care Early disease identification and treatment Identification and management (minimisation) 
of comorbidity

identifying those patients at high risk for lung cancer within 
the clinical care of patients with scleroderma.55 Unmet needs 
continue to include means for earlier diagnosis and consideration 
of haematopoietic stem cell transplantation for treatment.56 In 
Sjogren’s syndrome, lymphoma aetiology and pathophysiology 
remain poorly understood, although a recently developed algo-
rithm is said to be able to predict this complication with high 
predictive value. This remains to be validated in a large multi-
centre multinational cohort.57 58 For inflammatory myositis, 
identified unmet needs from the prior year were reiterated this 
year as unchanged. Questions remain regarding the associa-
tion of anti-TIF1 and NXP2 antibodies with cancer-associated 
myositis, as well as the optimal management of these malignan-
cies and associated myositis.59 60

suMMARy
The convening of the 20th annual Targeted Therapies meeting 
afforded the possibility to discuss and articulate major unmet 
needs in the field of rheumatology, and across domains there 
were several overarching perceived unmet needs. These included 
the need for the infrastructure necessary to study heterogeneity 
within each disease and develop predictive tools for thera-
peutic response. This would best be facilitated by creation, or 
further development, of well-characterised, longitudinal patient 
cohorts (preferably inception cohorts) paired with bioreposi-
tories of patient specimens. Within clinical care, a commonly 
identified unmet need was improved management of comor-
bidities as well as patient-centred care. Within clinical science 
and therapeutic development, the abilities to identify ‘pre-dis-
ease’ with subsequent prevention in those at risk, and to cure 
disease were identified. Other primary unmet needs included 
accessible and affordable new therapeutics including the devel-
opment of non-opiate therapies for pain control. Issues of 
improved management of comorbidities and cross-specialty 
training/education and co-management continued to be a theme, 
although progress has been made in some disease areas. Finally, 
despite the relatively rapid evolution of new therapies for some 
rheumatic diseases, continued development of new therapeu-
tics across all disease states, better access and better targeting of 
existing therapies continues to represent a major unmet need for 
patients and rheumatologists.
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AbsTRACT
The indirect immunofluorescence assay (IIFA) on HEp-
2 cells is widely used for detection of antinuclear 
antibodies (ANA). The dichotomous outcome, negative 
or positive, is integrated in diagnostic and classification 
criteria for several systemic autoimmune diseases. 
However, the HEp-2 IIFA test has much more to offer: 
besides the titre or fluorescence intensity, it also provides 
fluorescence pattern(s). The latter include the nucleus 
and the cytoplasm of interphase cells as well as patterns 
associated with mitotic cells. The International Consensus 
on ANA Patterns (ICAP) initiative has previously reached 
consensus on the nomenclature and definitions of HEp-2 
IIFA patterns. In the current paper, the ICAP consensus 
is presented on the clinical relevance of the 29 distinct 
HEp-2 IIFA patterns. This clinical relevance is primarily 
defined within the context of the suspected disease and 
includes recommendations for follow-up testing. The 
discussion includes how this information may benefit the 
clinicians in daily practice and how the knowledge can 
be used to further improve diagnostic and classification 
criteria.

InTRoduCTIon
Autoantibodies, as detected by the indirect immu-
nofluorescence assay (IIFA) on HEp-2 cells (IIFA 
HEp-2), are recognised as important diagnostic 
markers in a plethora of autoimmune diseases, in 
particular the systemic autoimmune rheumatic 
diseases (SARD).1 Although somewhat dated 
by today’s standards, members of the American 
College of Rheumatology (ACR) prepared an 
evidence-based guideline for the usefulness of the 
HEp-2 IIFA results for diagnostic and prognostic 
purposes and also for meeting diagnostic criteria.2 
That guideline was based on reactivity with nuclear 
antigens as detected by IIFA on rodent tissue or 
HEp-2 cells. More recently, the IIFA on HEp-2 cells 
was reinforced as the gold standard for autoanti-
body screening in SARD.3

Interestingly, the HEp-2 IIFA test reveals much 
more information than the mere absence or pres-
ence of autoantibodies, that is, the level of antibody 
as well as the HEp-2 IIFA pattern. Based on titra-
tion or appropriate evaluation of the fluorescence 
intensity, the antibody level can be determined and 
this information has general concordance with the 

clinical relevance of the test result. Indeed, higher 
antibody levels are better associated with SARD and 
have an increased likelihood to identify the auto-
antigen in follow-up testing.4–6 The importance of 
the level of autoantibodies is also recognised in the 
ACR guideline as well as by the recommendations 
issued by the European Autoimmunity Standardiza-
tion Initiative (EASI) and the International Union of 
Immunologic Societies (IUIS) Autoantibody Stan-
dardization Subcommittee.2 7

The HEp-2 IIFA pattern may also reveal clini-
cally relevant information. This information is not 
restricted to giving direction to follow-up testing for 
antigen-specificity, but, for instance, the centromere 
pattern is included in the classification criteria for 
systemic sclerosis,8 while the nuclear dense fine 
speckled pattern is reported to be more prevalent 
in apparently healthy individuals as compared with 
patients with SARD.9 To harmonise the names and 
descriptions of the distinct HEp-2 IIFA patterns, an 
ordered classification taxonomy was proposed.10 
This proposal was subsequently elaborated on 
by the International Consensus on ANA Patterns 
(ICAP), initiated in parallel to the 12th Interna-
tional Workshop on Autoantibodies and Autoim-
munity (2014) held in Sao Paulo, Brazil. During this 
workshop, a consensus was reached on the nomen-
clature and definitions of 28 HEp-2 IIFA patterns. 
Each HEp-2 IIFA pattern was ascribed an alphanu-
meric code from AC-1 to AC-28.11 The consensus 
nomenclature for each pattern and representative 
images were also made available online at the ICAP 
website (http://www. ANApatterns. org).

In addition to the nuclear patterns, important 
cytoplasmic and mitotic patterns may also be 
observed in HEp-2 IIFA analysis. Although 
reporting non-nuclear patterns is considered clin-
ically relevant,7 for various jurisdictional reasons 
there is no clear-cut consensus viewpoint on 
reporting non-nuclear patterns as a negative or 
positive test.12 With the understanding that the 
term ‘Antinuclear antibody (ANA) test’ may be 
inappropriate to designate a test that also addresses 
autoantibodies to antigens in the cytoplasm and 
mitotic apparatus, an alternative name, anticellular 
antibodies, was suggested in the EASI/IUIS recom-
mendations.7 Recent publications from ICAP have 
preferred the term HEp-2 IIFA as it covers the 
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whole spectrum of patterns that can be observed when using 
the HEp-2 cells as substrate.13 14

Originally, the HEp-2 IIFA patterns were associated with 
diseases, but it was anticipated that many of these associa-
tions are only valid if the antigen-specificity was confirmed by 
follow-up testing. In subsequent ICAP workshops, it was agreed 
that the disease associations should be replaced by clinical rele-
vance. In this current paper, we present the consensus on the 
clinical relevance of the distinct HEp-2 IIFA patterns as achieved 
by consecutive workshops and discussions among the executive 
ICAP members.

MATeRIAls And MeTHods
For discussion about the structure of clinical relevance templates 
were prepared for AC-2 (LECA), AC-3 (JD) and AC-5 (MS). 
This formed the basis of a guideline for description of each 
AC pattern (EC). Of highest importance, it was agreed that the 
information should be objective and helpful for the clinician, the 
pattern–antigen associations should be put in the right clinical 
context and information should be evidence-based.

In preparation for the third ICAP workshop in Kyoto (2016), 
composition of the clinical relevance documents was started 
for the nuclear patterns (JD, LECA, MS), cytoplasmic patterns 
(CAvM, EKLC) and mitotic patterns (MH, TM). As far as already 
available, the documents were commented on by the ICAP exec-
utive board and, after appropriate adjustment, discussed with 
the workshop participants. The feedback from participants 
mainly focused on the structure of the information provided, 
on the required level of detail and the format of recommended 
follow-up testing.

In anticipation of the fourth ICAP workshop in Dresden 
(2017), the set of clinical relevance documents was completed 
for all patterns. Further comments from the ICAP executive 
board were included. The resulting documents were individ-
ually discussed with the workshop participants for nuclear 
(JD), cytoplasmic (CAvM) and mitotic (MH) patterns. Besides 
several substantive comments, there was general agreement that 
the information should be provided in tabular format at two 
distinct levels. The first level should contain information on 
relevant follow-up testing in the respective clinical context, the 
recommended follow-up tests should be commercially available 
and detailed test characteristics should not be given because of 
potential geographic and jurisdictional differences. Information 
based on case reports or small patient cohorts, as well as infor-
mation on possible follow-up testing that is only available in 
specialised research laboratories, should only be provided in the 
second level information.

Tables for nuclear, cytoplasmic and mitotic patterns were 
prepared for first and second level information (JD). These 
tables were commented by the ICAP executive board and final-
ised by JD. Of note, since the starting point of the tables on 
clinical relevance is the HEp-2 IIFA pattern and not the clinically 
suspected disease, the tables do not list all autoantibodies related 
to the respective disease.

ResulTs
nuclear Hep-2 IIFA patterns
To date, a total of 15 nuclear HEp-2 IIFA patterns have been 
described, that is, AC-1–AC-14 and AC-29. Table 1 summarises 
the clinical relevance of these patterns.8 9 14–79 Since AC-29 was 
only recently described,14 the advice for follow-up testing for 
autoantibodies to topoisomerase I (Scl-70) in case of clinical 
suspicion of systemic sclerosis is also added as a note to the 

clinical relevance of AC-1. In particular, disease-specific immu-
noassays, like autoimmune liver disease profile, inflammatory 
myopathy profile, systemic sclerosis profile, are often only avail-
able in specialty clinical laboratories.

For six nuclear HEp-2 IIFA patterns (AC-3, 5, 7, 8, 12 and 13), 
additional information about clinical relevance is summarised 
in online supplementary table S1. Although some assays for 
anti-CENP-A antibodies are commercially available, these anti-
bodies are included in online supplementary table S1 because the 
majority of sera revealing the AC-3 pattern are also reactive with 
CENP-B. In contrast to CENP-A, CENP-B is included in many 
routine extractable nuclear antigens profiles.

Cytoplasmic Hep-2 IIFA patterns
Table 2 summarises the clinical relevance of the nine cyto-
plasmic HEp-2 IIFA patterns, that is, AC-15–AC-23.26 33 80–101 
It is recognised that the distinction between AC-19 (dense fine 
speckled) and AC-20 (fine speckled) can be challenging. More-
over, within the spectrum of anti-tRNA synthetase antibodies, 
not all produce an HEp-2 IIFA pattern and only some anti-Jo-1 
antibodies are considered to give the AC-20 pattern, while the 
other anti-tRNA synthetase antibodies (EJ, KS, OJ, PL-7 and 
PL-12) are more likely to reveal the AC-19 pattern. Solid infor-
mation on the pattern of two additional anti-tRNA synthetase 
antibodies (Ha and Zo) is lacking. Overall, the relation between 
these two cytoplasmic HEp-2 IIFA patterns and the distinct anti-
tRNA synthetase antibodies is subject to further discussion. In 
clinical practice, the complete spectrum of the anti-tRNA synthe-
tase antibodies should be determined irrespective of the subtype 
of cytoplasmic speckled pattern, that is, AC-19 or AC-20.

For seven cytoplasmic HEp-2 IIFA patterns (AC-15–AC-19, 
AC-22 and AC-23), more detailed information is provided in 
online supplementary table S2. In particular, for AC-16–AC-18, 
the clinical associations are quite diverse, depending on the 
antigen recognised. Overall, the clinical associations provided 
are primarily based on antigen-specific immunoassays and not 
on the HEp-2 IIFA pattern as such.

Mitotic Hep-2 IIFA patterns
The clinical relevance of the five mitotic patterns is summarised 
in table 3,102–122 with more detailed information in online 
supplementary table S3. As for the cytoplasmic patterns, clinical 
associations for the mitotic patterns are primarily based on anti-
gen-specific immunoassays and not on the HEp-2 IIFA pattern 
as such.

dIsCussIon
In the current paper, we present the ICAP consensus on the clin-
ical relevance of 29 HEp-2 IIFA patterns defined by ICAP.11 14 
The consensus on clinical relevance is defined in the clinical 
context of the patient, that is, suspected disease, and includes 
recommended follow-up testing within the spectrum of anti-
gen-specificities that are commercially available. Obviously, if 
follow-up testing identifies the antigen, the clinical relevance can 
be further refined.123

Defining the clinical relevance of HEp-2 IIFA patterns in the 
context of disease manifestations is meant to be an important 
tool for the clinician in the diagnostic work-up of patients 
suspected of SARD. Unfortunately, good data on the associa-
tion between HEp-2 IIFA patterns and the distinct diseases are 
lacking, probably due to reasons summarised below. There are 
several reasons for not finding a perfect association between 
HEp-2 IIFA patterns and diseases. First, pattern assignment in 
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Table 1 Nuclear HEp-2 IIFA patterns

Code AC pattern—clinical relevance Refs

AC-1 HOMOGENEOUS

 ► Found in patients with SLE, chronic autoimmune hepatitis or juvenile idiopathic arthritis

 ► If SLE is clinically suspected, it is recommended to perform a follow-up test for anti-dsDNA antibodies, 
alone or in combination with dsDNA/histone complexes (nucleosomes/chromatin); anti-dsDNA antibodies 
are included in the classification criteria for SLE

15, 16

 ► If chronic autoimmune hepatitis or juvenile idiopathic arthritis is suspected, follow-up testing is not 
recommended because the respective autoantigens revealing the AC-1 pattern are not completely defined

17

Notes: Although autoantibodies to Topoisomerase I (formerly Scl-70) may be reported as nuclear 
homogeneous, they typically reveal a composite AC-29 HEp-2 IIFA pattern; as such, clinical suspicion of SSc 
may warrant follow-up testing for reactivity to this antigen.

14, 18

Although AC-1 is the most prevalent pattern in chronic autoimmune hepatitis, other HEp-2 IIFA patterns may 
occur, but also for these patterns the autoantigens are not completely defined.

19

AC-2 DENSE FINE SPECKLED

 ► Commonly found as high titer HEp-2 IIFA-positive in apparently healthy individuals or in patients who do 
not have a systemic autoimmune rheumatic disease (SARD)

9

 ► The negative association with SARD is only valid if the autoreactivity is confirmed as being directed to 
DFS70 (also known as LEDGF/p75) and if no other common ENA is recognized

20, 21

 ► Both in apparently healthy individuals as well as patients who do not have a SARD the AC-2 pattern may 
be caused by autoantibodies to other antigens than DFS70

22

Note: Confirmatory assays for anti-DFS70 antibodies may be available only in specialty clinical laboratories.

AC-3 CENTROMERE (see online supplementary table S1 for further details

 ► Commonly found in patients with limited cutaneous SSc, and as such included in the classification criteria 
for SSc

8, 15, 23

 ► In combination with Raynaud phenomenon, the AC-3 pattern is prognostic for onset of limited cutaneous 
SSc

15, 23

 ► Strongly associated with antibodies to CENP-B; especially in case of low titers, confirmation by an antigen-
specific immunoassay is recommended to support the association with limited cutaneous SSc; the CENP-B 
antigen is included in many routine ENA profiles

15

 ► The AC-3 pattern is also apparent in a subset of patients with PBC; these patients often have both SSc as 
well as PBC

15

AC-4 FINE SPECKLED

 ► Present to a varying degree in distinct SARD, in particular SjS, SLE, subacute cutaneous lupus 
erythematosus, neonatal lupus erythematosus, congenital heart block, DM, SSc, and SSc-AIM overlap 
syndrome

15

 ► If SjS, SLE, subacute cutaneous lupus erythematosus, neonatal lupus erythymatosus, or congenital heart 
block is clinically suspected, it is recommended to perform follow-up tests for anti-SS-A/Ro (Ro60) and 
anti-SS-B/La antibodies; in most laboratories these antigens are included in the routine ENA profile

15

 ► Autoantibodies to SS-A/Ro are part of the classification criteria for SjS (the criteria do not distinguish 
between Ro60 and Ro52/TRIM21)

25

 ► If SSc, AIM, or to a lesser extend SLE, is clinically suspected, it is recommended to perform follow-up 
tests for detecting autoantibodies to Mi-2, TIF1γ, and Ku; these antigens are typically included in disease 
specific immunoassays (i.e., inflammatory myopathy profile*)

26

 ► Autoantibodies to Mi-2 and TIF1γ are associated with DM; autoantibodies to TIF1γ in patients with DM, 
although rare in the overall AC-4 pattern, is strongly associated with malignancy in old patients

26, 27

 ► Autoantibodies to Ku are associated with SSc-AIM and SLE-SSc-AIM overlap syndromes 26

Notes: Anti-SS-A/Ro (Ro60) and AIM-specific autoantibodies may be undetected in HEp-2 IIFA-screening. 28

AC-5 LARGE/COARSE SPECKLED (see online supplementary table S1 for further details)

 ► Present to a varying degree in distinct SARD, in particular SLE, SSc, MCTD, SSc-AIM overlap syndrome, and 
UCTD (i.e, patients with rheumatic symptoms without a definite SARD diagnosis)

29

 ► If SLE is clinically suspected, it is recommended to perform follow-up tests for anti-Sm and anti-U1RNP 
antibodies; these antigens are commonly included in the routine ENA profile; anti-Sm antibodies are 
included in the classification criteria for SLE

16, 30, 31

 ► If SSc is clinically suspected, it is recommended to perform a follow-up test for anti-RNApol III antibodies 
(e.g., SSc profile*); the anti-RNApol III antibodies are included in the classification criteria for SSc

8

 ► If MCTD is clinically suspected, it is recommended to perform a follow-up test for anti-U1RNP antibodies; 
the antigen is commonly included in the routine ENA profile; anti-U1RNP antibodies are included in the 
diagnostic criteria for MCTD

32

 ► If the SSc-AIM overlap syndrome is clinically suspected, it is recommended to perform follow-up tests for 
anti-U1RNP and anti-Ku antibodies; these antigens are included in the routine ENA profile (U1RNP), or in 
disease specific immunoassays (Ku, i.e., inflammatory myopathy profile* and SSc profile*)

26, 33

 ► In non-SARD individuals in the general population, the presence of the AC-5 pattern is not associated with 
the autoantigens mentioned above and most often concerns low antibody titers

Continued
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Code AC pattern—clinical relevance Refs

AC-6 MULTIPLE NUCLEAR DOTS

 ► Found in a broad spectrum of autoimmune diseases, including PBC, AIM (DM), as well as other 
inflammatory conditions

34

 ► If PBC is clinically suspected, it is recommended to perform follow-up tests for anti-Sp100 (and PML/
Sp140) antibodies; in particular anti-Sp100 antibodies have the best clinical association with PBC and 
have added value, especially when associated with AMA; the Sp100 (and PML-Sp140) antigen is included 
in disease specific immunoassays (ie, liver profile*)

17, 35, 36

 ► If DM is clinically suspected, it is recommended to perform a follow-up test for anti-MJ/NXP-2 antibodies; 
these anti-MJ/NXP-2 antibodies are highly specific for AIM, are found in up to one third of patients with 
juvenile DM, and have been reported to be associated with malignancies in adult AIM patients; the 
antigen is included in disease specific immunoassays (i.e., inflammatory myopathy profile*)

37–39

AC-7 FEW NUCLEAR DOTS (see online supplementary table S1 for further details)

 ► The AC-7 pattern has low positive predictive value for any disease 40, 41

 ► Antigens primarily localized in the dots include p80-coilin and SMN complex; specific immunoassays for 
these autoantibodies are currently not commercially available

42, 43

AC-8 HOMOGENEOUS NUCLEOLAR (see online supplementary table S1 for further details)

 ► Found in patients with SSc, SSc-AIM overlap syndrome, and patients with clinical manifestations of other 
SARD

44–46

 ► If limited cutaneous SSc is clinically suspected, it is recommended to perform a follow-up test for anti-Th/
To antibodies; the antigen is included in disease specific immunoassays (ie, SSc profile*)

44, 45

 ► If SSc-AIM overlap syndrome is clinically suspected, it is recommended to perform a follow-up test for 
anti-PM/Scl antibody reactivity; the antigen may be included in the routine ENA profile and is included in 
disease specific immunoassays (i.e., inflammatory myopathy profile* and the SSc profile*); in general, anti-
PM/Scl antibodies yield a diffuse nuclear fine speckled staining in addition to the AC-8 pattern

46

 ► Other antigens recognized include B23/nucleophosmin, No55/SC65, and C23/nucleolin, but the 
clinical significance of these autoantibodies is not well established; specific immunoassays for these 
autoantibodies are currently not commercially available

Notes: Although some anti-Th/To antibody immunoassays are commercially available, technical issues relating 
to the limited sensitivity of these immunoassays should be taken in to consideration.

44, 47

AC-9 CLUMPY NUCLEOLAR

 ► Found in patients with SSc 48

 ► If SSc is clinically suspected, it is recommended to perform a follow-up test for anti-U3RNP/fibrillarin 
antibodies; the antigen is included in disease specific immunoassays (i.e, SSc profile*)

48

 ► If confirmed as anti-U3RNP/fibrillarin reactivity by immunoassay, the clinical association is with diffuse 
SSc, increased incidence of pulmonary arterial hypertension, skeletal muscle disease, severe cardiac 
involvement, and gastrointestinal dysmotility

23, 48–50

 ► Among SSc patients, anti-U3RNP/fibrillarin antibodies are most commonly found in African American and 
Latin American patients

48, 49, 51

Notes: Although some anti-U3RNP/fibrillarin immunoassays are commercially available, technical issues 
relating to the limited sensitivity of these immunoassays should be taken into consideration.

24

AC-10 PUNCTATE NUCLEOLAR

 ► The AC-10 pattern can be seen in various conditions, including SSc, Raynaud’s phenomenon, SjS, and 
cancer

52–56

 ► If the AC-10 pattern is observed in the serum of patients with conditions mentioned above, follow-up 
testing for anti-NOR90(hUBF) antibodies is to be considered; the antigen is included in disease specific 
immunoassays (i.e. SSc profile*)

54, 55

 ► While AC-10 is associated with anti-RNApol I antibodies, these antibodies almost always coexist with 
anti-RNApol III antibodies which reveal the AC-5 pattern; therefore, if SSc is clinically suspected, it 
is recommended to perform a follow-up test for anti-RNApol III antibodies (See also AC-5); specific 
immunoassays for anti-RNApol I antibodies are currently not commercially available

52, 53, 57

AC-11 SMOOTH NUCLEAR ENVELOPE

 ► The AC-11 pattern is infrequently found in routine autoantibody testing and has been described in 
autoimmune-cytopenias, autoimmune liver diseases, linear scleroderma, APS, and SARD; current 
information on clinical associations is based mainly on case reports and small cohorts

58–60

 ► Antigens recognized include lamins (A, B, C) and LAP-2; specific immunoassays for these autoantibodies 
are currently not commercially available

58–60

AC-12 PUNCTATE NUCLEAR ENVELOPE (see online supplementary table S1 for further details)

 ► Found in patients with PBC, as well as patients with other autoimmune liver diseases and SARD 61

 ► If PBC is clinically suspected, it is recommended to perform a follow-up test for anti-gp210 antibodies; the 
antigen is included in disease specific immunoassays (ie, extended liver profile*)

62–64

 ► Other antigens recognized include p62 nucleoporin, LBR, and Tpr; specific immunoassays for these 
autoantibodies are currently not commercially available

65–68

Table 1 Continued

Continued
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Recommendation

Code AC pattern—clinical relevance Refs

AC-13 PCNA-like (see online supplementary table S1 for further details)

 ► The AC-13 pattern has formerly been considered highly specific for SLE, but this specificity is debated 69, 70

 ► If SLE is clinically suspected, it is recommended to perform a follow-up test for anti-PCNA antibodies; the 
antigen is included in several routine ENA profiles

69

 ► Recent studies with antigen-specific immunoassays show clinical associations also with SSc, AIM, RA, HCV, 
and other conditions

70–73

AC-14 CENP-F-like

 ► The majority of sera exhibiting the AC-14 pattern are from patients with a diversity of neoplastic 
conditions (breast, lung, colon, lymphoma, ovary, brain); paradoxically, the frequency of the AC-14 pattern 
in patient cohorts with these malignancies is low

 ► The AC-14 pattern is also seen in inflammatory conditions (Crohn’s disease, autoimmune liver disease, SjS, 
graft-versus-host disease); current information on clinical associations is based mainly on case reports and 
series of cases

 ► Possible associations only hold if the reactivity to CENP-F is confirmed in an antigen-specific 
immunoassay; current information on clinical associations is based mainly on case reports and series of 
cases; specific immunoassays for this autoantibody are currently not commercially available

74–78

AC-29 TOPOI-like

 ► The AC-29 pattern is highly specific for SSc, in particular with diffuse cutaneous SSc and more aggressive 
forms of SSc

14, 18, 23

 ► If SSc is clinically suspected, it is recommended to perform a follow-up test for anti-Topoisomerase I 
(formerly Scl-70) antibodies; the anti-Topoisomerase I antibodies are included in the classification criteria 
for SSc and the antigen is included in routine ENA profiles

8, 23, 79

*Availability of the inflammatory myopathy profile, the SSc profile and the (extended) liver profile may be limited to specialty clinical laboratories.
AIM, autoimmune myopathy; AMA, antimitochondrial antibodies; APS, antiphospholipid syndrome; CENP, centromere-associated protein; DFS, dense fine speckled; DM, 
dermatomyositis; ENA, extractable nuclear antigens; HCV, hepatitis C virus; IIFA, indirect immunofluorescence assay; LAP, lamin-associated polypeptide; LBR, lamin B receptor; 
LEDGF, lens epithelial derived growth factor; NOR, nucleolus organiser region; NXP, nuclear matrix protein; PBC, primary biliary cholangitis; PCNA, proliferating cell nuclear 
antigen; PML, promyelocytic leukaemia; PM/Scl, polymyositis-scleroderma; RA, rheumatoid arthritis; RNApol, RNA polymerase; RNP, ribonucleoprotein; SARD, systemic 
autoimmune rheumatic diseases; SLE, systemic lupus erythematosus; SMN, survival of motor neuron; SSc, systemic sclerosis; SjS, Sjögren’s syndrome; TIF, transcription 
intermediary factor; TRIM, tripartite motif; Tpr, translocated promoter region; UCTD, undifferentiated connective tissue disease; dsDNA, double stranded DNA; hUBF, human 
upstream binding factor.

Table 1 Continued

clinical laboratories is rather inconsistent as shown by external 
quality assessments.14 124 125 This is exactly the reason why ICAP 
was initiated: the consensus on nomenclature and definitions of 
HEp-2 IIFA patterns allows to align pattern description across 
laboratories. Also, the integration of computer-aided immu-
nofluorescence microscopy (CAIFM) may further improve the 
consistency in pattern assignments.126–131 As such, it is promising 
that several companies involved in CAIFM have declared their 
intention to accommodate to the ICAP classification. Second, 
even apparently healthy individuals may have autoantibodies as 
detected by the HEp-2 IIFA. Such autoantibodies, being either 
innocent bystander antibodies or predictive antibodies, may 
still be present on development of SARD and interfere with 
the SARD-related pattern. Interestingly, the pattern best asso-
ciated with apparently healthy individuals is the nuclear dense 
fine speckled pattern (AC-2), but this association only holds if 
the specificity is confirmed as monospecific for DFS70.20 21 132 
Third, the HEp-2 IIFA patterns may slightly differ depending 
on the cellular substrate used. For this reason, the ICAP website 
contains for each pattern multiple pictures taken from different 
brands of HEp-2 slides. Fourth, diseases like systemic lupus 
erythematosus and autoimmune inflammatory myopathies may 
be associated with distinct autoantibodies, each associated with 
a distinct HEp-2 IIFA pattern. If the autoantigens are ill defined, 
as is the case, for instance, in autoimmune hepatitis, only the 
most prevalent patterns are included. Altogether, it is evident 
that, with the exception of the centromere pattern (AC-3), all 
patterns are to be confirmed by antigen-specific immunoassay 
for a solid association with the respective autoimmune diseases.

While consensus statements have been generated for all 29 
HEp-2 IIFA patterns, and it is highly recommended to report 

patterns,7 11 it is anticipated that laboratories may restrict their 
reports to the so-called ‘competent level’ patterns (http://www. 
ANApatterns. org).133 Although, for instance, the nucleolar 
patterns may not be reported as distinct entities (AC-8, AC-9 
and AC-10), all three subtypes represent autoantibodies reactive 
with antigens associated with systemic sclerosis, either alone or 
in combination with autoimmune inflammatory myopathies. 
Follow-up testing, therefore, anyhow involves the systemic 
sclerosis multiparameter assay including all the relevant auto-
antibodies. Traditionally, only nuclear HEp-2 IIFA patterns 
have been considered as a true positive HEp-2 IIFA test, and 
this is most likely related to the time-honoured terminology 
‘Antinuclear Antibody Test’,12 but it is evident from this report 
that even for nuclear HEp-2 IIFA patterns, the clinical associ-
ations are quite diverse. In particular, the nuclear dense fine 
speckled pattern (AC-2) seems to have an inverse association 
with SARD.9 134 On the other hand, the cytoplasmic HEp-2 IIFA 
patterns, and to a lesser extent the mitotic patterns, are also 
clinically relevant and may demand dedicated follow-up testing 
in daily clinical practice. Therefore, the ICAP executive board 
advocates that information on HEp-2 IIFA patterns should be 
reported to the clinician and should also be incorporated in diag-
nostic and classification criteria instead of the simple assignment 
‘ANA-positive’.135

Although the HEp-2 IIFA has been considered the gold stan-
dard for autoantibody detection in SARD,3 the limitations of 
this assay are understood.136–138 Indeed, up to 35% of healthy 
controls may be positive if a screening dilution of 1/40 is used.139 
Therefore, in the EASI/IUIS recommendations, it is advocated 
that each laboratory verifies that the screening dilution is 
defined by a cut-off set at the 95th percentile.7 However, by 

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2018-214436 on 12 M
arch 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/annrheumdis-2018-214436
http://www.ANApatterns.org
http://www.ANApatterns.org
http://ard.bmj.com/


884 Damoiseaux J, et al. Ann Rheum Dis 2019;78:879–889. doi:10.1136/annrheumdis-2018-214436

Recommendation

Table 2 Cytoplasmic HEp-2 IIFA patterns

Code AC pattern–—clinical relevance Refs

AC-15 FIBRILLAR LINEAR (see online supplementary table S2 for further details)

 ► Found in patients with AIH type 1, chronic HCV infection, and celiac disease 
(IgA isotype); rare in SARD

17

 ► If AIH type 1 is clinically suspected, it is recommended to confirm reactivity 
with smooth muscle antibodies (IgG isotype), typically detected by IIFA on 
rodent tissue (liver, stomach, kidney); anti-smooth muscle antibodies are 
included in the international criteria for AIH type 1

17,80

 ► F-actin is the main target antigen of anti-smooth muscle antibodies in 
AIH type 1; autoantibodies to F-actin are of more clinical importance than 
antibodies to G-actin

81–83

Notes: Although anti-F-actin immunoassays are commercially available, technical 
issues relating to the sensitivity of these immunoassays should be taken into 
consideration.

AC-16 FIBRILLAR FILAMENTOUS (see online supplementary table S2 for further details)

 ► Found in various diseases, but AC-16 is not typically found in SARD

 ► Antigens recognized include cytokeratins 8, 18, & 19, tubulin, and 
vimentin; specific immunoassays for these autoantibodies are currently not 
commercially available

AC-17 FIBRILLAR SEGMENTAL (see online supplementary table S2 for further details)

 ► Found very infrequently in a routine serology diagnostic setting

 ► Antigens recognized include α-Actinin and Vinculin; specific immunoassays 
for these autoantibodies are currently not commercially available

AC-18 DISCRETE DOTS (see online supplementary table S2 for further details)

 ► Autoantibodies revealing the AC-18 pattern have been reported in distinct 
SARD and in a variety of other diseases; their prevalence in unselected or 
specified disease cohorts has not been thoroughly studied

84

 ► Antigens recognized include GW-body (Processing or P body) antigens (Ge-
1/Hedls, GW182, and Su/Ago2) and endosomal antigens (EEA1, CLIP-170, 
GRASP-1, and LBPA); specific immunoassays for these autoantibodies are 
currently not commercially available

Notes: Autoantibodies to GW-bodies and endosomes may yield slightly different 
HEp-2 IIFA patterns.

84, 85

AC-19 DENSE FINE SPECKLED (see online supplementary table S2 for further details)

 ► Found in patients with SLE and the anti-synthetase syndrome (a subset of 
AIM), interstitial lung disease, polyarthritis, Raynaud’s phenomenon, and 
mechanic’s hands; these features may occur in various combinations or as 
an isolated manifestation, especially interstitial lung disease

33, 86, 87

 ► If SLE is clinically suspected, follow-up tests for antibodies to ribosomal P 
phosphoproteins (P0, P1, P2, C22 RibP peptide) are recommended; these 
antigens may be included in the routine ENA profile

 ► Anti-RibP antibodies have been associated in some studies with 
neuropsychiatric lupus, and in childhood-onset SLE with autoimmune 
hemolytic anemia

86, 88, 89

 ► If AIM, in particular the anti-synthetase syndrome, is suspected, it 
is recommended to perform follow-up tests for antibodies to tRNA 
synthetases; antigens are included in disease specific immunoassays (ie, 
inflammatory myopathy profile*)

26, 33

 ► If AIM, in particular necrotizing myopathy, is suspected, it is recommended 
to perform follow-up tests for anti-SRP antibodies; the antigen is included in 
disease specific immunoassays (ie, inflammatory myopathy profile*)

26

Notes: The fine distinction between AC-19 and -20 may depend on HEp-2 
substrates and/or antibody concentration; antibodies to both RibP as well as 
tRNA synthetases may be undetected in HEp-2 IIFA-screening.

AC-20 FINE SPECKLED

 ► Found in patients with the anti-synthetase syndrome (a subset of AIM), 
interstitial lung disease, polyarthritis, Raynaud’s phenomenon, and 
mechanic’s hands; these features may occur in various combinations or as 
an isolated manifestation, especially interstitial lung disease

33, 90

 ► Autoantibodies associated with the AC-20 pattern are primarily reported 
for the anti-Jo-1 antibody, which recognizes histidyl-tRNA synthetase; since 
AC-20 is not specific for Jo-1, it is recommended to perform a follow-up test 
for anti-Jo-1 antibodies; the antigen is included in the routine ENA profile, 
as well as in disease specific immunoassays (i.e., inflammatory myopathy 
profile*); the anti-Jo-1 antibodies are included in the classification criteria 
for AIM

91, 92

Notes: The fine distinction between AC-19 and -20 may depend on HEp-2 
substrates and/or antibody concentration; antibodies to Jo-1 may be undetected 
in HEp-2 IIFA-screening.

Continued
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Code AC pattern–—clinical relevance Refs

AC-21 RETICULAR/AMA

 ► Commonly found in PBC, but also detected in SSc, including PBC-SSc 
overlap syndrome and PBC-SjS overlap syndrome

93–97

 ► If PBC is clinically suspected it is recommended to perform a follow-up 
test for AMA, historically detected by IIFA on rodent tissue (liver, stomach, 
kidney); these autoantibodies are primarily directed to the PDH complex, 
and in particular the E2-subunit (PDH-E2); the antigen is included in disease 
specific immunoassays (i.e., liver profile*) as well as in some routine ENA 
profiles

93, 94

 ► Additional antigens recognized include the E1α and E1β subunits of PDH, 
the E3-binding protein of PDH, and the 2-OGDC; these antigens are only 
included in extended disease specific immunoassays (i.e., extended liver 
profile*)

93, 94

AC-22 POLAR/GOLGI-like (see online supplementary table S2 for further details)

 ► Found in small numbers of patients with a variety of conditions

 ► Antigens recognized include giantin/macrogolgin and distinct golgin 
molecules; specific immunoassays to detect autoantibodies directed to 
specific Golgi antigens are currently not commercially available

85

AC-23 RODS and RINGS (see (online supplementary table S2 for further details)

 ► Most commonly found in HCV patients who have been treated with 
pegylated interferon-α/ribavirin combination therapy, but autoantibodies 
revealing the AC-23 patterns were undetected prior to treatment; as the use 
of interferon-α/ribavirin in HCV treatment is decreasing, the frequency and 
clinical associations of the AC-23 pattern may change

98–101

 ► Specific immunoassays to detect autoantibodies directed to specific Rods 
and Rings antigens, for instance IMPDH2, are not commercially available

Note: Presence of the AC-23 pattern depends on the HEp-2 cell substrate.

*Availability of the inflammatory myopathy profile, the SSc profile and the (extended) liver profile may be limited to specialty clinical laboratories.
AIH, autoimmune hepatitis; AIM, autoimmune myopathy; AMA, anti-mitochondrial antibodies; APS, antiphospholipid syndrome; Ago, argonaute protein; CENP, centromere-associated protein; 
CLIP, class II-associated invariant chain peptide; DFS, dense fine speckled; DM, dermatomyositis; EEA, early endosome antigen; ENA, extractable nuclear antigens; HCV, hepatitis C virus; IFA, 
indirect immunofluorescence assay; LAP, lamin-associated polypeptide; LBR, lamin B receptor; LEDGF, lens epithelial derived growth factor; NOR, nucleolus organizer region; NXP, nuclear matrix 
protein; PBC, primary biliary cholangitis; PCNA, proliferating cell nuclear antigen; PML, promyelocytic leukaemia; PM/Scl, polymyositis-scleroderma; RA, rheumatoid arthritis; RNApol, ribonucleic 
acid polymerase; RNP, ribonucleoprotein; SARD, systemic autoimmune rheumatic diseases; SLE, systemic lupus erythematosus; SMN, survival of motor neuron; SRP, signal recognition protein; SSc, 
systemic sclerosis; SjS, Sjögren’s syndrome; TIF, transcription intermediary factor; TRIM, tripartite motif; Tpr, translocated promoter region; dsDNA, double stranded deoxyribonucleic acid; hUBF, 
human upstream binding factor; tRNA, transfer ribonucleic acid.

Table 2 Continued

taking into account that the HEp-2 IIFA nowadays is ordered 
by a wide spectrum of clinical disciplines,1 the number of clin-
ically unexpected positive results, that is, positive test results 
with no clinical evidence of an associated autoimmune disease, 
is ever increasing and may even equal the likelihood of a clini-
cally true-positive result.140 141 A study performed in a commu-
nity setting concluded that many patients with a positive ANA 
test are incorrectly given a diagnosis of systemic lupus eryther-
matosus and sometimes even treated with toxic medications.142 
These arguments are used to introduce a gating strategy in order 
to restrict test-ordering to those cases that have a sufficiently 
high pretest probability for having a SARD. However, it can also 
be argued that patients with a low pretest probability should be 
tested using the HEp-2 IIFA in order to prevent true cases, espe-
cially those with very early disease manifestations, from being 
missed. This is a paradigm shift to disease prediction and preven-
tion.143 In this strategy, the HEp-2 IIFA could be integrated in 
multianalyte ‘omic’ profiles for case finding and establishing an 
early diagnosis and preventing severe complications.143 144 Obvi-
ously, it is anticipated that the added value of the HEp-2 IIFA in 
this approach can be increased by incorporating information on 
both patterns as well as titres in combination with well-directed 
advices on follow-up testing.

Although the current consensus on the clinical relevance of 
HEp-2 IIFA patterns has come across after extensive discussion 
and debate within the ICAP executive board as well as with the 
workshop participants, the information provided is not based 
on a systematic review or meta-analysis of the existing litera-
ture. Because of the short history of ICAP, being founded in 
2014, inclusion of older literature might have been hampered 

by potential differences in pattern nomenclature and defi-
nitions. For instance, the nuclear dense fine speckled (AC-2) 
and topo I-like (AC-29) patterns were previously often consid-
ered homogeneous, speckled or even mixed patterns. The 
centromere pattern (AC-3) or the cytoplasmic reticular/AMA 
(AC-21) patterns, on the other hand, are examples that prob-
ably have been less prone to change in pattern definition over 
time. The universal use of the ICAP nomenclature and pattern 
definitions, both in daily clinical practice as well as in the scien-
tific literature, may enable systematic reviews in the future, and 
may well fine-tune current consensus based on expert opinions 
only.

In conclusion, the consensus statements on clinical relevance 
should be readily available to clinicians and this will enable 
further harmonisation of test-result interpretation with respect 
to HEp-2 IIFA patterns. Obviously, clinicians should be aware 
of the clinical suspicion for the respective patient, and therefore 
should order specific tests accordingly, also taking into account 
the anticipation of prevalence of HEp-2 IIFA negative (AC-0)13 
results in SARD. The information on clinical relevance of HEp-2 
IIFA patterns is intended to support the decision strategy of the 
clinician. Information presented in the online supplementary 
tables 1–3 is primarily intended to be used for complex cases 
in the consultation of the laboratory specialist by the clinician. 
Depending on various jurisdictional regulations, follow-up 
testing can be automated in predefined algorithms which even-
tually will shorten the diagnostic delay. Eventually, appropriate 
integration of HEp-2 IIFA pattern information may help to 
better define disease criteria and even enable a paradigm shift in 
the pretest probability paradox.
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Table 3 Mitotic HEp-2 IIFA patterns

Code AC pattern—clinical relevance Refs

AC-24 CENTROSOME (see online supplementary table 3 for further 
details)

 ► The AC-24 pattern has low positive predictive value for 
any disease

 ► Within the spectrum of the SARD, the AC-24 pattern 
is found in patients with Raynaud’s phenomenon, 
localized scleroderma, SSc, SLE and RA, either alone or in 
combination with other SSc-associated antibodies;

102–105

 ► Antigens recognized include α-enolase, γ-enolase, 
ninein, Cep-250, Mob1, PCM-1/2, pericentrin; specific 
immunoassays for these autoantibodies are currently not 
commercially available

104, 106–108

AC-25 SPINDLE FIBERS (see online supplementary table 3 for further 
details)

 ► The AC-25 pattern has low positive predictive value for 
any disease

109

 ► Found very infrequently in a routine serology diagnostic 
setting

109

 ► Antigen recognized includes HsEg5; specific 
immunoassays for this autoantibody, or other spindle 
fiber targets, are currently not commercially available

110, 111

AC-26 NuMA-like

 ► Approximately one-half of the patients with the AC-26 
pattern have clinical features of a SARD (SjS, SLE, UCTD, 
limited SSc, or RA); the AC-26 pattern is also observed in 
patients with organ-specific autoimmune diseases and 
less frequently in non-autoimmune conditions, especially 
when in low titer

109, 111–114

 ► Found very infrequently in a routine serology diagnostic 
setting

109

 ► Antigens recognized include NuMA, centrophilin, SP-H 
antigen and NMP-22; specific immunoassays for these 
autoantibodies are currently not commercially available

115

AC-27 INTERCELLULAR BRIDGE (see online supplementary table 3 
for further details)

 ► The AC-27 pattern has low positive predictive value for 
any disease

116

 ► Found very infrequently in a routine serology diagnostic 
setting

117

 ► Antigens recognized include, among other, CENP-E, 
CENP-F, TD60, MSA36, KIF-14, MKLP-1, MPP1/
KIF20B, and INCENP; specific immunoassays for these 
autoantibodies are currently not commercially available

116, 118, 119

AC-28 MITOTIC CHROMOSOMAL (see online supplementary table 3 
for further details)

 ► The AC-28 pattern has low positive predictive value for 
any disease

 ► Found very infrequently in a routine serology diagnostic 
setting

120

 ► Antigens recognized include DCA, MCA1, and MCA5; 
specific immunoassays for these autoantibodies are 
currently not commercially available

120–122

CENP, centromere-associated protein; Cep, centrosomal protein; DCA, dividing cell antigen; 
IIFA, indirect immunofluorescence assay; INCENP, inner centromere protein; KIF, kinesin 
family; MCA, mitotic chromosomal antigen; MKLP, mitotic kinesin-like protein; MPP, M-phase 
phosphoprotein; MSA, mitotic spindle apparatus; NMP, nuclear matrix protein; NuMA, 
nuclear mitotic apparatus; PCM, pericentriolar material; RA, rheumatoid arthritis; SARD, 
systemic autoimmune rheumatic diseases; SLE, systemic lupus erythematosus; SSc, systemic 
sclerosis; SjS, Sjögren’s syndrome; UCTD, undifferentiated connective tissue disease.
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Key messages

What is already known about this subject?
 ► In patients who do not respond adequately to 
first-line therapies or who discontinue initial 
treatment due to intolerance, alternative 
treatment strategies are used, including 
adding or switching to other disease-modifying 
antirheumatic drugs.

 ► Because switching therapies is common in 
clinical practice, the safety and efficacy of 
new therapies should be assessed when used 
as replacement treatment following initial 
regimens.

What does this study add?
 ► In the phase III RA-BEAM study, patients 
taking adalimumab or baricitinib could be 
rescued to baricitinib at week 16 or later due to 
inadequate response; at the end of RA-BEAM, 
and on entry to a long-term extension (LTE) 
study, patients were switched/continued to 
baricitinib with no adalimumab washout period.

 ► In both baricitinib-rescued and adalimumab-
rescued patients, there were significant 
improvements in all efficacy and patient-
reported outcome measures up to 12 weeks 
after rescue compared with the time of rescue. 
Patients who switched from adalimumab to 
baricitinib showed improvements in disease 
control through 12 weeks in the LTE.

 ► Incidence rates for adverse events and 
infections, including serious events, were similar 
for patients who switched from adalimumab 
to baricitinib and for those who continued 
baricitinib.

ABSTRACT
Objective To evaluate clinical outcomes in patients 
who changed treatment from adalimumab to baricitinib, 
an oral Janus kinase (JaK)1/JaK2 inhibitor, during a 
phase iii programme.
Methods in phase iii Ra-BeaM, patients were 
randomised 3:3:2 to placebo, baricitinib 4 mg once 
daily, or adalimumab 40 mg biweekly. at week 16 or 
subsequent visits, non-responders were rescued to 
open-label baricitinib 4 mg. at week 52, patients could 
enter a long-term extension (lTe) and continue on 
baricitinib or switch from adalimumab to baricitinib 4 
mg with no adalimumab washout period. Percentage 
of patients achieving low disease activity and remission 
were assessed, along with physical function, patient’s 
assessment of pain, and safety.
Results Thirty-five (7%) baricitinib-treated and 40 
(12%) adalimumab-treated patients were rescued to 
baricitinib in Ra-BeaM; 78% (381/487) of baricitinib-
treated and 72% (238/330) of adalimumab-treated 
patients who were not rescued in Ra-BeaM, entered the 
lTe and continued/were switched to baricitinib. in both 
baricitinib-rescued and adalimumab-rescued patients, 
there were significant improvements in all measures 
up to 12 weeks after rescue compared with the time 
of rescue. Patients who switched from adalimumab to 
baricitinib showed improvements in disease control 
through 12 weeks in the lTe. exposure-adjusted 
incidence rates for treatment-emergent adverse events 
(Teaes) and infections, including serious events, were 
similar for patients who switched from adalimumab to 
baricitinib and those who continued on baricitinib.
Conclusions switching from adalimumab to baricitinib 
(without adalimumab washout) was associated with 
improvements in disease control, physical function and 
pain during the initial 12 weeks postswitch, without an 
increase in Teaes, serious adverse events or infections.
Trial registration numbers nCT01710358, 
nCT01885078.

InTROduCTIOn
The combined use of conventional synthetic 
disease-modifying antirheumatic drugs, targeted 
synthetic disease-modifying antirheumatic drugs 
(tsDMARDs) or biological disease-modifying 
antirheumatic drugs (bDMARDs), as well as the 

application of the treat-to-target strategy, has revo-
lutionised the treatment of rheumatoid arthritis 
(RA), and clinical remission or low disease activity 
(LDA) is now a realistic target.1–3 Not all patients 
respond adequately to first-line therapies or may 
discontinue initial treatment due to intolerance. 
In these cases, for optimal management of disease, 
alternative treatment strategies are used, including 
adding or switching to other disease-modifying 
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Key messages

How might this impact on clinical practice or future 
developments?

 ► Transition from adalimumab to baricitinib does not require 
lengthy washout from the prior treatment in patients with 
rheumatoid arthritis and is associated with improvements in 
clinical disease control, with acceptable safety.

antirheumatic drugs (DMARDs). Because switching therapies is 
common in clinical practice, the safety and efficacy of new ther-
apies should be assessed when used as replacement treatment 
following initial regimens.

Baricitinib is a recently developed tsDMARD and an oral selec-
tive inhibitor of Janus kinase (JAK)1 and JAK2, which belong to 
a family of protein tyrosine kinases that mediate signal transduc-
tion for a variety of cytokines involved in inflammatory condi-
tions, including RA.4 5 Baricitinib is approved for the treatment 
of moderately to severely active RA in adults in over 50 coun-
tries, including European countries, the USA and Japan. The 
52-week RA-BEAM study (NCT01710358) of methotrexate-in-
adequate responder (MTX-IR) patients with active RA showed 
that baricitinib 4 mg demonstrated superior efficacy compared 
with placebo and adalimumab, a tumour necrosis factor (TNF) 
inhibitor, based on 20% response according to the criteria of 
the American College of Rheumatology at 12 weeks, as well as 
secondary measures, including mean change in disease activity 
score for 28 joints with the use of high-sensitivity C reactive 
protein and percent of patients achieving LDA based on Simpli-
fied Disease Activity Score (SDAI) and Clinical Disease Activity 
Score (CDAI).6

During RA-BEAM, non-responders were rescued to baric-
itinib, and at the completion of RA-BEAM, patients had the 
option to enrol in a long-term extension (LTE) study, RA-BE-
YOND (NCT01885078), in which all patients were switched 
to baricitinib. The objectives of this analysis were to evaluate 
the efficacy, physical function, pain and safety in two groups of 
patients from RA-BEAM: patients taking adalimumab or baric-
itinib who were rescued to baricitinib during RA-BEAM and 
those who were switched to baricitinib on entering the LTE 
study RA-BEYOND.

MeTHOdS
The eligibility criteria for the originating study, RA-BEAM, 
have been previously published.6 In brief, RA-BEAM included 
patients aged ≥18 years with a confirmed diagnosis of active 
RA, defined as ≥6/68 tender and ≥6/66 swollen joints, serum 
high-sensitivity C reactive protein (hsCRP) ≥6 mg/L and ≥3 
joint erosions (patients with one to two erosions could enrol if 
they were rheumatoid factor or anti-citrullinated protein anti-
bodies positive). Patients with prior bDMARD therapy were 
excluded from RA-BEAM. All patients completing the 52 weeks 
of RA-BEAM, regardless of rescue status, were eligible to enrol 
in RA-BEYOND. Safety-related exclusion criteria for RA-BE-
YOND included having significant medical issues that devel-
oped during RA-BEAM that, in the opinion of the investigator, 
posed an unacceptable risk to the patient if baricitinib/study drug 
continued to be administered.

Study design and treatments
RA-BEAM was a 52 week, double-blind, placebo-controlled 
and active-controlled phase III study in adult MTX-IR patients 

with active RA (online supplementary figure S1). Patients were 
randomised 3:3:2 to receive oral placebo once daily, oral baric-
itinib 4 mg once daily or subcutaneous adalimumab 40 mg 
biweekly. Patients continued receiving background MTX (stable 
dose of 7.5–25 mg/week). At week 16 in RA-BEAM, non-re-
sponders (lack of improvement of ≥20% in tender joint and 
swollen joint count at both weeks 14 and 16 compared with 
baseline) received rescue treatment (baricitinib 4 mg). After 
week 16, patients received rescue treatment at the investiga-
tor’s discretion on the basis of tender and swollen joint counts. 
Rescued patients received open-label baricitinib once daily, but 
no biweekly subcutaneous injection, for the remainder of the 
study. From the time of rescue (but not before), background 
corticosteroids (maximum dose of prednisone 10 mg daily or 
equivalent), non-steroidal anti-inflammatories and analgesics 
could be added or increased in dose. Rescuing all groups to 
baricitinib (including those already receiving baricitinib with 
inadequate response) therefore increased baricitinib exposures 
for safety evaluation by regulators, while still offering patients 
some escalation of (background) treatment. At week 24, patients 
receiving placebo were switched to baricitinib, unaware of the 
change in treatment. Rescued/switched patients and their inves-
tigators remained blinded to original treatment assignment.

RA-BEYOND is a phase III LTE study of the efficacy and 
safety of baricitinib in patients with RA (study duration up to 7 
years). On entering RA-BEYOND, all patients from RA-BEAM 
continued on baricitinib 4 mg once daily or switched from 
adalimumab therapy to baricitinib 4 mg QD. All patients 
entering RA-BEYOND remained blinded to original treatment. 
No washout period of adalimumab occurred in patients who 
were rescued during RA-BEAM or switched at the entry to 
RA-BEYOND.

The current analysis includes two separate patient popu-
lations: (1) rescued patients in RA-BEAM: patients who were 
rescued from blinded baricitinib or adalimumab to open-label 
baricitinib between weeks 16 and 24 due to non-response (data 
after rescue from placebo are presented in the online supple-
mentary material); and (2) switched patients in RA-BEYOND: 
patients who were not rescued in RA-BEAM, who were origi-
nally randomised to baricitinib and continued baricitinib or who 
switched from adalimumab to baricitinib at the entry of RA-BE-
YOND, and entered RA-BEYOND at least 24 weeks before the 
data cut-off date (1 September 2016). In RA-BEAM, efficacy 
data collection (visits) for rescued patients occurred at weeks 16 
(first rescue opportunity), 20, 24, 28, 32, 40 and 52. Efficacy 
data are not presented in patients who were rescued after week 
24 because data acquisition (visits) occurred less frequently than 
in patients rescued earlier.

RA-BEAM and RA-BEYOND were conducted in accordance 
with the principles of the Declaration of Helsinki and Good 
Clinical Practice Guidelines and approved by each centre’s 
institutional review board or ethics committee. All patients 
provided written informed consent. The studies were designed 
by the sponsors, Eli Lilly and Company and Incyte Corporation, 
with input from an academic advisory board in which non-Lilly 
authors of this article participated. All authors participated in 
the preparation and review of this manuscript and approved the 
final version.

Patient involvement
This research was done without patient involvement. Patients 
were not invited to comment on the study design and were not 
consulted to develop patient relevant outcomes or interpret the 
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Table 1 Characteristics and disease activity at baseline of RA-BEAM for the overall baricitinib-treated and adalimumab-treated patients and for 
patients rescued to baricitinib between weeks 16 and 24

Overall patients in RA-BeAM Patients rescued to baricitinib

Baricitinib
4 mg (n=487)

Adalimumab
(n=330)

Baricitinib
4 mg (n=35)

Adalimumab
(n=40)

Age, years 53.5 (12) 52.9 (12) 52.3 (12) 51.9 (14)

Female, n (%) 375 (77) 251 (76) 30 (86) 31 (78)

Duration of RA,* years 8.7 (8.6) 8.3 (7.9) 8.0 (7.8) 7.0 (6.2)

ACPA positive, n (%) 427 (88) 295 (89) 28 (80) 37 (93)

RF positive, n (%) 439 (90) 301 (91) 30 (86) 38 (95)

Swollen joint count, of 66 15 (8) 15 (9) 19 (10) 19 (12)

Tender joint count, of 68 23 (13) 23 (14) 25 (13) 23 (11)

hsCRP, mg/L 22 (23) 22 (21) 20 (20) 31 (29)

ESR, mm/hour 49 (26) 48 (26) 46 (25) 56 (30)

DAS28-hsCRP 5.8 (0.9) 5.8 (0.9) 6.0 (0.9) 6.1 (0.9)

DAS28-ESR 6.5 (0.9) 6.4 (1.0) 6.7 (1.0) 6.8 (1.0)

CDAI 38 (12.0) 38 (13) 43 (13.6) 42 (13.0)

SDAI 40 (12.7) 40 (13.4) 45 (14.2) 45 (14.0)

MTX average weekly dose, mg 14.9 (4.6) 14.6 (4.4) 15.5 (5.3) 14.4 (4.2)

HAQ-DI 1.57 (0.68) 1.59 (0.70) 1.69 (0.64) 1.75 (0.64)

Patient’s assessment of pain 61.8 (21.8) 61.0 (22.7) 67.6 (23.2) 67.1 (20.9)

Data are mean (SD) unless otherwise stated.
*Time from RA diagnosis.
ACPA, anti-citrullinated protein antibodies; CDAI, Clinical Disease Activity Index; DAS28-ESR, disease activity score using 28-joint count with erythrocyte sedimentation 
rate; DAS28-hsCRP, disease activity score for 28 joints with the use of high-sensitivity C reactive protein; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment 
Questionnaire Disability Index; MTX, methotrexate-inadequate responder; RA, rheumatoid arthritis; RF, rheumatoid factor; SDAI, Simplified Disease Activity Index; hsCRP, high-
sensitivity C reactive protein.

results. Patients were not invited to contribute to the writing or 
editing of this document for readability or accuracy.

efficacy and patient-reported outcomes
Efficacy assessments included the proportion of patients 
achieving LDA and remission based on CDAI (LDA ≤10, remis-
sion ≤2.8), SDAI (LDA ≤11, remission ≤3.3) and disease 
activity score using 28-joint counts with erythrocyte sedimen-
tation rate (DAS28-ESR; LDA ≤3.2, remission <2.6), as well 
as change from baseline of these measures. Patient-reported 
outcomes (PROs) included assessment of physical function using 
the Health Assessment Questionnaire Disability Index (HAQ-
DI) and patient’s assessment of pain (0–100 mm, visual analogue 
scale). Continuous data for the individual acute phase markers 
(erythrocyte sedimentation rate and hsCRP) are also presented. 
In patients who were rescued during RA-BEAM, efficacy and 
PROs are reported up to 12 weeks after rescue. In patients who 
switched to baricitinib on entry to RA-BEYOND, outcomes were 
reported at the baseline of the LTE and up to 24 weeks after 
entry into the LTE.

Safety
Treatment-emergent adverse events (TEAEs), including infec-
tions, specifically herpes zoster and gastrointestinal disorders; 
discontinuations; and serious adverse events (SAEs), including 
serious infections, were assessed. Safety was assessed through 24 
weeks after the transition to baricitinib 4 mg.

Statistical analyses
Statistical analyses were conducted for patients’ clinical 
outcomes and PROs before and after treatment change due to 
rescue or switch. In rescued patients, comparisons were between 

the time of rescue and 4, 8 and 12 weeks after rescue. In patients 
who switched treatment on entry to the LTE, comparisons were 
between the time of switch and 4, 12 and 24 weeks after switch. 
For continuous measures, a mixed model for repeated measures 
approach was used with treatment, visit and treatment-by-visit 
interaction included. For categorical measures, the proportion 
of patients who achieved LDA and remission was summarised; 
non-responder imputation was applied for missing data and after 
permanent discontinuation of the study drug. Safety data are 
expressed as percentages and exposure-adjusted incidence rates 
(EAIRs) up to 24 weeks for the rescued and switched patients 
separately. Due to the non-randomised nature of this analysis, no 
between-group statistical comparisons were made.

ReSulTS
Patients
A total of 1307 patients were randomised and 1305 (488 
placebo, 487 baricitinib 4 mg and 330 adalimumab) patients 
received treatment. Between weeks 16 and 24, 35 (7%) patients 
treated with baricitinib and 40 (12%) treated with adalim-
umab were rescued to open-label baricitinib in RA-BEAM. The 
majority of rescued patients completed RA-BEAM through 
week 52: 25 patients (74%) treated with baricitinib-to-barici-
tinib and 35 patients (90%) treated with adalimumab-to-baric-
itinib. A total of 78% (381/487) of baricitinib-treated patients 
and 72% (238/330) of adalimumab-treated patients were not 
rescued in RA-BEAM and entered the LTE ≥24 weeks before 
the data cut-off date. The disposition of patients is shown in 
online supplementary figure S2. Baseline demographics and clin-
ical characteristics of all patients and patients rescued during 
RA-BEAM are listed in table 1. Overall, patients had similar 
demographics across the treatment groups; 80% of rescued 
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Table 2 Change in efficacy and patient-reported outcomes 4, 8 and 12 weeks after rescue in rescued patients from RA-BEAM

Baricitinib to baricitinib (n=35) Adalimumab to baricitinib (n=40)

Score at time 
of rescue

Change from rescue visit
Score at time 
of rescue

Change from rescue Visit

Week 4 (n=34) Week 8 (n=33) Week 12 (n=30) Week 4 (n=40) Week 8 (n=39) Week 12 (n=33)

DAS28-ESR 6.1 (1.3) −0.93 (0.18)*** −1.51 (0.20)*** −1.73 (0.22)*** 6.2 (1.3) −1.38 (0.17)*** −1.69 (0.19)*** −1.92 (0.21)***

CDAI 39.3 (15.2) −14.1 (2.1)*** −20.5 (2.2)*** −22.3 (2.3)*** 36.4 (14.5) −14.8 (2.0)*** −17.8 (2.0)*** −20.2 (2.2)***

SDAI 40.8 (16.0) −14.1 (2.3)*** −21.0 (2.3)*** −23.1 (2.5)*** 38.9 (14.5) −16.2 (2.1)*** −19.2 (2.2)*** −21.8 (2.3)***

Patient’s assessment 
of pain

53.8 (21.0) −13.1 (3.8)*** −13.8 (3.9)*** −18.3 (4.0)*** 56.4 (25.4) −14.5 (3.5) *** −21.5 (3.6)*** −24.1 (3.7)***

HAQ-DI 1.42 (0.72) −0.19 (0.08)* −0.28 (0.08)*** −0.34 (0.09)*** 1.46 (0.66) −0.37 (0.07) *** −0.47 (0.08)*** −0.49 (0.09)***

CRP, mg/L 14.9 (23.5) −0.45 (4.35) −4.79 (4.49) −8.50 (5.04) 25.3 (29.8) −13.50 (4.00)*** −14.10 (4.13)*** −16.00 (4.69)***

ESR, mm/h 36.5 (27.7) 0.71 (3.40) −4.49 (4.16) −5.05 (4.76) 51.9 (35.4) −16.60 (3.16)*** −21.80 (3.85)*** −19.06 (4.48)***

Score at the time of rescue data are mean (SD); change from baseline data is LSM (SE).
*p≤0.05; **p≤0.01; ***p≤0.001 from within-group mean change from the last visit prior to rescue using MMRM.
CDAI, Clinical Disease Activity Index;CRP, C reactive protein; DAS28-ESR, disease activity score using 28-joint count with erythrocyte sedimentation rate;ESR, erythrocyte sedimentation rate; HAQ-
DI, Health Assessment Questionnaire Disability Index; LSM, least squares mean; MMRM, mixed-effects model repeated measures; SDAI, Simplified Disease Activity Index.

patients were female, the mean age was 51.8 years, and the mean 
RA duration was 7.9 years (table 1).

efficacy and PROs of rescued patients
In patients rescued in RA-BEAM, both patients treated with 
baricitinib and patients treated with adalimumab showed signif-
icant improvements in all measures at weeks 4, 8 and 12 after 
rescue compared with values at the time of rescue (table 2). 
Online supplementary table 1 shows results of placebo patients 
who were rescued. At the time of rescue, no patients were in 
LDA or remission based on CDAI or SDAI; 1 (3%) baricitinib 
patient was in LDA and 1 (3%) adalimumab patient was in 
LDA and remission based on DAS28-ESR (figure 1). By week 
12 after rescue, 21%, 33% and 33% of baricitinib and 17%, 
37% and 43% of adalimumab patients had reached LDA based 
on DAS28-ESR, CDAI, and SDAI, respectively (figure 1). Acute 
phase markers decreased significantly in patients rescued from 
adalimumab to baricitinib, but not in those remaining on baric-
itinib (table 2). Rescued patients showed significant improve-
ments in pain and physical function 4 weeks after rescue, which 
were sustained through 12 weeks (table 2). After week 24, an 
additional eight baricitinib patients and 11 adalimumab patients 
were rescued. These patients were not included in this study, but 
a sensitivity analysis using all patients rescued between weeks 16 
and 52 showed consistent findings to the patients rescued from 
weeks 16 to 24 (data not shown).

efficacy and PROs of switched patients in the lTe
Patients who switched from adalimumab to baricitinib main-
tained disease response in the LTE, with improvement in the first 
12 weeks post-switch. Patients who continued treatment with 
baricitinib maintained disease response (figure 2). In patients 
initially treated with adalimumab in RA-BEAM, mean CDAI, 
SDAI and DAS28-ESR showed statistically significant improve-
ment through 24 weeks of the LTE after switching to baricitinib 
4 mg (figure 2). Overall, the percentage of switched patients who 
achieved LDA based on CDAI and SDAI increased from the time 
of switch (entry to RA-BEYOND) to week 24 for both patients 
treated with baricitinib-to-baricitinib and patients treated with 
adalimumab-to-baricitinib (figure 3).

During the LTE improvements in physical function and pain 
were maintained in patients continuing baricitinib and patients 
who switched from adalimumab to baricitinib; by week 24 of 

the LTE, both groups had similar outcomes related to pain and 
physical function (figure 2).

Safety
In rescued patients, EAIRs for infections, SAEs and AEs leading 
to discontinuation were numerically higher in patients who 
continued baricitinib. The most common TEAEs were infections 
and gastrointestinal disorders (table 3). The most common infec-
tions were nasopharyngitis (n=2 for baricitinib-to-baricitinib 
and n=2 for adalimumab-to-baricitinib) and urinary tract infec-
tion (n=2 for baricitinib-to-baricitinib). In switched patients in 
the LTE, EAIRs for TEAEs, infections and serious infections were 
similar in patients who switched from adalimumab to baricitinib 
and patients who continued baricitinib (table 3).

dISCuSSIOn
On treatment failure with adalimumab, patients rescued with 
baricitinib 4 mg showed sustained and clinically relevant 
improvements in efficacy and PROs, representing measures that 
are important to patients. After switching from adalimumab to 
baricitinib on entering the LTE without adalimumab washout, 
disease control and maintenance in PROs were sustained 
through 24 weeks postswitch. There was no increase in overall 
TEAEs, SAEs or infections after transitioning to baricitinib, 
when patients could have still been exposed to therapeutic levels 
of adalimumab during the first 12 weeks after the treatment 
change. Safety findings were consistent with the known safety 
profile of baricitinib.

Within the RA patient population, the magnitude of efficacy 
responses to therapeutic intervention is heterogeneous. The 
contemporary treatment goal is to achieve LDA or remission.3 
In the absence of a satisfactory clinical response, in patients 
initiated on MTX, options exist to titrate the dose upwards 
or change to parenterally administered drugs. In contrast, for 
patients on targeted bDMARD and tsDMARD therapies, there 
are limited options for dose titration; therefore, current practice 
is most often to switch between different therapies, either within 
class, in the case of biologic TNF inhibitors, or from one mech-
anism of action to another. The data emerging from the present 
analyses are therefore of contemporary relevance with respect 
to two sets of patients: first, patients requiring rescue to a new 
drug due to lack of clinical response, and second, patients who 
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Figure 1 Low disease activity and remission at the time of rescue and 4, 8 and 12 weeks after rescue in rescued patients from RA-BEAM. NRI 
was used for missing data imputation. CDAI, clinical disease activity index; DAS28-ESR, disease activity score using 28-joint count with erythrocyte 
sedimentation rate; NRI, non-responder imputation; SDAI, simplified disease activity index.

have a clinical response but choose to switch therapies for other 
reasons.

The proportion of patients with RA with inadequate response 
or intolerance to TNF inhibitors is increasing with wider use 
of these agents.7 The phase III RA-BEACON study showed that 
baricitinib is an effective and well-tolerated once daily oral treat-
ment option for such patients.8 Phase III trials of novel targeted 
DMARDs in TNF-IR RA patients typically require discontin-
uation of TNF inhibitors prior to enrolment. Commonly, the 

required period of discontinuation for the previous TNF inhib-
itor is based on a multiple of half-lives for the specific agent. 
This results in lengthy washout periods prior to commencing 
the novel investigational treatment. In an effort to more closely 
reflect routine clinical practice, RA-BEACON (a phase III 
randomised controlled trial of baricitinib in patients with inad-
equate response to TNF inhibitors) adopted a more pragmatic 
minimum of 4 weeks’ discontinuation for prior TNF inhibitors 
before patients could enter the study screening period. The 
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Figure 2 Mean observed values for CDAI (A), SDAI (B), DAS28-ESR (C), physical function (HAQ-DI) (D) and patient’s assessment of pain (E) through 
24 weeks in the switched patients from RA-BEYOND. *p≤0.05; **p≤0.01; ***p≤0.001 for within-group change based on mixed model for repeated 
measures. Week 0=time of switch (or entry to RA-BEYOND). CDAI, clinical disease activity index; DAS28-ESR, disease activity score using 28-joint 
count with erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire Disability index; SDAI, simplified disease activity index.

present dataset is of relevance as it may better approximate 
real-world practice in that patients with inadequate response 
to adalimumab in RA-BEAM who were rescued to baricitinib 
at a scheduled visit did so only 2 weeks following the last dose 
of adalimumab. Unsurprisingly, given the prior findings of 
RA-BEACON, these patients showed clinical improvement with 
baricitinib (although as noted below, present observations are 
limited by the open-label nature of rescue). Perhaps the more 
practically important novel finding from the present study is that 
adverse event data from the period immediately following the 
treatment change suggest that a prompt transition from adalim-
umab to baricitinib can be executed with acceptable safety and 
tolerability.

Switching between therapeutics may occur even in patients 
who exhibit clinical responses and tolerate a given initial treat-
ment. Patients randomised to adalimumab who completed the 
52 week RA-BEAM without requiring rescue were switched 
to baricitinib in RA-BEYOND, with maintained efficacy and 
acceptable safety. These findings are of practical clinical rele-
vance where patients receiving a biologic TNF inhibitor who 
have not necessarily exhibited intolerance or poor response 
to that agent are contemplating transition to baricitinib. This 
scenario could arise, for instance, due to patient preference for 
oral over injectable treatment options.6 As patients communicate 
with their healthcare providers regarding preferred treatments, 
they can be assured that important quality-of-life outcomes will 
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Figure 3 Low disease activity and remission at weeks 0, 12 and 24 after switch in switched patients from RA-BEYOND. Week 0=time of switch (or 
entry to RA-BEYOND). NRI was used for missing data imputation. CDAI, clinical disease activity index; DAS28-ESR, disease activity score using 28-joint 
count with erythrocyte sedimentation rate; NRI, non-responder imputation; SDAI, simplified disease activity index.

be maintained after switching to baricitinib as physical func-
tion and pain improvements that occurred in RA-BEAM with 
adalimumab were maintained into the LTE after switching to 
baricitinib.

The switch from adalimumab to baricitinib occurred without 
a washout period, and adalimumab has a mean circulating half-
life of approximately 14 days.9 Patients would therefore have 
received several weeks of dual TNF and JAK1/JAK2 inhibition 
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Table 3 Safety in rescued patients from RA-BEAM and patients switched in RA-BEYOND

Rescued patients in RA-BeAM
(24 weeks after rescue)

Switched patients in RA-BeYOnd
(weeks 0–24 after switch)

Baricitinib to baricitinib
(n=35, PYe=15.8)

Adalimumab to baricitinib
(n=40, PYe=19.6)

Baricitinib to baricitinib
(n=381, PYe=189.4)

Adalimumab to baricitinib
(n=238, PYe=118.2)

Patients with ≥1 TEAE 21 (60.0) (132.8) 26 (65.0) (132.4) 206 (54.1) (108.8) 124 (52.1) (104.9)

Infections 11 (31.4) (69.6) 7 (17.5) (35.6) 87 (22.8) (45.9) 49 (20.6) (41.5)

  Herpes zoster 1 (2.9) (6.3) 1 (2.5) (5.1) 5 (1.3) (2.6) 5 (2.1) (4.2)

Gastrointestinal disorders 6 (17.1) (37.9)* 8 (20.0) (40.7)† 36 (9.4) (19.0) 18 (7.6) (15.2)

AEs that led to permanent study 
drug discontinuation

4 (11.4) (25.3) 1 (2.5) (5.1) 8 (2.1) (4.2) 3 (1.3) (2.5)

Patients with ≥1 SAE 6 (17.1) (37.9) 2 (5.0) (10.2) 26 (6.8) (13.7) 11 (4.6) (9.3)

  Serious infections 0 0 8 (2.1) (4.2) 4 (1.7) (3.4)

Data are n (%) (EAIR).
*Gastrointestinal disorders included nausea, dental caries, constipation, gastritis, vomiting, diarrhoea, inguinal hernia, mouth ulceration and upper gastrointestinal haemorrhage.
†Gastrointestinal disorders included dyspepsia, abdominal pain, constipation, stomatitis, upper abdominal pain, diarrhoea, enterocolitis and hyperchlorhydria.
AE, adverse event; EAIR, exposure-adjusted incidence rate; PYE, patient-years of exposure; SAE, serious adverse event; TEAE, treatment-emergent adverse event.

after treatment change. Hence, although the observed improve-
ments in CDAI and SDAI were sustained over 24 weeks 
(figure 2) and may simply reflect the improved efficacy seen 
with baricitinib over adalimumab in the randomised period of 
RA-BEAM, some of the initial benefit evident after switch might 
in fact be accounted for by the combination. From a biological 
perspective, there are reasons to consider that a combination 
of TNF and JAK inhibition could have merit. TNF inhibition 
using bDMARDs provides near-complete, sustained inhibition 
of the TNF pathway and its downstream effects. Baricitinib, on 
the other hand, provides partial and transient inhibition of the 
broader variety of JAK1/JAK2-dependent pathways. Accordingly, 
whole blood microarray evaluation in RA-BEAM has shown that 
baricitinib and adalimumab exert pharmacodynamic effects that 
impact substantially non-overlapping sets of mediators.10 The 
observation of added efficacy, without apparent acute safety 
signal during the weeks when patients were exposed to both 
adalimumab and baricitinib, is of interest given the findings from 
earlier, dedicated combination targeted DMARD studies, which 
showed that compared with single targeted therapy, selected 
combinations (TNF inhibition with either interleukin-1 or T-cell 
costimulation blockade) increased safety risks without adding 
benefit.11 12

The current analysis has a number of relevant limitations. First, 
although initial randomised treatment assignment remained 
blinded at all times, baricitinib was administered in an open-label 
manner after rescue or switch. This likely influenced subjective 
responses thereafter, in particular for RA-BEAM rescue, where 
patients knew they were moving to baricitinib from a treatment 
that was ineffective for them, and which could have been placebo. 
Given these dynamics, the psychological effects of ‘rescue’ may 
have masked detectable differences between groups based on 
prior treatment. This could account for the counterintuitive 
finding that, in contrast to acute phase markers, which signifi-
cantly improved only in those patients rescued from adalimumab 
to baricitinib, improvements in composite disease activity scores 
(which include subjective components) after rescue to open-
label baricitinib did not appear different for patients rescued 
from blinded baricitinib (ie, no treatment change, apart from 
background therapy) compared with those rescued from blinded 
adalimumab (ie, a change of treatment and a setting (TNF-IR) 
where baricitinib has been proven to be efficacious).8 This bias 
was likely less of a factor for the switch to baricitinib on entering 
the LTE, as at the time of switch, all patients were knowingly 

receiving active treatment to which they had exhibited a reason-
able response; the psychological placebo effect of rescue from an 
ineffective treatment was not in play. In addition, rescue criteria 
in RA-BEAM differed during the period of interest; at week 16, 
patients were automatically rescued without at least a minimal 
improvement in swollen/tender joint counts, whereas thereafter, 
investigators decided whether to rescue. Finally, the transitions 
to baricitinib (rescue and switch) were not randomised.

In conclusion, these data support and extend the findings 
of prior baricitinib studies,6 8 that in patients with RA, transi-
tion from adalimumab to baricitinib does not require lengthy 
washout from the prior treatment and is associated with main-
tained clinical disease control, with acceptable safety.
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AbsTRACT
Objective To evaluate the efficacy of denosumab 
in suppressing joint destruction when added to 
conventional synthetic disease-modifying antirheumatic 
drug (csDMaRD) therapy in patients with rheumatoid 
arthritis (Ra).
Methods This was a multi-centre, randomised, 
double-blind, parallel-group, placebo-controlled 
phase 3 study in Japan. Patients with Ra aged ≥20 
years receiving csDMaRDs were randomly assigned 
(1:1:1) to denosumab 60 mg every 3 months (Q3M), 
denosumab 60 mg every 6 months (Q6M) or placebo. 
The change in the modified total sharp score (mTss) 
and effect on bone mineral density (BMD) at 12 
months was evaluated.
Results in total, 654 patients received the trial 
drugs. Denosumab groups showed significantly less 
progression of joint destruction. The mean changes 
in the mTss at 12 months were 1.49 (95% Ci 0.99 
to 1.99) in the placebo group, 0.99 (95% Ci 0.49 to 
1.49) in the Q6M group (p=0.0235) and 0.72 (95% 
Ci 0.41 to 1.03) in the Q3M group (p=0.0055). The 
mean changes in bone erosion score were 0.98 (95% 
Ci 0.65 to 1.31) in the placebo group, 0.51 (95% Ci 
0.22 to 0.80) in the Q6M group (p=0.0104) and 0.22 
(95% Ci 0.09 to 0.34) in the Q3M group (p=0.0001). 
no significant between-group difference was observed 
in the joint space narrowing score. The per cent change 
in lumbar spine (l1–l4) BMD in the placebo, Q6M 
and Q3M groups were −1.03%, 3.99% (p<0.0001) 
and 4.88% (p<0.0001). no major differences were 
observed among safety profiles.
Conclusions Denosumab inhibits the progression of 
joint destruction, increases BMD and is well tolerated in 
patients with Ra taking csDMaRD.

InTROduCTIOn
Rheumatoid arthritis (RA) is characterised by 
inflammatory synovitis that causes joint cartilage 
and bone destruction1 2 and increases fracture risk 
through bone erosion and osteoporosis.3 4 Bone 
damage is localised to the periarticular cortical 

areas of inflamed joints in early RA, but oste-
oporosis extends to the diaphyses becoming 
generalised in advanced stages. On infiltration 
into the periarticular region, activated T and B 
cells express two essential osteoclast mediators, 

Key messages

What is already known about this subject?
 ► Denosumab, an antibody targeting receptor 
activator of nuclear factor κB ligand, can 
successfully inhibit the progression of bone 
erosion and increase bone mineral density 
(BMD) in patients with rheumatoid arthritis (RA) 
receiving methotrexate.

What does this study add?
 ► The DESIRABLE study is the largest study 
performed to date investigating the efficacy of 
denosumab in patients with RA.

 ► Denosumab significantly inhibits the 
progression of joint destruction: denosumab 
inhibited the progression of the modified total 
Sharp score and erosion scores and led to an 
increase in BMD but did not affect the joint 
space narrowing or disease activity scores 
in patients with RA receiving conventional 
synthetic disease-modifying antirheumatic 
drugs (csDMARDs) (including methotrexate).

 ► Denosumab was generally well tolerated in 
patients receiving background treatment with 
csDMARDs.

How might this impact on clinical practice or 
future developments?

 ► Denosumab has potential as a novel therapeutic 
option for suppression of bone erosion and 
bone loss in patients with RA with or without 
concomitant osteoporosis, particularly in 
patients who are contraindicated for biological 
disease-modifying antirheumatic drugs 
(bDMARDS).
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one being the receptor activator of nuclear factor κB ligand 
(RANKL).1 2 5 The proliferated synovium erodes from the 
osteochondral junction into the bone tissue, with osteoclasts 
destroying the local joint site.

Disease-modifying antirheumatic drugs (DMARDs) modu-
late the inflammatory immune responses slowing radiographic 
damage.6 Conventional synthetic DMARDs (csDMARDs) are 
commonly prescribed for patients with RA, although meth-
otrexate remains the gold standard. Biological DMARDs 
(bDMARDs) are also used to target specific proteins and can 
potently suppress RA disease; however, they may cause serious 
infection. Some patients do not respond fully to bDMARDs,1 
possibly because their joint destruction is unconnected to the clin-
ical scores of inflammation.7 These issues may be compounded 
by the worsening of RA pathology by steroid-induced and disuse 
osteoporosis.8

RANKL is essential for osteoclast development, activation and 
survival.9 Denosumab, a fully human monoclonal IgG2 antibody, 
binds and neutralises the activity of human RANKL suppressing 
bone resorption10 and may also prevent progression of bone 
erosion. Two phase 2 studies of denosumab have been conducted 
in patients with RA receiving methotrexate: in a study in the 
USA and Canada, denosumab 60 or 180 mg was administered 
every 6 months,11 while in a Japanese study, denosumab 60 mg 
was administered every 2, 3 or 6 months.12 Both demonstrated 
significant inhibition of bone erosion progression compared with 
placebo. Therefore, we conducted this phase 3 study to evaluate 
the effect of denosumab on the progression of joint damage in 
patients with RA being treated with csDMARDs.

MeTHOds
study design and patients
This was a randomised, double-blind, parallel-group, place-
bo-controlled phase 3 study conducted at 104 hospitals in Japan. 
We enrolled patients aged ≥20 years who fulfilled the 1987 
American College of Rheumatology (ACR) criteria13 or 2010 
ACR/European League Against Rheumatism criteria14 for RA, 
who had RA for 6 months to <5 years and were receiving treat-
ment with one or more csDMARDs. Based on a treat-to-target 
strategy, investigators adjusted csDMARD dosages for RA disease 
activity and/or added other treatments as appropriate (including 
nonsteroidal anti-inflammatory drugs (NSAIDs), glucocorticoids 
and csDMARDs such as salazosulfapyridine, bucillamine and 
tacrolimus in addition to methotrexate). Eligible patients had 
bone erosions (≥1) on radiographs or met the following criteria: 
C-reactive protein (CRP) levels of ≥1.0 mg/dL or an erythrocyte 
sedimentation rate (ESR) of ≥28 mm/hour, and positive anticy-
clic citrullinated peptide antibodies or rheumatoid factor (>20 
IU/mL). The main exclusion criteria were RA functional class 
IV15 and previous or current treatment of RA with any biolog-
ical agents. Use of bisphosphonates, parathyroid hormones, oral 
glucocorticoids (prednisolone equivalent doses of >10 mg/day), 
biologics and tofacitinib6 were prohibited. However, hormone 
replacement therapy was allowed. Participants continued 
csDMARDs treatment and received ≥600 mg/day calcium with 
vitamin D.

Treatment and randomisation
The study drugs were denosumab (one prefilled syringe 
containing 1 mL of a sterile colourless solution of denosumab 60 
mg) and denosumab-matching placebo. Patients received either 
denosumab or placebo at 0, 3, 6 and 9 months.

Patients were stratified by baseline glucocorticoid use and 
randomly assigned in a 1:1:1 ratio by the Interactive Web 
Response System to receive one of three treatments for 12 
months: subcutaneous injection of denosumab 60 mg every 6 
months (Q6M), every 3 months (Q3M) or placebo. Assignment 
was done using the RANUNI function of SAS software (release 
V.9.1.3). Treatment was masked to patients, investigators, spon-
sors and trial personnel involved in measuring outcomes.

Collected patient data and assessments
Radiographs were taken at baseline, 6 months and 12 months 
and reviewed at a central imaging core lab. Independent readers 
evaluated hand and foot radiographs by the modified Sharp/van 
der Heijde method.16 Dual energy X-ray absorptiometry scans 
for bone mineral density (BMD) were performed to evaluate the 
lumbar spine (L1–L4) at baseline and 12 months, using Hologic 
Inc (USA) or GE Healthcare Ltd (UK) devices, and analyses were 
performed by BioClinica Inc (USA).

Clinical assessments at baseline, 6 months and 12 months 
included: physician’s and patient’s global assessment of disease 
activity by visual analogue scale (VAS), patient’s assessment 
of pain by VAS, Health Assessment Questionnaire-Disability 
Index (HAQ-DI),17 the 66-joint count for swollen joints and the 
68-joint count for tender joints. Blood and urine samples were 
obtained at fixed times and analysed at a central laboratory (LSI 
Medience Corporation, Tokyo, Japan) for haematology, blood 
biochemistry, serum C-telopeptide of type I collagen (CTX-I), 
urine C-telopeptide of type II collagen (CTX-II) and serum carti-
lage oligomeric matrix protein (COMP). CTX-II was adjusted 
for creatinine (CTX-II/Cre). The ACR response18 and disease 
activity score 28 (DAS28) CRP and ESR19 were calculated using 
these outcomes. Antidenosumab antibodies were assessed at 
baseline and 12 months by PPD Development, LLC (USA).

Outcome measures
The primary endpoint was the change in the modified total 
Sharp score (mTSS) from baseline to 12 months. Secondary 
endpoints were the changes from baseline to 6 months in the 
mTSS, changes in the erosion score at 6 months and 12 months, 
changes in the joint space narrowing (JSN) score at 12 months, 
per cent change in lumbar spine (L1–L4) BMD and the per cent 
change in markers of bone and cartilage metabolism. Explor-
atory variables of efficacy were assessed at 12 months: the 
proportion of patients without radiographic progression (change 
in the radiographic score of ≤0.5)20 according to the mTSS, the 
erosion score or the JSN score; the per cent change in BMD in 
the subgroup using glucocorticoids or the subgroup with base-
line osteoporosis; and the proportions of patients achieving 
an ACR20/50/70 response, a change in HAQ-DI, DAS28-CRP 
and DAS28-ESR from baseline. Safety was assessed by adverse 
events, laboratory tests and antidenosumab antibody levels and 
summarised according to the Medical Dictionary for Regulatory 
Activities (V.19.0).

statistical analyses
A sample size of 214 patients per group was estimated to be 
sufficient to obtain a power of 0.9 and a two-sided significance 
level of 0.05, assuming a probability of 0.593 that an individual 
change in mTSS score randomly drawn from the denosumab 
group is less than that from the placebo group (based on the 
phase 2 study12) and allowing 5% missing radiographic data. 
The full analysis set (FAS) for the efficacy analyses included 
all patients who received the assigned study drug and had an 
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Figure 1 Trial profile. *As one patient assigned to denosumab Q6M was administered placebo by mistake, the patient was included in the placebo 
group for safety analysis. †No mTSS measurements available at baseline or after the first administration of treatment. §207 (per-protocol set). ¶202 
(per-protocol set). ǂ200 (per-protocol set). mTSS, modified total Sharp score; PRT, protocol; Q3M, every 3 months; Q6M, every 6 months.

available mTSS score at baseline and at least one postbaseline 
assessment. Missing values for the radiographic score were 
imputed by linear extrapolation/interpolation. For other vari-
ables, no imputation was implemented.

The primary analysis compared the change in mTSS from 
baseline to 12 months between each denosumab group and 
the placebo group using the van Elteren stratified rank test 
adjusted for randomised strata (baseline glucocorticoid use). A 
hierarchical testing procedure was used to control the overall 
type I error at 0.05 for multiple comparisons of the primary 
endpoint; if there was a significant difference between the Q3M 
and placebo groups, comparison between the Q6M and placebo 
groups was formally tested. The same analysis method was used 
without multiple adjustments for the other radiographic score 
endpoints.

The proportions of patients without radiographic progression, 
with rapid radiographic progression (yearly progression of ≥5 
in mTSS), and of patients achieving ACR20/50/70 were analysed 
using the Cochran-Mantel-Haenszel test adjusted for randomised 
strata. In a post hoc analysis, the proportion of patients with 
minimal clinically important progression of HAQ-DI (change 
from baseline ≥0.22)21 was analysed by the same method. For 
changes from baseline in the DAS28-CRP, DAS28-ESR and 
HAQ-DI, comparisons of each denosumab group with the 
placebo group were performed using repeated measures analysis 
adjusted for treatment, visit, baseline value, randomised strata 
and treatment-by-visit interaction. The per cent changes from 
baseline in lumbar spine (L1–L4) BMD, including for subgroups, 

were assessed using the analysis of covariance model. Safety was 
analysed with the data set from patients who received at least 
one dose of the study drug. All analyses were conducted using 
SAS V.9.2.

ResulTs
Patient disposition and baseline characteristics
Between 29 October 2013 and 1 December 2015, 679 patients 
were randomised (figure 1). The FAS included 654 patients. 
One patient in the Q6M group received placebo by mistake, and 
therefore, that patient’s safety data were included in the placebo 
group. Baseline characteristics were similar across treatment 
groups (table 1). Dose adjustments of csDMARD and glucocor-
ticoid were made similarly among treatment groups.

efficacy
Regarding the primary endpoint, the mTSS increased in all 
groups despite csDMARD treatment (figure 2A). The Q3M and 
Q6M groups showed significantly smaller changes in the mTSS 
from baseline to 12 months versus the placebo group: mean 
changes were 1.49 (95% CI 0.99 to 1.99) in the placebo group; 
0.99 (95% CI 0.49 to 1.49), Q6M group (p=0.0235); and 0.72 
(95% CI 0.41 to 1.03), Q3M group (p=0.0055). Compared with 
placebo, changes in the mTSS from baseline to 6 months were 
significantly smaller in the Q6M and Q3M groups (p=0.0360 
and 0.0028, respectively) (figure 2A), as were the changes in 
the erosion score from baseline to 12 months (p=0.0104 and 
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Table 1 Baseline demographics and characteristics

denosumab

Placebo
(n=218)

60 mg Q6M
(n=217)

60 mg Q3M
(n=219)

Total
(n=654)

Female, n (%) 167 (76.6) 168 (77.4) 154 (70.3) 489 (74.8)

Age (years) 55.8 (11.70) 58.1 (12.30) 58.2 (12.04) 57.4 (12.04)

 ≥65 years, n (%) 55 (25.2) 77 (35.5) 69 (31.5) 201 (30.7)

BMI (kg/m2) 22.65 (3.49) 22.38 (3.68) 22.64 (3.62) 22.56 (3.59)

Osteoporosis, n (%) 44 (20.2) 42 (19.4) 46 (21.0) 132 (20.2)

Duration of RA (years) 2.07 (1.30) 2.20 (1.33) 2.20 (1.30) 2.16 (1.31)

RF status positive, n (%) 137 (62.8) 140 (64.5) 128 (58.4) 405 (61.9)

ACPA positive, n (%) 145 (66.5) 158 (72.8) 149 (68.0) 452 (69.1)

Modified total Sharp score (0–448) 13.14 (21.44) 15.92 (22.21) 15.17 (18.97) 14.75 (20.91)

Modified Sharp erosion score 
(0–280)

6.55 (10.58) 7.53 (10.11) 7.16 (9.41) 7.08 (10.04)

Modified Sharp JSN score (0–168) 6.59 (11.94) 8.39 (13.82) 8.01 (10.86) 7.66 (12.27)

Swollen joint count (0–66) 9.35 (4.43) 9.46 (4.88) 8.96 (4.30) 9.25 (4.54)

Tender joint count (0–68) 6.62 (6.39) 7.48 (8.20) 7.32 (8.00) 7.14 (7.57)

DAS28-CRP 3.43 (1.02) 3.62 (1.09) 3.52 (1.04) 3.52 (1.05)

  DAS28 >3.2, n (%) 119 (54.6) 141 (65.0) 138 (63.0) 398 (60.9)

CRP (mg/dL) 0.36 (0.57) 0.65 (1.25) 0.50 (1.03) 0.51 (1.00)

HAQ-DI (0–3) 0.31 (0.39) 0.40 (0.51) 0.38 (0.45) 0.36 (0.45)

MTX use, n (%) 190 (87.2) 176 (81.1) 189 (86.3) 555 (84.9)

MTX weekly dose (mg) 9.80 (3.33) 9.33 (3.05) 9.80 (2.97) 9.65 (3.13)

Other major DMARDs     

  Salazosulfapyridine, n (%) 44 (20.2) 59 (27.2) 49 (22.4) 152 (23.2)

  Bucillamine, n (%) 35 (16.1) 28 (12.9) 23 (10.5) 86 (13.1)

  Iguratimod, n (%) 14 (6.4) 12 (5.5) 11 (5.0) 37 (5.7)

  Tacrolimus, n (%) 2 (0.9) 10 (4.6) 5 (2.3) 17 (2.6)

  Gold sodium thiosulfate, n (%) 3 (1.4) 4 (1.8) 7 (3.2) 14 (2.1)

Glucocorticoid use, n (%) 69 (31.7) 73 (33.6) 68 (31.1) 210 (32.1)

  Glucocorticoid dose (mg/day) 3.73±1.89 3.96±2.16 4.10±2.27 3.93±2.11

NSAID use, n (%) 145 (66.5) 152 (70.0) 151 (68.9) 448 (68.5)

Hormone replacement therapy for 
osteoporosis treatment

0 (0.0) 2 (0.9) 1 (0.5) 3 (0.5)

Lumbar spine (L1–L4) BMD by machine type (g/cm2)   

  Hologic* 0.89 (0.16) 0.89 (0.16) 0.90 (0.16) 0.89 (0.16)

  Lunar* 1.11 (0.19) 1.01 (0.19) 1.02 (0.15) 1.05 (0.18)

CTX-I (ng/mL)† 0.46 (0.29, 0.59) 0.45 (0.28, 0.56) 0.48 (0.26, 0.64) 0.47 (0.28, 0.59)

COMP (U/L)† 9.43 (7.00, 11.40) 9.61 (7.80, 11.00) 9.58 (7.70, 11.50) 9.54 (7.45, 11.30)

CTX-II (ng/mmol Cre)† 397.09 (184.00, 480.00) 442.90 (189.00, 563.00) 389.27 (184.00, 457.00) 409.73 (184.00, 492.00)

n=number of patients who received ≥1 dose of study drug and had a baseline and at least 1 postbaseline measurement of the radiograph score.
Values are mean (SD) unless otherwise indicated.
*Hologic machine use: 142, 151 and 145 patients; Lunar machine use: 76, 66 and 74 patients; placebo, Q6M and Q3M, respectively.
†Values are medians (quartile 1, quartile 3).
ACPA, anticyclic citrullinated peptide antibody; BMD, bone mineral density; BMI, body mass index; COMP, cartilage oligomeric matrix protein; CRP, C reactive protein; CTX-I, 
C-telopeptide of type I collagen; CTX-II, C-telopeptide of type II collagen; Cre, creatinine; DAS, disease activity score; DMARDs, disease-modifying antirheumatic drugs; HAQ-DI, 
Health Assessment Questionnaire-Disability Index; JSN, joint space narrowing; MTX, methotrexate; NSAID, non-steroidal anti-inflammatory drug; Q3M, every 3 months; Q6M, 
every 6 months; RA, rheumatoid arthritis; RF, rheumatoid factor.

0.0001, respectively). At 6 months, only the Q3M group showed 
a significantly lower result in the erosion score versus placebo 
(p=0.0002) (figure 2B). Overall, the changes in the JSN score 
from baseline to 12 months were not significantly different 
among groups (figure 2C).

Cumulative probability plots for changes in the mTSS, erosion 
score and JSN score at 12 months are shown in figure 3. The 
proportions of patients without radiographic progression at 
12 months were greater in the denosumab groups versus the 
placebo group: 64.2% in the placebo group (140/218), 75.6% in 
the Q6M group (164/217; p=0.0097) and 78.1% in the Q3M 

group (171/219; p=0.0014). Likewise, significant increases in 
the proportions of patients without progression of radiographic 
erosion (change in erosion score ≤0.5) were observed in both 
denosumab groups. The proportions of patients with progres-
sion of JSN were similar among the groups. The proportions of 
patients with rapid radiographic progression at 12 months in the 
placebo, Q6M and Q3M groups were 10.6% (23/218), 6.9% 
(15/217; p=0.1785 vs placebo) and 5.0% (11/219; p=0.0310 
vs placebo), respectively.

The per cent changes in lumbar spine (L1–L4) BMD from 
baseline to 12 months were −1.03%, 3.99% and 4.88% in the 
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Figure 2 Mean changes from the baseline in the radiographic scores by the van der Heijde-modified Sharp method. (A) Modified total Sharp 
score, (B) modified Sharp erosion score and (C) modified Sharp joint space narrowing score. Missing values were imputed using linear extrapolation/
interpolation. Mean and 95% CIs are presented. P values were calculated by two-sided van Elteren stratified rank test adjusting for baseline use of 
glucocorticoid. BL, baseline; n, number of patients who received ≥1 dose of investigational product and had a baseline and at least one postbaseline 
measurement of the radiograph score; Q3M, every 3 months; Q6M, every 6 months.

placebo, Q6M and Q3M groups, respectively (p<0.0001 for 
both denosumab groups vs placebo) (figure 4A). Lumbar spine 
(L1–L4) BMD was significantly increased in the denosumab 
groups versus the placebo group, regardless of glucocorticoid 
use or osteoporosis (p<0.0001 for both subgroups vs placebo) 
(figure 4B and C).

Denosumab treatment significantly decreased the bone metab-
olism marker CTX-I level at 1 month, and the decrease was 
maintained over the study period (online supplementary file 1A). 
Urine CTX-II/Cre was decreased by both doses of denosumab 
for the first 3 months; thereafter, a decrease was observed only 
in the Q3M group (online supplementary file 1B). However, 
denosumab showed no effect on the cartilage turnover serum 
marker COMP (online supplementary file 1C).

No significant differences were observed between groups in 
the ACR20/50/70 at 12 months (online supplementary file 2). 
No significant changes in the DAS28-CRP or DAS28-ESR at 12 
months were observed. Changes in the HAQ-DI at 12 months 
were only significant in the Q6M group (−0.09, p=0.0028). 
Post hoc analysis revealed that the proportions of patients with 
minimal clinically important progression of HAQ-DI (≥0.22)21 
were lower in both denosumab groups versus the placebo 
group.

safety
The incidence of all adverse events was similar among the groups, 
except for stomatitis, which was observed more frequently in 
the denosumab groups (table 2). One death was reported due to 
interstitial lung disease in the Q3M group. This was judged to be 
drug related; however, the patient was known to have rheumatic 
interstitial pneumonia concomitantly.

dIsCussIOn
RA is a systemic autoimmune inflammatory disease that causes 
joint destruction and osteoporosis, primarily through osteoclast 
activation.3 4 We conducted this phase 3 study to evaluate the 
efficacy and safety of denosumab in patients with RA, in whom 
disease activity can be controlled by 1 year treatment with 
csDMARDs irrespective of whether they were receiving gluco-
corticoids. In this study, denosumab significantly inhibited the 
progression of joint destruction and increased lumbar spine 
BMD in patients receiving concomitant csDMARD treatment. 
These results are consistent with those of previous research in 
patients with RA.11 12

Overall efficacy assessment
Although the effects of Q3M versus Q6M regimens were not 
compared in this study, the data for the Q3M regimen were 
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Figure 3 Cumulative probability plots of changes from the baseline in the radiographic score at 12 months. (A) Modified total Sharp score, (B) 
modified Sharp erosion score and (C) modified Sharp joint space narrowing score. n, number of patients who received ≥1 dose of investigational 
product and had a baseline and at least one postbaseline measurement of the radiograph score; Q3M, every 3 months; Q6M, every 6 months.

better than those for the Q6M regimen in all the mean changes 
at 12 months, the percentage of progression-free patients 
(ΔmTSS≤0.5), the proportion of rapid radiographic progression 
and the per cent change in BMD. Notably, progression of mTSS 
was lower with the Q3M regimen versus the Q6M regimen, 
suggesting that the Q3M regimen is numerically more effective.

Progression of joint damage is irreversible, and the small 
amounts accrued over 1 year can gradually accumulate, causing 
extensive damage. Moreover, radiographic damage is related to 
clinical outcomes important to patients such as work and physical 
function. Therefore, preventing joint destruction is important. 
Denosumab suppressed the mean change in mTSS (0.72 in the 
Q3M group) and increased the proportion of patients without 
mTSS progression (78.1% in the Q3M group). However, true 
clinical relevance cannot be assessed over the short duration of 
a trial.

Comparison with studies of bDMARDS is difficult as demo-
graphic factors and populations are different. However, the 
Certolizumab–Optimal Prevention of joint damage for Early RA 
study of certolizumab reported a mean change in mTSS in week 
52 of 1.58 and 0.36, and a proportion of subjects with mTSS 
≤0.5 of 70.7% and 82.9% in the placebo and certolizumab 
groups, respectively.22

Denosumab suppressed joint margin erosion but did not block 
JSN or affect the proportion of patients without JSN change, 
compared with placebo. Furthermore, we found no significant 

differences in key indicators of disease activity. Denosumab did 
not affect the cartilage turnover marker serum COMP, although 
a clear inhibition was observed for bone metabolism markers. 
These results were consistent with past studies.11 12 Accordingly, 
distinct from DMARDs, we can conclude that denosumab did 
not exert an anti-inflammatory effect in patients with RA. These 
observations were expected, given that denosumab has only been 
shown to inhibit RANKL–receptor activator of nuclear factor κB 
(RANK) signalling during osteoclastogenesis, without affecting 
other inflammatory pathways.10

Functional assessment
The HAQ-DI assesses physical functional status in adults with 
arthritis and correlates with the disease activity score.23 In this 
study, no clinically meaningful improvement in the HAQ-DI 
was obtained, consistent with the finding that denosumab has 
no effect on disease activity. As joint destruction assessed by the 
mTSS correlates with functional disability over time,24 denos-
umab seems likely to have a preferential effect on physical func-
tion. Therefore, evaluating the long-term effects of denosumab 
in this area may be worthwhile.

effects on lumbar spine bMd
Individuals with RA have an increased risk of bone loss and 
fracture.3 4 In this study, denosumab prevented a decrease in 
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Figure 4 Per cent change in lumbar spinal bone mineral density (BMD) at 12 months from baseline in all patients (A), patients stratified by baseline 
use of glucocorticoid (B) and patients stratified by osteoporosis status (C). Data are for full analysis set (observed data). Coloured bars show least 
square mean values. P values are calculated using the analysis of covariance model after adjusting for treatment, baseline value, machine type, 
baseline value-by-machine type interaction and baseline use of glucocorticoid. Q3M, every 3 months; Q6M, every 6 months.

lumbar spine BMD and significantly increased the BMD. This 
increase was observed regardless of glucocorticoid use or base-
line osteoporosis, as has been reported previously.25 Patients at 
risk of osteoporosis tend to be treated with bisphosphonates, 
which inhibit osteoclastic bone resorption,26 but non-adherence 
reduces its efficacy.27 Annually administered parenteral zoledro-
nate could be superior to oral bisphosphonates due to improved 
compliance; notably, only zoledronate has been reported to 
suppress progression of bone erosions in patients with RA.28 
One study showed that denosumab prevents bone erosion, but 
alendronate had no effect.29 Another reported that denosumab 
was more effective than zoledronate for menopause-related 
osteoporosis.30 The differences in effects between bisphospho-
nates and denosumab may be explained by their distributions 
and mechanisms of action.31 Bisphosphonates are preferentially 
distributed in the gaps of bone resorption present in trabecular 
bone, taken up by osteoclasts and inhibit bone resorption with 
greater effect on cancellous bone. In contrast, denosumab is 
distributed throughout the extravascular space, without binding 
to the bone surface, inhibiting bone remodelling in both cortical 
and cancellous bone by blocking the RANKL–RANK interaction, 
a common pathway for osteoclast differentiation in osteopo-
rosis and inflammation. Denosumab is the first drug shown to 
have potent suppressive effects on both osteoporosis and joint 
destruction in patients with RA who are concomitantly receiving 
csDMARDs. As osteoporosis and joint destruction have been 

observed in some patients with RA treated with bDMARDS,32 
and because bDMARDs are contraindicated in some patients 
due to infection risk or costs, a combination of csDMARDs 
and denosumab could be a new treatment option for patients in 
whom csDMARDs are used to control disease activity.

safety profile
The incidence of adverse events was similar across treatment 
groups. Specifically, hypocalcemia, an identified risk of deno-
sumab,33 and fractures were comparable between groups. 
Overall, the safety profile of each denosumab group was broadly 
comparable to the placebo group, consistent with previous 
studies.11 12 33

study limitations
This study has some limitations, including the prohibited 
concomitant use of biologics and tofacitinib and the short study 
duration. This short duration was chosen for ethical reasons: 
to treat patients optimally in the placebo group. We conducted 
an open-label extension study following the phase 3 study to 
evaluate long-term effects and are planning a follow-up study of 
patients who completed the phase 3 extension study to assess the 
rebound effects and safety of denosumab on bone erosion and 
BMD in patients with RA.
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Table 2 Summary of adverse events

Aes, n (%)
Placebo
(n=224)

denosumab

60 mg Q6M
(n=221)

60 mg Q3M
(n=222)

Patients with adverse events 186 (83.0) 187 (84.6) 185 (83.3)

  Patients with serious adverse events 13 (5.8) 19 (8.6) 19 (8.6)

  Patients with related adverse events* 38 (17.0) 38 (17.2) 36 (16.2)

  Patients with related serious adverse events* 3 (1.3) 4 (1.8) 4 (1.8)

  Death 0 (0.0) 0 (0.0) 1 (0.5)

Any adverse events in ≥5% of patients in any treatment group  

  Nasopharyngitis 73 (32.6) 79 (35.7) 69 (31.1)

  Pharyngitis 16 (7.1) 13 (5.9) 16 (7.2)

  Influenza 12 (5.4) 8 (3.6) 10 (4.5)

  Stomatitis 13 (5.8) 22 (10.0) 27 (12.2)

  Dental caries 9 (4.0) 12 (5.4) 7 (3.2)

  Back pain 7 (3.1) 5 (2.3) 12 (5.4)

  Upper respiratory tract inflammation 9 (4.0) 18 (8.1) 8 (3.6)

  Hepatic function abnormal 20 (8.9) 14 (6.3) 13 (5.9)

Drug-related serious adverse events*

  Lymphoproliferative disorder 0 (0.0) 0 (0.0) 1 (0.5)

  Rectal cancer 0 (0.0) 0 (0.0) 1 (0.5)

  Squamous cell carcinoma of lung 0 (0.0) 1 (0.5) 0 (0.0)

  Lung neoplasm malignant 1 (0.4) 0 (0.0) 0 (0.0)

  Interstitial lung disease 0 (0.0) 1 (0.5) 1 (0.5)

  Abscess jaw 0 (0.0) 1 (0.5) 0 (0.0)

  Diverticulitis 1 (0.4) 0 (0.0) 0 (0.0)

  Ventricular tachycardia 0 (0.0) 0 (0.0) 1 (0.5)

  Platelet count decreased 0 (0.0) 0 (0.0) 1 (0.5)

  Brain stem infarction 0 (0.0) 1 (0.5) 0 (0.0)

  Sudden hearing loss 1 (0.4) 0 (0.0) 0 (0.0)

n=Number of patients who received ≥1 dose of investigational product. Classifications of adverse events are based on the Medical Dictionary for Regulatory Activities. Only 
includes treatment-emergent adverse events.
*This includes events for which the investigator indicated there was a reasonable possibility they may have been caused by the investigational product.
MACE, major adverse cardiovascular events; Q3M, every 3 months; Q6M, every 6 months.

Clinical impact and future potential
Currently, not all patients with RA receive treatment to suffi-
ciently suppress joint destruction for many reasons. Due to safety 
concerns, csDMARDs have a dose limit, and some csDMARDs 
cannot be combined. Furthermore, biologics are not used in all 
patients who insufficiently respond to csDMARDs for safety 
or economic reasons, even if indicated.34 In clinical trials using 
denosumab, no additive anti-inflammatory effect was observed 
in patients with RA, but its inhibitory effect on joint destruction 
was confirmed by use in combination with csDMARDs. Hence, 
we believe that this drug is a novel treatment option for patients 
with RA who do not respond well to csDMARDs, are unable to 
adjust or start other DMARDs due to safety concerns or costs or 
require treatment for osteoporosis.
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Key messages

What is already known about this subject?
 ► Antibodies targeting different post-translational 
modified proteins have been described for 
patients with rheumatoid arthritis (RA). 
Different classes of these antibodies can be 
present simultaneously. Nevertheless, the 
mechanisms behind the concurrent presence of 
different anti-modified protein antibody (AMPA) 
classes in RA are unclear.

What does this study add?
 ► Our data show that, in mice, a protein 
expressing one particular post-translational 
modification can induce cross-reactive AMPA 
against other post-translational modifications 
as well.

 ► Different AMPA from patients with RA show 
similar cross-reactivity.

How might this impact on clinical practice or 
future developments?

 ► Our results indicate a ‘common’ B-cell response 
from which different AMPA responses originate, 
thereby providing a conceptual framework 
for the mutual relationship and simultaneous 
presence of different AMPA ‘classes’ in RA.

AbsTRACT
Objectives autoantibodies against post-translationally 
modified proteins (anti-modified protein antibodies 
or aMPas) are a hallmark of rheumatoid arthritis 
(ra). a variety of classes of aMPas against different 
modifications on proteins, such as citrullination, 
carbamylation and acetylation, have now been 
described in ra. at present, there is no conceptual 
framework explaining the concurrent presence or mutual 
relationship of different aMPa responses in ra. Here, 
we aimed to gain understanding of the co-occurrence 
of aMPa by postulating that the aMPa response shares 
a common ’background’ that can evolve into different 
classes of aMPas.
Methods Mice were immunised with modified antigens 
and analysed for aMPa responses. in addition, reactivity 
of aMPa purified from patients with ra towards 
differently modified antigens was determined.
Results immunisation with carbamylated proteins 
induced aMPas recognising carbamylated proteins 
and also acetylated proteins. similarly, acetylated 
proteins generated (autoreactive) aMPas against other 
modifications as well. analysis of anti-citrullinated 
protein antibodies from patients with ra revealed 
that these also display reactivity to acetylated and 
carbamylated antigens. similarly, anti-carbamylated 
protein antibodies showed cross-reactivity against all 
three post-translational modifications.
Conclusions Different aMPa responses can emerge 
from exposure to only a single type of modified protein. 
These findings indicate that different aMPa responses 
can originate from a common B-cell response that 
diversifies into multiple distinct aMPa responses and 
explain the presence of multiple aMPas in ra, one of the 
hallmarks of the disease.

InTROduCTIOn
The presence of anti-citrullinated protein anti-
bodies (ACPAs) is one of the hallmarks of rheuma-
toid arthritis (RA). ACPAs recognise citrullinated 
proteins and display an extensive citrulline-de-
pendent cross-reactivity towards multiple citrul-
linated antigens.1 2 Interestingly, the citrullinated 
epitope-recognition profile expands before clinical 
onset of disease, possibly as a consequence of the 
activation of new ACPA-expressing B cells and/or 

progressive somatic hypermutation of individual 
B-cell clones.3–7 Also, other post-translationally 
modified (PTM) proteins, in particular carbamy-
lated and acetylated proteins, have been found to 
be recognised by RA autoantibodies.8 Carbamyla-
tion and acetylation do not modify arginine, the 
target of citrullination, but lysine into respectively 
homocitrulline and acetyl-lysine. Homocitrulline is 
an amino acid resembling citrulline, but containing 
an additional methylene group. Anti-Carbamy-
lated protein (anti-CarP) antibodies are present in 
approximately 45% of patients with RA.9 These 
antibodies can be cross-reactive to citrullinated anti-
gens, but can also display a more restricted recogni-
tion profile directed against carbamylated proteins 
only. Indeed, 10%–20% of ACPA-negative patients 
with RA are positive for anti-CarP antibodies, 
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indicating that these antibodies represent a different class of 
anti-modified protein antibodies.9 10 Acetylation, on the other 
hand, is mediated by intracellular acetyltransferases. Anti-acetyl-
ated protein antibodies (AAPAs) are present in approximately 
40% of patients with RA11 and are mainly found in ACPA-pos-
itive RA, although also ACPA-negative patients with RA can be 
AAPA positive. Inhibition experiments showed limited cross-re-
activity between anti-acetylated, anti-carbamylated and ACPAs, 
indicating that also AAPAs represent another class of anti-modi-
fied protein antibody (AMPA).11

These previous observations are interesting as they indicate 
that AMPAs, due to their concurrent presence in RA, have a 
commonality that is currently not understood. Here, we studied 
the possibility that the AMPA response originates from a 
common ‘event’ by analysing whether exposure to one partic-
ular class of modified proteins can generate different AMPA 
responses.

MATeRIAls And MeTHOds
Proteins, modifications and immunisations
All procedures for protein modification, mass spectrometry and 
immunisations are previously described and further detailed in 
the online supplementary materials.9 12 13 Animal experiments 
were approved by the Ethical Committee for Animal Experimen-
tation. All immunised mice were healthy and showed no signs of 
arthritis throughout the experiment.

Mass spectrometry
Procedure for the mass spectrometry analysis is described in 
detail in online supplementary materials and methods.

detection of AMPAs
For the detection of AMPAs in mice, the following ELISA was 
performed: Modified proteins and their non-modified coun-
terparts were coated at a concentration of 10 µg/mL in 0.1 M 
carbonate–bicarbonate buffer (pH 9.6) overnight on Nunc Maxi-
sorp plates (Thermo Scientific). The plates were blocked with 
phosphate buffered saline (PBS)+1% bovine serum albumin. The 
mouse sera were diluted 1:100 in RIA buffer (10 mM Tris (pH 
7.6), 350 mM NaCl, 1% Triton X-100, 0.5% sodium deoxycho-
late, 0.1% SDS) and incubated overnight. Binding of mouse IgG 
was detected with horseradish peroxidase–conjugated goat-an-
ti-mouse IgG1 (cat. no. 1070-05; Southern Biotech) and subse-
quently visualised with ABTS. Washing steps were performed 
between each incubation with PBS+0.05% Tween 20. All incu-
bations, aside from the incubations with goat-anti-mouse IgG1 
and ABTS, were performed at 4°C, and the final two steps were 
performed at room temperature. Arbitrary units were calculated 
using a reference serum in serial dilution. The reference serum 
was acquired from CaOVA-immunised or Ac-OVA-immunised 
mice for the carbamylated or acetylated protein ELISA, respec-
tively. For the inhibition experiments, the sera were pre-incu-
bated with 0–0.2 mg/mL protein for 1 hour before transferring 
them to the ELISA plate.

Reactivity of purified ACPA and anti-CarP antibodies, obtained 
from sera and synovial fluid (SF) of patients with RA, was 
measured using modified vimentin peptides (plates and reagents 
were kindly provided by Orgentec), as previously described.11 In 
addition, purified ACPA and anti-CarP antibodies were tested on 
CCP2 and Ca-FCS, respectively, according to protocols previ-
ously described.9 14 15

Patients with RA
The material of the ACPA-positive patients with RA was selected 
for ACPA purification based on the ACPA status and levels. The 
patients with RA fulfilled the European League Against Rheu-
matism/American College of Rheumatology 2010 classification 
criteria. Similar to the material from ACPA-positive patients, the 
material from anti-CarP-positive patients used for anti-CarP-an-
tibody isolation was derived from patients screened for anti-
CarP status and levels.

IgG-AMPA purification
Specific AMPAs are isolated as has been previously described 
for ACPA in Scherer et al.16 In short, plasma or serum samples 
and SF were acquired from patients. The plasma, serum and SF 
samples were subsequently filtered (0.2 µM filters; Millipore) 
before purifying AMPA with affinity chromatography (ÄKTA; 
GE Healthcare). Purification was performed using HiTrap 
streptavidin HP 1 mL columns (GE Healthcare) coupled with 
biotinylated CCP2 peptides (obtained from J.W. Drijfhout, IHB 
LUMC) for the isolation of ACPA17 18 or in-house prepared 
biotinylated (Ca-)FCS for the isolation of anti-CarP antibodies. 
PTM specificity was controlled by attaching a control column 
coated with the native version (CCP2 arginine or FCS) before 
the column coated with the modified version (CCP2 citrul-
line or Ca-FCS). Antibodies were eluted using 0.1 M glycine 
hydrogen chloride (HCl) pH 2.5 and neutralised with 2 M Tris. 
ACPA-IgG1,2,4 was subsequently purified from ACPA with Prot A 
and Prot G HiTrap columns.

statistics
Statistical tests were performed with Prism V.7 (GraphPad). 
Significance of AMPA reactivity on proteins was tested with 
paired t-test. Differences in titre were tested with Mann-Whitney 
U tests. Correlations were assessed with Spearman. A p value of 
<0.05 was considered significant.

ResulTs
Cross-reactive AMPAs are induced upon vaccination with one 
defined modified antigen
To analyse whether AMPA recognising different classes of PTMs 
can be induced with an antigen expressing one defined modifi-
cation, we immunised mice with either non-modified, carbamy-
lated, citrullinated or acetylated ovalbumin (OVA). The presence 
of either homocitrulline as a result of carbamylation or acetyl-
ated lysine as a consequence of acetylation was confirmed by 
mass spectrometry and commercially available antibodies against 
either carbamylated or acetylated lysines in ELISA (online 
supplementary figure 1). Non-modified OVA was found to be 
acetylated, but not carbamylated, at the N terminus by mass 
spectrometry and therefore the latter antigen was included in 
all immunisation experiments as additional specificity control.

To discriminate between reactivity against the PTM and 
protein backbone used for immunisation, we employed modi-
fied fibrinogen (Fib) as read-out. In doing so, antibodies recog-
nising OVA were not interfering with the detection of AMPA.13 
To control for possible baseline reactivity towards modified 
proteins, sera from non-immunised mice were taken along with 
the ELISA experiments. Indeed, no reactivity was observed 
to non-modified fibrinogen or its modified counterparts in 
naïve animals, indicating that without immunisations, AMPA 
responses are not present towards either modified fibrin-
ogen (figure 1A) or mouse albumin (figure 2A).13 19 Likewise, 
although a strong reaction against OVA was noted (data not 
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Figure 1 Immunisation with Ca-OVA or Ac-OVA induces antibody responses towards modified fibrinogen. Antibody reactivity towards modified 
fibrinogen in sera derived from non-immunised (A), OVA-immunised (B), Cit-OVA-immunised (C), Ca-OVA-immunised (D) or Ac-OVA-immunised 
(E) mice was measured by ELISA. Reactivity is depicted with OD values measured at 415 nm. For all groups, n=6. Representative data from two 
experiments is shown. Ac, acetylated; Ca, carbamylated; Cit, citrullinated; Fib, fibrinogen; OD, optical density; OVA, ovalbumin.

shown), indicating proper immunisation, mice immunised with 
non-modified OVA did not react to modified Fib (figure 1B) 
nor modified mouse albumin (figure 2B).13 These results indi-
cate that neither non-modified OVA nor the adjuvant used is 
driving AMPA production. We were unable to detect reactivity 
towards citrullinated Fib (Cit-Fib) in mice immunised with 
citrullinated OVA (Cit-Ova) (figure 1C). As ACPAs have been 
reported in some murine models,20–23 we additionally tested 
the sera on modified myelin basic protein (MBP), but again 
we were unable to detect citrulline reactivity (online supple-
mentary figure 2). Mice immunised with carbamylated OVA 

(Ca-OVA), however, displayed a strong reactivity towards 
Ca-Fib, but not non-modified-Fib (figure 1D). Remarkably, 
sera of mice immunised with Ca-OVA also reacted to Ac-Fib 
and to some extent to Cit-Fib. This reactivity was further vali-
dated using modified MBP (online supplementary figure 2). 
Moreover, these sera also reacted to both Ac-mouse albumin 
(Ac-mAlb) and Ca-mAlb (figure 2C), indicating that exposure 
to modified foreign proteins is capable of inducing a breach 
of tolerance towards self-antigens carrying different classes of 
modifications. These data are intriguing as they indicate that 
antibody responses induced by carbamylated antigens are able 
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Figure 2 Break of tolerance towards modified self-proteins in Ca-OVA-immunised and Ac-OVA-immunised mice. Reactivity towards carbamylated 
and acetylated mouse albumin was tested by ELISA (A) with sera derived from non-immunised (A), OVA-immunised (B), Ca-OVA-immunised (C) and 
Ac-OVA-immunised (D) mice. Results show representative data from two immunisation experiments. p<0.05 depicts significance. Ac, acetylated; Ca, 
carbamylated; OD, optical density; OVA, ovalbumin

to recognise multiple modifications, pointing to the generation 
of cross-reactive (autoreactive) AMPAs induced by exposure to 
only one class of modified antigen.

Next, we wished to determine whether cross-reactive anti-
bodies could also be induced by immunisation with acetylated 
OVA. We observed reactivity to Ac-Fib as expected and also 
towards Ca-Fib (figure 1E). Reactivity towards Cit-Fib was only 
moderately apparent. This could not be validated using Cit-MBP 
(online supplementary figure 2). Similar reactivity patterns were 
observed when modified mouse albumin was used as model 
autoantigen (figure 2D). Together, these results indicate that 
immunisation with Ac-OVA induces (auto-)antibodies cross-re-
active to acetyl-lysine and homocitrulline.

Cross-reactive antibody responses harbour different PTM 
recognition profiles
To further investigate the cross-reactive nature of these AMPA 
responses in more detail, we next analysed the autoantibody 
titre through dilution of sera from immunised animals. Similar 
antibody titres were observed towards Ac-Fib and Ca-Fib in 
Ca-immunised mice (figure 3A). In contrast, the titre of anti-
bodies recognising Ac-Fib was considerable higher than the 
antibody titre against Ca-Fib in Ac-OVA-immunised mice 
(figure 3B). These data indicate that in contrast to anti-CarP 
antibodies in Ca-OVA-immunised mice, the AAPA response in 
Ac-OVA-immunised mice is only partly cross-reactive to both 
modifications.
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Figure 3 Antibody titres and avidity in sera of Ca-OVA-immunised and Ac-OVA-immunised mice. Antibody titres as measured by ELISA on Ca-Fib 
and Ac-Fib for Ca-OVA-immunised (A) and Ac-OVA-immunised (B) mice. EC50 depicts the dilution at which half of the maximum effective reactivity 
is present. Representative data from two immunisation experiments are shown. Ac, acetylated; Ca, carbamylated; Fib, fibrinogen; EC50, effective 
concentration at 50%; OD, optical density; OVA, ovalbumin.

The data presented on antibody titre also predict that the 
AMPA response present in Ca-OVA-immunised mice (highly 
cross-reactive) can be readily inhibited by both acetylated 
and carbamylated proteins, whereas the AMPA reaction in 
Ac-OVA-immunised mice can only be fully inhibited by acetylated 
proteins. To confirm this notion, the binding capacity towards 
Ca-Fib and Ac-Fib was analysed by inhibition experiments with 
modified fibrinogen. Indeed, for Ca-OVA-immunised mice, anti-
body reactivity towards either modified antigen could be inhib-
ited by Ac-Fib (figure 4A, B), whereas for Ac-OVA-immunised 
mice, Ac-Fib reactivity could not be inhibited by competing 
with Ca-Fib (figure 4C, D). These data confirm that the AMPA 
response generated by Ca-OVA-immunisation is highly cross-re-
active, whereas part of the antibodies induced by Ac-OVA immu-
nisation are cross-reactive towards both modifications.

Cross-reactive antibodies towards different modifications are 
present in patients with RA
The data presented above show that exposure of mice to a protein 
carrying one defined PTM can induce cross-reactive AMPAs. 
To address whether also in humans AMPA are cross-reactive 
towards different classes of modified antigens, we next isolated 
ACPA-IgG from SF or plasma of seven patients with RA as previ-
ously described.17 18 We focused on ACPA as the ACPA response 
is the most prominent AMPA response in RA. As depicted in 
figure 5A, B, ACPA-IgG were strongly enriched following isola-
tion, whereas the flow-through contained low to no levels of 
ACPA-IgG (online supplementary figure 3). Next, the purified 
ACPA-IgG were analysed for their reactivity towards a citrulli-
nated, carbamylated or acetylated peptide from vimentin. In all 
cases, purified ACPA also showed a highly enriched reactivity 
towards these differently modified peptides. These data indicate 
that ACPA-IgG from patients with RA are cross-reactive towards 
carbamylated antigens as observed previously9 and that they 
can also recognise acetylated antigens. To analyse whether also 
anti-CarP antibodies display cross-reactivity towards different 
classes of PTMs, we next isolated anti-CarP antibodies from sera 
of two anti-CarP-positive patients. As shown in figure 5C, the 
isolated antibodies were highly enriched for anti-CarP reactivity. 
Likewise, as observed for isolated ACPA, also purified anti-CarP 

antibodies showed strongly enriched reactivity towards the three 
different classes of modified antigen. Together, these data indi-
cate that different families of human AMPA are cross-reactive 
towards different classes of modified antigens, including acetyl-
ated antigens.

dIsCussIOn
RA is characterised by the presence of autoantibodies against 
different PTMs, including citrullinated, carbamylated and acetyl-
ated proteins. As different AMPAs target different PTMs and are 
generally seen as distinct autoantibody families, it is intriguing 
that their presence often goes together in RA. At present, there is 
no conceptual framework explaining the concurrent presence of 
different AMPA responses in RA. Here, we show that exposure 
to a protein carrying one defined PTM can lead to cross-reactive 
(auto)antibody responses towards different PTMs. Interestingly, 
we have shown that AMPA from patients with RA purified with 
antigens carrying one particular PTM can recognise different 
classes of PTMs too, indicating a cross-reactive nature of these 
autoantibodies as well. These findings are important as they 
indicate that the different AMPA responses observed in RA can 
potentially be generated by antigen(s) carrying only one partic-
ular modification. Similarly, they provide a rationale for the 
simultaneous manifestation of multiple AMPA reactivities in RA.

Given the observations that different AMPAs target different 
antigens and are generally seen as distinct autoantibody fami-
lies, it has been intriguing to note that their presence often go 
together in RA. In contrast, AMPAs are less frequently present 
in other rheumatic diseases and their co-occurrence is rarely 
observed outside RA. The co-occurrence of different AMPAs 
represent an interesting conundrum as it is unclear why, after 
activation of a B cell with a receptor for a particular modified 
protein, another B cell expressing a receptor recognising a 
differently modified protein would also be activated in the same 
subject. In general, the activation of a particular B cell will not 
directly influence the activation of other B cells directed against 
other antigens, although it has been shown in a transgenic mouse 
model for SLE that epitope spreading to other antigens can occur 
once tolerance is broken for one self-antigen.24 Our data indicate 
that exposure to a defined antigen displaying a particular class of 
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Figure 4 Inhibition of antibody binding by pre-incubation of mouse sera with modified fibrinogen. Cross-reactivity of antibodies is studied by 
assessment of the inhibitory capacity of pre-incubating sera with modified fibrinogen. Sera from Ca-OVA-immunised mice were pre-incubated with 
varying concentrations of modified fibrinogen before testing the antibody reactivity on Ca-Fib (A) or Ac-Fib (B). Sera from Ac-OVA-immunised mice 
were pre-incubated with varying concentrations of modified fibrinogen before testing the antibody reactivity on Ca-Fib (C) or Ac-Fib (D). Results show 
representative data of two experiments. Ac, acetylated; Ca, carbamylated; Fib, fibrinogen; OD, optical density; OVA, ovalbumin.

PTM can lead to a cross-reactive antibody response recognising 
several classes of modified antigens, conceivably explaining the 
co-occurrence of multiple AMPA reactivities in RA.

It has been shown that ACPA and anti-CarP antibodies can be 
cross-reactive towards citrullinated and carbamylated antigens.9 
Citrulline and homocitrulline are highly similar in structure 
as they differ in only one methyl group, even though they are 
conversions from different amino acids. We now show that also 
acetylated antigens can be recognised by these antibodies. This 
was unexpected as acetyl-lysine shares less structural homology 
to citrulline/homocitrulline (online supplementary figure 1). 
The cross-reactivity towards acetylated antigens was even more 
prominent in mice because AMPA induced by Ca-OVA immuni-
sation did not recognise citrullinated proteins, even though they 
are able to recognise acetylated lysines.

The finding that exposure to, for example, an acetylated 
protein leads to the formation of autoantibodies against proteins 
carrying other classes of PTM as well is also relevant for consid-
erations on the breach of tolerance and induction of AMPA 
responses. From our findings, it can be postulated that the 
inciting antigen responsible for the induction of, for example, 
ACPA or anti-CarP antibodies does not have to be citrullinated 
or carbamylated, but could be represented by, for example, 
an acetylated protein. Clearly, at present, we cannot conclude 
from our data whether a particular PTM antigen initiates AMPA 
induction in RA. Nonetheless, it will be relevant to study in 
pre-disease samples whether a breach of tolerance towards, for 
example, acetylated or carbamylated proteins precedes ACPA 
production or vice versa and whether this is similar in all patients 
or can vary from patient to patient.
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Figure 5 Cross-reactivity of purified human ACPA or anti-CarP antibodies towards modified vimentin peptides. ACPA and anti-CarP antibodies were 
isolated from patients with rheumatoid arthritis (RA). ACPA from synovial fluid (A, n=4) and serum (B, n=3) from patients were tested on CCP2 and 
modified vimentin peptides. Anti-CarP antibodies from serum of patients with RA (c, n=2) were tested on Ca-FCS and modified vimentin peptides. 
Reactivity is depicted as arbitrary units per milligram IgG and calculated based on standards. AcLys, acetylated lysine; Arg, arginine control; AU/mg 
IgG, arbitrary units per milligram immunoglobulin G; Ca, carbamylated; CArgP2, cyclic arginine control peptide; CCP2, cyclic citrullinated peptide; Cit, 
citrullinated; FCS, fetal calf serum; hCit, homocitrulline (carbamylated); Lys, lysine control; Vim, vimentin peptide.

An increasing number of studies suggest that mucosal surfaces, 
specifically the periodontium, the gut and the lungs, could be 
sites of disease initiation of RA and indicate the microbiome as 
an important driver of the initiation of autoimmunity. In this 
respect, especially protein acetylation by bacteria might now 
also be incriminated in the induction of autoantibody responses 
against PTM proteins. Recent evidence shows that many bacte-
rial species are able to acetylate proteins,25 including bacteria 
proposed as link between periodontal infection and RA.26 
Given our observation that AMPAs recognising citrullinated 

and carbamylated proteins can be cross-reactive to acetylated 
proteins, these findings together provide a novel and stimu-
lating angle to the notion that the microbiome contributes to 
the induction of autoimmunity in RA. Therefore, a logical next 
step is to test faecal extracts from patients with RA also for the 
presence of acetylated bacterial proteins to obtain more insight 
on the possible link between the microbiome, the presence of 
acetylated proteins and RA. Through the formation of acetylated 
proteins, disturbances of the microbiome (eg, through infection) 
could lead to the formation of acetylated proteins detected 
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by the immune system and thereby to the induction of AMPA 
responses. In doing so, the origin of the T-cell help required 
for the B cell to undergo isotype switching and somatic hyper-
mutation could come from different sources. In this scenario, 
it is conceivable that microbe-specific T cells help the B cell 
initially recognising the microbe-derived modified protein. On 
further somatic hypermutation, the B-cell response could be 
selected/start recognising other modified proteins explaining 
the cross-reactive nature of AMPAs and the observation that 
different AMPAs often appear together in patients. Likewise, 
the diversification of an initial AMPA response towards other 
PTMs could, potentially, also explain the observation that the 
HLA-shared-epitope (SE) alleles are associated with ACPA-posi-
tive RA, whereas the first appearance of ACPA in healthy subjects 
is HLA-SE-allele independent.27 28 Possibly, by diversification 
towards citrulline recognition, an initially HLA-SE-indepen-
dent AMPA reaction against, for example, acetylated proteins 
could recruit new HLA-SE-restricted T cells required for further 
broadening of the AMPA/ACPA response associated with disease 
precipitation. Thus, in this scenario, the link to the microbiome, 
the cross-reactive nature of AMPAs, the breach of tolerance to 
modified self-proteins, the HLA-SE association with the ‘second 
hit’, as well as the concurrent presence of AMPAs in disease can 
be explained.

Our study has several limitations as we did not show that 
also in humans the inciting antigen carrying a particular PTM 
will lead to the induction of a cross-reactive AMPA response. 
Obviously, studies immunising a host with a defined modified 
antigen, as was performed in mice, is not feasible in humans and 
therefore the concepts obtained from such animal studies will 
be difficult to demonstrate in the human system. Nonetheless, 
the observation that also human AMPAs are cross-reactive to 
several different PTM does support such views. Furthermore, 
we would like to emphasise that, despite the advantages of using 
a controlled setting for the immunisation of mice, a major pitfall 
of studying RA-associated antibodies in mice is the inability 
to induce detectable production of ACPAs with our standard 
immunisation protocol, that is, two subsequent immunisations 
in aluminium hydroxide. Consequently, the analysis of antibody 
cross-reactivity towards citrullinated antigens is limited and 
restricted to the human setting. In addition, our antibody exper-
iments are focused on polyclonal antibody responses. Neverthe-
less, our inhibition studies do suggest that individual antibodies 
are capable of cross-recognising multiple PTM, though isola-
tion of monoclonal antibodies will be necessary to validate this 
notion. Interestingly, recent studies have shown two monoclonal 
ACPAs able to interact with an acetylated histone peptide29 as 
well as one able to recognise a carbamylated vimentin peptide.30

In conclusion, our data show that induction of cross-reactive 
AMPA can be achieved by the encounter with a protein carrying 
one specific PTM and indicate that the different AMPAs present 
in RA could have a common ‘background’, thereby providing 
novel insight into the concurrent presence of these antibodies in 
RA, an important hallmark of the disease.
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Key messages

What is already known about this subject?
 ► Due to a strong linkage disequilibrium (LD) in 
humans between the 70–74 shared epitope 
(SE), Val11 and Phe13 on the HLA-DRB1 
molecule, it is impossible to determine what 
position on HLA-DRB1 is the most important for 
predicting anti-citrullinated protein antibody-
positive rheumatoid arthritis.

What does this study add?
 ► The absence of LD between Val11 and SE in 
macaques allowed us to demonstrate that the 
most important HLA positions to induce a T-cell 
response against citrullinated peptides were 
Val11 and Phe13 and not the 70–74 SE.

 ► A dose effect was observed between the 
number of copies of Val11 and Phe13 and the 
T-cell response against citrullinated peptides, 
further confirming the impact of these two 
positions.

How might this impact on clinical practice or 
future developments?

 ► Val11 and Phe13, rather than the 70–74 SE, 
have to be considered in the in vitro models 
of presentation of citrullinated peptides by 
HLA and in the human studies exploring the 
possibility to induce a specific tolerance to 
citrullinated peptides.

AbsTRACT
Objectives Various rheumatoid arthritis (ra) Hla-
DrB-1 risk haplotypes have been regrouped under the 
shared epitope (se) in position 70–74. The presence 
of Valine in position 11 (Val11) and phenylalanine in 
position 13 (Phe13) are also associated with ra, but it is 
impossible to differentiate their role compared with the 
se since they are in strong linkage disequilibrium (lD) in 
humans. similar to humans, certain macaques express 
the se (H6). We analysed the effect of various DrB1 
haplotypes on T-cell response to citrullinated peptides 
(cit-P) in macaques.
Methods six H6 and six non-H6 macaques were 
immunized with four cit-P. T-cell response was assessed 
using interferon γ enzyme-linked immunospot.
Results animals developed a specific anti-cit-P T-cell 
response. surprisingly, H6 animals had a significantly 
lower T-cell response than non-H6. in macaques, the 
70–74 se and the Val11 are on separate haplotypes. 
Presence of Val11 was strongly associated with the 
anti-cit-P T-cell response, whatever the 70–74 sequence 
was. This response was amplified in case of presence of 
Phe13.
Conclusion The absence of lD between Val11 and se 
in macaques allowed us to demonstrate that the most 
important Hla positions to induce a T-cell response 
against cit-P were Val11 and Phe13 and not the 70–74 
se.

InTROduCTIOn
Among genetic risk factors of rheumatoid arthritis 
(RA), the HLA-DRB1 locus is considered to have the 
biggest effect with odds ratios up to 4.4.1 A common 
amino-acid motif in positions 70–74 among RA-risk 
alleles of the DRB-1 molecule (QKRAA or QRRAA) 
is called the shared epitope (SE).2 Its association 
with RA has recently been more precisely defined to 
anti-citrullinated protein antibody (ACPA)-positive 
RA.3 Recent work challenged the SE hypothesis and 
showed that positions 11, 13, 71 and 74 explained 
most of the association with RA.1 4 5 There have 
then been attempts to find the missing link between 
anti-citrullinated peptides (Cit-P) production and 
carriage of certain alleles of the HLA-DRB1 mole-
cule that favours RA. In RA patients, few studies 
have identified that SE carriage increased T-cell 
response to certain Cit-P compared with healthy 
controls.6–8 Binding studies showed that SE would 

have a higher affinity to Cit-P.9 Mouse models 
require to be transgenic to express human SE. Even 
though T-cell response and arthritis were obtained 
in mice immunised with human Cit-P, these results 
remain controversial.10 Macaque models offer the 
advantage of closer genetic proximity to human 
DRB1 molecules. Indeed, some animals display 
exactly the same SE QRRAA motif as the human 
HLA-DRB1*01:01. This motif is present in the 
macaque H6 haplotype.

Based on this observation, we previously set-up a 
macaque model of RA by immunising these animals 
(H6 or not H6) with Cit-P. Using six animals we 
showed a trend to a specific T-cell response against 
Cit-P, but it was independent of the H6 haplotype.11 
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Table 1 Amino-acid positions of Mauritius macaque haplotypes of 
the DRB-1 molecule compared with the HLA-DRB1*01:01, one of the 
human-shared epitope alleles

Allele name
Amino-acid sequence
11/13/70–74

Haplotype 
name

Human allele

  HLA-DRB1*01:01 L/F/QRRAA Shared epitope

Macaques allele

  MAFA-DRB1*W21:01 V/S/QKRGQ H1

  MAFA-DRB1*W04:02 V/S/QKRGQ H2

  MAFA-DRB1*10:02 V/F/DRRAS H3

  MAFA-DRB5*W03:01 D/F/RRRAE H4

  MAFA-DRB5*W03:01 D/F/RRRAE H5

  MAFA-DRB1*W04:01 F/P/QRRAA H6

We could not get polyarthritis but we got monarthritis after a 
boost of Cit-P in the joint.11

The objective of this study was to set up an experimental 
model by immunising macaques with Cit-P to study the HLA 
restriction of the T-cell response against Cit-P.

MeTHOds
Macaques and genotyping
Adult captive-bred 3−5-year-old female cynomolgus macaques 
(Macaca fascicularis) from Mauritius island were subject to HLA 
genotyping by microsatellite analysis as described in Blancher et 
al12 and in supplementary methods.

Immunisation
Animals were immunised eight times with Cit-P. The peptides 
were derived from human proteins vimentine (59–71 and 
66–78), fibrinogen alpha (79-91) and aggrecan (89-103), as 
previously described in Bitoun et al.11 Two are strictly identical 
between macaques and humans, and human fibrinogen alpha and 
Vimentine 66 have one amino-acid difference (online supple-
mentary table 1). One hundred micrograms of each peptide was 
emulsified with CpG and Montanide adjuvant (kindly provided 
by Seppic, La Garenne-Colombes, France) and injected intrader-
mally in the shaved back of animals.

Immune response assessment
Anti-Cit-P and anti-arginine-peptides T-cell response were 
assessed using precoated interferon gamma detecting enzyme-
linked immunospot plates specifically developed for non-human 
primates (Mabtech, Nacka Strand, Sweden) as described in 
supplementary methods.

statistics
To compare continuous variables, non-parametric Mann-
Whitney and Kruskal-Wallis tests were used. P value inferior to 
0.05 were considered significant and graphs display *<0.05; 
**<0.01; ***<0.0001; ****<0.0001. Analyses were performed 
using GraphPad Prism V.8 software, USA.

ResulTs
Genotyping
Six animals carried at least one H6 allele consisting of the 
QRRAA motif on positions 70–74 (H6 group) (table 1) known 
to favour RA in humans. Six animals did not carry any H6 
allele, four of them carrying the H3 haplotype (supplementary 
methods). Concerning position 11 of the DRB1 molecule, eight 

animals carried an at-risk valine while nine animals were posi-
tive for the RA risk amino-acid phenylalanine in position 13. 
Sequence alignment of macaque haplotypes showed 45 variable 
amino-acid positions in the DRB1 gene (online supplementary 
table 2).

Anti-Cit-P T-cell response is genotype dependent
From week 13, the animals showed a specific anti-Cit-P response 
compared with the response to arginine-containing peptides 
(figure 1A). Despite repeated immunisation and close clinical 
and ultrasound follow-up, no sign of arthritis was observed. One 
animal died of peritoneal inflammation unrelated to the protocol 
during follow-up. Dividing the animals in H6 carriers and 
non-H6 carriers led to surprising unexpected results: the T-cell 
response was significantly lower in the H6 group (figure 1B). 
This was further confirmed by the fact that the only H6 homozy-
gous animal did not show any response above the threshold for 
the whole length of the study (data not shown).

In order to understand these surprising results, we tried to 
divide the animals depending on the presence or absence of 
valine in position 11 (Val11) in the DRB1 molecule. In humans, 
Val11 is in linkage disequilibrium (LD) with the SE. But in 
macaques, Val11 is present on the H1-3 haplotypes and not 
associated with the SE on the H6 haplotype (table 1). Interest-
ingly, the eight Val11-positive animals showed a significantly 
higher T-cell response against Cit-P than the four Val11-negative 
animals (figure 2A). To further comfort the role of Val11, we 
showed that there was a significant difference in the area under 
the curve of the T-cell response between carriage of zero, one or 
two Val11 (figure 2B p=0.0179).

Using our experimental approach, we also studied the effect 
of the amino-acid with the second strongest association to the 
risk of RA in humans, which was available in our macaques 
model: phenylalanine in position 13 (Phe13). In macaques, 
conversely to humans, Val11 and Phe13 are not in strong LD 
(table 1). There was an increased anti-Cit-P T-cell response in 
animals carrying Phe13 at two time points (figure 2C). Dividing 
animals according to the copy number of Phe13 and Val11 led 
to non-significant results regarding T-cell response to Cit-P 
(figure 2D). But combining copy numbers of the two risk alleles 
Val11 and Phe13 significantly defined different T-cell response 
groups (figure 2E). Thus, Phe13 had a significant impact on 
T-cell response to Cit-P only in combination with Val11.

Finally, animals carrying Phe11 and Pro13 (in complete LD 
with the H6 SE) are protected against the T-cell response to 
Cit-P (Figure 1B and supplementary Figure 1A), whereas Asp11 
and Ser13 are neutral regarding this specific T-cell response 
(online supplementary figure 1B and C).

dIsCussIOn
In this study, we confirmed that the T-cell response against 
Cit-P obtained after immunisation with these peptides was 
specifically directed against Cit-P and not against arginine 
peptides. We then showed that carriage of the QRRAA SE led 
to a paradoxically significantly diminished T-cell response to 
Cit-P. This is due to absence of LD between the SE and Val11 
(the contrary of what exists in humans). Indeed, carriage of 
Val11 was associated with a significantly higher T-cell response 
to Cit-P with a dose effect with higher response in homozy-
gotes. This was amplified by the presence of Phe13 also asso-
ciated with RA in humans.

The SE hypothesis defines position 70–74 motifs QKRAA 
and QRRAA as the main genetic risk factors for RA. In recent 
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Figure 1 T-cell response to citrullinated peptides is citrulline specific and is reduced in shared epitope carrying animals. Twelve macaques were 
immunised eight times (arrows) with citrullinated peptides. (A) T-cell response directed against either citrullinated peptides or their arginine 
counterpart was regularly assessed using enzyme-linked immunospot and is displayed here. (B) T-cell response to citrullinated peptides was compared 
between six animals carrying at least one H6 haplotype and six animals carrying none. Mean and SEM are plotted. Individual time points are 
compared with Mann-Whitney test. PBMC, peripheral blood mononuclear cell.

years, individual amino-acid positions have challenged this 
dogma. Raychaudhuri and colleagues identified three positions 
on the DRB1 molecule that were associated with ACPA-pos-
itive RA. Besides positions 71 and 74 that are part of the SE, 
position 11 was mentioned. Strikingly, this study also showed 
that Val11 had the strongest association to ACPA-positive RA 
compared with positions 71 and 74.1 The importance of Val11 
was further confirmed in several cohorts of RA patients. It was 
associated with mortality,13 radiographic progression13 14 and 
disease activity.15 However, in humans, the respective roles 
of the SE and Val11 are very difficult to decipher since there 
are in strong LD.14 Similar to our results, in the studies that 
tried to specifically differentiate the effect of Val11 and the 
SE, Val11 seemed to have a stronger effect than the SE.1 13 
Compared with humans, the LD of Val11 and the SE does not 
occur in macaques. The H6 haplotype-carrying macaques had 
the advantage of displaying the SE in position 70–74 and no 
valine in position 11. This allowed to independently assess the 
effect of both elements in this experimental model. Likewise, 
positions 11 and 13 are in even higher LD in humans. We 
showed that Phe13 moderately influenced the anti-Cit-P T-cell 
response on its own, but when combined with Val11, had a 
striking effect on the T-cell response. The number of copies 
of the SE is known to influence the risk of RA.3 This was also 
shown in patients for the Val11 association where homo-
zygotes showed the highest association with radiographic 
progression.14 A similar dose effect of the four allele risks (two 
Val11 and two Phe13) was shown in our study in macaques.

One limitation to this study is the restricted number of 
animals imposed by ethical considerations, which prevents 

exploring the effect of other amino-acid sites. We, thus, 
focused on amino-acids that had previously been shown to 
have the strongest effect in humans, SE and positions 11 and 
13, without adjusting for the confounding effect of all the 45 
variable amino-acid genetic positions (online supplementary 
table 2). We would need larger numbers of animal for drawing 
robust conclusions. Another limitation is the fact that only six 
haplotypes exist in regard to eight theoretical combinations 
between positions 11, 13 and the SE motif. It is due to the 
fact that there is complete LD between the H6 haplotype and 
Phe11 and Pro13 that are always present together. Interest-
ingly, since in our study the H6 haplotype is protective, this 
protection could be linked to the Phe11 and Pro13 combina-
tion, which reinforces the putative role of these two positions.

While the SEs are entirely embedded into the pocket 4 (P4) 
of the HLA-DRB1 class II molecules16 positions 11 and 13 
are both outside this pocket and lie in pocket 6 (P6). Because 
of the preferential role of Val11 and Phe13 when compared 
with the SE on the level of T-cell response to Cit-P, our data 
strongly suggest that the amino-acid composition of P6 exerts 
a more important role in this response than that of the P4 in 
macaques. Of note, positions 11 and 13 have also been found 
to be associated with susceptibility to SLE but with different 
amino-acids: Pro 11 and Arg 13.17 Thus, it is a further indi-
cation that these two positions are important probably by 
binding different peptides and stimulating different T-cells 
involved in several autoimmune diseases.

While a possible pathogenic role of ACPA in RA is recognised 
by most authors, the presence of a T-cell response against Cit-P 
is still debated. Recently, Auger et al suggested that the B-cell 
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Figure 2 Valine in position 11 and to a lesser extent phenylalanine in 13 lead to greater T-cell response to citrullinated peptides. T-cell response 
to citrullinated peptide was assessed regularly using interferon gamma enzyme-linked immunospot and is plotted in this figure. Mean and SEM 
are displayed. (A) Immunised animals were divided on carriage or not of at least one valine in position 11 of the DRB1 molecule. Each time point 
is compared with Mann-Whitney test. (B) Individual animal AUC was calculated, and animals were then divided into three groups according to the 
number of Val11 copies they displayed. These three groups were compared using a one-way ANOVA namely the Kruskal-Wallis test, p=0.0179. (C) 
Animals were divided according to carriage of at least one Phe 13 or absence of carriage. Each time point is compared with Mann-Whitney test. (D) 
Individual animal AUC was calculated, and animals were then divided into groups according to the number of Phe 13 copies they displayed. The three 
groups were tested using a one-way ANOVA, namely, the Kruskal-Wallis test, p=0.20. (E) Individual animal AUC was calculated, and animals were 
then divided into groups according to the number of Phe 13 and Val11 copies they displayed. The four groups were tested using a one-way ANOVA 
namely the Kruskal-Wallis test, p=0.006. AUC, area under the curve; PBMC, peripheral blood mononuclear cell; Phe13, phenylalanine13.
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immunisation against Cit-P may occur without any anti-Cit-P 
T-cell response, but via an hapten-carrier model, PAD4 being 
the target of the T-cell response.18 On the contrary, numbers of 
studies confirmed the existence of an anti-Cit-P T-cell response 
in RA in humans,6 9 19 in mice transgenic with human SE, and 
we confirm its existence in the macaques.

While we observed an effect of genotype on the T-cell 
response to immunisation against Cit-P, it was insufficient 
to induce arthritis even in Val11 homozygotes animals. Anti-
Cit-P response has been shown to be insufficient to trigger 
disease10 even in macaques.11 This is confirmed by the knowl-
edge that patients often exhibit ACPA years before the onset 
of symptoms,20 and that maturation of these ACPA for a long 
time and second hits are probably necessary to induce clinical 
symptoms.

In conclusion, thanks to the absence of LD between the SE 
and Val11 in macaques, this study shows the predominant 
role of Val11 and Phe13 of the DRB-1 molecule in the T-cell 
response to immunisation to Cit-P. This effect is largely inde-
pendent of the 70–74 SE. Further work is needed to study the 
specific binding of Cit-P rather than arginine peptides to HLA 
motifs carrying Val11 and Phe13.
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Key messages

What is already known about this subject?
 ► Paravertebral ossification in DISH occurs less 
commonly on the left side of the spine.

 ► Whether the aorta is associated with the 
local presence or absence of syndesmophytes 
in ankylosing spondylitis has not been 
investigated.

What does this study add?
 ► Using CT scans, we show that syndesmophytes 
are less frequent and smaller in the area of 
the vertebral rim adjacent to the aorta than in 
neighbouring regions in the lower thoracic and 
upper lumbar spine.

How might this impact on clinical practice or 
future developments?

 ► Local inhibition of syndesmophyte growth 
may be due to mechanical effects of aortic 
pulsations.

 ► Factors other than vertebral inflammation 
can influence syndesmophyte formation in 
ankylosing spondylitis.

AbSTrACT
Objectives The aorta inhibits paravertebral ossification in 
diffuse idiopathic skeletal hyperostosis. We investigated if 
syndesmophytes in ankylosing spondylitis (as) occurred less 
often at the vertebral rim near the aorta.
Methods We performed thoracolumbar CT scans 
in 60 subjects in this cross-sectional study. The mid-
thoracic spine was also scanned in 22 subjects. We 
divided the rim of each intervertebral disc space (iDs) 
into 72 angular sectors, each of 5°. We computed 
syndesmophyte height in each sector, and the 
distance from the sector to the aorta. We evaluated 
if syndesmophyte size or frequency in a sector was 
associated with its distance from the aorta.
results in the 180° region of the vertebral rim centered 
on the sector closest to the aorta, syndesmophyte height 
and/or frequency varied with the distance of the sector 
to the aorta, with the lowest frequency and smallest 
mean syndesmophyte height at the sector along the rim 
nearest the aorta. additionally, syndesmophytes were 
less common in subjects and at iDss where the aorta was 
anatomically closer to the vertebra. no syndesmophytes 
were present in the sector closest to the aorta in subjects 
whose aorta-vertebral distance was less than 2 mm, 
but syndesmophytes were progressively more common 
among subjects whose aortas lay further from the rim.
Conclusions syndesmophytes occurred less commonly 
and were smaller at the thoracolumbar vertebral rim near 
the aorta. These findings suggest that mechanical factors 
extrinsic to the spine and not solely vertebral inflammation, 
influence syndesmophyte development in as.

In ankylosing spondylitis (AS), spinal fusion can 
result from the development of syndesmophytes 
that join adjacent vertebral bodies, and from fusion 
of the zygapophyseal joints.1–3 Syndesmophytes 
are thought to develop in response to local inflam-
mation in the enthesis at the annulus-bone junc-
tion or in the subcortical vertebral body, but the 
processes that govern syndesmophyte development 
are incompletely understood.4–6 Vertebral osteitis 
and fat metaplasia, detected by MRI, is associated 
with future development of syndesmophytes at 
the adjacent vertebral rim, but this association has 
only modest sensitivity and specificity.7 8 Clinical 
factors other than inflammation that may influence 
the development of syndesmophytes have not been 
widely considered.

Emerging evidence suggests that mechanical 
stress may modify syndesmophyte development 
and their distribution.9 Patients with certain 

physically demanding occupations, particularly 
those with exposure to whole body vibration, have 
more extensive syndesmophytes than those with 
less active occupations.10 In the lower thoracic 
and upper lumbar vertebrae, syndesmophytes 
commonly develop at the posterolateral vertebral 
rim, which is the portion of the vertebral body typi-
cally subjected to the most mechanical stress.11 In 
contrast, syndesmophytes are less likely to develop 
at the anterior vertebral rim. The distribution of 
syndesmophytes within a disc space may provide 
clues to their pathogenesis.

Considering the anatomic proximity of the aorta 
to the vertebral rim, we hypothesised that the aorta 
might influence syndesmophyte development at the 
neighbouring region of the vertebrae. In diffuse 
idiopathic skeletal hyperostosis (DISH), paraverte-
bral ossification in the thoracic spine preferentially 
develops contralateral to the aorta, as demonstrated 
by cases with situs inversus.12–14 This inhibition of 
paravertebral ossification has been attributed to 
the effects of constant aortic pulsation on the adja-
cent soft tissue.12 15 We hypothesised that similar 
inhibition due to extrinsic mechanical forces from 
the aorta may occur in AS. We investigated the 
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Table 1 Subject characteristics (n=54)

Value range

Age, years 46.4±10.9 24–69

Men 47 (87)

Duration of AS, years 19.0±11.4 2–53

HLA-B27 present 40 (85)*

Bath AS Functional Index (0–100) 27.5±23.4 0–89.0

Bath AS Disease Activity Index (0–10) 2.9±2.0 0–7.3

Peripheral arthritis 7 (13)

Hip or shoulder involvement 6 (11)

Median Lumbar modified Stoke AS Spine score (0–36) 4 0–26

Radiographic lumbar syndesmophytes 41 (76)

Plus-minus values are mean±SD; other values are number (per cent).
*Of 47 subjects tested.
AS, ankylosing spondylitis.

Figure 1 Examples of intervertebral disc spaces (from T10-T11 to 
L3-L4) where the portion of the rim closest to the aorta is free of 
syndesmophyte but is surrounded by syndesmophytes on both sides. 
The first row shows an axial slice of the CT scan, with yellow arrows 
pointing to syndesmophytes and the red arrow pointing to the aorta. 
The second row shows the corresponding three-dimensional surface 
reconstructions, with yellow surfaces denoting syndesmophytes and 
semitransparent red showing the aorta. Each of the six examples is from 
a different subject.

association between the aorta and the local presence of syndes-
mophytes in the thoracolumbar spine in patients with AS, using 
the precise localisation provided by CT. Our research question 
was whether, in an affected intervertebral disc space (IDS), 
syndesmophytes were more likely or less likely to be present at 

the vertebral rim closest to the aorta compared with other areas 
of the rim.

MeTHOdS
Patients and study protocol
We invited adults age 18 or older with AS who were attending 
our clinics to participate in a research study that used spinal CT 
to quantitate syndesmophyte growth.11 All subjects fulfilled the 
modified New York criteria for the classification of AS and had 
a Bath AS Radiology Index (BASRI) lumbar spine score of 0 to 
3 (ie, not completely fused) at study entry.16 17 Subjects with 
radiographic syndesmophytes were preferentially enrolled, as 
these were most informative. All subjects completed a phys-
ical examination, health questionnaires, laboratory tests, spine 
radiographs and spinal CT at study entry. Some subjects were 
followed prospectively, while others participated in substudies 
that required only a single evaluation. In this cross-sectional 
analysis, we included only data from the baseline visit. The study 
protocol was approved by the institutional review boards, and all 
subjects gave written informed consent.

CT scanning and image analysis
Sixty subjects had CT scans of the lower thoracic and lumbar 
spine, which provided data on six IDS: T10-T11, T11-T12, 
T12-L1, L1-L2, L2-L3 and L3-L4. Four subjects were scanned 
too low and did not contribute data on T10-T11. The 22 
most-recently enrolled subjects also had CT scans of the mid-tho-
racic spine.18 These subjects contributed data on five additional 
IDSs: T5-T6, T6-T7, T7-T8, T8-T9 and T9-T10. Therefore, 22 
subjects had scans of 11 IDSs, 34 subjects had scans of only 6 
IDSs and 4 subjects had scans of only 5 IDSs. Earlier scans were 
done using either a Philips Brilliance 64 (slice thickness 1.5 mm) 
or GE Lightspeed Ultra (slice thickness 1.25 mm) scanner, while 
more recent scans were done using Siemens Somatom Flash or 
Somatom Force (slice thickness 1.0 mm) scanners. The estimated 
absorbed radiation dose was 8.01 mSv.

We computed syndesmophyte height around the vertebral 
rim using a validated semiautomated method.19 At each IDS, 
the 360° of the entire vertebral rim was divided into 72 angular 
sectors of 5° each. In each angular sector, height was computed 
for both ascending and descending syndesmophytes, which were 
summed and normalised to the local IDS height so that bridging 
had a value of 1.0, values between 0 and 1.0 represented the 
proportion of the IDS spanned by syndesmophytes and 0 indi-
cated the absence of syndesmophytes. This measure is both reli-
able and valid.19 20

We next segmented the aorta, and computed the distance of 
each vertebral angular sector at a given IDS to the aorta at that 
level. Distance was calculated to the portion of the aortic wall 
closest to the rim, taken as the average distance from the supe-
rior and inferior rims. For each IDS, we identified the angular 
sector closest to the aorta, which we termed the abutting sector, 
and defined a 180° region around this sector (ie, 90° on either 
side) as the region for analysis (online supplementary figure 1). 
We used an IDS-specific region rather than a fixed anatomic 
region because the aorta migrates medially as it descends.21 We 
computed syndesmophyte heights in this semicircle of angular 
sectors and included those subjects who had a syndesmophyte 
in at least one of these 37 angular sectors in the analysis of a 
given IDS. These subjects had syndesmophytes in the region 
near the aorta and therefore would provide an adequate test of 
associations with the aorta. Subjects who did not have syndes-
mophytes at a given IDS or who only had syndesmophytes far 
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Figure 2 (A) Relationship between syndesmophytes and the distance of angular sectors to the aorta among all intervertebral disc spaces. The X axis 
represents the location of the angular sectors on the vertebral rim in relationship to the aorta. Plots are centered around the abutting sector. Angular 
sectors 90° on either side of the abutting sector were analysed. The blue bars represent the mean distance of each angular sector to the closest part 
of the aortic wall, in millimetres (left Y axis). Syndesmophyte frequency (green line) and mean syndesmophyte height (red line) are plotted for each 
angular sector (right Y axis). (B) Relationship stratified by distance of the aorta to the abutting sector (minimum aortovertebral (AV) distance <2.0 
mm, 2.0–2.99 mm or ≥3.0 mm). IDS, intervertebral disc space.

from the aorta (ie, further than 90° away in either direction) 
would not be informative. Different subjects could therefore 
contribute data for different IDSs, depending on the location of 
their syndesmophytes.

Aortic wall calcifications and vertebral flattening were eval-
uated to examine whether local inflammatory or mechanical 
mechanisms might underlie the aortic-vertebral association. 
We noted the presence and location of aortic wall calcifications 
by visual inspection of the CT scans to determine if these were 
associated with syndesmophytes at the adjacent vertebral rim. 
We also visually examined the scans for evidence of flattening 
of the contour of the vertebral body by the aorta.22 Flattening 
of the vertebral centrum is an anatomic feature attributed to 
pressure on the bone from the adjacent aorta and was used as 
another indicator of mechanical aortic-vertebral interactions.23 
Flattening was assessed qualitatively by one reader (MMW) as 
a left-right asymmetry in the contour of the anterior vertebral 
rim, with either a depression or straightening of the rim on the 
left side.

Statistical analysis
We analysed the aortic-syndesmophyte association in relation to 
three factors: the angular sectors (ie, position in the arc along 
the rim), the IDS level and the distance of the aorta to the abut-
ting sector (hereafter, minAV distance). To investigate if the 
angular sectors close the aorta were less likely to have syndes-
mophytes than other nearby sectors, we first plotted syndesmo-
phyte frequency (presence or absence of syndesmophyte at any 
angular sector) and mean syndesmophyte height in each angular 
sector in relation to the distance of the sector to the aorta. We 
then stratified the plots by IDS, and by minAV distance (in three 
groups:<2.0 mm, 2.0–2.99 mm or ≥3.0 mm). We also exam-
ined the frequency of syndesmophytes in the abutting sector as a 
function of the minAV distance at each IDS level.

We tested whether the presence of syndesmophytes in a given 
angular sector was associated with its location on the vertebral 
rim (ie, from −90° to +90° from the abutting sector), the minAV 
distance or IDS level, using a multivariable logistic regression 
model. We also tested the interaction between the position of 
the angular sector on the rim and the minAV distance because 
the plots suggested a dependence on the distance from aorta to 
rim. The model was implemented using generalised estimating 
equations (GEE) with an exchangeable correlation structure to 
account for multiple IDSs per patient. We computed robust SEs 
using sandwich estimators. To provide global estimates of the 
associations, we first represented the angular sector as a contin-
uous variable. To provide detailed estimates of the interaction 
effects, we next modelled angular sector as a categorical vari-
able. Results represent the relative odds of a syndesmophyte in a 
given angular sector. We also examined if local aortic wall calci-
fication was associated with the presence of syndesmophytes by 
comparing model results in IDSs with or without adjacent aortic 
calcification. R programs were used for analysis.

reSulTS
Of the 60 subjects enrolled, 54 subjects had syndesmophytes 
on CT in the 180° region of the vertebral rim neighbouring the 
aorta in at least one IDS and were included in the analysis. Most 
subjects were middle-aged men with long-standing AS (table 1). 
The number of subjects that contributed data to the analysis of 
a given IDS ranged from 9 subjects at T9-T10 to 42 subjects at 
T11-T12. The angular sector closest to the aorta at T5-T6 was at 
the left lateral aspect of the vertebral body, while at L3-L4 it was 
near the midline (online supplementary figure 2). Characteristics 
of subjects excluded from analysis are provided in online supple-
mentary table 1.

Inspection of axial CT images revealed a relative absence of 
syndesmophytes at the vertebral rim adjacent to the aorta. In 
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Figure 3 Association between syndesmophyte frequency in the abutting sector and the absolute distance (in millimetres) from the vertebral rim to 
the aorta by intervertebral disc space. The number (N) of subjects that contributed data varied among the different intervertebral disc spaces.

several cases, syndesmophytes bracketed the region of the rim 
closest to the aorta (figure 1).

In plots of the association between the presence of syndes-
mophytes in a particular angular sector and the distance of the 
sector from the aorta, syndesmophyte frequency was lowest at 
the abutting sector and progressively increased at sectors along 
the rim further from the aorta (figure 2A). Mean syndesmophyte 
height had a similar pattern. Individual subject data showing 
syndesmophytes and their location relative to the aorta as heat-
maps are presented in online supplementary figure 3.

When individual IDSs were examined, the association was 
strongest at T10-T11, T11-T12, T12-L1 and L1-L2, and some-
what less pronounced at T7-T8, T8-T9 and L2-L3 (online 
supplementary figure 4). The minAV distance varied among 
IDSs, with means<3 mm at the thoracolumbar junction, but 
>4 mm for other IDSs (online supplementary figure 5). This 
pattern suggested that the differences across IDSs were mediated 
by how far the aorta was from the vertebra at different levels. 
There was a marked difference in the association by minAV 
distance. Syndesmophytes were not present near the abutting 
sector when minAV distance was <2.0 mm, while there was 
no association when minAV distance was ≥3.0 mm (figure 2B). 
The minAV distance also varied considerably among subjects. 
For example, at T11-T12, this distance ranged from 0.89 mm 
to 6.11 mm among different subjects. There was a graded associ-
ation between the frequency of syndesmophytes and the minAV 
distance (figure 3). Syndesmophytes occurred less often near the 
aorta in those subjects whose aorta was closer to the vertebral 
rim. No syndesmophytes were present in the abutting sector in 
patients whose aorta was <2 mm from the vertebral rim.

In the GEE model, both the location of the angular sector on 
the rim in relation to the aorta (p<0.0001) and minAV distance 
(p<0.0001) were associated with the likelihood of a syndesmo-
phyte at a given angular sector (online supplementary table 2). 

There was also a significant interaction between these measures 
(p<0.0001), such that the association of minAV distance was 
strongest at the abutting sector and nearby sectors. At the abut-
ting sector, the odds of a syndesmophyte decreased by one-half 
with each millimetre decrease in minAV distance. However, 
at sectors more than 45° from the abutting sector, there was 
no association between syndesmophytes and minAV distance 
(figure 4 and online supplementary table 3). IDS level was not 
associated with the presence of syndesmophytes (online supple-
mentary tables 2 and 3).

Aortic wall calcification was present in 25 patients, mostly 
below L2, and only 11 patients had calcifications in the posterior 
aortic wall near an IDS. Associations between minAV distance 
and angular sector were similar in IDSs with and without adja-
cent aortic calcification (online supplementary figure 6).

Flattening of the left anterior vertebral rim was assessed for 
all vertebrae regardless of the presence of syndesmophytes. Flat-
tening was observed primarily at the thoracolumbar junction, 
affecting 32% of T10 vertebrae, 37% of T11 vertebrae, 50% of 
T12 vertebrae and 20% of L1 vertebrae, with rare or no involve-
ment at other levels (figure 5). Flattening was present in 17% of 
vertebrae with minAV distance <3.0 mm, compared with 5.8% 
with minAV distance ≥3.0 mm.

diSCuSSiOn
Understanding the processes that regulate the development of 
syndesmophytes could lead to the discovery of treatments to 
slow or stop spinal fusion. Studies to date have focused on spinal 
inflammation as the precursor of syndesmophytes.6–8 Our results 
indicate that factors extrinsic to the spine also influence the 
presence of syndesmophytes in AS. Syndesmophytes occurred 
less commonly and were smaller at the vertebral rim near the 
aorta, suggesting an inhibition of syndesmophyte growth. This 
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Figure 4 (A) Adjusted ORs of the association between minAV distance 
and presence of a syndesmophyte in an angular sector. The OR presents 
the likelihood for every 1 mm closer that the aorta is to the vertebral 
rim. At the abutting sector (labelled 0), for each 1 mm closer the aorta 
is to the rim, the odds that a syndesmophyte was present decreased by 
one-half. For angular sectors more distant from the abutting sector, the 
association of syndesmophytes with the distance of the aorta from the 
vertebral rim was less strong and was not significant at sectors more 
than 45° away from the abutting sector. Error bars represent 95% CIs. 
This is a graphic representation of the model results provided in online 
supplementary table 3. (B) Corresponding p values for each OR.

Figure 5 Examples of vertebral rims flattened by the aorta compared 
with not flattened rims at the same vertebral level. Each example was 
from a different subject.

association was stronger in those subjects whose aorta was closer 
to the spine, supporting a ‘dose-response’ association.

It is well known that paravertebral ossification in DISH mainly 
develops contralateral to the aorta.12–14 Ossification in DISH is 
easily visible on plain radiographs, which undoubtedly facilitated 
detection of its predominance on the right side of the spine. It 
is less well known that vertebral osteophytes also display later-
ality. In both imaging studies and studies of anatomic specimens, 
osteophytes in the thoracic spine mostly develop on the right 
side of the vertebral bodies.24–28 This laterality is not present in 
the lumbar spine inferior to the aortic bifurcation, suggesting 
that the aorta acts to inhibit osteophyte development on left 
side of the thoracic spine.25 27 Our findings related to syndes-
mophytes were quite similar, notwithstanding the inflammatory 
nature of AS. These similarities suggest that common processes 
may influence the development of both syndesmophytes and 
vertebral osteophytes.29 The small size of syndesmophytes rela-
tive to the ossification in DISH, and the very local effects of the 
aorta, likely helped conceal this association.

The inhibition of paravertebral bone growth in DISH and of 
vertebral osteophytosis has been attributed to the mechanical 
effects of aortic pulsations on the vertebrae and surrounding 
tissue.12 15 24 While this is also the most likely explanation 
for our observations in AS, direct testing of this hypothesis is 
not possible. It is not completely understood how mechanical 
effects inhibiting bone growth are transduced at the molecular 
level. Mechanisms other than mechanical effects, such as para-
crine effects of substances released by vascular or perivascular 

tissue, may also be hypothesised. Periaortic fat secretes a variety 
of cytokines, chemokines, adipokines and growth factors 
that could potentially influence adjacent vertebrae.30 31 Most 
substances characterised from periaortic fat have been proin-
flammatory, and therefore might be thought to promote syndes-
mophyte development if diffusion to the area of the enthesis 
occurred. We did not find any association between aortic 
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wall calcification and syndesmophyte distribution, suggesting 
that atheromatous inflammation in the adjacent aorta did not 
mediate this association, although proinflammatory media-
tors may be present in the absence of aortic calcification, and 
processes other than atherosclerosis may have paracrine effects 
on bone. However, to our knowledge, studies demonstrating 
that abnormalities in periaortic tissue can promote osteopro-
liferation have not been reported. Aortitis likely does not have 
a role, given its rarity and that it affects the aortic root and 
ascending aorta.

In contrast, the presence of vertebral flattening supports 
a mechanical hypothesis by demonstrating that the aorta is 
both close enough and powerful enough to shape vertebral 
morphology.22 In our study, flattening was most often seen at 
the thoracolumbar junction and when the aorta was close to the 
vertebrae. In the extreme, pressure from aortic aneurysms can 
cause extensive erosion of vertebral bodies.32 33 We hypothe-
sise that aortic pulsation causes local movement of soft tissue to 
inhibit syndesmophyte formation in what may be the tissue-level 
analogue of exercise.

The strengths of this study include the use of a well-validated 
and sensitive measure of syndesmophytes, testing multiple IDSs, 
and examining associations with the distance to the aorta. The 
study also has some limitations. We studied a modest number 
of subjects; in particular, few were included in analyses of the 
mid-thoracic IDSs. However, the number was sufficient to detect 
strong associations with aortic distance. No subject had a right-
side aorta to confirm an association with the aorta specifically, 
but the syndesmophyte deficit tracked with the position of the 
aorta down the spine and was not limited to the same angular 
sectors across IDSs or patients. Also, we did not directly inves-
tigate potential mechanisms that might mediate this association. 
Our goal was to investigate the interaction between syndesmo-
phytes and the aorta and not to test a global model of syndesmo-
phyte development.

Our results indicate that the aorta is associated with less 
frequent development of syndesmophytes in AS, possibly 
through mechanical effects. These findings suggest a complicated 
relationship between mechanical forces and syndesmophyte 
development, where forces with differing characteristics (loca-
tion, directionality, intensity or constancy) may either promote 
or inhibit syndesmophyte growth. Skeletal tissues are mech-
anoresponsive and require loading to maintain normal struc-
ture.34 35 Mechanical stress that is supraphysiological or that 
affects inflamed tissues may initiate ectopic bone forma-
tion.9 36 37 These findings, together with our results, suggest that 
the responses of bone to forces generated within the skeletal 
system (from muscle contraction or gravity) may differ from 
responses to extrinsic forces, as from the aorta. It is important 
to recognise that this influence is relative rather than absolute, 
as bridging syndesmophytes can encase the IDS, including the 
vertebral rim near the aorta. This indicates that the association 
between the aorta and syndesmophyte growth may be best char-
acterised as a local slowing of growth. This local slowing may 
contribute to the low concordance between vertebral inflam-
mation on MRI and future syndesmophytes, where syndesmo-
phytes are not seen after 2 years in 78%–90% of anterior lumbar 
vertebral corners with inflammation.7 8 38 39 Most importantly, 
our results indicate that factors other than vertebral inflamma-
tion may affect syndesmophyte development, including factors 
extrinsic to the spine.
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Key messages

What is already known about this subject?
 ► Interleukin (IL)-23-producing myeloid cells 
are thought to be key to the pathogenesis of 
closely related disease such as psoriasis and 
inflammatory bowel disease.

 ► The enthesis is considered the cardinal 
lesion in psoriatic arthritis (PsA) and 
spondyloarthropathy (SpA) but it was previously 
unknown if this tissue contained a population 
of myeloid cells capable of IL-23 production.

 ► It has been considered that intestinal or 
systemically derived IL-23 may have been 
responsible for triggering enthesitis.

What does this study add?
 ► We demonstrate that normal spinal enthesis 
soft tissue and bone has resident myeloid cells.

 ► It was possible to induce IL-23 protein which 
was almost exclusive to a population of CD14+ 
myeloid cells.

How might this impact on clinical practice or 
future developments?

 ► This study increases the understanding of innate 
immunity at the normal healthy human enthesis 
that needs further study to understand how this 
might contribute to blocking IL-23 efficacy, or 
not in some settings, in PsA and SpA.

AbSTrACT
Objective We investigated whether the normal 
human spinal enthesis contained resident myeloid 
cell populations, capable of producing pivotal 
proinflammatory cytokines including tumour necrosis 
factor (TnF) and interleukin (il)-23 and determined 
whether these could be modified by PDe4 inhibition.
Methods normal human enthesis soft tissue (sT) 
and adjacent perientheseal bone (PeB) (n=15) were 
evaluated using immunohistochemistry (iHc), digested 
for myeloid cell phenotyping, sorted and stimulated with 
different adjuvants (lipopolysaccharide and mannan). 
stimulated enthesis fractions were analysed for inducible 
production of spondyloarthropathy disease-relevant 
mediators (il-23 full protein, TnF, il-1β and ccl20). 
Myeloid populations were also compared with matched 
blood populations for further mrna analysis and the 
effect of PDe4 inhibition was assessed.
results a myeloid cell population (cD45+ 
HlaDr+ cD14+ cD11c+) phenotype was isolated from 
both the sT and adjacent PeB and termed ’cD14+ 
myeloid cells’ with tissue localisation confirmed by 
cD14+ iHc. The cD14− fraction contained a cD123+ 
HlaDr+ cD11c− cell population (plasmacytoid dendritic 
cells). The cD14+ population was the dominant 
entheseal producer of il-23, il-1β, TnF and ccl20. 
il-23 and TnF from the cD14+ population could be 
downregulated by a PDe4i and other agents (histamine 
and 8-Bromo-caMP) which elevate caMP. entheseal 
cD14+ cells had a broadly similar gene expression 
profile to the corresponding cD14+ population from 
matched blood but showed significantly lower ccr2 
gene expression.
Conclusions The human enthesis contains a cD14+ 
myeloid population that produces most of the inducible 
il-23, il-1β, TnF and ccl20. This population has similar 
gene expression profile to the matched blood cD14+ 
population.

InTrOduCTIOn
Synovitis is the primary lesion in rheumatoid 
arthritis (RA), whereas in spondyloarthropathy 
(SpA)-related diseases, enthesitis is the cardinal 
lesion.1 Psoriatic arthritis (PsA) and the associ-
ated SpA disorders are linked to multiple genetic 
polymorphisms in the interleukin (IL)-23/17 axis. 
Manipulation of this pathway results in an enthesi-
tis-dependent murine arthritis and several popula-
tions of IL-23R positive cells reside at the normal 

murine and human enthesis.1–4 The observed 
difference in efficacy of IL-23/17 axis blockers and 
phosphodiesterase 4 inhibitor (PDE4I) therapy in 
RA and SpA may be a result of immunopathogenic 
differences linked to the location of the primary site 
of inflammation.1 5 6

The prevailing theories have proposed that the 
IL-23 driving enthesitis originates at remote sites 
including the gut.3 In both human psoriasis and 
mouse models of psoriasis, the major producers of 
IL-23 are skin resident myeloid cells.7 Studies also 
implicate myeloid cells in human enthesitis with 
macrophages being present in early SpA-related 
enthesitis.8 A recent mouse model of mechanical 
strain also confirmed enthesitis was dependent on 
myeloid infiltration.9

Accordingly, we hypothesised that the human 
enthesis harbours a population of myeloid cells 
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Figure 1 Immunohistochemistry of CD14+ cells in (A) perientheseal bone (PEB) and (B) entheseal soft tissue (ST). Enthesis samples were separated 
into PEB and ST and CD14+ and CD14− cells sorted. (C–J) CD14+ and CD14− fractions were stimulated with LPS/interferon gamma (IFNү) or 
mannan for 48 hours. TNF, IL-23, CCL20 and IL-1β levels were measured by ELISA. n=5. Two-way analysis of variance (ANOVA) with Bonferroni 
multiple comparisons test was performed. *Significance from relevant unstimulated control, for example, CD14+ or CD14− unstimulated. (K) PEB was 
stimulated with LPS/IFNү in the presence of Golgi plug for 16 hours. Cells were surface stained for CD14+ and CD14− cells and intracellular IL-23p19 
were measured. Blue histograms represent unstimulated and red stimulated. (L) Change in IL-23p19 median fluorescence intensity (MFI), following 
LPS/IFNү stimulation in both CD14+ and CD14− gates. n=3. Paired t-test. *p<0.05; **p<0.01; ***p<0.001. IL, interleukin; LPS, lipopolysaccharide; 
PEB, perientheseal bone; ST, soft tissue; TNF-α, tumour necrosis factor alpha.

capable of proinflammatory cytokine production. We investi-
gated whether potential IL-23 secretion could be modulated by 
PDE4 inhibition, a target pathway known to show efficacy in 
PsA but not RA.

MATerIAlS And MeTHOdS
Comprehensive materials and methods can be found in online 
supplementary materials. Briefly, for tissue collection, normal 
spinous process enthesis was obtained from 15 patients (6 men 
and 9 women; median age 46 years) who were undergoing spinal 
decompression or surgery for scoliosis correction of thoracic 
or lumbar vertebrae using previously described methods4 (see 
online supplementary figure 1). The study protocol of the current 
investigation was approved by North West-Greater Manchester 
West Research Ethics Committee.

Statistical analysis
Statistical significance was calculated using a one or two-way anal-
ysis of variance with Bonferroni's multiple comparisons test, unless 
stated. Analysis was performed using Prism software (GraphPad 
software V.8.0, La Jolla, CA, USA). Error bars represent the SEM.

reSulTS
Myeloid cells are present in entheseal soft tissue and bone 
and can produce Il-23
Following the digestion of both the perientheseal bone (PEB) and 
soft tissue (ST) enthesis and flow cytometry analysis, a myeloid 
CD45+ CD14+ HLADR+ CD11c+ (hereafter referred to 
as the CD14+ population) and a CD45+ CD14− (hereafter 

referred to as the CD14− population) of cells were evident (see 
online supplementary figures 2–4). Within the CD14− fraction, a 
CD123+HLADR+ CD11c− (plasmacytoid dendritic cell) popu-
lation was identified, accounting for 1% of CD45+ cells (online 
supplementary figure 2). Due to demands of using multiple colours 
for flow cytometry, we decided to exclude the analysis of ILC3 cells, 
which we have previously identified at the human enthesis.4 Histo-
logical staining of both the PEB and ST showed CD14+ enthesis 
immune cell populations (figure 1A, B). For control staining and 
isotype control, see online supplementary figure 5.

Following the isolation of CD14+ and CD14− fractions by 
fluorescence-activated cell sorting (FACS), they were stimulated 
with either mannan or lipopolysaccharide (LPS) and interferon 
gamma (IFNγ). Disease-relevant cytokines and chemokines, 
tumour necrosis factor (TNF), IL-23 (full protein p40+p19), 
CCL20 and IL-1β were measured by ELISA (figure 1C–J). IL-23 
and CCL20 were only inducible from CD14+ cells (red box 
plots) following stimulation (figure 1E–H). While both frac-
tions CD14+ and CD14− showed inducible TNF and IL-1β 
following stimulation, this was only statistically significant in the 
CD14+ fraction (figure 1C, D, I, J).

In terms of weight, the PEB contained more CD14+ per gram 
than the ST (mean=7.9×104 vs 6.8×103). Because of the scarcity 
of available cells in the ST, CD14+ and CD14− cells were seeded 
at a lower density than those from the bone (see the Materials and 
methods section). The individual CD14+ myeloid cell production 
of IL-23 and TNF expressed as pg/cell was not significantly different 
between PEB and ST (online supplementary figure 6). Intracel-
lular staining for IL-23 of both CD14+ and CD14− populations 
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Figure 2 (A–D) CD14+ fraction cells were isolated from the PEB and ST as before (n=5), and stimulated with LPS/IFNү and mannan as before, with 
and without PDE4I rolipram, IL-23 and TNF were measured by ELISA. (E, F) Healthy blood CD14+ cells were stimulated with LPS/IFNү (E) or mannan 
(F) with and without cAMP-elevating agents; rolipram, 8-Br-cAMP and histamine for 48 hours (n=7), IL-23 secretion was measured by ELISA. One-
way analysis of variance (ANOVA) with Bonferroni multiple comparisons test was performed. (E, F) Significance from stimulated (LPS or mannan). (G) 
CD14+ cells were isolated from the PEB or matched blood and transcript analysis was performed (n=4). Black bars represent those higher expressed 
in blood, white bars those with higher expression in PEB. Genes highlighted in blue were undetectable in both blood and PEB. A paired t-test was 
performed on ΔCt values for PEB versus blood. *p<0.05; **p<0.01; ***p<0.001. IFN, interferon; IL, interleukin; LPS, lipopolysaccharide; PEB, 
perientheseal bone; ST, soft tissue; TNF, tumour necrosis factor; VEGF, vascular endothelial growth factor.

following LPS/IFNγ stimulation also confirmed CD14+ as the 
exclusive IL-23 producer in the PEB (figure 1K, L).

Pde4I and other cAMP-elevating agents inhibit Il-23 from 
Cd14+ entheseal and blood myeloid cells
From figure 1, it was evident that CD14+ cells were the exclu-
sive IL-23 producers. We next tested the ability of a PDE4I 
(rolipram) to modulate IL-23 secretion. Rolipram is widely used 
in vitro to study the effects of PDE4 inhibition and has a similar 
profile to apremilast.10 Blockade of the PDE4 pathway is effi-
cacious in PsA but not RA. Rolipram effectively inhibited both 
mannan/IFNγ and LPS/IFNγ-induced IL-23 and TNF from the 
CD14+ fraction from both ST and PEB (figure 2A–D).

PDE4Is are thought to modulate inflammatory pathways via 
elevating cAMP. Due to the low number of cells yielded from the 
enthesis, cAMP pathway exploratory research on IL-23 secretion 
was conducted on the corresponding CD14+ population in blood 
from healthy donors. CD14+ cells were isolated by FACS and 
stimulated with LPS/IFNγ (figure 2E) or mannan/IFNγ (figure 2F) 
as before. To access the importance of the cAMP pathway in 
PDE4I attenuation of IL-23 production, other molecules known to 
activate the cAMP pathway (histamine and 8-Bromo-cAMP) were 
tested for their ability to inhibit IL-23 secretion and confirm the 
importance of the PDE4 pathway on these cells (figure 2E, F).

entheseal myeloid cells share a similar gene profile to 
matched blood cells
In order to provide further functional characterisation of 
CD14+ myeloid cells in the enthesis, entheseal cells were 
compared with those isolated from matched blood (figure 2G). 

Both populations had a broadly similar gene expression profile. 
The majority of genes analysed did not have a greater than 
twofold difference and only CCR2 expression was statistically 
significant (figure 2G). However, the majority of inflammatory 
cytokines and inflammatory signalling pathways trended higher 
in the blood population.

dISCuSSIOn
In this study, we report that both normal entheseal ST and 
adjacent bone have a population of CD45+ CD14+ HLDR+ 
CD11c+ myeloid cells. Entheseal CD14+ cells are capable of 
producing IL-23, TNF, IL-1β and CCL20. Moreover, IL-23 and 
TNF induction can be reduced by PDE4 inhibition. These obser-
vations may also be of relevance to disease, given that both PDE4 
inhibitors and IL-23 blockers show efficacy in PsA but not RA.

In a landmark IL-23-dependent enthesitis mouse model of SpA, 
it was shown that in vivo hepatic expression of IL-23 induced 
enthesitis via an effect on resident enthesis T cells and it was 
considered that the IL-23 effect was via systemically released cyto-
kine.3 Presently, there are no reports of normal enthesis myeloid 
cells with the ability to secrete IL-23 locally. Herein we show that 
cells capable of producing IL-23 are present at the enthesis and that 
virtually all of the IL-23 was from the CD14+ fraction as opposed 
to the CD14− fraction. This highlights the potential importance 
of this myeloid cell population in disease initiation. Both bacterial 
and fungal adjuvants were able to induce IL-23 production from 
the CD14+ fraction. In agreement with this, in the SKG mouse 
model of arthritis where pathology originates as enthesitis, both 
curdlan and chlamydia promote disease.11 12 Moreover, previous 
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research has shown myeloid cells such as macrophages in the early 
inflamed SpA enthesis.8

It was previously unknown if IL-23-producing myeloid cells 
at the enthesis were resident or tissue infiltrating. Classification 
of myeloid cell subsets within tissues is notoriously difficult and 
remains controversial. A new single-cell RNA-seq approach may 
be the only way to truly define the myeloid subsets.13 During 
inflammation, classical monocytes (defined as CD14high 
CD16low) enter tissues in a CCR2-CCL2 dependent manner. 
In a recent mouse model of biomechanical loading, arthritis 
was dependent on CCL2 production and subsequent monocyte 
recruitment.9 The myeloid cells we described at the enthesis may 
be non-classical monocytes. It is known that non-classical mono-
cytes migrate and ‘patrol’ peripheral tissues, so are not defined 
as tissue resident macrophages in the sense of microglial or 
Kupffer cells.14 Non-classical monocytes (defined as CD14low 
CD16high) are known to express less CCR2 and inflammatory 
mediators when compared with classical monocytes, which 
would align with our findings.14 Entheseal myeloid cells in our 
study indeed showed statistically significantly less expression of 
CCR2, while basal production of inflammatory mediators such 
as IL-1β, IL-6 and TNF trended downwards.

We also report that fungal and bacterial adjuvants are able to 
induce CCL20 from enthesis CD14+ cells, but not CD14– cells. 
CCL20 is a chemokine that attracts IL-17-expressing cells via its 
ligand CCR6. In agreement with this, PsA synovial fluid levels of 
CCL20 correlate with disease severity.15 IL-17-expressing ILC3 
and T cells are also CCR6+ from the synovial fluid of patients 
with PsA.16 17 These findings suggest a link between enthesis 
myeloid cells and the cells that preferentially accumulate in the 
adjacent joint cavity in PsA.

While therapeutic blockage of IL-23 has demonstrated effi-
cacy in PsA, recent results from a clinical trial in patients with 
ankylosing spondylitis have proved disappointing.18 It has been 
hypothesised that variation in efficacy may be due to a differing 
immunopathogenesis including different immune cell popula-
tions between the spine and peripheral joint.19 A recent paper 
using an HLA-B27 rat model showed that SpA pathology is 
dependent on IL-23 for initiation but not disease persistence.20 
This may indeed point towards the idea of IL-17 independent of 
IL-23 for disease progression, while IL-23 is required for disease 
initiation. Related research has shown that torn supraspinatus 
tendon contains IL-17+ cells including T cells; however, it is not 
known if these cells can produce IL-17 independently of IL-23.21

PDE4Is are thought to mediate anti-inflammatory effects by 
elevating cAMP. Other cAMP pathway activators such as hista-
mine and 8-Bromo-cAMP are known to attenuate inflammatory 
cytokine production from peripheral blood mononuclear cells; 
however, this is the first report showing this on tissue myeloid 
cells.22 Previous research has suggested cAMP-elevating agents 
downregulate IL-12p40, the common chain between IL-12 and 
IL-23, which in theory may also account for the downregulation 
of full IL-23 protein (p19+p40) observed (figure 2A–D).22 Further 
work is required to decipher the exact mechanisms in which cAMP 
elevation regulates individual IL-12 family member chains.

In conclusion, these data demonstrate that the normal enthesis 
contains a population of myeloid cells capable of local innate 
cytokine production including TNF and IL-23. While CD14+ 
HLADR+ CD11c+ confirm the presence of a myeloid pheno-
type, further work is required to fully characterise this popu-
lation. The in vivo triggers of myeloid-derived TNF and IL-23 
remain to be fully elucidated but our findings show that the 
normal enthesis contains myeloid cells capable of locally contrib-
uting to disease.
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AbSTrACT
Objectives Cognitive dysfunction (CD) is common 
in systemic lupus erythematosus (sle) but the cause 
remains unclear and treatment options are limited. We 
aimed to compare cognitive function in sle and healthy 
controls (HCs) using both behavioural and neuroimaging 
techniques.
Methods Patients with sle with stable disease and 
HCs were recruited. Clinical and psychological data 
were collected along with a blood sample for relevant 
biomarkers. neurocognitive function was assessed 
using tests from the Cambridge neuropsychological Test 
automated Battery (CanTaB) and functional magnetic 
resonance imaging (fMRi) was used to examine brain 
responses to working memory (WM) and emotional 
processing (facial emotional recognition task, FeRT) 
tasks.
results Compared with HCs (n=30), patients with 
sle (n=36) scored higher on measures of depression, 
fatigue and had higher hsCRP (p=0.013), il-6 (p=0.003) 
and B lymphocyte stimulator (p<0.001). Patients with 
sle had poorer performance on a task of sustained 
attention (p=0.002) and had altered brain responses, 
particularly in default mode network (DMn) regions 
and the caudate, during the WM task. Higher organ 
damage and higher VCaM-1 were associated with 
less attenuation of the DMn (p=0.005 and p=0.01, 
respectively) and lower BOlD signal in the caudate areas 
(p=0.005 and p=0.001, respectively). increased il-6 was 
also associated with lower BOlD signal in caudate areas 
(p=0.032).
Conclusions sustained attention was impaired in 
patients with sle. Poor attenuation of the DMn may 
contribute to cognitive impairments in sle and our 
data suggest that in addition to mood and fatigue 
inflammatory mechanisms and organ damage impact 
cognitive functioning in sle. The multifaceted nature of 
CD in sle means any therapeutic interventions should be 
individually tailored.

InTrOduCTIOn
Cognitive dysfunction (CD) is one of the most 
commonly reported neuropsychiatric symptoms in 
patients with systemic lupus erythematosus (SLE) 
and significantly affects quality of life. While it has 
been reported in up to 90% of patients,1 treatment 
options remain limited in large part due to uncer-
tainty around the cause(s), the lack of a consistent 
measure and the observation that patients with SLE 

may perform similarly to healthy controls (HCs) on 
objective testing.2

CD is common in other chronic conditions, such 
as inflammatory bowel disease and multiple scle-
rosis3 and factors associated with chronic disease 
such as mood disorders, medications and fatigue 
can all affect cognition. Specific SLE-factors are also 
hypothesised to play a role,4 with reported associa-
tions between autoantibodies and CD, particularly 
anti-N-methyl-D-asparate, anti-dsDNA and anti-
phospholipid (aPL) antibodies.5 Structural brain 
alterations in SLE such as cerebrovascular events, 
and the increased number of white matter hyper-
intensities6 also may contribute, although others 
have suggested that such structural changes are not 
directly associated with CD. As such, clinical and 
imaging biomarkers of CD in SLE remain elusive.

Key messages

What is already known about this subject?
 ► Cognitive dysfunction (CD) is a significant 
problem in systemic lupus erythematosus (SLE), 
reported to affect up to 90% of patients.

 ► The cause is unclear and as such treatment is 
limited.

 ► No consistent measure of CD in SLE.
 ► Limited correlations found between structural 
brain abnormalities in SLE and cognitive 
function.

 ► Increasing interest in the use of functional 
magnetic resonance imaging (fMRI) in the 
assessment of cognitive function in SLE.

What does this study add?
 ► One of the largest fMRI studies in SLE.
 ► Assesses behavioural, functional and structural 
abnormalities in relation to cognitive function 
in SLE.

 ► Addresses the multifactorial nature of CD in 
SLE.

 ► Excludes patients with neuropsychiatric SLE 
(NPSLE) with the aim of examining the milder 
cognitive deficits reported by the majority of 
patients to address the concept of ‘brain fog’.

 ► Indicates that SLE-specific factors (e.g., 
inflammation, disease damage/duration) 
are associated with CD as well as chronic 
disease factors (e.g., fatigue, depression, pain, 
medication).
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Key messages

How might this impact on clinical practice or future 
developments?

 ► Increases awareness that CD in SLE has multiple drivers and 
therefore treatment should be individually tailored.

 ► Helps in the development of a biomarker of CD in SLE.
 ► Aids future clinical trials by highlighting which key factors 
should be included in the study design.

 ► Highlights that patients with SLE are likely to employ 
compensatory brain mechanisms to maintain cognitive 
performance. As such patients may score similarly to healthy 
controls of objective measures of cognition but may fatigue 
quicker. This needs to be taken into consideration in any 
clinical trials or clinical assessments.

The American College of Rheumatology (ACR) estab-
lished a recommended battery of cognitive tests but these 
require a trained professional to administer. An alternative is 
the Cambridge Neuropsychological Test Automated Battery 
(CANTAB), a tool that can assess changes in cognition over time, 
has been validated in many clinical settings, requires minimally 
trained administrators and has been successfully used in SLE.7 
Another objective approach is functional magnetic resonance 
imaging (fMRI). fMRI gives a proxy measure of neuronal acti-
vation during cognitive testing. To date, only a few articles have 
reported fMRI findings in SLE but they suggest that patients 
with SLE may employ compensatory mechanisms within the 
brain to maintain adequate cognitive performance.8 Even fewer 
studies9 10 have examined cognition in SLE using a combination 
of behavioural, functional and structural assessments, although 
such an approach may better help identify causes and targets for 
therapy.

We aimed to compare cognitive function between patients 
with SLE with stable disease and HCs using CANTAB and fMRI. 
Variables that are known to affect cognition were also examined 
with differences between the two groups reported.

MeTHOdS
Patients with SLE were recruited from Rheumatology depart-
ments at Manchester University NHS Foundation Trust Hospi-
tals. HCs were recruited via study participants (e.g., friends) 
and social media. All SLE participants fulfilled ACR 199711 or 
Systemic Lupus International Collaborating Clinics (SLICC) 
criteria12 for SLE and were considered clinically stable if no 
change of treatment was required, and their Systemic Lupus 
Erythematosus Disease Activity Index-2000 (SLEDAI-2K) score 
was ≤4.13 Participants with a history of epilepsy, stroke, severe 
depression/psychiatric conditions or certain central nervous 
system (CNS)-acting medications were excluded. Severe depres-
sion was defined as currently receiving treatment and/or scoring 
≥20 on the Montgomery Asberg Depression Rating Scale 
(MADRS). Participants on low-dose CNS-acting medications or 
who were taking no more than three such medications (and only 
if being used to treat conditions other than depression, such as 
fibromyalgia) were included.

Disease activity was assessed using the British Isles Lupus 
Assessment Group Index BILAG 200414 and SLEDAI-2K, and 
organ damage using the SLICC/ACR Damage Index (SDI).15 
Specific biomarkers of the inflammatory response activation 
(B lymphocyte stimulator (BLyS), high sensitivity C reactive 
protein [hsCRP], interleukin 6 (IL-6)) and vascular/endothelial 

(vascular cell adhesion molecule-1 (VCAM-1), vascular endothe-
lial growth factor (VEGF)) were measured.

All participants completed validated questionnaires on depres-
sion, anxiety and fatigue:

HADS: Hospital Anxiety and Depression Scale.16

BDI-II: Becks Depression Inventory-II.17

MADRS: Montgomery Asberg Depression Rating Scale.18

FSMC: Fatigue Scale for Motor and Cognitive Functions.19

After a literature review, we selected six CANTAB tests20 that 
assessed:

Visual memory and new learning (PAL: Paired Associates 
Learning).

Immediate and delayed verbal memory (VRM: Verbal Recog-
nition Memory).

Emotional processing (ERT: Emotional Recognition Test).
Sustained attention (RVP: Rapid Visual Information 

Processing).
Executive function (OTS: One Touch Stockings).
Spatial working memory (SWM: Spatial Working Memory).
Two functional scans were performed using a 3.0 Telsa Philips 

Gyroscan ACS NT (Philips, Best, NL) MR scanner while partici-
pants completed a WM task (n-back) and a facial emotional recog-
nition task (FERT). Two structural scans were also performed: a 
fluid attenuated inversion recovery and T1-weighted magnetisa-
tion-prepared rapid gradient-echo.

All behavioural and assessment data were analysed using inde-
pendent t-tests for parametric data, Mann-Whitney U tests for 
non-parametric data and χ² for proportional data in SPSS 22 and 
group region of interest analyses were undertaken for the fMRI 
data using SPM12.

The target number of participants recruited to the study was 
determined based on fMRI power guidance, where a sample size 
of between 16 and 32 is considered acceptable.21

To examine any possible associations between SLE and CD 
exploratory Pearson/Spearman’s correlations and χ²s were 
undertaken using the SLE group only. These correlations were 
only conducted using the CANTAB tasks, structural brain 
abnormalities and fMRI results that were significantly different 
between the HC and SLE groups. These variables were assessed 
against factors proposed to affect cognition, including disease 
duration, disease activity, damage, medication use, aPL/LAC as 
well as measures of depression and fatigue.

Further details on all methods can be found in the online 
supplementary data.

reSulTS
demographic and clinical findings
The SLE group were typical of a stable SLE cohort (table 1) 
and both groups were matched on age, gender, handedness and 
ethnicity; patients with SLE had fewer years in education and 
a lower mean IQ (table 2). The SLE group had higher depres-
sion scores (medians within the normal ranges). For each group, 
the percentages of participants that scored within the mild clin-
ical ranges for depression/anxiety were: MADRS 0% HC, 6% 
SLE, BDI-II 6% HC, 33% SLE, HADS-D 3% HC, 39% SLE 
and HADS-A 20% HC, 39% SLE, despite excluding for clin-
ical depression. The SLE group also had higher levels of motor 
and cognitive fatigue with median scores in the ‘severe’ (motor) 
and ‘moderate’ (cognitive) fatigue categories. Several biomarkers 
of inflammation and endothelial activation showed statistical 
difference between the two groups (table 2).

All measures of depression positively correlated with both 
cognitive and motor scores of fatigue (FSMC) and negatively 
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Table 1 Clinical and immunological characteristic of the SLE 
participants (n=36)

Characteristic n (%) or median (lQ, uQ)

Female sex 34 (94%)

Disease duration (years) 10.5 (5, 15)

ANA positive (ever) 34 (94.4)

Elevated IgG anti-dsDNA antibody* 9 (26)

Low C3 or C4* 12 (35)

Anticardiolipin (aCL) antibody-positive* 9 (26)

Lupus anticoagulant positive* 6 (18)

BILAG total score† 1 (0, 2)

SLEDAI-2K 2 (0, 2)

SDI 0 (0, 1)

9/36 (25%) had a score ≥1

Oral corticosteroids (y/n) 12 (33.3)

Average daily corticosteroid dose (mg) (n=12) 8.75 (6.25, 11.25)

Current immunosuppressant use 15 (41.7)

Current antimalarial use 22 (61.1)

Biological medication 3 (8.3)

*At time of study.
†Score calculated as stated in Yee et al.22

ANA, antinuclear antibody; BILAG, British Isles Lupus Assessment Group Index; C3, 
complement component 3; C4, complement component 4; SDI, The Systemic Lupus 
International Collaborating Clinics/American College of Rheumatology Damage 
Index; IgG ds-DNA, immunoglobulin G double-stranded DNA.

Table 2 Demographic, psychiatric, fatigue and biomarker 
characteristics across the participant groups

Variable 

Sle (n=36) HC (n=30)

P value Mean (Sd), Median (lQ, uQ) or n (%)

Demographic

Age (years) 40 (32, 48.75) 32 (27, 46.5) P=0.14

Gender (% female) 34 (94) 30 (100) P=0.19

Handedness (% right-
handed)

30 (83) 28 (93) P=0.34

Years in education 16.11 (3.51) 17.97 (3.40) P=0.034

WTAR (IQ) 102.5 (98.25, 108) 111 (105, 114) p=0.001

Ethnic origin P=0.132

  Caucasian 24 (66.7) 24 (80)

  Black Caribbean 4 (11.1) 0

  Black African 3 (8.3) 0

  Indian 1 (2.8) 0

  Bangladeshi 0 1 (3.3)

  Chinese 1 (2.8) 1 (3.3)

  Other 3 (8.3) 4 (13.3)

Depression

MADRS 4 (1, 8) 1 (0, 3) P=0.012

HADS - D 4 (1, 9) 1 (0, 2) P<0.001

BDI - II 10 (4, 20.25) 3 (0.75, 8) P=0.002

Anxiety

HADS – A 6 (3, 10.5) 5 (2, 7) P=0.08

Fatigue

FSMC – Motor score 36 (22, 40.5) 14 (11.5, 18.5) P<0.001

FSMC – Cognitive score 31 (22, 40) 14 (11.5, 18.5) P<0.001

FSMC – total score 67.5 (44.75, 80.5) 27 (23, 37) P<0.001

Biomarkers of inflammation and endothelial activation

hsCRP (mg/L)1 1.44 (0.66, 5.06) 0.88 (0.39, 1.39) P=0.013

IL-6 (pg/mL)1 1.67 (0.50, 5.33) 0.50 (0.50, 1.32) P=0.003

VCAM-1 (ng/mL)2 474.93 (194.30) 345.66 (53.79) P=0.001

VEGF (pg/mL)1 66.04 (13.93, 139.60) 45.42 (6.04, 114.93) P=0.275

BLyS (ng/mL)1 0.51 (0.35, 0.71) 0.34 (0.27, 0.39) P<0.001

Missing data: WTAR not included for 3 HCs, and 4 SLEs, these participants’ first language 
was not English and/or they had dyslexia, as such it was felt that the scale would not 
accurately measure IQ in these participants. MADRS–5 SLE, 2 HC; FSMC–2 SLE, 1 HC hsCRP, 
IL-6, VEGF, BLyS-2 HC, 2 SLE; VCAM-1–2 SLE.
P-values in bold are significant at <0.05.
BDI-II, Becks Depression Inventory - II; BLyS, B lymphocyte stimulator; FSMC, Fatigue Scale 
for Motor and Cognitive Functions; HADS-A, Hospital Anxiety and Depression Scale–Anxiety 
score; HADS-D, Hospital Anxiety and Depression Scale–Depression score; IL-6, Interleukin 
6; MADRS, Montgomery Asberg Depression Rating Scale; VCAM-1, vascular cell adhesion 
molecule-1; VEGF, vascular endothelial growth factor;WTAR, Weschler Test of Adult Reading; 
hsCRP, high sensitivity C reactive protein;.

with years in education (see online supplementary table S1). In 
addition, hsCRP positively correlated with HADS-depression 
score (rs=0.43, p=0.013).

CAnTAb findings
From the 66 participants (36 SLE and 30 HC) who underwent 
CANTAB testing, 2 SLE participants did not complete all tests 
due to fatigue.

The SLE group performed less well on the RVP task (a test 
of sustained attention) compared with the HC group (13 [12, 
20] vs 20 [15.75, 22], p=0.002). Compared with the norma-
tive data available from CANTAB 33.3% of the SLE participants 
scored one or more SDs below the RVP mean, whereas only 1% 
of HC group scored one or more SDs below the mean. The SLE 
group was also slower to identify emotions from the ERT task 
and identified more of the emotions incorrectly compared with 
HCs (p=0.012 and p=0.019, respectively) (table 3).

Structural MrI findings
Structural analysis was conducted on 53 participants (30 HC 
and 23 SLE). The SLE group had significantly more and larger 
perivascular spaces (PVS) in the centrum semiovale (CSO-VRS), 
χ2=15.50, p<0.001. The differences between the SLE and HC 
group for the PVS in the basal ganglia (BG-VRS) did not reach 
significance, χ2=8.96, p=0.077 (see online supplementary tables 
S2-S4).

Functional MrI findings
Not all patients underwent an MRI scan due to scheduling, 
discomfort and artefact issues. Overall, 23 SLE and 29 HC 
participants had fMRI scan data available for analysis.

n-back task results
Patients with SLE performed worse than HCs on the 0-back 
level (measure of attention, p=0.008) and were also slower to 

respond correctly on the 1-back and 2-back levels (measures of 
WM, p=0.019 and p=0.025, respectively) compared with the 
HC group (see online supplementary table S5).

Working memory condition (2-0back)
ROI analysis revealed significant results for the negative effect of 
the 2-0back condition. This condition highlights regions where 
the BOLD signal reduced for both groups during the WM task. 
Significant results were found in the left transverse temporal 
gyrus (t=2.12, p=0.039), right superior temporal gyrus 
(t=2.09, p=0.041) and right caudate (t=−2.45, p=0.018). The 
left caudate (p=0.058) also showed a similar BOLD response to 
the right caudate. Results in the left transverse temporal gyrus 
(LTTG-WM) and right superior temporal gyrus (RSTG-WM) 
showed a more decreased BOLD response for the HC group 
compared with the SLE group. In the caudate the reverse was 
found, the SLE group had a more significant decrease in BOLD 
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Table 3 Differences between the SLE and HC groups for each of the CANTAB outcome measures

Variable* Measurement 

Sle, n=36 HC, n=30

P value Mean (Sd), Median (lQ, uQ), n (%) 

PAL+
(visual memory and new learning)

Total errors (adjusted) 29.50 (19.00, 79.75) 24 (10.75, 48.75) P=0.095

VRM
(verbal memory)

Free recall – total correct
(Max.=18)

10 (8, 13) 10 (8.75, 14) P=0.327

RVP
(attention)

Total hits
(Max.=27)

13 (12, 20) 20 (15.75, 22) P=0.002

ERT
(emotional processing)

Average percentage correct – total (%) 61.49 (8.85) 66.94 (9.36) P=0.019

Overall mean response latency – total
(ms)+

1626.10 (1411.71, 2274.22) 1343.15 (1152.27, 1744.23) P=0.012

OTS+
(executive function)

Mean choices to correct 1.40 (1.27, 1.73) 1.33 (1.18, 1.62) P=0.484

SWM+
(working memory)

Between errors 108.41 (57.96) 94.73 (52.36) P=0.328

Missing data: VRM: 1 SLE, ERT: 1 SLE; RVP: 1 SLE; SWM: 2 SLE; OTS: 1 SLE.
P-values in bold are significant at <0.05.
*Higher scores indicate better performance except where indicated with a “+”.
ERT, emotional recognition task; OTS, one touch stockings; Pal, paired associate learning; RVP, rapid information visual processing; SWM, spatial working memory; VRM, verbal 
recognition memory.

Figure 1 Significantly different BOLD responses for the SLE and HC groups for the n-back task, 2-0back, negative effect of task. HC, healthy control; 
SLE, systemic lupus erythematosus.

signal (figure 1). No significant differences between the groups 
were found for the positive effect of the 2-0back condition.

Attention condition (0back-rest)
Using ROI analysis, the SLE group had a greater decrease in signal 
in the lingual gyrus compared with the HC group (figure 2). No 
significant differences between the groups were found for the 
positive effect of the 0back-rest condition.

FERT task
Behaviourally, the SLE group was slower to correctly determine 
whether a face was female or male when displaying sadness 
(p=0.035) (see online supplementary table S6). In an ROI anal-
ysis, in the sadness-neutral condition, the positive effect of task 
for this condition showed that the SLE group had an increased 

BOLD response in frontal areas compared with the HC group 
(figure 3). There were no differences in the BOLD responses for 
the negative effect of task.

exploratory associations between Sle and cognitive function
Improved performance on the attention task negatively 
correlated with the signal in a default mode network (DMN) 
region during the WM task (RVP associated with the RSTG-
WM, r=−0.60, p=0.003).

Better performance on the emotional processing task nega-
tively correlated with the signal in a DMN area during a WM 
task (ERT average percentage correct associated with the RSTG-
WM, r=−0.72, p<0.001). Also, the mean response latency for 
the identification of the emotions in the emotional processing 
task negatively correlated with the signal in a cognitive region 
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Figure 2 Significantly different BOLD response in the lingual gyrus for 
the SLE and HC groups, for the n-back task, 0back-rest, negative effect 
of task. HC, healthy control; SLE, systemic lupus erythematosus.

Figure 3 Significantly different BOLD response for the FERT, sadness-
neutral, positive effect of task, SLE vs HC. FERT, facial emotional 
recognition task; HC, healthy control; SLE, systemic lupus erythematosus.

during the WM task (ERT overall mean response latency asso-
ciated with left caudate-WM, r=−0.51, p=0.013), implying 
a greater response in the DMN when performing better and 
quicker on an emotional processing task.

Structurally, the enlarged PVS in the centrum semiovale (CSO-
VRS) and basal ganglia (BG-VRS) were associated with years 
in education (rs=−0.48, p=0.022 and rs=−0.45, p=0.035, 
respectively). Neither was associated with vascular biomarkers 
including LAC or aCL positivity, or VCAM-1.

The DMN areas (left transverse temporal gyrus and right 
superior temporal gyrus), areas that are usually attenuated 
during cognitive tasks, were positively correlated with depres-
sion (LTTG-WM with MADRS, r=0.45, p=0.036), VCAM-1 
(with RSTG-WM, r=0.53, p=0.01), SDI (with RSTG-WM, 
rs=0.56, p=0.005) and current use of biological medication 
(with RSTG-WM, r=0.60, p=0.003). The cognitive areas (right 
and left caudate) were negatively correlated with IL-6 (with the 
right, rs=−0.47, p=0.032), VCAM-1 (with the left, r=−0.65, 
p=0.001), SDI (with the left, rs=−0.57, p=0.005), disease 
duration (with the left, r=−0.49, p=0.019) and current use of 
biological medication (r=−0.52, p=0.011). The left caudate 
was positively correlated with cognitive fatigue as measured by 
the FSMC-Cognition score (r=0.43, p=0.047). Also, the right 
caudate was positively correlated with aCL positivity (r=0.51, 
p=0.015) but not with LAC positivity.

The attention condition of the n-back task, in the visual atten-
tion region of the lingual gyrus, positively correlated with the 
BILAG total score (rs=0.45, p=0.033), IL-6 (rs=0.44, p=0.036), 
current use of immunosuppressant (r=0.48, p=0.019) and anti-
malarial medication (r=0.47, p=0.028) and negatively with 
BG-VRS score (rs=−0.46, p=0.030) suggesting that higher 

inflammatory disease activity increased responses in an atten-
tional brain region during an attention task.

The BOLD response to sad faces from the FERT task in the 
left frontal cluster negatively correlated with the SDI score 
(rs=−0.57, p=0.005) and disease duration (r=−0.43, 0.047).

dISCuSSIOn
We have identified structural, cognitive and fMRI differences in 
patients with SLE. While overall cognitive function was compa-
rable between groups, the SLE group was less accurate on a test 
of sustained attention. Anatomically, we found increases in the 
PVS in the centrum semiovale in 43% of SLE participants and 
no controls. Using task-based fMRI, there was significant inter-
ference in emotional tasks and a reduced ability of patients with 
SLE to suppress the DMN during cognitive tasks.

Our data support previous work showing that attention is 
the most common cognitive problem in SLE.4 Such attention 
deficits can result in problems with other cognitive functions, 
such as WM although in this study we did not find any other 
non-emotional cognitive problem in the SLE group. A more 
detailed assessment of these relationships was limited due to time 
constraints with testing; however, follow-up studies focusing on 
these key inter-relationships are planned.

The 0back-rest condition of the fMRI n-back task is a neuronal 
marker of sustained attention. Patients with SLE had a larger 
task-negative BOLD response in the lingual gyrus compared 
with the HC group. This region has been associated with visual 
attention, visual encoding/processing and WM.23–25 This may 
explain why our SLE group performed worse on the behavioural 
(CANTAB) attention task. The few studies published using fMRI 
in SLE have suggested that patients with SLE employ compen-
satory brain mechanisms to maintain cognitive function.8 Our 
cohort may have failed to recruit compensatory mechanisms 
on the challenging sustained attention task, resulting in perfor-
mance deficits. Exploratory analyses also found that the response 
to attention in the lingual gyrus negatively correlated with an 
increase in PVS in the basal ganglia. Previous studies have found 
patients with SLE to have a greater number and larger PVS in the 
basal ganglia which did not reach significance in our study; we 
did however find differences between the HC and SLE in PVS 
in the centrum semiovale. PVS is an imaging marker for cerebral 
small vessel disease;26 27 however, we did not find any correla-
tions between several serological markers of vascular disease 
(LAC, aCL antibodies and VCAM-1) and CSO-VRS, although 
we did exclude patients with severe vascular disease.

On the CANTAB battery, there were no differences between 
groups for the behavioural WM tasks. However, on fMRI 
patients with SLE had less task negative BOLD signals in the 
left transverse temporal gyrus and right superior temporal 
gyrus. These areas are part of the DMN, which is usually inac-
tive during cognitive tasks28 and active during rest and internal 
processes, such as self-reflective processes and planning.23 28 The 
limited ability to reduce these signals in SLE implies an inability 
to inhibit self-reflective processes which can impede perfor-
mance on cognitive tasks that do not usually have an emotional 
component, by allowing emotional interference from self-reflec-
tion and worries about task performance.29 In support of this, 
the FERT fMRI task found that patients with SLE had a greater 
response to viewing sad faces in frontal regions compared with 
the HC group. Such increased responses to sad expressions is 
also associated with depression.30–32 Similarly, patients with SLE 
were less accurate in correctly identifying emotions on CANTAB 
and showed evidence of reduced response latency implying a 
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level of psychomotor slowing, both of which are associated with 
depression32 33 and may contribute to some of the differences 
observed between groups. This is despite our groups scoring 
within normal ranges on the depression scales and that major 
depression was an exclusion criteria. We therefore cannot rule 
out the potential impact mood may have on cognitive perfor-
mance in this SLE group even at the subtle end of the scale. 
Also, we recruited a low disease activity cohort and excluded 
NPSLE cases, so there may be different subtypes depending on 
CD severity.

We also noted differences in the caudate between the two 
groups. Patients with SLE had a larger task negative response 
compared with the HC group. The caudate, via the network 
linked to the dorsolateral prefrontal cortex, has been impli-
cated in WM34 but usually as an area with an increased BOLD 
response during WM tasks. The attenuated response we found is 
in contrast to Mak et al who noted, using a different executive 
function task, an increased BOLD response in the caudate body 
from patients with SLE.35 It is therefore unclear if the differences 
we found are task specific and why our findings were in a task 
negative direction.

As noted, the SLE group had significantly higher scores on 
scales for depression and fatigue. While depression scores were 
still within the ‘normal range’ both motor and cognitive fatigue 
scores were higher in the SLE group. Both fatigue and mood 
can affect cognition36 37 and these symptoms are highly prevalent 
in SLE populations. In our study, mood and fatigue negatively 
impact neurocognition. It is increasingly recognised that inflam-
mation and mood are closely interlinked.38and we found that 
VCAM-1, IL-6 and BILAG 200414 scores correlated with cogni-
tive brain mechanisms, supporting the hypothesis that inflamma-
tion in SLE contributes to CD. We also noted associations with 
the SDI and disease duration, strengthening the suggestion that 
specific SLE factors directly impact on cognitive function over 
time.39

We acknowledge some limitations to this study. For the 
non-fMRI analysis, the participant numbers are small; due 
to strict exclusion criteria and the use of fMRI as the main 
outcome. We also made no adjustments for multiple compar-
isons. However, many factors were closely correlated and in 
an exploratory study such as this, a Bonferroni correction 
would be too conservative. The HC group had a higher IQ 
and slightly more years in education than the SLE group. IQ 
can affect performance on cognitive tests but for many of the 
cognitive measures, no differences were seen so it is unlikely 
that this was the case. It was also impossible to recruit a SLE 
patient group on no medication. Patients on low dose psycho-
active medications were included as well as those on corti-
costeroids. The correlations within the SLE group found no 
significant associations between corticosteroid dose and cogni-
tive measures. Lastly, we chose to use the CANTAB battery as 
it is a sensitive measure of cognitive function that can assess 
changes over time and is easy to administer; however, some 
research has suggested that the tests measure overall cognition 
but cannot be divided into specific domains, such as executive 
function, so caution may be needed when interpreting indi-
vidual test results.40

In patients with SLE, we have noted impairments in 
sustained attention while other non-emotional cognitive func-
tions remained unaffected. Poor attenuation of the DMN may 
contribute to CD in SLE, although prospective studies may be 
needed to confirm this, and our data suggest that in addition to 
mood and fatigue, inflammatory mechanisms and organ damage 
impact cognitive functioning in SLE.

Clinically, this study has implications when advising patients 
about CD in SLE. It has highlighted the multifaceted nature of 
CD in SLE and that future therapeutic approaches will need to 
be individually tailored to address the relevant drivers in indi-
vidual patients.
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Key messages

What is already known about this subject?
 ► Patients with systemic lupus erythematosus 
(SLE) are susceptible to herpesviridae infection, 
including herpes simplex virus (HSV) and 
varicella zoster virus (VZV), which is occasional 
but often leads to overwhelming diseases.

 ► However, most of the previous studies have 
focused on VZV infection, and only few 
attempts have been made on HSV infection.

What does this study add?
 ► This nationwide cohort study provided 
epidemiology data of severe HSV infection in 
patients with SLE, including viral septicaemia, 
meningoencephalitis, ocular infection, visceral 
infection and those with complications after 
infection, and illustrated significantly higher 
incidence rate of severe HSV infection in SLE.

 ► We also investigated the risk factors, and 
displayed previous skin infection, intravenous 
steroid pulse therapy and oral daily steroid 
dose over 7.5 mg prednisolone or equivalent 
were independent risk factors for severe HSV 
infection in patients with SLE, while age ≤18 
was a protective factor.

How might this impact on clinical practice or 
future developments?

 ► This study informed that HSV should be 
considered a possible differential diagnosis, 
especially for those with risk factors; early 
treatment should be applied to prevent severe 
complications in patients with SLE undergoing 
steroid therapy.

AbSTrACT
Objective patients with systemic lupus erythematosus 
(slE) are susceptible to herpes simplex virus (HsV) 
infection, which occasionally leads to severe 
complications including meningoencephalitis and 
keratitis. However, few attempts to analyse the 
associated incidence and risk factors have been made.
Methods We enrolled patients with slE recorded 
between 1997 and 2012 and compared the 
incidence rate (iR) of severe HsV infection, including 
meningoencephalitis, septicaemia, ocular and visceral 
involvement, and other specific complications demanding 
hospitalisation, with that of a non-slE cohort. a cox 
multivariate proportional hazards model was applied 
to analyse the risk factors of severe HsV infection in 
patients with slE.
results a total of 122 520 subjects (24 504 patients 
with slE and 98 016 age-matched and sex-matched 
non-slE controls) were included, and a higher iR of 
severe HsV infection was revealed in the slE group (iR 
ratio=3.93, p<0.001). in patients with slE, previous oral 
and genital infection (HR=2.29, p=0.049), intravenous 
steroid pulse therapy (HR=5.32, p<0.001) and daily 
oral dose of over 7.5 mg of prednisolone (HR=1.59, 
p=0.024) were independent risk factors for severe HsV 
infection, whereas age of ≤18 (HR=0.45, p=0.029) was 
a protective factor.
Conclusions patients with slE are at higher risk of 
severe HsV infection, and related risk factors include 
being older than 18 years, having a history of HsV 
mucocutaneous infection, recent receipt of steroid pulse 
therapy and a daily oral dose of steroid over 7.5 mg 
prednisolone.

InTrOduCTIOn
Systemic lupus erythematosus (SLE) is a chronic 
systemic autoimmune disease with multisystem 
involvement, which primarily affects women of 
childbearing age. SLE is associated with various 
comorbidities and impaired quality of life, and 
sometimes becomes potentially fatal. Among the 
various comorbidities, infection has been inten-
sively explored as a common trigger factor of SLE 
and a common cause of severe complications or 
mortality. Patients with SLE are vulnerable to infec-
tion by a great variety of typical or opportunistic 
pathogens, including bacteria, viruses, fungi and 
parasites, resulting from underlying immunological 
defects and administration of steroids and other 
immunosuppressants.1–4

Herpesviridae is a large family of DNA viruses, 
among which the herpes simplex virus (HSV) and 
herpes zoster virus (HZV) contribute to many 
diseases by remaining in the body and recurring in 
immunosuppressed hosts.5 In addition to oral and 
genital mucocutaneous infection, HSV may dissem-
inate to uncommon sites such as the ocular, pulmo-
nary, gastrointestinal, hepatic, genitourinary and 
central nerve systems; these severe forms of HSV 
infection spread rapidly and often lead to morbidity 
and mortality when diagnosis and treatment are 
delayed.6–11 The frequency and severity of HSV 
infection are greater in an immunocompromised 
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Table 1 Characteristics of SLE and non-SLE matched control cohorts

Variables

Patients with 
SLE
(n=24 504)

Age-matched and 
sex-matched non-
SLE control cohort
(n=98 016) P value

Mean age±SD, years 36.25±15.8 36.25±15.8 1

Female, n (%) 21 660 (88.4) 86 640 (88.4) 1

Severe HSV infection, n (%)* 115 (0.5) 161 (0.2) <0.001

  Types   

  Meningoencephalitis 7 (0.029) 4 (0.004) 0.002

  Keratitis 82 (0.33) 116 (0.12) <0.001

Non-severe HSV infection, 
n (%)*

695 (2.8) 2111 (2.2) <0.001

Mean duration of follow-up 
(SD), years

8.26 (4.40) 12.11 (2.47) <0.001

*Severe HSV infection included meningoencephalitis, eye involvement, keratitis, 
iridocyclitis, visceral infection, septicaemia and complications demanding 
hospitalisation; non-severe HSV infection indicated isolated oral and genital 
mucosal involvement without aforementioned severe HSV infection. The two kinds 
of diagnoses were mutually exclusive.
HSV, herpes simplex virus;SLE, systemic lupus erythematosus.

host; many cases have reported possible high risk and high 
mortality rates of HSV infection in patients with SLE. Moreover, 
disseminated HSV infection may mimic acute flares in patients 
with SLE.12–14

Despite the seriousness of infections, few attempts have been 
made to examine the association between SLE and HSV, and 
the incidence, frequency and risk factors of such severe HSV 
infections in patients with SLE are still unknown. Furthermore, 
various disease-modifying antirheumatic drugs (DMARDs) 
and steroids are reportedly associated with the risk of severe 
infection,15 but few studies focusing on the effects of these 
immunomodulators in HSV infection have been undertaken. 
The National Health Insurance Research Database (NHIRD) 
in Taiwan offers comprehensive medical information on the 
domestic population, and is thus beneficial in epidemiological 
research. We used the NHIRD to conduct a retrospective nation-
wide cohort study investigating the incidence and risk factors of 
severe HSV infections in patients with SLE.

PATIEnTS And METHOdS
data sources
Taiwan’s National Health Insurance (NHI) programme was estab-
lished in 1995 and has covered more than 23 million residents of 
Taiwan by 2012, representing more than 99% of the population 
and providing an integrated medical database including outpa-
tient, inpatient, emergency, dental care and prescription records. 
Thus, we were able to obtain detailed demographic character-
istics from the NHIRD, such as age and sex, as well as medical 
information such as diagnoses, procedures, dates and times of 
visits, and prescriptions.

Study populations and endpoints
This retrospective cohort study was conducted by analysing the 
NHIRD. The diagnosis codes in the data set were based on the 
International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM). In the NHI system, patients with SLE 
can apply for a catastrophic illness certificate, reviewed by inde-
pendent subspecialists according to the 1997 American College 
of Rheumatology classification criteria for SLE.16 In the present 
study, patients who had received SLE catastrophic illness certifi-
cation (ICD-9-CM 710.0) between January 1997 and December 
2012 were selected for inclusion.

The primary endpoint of this study was new incidence of 
severe HSV infection, which was defined as disseminated HSV 
infection or HSV infection at uncommon site that could lead to 
severe morbidity and mortality. Such infections included ocular 
HSV infection in the hospitalisation or outpatient clinical data 
sets (ICD-9-CM codes: eye involvement 054.40, 054.49; keratitis 
054.2, 054.3; iridocyclitis 054.44), HSV meningoencephalitis 
(ICD-9-CM codes 054.3 and 054.72), and other complications 
consisting of myelitis, visceral infection, septicaemia or compli-
cations (ICD-9-CM codes 054.74, 054.5, 054.71, 054.79 and 
054.8) according to the discharge diagnoses from the hospi-
talisation data set. All diagnoses of new severe HSV infection 
were validated based on usage of anti-HSV treatment, including 
acyclovir, famciclovir and valacyclovir. The secondary endpoints 
were non-severe HSV infection during follow-up, which was 
defined as isolated oral and genital mucosal HSV infection 
(ICD-9-CM codes 054.0, 054.1x, 054.2, 054.41, 054.6 and 
054.73) without the aforementioned diagnosis of severe HSV 
infection. Subjects with severe HSV infection prior to enrolment 
were excluded. The non-SLE control group was selected from the 
2000 Longitudinal Health Insurance Database, which provides 

longitudinally linked anonymised data on 1 000 000 enrollees 
(nearly 5% of Taiwan’s population) randomly sampled from the 
NHIRD’s Registry of Beneficiaries in 2000. Each patient with 
SLE was matched with four non-SLE subjects for age and sex 
based on the same exclusion criteria. The two cohorts were 
followed until the development of primary endpoints, discontin-
uance of insurance (including death) or end of the study period.

Statistical analyses
Student’s t-test and χ2 test were used for continuous and categor-
ical variables, respectively, in the subgroup analyses of the SLE 
group versus the control group. Incidence rates (IR, per 10 000 
person-years) and incidence rate ratios (IRRs) were analysed. A 
Poisson distribution was used to obtain the CI and compare inci-
dence between the groups. The Kaplan-Meier method and the 
log-rank test were employed to compare the risk of severe HSV 
infection between the two cohorts. In the SLE cohort, univariate 
and multivariate Cox proportional hazard models were used to 
estimate the HRs and 95% CIs for associations among patient 
characteristics, comorbidities, medication use and severe HSV 
infection.

Comorbidities leading to secondary immunosuppression 
status, including diabetes mellitus, end-stage renal disease, inter-
stitial lung diseases, stroke, malignancy, cirrhosis and congestive 
heart failure, and prior mucocutaneous HSV infection were 
identified using corresponding ICD-9-CM codes before the end 
of follow-up.17 Medications taken during follow-up, including 
hydroxychloroquine, azathioprine, mycophenolate mofetil, 
ciclosporin, cyclophosphamide (CYC), methotrexate and oral 
and intravenous steroids, were analysed. Because the composi-
tion of prescriptions varied with time, we analysed these medica-
tions as time-dependent covariates in a Cox regression model.18 
The follow-up period of each patient was retrospectively divided 
into successive 60-daytime blocks; the prescription status of 
each medication in each 60-day block and its association with 
the occurrence of the event at the end of each time block were 
analysed. Oral steroid use was analysed according to the average 
daily dose in the time block, with a cut-off point of 7.5 mg of 
prednisolone or an equivalent. All factors with p<0.1 in the 
univariate analysis were selected for Cox multivariate forward 
stepwise analysis.19 All statistical analyses were processed using 

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2018-214844 on 6 A
pril 2019. D

ow
nloaded from

 

http://ard.bmj.com/


943Li T-H, et al. Ann Rheum Dis 2019;78:941–946. doi:10.1136/annrheumdis-2018-214844

Systemic lupus erythematosus

Figure 1 Kaplan-Meier curves for severe and non-severe HSV-free survival in the SLE group versus the non-SLE control group. HSV, herpes simplex 
virus; SLE, systemic lupus erythematosus.

Table 2 IR and IRR of severe HSV infection: overall and subgroup 
analyses*

SLE 
group

non-SLE 
control 
group Irr (95% CI) P value

Total incidence rate of 
severe HSV infection

5.36 1.36 3.93 (3.1 to 5.0) <0.001

  Meningoencephalitis 0.32 0.03 9.62 (2.4 to 44.8) <0.001

  Keratitis 3.82 0.98 3.89 (2.9 to 5.2) <0.001

Male 6.48 1.45 4.48 (2.1 to 9.4) <0.001

  Meningoencephalitis 0.46 0.08 6.06 (0.08 to 457.8) 0.283

  Keratitis 4.62 0.91 5.06 (2.0 to 12.8) <0.001

Female 5.23 1.35 3.87 (3.0 to 5.0) <0.001

  Meningoencephalitis 0.31 0.03 10.86 (2.3 to 67.1) 0.002

  Keratitis 3.73 1.00 3.77 (2.7 to 5.1) <0.001

Age 18 or under 2.84 0.83 3.43 (1.1 to 9.5) 0.017

  Meningoencephalitis 0 0.07 NA NA

  Keratitis 1.62 0.48 3.36 (0.7 to 13.2) 0.077

Age 19–65 5.62 1.27 4.42 (3.3 to 5.6) <0.001

  Meningoencephalitis 0.38 0.02 18.66 (3.6 to 184.0) <0.001

  Keratitis 4.03 0.94 4.29 (3.1 to 5.9) <0.001

Age 66 and above 7.57 3.66 2.07 (0.6 to 5.6) 0.170

  Meningoencephalitis 0 0.35 NA NA

  Keratitis 6.05 2.96 2.04 (0.50 to 6.26) 0.224

*The incidence rate represents the number of events per 10 000 person-years.
HSV, herpes simplex virus; IR, incidence rate; IRR, incidence rate ratio; NA, not 
available; SLE, systemic lupus erythematosus.

R V.3.2.2 software. A p value of <0.05 was considered statisti-
cally significant.

rESuLTS
risk of severe HSV in the SLE and control cohorts
A total of 24 544 patients with SLE from 1997 to 2012 were 
identified, and 40 of these patients with severe HSV infection 
prior to enrolment were excluded. In total, 24 504 patients with 
SLE and 98 016 age-matched and sex-matched control group 
subjects were included (table 1). In both cohorts, the mean age 
was 36.3 and the majority of subjects (88.4%) were female. The 
mean follow-up duration was 8.3 years for the SLE group, which 
was significantly shorter than that of the control group (12.1 
years).

Our investigation found 115 (0.5 %) cases of severe HSV 
infection in the SLE cohort. This proportion was significantly 
higher than that in the control group (0.2%, p<0.001). Of the 
two subtypes, 7 (0.029%) cases of HSV meningoencephalitis 
and 82 (0.33%) cases of HSV keratitis were identified. Both of 
these proportions were significantly higher than those in the 
control group (table 1). Case number of severe HSV infection 
happened in each year of SLE duration was shown in the online 
supplementary figure 1. Non-severe HSV infection was also 
significantly higher in the SLE group (table 1). Kaplan-Meier 
analysis also revealed a significantly higher cumulative incidence 
of both severe and non-severe HSV infection in the SLE cohort 
(figure 1).

Ir and Irr stratified by infection subtypes, sex and age
In the SLE cohort, the IR of overall severe HSV infection was 
5.36 per 10 000 person-years, which was significantly higher 
than that in the control cohort, with an IRR of 3.93 (95% CI 3.1 
to 5.0, p<0.001). Similarly, the IRs for HSV meningoencepha-
litis and keratitis were 0.32 and 3.82 per 10 000 person-years, 
respectively, both of which were significantly higher than those 
in the control cohort, with IRRs of 9.62 and 3.89, respectively. 
In analyses stratified by several factors, sex did not modify risk; 
by contrast, the IR increased with age in both cohorts. Patients 
with SLE had a higher risk in the 19-65 years old subgroup 
(IRR=4.42, 95% CI 3.3 to 5.6, p<0.001) and the ≤18 years old 
subgroup (IRR=3.43, 95% CI 1.1 to 6.5, p=0.017). In the ≥65 
years old subgroup, no significant difference in the incidence of 

overall severe HSV infection or infection subtypes between the 
groups was found (table 2).

risk factors of severe HSV infection in patients with SLE
A Cox multivariate proportional hazards analysis was employed, 
with factors at a p value of <0.1 in the univariate Cox regression 
analysis revealing the following as statistically significant risk 
factors: previous non-severe infection (HR=2.29, 95% CI 1.01 
to 5.23, p=0.049), intravenous steroid (HR=5.32, 95% CI 3.42 
to 8.29, p<0.001) and an oral daily prednisolone or equivalent 
dose over 7.5 mg (HR=1.59, 95% CI 1.06 to 2.36, p=0.024; 
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Table 3 Risk factors of severe HSV infection in patients with SLE

Variable

univariate analysis Multivariable analysis*

Hr (95% CI) P value Hr (95% CI) P value

Age

  18 and under 0.50 (0.25 to 1.04) 0.062 0.45 (0.22 to 0.92) 0.021

  19–65 As reference  As reference

  66 and above 1.20 (0.49 to 2.96) 0.685 1.23 (0.50 to 3.02) 0.612

Sex 1.26 (0.72 to 2.21) 0.416  

Comorbidity

  DM 0.64 (0.34 to 1.18) 0.152  

  ESRD 0.92 (0.56 to 1.50) 0.732  

  ILD 0.61 (0.22 to 1.65) 0.328  

  Stroke 0.96 (0.58 to 1.59) 0.875  

  Malignancy 0.69 (0.10 to 4.94) 0.710  

  Cirrhosis 0.59 (0.08 to 4.22) 0.599  

  CHF 0.84 (0.47 to 1.50) 0.564  

Previous non-severe HSV infection† 2.34 (1.03 to 5.34) 0.043 2.29 (1.01 to 5.23) 0.049

DMARDs

  Hydroxychloroquine 1.17 (0.81 to 1.69) 0.403  

  Azathioprine 1.57 (1.03 to 2.38) 0.035 – –

  Mycophenolate mofetil NA   NA  

  Ciclosporin 1.94 (0.72 to 5.26) 0.193  

  Cyclophosphamide 1.82 (0.91 to 3.61) 0.086 – –

  MTX 1.63 (0.71 to 3.70) 0.246  

Steroid    

  Intravenous 6.19 (4.07 to 9.41)  <0.001 5.32 (3.42 to 8.29) <0.001

  Oral daily dose over 7.5 mg‡ 2.10 (1.45 to 3.06)  <0.001 1.59 (1.06 to 2.36) 0.024

*All factors with p<0.1 in the univariate analysis were selected for Cox multivariate forward stepwise analysis.
†Non-severe HSV was defined as isolated oral and genital mucosal involvement without severe HSV infection.
‡Average dose was defined as the accumulated prednisolone or equivalent dose during the study period (in milligrams) divided by the time to index (severe HSV infection) or the 
end of the study (in days).
CHF, congestive heart failure; DM, diabetes mellitus; DMARDs, disease-modifying antirheumatic drugs; ESRD, end-stage renal disease; HSV, herpes simplex virus; ILD, interstitial 
lung diseases; MTX, methotrexate; NA, not available; SLE, systemic lupus erythematosus.

table 3). Conversely, age under 18 appeared to have a protective 
effect (HR=0.45, 95% CI 0.22 to 0.92, p=0.021; table 3).

dISCuSSIOn
To our knowledge, this was the largest nationwide cohort study 
to provide an epidemiological analysis of severe HSV infection 
in patients with SLE, revealing a higher risk of overall severe 
HSV infection than in the control subjects, with an IRR of 3.93. 
Most severe HSV infections were cases of keratitis or menin-
goencephalitis, the risks of which were significantly higher in 
the SLE cohort, with IRRs of 3.89 and 9.62, respectively. Risk 
factors included previous HSV infection and recent use of intra-
venous steroid therapy or oral steroids with an average daily 
dose of over 7.5 mg of prednisolone or an equivalent, whereas 
age younger than 18 was a protective factor.

The results of this study were validated as follows. First, we 
believe that our severe HSV infection and SLE diagnoses were 
accurate. All the diagnoses of severe HSV infection were vali-
dated based on usage of anti-HSV agents, and the reimbursement 
of antiviral drugs required support from reports of HSV-related 
examinations. Regarding the diagnosis of SLE, catastrophic 
illness certification for SLE was used. In the NHI system, cata-
strophic illness certification for SLE is verified by strict peer 
review of pertinent medical records and examination reports 
according to the 1997 American College of Rheumatology classi-
fication criteria for SLE.16 Patients with catastrophic illness certi-
fication can be exempted from related medical expenses. This 

renders SLE diagnosis in this nationwide data set exhaustive, 
reliable and less vulnerable to selection bias when studying rare 
complications. Furthermore, the period of observation in this 
study was up to 15 years, thereby enabling further strata and risk 
factor analysis. In fact, same analyses using 1:1 matching showed 
consistent result, but there was insufficient power for the strata 
analysis (online supplementary tables 1 and 2). Finally, analysing 
immunosuppressants as time-dependent covariate in the multi-
variate Cox regression model was highly effective in identifying 
the risk of each medication. In clinical practice, prescriptions 
change over time and medications are often used in combina-
tion with one another. Treating medication as a time-dependent 
covariate fits the model for changes in medication use and served 
as a method for investigating the contributions of certain medi-
cations to subsequent risk during the period before their efficacy 
diminished. Moreover, the multivariate Cox regression enabled 
us to analyse the risks of individual medications after the effects 
of other medications used concurrently had been adjusted.

Among all immunosuppressants, our study found that only 
steroid use—including intravenous administration and a daily 
oral dose of over 7.5 mg—represented an independent risk 
factor for severe HSV infection. Several studies have referred to 
systemic glucocorticoid as a risk factor for SLE infection through 
many pathogens, including bacteria, fungi and viruses.20–22 
Among viruses, systemic steroid use has been associated with 
HZV,23 human papillomavirus21 and human cytomegalovirus,24 
whereas little attention has been given to HSV. Regarding steroid 
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dosage, we investigated the influence of a daily oral dose of 
over 7.5 mg of prednisolone or an equivalent because a lower 
dosage is considered a physiological or low-dose steroid—a view 
supported in the literature.25 One nested case–control study 
reported a dose-dependent infection risk from a daily oral dose 
of over 5 mg of a prednisolone equivalent26; however, another 
study did not support this finding.27 Our study found a risk of 
severe HSV infection in patients with SLE administered a higher 
than physiological steroid dose.

Other DMARDs showed no increased risk of severe HSV 
infection. The possible reason is that, in real-world practice, 
these immunosuppressants are often used in combination with 
or after steroid, the strongest risk factor for severe HSV infec-
tion in our model. Besides, steroid has faster pharmacological 
effect than most immunosuppressants. Thus, steroid might 
already raise the risk in vulnerable patients before other immu-
nosuppressants taking effect. In competition with steroid, the 
most important risk factor, there was no significant risk of other 
immunosuppressants in the multivariate Cox regression model. 
Most relevant studies focusing on the relationship between 
disseminated HSV infection and azathioprine were case reports, 
and all the cases had concomitant use of steroid.28 29 One study 
reported that azathioprine use might be associated with higher 
incidence of skin and genital HSV infection.30 In that study, 
patients using azathioprine were more likely to use prednisolone 
of over 10 mg than those without azathioprine. Although steroid 
use under 10 mg of prednisolone was not analysed in that study, 
it is still possible that the elevated risk of azathioprine derived 
from the use of steroid in the azathioprine cohort. According to 
our results, infection risk increased with a steroid dose as low as 
7.5 mg of prednisolone.

To our surprise, infection risk did not increase with CYC use, 
even in the univariate Cox regression model. CYC is an alkylating 
immunosuppressive drug notorious for its side effects of infec-
tion,3 31 32 including HZV.33 34 The mechanism of severe HSV 
infection might also differ from HZV reactivation. The studies 
focused on the relationship between CYC and HSV were mostly 
conducted on experimental animals and indicated a propensity 
towards HSV infection and reactivation, but insufficient amounts 
of epidemiological data have been provided.35 36 One possible 
explanation for statistical non-significance in the present study 
may be that Asian physicians are inclined to administer lower 
doses of CYC.37

Patients with SLE under 18 years of age in our study had a 
lower IR of severe HSV infection. Together with the associa-
tion between previous skin HSV infection and the following 
severe HSV infection in the study, we believe that the majority 
of severe HSV infections are due to reactivation from prior 
exposure. As a result, less exposure to HSV in juveniles led to 
a significantly lower risk. This was consistent with other studies 
which have shown that a history mucocutaneous infection, 
including skin involvement, gingivostomatitis and genitouri-
nary involvement,38–40 might be diagnostic clues in susceptible 
circumstances,38 39 41 such as steroid use in our study. The clin-
ical implication of this study is that HSV should be considered 
a possible differential diagnosis, and early treatment should be 
applied to prevent severe complications in patients with SLE 
undergoing steroid therapy.

Despite the meticulous design of our study, several limitations 
should be noted. First, no examination result was provided in 
this claim-based data set. Thus, our definition of severe HSV 
infection was not based on a report of HSV-related data such as 
serology. However, in addition to ICD-9-CM codes in the data 
set, all incidents of severe HSV infection were validated based on 

usage of antiviral medication, and reimbursement for anti-HSV 
medication in this claim-based data set required support from 
reports of related examinations and was subjected to peer 
review. Thus, we believe that the diagnoses of HSV infections 
in this study were reliable. For the same reason, the results of 
SLE-associated examination were also lacking, which precluded 
us to analyse disease activity and perform subgroup analyses to 
identify the mechanism of the association. Finally, the NHIRD 
database lacks lifestyle information, including such psychosocial 
factors as emotional distress, stress, social support and sexual 
activity, which have been reported as associated with HSV.42 We 
were unable to correct this.

In conclusion, this nationwide population-based cohort study 
identified a higher risk of severe HSV infection in patients with 
SLE, regardless of sex, with younger age having a protective 
effect. For patients with SLE who were older, with history of 
herpes infection, and treatment with intravenous steroids or a 
high daily oral dose (over 7.5 mg) of prednisolone or an equiva-
lent, the risk of severe HSV infection should be considered.
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Key messages

What is already known about this subject?
 ► Patients with lupus have been reported to 
have restricted gut microbiome diversity and 
general patterns of dysbiosis but few patients 
with active disease have been previously 
characterised.

What does this study add?
 ► Patients with lupus were found to have 
characteristic patterns of gut microbiome 
dysbiosis that directly paralleled disease 
activity.

 ► Patients with systemic lupus erythematosus 
commonly displayed signs of impaired gut 
barriers that may result in immune exposure to 
gut commensal bacteria.

 ► Intestinal expansions of Ruminococcus gnavus 
(RG) were directly proportional to overall 
disease activity and most pronounced in those 
with lupus nephritis. Lupus faecal samples 
displayed increases in sIgA-coated RG bacteria. 
In three independent cohorts, patients with 
lupus nephritis displayed elevated serum IgG 
predominantly to RG strain-restricted cell wall 
lipoglycan antigens.

How might this impact on clinical practice or 
future developments?

 ► Identification of R. gnavus as a candidate 
pathobiont opens new areas of investigation 
of the mechanistic basis by which these 
outgrowths may affect the overall pathogenesis 
of lupus and the immune complex-mediated 
pathogenesis of lupus nephritis.

 ► These findings may lead to the development of 
bioassay(s) with prognostic value for the risk of 
lupus nephritis.

AbSTrACT
background/Purpose To search for a transmissible 
agent involved in lupus pathogenesis, we investigated 
the faecal microbiota of patients with systemic lupus 
erythematosus (sle) for candidate pathobiont(s) and 
evaluated them for special relationships with host 
immunity.
Methods in a cross-sectional discovery cohort, matched 
blood and faecal samples from 61 female patients 
with sle were obtained. Faecal 16 s rrna analyses 
were performed, and sera profiled for antibacterial and 
autoantibody responses, with findings validated in two 
independent lupus cohorts.
results compared with controls, the microbiome in 
patients with sle showed decreased species richness 
diversity, with reductions in taxonomic complexity most 
pronounced in those with high sle disease activity index 
(sleDai). notably, patients with sle had an overall 
5-fold greater representation of Ruminococcus gnavus 
(RG) of the Lachnospiraceae family, and individual 
communities also displayed reciprocal contractions of 
a species with putative protective properties. Gut RG 
abundance correlated with serum antibodies to only 
1/8 RG strains tested. anti-rG antibodies correlated 
directly with sleDai score and antinative Dna levels, 
but inversely with c3 and c4. These antibodies were 
primarily against antigen(s) in an RG strain-restricted 
pool of cell wall lipoglycans. novel structural features 
of these purified lipoglycans were characterised by 
mass spectrometry and nMr. Highest levels of serum 
anti-RG strain-restricted antibodies were detected in 
those with active nephritis (including class iii and iV) 
in the discovery cohort, with findings validated in two 
independent cohorts.
Conclusion These findings suggest a novel paradigm in 
which specific strains of a gut commensal may contribute 
to the immune pathogenesis of lupus nephritis.

InTroduCTIon
Systemic lupus erythematosus (SLE) is an inflamma-
tory autoimmune disease with hallmarks of B-cell 
abnormalities, circulating autoantibodies to nuclear 
antigens and immune-complex formation.1 The 
heterogeneity of disease presentation and organ 
involvement in different individuals, and the vari-
ability of disease activity from remission to exac-
erbations and progression, all contribute to clinical 
challenges for diagnosis and effective management. 
Indeed, such heterogeneity suggests that SLE may 
not represent a single disease but rather several.

Serum autoantibodies to native DNA are a 
specific diagnostic criterion for SLE,2 and a prog-
nostic factor for the development of lupus nephritis 
(LN) that affects 30%–60% of patients.3 However, 
the earliest reports of antibody responses to nucleic 
acids/nucleoproteins were documented in associa-
tion with clinically apparent bacterial infections.4–6 
Yet two decades later autoantibodies to nuclear 
antigens were recognised to be a common feature of 
SLE.7–9 Indeed, some DNA-reactive autoantibodies 
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Figure 1 Patients with SLE have altered faecal communities of 
commensal taxa, elevated faecal immunoglobulin levels and biomarker 
evidence of altered gut barrier function. (A) Chao1 estimates of alpha 
diversity represent the total expected number of OTUs that represent 
quasi-species identified from 16S rRNA amplicon sequencing surveys, 
with larger values representing higher diversity. Patients with SLE 
(n=61) have less diverse faecal microbiota than healthy controls (n=17), 
indicating that SLE commonly have intestinal dysbioses. At far right, the 
distribution of Chao1 values in patients with SLE with high activity (ie, 
SLEDAI≥8) was significantly contracted compared with healthy adult 
controls (HC), with a trend towards more limited diversity in SLE with 
high disease activity when compared with SLE with low disease activity. 
We used a cut-point that was associated with greatest statistically 
significant differences. The SLE low disease activity group had a range 
of 0–7 SLEDAI scores (n=47), and SLE high disease activity group had 
scores of 8–18 (n=14). p values were based on the Mann-Whitney test. 
(B) PcoA showed that the beta diversity within bacterial communities in 
the faecal microbiomes in healthy controls was less different than the 
communities from patients with SLE low disease activity (PERMANOVA, 
p=0.02). Furthermore, healthy subjects were more like one another than 
were patients with SLE. (C) Results indicate average within group beta 
diversity differences in the three different groups, with comparisons for 
Control-SLEDAIhi-SLEDAIlow, p=0.002. The binary comparison, control 
vs SLE had p=0.02. Both comparisons were done using PERMANOVA 
test. Examinations of faecal extract demonstrated patients with SLE 
commonly display: (D) elevated faecal sIgA levels, (E) elevated faecal 
IgM levels, (F) elevated faecal IgG levels, and (G) elevated faecal 
calprotectin. Patients with SLE also displayed: (H) elevated serum sCD14 
levels and (I) elevated serum α1-acid glycoprotein levels, as measured 
by commercial assay. Results are for the NYU cohort of adult female 
patients with SLE, were compared to adult female controls without 
inflammatory or autoimmune disease (CTL). (D–F) and (H–I) using 
unpaired two-tailed t test with Welch’s correction, (G) used Mann-
Whitney test. Significance for p<0.05. OTUs, operational taxonomic 
units; PCoA, principal coordinates analysis; SLE, systemic lupus 
erythematosus; SLEDAI, SLE disease activity index.

are directly nephritogenic in animal models.10 Conversely, only 
~20% of the IgG eluted from lupus kidneys is DNA-reactive,11 
suggesting that other antibody reactivities may also contribute to 
the pathogenesis of LN.12

While a transmissible agent has long been suspected in lupus 
pathogenesis, only recently has suitable technology become 
available that enable in-depth consideration of the poten-
tial roles of the immense dynamic communities of commensal 
microorganisms that coevolved with our species. The largest 
microbiome community resides within our gut, where these 
microbes play essential roles, including for the early priming 
of our immune systems13 and subsequent immune regulation.14 
Mounting evidence has implicated imbalances within these gut 
microbial communities, also termed dysbioses, in the autoim-
mune pathogenesis of several diseases: inflammatory bowel 
disease (IBD), type 1 diabetes, multiple sclerosis and rheumatoid 
arthritis.15 Yet, there have only been a few reports on the human 
lupus microbiome, in small cohorts that have included only a 
few active patients.16–18

In the present study, we investigated the gut microbial 
communities in a cross-sectional cohort of 61 female patients 
with lupus heterogeneous for ethnicity/race, disease activity and 
organ involvement and immune profiles. Key findings were then 
evaluated in two independent lupus cohorts.

MeTHodS
ethics statement
The study was conducted according to the Declaration of 
Helsinki. Before study inclusion, written informed consent, 
approved by the NYU IRB, was obtained from all subjects for 
research use and publication of their data.

Study design
Patients were consecutively recruited from the NYU Langone 
Medical Center and Bellevue Hospital. All patients fulfilled the 
American College of Rheumatology Criteria for the diagnosis 
of SLE.2 Further details on trial-specific inclusion and exclusion 
criteria, clinical evaluations, sampling and 16S rRNA amplicon 
analyses are described in the supplementary data. Sections on 
immunoassays, as well as culture of bacterial strains and puri-
fication of R. gnavus lipoglycans (LGs) are also provided (see 
supplementary materials).

reSulTS
Patients with lupus have distinctive patterns of dysbiosis that 
parallel disease activity
In the discovery phase of our studies, we analysed the faecal 
microbiota of 61 female patients with lupus in a cross-sectional 
urban cohort and 17 female healthy controls (online supplemen-
tary table 1). Our patients displayed great heterogeneity in their 
organ involvement, and in disease activity from clinical remis-
sion to highly active, that was scored using the composite SLE 
disease activity index (SLEDAI).19

To define the richness of alpha diversity in gut communities, 
Chao1 estimates of the total number of operational taxonomic 
units20 demonstrated that the overall biodiversity of the intes-
tinal microbiota in patients with lupus was significantly restricted 
compared with unaffected female adult controls (Mann-Whitney, 
p=0.038) (figure 1A). Among patients with lupus, there was a 
numerical trend towards an inverse correlation of Chao1 esti-
mates of alpha diversity with SLEDAI score (Mann-Whitney, 
p=0.08) (data not shown). Moreover, after empirically consid-
ering all possible cut-off values to dichotomise patients based 

on SLEDAI score, those with high disease activity (defined 
as SLEDAI ≥8) displayed significantly restricted microbiota 
diversity compared with controls (Mann-Whitney, p=0.003) 
(figure 1A).
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Table 1 Shifts in taxonomic abundance in SLE by disease activity

Taxonomic level Taxonomy Healthy (%) SledAIlow (%) SledAIhigh(%) P value

Class Erysipelotrichi 1.37 1.44 5.92 0.086

Order Erysipelotrichales 1.37 1.44 5.92 0.086

Family Erysipelotrichaceae 1.37 1.44 5.92 0.086

Family Veillonellaceae 1.58 3.41 12.27 0.008

Family Ruminococcaceae 25.66 11.68 15.11 0.045

Genus Blautia 2.23 4.10 3.59 0.077

Genus Ruminococcus 0.53 1.76 3.15 0.007

Species Ruminococcus gnavus 0.25 1.19 2.11 0.013

Species Bacteroides uniformis 2.11 0.87 0.34 0.014

Species Bacteroides fragilis 1.17 2.41 2.20 0.081

Results from univariate Kruskal-Wallis ANOVA analysis of 16S rRNA abundance for all taxa across all subjects for p<0.10 and not FDR corrected. The same bacterial set is 
identified as Erysipelotrichi, Erysipelotrichales and Erysipelotrichaceae. SLEDAIlow patients have SLEDAI scores of less than 8. For the complete analysis, see online supplementary 
table 2.
ANOVA, analysis of variance; SLE, systemic lupus erythematosus; SLEDAI, SLE disease activity index.

The human gut microbiome is dominated by four bacterial 
phyla—Firmicutes, Bacteroidetes, Actinobacteria and Proteo-
bacteria—with thousands of different species and countless 
strains in complex dynamic relationships within individual 
gut communities.21 22 To visualise community variation, we 
performed principal coordinates analyses that confirmed that 
taxonomic distributions within patients with SLE were signifi-
cantly different than in controls (PERMANOVA, p=0.02) 
(figure 1B). When the patients with SLE were stratified by high 
or low disease activity, the beta diversity differences were even 
more pronounced (PERMANOVA, p=0.002, data not shown). 
Furthermore, the variability in beta diversity of healthy subjects 
was lower than in patients with lupus (figure 1B, C). The within 
group variability between communities in patients with lupus 
with low disease activity was also lower than that in patients 
with high disease activity (figure 1C). However, the severity of 
the detected disease-associated dysbiosis did not correlate with 
disease duration (online supplementary figure 1A).

With 16S rRNA amplicon sequence analysis, the taxa in each 
community with the most highly abundant (>1%) representation 
at all phylogenetic levels were identified by univariate Kruskal 
Wallis ANOVA analysis (Table 1 and online supplementary table 
2). At the species level, patients with SLE displayed a mean 
5-fold overabundance of an anaerobic Gram-positive taxon in 
the Firmicutes phylum and Lachnospiraceae family, identified as 
Ruminococcus gnavus23 (RG) (range 0.00%–10.79%, mean±SD 
1.35%±2.01%) compared with controls (0.00%–1.27%, 
0.25%±0.39%, Mann-Whitney, p=0.01). Strikingly, RG relative 
abundance correlated with lupus disease activity, as even patients 
with SLE with low disease activity had a mean 4-fold RG over-
representation, while those with high disease activity had >8 
fold greater RG abundance (Mann-Whitney, p=0.01) (table 1, 
complete data in online supplementary table 2). Compared with 
those without a history of renal disease, patients with a history 
of renal involvement displayed an even greater abundance of a 
RG specific amplicon sequence variant (ASV) (Mann-Whitney, 
p=0.04), as well as several other ASVs that included two 
assigned to the Veillonella genus (online supplementary table 
3). In an individual community these Veillonella species were 
highly correlated with each other (CLR-transformed, r=0.89, 
p<10–16) although less strongly with RG (39% V. parvula, 43% 
V. dispar, p<0.005). Hence, the microbiota in patients with 
lupus commonly displayed concurrent expansions of both RG 
and Veillonella species.

As an alternative approach, DADA224 was used to assign 
ASVs (ie, quasi-species): patients with a history of renal disease 
displayed increased representation of ASV31 (Mann-Whitney, 
p<0.05) (online supplementary tables 2-4). In fact, this ASV 
identifies RG and has the predictive effect size of AUC=0.65 for 
renal involvement (see Ref. 25 for description of predictive effect 
size analysis protocol), although this study was not adequately 
powered for multiple comparison correction. Nonetheless, these 
findings collectively indicate that patients with LN commonly 
have intestinal expansions of the RG species.

The lupus microbiome is associated with altered dynamic 
relationships between species
Within microbiome communities, we also looked for evidence 
of coordinated shifts in the representation of species within indi-
vidual lupus communities, and outgrowths of RG were found 
to be commonly associated with reciprocal reductions of the 
Bacteroides uniformis species (r=−0.43, Pearson correlation for 
CLR-transformed abundances, p<0.001). Indeed, lupus patients 
with the highest disease activity scores also had the lowest 
abundance of B. uniformis (Mann-Whitney, p=0.01) (table 1), 
suggesting that these species may be in dynamic reciprocal 
relationships. Notably, as B. uniformis conveys anti-inflamma-
tory properties that can ameliorate metabolic abnormalities in 
diabetes-prone mice,26 a paucity in active lupus patients could 
also be relevant to understanding the drivers of autoimmune 
pathogenesis.

evidence of in vivo gut recognition of RG and altered gut 
barrier function
To assess in vivo local recognition of specific gut taxa, we eval-
uated the representation of secretory IgA (sIgA)-coated faecal 
bacteria recovered from 15 unaffected controls and 23 patients 
with SLE (online supplementary figure 1B). Overall, RG bacteria 
were prominent among sIgA-coated subcommunities by 16S 
rRNA analysis, and lupus samples displayed a 2-fold greater 
abundance of RG among sIgA-coated faecal bacteria than 
healthy controls, However, in these limited surveys, the numer-
ical differences did not attain significance (Wilcoxon rank sum, 
p=0.14, not significant) (online supplementary figure 1C).

In healthy individuals, an intact intestinal barrier prevents 
leakage of luminal contents out of, and also systemic IgG from 
entering into, the gut lumen. In these faecal samples, patients 
with lupus had 2.6-fold overall sIgA elevations vs controls (Welch 
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test, p=0.002) (figure 1D). Furthermore, the elevations of faecal 
IgM in patients with lupus, as well as the increases in faecal IgG, 
provide additional circumstantial evidence of an impairment of 
the epithelial barrier in these patients (figure 1E, F).

To further search for evidence of impaired gut barriers, we 
measured faecal levels of calprotectin, an accepted biomarker 
for intestinal barrier defect.27 In these pilot studies, we foud 
that 12/61 patients with lupus exceeded the level in any of the 
tested control subjects (Mann-Whitney, p=0.03) (figure 1G). 
Furthermore, patients with lupus also displayed raised serum 
soluble CD14 (Welch test, p=0.0002) and raised α1-acid glyco-
protein levels (Welch test, p<0.0001) (figure 1H, I), which in 
other conditions have been attributed to gut bacterial transloca-
tion.28 29 Taken together, these findings suggest that patients with 
lupus may at times experience impaired gut barrier function, 
which potentially may enable commensals, or their components, 
to escape the intestinal lumen.

lupus serum IgG antibodies react with a RG2 strain-
associated non-protein antigen
To investigate for a special immune relationship in patients with 
SLE with their candidate pathobionts, we electrophoretically 
separated the components in extracts of eight monocultured 
RG strains (online supplementary table 5) after treatment with 
lysozyme and endonuclease. Immunoblots revealed that many 
patients with lupus and healthy adult controls had IgG reac-
tivity with antigenic bands, common to a range of RG strains 
(figure 2A–D), and these were protease-sensitive (figure 2E). 
In contrast, lupus serum antibodies were not generally reac-
tive with commensal strains P. copri or B. thetaiotaomicron 
(figure 2A–C). Notably, serum IgG antibodies of lupus patients 
with SLEDAI activity scores of ≥8 were often highly reactive 
with specific conserved protease-resistant bands in the extract 
of the R. gnavus strain CC55_001C, which is here termed RG2 
(online supplementary table 5). These conserved bands in the 
RG2 strain migrated with ~20–30 kDa protein markers, but 
such bands were not detected in the seven other RG strains 
tested (figure 2E).

High antibody responses to the candidate RG pathobiont 
correlate with high disease activity
Given the common overabundance of RG in patients with active 
SLE, we investigated for special host-pathobiont relationships 
within the systemic immune systems of affected individuals. 
Serum IgA-anti-RG2 antibody responses were significantly 
higher in patients with SLE than controls, even after normali-
sation for total IgA levels (Welch test, p=0.01) (online supple-
mentary figure 1D, E). Strikingly, serum IgG anti-RG2 responses 
were also increased in patients with SLE, and in matched lupus 
samples we found a significant direct correlation between the 
relative faecal abundance of the candidate RG pathobiont 
with the levels of serum IgG anti-RG2 antibodies (Spearman, 
p=0.002) (figure 2F) but not with the VPI C7-9 strain, here 
termed RG1 (online supplementary table 5 and data not shown), 
however such a relationship was also not found in studies of 
control subjects (not shown).

Based on a cut-off defined by values from unaffected control 
subjects (see Methods section), significant elevations of serum 
IgG anti-RG2 antibodies were detected in 22.9% of patients 
with SLE in the NYU cross-sectional cohort (figure 2G). Further-
more, serum levels of IgG anti-RG2 strain antibodies directly 
correlated with SLEDAI disease score (Spearman, p=0.04) but 
not with the serum IgG antibodies to the RG1 strain (online 

supplementary figure 1F). When patients were dichotomised 
based on disease activity the statistical differences between 
these patient subsets were most pronounced, as patients with 
SLEDAI scores≥8 had significantly higher IgG antibody levels to 
RG2 than patients who were quiescent or had only low disease 
activity (Mann-Whitney, p<0.001) (figure 2G), suggesting that 
the IgG anti-RG2 antibody level could represent a surrogate 
disease activity marker.

Serum levels of IgG anti-RG2 strain antibodies correlated 
with anti-native DNA autoantibodies (Spearman, p<0.0001) 
(figure 2H), which are commonly found in patients with 
LN.2 30 IgG antibodies to RG2 were also significantly positively 
correlated with IgG reactivity against human glomerular extract 
(Spearman, p<0.0001) (figure 2I), which is reported to identify 
the most nephritogenic anti-DNA antibodies.31 In contrast, there 
was neither an association with other types of lupus-associated 
autoantibodies, including anti-Ro52, nor with total IgG levels 
(online supplementary figure 1G, H). Relevant to clinical disease 
state, levels of IgG anti-RG2 antibodies also inversely correlated 
with C3 (Spearman, p<0.01) and C4 levels (Spearman, 
p<0.007) (figure 2J, K), biomarkers for in vivo activation of the 
complement cascade implicated in active immune-complex-me-
diated pathogenesis in LN.30 Indeed, serum IL-6 displayed a 
strong direct correlation with IgG anti-RG2 levels (Spearman, 
p=0.003) (figure 2L), while the relationship with anti-dsDNA 
was more modest (Spearman, p=0.02) (figure 2M). Further-
more, serum α2-interferon (IFN) also correlated with IgG anti-
RG2 levels (Spearman, p=0.015), while there was no correlation 
with anti-dsDNA in the same samples (figure 2N, O). These find-
ings provide circumstantial evidence of a connection between 
host immunity to RG2 antigen(s) and inflammatory cytokine 
drivers of lupus pathogenesis.

RG2 antigens cross-react with lupus anti-dsdnA antibodies
To evaluate for relationships between anti-self and anti-RG2 
responses in patients with lupus, we assessed the capacity of 
native DNA and RG2 extract to inhibit lupus serum IgG binding 
(online supplementary figure 2A, B). As expected, in side-by-
side assays, soluble RG2 extract was an efficient inhibitor of the 
binding of lupus serum IgG to immobilised treated RG2 extract 
(online supplementary figure 2C). Yet, native DNA only margin-
ally inhibited IgG binding to RG2 extract (online supplementary 
figure 2D). In contrast, RG2 extracts displayed marked dose-de-
pendent inhibition of binding of lupus serum IgG to native DNA, 
whereas RG1 extracts caused little or no inhibition of DNA 
binding (online supplementary figures 1I, 2B). Strikingly, RG2 
displayed high-level (~90% maximal) inhibition of the binding 
to native mammalian DNA (online supplementary figure 2A) 
that was nearly as efficient in inhibitory activity as soluble native 
DNA itself (online supplementary figure 2B).

To further confirm the relevance of RG2 epitopes with antinu-
clear antibody responses, we assessed the effect on IgG antibody 
reactivity with Crithidia luciliae, a protozoan with a kinetoplast 
organelle used to detect antibodies specific for chromatin.32 As 
expected, preincubation with native DNA inhibited this anti-
body interaction (online supplementary figure 2E-J), and RG2 
strain was also inhibitory (online supplementary figure 2J), while 
a different RG strain (ie, RG1) was not (online supplementary 
table 5 and online supplementary figure 1I), suggesting that the 
relevant cross-reactive antigen(s) is strain-restricted (ie, associ-
ated with RG2 but not RG1). Collectively, we found that many 
patients with lupus have anti-dsDNA antibody responses that 
are cross-reactive with antigens in RG2, which is relevant to the 

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2018-214856 on 19 F
ebruary 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
https://dx.doi.org/10.1136/annrheumdis-2018-214856
http://ard.bmj.com/


951Azzouz D, et al. Ann Rheum Dis 2019;78:947–956. doi:10.1136/annrheumdis-2018-214856

Systemic lupus erythematosus

Figure 2 Patients with LN have serum IgG that recognise RG2 strain-restricted non-protein antigen(s) and that levels correlate with scores forlupus 
disease activity. Immunoblot results for IgG from (A) patient with LN (S-134), (B) patients with LN (S-047), (C) patient with non-active lupus (S-096) 
and (D) healthy control (CTL23). Bacterial extracts were prepared with nuclease and lysozyme treatment; lanes 1–8 represent R. gnavus RG1-RG8 
strains (see online supplementary table 4), and lanes 9 and 10 contain extracts from gut commensal species, Bacteroides thetaiotaomicron and 
Prevotella copri. After electrophoretic transfer, replicate membranes were incubated with different sera at 1:100 dilution, with detection for human 
IgG deposition. Only patients with highly active lupus had serum IgG that recognised the oligomeric antigenic band in RG2 (red arrow) that was 
not detected in other RG strains. (E) Immunoblot of human gut isolated strains of R. gnavus, RG1-RG8. For each strain, molecular species were 
electrophoretically separated side-by-side, after nuclease and lysozyme treatment (left lane) and after additional thorough proteinase K treatment 
(right lane). Reactivity for serum IgG from patient S-134 with active LN is shown, with the serum tested at 1:100. Inset shows magnified view of non-
protein oligomeric bands in RG2 extract, which are also seen in panels A and B. (F) In patients with SLE, RG faecal abundance by 16S rRNA analysis 
correlates with the levels of serum IgG anti-RG2 antibody. (G) Levels of serum IgG anti-RG2 in individual patients with lupus in the NYU cohort were 
compared with unaffected adults (see Methods section). Patients with SLE with high disease activity (SLEDAI ≥8) had higher levels of anti-RG2 IgG 
antibodies than healthy controls and than SLE with low disease activity. (H) Levels of serum IgG antinative DNA directly correlate with IgG anti-RG2 
antibodies. Results from multiplex assay using extracts treated with lysozyme and a broad endonuclease, which was separately coupled to a set of 
paramagnetic beads (Luminex) in parallel with other antigens. (I) Levels of IgG anti-RG2 directly correlate with IgG to an extract of human glomeruli. 
Results from multiplex assay. (J) Levels of serum C3 inversely correlated with levels of serum lupus IgG anti-RG2 antibodies in patients with SLE. 
(K) Levels of serum C4 inversely correlated with levels of serum lupus IgG anti-RG2 antibodies in patients with SLE. (L) IgG anti-RG2 levels strongly 
correlate with serum IL-6 levels. (M) Levels of IgG anti-dsDNA, determined by commercial ELISA (INOVA), have only a modest correlation with serum 
IL-6 levels. (N) IgG anti-RG2 levels correlate with IFNα2 levels, determined by commercial bead-based assay (Luminex). (O) Levels of IgG anti-dsDNA 
antibodies do not correlate with serum IFNα2 levels. IgG anti-DNA and RG2 levels were measured by in-house custom bead-based assays. C3 and C4 
were measured with commercial ELISA, while cytokines were measured by commercial bead-based assays. Significance was based on Mann-Whitney 
test or Spearman correlations. LN, lupus nephritis; SLE, systemic lupus erythematosus; SLEDAI, SLE disease activity index.
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Figure 3 The LG3 pool contains two major series of lipoglycan 
molecules. (A) The 1H NMR spectrum of native LG3, recorded in 
D2O at 300 K, shows signals typical for lipoglycans, for example, 
for methyl groups of N-acetyl sugars, other carbohydrates and 
aliphatic chains of the lipid anchor. (B) The charge-deconvoluted 
MS spectrum of negative ion mode analysis of native LG3. (C) The 
charge-deconvoluted MS spectrum of negative ion mode analysis of 
de-O-acylated LG3. (Alternate version of this spectrum with additional 
assigned peaks is shown in online supplementary figure 1L.) (C) The 
charge-deconvoluted MS spectrum of negative ion mode analysis 
of de-O-acylated LG3. LG3 contains two major series of lipoglycans 
(termed series A [red] and B [dark blue]), starting from molecules 
with molecular weights of 2499.091/2513.107/2527.122 Da (series 
A) and 3380.395/3394.410/3408.426 Da (series B), respectively. These 
molecules are present in a series of further hexose-substituted (△m 
=+162.05 Da) molecular species. All peaks are present with variations 
in fatty acid composition (△m=14.02 Da is equivalent to CH2) (B). The 
complexity of the mass spectrum of de-O-acyl LG3 (C) is significantly 
decreased because of the removal of fatty acids. The overall signal 
pattern of the two series of lipoglycan species is well preserved. For 
series B, subspecies with a further alanine-substitution are apparent 
(light blue). Sodium adducts are represented as △m=21.98 Da, labelled 
in italic style. Abundances were normalised to the respective base peak 
of the depicted spectral region.

notion that anti-DNA antibodies with great cross-reactivity more 
often have nephritogenic potential.10

RG2 contains lipoglycan(s) with antigenic properties 
recognised by patients with lupus
To isolate the lipoconjugates produced by RG2, we applied a 
validated Hydrophobic Interaction Chromatography (HIC)-
based separation strategy to isolate specific cell wall moieties 
such as lipoteichoic acids (LTAs), lipoglycans (LGs or lipopro-
teins33 from the RG2 strain (online supplementary figure 1J). 
For further analyses, we combined fractions 23–27 (pool 2) and 
28–31 (pool 3) (online supplementary figure 1J) and applied 
1H NMR (figure 3A) as well as mass spectrometric (MS) anal-
ysis (figure 3B and online supplementary figures 1K, L), We 
thereby detected significant amounts of LGs, but the absence 
of 31P NMR signals (data not shown) indicated the absence of 
LTA molecules. We therefore termed these pools LG2 and LG3, 

respectively. Taken together, these analyses documented that 
LG2 and LG3 from the RG2 strain each represent a series of 
distinct LGs (online supplementary figure 1K, L).

Further structural analyses were performed after hydrazine 
treatment that cleaves off all ester-bound residues, such as 
fatty acids.34 Compared with the MS spectrum of native LG3 
(figure 3B and online supplementary Figure 1L), the de-O-acyl 
LG3 displayed significantly decreased complexity (figure 3C); 
in native LG3, the signals at 3380.395 Da, 3394.410 Da and 
3408.426 Da (start of series Bnative [figure 3B]) shifted to the 
signal of 2931.966 Da in the spectrum of de-O-acyl LG3 (start 
of series Bde-O-acyl [figure 3C]), due to the removal of two fatty 
acids with combined chain length from C30:0 to C32:0. These 
changes reflected mass differences of 448.43 Da, 462.44 Da or 
476.46 Da, respectively. For this series, molecules with varying 
number of hexoses were also detectable, as the signal pattern 
displays mass differences of 162.05 Da. A similar pattern was 
observed in the lower molecular range between 2000 and 
2800 Da (figure 3C) for series Ade-O-acyl, for example, signals 
at 2050.663 Da, 2212.716 Da, 2374.768 Da and 2536.820 
Da, representing the corresponding de-O-acylated molecules 
present in series Anative. Interestingly, LG2 mono-acyl variants 
of LGs of series A and B were also detected (online supple-
mentary figure 1K), and LG2 had a third series (Cnative) of LG 
molecules that was also observed. Hence, although each of the 
three series most likely have differing core units, all LG vari-
ants display ‘hexose-capping’. The complete structural charac-
terisation of these LGs from RG2 is beyond the scope of the 
current report. An analogous extraction of cell wall moieties 
from RG1 did not result in any yields of similar LGs, which 
suggests that RG strains differ in their capacity to produce cell 
wall LGs.

For investigations of the potential immune epitope features 
of the RG2 strain, we performed immunoblots with lupus IgG 
that detected high levels of oligomeric bands in the LG3 pool 
in the range of ~20–30 kDa protein markers, which resembled 
the reactivity pattern of protease-resistant antigens in the RG2 
extract that were absent in other RG strains (figure 4A–D). In 
fact, preincubation of a lupus serum with LG3 at 2 µg/mL inhib-
ited all immunoblot reactivity with the oligomeric antigenic 
bands in the LG2 and LG3 pools and with the nuclease-treated 
RG2 extract, but did not affect the IgG reactivity with the 
protease-sensitive bands (figure 4E, F). As predicted, lupus IgG 
immunoreactivity with these oligomeric bands was destroyed by 
periodate treatment (figure 4G), further supporting the notion 
that these immunodominant epitopes are on glyco-conjugate 
molecules. Side-by-side bead-based assays confirmed that the cell 
wall LG3 pool expresses the strain-restricted immunodominant 
epitopes in RG2 commonly recognised by lupus sera (figure 4H).

Furthermore, in vitro assays using a reporter cell line trans-
fected with the human TLR2 demonstrated dose-dependent stim-
ulation for the RG2 extract, and for the purified LG3, which was 
greater than for the LG2 sample, while the RG1 bacterial extract 
was devoid of detectable activity under these conditions (online 
supplementary figure 1M). To confirm the responsible mecha-
nism, when studies were repeated in the presence of anti-TLR2 
antibodies there was inhibition of NF-κB activation (online 
supplementary figure 1M). Hence, the LG pools, isolated from 
the RG2 strain, contain both strain-restricted carbohydrate-asso-
ciated antigen(s) recognised by serum IgG in patients with SLE, 
and component(s) with immunostimulatory properties (online 
supplementary figure 1M), which might be lipoproteins that 
commonly copurify with LTA and/or LGs recovered using this 
HIC isolation protocol.33 34
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Figure 4 Lipoglycans from RG2 represent immunodominant antigens 
for patients with SLE. Immunoblots of purified LG2 and LG3 pools, and 
RG2 and RG1 extracts, were performed with sera from (A) SLE-07, (B) 
SLE-127, (C) SLE-080 that react with the same protease-resistant bands 
in LG2, LG3 and RG2 (red box), whereas (D) a healthy control reacts 
with distinct immunodominant antigens also recognised by patients 
with active SLE that are generally lower MW (blue box). (E) Immune 
recognition by serum antibodies in SLE-134 with oligomeric bands in 
LG2 and LG3, and in RG2, (F) are entirely inhibited by preincubation 
with LG2 at 2 µg/mL. (G) Periodate treatment before blotting destroys 
antigens in LG2 and LG3. Loading per lane is indicated above at µg/
lane. Immunoblots were performed with serum at 1:200, with detection 
of IgG reactivity. (H) Serum levels of antibodies to LG3 pool and RG2 
extract were highly correlated. Levels were determined by bead-based 
assay side-by-side in sera from 40 patients with SLE with diverse 
disease activity scores. SLE, systemic lupus erythematosus.

Independent cohorts confirm the association of anti-RG2 
responses with ln
In the NYU discovery cohort, patients with active nephritis 
at the time of blood sampling (based on activity criteria19 had 
significantly raised levels of IgG anti-RG2 strain-restricted anti-
bodies (figure 5A). To confirm this association, we studied a 
second independent cohort of 27 patients (online supplemen-
tary table 1) (Temple University) in which 11/27 had elevated 
IgG anti-RG2 antibody reactivity, and of the 12 with active LN 
(based on level of proteinuria and/or concurrent biopsy data), 9 
(75%) displayed high anti-RG2 antibody levels (figure 5B). In a 
third cohort of 17 patients with biopsy-documented active LN 
(online supplementary table 1) (The Ohio State University), 10 
(59%) showed elevations of serum IgG anti-RG2 responses, but 
by contrast such responses were absent in patients with primary 
membranous glomerulonephritis and ANCA-associated vasculitis 
(Welch test, p=0.0025) (figure 5C). Furthermore, for a number 

of the patients in the NYU and Temple cohorts the LN diag-
nosis was confirmed by renal biopsy (online supplementary table 
1). Inhibition studies of pooled sera from each of these three 
independent geographically separated cohorts confirmed that 
lupus-associated autoimmune IgG anti-native DNA responses 
were cross-reactive with epitope(s) in the RG2 strain (online 
supplementary figure 1N). Taken together, in three independent 
cohorts high IgG anti-RG2 antibody reactivity with cross-reac-
tivity with anti-native DNA autoantibodies (online supplemen-
tary figure 1N) was commonly found in patients with LN from 
proliferative Class III and Class IV histopathology by ISN/RPS 
criteria35 (online supplementary table 1).

SLE is a condition that overwhelmingly affects women, and due 
to concerns that gut microbiome can vary based on sex alone,36 
our discovery cohort was restricted to female patients. Yet our 
confirmatory cohorts included several male patients, including 
individuals with active LN, who also commonly had elevated 
levels of serum IgG anti-RG2 antibodies (Figure 5, supplemen-
tary table 1 and data not shown). Furthermore, raised serum IgG 
antibody responses to RG2 were found in patients with active LN 
of diverse race/ethnicity: African-American, Asian, Caucasian, as 
well as Hispanic-White and Hispanic-Black (online supplemen-
tary table 1), which is consistent with the commonness of these 
immune responses in the three lupus cohorts examined.

dISCuSSIon
Our surveys of a cross-sectional discovery cohort documented 
that the severity of specific patterns of dysbiosis generally 
correlated with clinical disease activity. The gut microbiome 
of patients with higher SLEDAI scores had greater restrictions 
in taxonomic diversity. Indeed, our analyses provide the first 
evidence that lupus is associated with intestinal outgrowths of 
RG, an obligate anaerobic species, in the Blautia genus within 
the Lachnospiraceae family of the class Clostridia.23 RG, which 
is a common (but generally low-level abundance) commensal 
in the faecal communities of healthy controls,37 was docu-
mented to be overrepresented, with >5-fold outgrowths in 
patients with lupus, with the greatest expansion in those with 
high disease activity and especially LN. Patients with lupus 
in these three geographically dispersed cohorts commonly 
displayed RG strain-restricted host immune responses that 
were cross-reactive with anti-DNA immune responses.

Patients with lupus also displayed higher levels of gut secre-
tory IgA, a numerical trend towards higher abundance of 
faecal sIgA-coated RG bacteria and other abnormalities asso-
ciated with gut barrier dysfunction. Importantly, there was a 
significant direct relationship with lupus disease activity and 
with LN, and the highest levels of serum IgG anti-RG antibody 
responses primarily directed against a RG strain-restricted 
cell wall-associated LG-containing antigen. Whereas these 
RG antigens may leak out of the intestine to induce IgG anti-
body responses, conversely IgG cannot enter the gut lumen 
and reduce the representation of taxa such as RG. Notably, 
RG2 LG-containing pools included moieties that were potent 
in vitro NF-κB immune activators via TLR2 (online supple-
mentary figure 1M) that has previously been implicated in 
lupus pathogenesis.38 We speculate that the cross-reactivity of 
lupus autoreactive B cells to leaked stimulatory RG bacterial 
components, including TLR ligands(s), may contribute to the 
initiation and/or flares of lupus disease and especially LN that 
is a major source of early mortality and morbidity.39

In the human gut, the Lachnospiraceae family members 
fill a special niche, and degrade complex polysaccharides40 
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Figure 5 Active lupus nephritis is associated with elevated IgG anti-RG2 antibodies. (A) Results from individuals in NYU cohort are shown, with 
comparisons to unaffected controls. (B) Results from individuals in the Temple University cohort with 16 patients with lupus without evidence of 
renal (ie, non-renal) are compared with 12 with active LN. (C) Results from 17 patients with biopsy-proven active LN from Ohio State University are 
compared with 6 patients with biopsy-proven idiopathic primary mesnagial glomerulonephritis (MGN) and 20 with IgA nephropathy (IgAN). The cut-
off MFI value of 1900 for IgG anti-RG2 (dotted line) was determined by mean for 57 + 2 SD from unaffected 23 healthy controls with gut microbiome 
data, 15 other healthy individuals, 13 with psoriatic arthritis, and 12 with osteoarthritis). Renal disease was determined by clinical criteria and/or 
biopsy. Anti-RG2 values were determined by bead-based assay, with significance assigned by Mann-Whitney test.

including those of the intestinal mucus layer, which may lead 
to a leaky gut.41 Yet RG strains vary greatly in their genomic 
composition, metabolic features and competitiveness. Indeed 
some isolates produce Lantibiotic polypeptides that suppress 
competing anaerobic species,42 and experimental colonisation 
can cause shifts in T cell balance toward IL-17 production.43 44

RG outgrowths have recently been reported in patients 
with ankylosing spondylitis, and abundance was reported to 
correlate with greater disease activity.45 In addition, patients 
with IBD have also been reported with RG blooms that 
comprised up to 69% of intestinal communities, and genomic 
analysis showed that these isolates were generally from a sepa-
rate clade of RG than those in healthy individuals.46 In the IBD 
microbiome, strain-specific genes involved in oxidative stress 
responses have recently been postulated to confer an advan-
tage for RG strains46 which could potentially be relevant to 
lupus pathogenesis as well.

The design of our observational studies has inherent limita-
tions, as we do not currently know if RG expansions are truly 
causative or if lupus disease activity instead fosters preferen-
tial outgrowth of the candidate pathobiont. There is also a 
potential confounding effect of medications, as most patients 
were receiving treatment at the time of biosampling, and an 
enlarging list of medications is postulated to affect the balance 
of taxa within the gut microbiome community.47 48 However, 
we discount this potential effect as several of the recruited 
patients were in-flare while off medication and the same RG 
outgrowths and immune responses were nonetheless found 
(online supplementary table 1 and data not shown). The 
properties of the LGs in RG2, as well as other strains, will 
also require further investigation. In addition, Gram-positive 
opportunistic pathogens may have lipoproteins that are activa-
tors of innate immunity,49 and such lipoproteins can be copu-
rified along with other lipoconjugates using the HIC-based 
methodology. Hence, future studies will also need to directly 
assess the specific immunostimulatory properties of the LGs 
themselves.

Intestinal communities are complex, and emerging data 
suggest many pathways may be intertwined with lupus patho-
genesis. Expansions of the commensal pathobiont species, 
Segmented Filamentous Bacteria, in susceptible mouse strains 
can contribute to antinuclear autoantibody production.50 

Furthermore, it has recently been reported that translocation 
and release of Enterococcus gallinarum from the small intes-
tine may trigger the Aryl hydrocarbon receptor, resulting in 
autoantibody production and a type I interferon associated 
transcript signature in peripheral mononuclear cells.51 Indeed, 
we speculate that multiple pathobionts, singly or in combi-
nation, may contribute to lupus pathogenesis, and hence our 
finding of concurrent RG outgrowths merit further examina-
tion in longitudinal studies, including inception cohorts as 
well as more in-depth mechanistic studies.

ConCluSIon
Mounting evidence suggests that overt lupus disease is often 
preceded by years of a preclinical phase with prominent circu-
lating autoantibody responses.52 Lupus disease has also been 
reported to be intertwined with greater inherent instability 
and lack of balance within the intestinal community53 which 
could underlie the restricted taxa diversity and disease-asso-
ciated RG outgrowths that we found. Indeed, the abundance 
of RG outgrowths correlated with lupus disease activity, with 
the greatest expansions in those with active renal disease, and 
these immune responses were primarily directed against a 
strain-restricted cell wall lipoglycan. Notably, individual lupus 
communities also displayed concordant significant expan-
sions of Veillonella species, along with reciprocal contrac-
tions of Bacteroides uniformis. Furthermore, our findings also 
contribute to evidence of a widening range of inflammatory 
and autoimmune conditions associated with a ‘leaky gut’,54 
which may in part be responsible for the lupus-associated 
RG strain LG-directed antibody responses. We speculate that 
leakage of RG bacterial components contributes to nephrito-
genic autoantibody responses. To pursue these questions, it will 
be important to characterise the diversity and genetic features 
of RG strains and to understand when these strains colonise 
and expand in patients with lupus. In part, these investigations 
may lead to development of a biomarker assay that aids both 
earlier diagnosis and better prognostic determinations.
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AbSTrACT
Objectives The presence of proinflammatory low-
density granulocytes (lDG) has been demonstrated 
in autoimmune and infectious diseases. recently, 
regulatory neutrophilic polymorphonuclear myeloid-
derived suppressor cells (PMn-MDsc) were identified in 
systemic lupus erythematosus (sle). Because lDG and 
PMn-MDsc share a similar phenotype with contrasting 
functional effects, we explored these cells in a cohort of 
patients with sle.
Methods lDG and normal-density granulocytes (nDG) 
were isolated from fresh blood of healthy donors (HD) 
and patients with sle. associations between lDG and 
clinical manifestations were analysed. Multicolor flow 
cytometry and confocal imaging were performed to 
immunophenotype the cells. The ability of lDG and 
nDG to suppress T cell function and induce cytokine 
production was quantified.
results lDG prevalence was elevated in sle versus HD, 
associated with the interferon (iFn) 21-gene signature 
and disease activity. also, the lDG-to-lymphocyte ratio 
associated better with sle disease activity index than 
neutrophil-to-lymphocyte ratio. sle lDG exhibited 
significantly heightened surface expression of various 
activation markers and also of lectin-like oxidised low-
density lipoprotein receptor-1, previously described to 
be associated with PMn-MDsc. supernatants from sle 
lDG did not restrict HD cD4+ T cell proliferation in an 
arginase-dependent manner, suggesting lDG are not 
immunosuppressive. sle lDG supernatants induced 
proinflammatory cytokine production (iFn gamma, 
tumour necrosis factor alpha and lymphotoxin alpha) 
from cD4+ T cells.
Conclusions Based on our results, sle lDG display 
an activated phenotype, exert proinflammatory effects 
on T cells and do not exhibit MDsc function. These 
results support the concept that lDG represent a distinct 
proinflammatory subset in sle with pathogenic potential, 
at least in part, through their ability to activate type 1 
helper responses.

InTrOduCTIOn
A low-density neutrophil population was identified 
in the peripheral blood mononuclear cell population 
of patients with systemic lupus erythematosus (SLE) 
in 1986.1 Since then, these cells have been reported 
in other autoimmune, cancer and infectious diseases 

with either proinflammatory (low-density granu-
locytes, LDG) or suppressive effects (neutrophilic 
polymorphonuclear myeloid-derived suppressor 
cells, PMN-MDSC).2–6 The proinflammatory nature 
of LDG in SLE was demonstrated by their ability 
to secrete tumour necrosis factor alpha (TNF-α), 
interferon gamma (IFN)-γ and type I IFN, cyto-
kines frequently implicated in disease pathogen-
esis.3 LDG are also potent producers of neutrophil 
extracellular traps (NETs), which drive type I IFN 
production by plasmacytoid dendritic cells (pDCs) 
and directly contribute to endothelial cell dysfunc-
tion and vascular damage.7–10 Patients with SLE with 
increased circulating LDG numbers also demonstrate 
heightened prevalence of skin involvement, vasculitis, 
arterial inflammation and coronary plaque.3 11

In contrast, PMN-MDSC were described as 
immunoregulatory due to their ability to suppress 
T cell proliferation in infectious, autoimmune, 
cancer and metabolic diseases.12–16 The immuno-
suppressive mechanisms mediated by PMN-MDSC 
include surface expression of various checkpoint 
inhibitors (programmed death-ligand 1 [PD-L1], 
programmed death-ligand 2 [PD-L2] and CD73), 
along with release of enzymatic or chemical media-
tors (arginase-1 [Arg1] and nitric oxide synthase).17 
In a lupus nephritis cohort, SLE PMN-MDSC medi-
ated suppression in an Arg1-dependent manner, 
similar to what has been described in multiple 
cancer settings.14 The multifaceted roles of these 

Key messages

 ► Low-density neutrophil populations may 
either exhibit proinflammatory (low-
density granulocytes, LDG) or suppressive 
(polymorphonuclear myeloid-derived suppressor 
cells) properties. Both populations have been 
reported in systemic lupus erythematosus (SLE).

 ► SLE LDG demonstrate an activated phenotype, 
do not suppress T cells and promote Th1 
responses.

 ► Activated SLE LDG also express lectin-like 
oxidised low-density lipoprotein receptor-1.

 ► SLE normal-density granulocytes, but not LDG, 
may suppress T cells in an arginase-dependent 
manner.
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Table 1 Demographics and clinical characteristics of HD and 
patients with lupus examined in this study

Hd* SLE‡

Sex (M/F), n M=7, F=73 M=6, F=88

Age, years (median, range) 45 (35–65)† 40 (15–73)

SLEDAI (median, range) – 2 (0–13)

C3, mg/dL (median, range) – 95.5 (44.8–184.9)

C4, mg/dL (median, range) – 16.7 (2.2–43.3)

ESR, mm/hour (median, range) – 23 (2–100)

CRP, mg/L (median, range) – 1.7 (0.15–31.4)

Auto-antibodies (% positive) 

  Anti-dsDNA – 70

  ANA – 95

  LAC – 28

  ENA – 85

Medications (%)§ 

  Oral corticosteroids – 21

  Hydroxychloroquine – 83

  Azathioprine – 76

  Cyclophosphamide – 19

  Mycophenolate mofetil – 18

  Methotrexate – 24

  Biologics (belimumab/rituxan) – 5

*Human whole blood was collected from HD from the MedImmune Blood Donor 
programme. †Age of the HD was provided by decade. ‡SLE blood samples were 
collected from the National Institute of Arthritis and Musculoskeletal and Skin 
Diseases/National Institutes of Health. Clinical parameters for patients with SLE 
were obtained at the time of visit by routine laboratory test. §Current medications 
that patients were taking.
ANA, anti-nuclear antibodies; C3, complement 3; C4, complement 4; CRP, C-reactive 
protein; dsDNA, double-stranded DNA; ENA, extractable nuclear antigens; 
ESR, erythrocyte sedimentation rate; F, female; HD, healthy donors; LAC, lupus 
anticoagulant; M, male; SLE, systemic lupus erythematosus; SLEDAI, SLE disease 
activity index.

low-density neutrophil subsets across a range of diverse indica-
tions highlight their importance in human disease.18 19

Despite contrasting functions, LDG and PMN-MDSC have 
been reported in SLE with strong association to SLE disease 
activity index (SLEDAI).3 14 Notably, both subsets utilise over-
lapping neutrophil surface markers for identification, including 
CD11b+, CD33+, CD15+ (or CD66b) and human leucocyte 
antigen-DR isotype (HLA-DR−), after excluding other lineage 
(LIN) markers (CD3, CD19, CD20 and CD56).19 20 While these 
subsets are thought of as immature neutrophils with reduced 
density, most identifying markers are also shared by the mature, 
terminally differentiated normal-density granulocytes (NDG) 
counterparts. In view of the shared similarities, a comprehensive 
and comparative immunophenotyping of activation and regu-
latory markers on the low-density and normal-density counter-
parts has yet to be performed in the context of linking these 
cells to SLE disease activity and understanding their relationship 
to the type I IFN axis and other components of this disease. 
Additionally, it remains unclear in SLE how the low-density 
and normal-density counterparts compare functionally in their 
ability to exert effects on T cells. As a result, there is ambiguity 
surrounding the identity, nature and role of these low-density 
subsets in the autoimmune space, particularly SLE.21 22

To address these knowledge gaps, we performed immunophe-
notypic, morphological and functional characterisation of this 
neutrophil subset and compared them with autologous NDG 
in a well-characterised SLE cohort consisting of both clinically 
inactive and active patients. We hypothesised that this larger 
cohort with representation across the disease spectrum would 
offer enhanced understanding of the functional and pheno-
typic features of these cells. Using this approach, we evaluated 
whether lupus LDG (i) associate with disease activity and, more 
specifically, the type I IFN pathway, (ii) manifest any of the 
PMN-MDSC regulatory effects via previously described mech-
anisms and (iii) differ from matching NDG on these various 
phenotypic and functional aspects. As most of the published 
literature in the SLE field refers to this abnormal neutrophil 
subset as “LDG,” we will henceforth use the same terminology.

METHOdS
Methods are provided in the online supplementary information.

rESuLTS
Overview of SLE cohort
The demographic and clinical information for healthy donors 
(HD) and patients with SLE is summarised in table 1. There was 
no significant difference in either sex or median age. The median 
SLEDAI score was 2 with range of 0–13.

Increased LdG in SLE associates with IFn gene signature and 
disease severity
Previous studies demonstrated the increased presence of LDG 
in patients with SLE.1 3 14 We examined those findings by eval-
uating the prevalence of these cells in our cohort of HD and 
patients with SLE. Surface markers, previously described in 
both autoimmune and cancer studies, required for their iden-
tification were included.19 20 LDG, purified by density gradient 
centrifugation, were identified as LIN−(CD3/CD19/CD20/
CD56), HLA-DR−, CD11b+, CD33+, CD15+ (figure 1A). 
LDG prevalence was significantly increased in patients with 
SLE by 2.9-fold (figure 1B; HD mean±SEM=0.81%±0.16; 
SLE mean±SEM=2.37%±0.45) and absolute count by 
11.5-fold (figure 1C; HD mean±SEM=0.28±0.05; SLE 

mean±SEM=3.22±0.53). Additionally, the number of LDG 
demonstrated significant positive association with SLEDAI 
score (figure 1D). In line with the strong association with 
SLEDAI, LDG were observed to be 1.6-fold higher in active 
versus inactive patients (inactive SLE mean±SEM=2.48±0.71; 
active SLE mean±SEM=4.05±0.79), suggesting their close 
relationship with disease activity. To understand whether the 
observed close association with SLEDAI was due to specific 
clinical manifestations, LDG numbers were assessed for asso-
ciation with various clinical parameters and significantly 
associated with increased DNA binding (p=0.0165) and low 
complement levels (p=0.0187) (online supplementary table 
S1). The observed increase in LDG numbers in SLE versus HD 
and its association with SLEDAI validate previous observations 
and demonstrate efficacy of the cohort for the purposes of our 
study.

The type I IFN pathway plays an important role in disease 
pathogenesis and exacerbation in SLE and other rheumatic 
diseases.23–25 LDG that undergo enhanced NET formation lead 
to externalisation of modified extracellular DNA.26 27 Mate-
rial released from NETs stimulates pDCs to release IFN-α and 
myeloid cells to release type I IFNs.7 28 29 While LDG can lead 
to the production of type I IFNs in vitro, the in vivo association 
between LDG and type I IFN pathway remains unknown. To 
address this, we evaluated the relationship between LDG and 
type I IFN-regulated genes.30 The LDG frequency was signifi-
cantly increased in patients with high versus low type I IFN gene 
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Figure 1 Increased prevalence of LDG in SLE associates with disease severity and IFNGS. The frequency of circulating LDG was analysed and 
correlated with disease severity. (A) Flow cytometry gating strategy for identifying LDG in human PBMC. Prevalence of LDG in HD and patients 
with SLE (healthy n=80; SLE n=94) as (B) frequency of CD45 (HD mean±SEM=0.81±0.16; SLE mean±SEM=2.37±0.45; p<0.0001) and (C) absolute 
numbers (HD mean±SEM=0.28±0.05×106/mL; SLE mean±SEM=3.22±0.53×106/mL; p<0.0001). (D) Association between number of LDG with healthy 
as well as inactive and active patients with SLE (healthy n=80; inactive n=50; active n=44) based on SLEDAI (inactive patients  
mean±SEM=2.48±0.71×106/mL; active patients with SLE mean±SEM=4.05±0.79×106/mL; p=0.02]. (E) Association between the IFNGS (low n=20; 
high n=22) and prevalence of LDG in patients with SLE with low (mean±SEM=0.04±0.01) and high (mean±SEM=1.10±0.30; p<0.0001) IFNGS. 
The relationship between (F) neutrophil:lymphocyte ratio and (G) LDG:lymphocyte ratio with SLEDAI. Individual symbol represents one donor and 
the mean±SEM is shown. HD, healthy donors; HLA-DR, human leucocyte antigen-DR isotype; IFNGS, interferon 21-gene signature; LDG, low-density 
granulocytes; LIN, lineage; PBMC, peripheral blood mononuclear cells; SLE, systemic lupus erythematosus; SLEDAI, SLE disease activity index; SSC, side 
scatter.
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Figure 2 LDG exhibit activated phenotype in SLE. Both the NDG and LDG from HD and SLE were phenotyped for various activation and regulatory 
markers (healthy n=20; SLE n=20). Phenotyping of (A) activation and (B) regulatory markers on LDG in HD versus SLE. Phenotyping of (C) activation 
and (D) regulatory markers on NDG versus LDG from patients with SLE. Individual symbol represents one donor and the mean geometric MFI±SEM is 
shown. aBar representing geometric MFI value too low to be observed. Arg1, arginase-1; HD, healthy donors; LDG, low-density granulocytes; LOX-1, 
lectin-like oxidised low-density lipoprotein receptor-1; MFI, mean fluorescence intensity; NDG, normal-density granulocytes; SLE, systemic  
lupus erythematosus.

signature (IFNGS; figure 1E; low mean±SEM=0.04%±0.0; 
high mean±SEM=1.10%±0.30; p<0.0001). This demon-
strates a strong association between the presence of LDG with 
both clinical activity and activation of the type I IFN pathway.

While the IFNGS is a strong predictor of type I IFN–driven 
inflammation, the total neutrophil-to-lymphocyte ratio (NLR) is 
another commonly used indicator of inflammation that encom-
passes many pathways besides type I IFN.31 32 Given the signifi-
cantly increased number of LDG in SLE, we compared NLR 
and evaluated utility of LDG-to-lymphocyte ratio (LLR) as a 
new and improved predictor of inflammation. In our cohort, 
while NLR demonstrated a significant difference between active 
and inactive patients with SLE (p=0.003), it did not signifi-
cantly distinguish between inactive patients with SLE and HD 
(p=0.09) (figure 1F). In contrast, LLR offered better resolution 
and separation between the same inactive patients with SLE and 
HD (p<0.0001) (figure 1G). This result suggests that the LLR 
may be a more sensitive indicator of immune dysregulation than 
NLR. It would be interesting to further validate the utility of 
LLR over NLR in other disease areas.

SLE LdG exhibit an activated immunophenotype
The increased prevalence of LDG across the disease spectrum 
validated the utility of our cohort for further analysis. Although 
LDG and PMN-MDSC share a similar immunophenotype, they 
demonstrate differences in the expression levels of various acti-
vation and regulatory markers based on their contrasting func-
tions.19 Regulatory markers associated with the suppressive 

activity of PMN-MDSC include Arg1, CD73, CD274 (PD-L1) 
and CD273 (PD-L2),13 15 whereas degranulation markers asso-
ciated with the proinflammatory role of neutrophils include 
CD63 (lysosome-associated membrane glycoprotein (LAMP)-3) 
and CD107a (LAMP-1).33 The expression of lectin-like oxidised 
low-density lipoprotein (oxLDL) receptor-1 (LOX-1) was 
demonstrated to be uniquely expressed by PMN-MDSC in 
cancer; however, its ability to distinguish MDSC from LDG in 
SLE remains unexplored.34 It is unknown how the expression 
levels of these markers compare between LDG and NDG. To 
address these questions, immunophenotyping was performed 
on both LDG and matching NDG from HD and patients with 
SLE. We first examined the immunophenotypic profile of LDG 
between HD and patients with SLE (figure 2A–B). As LDG share 
similar phenotypic markers with NDG, we then compared the 
expression profile of the two cell types in SLE (figure 2C–D) and 
HD (online supplementary figure S1).

With the exception of intracellular Arg1 and CD63, no signif-
icant difference was observed for other markers between LDG 
from HD and SLE (figure 2A–B). However, when SLE LDG were 
compared with autologous NDG, significant differences were 
observed (figure 2C–D). Specifically, LDG expressed signifi-
cantly higher (LOX-1, CD63, CD107a and CD274), reduced 
(intracellular Arg1, CD273 and CD95) or no difference (CD73) 
in expression levels of markers examined (figure 2C–D and HD 
in online supplementary figure S1). Apart from CD274, none of 
the other checkpoint inhibitors (CD273 and CD73) were signifi-
cantly elevated on LDG versus NDG (figure 2D). Notably, the 
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significantly higher expression of degranulation markers (CD63 
and CD107a) and reduced intracellular Arg1 on SLE LDG 
versus NDG suggest their increased activation status (figure 2C).  
Of particular interest was the significantly higher surface expres-
sion of LOX-1 and CD63 on SLE LDG versus NDG.

These results confirm and expand the notion that SLE LDG 
and NDG differ immunophenotypically. Based on the higher 
surface expression of the degranulation markers, SLE LDG 
display an activated immunophenotype with concomitant 
expression of LOX-1.

SLE LdG express LOX-1 and demonstrate different 
morphology compared with ndG
The increased expression of both LOX-1 and CD63 on LDG 
in SLE had not been previously described. While LOX-1 was 
recently suggested to be uniquely expressed by suppressive 
PMN-MDSC, CD63 is a granulocyte activation marker.33 34 
LDG and autologous NDG from patients with SLE were anal-
ysed by confocal imaging to examine for differences in LOX-1/
CD63 staining and morphology. While NDG, identified by char-
acteristic multilobed nuclei, demonstrated dim LOX-1/CD63 
staining, LDG, with more heterogeneous nuclear morphology 
including banded nuclei, were observed to encompass four 
subpopulations based on variable levels of LOX-1 and CD63 
expression (figure 3A). The LOX-1 expression on LDG was vali-
dated at the messenger level (figure 3B). These data suggest that 
SLE LDG express LOX-1, and it was co-expressed with CD63 at 
variable levels.

The LOX-1hi/CD63hi co-expressing population (figure 3A) 
was selected for further quantitative morphological assessment. 
Quantitatively, LDG had fewer nuclear lobes compared with 
autologous NDG (figure 3C; LDG mean±SEM=2.3±0.09; 
NDG mean±SEM=3.8±0.06). Compared with their NDG 
counterparts, LDG demonstrated significantly reduced nuclear 
area, cell area, cell diameter as well as lower nuclear-to-cytoplasm 
ratio (figure 3D–G). Thus, LDG represent distinct morphology 
compared with NDG based on the various nuclear and cellular 
parameters examined.

SLE ndG, but not LdG, restrict Cd4+ T cell proliferation in 
arginase-dependent manner
Because SLE LDG express LOX-1, which was recently suggested 
to be uniquely expressed by suppressive PMN-MDSC, we evalu-
ated the cells for their suppressive capacity.34 LDG were assessed 
for their ability to suppress CD4+ T cell proliferation under 
both contact-independent and contact-dependent settings. For 
contact-independent suppression, the arginase mechanism, shown 
previously to be used by PMN-MDSC and activated neutrophils, 
was evaluated.14 35 NDG and LDG isolated from patients with SLE 
were treated overnight either in the absence or presence of argi-
nase inhibitor nor-NOHA. The supernatant from such treated cells 
was then added to freshly isolated healthy naïve CD4+ T cells that 
were activated with anti-CD3/CD28 beads. As a positive control, 
the exogenously added arginase was observed to inhibit T cell 
proliferation in a dose-dependent manner and this was reversed 
by its inhibitor nor-NOHA (figure 4A–B). While SLE NDG signifi-
cantly reduced the proliferative capacity of activated control 
CD4+ T cells compared with bead control (p=0.0006), an effect 
reversed by nor-NOHA (p=0.02), SLE LDG did not restrict T cell 
proliferation (figure 4C). Furthermore, neither NDG nor LDG 
isolated from HD demonstrated any suppressive effect on T cells 
(online supplementary figure S2B). Even in a contact-dependent 
setting, the SLE LDG did not inhibit T cell proliferation (online 

supplementary figure S2C). These results were not affected by 
osmotic stress due to red blood cell lysis treatment (online supple-
mentary figure S3).

In line with the increased suppression capacity of lupus NDG in 
suppressing T cell proliferation by a contact-independent mech-
anism, these cells were found to release 3.3-fold higher bioactive 
arginase than LDG (figure 4D; NDG mean±SEM=27.27±3.2 
enzyme units; LDG mean±SEM=8.17±3.3 enzyme units; 
p=0.008). The SLE NDG arginase synthesis was dampened 
3.9-fold after nor-NOHA treatment (NDG − nor-NOHA 
mean±SEM=27.27±3.2 enzyme units; NDG + nor-NOHA 
mean±SEM=6.87±2.3 enzyme units). LDG did not show 
significant difference in amount of arginase synthesised in 
the absence or presence of nor-NOHA. This also corrobo-
rates our observation that SLE NDG have 1.8-fold higher 
intracellular Arg1 geometric mean fluorescence intensity 
than LDG (figure 2C; NDG mean±SEM=4996±269; LDG 
mean±SEM=2817±285). Additionally, no significant difference 
in levels of released bioactive arginase was observed between HD 
NDG and autologous LDG (online supplementary figure S2D). 
These results suggest that SLE LDG do not inhibit T cell prolif-
eration under both contact-independent and contact-dependent 
settings. Additionally, the SLE NDG-driven suppression of T cell 
proliferation in contact-independent setting is primarily medi-
ated by intracellular arginase that is spontaneously released by 
the cells in its bioactive form.

SLE LdG induce proinflammatory T cell cytokine profile
Both LDG and PMN-MDSC have been demonstrated to drive 
their respective functions and downstream effects on other cells 
via the production of key cytokines including IFN-γ and inter-
leukin 10.3 17 Given the significant differences between NDG 
and LDG in their immunophenotypic profile and abilities to 
suppress T cell proliferation, we examined the effect of these 
cell types on T cell cytokine production. The supernatant from 
cell cultures was analysed for different cytokines by Meso Scale 
Discovery multiplex assay. Only SLE LDG were able to induce 
significantly higher production of Th1 proinflammatory cyto-
kines IFN-γ, TNF-α and lymphotoxin alpha than bead controls 
(figure 5). These cytokines were not detected in supernatants 
from LDG or NDG (data not shown). Other cytokines and 
chemokines examined were either not significantly different 
or not detected (online supplementary table S2). Overall, func-
tional and phenotypic analyses of these cells support that lupus 
LDG represent a proinflammatory subset that can activate adap-
tive immune responses.

dISCuSSIOn
The field of neutrophil biology has evolved significantly over the 
last decade, and some breakthroughs have focused around the 
role of low-density neutrophil subsets in autoimmunity, infectious 
diseases and cancer.15 36 LDG and PMN-MDSC exert contrasting 
functional effects on T cells, with LDG found to be stimulatory 
and PMN-MDSC suppressive. In the absence of distinguishing 
markers, functional assays are further needed in order to char-
acterise these subsets as proinflammatory or suppressive. Parallel 
analysis of low-density and normal-density neutrophils lends 
important context for interpreting immunophenotypic and func-
tional studies. While previous studies in SLE have examined these 
low-density neutrophil subsets, conflicting reports exist regarding 
their function and role in disease.3 14 21 22 Although the immuno-
phenotypic identification strategy utilised by Wu et al is similar to 
the approach used in our study (CD11b+CD33+HLA-DR−), cells 
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Figure 3 SLE LDG express LOX-1 and demonstrate different morphology compared with autologous NDG. (A) Representative confocal images of 
autologous SLE NDG and LDG and relative percentage of LDG subgroups. The LOX-1hi/CD63hi population was further characterised for morphology 
(data representative of five patients with SLE). (B) LOX-1 mRNA expression levels in SLE NDG and LDG (data representative of five patients with 
SLE). (C–G) Quantitative comparative assessment of various morphological parameters between SLE NDG and LOX-1hi CD63hi LDG population, 
(C) number of nuclear lobes, (D) nuclear area (NDG mean±SEM=160±7.4 µm2; LDG mean±SEM=101±3.4 µm2; p<0.0001), (E) cell area (NDG 
mean±SEM=315±14.6 µm2; LDG mean±SEM=245±9 µm2; p<0.0001), (F) nuclear-to-cytoplasm ratio (NDG mean±SEM=0.89±0.07;  
LDG mean±SEM=0.6±0.03; p<0.0001) and (G) cell diameter (NDG mean±SEM=14±0.72 µm; LDG mean±SEM=11.7±0.41 µm; p<0.0001). Data 
pooled from five patients with SLE with individual symbol representing one cell and the mean±SEM is shown. Scale bar per image is 10 µm. LDG, 
low-density granulocytes; LOX-1, lectin-like oxidised low-density lipoprotein receptor-1; NDG, normal-density granulocytes; SLE, systemic lupus 
erythematosus.
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Figure 4 SLE LDG do not restrict CD4+ T cell proliferation. Both NDG and LDG from patients with SLE were evaluated for their ability to restrict 
T cell proliferation in an arginase-dependent assay. The relative number of HD proliferating CD4+ T cells was calculated after 72 hours, when co-
cultured with supernatant from either SLE NDG or LDG that was cultured overnight in the absence or presence of arginase inhibitor, nor-NOHA. 
(A) Representative plots and (B) relative number of T cells (normalised to CD3/CD28 bead controls) for different control conditions from three 
independent experiments. (C) Relative number of T cells (normalised to CD3/CD28 bead controls) when cultured with either NDG or LDG supernatant 
that was cultured overnight in the absence or presence of nor-NOHA (pooled data from six patients with SLE in three independent experiments).  
(D) Quantification of bioactive arginase present in the supernatant of the NDG and LDG test conditions (pooled data from six patients with SLE and 
the mean±SEM is shown). One unit of arginase is the amount of enzyme that will convert 1.0 µmole of L-arginine to ornithine and urea per minute 
at pH 9.5 and 37°C. HD, healthy donors; LDG, low-density granulocytes; NDG, normal-density granulocytes; NOHA, Nω-hydroxy-nor-arginine; SLE, 
systemic lupus erythematosus.
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Figure 5 SLE LDG induce proinflammatory T cell cytokine profile. Normalised quantification of (A) IFN-γ, (B) TNF-α and (C) LT-α from the 
proliferating T cell cultures that were cultured with supernatants derived from either NDG or LDG of patients with SLE (pooled data from six patients 
with SLE and the mean±SEM is shown). IFN-γ, interferon gamma; LDG, low-density granulocytes; LT-α, lymphotoxin alpha; NDG, normal-density 
granulocytes; SLE, systemic lupus erythematosus; TNF-α, tumour necrosis factor alpha.

were designated as PMN-MDSC by these investigators because of 
their observed suppressive functions.14 In our hands, these cells 
exhibited proinflammatory functions. The cohort studied by Wu 
et al exhibited high disease activity, and the majority of patients 
had lupus nephritis, which could underlie the observed differences 
in function. Furthermore, in our hands, the cell sorting technique 
used by Wu et al may significantly modify the functional character-
istics of granulocytes and myeloid cells (unpublished observations).

In multiple cancers, LOX-1 was demonstrated to be expressed 
at high levels on suppressive PMN-MDSC as compared with 
their normal-density counterparts and was thus suggested as a 
marker for PMN-MDSC.34 Here, we demonstrate for the first 
time the heightened surface expression of LOX-1 on proinflam-
matory LDG in an autoimmune disease. LOX-1 is a class E scav-
enger receptor for oxLDL, and in inflammatory diseases such 
as SLE, elevated oxLDL can induce granulocytic activation and 
degranulation.37–44 In cancer, LOX-1 has been associated with 
suppressive activity but is not required for regulatory function.34 
LOX-1 expression can be induced by endoplasmic reticulum 
stress, a common feature of both cancer and autoimmunity.34 45 
For these reasons, in autoimmune diseases, LOX-1 should not 
be used to assess whether a neutrophil is immunosuppressive or 
proinflammatory.

Indeed, while SLE LDG express LOX-1, they did not 
display any significant ability to suppress T cells in either  
contact-independent or contact-dependent assays. In contrast, 
here we demonstrated suppression mediated by transferred super-
natants from overnight cultures of only lupus NDG. We observed 
that spontaneously released bioactive Arg1 from SLE NDG was 
5-fold higher than HD NDG. Metabolism of extracellular argi-
nine via Arg1 liberated from PMN-MDSC or neutrophil azurophil 

granules is a key mechanism by which these cells are thought to 
exert their suppressive effect on T cells.46–48 Consistent with the 
possible involvement of this mechanism in disease, elevated levels 
of Arg1 have been reported in the serum of patients with autoim-
munity, cancer and infectious diseases.49–51 The enhanced suppres-
sive ability of SLE NDG may also be due to presence of activated 
neutrophils in such patients that have increased neutrophil sidero-
phore lipocalin-2 (LCN2/NGAL), which can effectively bind and 
remove iron.52 Sequestration of iron, a key T cell nutrient, from 
the microenvironment negatively impacts T cell proliferation.53 
The ability to release significantly more bioactive arginase coupled 
with heightened presence of LCN2 allows NDG from patients 
with SLE to be better suppressors of T cell proliferation than HD 
NDG. Our data suggest that in SLE, the Arg1-dependent suppres-
sion is primarily mediated by NDG and not LDG. While NDG 
supernatant did not affect CD4 T cell cytokine production, LDG 
supernatant promoted proinflammatory Th1 cytokine response, 
further validating their role as drivers of inflammation. Such Th1 
cytokine-producing cells have been detected in abundance in the 
kidneys of patients with lupus nephritis and also correlated with 
histological disease activity.54–56

In SLE, LDG have been shown to be highly susceptible to 
form NETs, a process that can lead to immune dysregulation and 
activation of pDC and myeloid type I IFN axis and induction 
of IFNGS.7 30 We demonstrated for the first time direct posi-
tive correlation between LDG and IFNGS, suggesting a close 
link between the presence of these cells and activation of type 
I IFN pathway. As such, future studies should address whether 
similar correlations are observed in other inflammatory diseases 
where the type I IFN pathway is considered to play important 
pathogenic roles. Further understanding the crosstalk between 
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aberrant neutrophil subsets and the type I IFN pathway in SLE 
may provide the identification of additional therapeutic targets 
in this disease.

In conclusion, we demonstrate that SLE LDG represent a 
pathogenic subset associated with type I IFN activation and with 
the development of non-suppressive T cell activation in this 
disease. The observed proinflammatory role of LDG validates 
their putative pathogenic role in SLE.
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Key messages

What is already known about this subject?
 ► The current absence of a consensus about 
definitions and scoring of elementary lesions 
detected by salivary gland ultrasonography is 
an obstacle to the diagnosis and monitoring of 
primary Sjögren’s syndrome.

What does this study add?
 ► This study substantially advances the validation 
of a novel, reliable, semiquantitative scoring 
system for ultrasound abnormalities of the 
major salivary glands in patients with known or 
suspected primary Sjögren.

 ► Video clips shared via the internet proved 
useful for having multiple experts assess 
ultrasonography examinations.

How might this impact on clinical practice or 
future developments?

 ► Availability of a reliable scoring system for 
salivary gland ultrasonography abnormalities 
should assist in the diagnosis and follow-up of 
primary Sjögren’s syndrome.

 ► The video clip method used in this study 
can be expected to improve future reliability 
assessments.ard.bmj.com

ABSTRACT
Objective To develop ultrasound (Us) definitions and 
a Us novel scoring system for major salivary gland (sG) 
lesions in patients with primary sjögren’s syndrome (pss) 
and to test their intrareader and inter-reader reliability 
using Us video clips.
Methods Twenty-five rheumatologists were subjected 
to a three-round, web-based Delphi process in order to 
agree on (1) definitions and scanning procedure of salivary 
gland ultrasonography (sGUs): parotid, submandibular 
and sublingual glands (PG, sMG and slG); (2) definitions 
for the elementary sGUs lesions in patients with sjögren’s 
syndrome; (3) scoring system for grading changes. The 
experts rated the statements on a 1–5 likert scale. in the 
second step, sGUs video clips of patients with pss and 
non-pss sicca cases were collected containing various 
spectrums of disease severity followed by an intrareader 
and inter-reader reliability exercise. each video clip was 
evaluated according to the agreed definitions.
Results Consensual definitions were developed after 
three Delphi rounds. among the three selected sGs, Us 
assessment of PGs and sMGs was agreed on. agreement 
was reached to score only greyscale lesions and to 
focus on anechoic/hypoechoic foci in a semiquantitative 
matter or, if not possible on a qualitatively (present/
absent) evaluation of fatty or fibrous lesions. intrareader 
reliability for detecting and scoring these lesions was 
excellent (Cohen’s kappa 0.81) and inter-reader reliability 
was good (light’s kappa 0.66).
Conclusion new definitions for developing a novel 
semiquantitative Us score in patients with pss were 
developed and tested on video clips. inter-reader 
and intrareader reliabilities were good and excellent, 
respectively.

InTROduCTIOn
Primary Sjögren’s syndrome (pSS) is a systemic 
autoimmune disease of unclear aetiology that 
primarily targets the lacrimal and salivary glands 

(SG), causing dryness of the eyes and mouth. Mono-
nuclear lymphoid cells infiltrate SGs, as well as the 
lacrimal glands, resulting in structural damage.1 In 
patients with suspected pSS, establishing the diag-
nosis may be challenging, as no single parameter as 
autoantibody or other biomarker is highly specific 
and SG histology may be inconclusive.2

The American-European Consensus Group 
criteria are currently the most widely used 
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classification criteria for patients with pSS symptoms.3 Several 
recent studies suggest that salivary gland ultrasonography (SGUS) 
may be helpful for evaluating the presence of SG involvement in 
patients with suspected or established pSS and could be another 
parameter for diagnosis.4–7 American College of Rheumatolo-
gy-European League Against Rheumatism (EULAR) criteria were 
published more recently without including SGUS.8 Furthermore, 
two studies support the usefulness of SGUS in monitoring the 
effect of treatment in clinical trials.7 9

Before SGUS can be used as an outcome measurement instru-
ment (OMI), its reliability must be tested. There is an unmet 
need to standardise and assess SGUS because no international 
consensus exists on SGUS elementary lesion definitions and 
scorings. A few efforts have been made to test inter-reliability 
based on definitions made by few well-designed studies.10–15

To validate the use of SGUS as a possible OMI for SG lesions 
in patients with pSS, a subtask force of the Outcome Measures in 
Rheumatology Clinical Trials (OMERACT) working group was 
created in June 2016. The objectives of the subtask force were 
as follows: (1) to develop a consensus on definitions of normal 
ultrasound (US) findings in major SG and a standardised scanning 
protocol; (2) to develop US definitions on elementary lesions in 
patients with pSS and a scoring system; (3) to test the reliability 
of the scoring system on patients with pSS and non-pSS sicca 
patients using consensual definitions and the protocol using a 
web-based video clip platform.

MATeRIAlS And MeTHOdS
delphi process
A stepwise approach was followed using the OMERACT method-
ological framework.16 First, a Delphi survey including questions 
on elementary SGUS abnormalities was developed based on a 
systematic literature review.17 The Delphi process is widely used 
among experts of diverse fields of activity to reach consensus of 
opinion on a specific topic. This process gathers data on what 
is known or not known about a fact or a topic from a panel of 
expert respondents to different surveys. It is a flexible and adapt-
able tool. Nevertheless, the expert selection and timing of its 
conduct should be well defined before its deployment to reach 
reliable data. Such process has its pitfalls such as low response 
rates, biased feedback and surveying of the panel of experts who 
may lack optimal knowledge of the studied topic.18 Thirty-eight 
statements regarding preliminary definitions were generated by 
a small steering committee (SJJ, GAWB, EN, MADA) and assem-
bled into three sections. Section 1 comprised 27 statements rele-
vant to the SGUS normal component definitions and scanning 
procedure of the parotid glands (PG), submandibular glands 
(SMG) and sublingual glands (SLG). Section 2 was composed 
of three statements relevant to definitions of elementary SGUS 
abnormalities in the PGs, SMGs and SLGs in patients with pSS. 
Finally, section 3 included eight statements relevant to a new 
scoring system for grading US abnormalities in the PGs, SMGs 
and SLGs in patients with pSS.

Participants
The survey was then sent by email to a broader group of 25 rheu-
matologists all experts in US and members of the OMERACT 
US task force in Sjögren disease. The Delphi participants came 
from 14 countries (Austria, Czech Republic, Denmark, Egypt, 
France, Germany, Italy, Mexico, Norway, Slovenia, Spain, Swit-
zerland, The Netherlands and the USA). The participants were 
then asked to rate their level of agreement for each statement 
using a 5-point Likert scale, in which 1 was inappropriate and 5 

was completely appropriate. The participants were asked to rate 
each definition using a level of agreement or disagreement for 
each statement according to a 1–5 Likert scale with 1=strongly 
disagree, 2=disagree, 3=neither agree nor disagree, 4=agree 
and 5=strongly agree. A Likert score of 4 or 5 was considered 
as agreement. Only when statements achieved a score of >75%, 
a consensus was considered for appropriately defining the cate-
gory. Statements satisfying these requirements were used for the 
definition and apply for the scoring system during the video clip 
exercise. Those statements with already achieved agreement, but 
suggestions for an improved wording in the first Delphi round, 
were rephrased according to the experts’ comments and reap-
praised in the second round.

Statements with a <75% agreement on a score of 4 or 5 on 
the Likert scale in the first round were not further taken to the 
second round. Free-comment fields were provided for every 
statement.

Patient and public involvement
Our study advances the development of a reliable consensual 
semiquantitative scoring system for US abnormalities of the 
major SG in patients with known or suspected primary Sjögren. 
This aim was deployed by using and sharing video clips of US-SG 
among a large panel of experts. There was no patient and public 
involvement or partnership in the design or conduct of the study.

Video clip collection
The third phase of the validation process consisted of testing 
the intrareader and inter-reader reliability of the new scoring 
system. To this end, the 25 experts were asked to assess SGUS 
video clips in greyscale. First, a subset of video clips was sent to 
all experts to assess the image quality and to test the feasibility 
of the video clip exercise. The experts were instructed to record 
anonymised video clips of SGUS examinations during their usual 
clinical practice in subsequent patients with pSS and non-pSS 
sicca patients seen at their respective institution. Each video clip 
was limited to a maximum time of 5 s to allow sharing via secure 
web transfer. Longitudinal and transverse scans were recorded on 
the same video. In each patient, both PGs and SMGs were exam-
ined, yielding 12 video clips per patient. All video clips were sent 
to the study centre in Brest, France, where they were evaluated 
for quality requirements for high-resolution image, for example, 
high-frequency linear US probe at 12–18 MHz, greyscale image 
only, including longitudinal and transverse planes of left and 
right PGs and SMGs according to Delphi process, 5 s video 
clip duration (video clip examples are now available as online 
supplementary videos). High-quality greyscale videos were thus 
assembled to create a video clip atlas of normal and abnormal 
SGUS findings in order to evaluate the diagnostic usefulness of 
SGUS irrespective of machine type and preset mode. Some of 
the findings met none of the definitions developed by the Delphi 
process, as they exhibited fatty replacement or fibrosis but no 
anechoic or hypoechoic foci. In case the SG scans did not show 
any anechoic or hypoechoic foci, experts were given the option 
of scoring such glands qualitatively as fatty or fibrous.

Fatty replacement was defined as fatty infiltration within 
the gland. Such fatty gland’s surface becomes homogeneously 
hyperechoic compared with adjacent tissue. Fibrosis was defined 
as the presence on the gland surface of hyperechoic bands that 
develop into fibrotic tissue indistinguishable from the adjacent 
soft tissues.

The video clips that were found to be of high quality were 
then pooled and sent in random order to the experts who had 
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Table 1 Section 1: agreed statements defining the appearance and 
standardised scanning procedure of the salivary glands examined by 
ultrasound

Section 1 definitions
Agreement 
(%)

delphi 
round

uS appearance 

normal PG 
parenchyma

Uniformly echoic texture (compared with adjacent 
muscles), with a clear demarcation between the 
gland and the overlying tissue. The echotexture 
of the PG is comparable to that of normal thyroid 
parenchyma.

81.1 1

normal 
components 
of PG 
parenchyma

(a) The normal (non-dilated) excretory duct 
(Stensen’s duct) is not visible, except sometimes in 
slim individuals.

81.1 1

(b) The PG vessels are the external carotid artery 
and retromandibular vein, which are sometimes 
visible on B-mode images.

81.1 2

(c) The external carotid artery and retromandibular 
vein divide the PG in a superficial and a deep lobe. 
These vessels should be used as landmarks for 
distinguishing between the two lobes.

95.8 1

(d) The larger superficial lobe is clearly visible and 
may contain typical oval lymph nodes, one in the 
upper pole and/or one in the middle and/or one in 
the lower pole of the gland.

90.9 1

(e) The smaller deep lobe may be difficult to assess, 
depending on gland echogenicity.

90.9 1

normal SMG 
parenchyma

Uniformly echoic texture (compared with adjacent 
muscles), with a clear demarcation between the 
gland and the overlying tissue. SMG echotexture 
granularity is usually finer compared with the PG 
and normal thyroid parenchyma.

95.4 2

normal 
components 
of SMG 
parenchyma

(a) The normal (non-dilated) excretory duct 
(Wharton’s duct) is not visible, except sometimes in 
slim individuals.

86.3 1

(b) The SMG vessels are the facial artery from 
the external carotid and the facial vein. The 
facial artery runs through the parenchyma and is 
consistently visible in B-mode provided the amount 
of pressure applied is not excessive.

86.9 2

(c) The facial vein runs along the anterosuperior 
part of the SMG and may be visible.

77.2 1

(d) Usually, under normal conditions, the SMG 
lymph nodes are located outside the anterior part 
of the gland but not within the gland.

86.9 2

uS scanning procedure 

PG (a) The PG can be assessed in a transverse plane 
perpendicular to the mandibular bone, using the 
mandibular ramus and temporomandibular joint 
condyle as landmarks.

95.4 2

(b) In the longitudinal plane, the probe is 
positioned parallel to the mandibular ramus. The 
PG must be assessed in both the longitudinal and 
the transverse planes.

90.9 1

SMG (a) The margins of the submandibular triangle are 
formed by the anterior and posterior bellies of the 
digastric muscle and the body of the mandible.

90.9 1

(b) The SMG can be assessed in the longitudinal 
and transverse planes at the posterior part of the 
submandibular triangle.

87.5 2

(c) The SMG should be assessed in the longitudinal 
and transverse planes at the posterior part of the 
submandibular triangle, using the posterior belly of 
digastric muscle as a landmark.

83.3 1

(d) In some individuals, glandular processes may 
connect the SMG and PG.

83.3 2

PG, parotid gland; SMG, submandibular gland; US, ultrasound.

participated in all three Delphi rounds. There were two video 
clip reading rounds, one between January and June 2017, and 
the second between July and November 2017. Thus, each expert 
read all the video clips.

Statistical analysis
Inter-reader reliability was assessed by using kappa statistics, 
and computing the weighted kappa coefficient (Fleiss-Cohen 
weights) for each pair of readers for statements with more than 
two ordinal categories.19 The minimum (min) and maximum 
(max) kappa values were calculated. Then, Light’s kappa, that 
is, the mean kappa value, was computed. To assess intrareader 
reliability, we computed the weighted kappa coefficients 
between two readings by each expert. We then computed 
Light’s kappa (mean of intrareader kappa values). The boot-
strap percentile method was used to compute the 95% CI of 
Light’s kappa.20 Kappa values were interpreted according to 
Landis and Koch.21

In the primary analysis, all findings described as fatty or fibrous 
lesions were considered as missing data. In a second analysis, 
we performed a sensitivity analysis in which fatty echostructures 
were graded 1 (minimal change) and fibrous echostructures were 
graded 3 (severe change) in the new scoring system.

All statistical analyses were carried out using R language 
V.3.2.0 (R Foundation for Statistical Computing, Vienna, 
Austria; https://www. r- project. org).

ReSulTS
Reaching consensus on definitions
The 25 experts reached a consensus on definitions after three 
Delphi rounds. Of the initial 38 candidate statements in the 
three sections, 28 were finally accepted by consensus. Of the 
25 participants, 22 (88%) responded to the first Delphi ques-
tionnaire. All these 22 participants responded to the second 
and third Delphi questionnaires. The first Delphi question-
naire was composed of 38 statements divided among the 
three sections. The participants disagreed on 19 statements 
pertaining to the following: in section 1, PG assessment and 
vascularisation, definition and assessment of normal SMG 
echostructure and vascularisation, and SLG assessment; in 
section 2, presence of hyperechoic bands in the PG and SMG 
parenchyma; and in section 3, the scoring system and quanti-
tative measurements of each gland. These 19 statements were 
rephrased for the second Delphi round. The participants then 
disagreed on nine statements, which pertained to elementary 
SGUS lesions in section 2 and to the scoring system in section 
3. A consensus was reached during this second round on defi-
nitions for and the scanning procedure of normal SG. Most of 
the experts (75%) agreed that the SLGs were too small for a 
reliable assessment. Table 1 lists the final definitions and the 
standardised scanning procedure in section 1.

For the third Delphi round, several statements on SLG evalu-
ation, the scoring system and measurement of each gland were 
rewritten. At the end of the third round, a consensus was achieved 
for elementary lesions (section 2, 95.4% agreement) and the 
scoring system (section 3, 79.1% agreement). In section 2, PG 
and SMG abnormalities in pSS were defined as focal or diffuse 
anechoic/hypoechoic foci (95.4% agreement). No consensus was 
reached as to the meaning of hyperechoic bands as an elementary 
lesion (70.8% agreement). However, the experts agreed that the 
SGs may be difficult to distinguish from the adjacent soft tissues 
in some patients with SG abnormalities, raising challenges in 
determining the score (79.1% agreement). In section 3, a novel 

four-grade semiquantitative scoring system for the PGs and 
SMGs in patients with pSS was defined grade 0, normal paren-
chyma; grade 1, minimal change: mild inhomogeneity without 
anechoic/hypoechoic areas; grade 2, moderate change: moderate 
inhomogeneity with focal anechoic/hypoechoic areas; grade 3, 
severe change: diffuse inhomogeneity with anechoic/hypoechoic 
areas occupying the entire gland surface (79.1% agreement).
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Figure 1 Ultrasound (US) images of parotid gland in a four-grade semiquantitative scoring system and two-item qualitative scoring system (fatty 
and fibrous glands): (A) grade 0, normal parenchyma; (B) grade 1, minimal change: mild inhomogeneity without anechoic/hypoechoic areas; (C) grade 
2, moderate change: moderate inhomogeneity with focal anechoic/hypoechoic areas but surrounded with normal tissue; (D) grade 3, severe change: 
diffuse inhomogeneity with anechoic/hypoechoic areas occupying the entire gland surface but surrounded with no normal tissue; (E) grade 1, parotid 
gland presents diffuse homogeneity with a hyperechoic gland compared with adjacent tissue; (F) grade 3, parotid gland presents hyperechoic bands 
that develop into fibrotic tissue indistinguishable from the adjacent soft tissues.

Assessment of scoring system reliability using video clips
We included 199 high-quality video clips, 104 of them showing 
the PGs and 95 the SMGs, respectively. Of the 25 experts, 18 
read all 199 video clips within the scheduled time frame. Online 
supplementary file 1 reports their responses. Of the video clips, 
33% were graded 0, 20% were graded 1, 23% were graded 2 
and 17% were graded 3. Overall, only 3% of video clips were 
graded as fatty and 4% as fibrous; these percentages ranged 

across experts from 0% to 10% and from 0% to 15%, respec-
tively. Online supplementary file 2 reports the grades for the PGs 
and online supplementary file 3 for the SMGs. Of the PG video 
clips, 37% were graded 0, 18% were graded 1, 19% were graded 
2 and 19% were graded 3; 3% were graded as fatty and 3% as 
fibrous with ranges across experts of 0%–12% and 0%–12%, 
respectively. Of the SMG video clips, 29% were graded 0, 23% 
were graded 1, 27% were graded 2 and 16% were graded 3; 
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Table 2 Intrareader reliability between 18 experts reading SG video 
clips

Kappa 
intraobserver Kappa min Kappa max light’s kappa 95% CI

SMG+PG 

  DS 0.60 0.97 0.81 0.77 to 0.84

  DS+fatty and 
fibrous

0.60 0.98 0.79 0.76 to 0.83

SMG (n=104)

  DS 0.46 0.97 0.75 0.71 to 0.80

  DS+fatty and 
fibrous

0.46 0.97 0.73 0.70 to 0.79

PG (n=95) 

  DS 0.69 0.98 0.86 0.77 to 0.87

  DS+fatty and 
fibrous

0.64 0.98 0.79 0.76 to 0.83

Primary analysis: according to Delphi scoring (DS), sensitivity analysis: DS+imputing 
‘fatty: grade 1, fibrous: grade 3’.
PG, parotid gland; SG, salivary gland; SMG, submandibular gland

Table 3 Inter-reader reliability between 18 experts reading SG 
video clips

Kappa interobserver Kappa min Kappa max light’s kappa 95% CI

SMG+PG 

  DS 0.35 0.85 0.66 0.61 to 0.70

  DS+fatty and 
fibrous

0.29 0.80 0.62 0.57 to 0.66

SMG (n=104) 

  DS 0.09 0.81 0.56 0.48 to 0.61

  DS+fatty and 
fibrous

0.09 0.80 0.54 0.48 to 0.60

PG (n=95) 

  DS 0.48 0.94 0.74 0.68 to 0.78

  DS+fatty and 
fibrous

0.43 0.85 0.68 0.61 to 0.73

Primary analysis: according to Delphi scoring (DS), sensitivity analysis: DS+imputing 
‘fatty: grade 1, fibrous: grade 3’.
PG, parotid gland; SG, salivary gland; SMG, submandibular gland;

2% were graded as fatty and 4% as fibrous, with ranges across 
experts of 0%–10% and 0%–18%, respectively. Figure 1 shows 
the four-grade semiquantitative scoring system with the two 
qualitative items fatty and fibrous.

Intrareader reliability
The primary analysis showed excellent reliability for the PGs and 
for the SMGs (table 2). Reliability was similar for both the PGs 
and the SMGs combined (Light’s kappa 0.81; range 0.6–0.97; 
95% CI 0.77 to 0.84). The sensitivity analysis in which fatty 
glands were graded 1 and fibrous glands were graded 3 showed 
a lower reliability (Light’s kappa 0.79; range 0.6–0.98; 95% CI 
0.76 to 0.83).

Inter-reader reliability
In the primary analysis, reliability was good for the PGs and 
SMGs separately (table 3). Similar reliability results were 
obtained when both glands were combined (Light’s kappa 0.66; 
range 0.35–0.85; 95% CI 0.61 to 0.70). Reliability was lower 

in the sensitivity analysis (Light’s kappa 0.62; range 0.29–0.80; 
95% CI 0.57 to 0.66).

dISCuSSIOn
In this first phase of a multiphase process to develop US as an 
OMI for scoring SG lesions in patients with pSS, the OMERACT 
task force on Sjögren’s syndrome developed consensual defini-
tions through a Delphi process and subsequently tested their 
reliability in a web-based video clip platform showing dynamic 
video images of SG. In the Delphi survey, existing and novel 
criteria were rated by a broad panel of international experts. 
An agreement on defining SGUS lesions was reached after three 
rounds of Delphi process and these definitions were finally used 
to develop a new semiquantitative scoring system for the SGUS 
assessment of the PGs and SMGs. The results were excellent for 
the intrareader and good for the inter-reader reliability, respec-
tively. The experts agreed that the SLGs should not be evalu-
ated by SGUS. To date, there are not enough data concerning 
morphology and size using US and MRI for these small chal-
lenging glands.22

Previous attempts for reaching definitions of SG echostructural 
lesions were conducted by the EULAR-US pSS group in 2012. 
This has proven to be difficult as reliability results showed wide 
variability. Indeed, the reliability was tested on seven elementary 
lesions either on static and acquisition images on patients with 
pSS and not on a comprehensive scoring. At the time, an assess-
ment on patients with pSS by five experts demonstrated that as 
to homogeneity of the gland, the inter-reader reliability for PG 
was moderate and for SMG fair.23 One of the main goals of the 
OMERACT SGUS subtask force was to develop a standardised 
SGUS scanning procedure. Training in the implementation of a 
standardised procedure is instrumental when striving for robust 
intrareader and inter-reader reliabilities. Studies of SGUS reli-
ability that relied instead on static and acquisition images have 
produced variable results.23–26 Some studies involved the sepa-
rate scoring of the items defined by Hocevar et al (echogenicity, 
homogeneity, hyperechoic bands, posterior border, presence or 
absence of calcifications and gland size).27–29 Only the homo-
geneity item showed good inter-reader reliability.30 Finally, a 
strong correlation has been demonstrated between homogeneity 
and the presence of anechoic/hypoechoic foci, indicating that 
these two items provide similar information.26 This fact should 
be taken into account when developing a semiquantitative 
scoring system.31 32

Fatty replacement and fibrosis are not considered in any of 
the current SGUS scoring systems. Fatty replacement of SGs is 
seen in healthy elderly individuals and in a small minority of 
patients with Sjögren’s syndrome. SG fibrosis is common in 
end-stage pSS and sometimes seen in early-stage pSS. Both fatty 
replacement and fibrosis were scored in the sensitivity analysis. 
Intrareader reliability was excellent and inter-reader reliability 
was good for both items in both the primary and the sensitivity 
analyses. Our results suggest that both items should be consid-
ered for SGUS scoring when the semiquantitative scoring system 
cannot be applied.

Reliability was lower for the SMGs than for the PGs. This 
fact may be related to the difference in parenchymal echostruc-
ture between these two glands.22 A recent study demonstrated 
no correlation between findings at the PGs and at the SMGs, 
whereas correlations were strong between the right and left 
PGs and between the right and left SMGs.26 Instead of scoring 
either the PGs or the SMGs we therefore recommend scoring 
at least one PG and at least one SMG for anechoic/hypoechoic 
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foci, hyperechoic (fibrous) bands (grade 3) and fatty replacement 
(grade 1) as part of an overall semiquantitative scoring system.26

The main study limitation was that we did not include fatty 
and fibrous gland statements (ie, based on qualitative grading) in 
our Delphi survey section on US-SG scoring system (ie, current 
consensus is based only on semiquantitative grading). Only 
later after the expert reading of the videos that we decided to 
include fatty and fibrous glands into our US-SG scoring system. 
We believe that using simplified scoring (only accounting for 
anechoic/hypoechoic areas) other important data such as fatty 
and fibrous characteristics of the gland could be omitted. In other 
words, our study limitation highlights the weakness of current 
US-SG scoring system and warrants the need for an update of 
such system for a comprehensive scoring which combines all 
quantitative and qualitative characteristics of SG.

In conclusion, an international expert consensus was reached 
using OMERACT methodology for the definitions of normal US 
appearance and abnormalities seen in patients with suspected or 
confirmed pSS. In a next step, these definitions were tested in 
video clips of patients with pSS and non-pSS sicca patients on 
the PGs and SMGs alone, excluding the SLGs. The sharing of 
video clips via the internet proved to be a simple and feasible 
method for having a large number of experts evaluates the reli-
ability of an SGUS scoring system. This study constitutes the first 
step towards a novel, reliable, semiquantitative SGUS scoring 
system available to clinicians and sonographers assessing the SGs 
of patients with suspected or confirmed pSS.
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Key messages

What is already known about this subject?
 ► Previous work has shown evidence of ectopic 
lymphoid structures and CD40–CD154 ligand 
expression in salivary glands (SGs) from 
patients with Sjögren’s syndrome (SS) and 
mouse models of this disease. Additionally, 
CD40 knockout mice and prophylactic pathway 
blockade have been shown to ameliorate 
sialadenitis in the non-obese diabetic (NOD) 
mouse model of SS.

What does this study add?
 ► This study demonstrates evidence of chronic 
CD40 expression and CD40 pathway activation 
in SGs from NOD/ShiLtJ mice. Further, it shows 
evidence of CD40 pathway activation in SG 
biopsies from patients with SS. Additionally, our 
results indicate that therapeutic treatment of 
NOD mice with an anti-CD154 mAb inhibited 
sialadenitis, reduced numbers of infiltrating 
lymphocytes and macrophages, and suppressed 
serum autoantibody levels. Finally, we could 
demonstrate that CD40–CD154 blockade 
inhibited expression of genes linked to B-cell 
activation and affinity maturation in SGs.

How might this impact on clinical practice?
 ► Collectively, our data suggest that therapeutic 
blockade of the CD40–CD154 costimulatory 
pathway could provide a beneficial therapeutic 
effect in patients with SS.

AbSTrACT
Objective To examine the role of cD40–cD154 
costimulation and effects of therapeutic pathway 
blockade in the non-obese diabetic (noD/shiltJ) model 
of sjögren’s syndrome (ss).
Methods We assessed leucocyte infiltration in 
salivary glands (sGs) from noD/shiltJ mice by 
immunohistochemistry and examined transcriptomics 
data of sG tissue from these animals for evidence of a 
cD40 pathway gene signature. additionally, we dosed 
Mr1 (anti-cD154 antibody) in noD mice after the onset 
of ss-like disease and examined the effects of Mr1 
treatment on sialadenitis, autoantibody production, sG 
leucocyte infiltration, gene expression downstream of 
cD40 and acquaporin 5 (aQP5) expression.
results We could detect evidence of cD40 expression 
and pathway activation in sG tissue from noD mice. 
additionally, therapeutic treatment with Mr1 suppressed 
cD40 pathway genes and sialadenitis, inhibited 
ectopic lymphoid structure formation and autoantibody 
production, as well as decreased the frequency of 
antibody-secreting cells in sGs but had minimal effects 
on aQP5 expression in noD/shiltJ sGs.
Conclusion cD40–cD154 interactions play an 
important role in key pathological processes in a 
mouse model of ss, suggesting that blockade of this 
costimulatory pathway in the clinic may have beneficial 
therapeutic effects in patients suffering from this 
autoimmune exocrinopathy.

InTrOduCTIOn
Sjögren’s syndrome (SS) is a chronic, autoimmune 
disease characterised by sialadenitis and exocrine 
gland dysfunction.1 2 Hallmarks of the disease in 
patients with both primary SS (pSS) and secondary 
SS include the presence of anti-Ro and La autoan-
tibodies and mononuclear cell infiltrates in salivary 
glands (SGs) and lacrimal glands.3 Infiltrates of T 
and B lymphocytes can form well-organised struc-
tures referred to as ectopic lymphoid structures 
(ELS) that bear morphological and functional simi-
larities to germinal centres (GCs).4 Previous work 
has reported evidence of ELS in SGs from patients 
with SS and from preclinical models of this disease 
and evidence of ongoing affinity maturation,5–7 
implicating these structures in disease pathology.8

There is relatively little published data on the 
role of various immune costimulatory pathways 
in ELS formation and function, despite data 
supporting the essential role of pathways like 
CD40–CD154 (CD40 ligand) in GC biology.9 
If such interactions were to play a role in ELS 
formation and function, then pathway blockade 
would be predicted to eliminate established 
structures in affected tissue.

To test this hypothesis, we examined the effect of 
therapeutic administration of an anti-CD154 mono-
clonal antibody in the non-obese diabetic (NOD/
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Figure 1 CD40 signature in ELS in SGs and reduction of tertiary 
lymphoid organs in SGs of NOD mice after 10-week treatment with 
MR1. A. 14 genes from the B-cell CD40 pathway gene signature were 
significantly upregulated in microdissected ELS from SGs in 12-week-
old animals. These genes included Cd40, Cd80 and Aicda, and they 
remained elevated in 24-week animals. B. Evidence of CD40 signalling 
in ELS formation was independently provided by ingenuity pathway 
analysis, which identified CD40 and CD154 (CD40LG) among top 
upstream regulators both at weeks 12 and 24. C. Representative in-
situ hybridisation images of Cd40, Cd80 and Aicda mRNA expression 
in inflammatory infiltrates in SGs of mice with NOD (the highest 
expression of Aicda was noted within ELS as defined by CD21 staining) 
treated with isotype control or MR1.

ShiLtJ) mouse model of secondary SS,10 and monitored SG ELS, 
gene expression downstream of CD40, antibody-secreting cell 
(ASC) frequencies as well as expression of acquaporin 5 (AQP5), 
a protein essential for secretory cell function.11

MATerIAlS And MeTHOdS
Cd40 pathway gene signature in SGs
Cryosections of SGs from untreated NOD/ShiLtJ mice (Charles 
River, Germany) were used for gene expression profiling by 
microarray. Laser capture microdissection was applied to enrich 
for ELS (online supplementary file).

nOd/ShiltJ mouse model of secondary SS
Twelve-week-old female NOD/ShiLtJ mice were randomised in 
two treatment groups (n=15 per group, two experiments): MR1 
(Armenian hamster anti-mouse CD154 IgG) and isotype control 
(IC, hamster anti-mouse IgG, BioXcell) at 15 mg/kg, intraper-
itoneally, two times per week for 10 weeks (online Supple-
mentary Figure S1). All procedures were performed according 
to the Swiss law for animal protection and were approved by 
the Cantonal Veterinary Office in Basel, Switzerland (Animal 
License No. BS-2482).

Histopathology, immunohistochemistry and in-situ 
hybridisation of spleen and SGs from nOd/ShiltJ mice
Paraffin sections of left SGs were stained with haematoxylin 
and eosin. Automated immunohistochemical stainings for CD3, 
CD45R, CD138, Iba-1, Ki-67 and AQP5 were performed on 
Ventana Discovery XT immunostainer (Roche Diagnostics, Swit-
zerland) (online Supplementary Table S1). RNAscope Cd40, 
Cd80 and Aicda probes (Advanced Cell Diagnostics, Newark, 
CA, USA) were used for in-situ hybridisation.

enzyme-linked immunospot assays for ASCs
Single cell suspensions from SGs and spleens were prepared 
(online supplementary file), and fresh CD45 +cells were added 
to precoated enzyme-linked immunospot (ELISPOT) plates 
and incubated for 20 hours at 37°C in the dark. ASC binding 
to plates was revealed by adding a Tetremethylbenzidine (TMB 
substrate solution, and the density of spots was measured with 
an EliSpot Reader ‘AID classic’.

Anti-ro60 elISA
Mouse Anti-Y RNA binding protein (SSA/Ro60) was assessed 
in serum using ELISA kit cat. No. 5710 (Alpha Diag-
nostic International, USA) according to the manufacturer’s 
instructions.

reSulTS
upregulation of a b-cell Cd40 gene signature in SGs
Microarray analyses were used to identify genes downstream 
of CD40 following rCD154 stimulation of primary, human 
CD19pos B cells (Fisher et al, submitted), 43 of which could 
be mapped to murine genes. We then examined whether the 
expression of these genes was modulated in SG tissue from 
NOD mice (aged 12–24 weeks). In all, 14 genes, including 
Cd40, Cd80 and Aicda were significantly upregulated in 
microdissected ELS compared with whole SG tissue at both 
time points, suggesting chronic pathway activation (figure 1A, 
online Supplementary Table S2). Pathway analysis also indi-
cated that CD40 and CD154 (CD40LG) were among the top 
upstream regulators both at weeks 12 and 24 (figure 1B), and 
we were able to demonstrate overlap between CD40 pathway 

genes upregulated in SGs from NOD mice and from patients 
with pSS12 (online Supplementary Figure S2).

Cd40–Cd154 interactions are essential for elS formation
NOD mice develop focal cellular infiltrates in SGs at 8–12 weeks 
of age with 100% incidence that precedes a decline in SG func-
tion.13 The above data suggested chronic CD40 pathway signal-
ling in NOD SG tissue, and this was supported by evidence of 
CD40 expression by mononuclear cells in inflammatory foci14 
(online Supplementary Figure S3). We therefore opted to test 
the effects of therapeutic CD40–CD154 blockade by dosing 
the anti-CD154 mAb MR1 at 15 mg/kg biweekly starting at 12 
weeks of age for 10 weeks.

Figure 1B shows that expression of Cd40 and Cd80 was evident 
in SGs of NOD mice treated with IC. We could also observe 
expression of Aicda associated with CD21pos cells. Expression of 
these genes was decreased following chronic dosing of MR1 for 
10 weeks, suggesting that CD40–CD154 blockade could reduce 
expression of genes involved in B-cell differentiation and func-
tion at sites of leucocyte accumulation in SG tissue.

Chronic dosing of MR1 also resulted in a significant reduc-
tion in ELS in SGs, as defined by clusters of Ki67-positive cells 
(figure 2A). In addition, there was a strong reduction in the 
percentage of SG-infiltrating B and T cells, and macrophages. 
Histological images indicated that MR1 was able to suppress 
ELS 10 weeks after the start of dosing (figure 2B).
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Figure 2 Reduction of ectopic lymphoid structures in SGs of NOD mice after 10-week treatment with MR1. A. Ten-week treatment with MR1 
significantly reduced sialadenitis (quantitative analysis of CD3-positive T cells, CD45R-positive B cells, Iba-1-positive macrophages and Ki-67-positive 
proliferating cells). Each symbol represents data from an individual animal and square (n=7 for IC and n=4 for MR1 treatment) and round symbols 
(n=11 for IC and n=14 for MR1 treatment) indicate data obtained from independent experiments. B. Representative images of submandibular SGs in 
NOD mice at the end of the experiment illustrating sialadenitis in IC-treated animals (left panel) and significantly reduced sialadenitis in anti-CD154-
treated animals (right panel).

blockade of Cd40–Cd154 interactions inhibits ASC formation 
and autoantibody production
MR1 administration resulted in a reduction in total IgG (but 
not IgM) ASCs in spleen, SGs and bone marrow (figure 3B) 
and completely suppressed splenic GCs (online Supplementary 
Figure S4). Anti-CD154-treated mice also displayed a significant 
reduction in serum anti-Ro IgG levels, although the frequency 
of Ro-specific ASCs in SGs did not appear to be significantly 
affected (figure 3C).

blockade of Cd40–Cd154 interactions has minimal effect on 
AQP-5- expression and localisation
AQP5 is a water channel protein involved in regulating produc-
tion of saliva and tears,11 and previous data have suggested that 
levels and distribution of this protein were altered in pSS.15 
Following treatment with MR1, we observed minimal change 
in AQP5 expression in in MR1-treated compared with control 
animals (online Supplementary Figure S5). In ageing NOD mice, 
there appeared to be progressive increase in apical AQP5 expres-
sion, a process that appeared to be delayed in some but not all 
animals treated with MR1.

Discussion

Evidence of affinity maturation and presence of autoreactive B 
cells in SG ELS suggests a potential role of these structures in 
SS pathology.6 Given the functional similarities between ELS 
and GCs, we hypothesised that immunological costimulatory 

pathways involved in GC biology may play a similar role in ELS. 
Pharmacological blockade or deficiency in CD40 or CD154 
prevents GC formation and this costimulatory pathway has 
been implicated in ELS biology, as CD40 expression has been 
observed on infiltrating cells in SGs glands from patients with 
pSS as well as in NOD/ShiLtJ mice.14 16 Coupled with persistent 
upregulation of genes downstream of CD40 in ELS from NOD 
mice and in SG biopsies from patients with pSS, these data 
suggested that this costimulatory pathway was active in infil-
trating SG leukocytes.

We demonstrated that therapeutic blockade with an anti-
CD154 mAb blocked both cellular and molecular outcomes 
of signalling downstream of this costimulatory pathway in SS 
disease-relevant tissue in NOD mice. These results suggest that 
CD40–CD154 interactions were essential for sialadenitis, ELS 
formation, as well as B-cell diversification processes linked 
to Aicda expression. Furthermore, downstream B-cell differ-
entiation into IgG-secreting ASCs was inhibited, and this was 
reflected in suppression of circulating anti-Ro autoantibodies. 
In contrast, we observed minimal effects of CD40–CD154 
blockade on AQP5 protein levels or cellular localisation SGs, 
although evidence is equivocal as to whether a decrease in 
AQP5 expression represents a surrogate marker of SG func-
tion in SS.15 17 Assessment of saliva production would be a 
more direct measure of SG function,13 but unfortunately, our 
animal licence did not allow the procedure at the time of the 
experiment.
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Figure 3 Reduction of CD138+ cells and IgG ASCs in SGs, and anti-Ro Ig in serum after 10-week treatment with anti-CD154. A. Anti-CD154 
administration resulted in a reduction of CD138-positive plasma cells in SGs of NOD mice at the end of the treatment. B. Significant reduction in total 
IgG ASC in spleen (i), SGs (II) and bone marrow (III) was observed. Each symbol represents data from an individual animal and square (n=7 for IC and 
n=4 for MR1 treatment) and round symbols (n=11 for IC and n=14 for MR1 treatment) indicate data obtained from independent experiments. C. Anti-
CD154-treated mice showed a significant reduction in serum anti-Ro IgG levels, although the frequency of Ro-specific ASCs in SGs did not appear to 
be significantly affected (n=11 for IC and n=14 for MR1 treatment).

Previous data indicate that prophylatic administration of a 
single-dose of MR1 in young NOD mice (4–5 weeks of age; 
1–2 months prior to evidence of sialadenitis) could prevent 
development of sialadenitis and reduce levels of anti-Ro auto-
antibodies,18 consistent with results from CD40-deficient NOD 
mice. However, to our knowledge, this is the first time that 
therapeutic blockade of CD40–CD154 interactions has been 
shown to abolish SG inflammation, ELS, expression down-
stream of CD40 signalling and reduce autoantibody levels 
in this model. Our data contrast with earlier work where 

adeno-associated viral expression of a soluble CD40-Ig fusion 
protein in SGs of NOD mice failed to reduce sialadenitis.19 As 
the authors reported no evidence of fusion protein expression 
in SGs, it is likely that concentrations of the drug were insuf-
ficient to achieve full CD40–CD154 pathway blockade. In 
contrast, we could clearly demonstrate abrogation of splenic 
GCs suggesting we had sufficient MR1 exposure for complete 
pathway blockade in tissue. Collectively, our data suggest 
that therapeutic blockade of the CD40–CD154 costimula-
tory pathway with biologics such as the anti-CD40 antibody 
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CFZ533 (Iscalimab) could provide a beneficial therapeutic 
effect in patients with SS.20
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AbSTrACT
Objective To assess the safety and efficacy of 
rituximab in systemic sclerosis (ssc) in clinical 
practice.
Methods We performed a prospective study including 
patients with ssc from the european scleroderma Trials 
and Research (eUsTaR) network treated with rituximab 
and matched with untreated patients with ssc. The main 
outcomes measures were adverse events, skin fibrosis 
improvement, lung fibrosis worsening and steroids use 
among propensity score-matched patients treated or not 
with rituximab.
results 254 patients were treated with rituximab, 
in 58% for lung and in 32% for skin involvement. 
after a median follow-up of 2 years, about 70% 
of the patients had no side effect. Comparison of 
treated patients with 9575 propensity-score matched 
patients showed that patients treated with rituximab 
were more likely to have skin fibrosis improvement 
(22.7 vs 14.03 events per 100 person-years; OR: 
2.79 [1.47–5.32]; p=0.002). Treated patients did 
not have significantly different rates of decrease in 
forced vital capacity (FVC)>10% (OR: 1.03 [0.55–
1.94]; p=0.93) nor in carbon monoxide diffusing 
capacity (DlCO) decrease. Patients having received 
rituximab were more prone to stop or decrease 
steroids (OR: 2.34 [1.56–3.53], p<0.0001). Patients 
treated concomitantly with mycophenolate mofetil 
had a trend for better outcomes as compared with 
patients receiving rituximab alone (delta FVC: 5.22 
[0.83–9.62]; p=0.019 as compared with controls vs 3 
[0.66–5.35]; p=0.012).
Conclusion Rituximab use was associated with a good 
safety profile in this large ssc-cohort. significant change 
was observed on skin fibrosis, but not on lung. However, 
the limitation is the observational design. The potential 
stabilisation of lung fibrosis by rituximab has to be 
addressed by a randomised trial.

InTrOduCTIOn
Systemic sclerosis (SSc) is an orphan disease that 
is characterised by fibrosis of the skin and internal 
organs, autoimmunity and vasculopathy.1 SSc 
has the highest cause-specific mortality among 
connective tissue diseases.2 Progressive interstitial 
lung disease (ILD) is the leading cause of death 
in SSc.3 Despite the fatal burden associated with 
this condition, treatment options for SSc remain 
limited.4 Preliminary case-reports and series 
have suggested that rituximab, a chimeric mono-
clonal antibody targeting B cells, could improve 

Key messages

What is already known about this subject?
 ► Some efficacy of rituximab in systemic sclerosis 
(SSc) has been suggested by few small-sized 
uncontrolled studies. Large controlled studies 
were lacking.

What does this study add?
 ► Rituximab is safe in SSc.
 ► Treatment with rituximab improves skin 
fibrosis, which is a marker of disease activity 
and severity as compared with untreated 
control-patients.

 ► No significant change was observed on lung 
fibrosis in the whole cohort.

 ► Secondary analyses suggest that combination 
therapy with mycophenolate mofetil might be 
more effective for treating lung fibrosis.

How might this impact on clinical practice or 
future developments?

 ► A clue for the future to get a better impact on 
SSc outcomes might be combination therapy, 
which should be further studied.
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Table 1 Baseline characteristics of patients with SSc treated with 
rituximab and untreated SSc-controls from EUSTAR database

Total
(n=9829)

non-treated 
(n=9575)

Treated 
(n=254) P value

Sex (Female) 8437 (85.8%) 8256 (86.2%) 181 (71.3%) <0.0001

Age, Mean±SD 54.4±13.8 55 (45–65) 51 (44–58) <0.0001

Diffuse 
cutaneous 
form

3022 (31%) 2866 (30.2%) 156 (63.9%) <0.0001

Disease 
duration 
(years),
Median 
(Q1–Q3)

5.2 (2:11.1) 5.2 (2–11.1) 4.2 (1.9–9.7) 0.046

ANA 9053 (94.6%) 8813 (94.5%) 240 (98%) 0.026

Anti-Scl70 3123 (33.9%) 2994 (33.4%) 129 (52.9%) <0.0001

ACA 3436 (37.4%) 3410 (38.1%) 26 (10.7%) <0.0001

RNA pol III 
antibodies

162 (5.3%) 145 (5.2%) 17 (7%) 0.31

Modified 
Rodnan skin 
score, Median 
(Q1–Q3)

(0:86) 7 (3–13) 14 (6–24) <0.0001

Lung fibrosis 
(on HRCT)

1686 (43.4%) 1505 (41.4%) 181 (71.3%) <0.0001

FVC, Mean±SD 94.5±21.7 96 (81–110) 77 (63–95.2) <0.0001

DLCO, 
Mean±SD

70.2±23.1 71 (57–84) 57 (43–72.3) <0.0001

Tender joints 
count, Median 
(Q1–Q3)

0 (0:0) 0 (0–0) 0 (0–4) <0.0001

Swollen joints 
count, Median 
(Q1–Q3)

0 (0:0) 0 (0–0) 0 (0–0.8) <0.0001

CRP, Median 
(Q1–Q3)

3 (1:7) 2.4 (1–6) 5 (2–14.6) <0.0001

Previous IS or 
biologics

1798 (18.3%) 1698 (17.7%) 100 (39.4%) <0.0001

Steroids 171 (67.3%)

Prednisone 
(mg/day), 
Median 
(Q1–Q3)

0 (0:5) 0 (0–5) 5 (0–10) <0.0001

Follow-up 
(months)

25.1 (18.5:38.1) 25.1 (18.9–38) 24.3
(13.3–41.4)

0.005

Previous IS (immunosuppressive drugs) include methotrexate, mycophenolate 
mofetil, azathioprine and cyclophosphamide, whereas biologics include anti-TNF 
alpha, tocilizumab and abatacept.
Values are median (IQR) or mean±SD or numbers (%) of observations.
Lung fibrosis was diagnosed on HRCT.
ACA, anticentromeres; ANA, antinuclear antibodies; DLCO, diffusing capacity of lung 
for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution CT; RNA pol 
III, RNA polymerases III antibodies; SSc, systemic sclerosis.

skin and lung fibrosis in SSc.5–19 However, these studies were 
mostly limited by small samples sizes, lack of control arms, 
single centre designs, discrepancies in study designs and short 
durations of follow-up. In a previous European Scleroderma 
Trials and Research (EUSTAR) report on 63 patients with SSc, 
rituximab treatment was associated with improvement in skin 
fibrosis, particularly in the diffuse cutaneous form, together 
with a stabilisation of pulmonary functional testing.20 Though 
rituximab demonstrated a good safety profile, but this was 
limited by 6 months follow-up; and only nine of these patients 
had restrictive SSc-ILD, thus preventing any firm conclusions. 

The aim of our study was to investigate larger population 
with longer follow-up and including more patients with lung 
involvement to better assess the effect of rituximab on SSc and 
establish a side effect profile specific for SSc.

MeTHOdS
data source
The ongoing EUSTAR is an international, multicentre, prospec-
tive registry managed by physicians (list of authors and online 
supplementary appendix I) and organised centrally by its 
committee.20

For controls, we interrogated the EUSTAR database at the end 
of July 2017, providing information on 14 239 patients, from 
142 participating centres, fulfilling the 2013 criteria for SSc21 
(Strobe Checklist in online supplementary appendix II). Patients 
without follow-up (n=4664) and patients with previous autol-
ogous stem cell transplantation were excluded. The structure of 
the database, the minimum essential data set and the inclusion 
criteria have been described in detail previously.22

design and analytic sample
From March to September 2017, we queried the database and 
sent a call for observations in the EUSTAR network regarding 
rituximab use. Out of 14 239 patients recorded in the data-
base, 254 were recruited because of rituximab use (37 centres). 
We sent a questionnaire to each centre with at least one ritux-
imab-treated patient. For each patient, we collected in addi-
tion to the database content, the main indication for initiating 
the treatment, previous treatments received and dosage. The 
following baseline and follow-up information were also queried: 
modified Rodnan skin score (mRSS), presence and extent of 
lung fibrosis on CT, FVC (% predicted), DLCO (% predicted), 
presence of digital ulcers, overlap disease (defined by co-occur-
rence of another autoimmune disease),23 number of tender and 
swollen joints (/28), DAS-28 ESR/CRP scores, joint contracture 
and tendon friction rubs, morning stiffness, visual analogic scale 
for articular pain, HAQ-DI score, presence of lower and upper 
gastrointestinal symptoms and CRP (mg/L). The number of infu-
sions and dosage were recorded. Concomitant treatments and 
dosage were also collected.

Outcomes
The occurrence of any adverse event (including hypogammaglob-
ulinemia,24 infection (and need for hospitalisation), scleroderma 
renal crisis [SRC]), serious adverse event and discontinuation 
because of an adverse event was collected. In case of death, we 
asked the relationship between the death and rituximab: (1) not 
related, (2) unlikely related, (3) possibly related, (4) probably 
related and (5) definitely related.

Outcomes were assessed at last observation under treatment 
(median follow-up [IQR]: 24.3 [13.3–41.4] months) responders 
for skin fibrosis were defined as patients with ≥5 points and 
25% of improvement in mRSS.25 mRSS is frequently used as a 
primary outcome in clinical trials, therefore we assessed ritux-
imab effect also in patients without a ‘skin indication’ and 
limited the analysis to patients with a mRSS ≥10 (n=131) 
consistently with distribution of skin involvement in Eustar.3 For 
lung fibrosis worsening, we used the following cut-offs: ≥10% 
decrease in FVC and ≥15% decrease in DLCO.26 Evolution of 
articular involvement was assessed: tender and swollen joints 
counts (/28), DAS-28 ESR/CRP scores, joint contracture, tendon 
friction rubs, duration of morning stiffness, articular pain, 
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Figure 1 Quality of the matching: Matching 1:4 for skin (A) and for lung involvement (B). Matching allows comparability of cases and controls with 
less than 10% of difference between all variables studied. Data, presented as mean±SEM, are from the first imputed and matched (ratio 1:4) dataset. 
DLCO, diffusing capacity of lung for carbon monoxide; FVC, forced vital capacity.

HAQ-DI score and CRP (mg/L). Concomitant steroid use and 
dosage were collected.

Covariates
Covariates used in the model to calculate propensity score 
were baseline characteristics: sex, age, cutaneous form, anti-
nuclear antibodies (ANA), anticentromere antibodies (ACA), 
anti-Scl70 antibodies, RNA polymerases III (RNA pol III) anti-
bodies, disease duration, region (Western and Eastern Europe, 
North and South America, Africa and Asia), time between two 
visits (time between the baseline and final visit under ritux-
imab), previous and concomitant use of immunosuppressant 
(IS) or biologics, mRSS, DLCO, FVC and lung fibrosis. IS drugs 
included methotrexate, mycophenolate mofetil, azathioprine 
and cyclophosphamide, whereas biologics included TNF alpha 
inhibitors, tocilizumab and abatacept.

Statistical analysis
Categorical results are presented as counts and percentages. 
Non-normally distributed variables are presented as median with 
IQR and normally distributed variables as means±SD. Compar-
ison of characteristics of treated and non-treated patients was 
performed by χ² test and Student’s t-test or the Mann–Whitney 
test, according to the distribution of the variable. Side effects 
during treatment with rituximab were summarised by the 
frequency and percentage. To evaluate efficacy of rituximab for 
skin fibrosis in SSc, a propensity score approach was used. This 
score was estimated using a logistic regression with adjustment 
on regions. The analysis of responders was based on propensity 
score matching with a ratio 1:4 and a calliper of 0.05 SD of 
the logit propensity score. To account for missing data, analyses 
were conducted using multiple imputations by chained equations 
with 50 imputations obtained after 10 iterations.27 The variables 
considered in the imputation models were all characteristics 
used in propensity score. For each complete imputed data set, 
propensity score was estimated and association between decrease 
in the mRSS and treatment was evaluated using conditional 
logistic regression. Results were aggregated by pooling estimates 
obtained on each imputed dataset according to Rubin’s rules.28 
Balance in potentials confounders was assessed by standardised 
mean differences.29 Sensitivity analyses were performed using 

other alternative methods of propensity score analysis: ratio 
1:1 within a calliper of 0.05 SD of the logit propensity score, 
stratification on the quintiles of the propensity score and inverse 
probability of treatment weighting. The analyses of decrease in 
the FVC of 10%, decrease in the DLCO of 15% and tapering or 
stopping steroids were performed according the same method-
ology and same covariates as decrease in mRSS. The variation of 
FVC as a continuous variable was analysed by a linear mixed-ef-
fects model. Exploratory analyses of skin fibrosis improvement 
and lung fibrosis worsening were focused on diffuse cutaneous 
form and early disease (<5 years of disease duration).

Factors associated with lung improvement in patients treated 
with rituximab were determined using univariate and multivari-
able logistic regression analyses with multiple imputations. Age, 
disease duration and DLCO were dichotomised according to 
their median or first quartile for FVC. All variables with p<0.1 
in univariate were included in multivariate analysis with adjust-
ment on regions. The lack of significant interaction between 
covariates was checked.

All tests were two-sided at a 0.05 significance level. Analyses 
were carried out using R statistical software V.3.3.2.

reSulTS
baseline cohort characteristics
From March to September 2017, out of 14 239 patients recorded 
in the database, 254 were recruited because of rituximab use (37 
centres): 71% of female, median age: 51 years, 64% of diffuse 
cutaneous form and 71% displayed lung fibrosis. Median extent of 
lung fibrosis on CT was 20%.10–29 Anti-Scl70 and ACA antibodies 
were detected in 53% and 11% of the patients, respectively. An 
overlap syndrome was diagnosed in 26% of the cohort, consis-
tently with previous reports in SSc.23 Previous treatments included 
DMARDs in 66/252 (32.5%), biologics in 24/252 (9.5%), cyclo-
phosphamide in 23/252 (9.1%). Further details are provided in 
table 1 and online supplementary table I and II.

The leading indication for rituximab was lung involvement in 
146/254 (58%) cases, skin in 81/254 (32%) cases and in 108/254 
(42%) musculoskeletal involvement (flowchart in online supple-
mentary figure 1). Concomitantly to rituximab, patients received 
steroids for 67.3% (median dose: 10 mg/day [IQR: 5–10]). Total 
136 (53.7%) were treated in parallel with DMARDs (methotrexate 

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2018-214816 on 9 A
pril 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
http://ard.bmj.com/


982 Elhai M, et al. Ann Rheum Dis 2019;78:979–987. doi:10.1136/annrheumdis-2018-214816

Systemic sclerosis

Figure 2 Evolution of skin and lung fibrosis among propensity score-matched patients treated and untreated with rituximab. (A,B) evolution of 
modified Rodnan skin score between baseline and last visit (under treatment) in patients and propensity score-matched patients from EUSTAR: (A): in 
patients with skin indication for the treatment; (B) in patients with modified Rodnan skin score at baseline ≥10; (C) evolution of forced vital capacity 
between baseline and last visit (under treatment) in patients with a lung indication for the treatment and propensity score-matched patients from 
EUSTAR; (D) evolution of DLCO between baseline and last visit (under treatment) in patients with a lung indication for the treatment and propensity 
score-matched patients from EUSTAR. Data, presented as mean±SEM, are from the first imputed and matched (ratio 1:4) dataset. DLCO, diffusing 
capacity of lung for carbon monoxide; EUSTAR, European Scleroderma Trials and Research; FVC, forced vital capacity.

for 75, mycophenolate mofetil for 45, azathioprine for 14 and 
cyclophosphamide for 6).

Safety analysis
After a median follow-up of 2 years, nearly 70% of patients 
(175/254) had no reported side effect, 43 (17%) had minor side 
effects and 36 (14%) were considered as severe by investigating 
centre. This led to discontinuation of the treatment in 24 patients 
(9%). During follow-up, six deaths were recorded: four unrelated 
to the treatment (two sudden deaths, one sepsis attributed to decu-
bitus ulcers, one heart failure) and two possibly related (two respi-
ratory insufficiencies in the context of lung carcinoma). In all, five 
cancers were reported during the follow-up. There was no associa-
tion between occurrence of infections and previous or concomitant 
treatment with IS or hypogammaglobulinemia. Further details are 
provided in online supplementary table III.

efficacy
Among the 14 239 patients who underwent ≥1 visit, 9575 had 
≥1 follow-up (table 1). Comparison of characteristics between 
patients with and without follow-up showed minor differences 
(online supplementary table IV). Matching for skin and lung 
allowed comparability of cases and controls (figure 1).

Skin fibrosis
The mRSS of patients treated for skin fibrosis decreased from 
mean±SD 22.1 (±9.3) to 14.1 (±8.4) in treated patients (n=74) 
vs 21.1 (±10.5) to 16.2 (±10.3) (p<0.0001) in untreated patients 
matched according to propensity score (n=281) (figure 2A). In 
patients with a mRSS ≥10 (n=131), the mRSS decreased from 
21.2 (±8.8) to 13.4 (±7.9) vs 20.4 (±8.2) to 16.0 (±8.2) in 
controls (p<0.0001) (figure 2B).
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Table 2 Factors associated with lung improvement in patients 
treated with rituximab

univariate model Multivariate model

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

Sex 0.84 (0.34 to 2.06) 0.71

Age >55 years 0.9 (0.42 to 1.9) 0.78

ANA 1.07 (0.07 to 16.77) 0.96

Anti-Scl70 0.84 (0.41 to 1.72) 0.63

ACA 0.68 (0.18 to 2.64) 0.58

RNA pol III antibodies 4 (0.45 to 35.38) 0.22

Diffuse cutaneous form 1.57 (0.78 to 3.18) 0.21

Disease duration <5 years 2.02 (0.98 to 4.17) 0.058 1.94 (0.94 to 4.03) 0.077

Previous IS or biologics 0.95 (0.47 to 1.93) 0.89

DLCO <70% 1.68 (0.68 to 4.2) 0.27

FVC <80% 2.05 (0.96 to 4.38) 0.066 1.96 (0.91 to 4.23) 0.089

Variables identified in univariate analysis with p<0.1 were tested in multivariate analysis 
adjusted on region. Lung fibrosis improvement was defined by increase in forced vital 
capacity during the follow-up. Previous IS (immunosuppressive drugs) include methotrexate, 
mycophenolate mofetil, azathioprine and cyclophosphamide, whereas biologics include anti-
TNF alpha, tocilizumab and abatacept. Cut-off values to define DLCO and FVC were defined 
according to distribution.
ACA, anticentromeres; ANA, antinuclear antibodies; DLCO, diffusing capacity of lung for 
carbon monoxide; FVC, forced vital capacity; RNA pol III, RNA polymerases III antibodies.

Figure 3 Adjusted OR for skin fibrosis improvement and lung fibrosis worsening among propensity score-matched patients treated or untreated 
with rituximab. The analyses of decrease in the modified Rodnan score of 5 points and 25% and decrease in the FVC of 10% and decrease in the 
DLCO of 15% were based on propensity score matching with a ratio 1:4. For each complete imputed data set, propensity score was estimated and 
association between decrease in the modified Rodnan score/ in FVC and in DLCO, respectively, and treatment was evaluated using conditional logistic 
regression. We used other matching method with ratio 1:1 within a calliper of 0.05 SD of the logistic propensity score, stratification on the quintiles 
of the propensity score and IPTW. Decrease in the modified Rodnan score of 5 points and 25% in patients with (A) skin indication; (B) modified 
Rodnan skin score >10 at baseline; (C) decrease in the FVC of 10% in patients with lung indication for the treatment; (D) decrease in the DLCO of 
15% in patients with lung indication for the treatment. DLCO, diffusing capacity of lung for carbon monoxide; FVC, forced vital capacity; IPTW, inverse 
probability of treatment weighting.

Rituximab-treated patients had a higher probability of 
improvement in dermal fibrosis as compared with propensity 
score matched-controls (22.7 vs 14.03 events per 100 person-
years; OR: 2.79 [1.47–5.32]; p=0.002). This was confirmed in 
sensitivity analyses (figure 3A).

Same results were observed for patients with a mRSS ≥10 (OR: 
1.86 [1.25–2.79]; p=0.002) (figure 3B) as well as in subgroup anal-
yses (diffuse and early forms; online supplementary figure 2A,B).

lung fibrosis
In lung treated patients (n=146), FVC remained stable during the 
follow-up (76.3 (±19.3) to 77.7 (±20.2)), similarly to controls 
(79.1 (±20.6) to 80.7 (±21.1)) (n=497) (figure 2C). DLCO 
also remained stable both in treated patients (54.4 [±18.8] to 
55.5 [±19.5]) and in controls (55.6 [±18.7] to 54.7 [±20.2]) 
(figure 2D). Extent of fibrosis remained stable (20.0 [±2.1] to 
20.0 [±2.5]) (n available=60). Treated patients did not have 
significantly different rates of decrease in FVC >10% (6.5 vs 6.6 
events per 100 person-years; OR: 1.03 [0.55–1.94]; p=0.93) 
nor in DLCO decrease (figure 3C,D), which was confirmed in all 
secondary analyses (online supplementary figure 2 C, D and 3). 
In univariate cox models, lung function had a trend to improve 
in early disease and in patients with FVC <80%, which was not 
confirmed in multivariate analysis (table 2).
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Table 3 Evolution of musculoskeletal involvement during treatment 
with rituximab

Variables baseline last follow-up P value

Tender joints count (/28) 
(n=85)

7.6±8.6 2.4±4.7 <0.0001

Swollen joints count (/28) 
(n=81)

3.1±5.2 0.7±2.2 <0.0001

DAS28 ESR (n=25) 5.40 (3.99–6.22) 3.29 (2.02–4.24) <0.0001

DAS28 CRP (n=29) 4.68 (3.55–5.88) 2.60 (1.59–3.87) <0.0001

Joint contracture, n (%) 44/84 (52.4%) 37/84 (44%) 0.35

Tendon friction rubs, n (%) 20/76 (26.3%) 8/76 (10.5%) 0.021

Morning stiffness (min) 
(n=47)

78.9±72.1 32.1±46.3 <0.0001

Visual analogic scale for 
articular pain (n=33)

70(50-80) 35 (20–52.5) <0.0001

HAQ-DI (n=12) 1.31 (1.12–1.92) 1.20 (0.45–1.81) 0.10

Values are median (IQR) or mean±SD numbers (%) of observations.
P comparing baseline and last follow-up data using Wilcoxon-test or paired t-test for 
quantitative variables and McNemar or paired χ²-test for proportions, according to 
distributions.
DAS, disease activity score; HAQ, Health Assessment Questionnaire.

In secondary analyses, the concomitant use of mycophenolate 
to rituximab (n=37 with lung indication) showed a trend for 
better outcomes (delta FVC with controls: 5.22 [0.83–9.62]; 
p=0.019 vs delta FVC: 3 [0.66–5.35]; p=0.012 in patients 
receiving rituximab alone). Furthermore, 9/31 (29%) had an 
increase >10% in FVC. The difference with patients treated 
by rituximab alone was not statistically significant (delta: 
2.98 [–2.12 to 8.09]; p=0.25). No adjusted analysis could be 
performed due to the small sample size. DLCO did not change 
significantly in this subgroup.

There was no difference for skin and lung outcomes according 
to rheumatoid factor, anti-CCP antibodies or smoking status 
(online supplementary table V).

Musculoskeletal involvement
All articular parameters, but two (joint contractures and 
HAQ-DI) significantly decreased with rituximab (table 3). 
No controlled analysis could be performed because of a high 
proportion of missing data (eg, 81% for tender and swollen joint 
counts in control group).

Inflammation and cotreatments
CRP levels decreased during the treatment from 11.5 (±1.0) to 
6.7 (±0.7) mg/L (p<0.0001). About one quarter of the patients 
treated with steroids at baseline could stop steroids and steroids 
dosage decreased from 9.5 (±0.5) mg/day to 7.0 (±0.3) mg/
day (p<0.0001) in the 130 remaining patients. Patients treated 
with rituximab were more likely to decrease or stop steroids in 
controlled analyses (25.3 vs 18.0 events per 100 person-years; 
OR: 2.34 [1.56–3.53], p<0.0001) (online supplementary figure 
3B).

dose-effect
Rituximab regimens were variable according to centres: for each 
infusion: dose of 1000 mg for 203 patients, 500 mg for 27 375 
mg/m2 for four patients. We observed a dose-effect with a better 
effect on skin involvement for a total dosage higher than 4000 
mg (online supplementary table VI).

dISCuSSIOn
In a large cohort of carefully matched patients treated with ritux-
imab for skin, or lung involvement, rituximab was associated 

with a good safety profile. The outcomes showed a high efficacy 
on skin fibrosis, but not on lung. Patients treated with rituximab 
were 2-fold more likely to stop or decrease steroids.

Following previous promising studies suggesting an ameliora-
tion of lung involvement, the raw analyses after propensity score 
matching clearly show no difference between treated and not 
treated patients and overall a large proportion of non-progressive 
patients.7 10 12 14–16 19 Therefore, the results should be interpreted 
as the lack of effects of rituximab in this sample of patients with 
SSc. Nevertheless, one may advocate that the lung trajectory of 
rituximab-treated patients may differ from the one of untreated 
patients. Indeed, if the treating physician decided to offer ritux-
imab therapy, then it is most of the time because of lung activity 
and severity, which are identified are poor predictive factors. 
These biases (selection biases, persistence of confounders despite 
the matching) are limitations to our study inherent to its obser-
vational design.30 Therefore, the potential stabilisation of ILD 
following rituximab therapy has to be addressed in the future 
but only a randomised trial will provide robust answer.

Some previous small uncontrolled or unadjusted series have 
suggested some efficacy of rituximab on cutaneous involvement 
in SSc.5–13 19 29 However, evaluation of drug efficacy in SSc might 
be difficult because of spontaneous improvement in skin fibrosis 
during the first years, highlighting the need of control group. 
In our study, patients treated with rituximab were twofold 
more likely to improve skin fibrosis in all matched analyses, 
sensitivity analyses and subgroup approaches. The mRSS is a 
validated surrogate marker31–34 frequently used as an outcome 
measure in clinical trials.36 Indeed, worsening in mRSS is asso-
ciated with higher mortality, and worsening of internal organ 
involvement.32 37 38 Conversely, improvement of the skin score 
is predictive of favourable outcomes, including better survival.38 
Therefore, improvement in mRSS observed in rituximab-treated 
patients might indicate a better prognosis for these patients. 
Consistently, CRP levels, a marker of disease activity and 
severity,39 decreased following rituximab treatment.

One may also highlight the different trajectory between skin 
and lung outcomes in our sample. It must be pointed out that 
this has already been observed and by example the recent tocili-
zumab trial showed some benefit on lung whereas skin was less 
influenced.40 This highlights the difficulties to design clinical 
trials in SSc regarding both the choice of the primary outcome 
measure and also the patients selection criteria.41 A clue for the 
future to get a better impact on SSc outcomes might be combina-
tion therapy which seems to be more effective on lung involve-
ment in our study and has shown clear benefit for treatment with 
rituximab in other diseases.42

Surprisingly, few patients have been previously treated with 
cyclophosphamide.43 This choice of using first rituximab might 
be driven by the need of concomitant treatment for musculoskel-
etal involvement in almost half of the cohort (online supplemen-
tary figure 1). Furthermore, common use of rituximab in other 
diseases like RA but also connective tissue diseases and vasculitis 
has given rheumatologists confidence in the management and in 
the safety of rituximab. Finally, the use of cyclophosphamide and 
mycophenolate mofetil could be limited by safety data.44

Interestingly, rituximab use doubled the probability of discon-
tinuing or decreasing steroids. This is of major importance, since 
steroids cumulative dose increases the risk of subclinical/clinical 
atherosclerosis45 and SRC46 in SSc.

In our study, safety profile of rituximab was acceptable with 
in particular no progressive multifocal leukoencephalopathy 
or related-death. Furthermore, despite the use of intravenous 
steroids, only two SRCs were reported.

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2018-214816 on 9 A
pril 2019. D

ow
nloaded from

 

https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
https://dx.doi.org/10.1136/annrheumdis-2018-214816
http://ard.bmj.com/


985Elhai M, et al. Ann Rheum Dis 2019;78:979–987. doi:10.1136/annrheumdis-2018-214816

Systemic sclerosis

The main strengths of our study are (1) large sample size, (2) 
availability of well-matched controls, (3) standardised collec-
tion of data according to a questionnaire and (4) broad spec-
trum of patients included corresponding to ‘real-life’ patients 
and allowing subgroup analyses (diffuse forms, early SSc). Using 
extensive matching methods, we accounted for many poten-
tial cofounders of the associations between rituximab use and 
outcomes. We also performed several sensitivity and subgroups 
analyses, which were highly consistent.

Our study has limitations: first, rituximab regimens were 
variable according to centres. We analysed effect of the dose 
received and observed a dose-effect for a dosage higher than 
4000 mg for skin involvement, suggesting that a dosage of 1000 
mg should be used for the first infusions. This is an open label 
study, which can bias study results towards beneficial effect for 
the test medication (if the examiner anticipates beneficial effect 
of the treatment) in an outcome measure that is less objective (ie, 
mRSS) than FVC, which is more objective and less dependent 
on the examiner’s bias. There are also limitations inherent to 
the observational design of this study. However, the importance 
of disease registries, like EUSTAR, in rare diseases was recently 
highlighted, as they allowed collecting detailed case studies 
with standardised information and improving understanding of 
SSc and its treatment.47 Furthermore, the study reflects clinical 
practice in this orphaned heterogeneous disease. The duration 
of exposure to rituximab was relatively short (2 years), which 
limited precision for safety analyses. We could also not assess 
safety in control group (no data available) or outcomes that 
occurred after withdrawal of rituximab. Finally, despite highly 
matched cohorts across a wide range of characteristics, we 
cannot rule out residual confounders.
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AbsTrACT 
Objectives anti-Ro52 autoantibodies are associated with 
more severe interstitial lung disease (ilD) in adult myositis 
patients with antiaminoacyl transfer (t)Rna synthetase 
autoantibodies. However, few studies have examined anti-
Ro52 autoantibodies in juvenile myositis. The purpose of 
this study was to define the prevalence and clinical features 
associated with anti-Ro52 autoantibodies in a large cohort 
of patients with juvenile myositis.
Methods We screened sera from 302 patients with 
juvenile dermatomyositis (JDM), 25 patients with 
juvenile polymyositis (JPM) and 44 patients with 
juvenile connective tissue disease–myositis overlap 
(JCTM) for anti-Ro52 autoantibodies by elisa. Clinical 
characteristics were compared between myositis patients 
with and without anti-Ro52 autoantibodies.
results anti-Ro52 autoantibodies were found in 14% 
patients with JDM, 12% with JPM and 18% with JCTM. 
anti-Ro52 autoantibodies were more frequent in patients 
with antiaminoacyl tRna synthetase (64%, p<0.001) 
and anti-MDa5 (31%, p<0.05) autoantibodies. 
after controlling for the presence of myositis-specific 
autoantibodies, anti-Ro52 autoantibodies were 
associated with the presence of ilD (36% vs 4%, 
p<0.001). Disease course was more frequently chronic, 
remission was less common, and an increased number of 
medications was received in anti-Ro52 positive patients.
Conclusions anti-Ro52 autoantibodies are present in 
14% of patients with juvenile myositis and are strongly 
associated with anti-MDa5 and antiaminoacyl tRna 
synthetase autoantibodies. in all patients with juvenile 
myositis, those with anti-Ro52 autoantibodies were more 
likely to have ilD. Furthermore, patients with anti-Ro52 
autoantibodies have more severe disease and a poorer 
prognosis.

InTrOduCTIOn
Idiopathic inflammatory myopathies (IIMs) are 
a heterogeneous group of systemic autoimmune 
diseases characterised by weakness, chronic inflam-
mation of skeletal muscles and elevated serum 
muscle enzyme levels.1 Many patients also have 
extramuscular manifestations, including involve-
ment of the skin, lungs and/or joints. Most patients 
with IIM have a myositis-specific autoantibody 
(MSA), defined as an autoantibody found only in 
patients with IIM, which are typically mutually 
exclusive.2 In contrast, myositis-associated autoan-
tibodies (MAAs) are found in IIM but may also be 
present in patients with other autoimmune diseases 

and may be seen in association with an MSA or 
other MAAs.

MSAs are associated with specific phenotypes.2 3 
For instance, antimelanoma differentiation-associ-
ated gene 5 (MDA5) autoantibodies are associated 
with cutaneous ulceration and palmar papules, 
minimal muscle involvement, arthritis, intersti-
tial lung disease (ILD) and high fatality rate.4–7 In 
contrast, patients with autoantibodies recognising 
histidyl-transfer (t)RNA synthetase (ie, Jo1) have 
antisynthetase syndrome, a unique multisystem 
autoimmune disease characterised by a combination 
of myositis, ILD, arthritis, Raynaud’s phenomenon, 
fever and/or mechanic’s hands.8 Of note, while 
many phenotypic features are similar between juve-
nile and adult IIM with the same MSAs, there are 
some important differences. For example, adults 
with anti-p155/140 (transcription intermediary 
factor 1; TIF-1) autoantibodies have an increased 
risk of malignancy, whereas anti-p155/140 (TIF-1) 
autoantibody-positive children do not.2 9

In adult patients with IIM, the most common 
MAA is anti-Ro52.10 Interestingly, anti-Ro52 

Key messages

What is already known about this subject?
 ► The clinical features and prognosis of 
patients with juvenile myositis and anti-Ro52 
autoantibodies were poorly defined.

What does this study add?
 ► Approximately 15% of a large North American 
cohort of patients with juvenile myositis have 
anti-Ro52 autoantibodies.

 ► Patients with juvenile myositis and anti-Ro52 
autoantibodies are more likely to develop 
interstitial lung disease (ILD).

 ► Anti-Ro52 autoantibodies are more common in 
patients with juvenile myositis and anti-MDA5 
and antisynthetase autoantibodies.

 ► Patients with juvenile myositis and anti-Ro52 
autoantibodies more often have a chronic 
disease course and require more medications.

How might this impact on clinical practice or 
future developments?

 ► Anti-Ro52 autoantibodies are useful prognostic 
markers for ILD and severe disease in patients 
with juvenile myositis.
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Figure 1 Swarm plot of anti-Ro52 autoantibody ELISA results for 
juvenile healthy controls and patients with JIIM divided into JDM, 
JPM and JCTM. The dashed line of 20 units indicates the cut-off value 
for anti-Ro52 autoantibody positivity. Out of 371 patients with JIIM, 
53 (14%) were positive for anti-Ro52 autoantibodies by ELISA. Of 
these patients, 42 had JDM, 3 had JPM and 8 had JCTM. Out of 90 
juvenile healthy controls, one patient (1.1%) was positive for anti-Ro52 
autoantibodies by ELISA. JCTM, juvenile connective tissue myositis; 
JDM, juvenile dermatomyositis; JIIM, juvenile idiopathic inflammatory 
myopathy; JPM, juvenile polymyositis.

autoantibodies often co-occur with anti-Jo1 autoantibodies11 
and adult patients with both autoantibodies have more severe 
ILD and more frequently develop lung fibrosis than those with 
anti-Jo1 autoantibodies alone.12 13 In addition, higher anti-Ro52 
autoantibody titres are associated with the development of more 
severe ILD,14 myositis and joint impairment in adult patients 
positive with anti-Jo1.15 Patients with both anti-Jo1 and anti-
Ro52 autoantibodies have a poorer response to various immu-
nosuppressive drugs and a decrease in survival.13 15

A recent analysis of 22 children with myositis revealed that 
23% had anti-Ro52 autoantibodies, although specific clinical 
associations were not examined.16 The purpose of this study 
was to define the prevalence and clinical features associated with 
anti-Ro52 autoantibodies in a large cohort of patients with juve-
nile myositis.

PATIenTs And MeTHOds
Patients and serum samples
Of the 543 patients from the Childhood Myositis Heterogeneity 
Collaborative Study who were enrolled between 1989 and 2016, 
with probable or definite myositis by Bohan and Peter criteria,17 
those with a serum sample available for autoantibody testing at 
the time of enrolment were included in the study. Among the 
371 patients with juvenile myositis included, 302 (81.4%) had 
juvenile dermatomyositis (JDM), 25 (6.7%) had juvenile poly-
myositis (JPM) and 44 (11.9%) had juvenile connective tissue 
disease–myositis (JCTM) overlap. The JCTM subgroup included 
patients meeting the criteria for myositis and another autoim-
mune disease, including 13 with juvenile systemic lupus erythe-
matosus, 11 with juvenile systemic sclerosis, 7 with juvenile 
idiopathic arthritis and 13 with other autoimmune conditions 
including autoimmune hepatitis, eosinophilic fasciitis, diabetes 
mellitus, lichen sclerosis, linear morphea, psoriasis, Sjögren’s 
syndrome and ulcerative colitis. Sera from 90 healthy control 
children enrolled in the same studies were available.

All subjects were enrolled in institutional review board-ap-
proved natural history studies as previously described,18 and all 
provided informed consent. A standardised physician question-
naire captured demographics, clinical and laboratory features, 
environmental exposures at illness onset or diagnosis, as well as 
therapeutic usage and responses.18 Seven organ system symptom 
scores at diagnosis, defined as the number of symptoms present 
divided by the number of symptoms assessed, and an overall clin-
ical symptom score as the average of the seven individual organ 
symptom scores were calculated as previously described.19–21 In 
7 of 33 patients, the presence of ILD was diagnosed by high-res-
olution CT (HRCT) and lung biopsy. In 11 of 33 patients, ILD 
was diagnosed by HRCT alone and in 5 patients, ILD was diag-
nosed by biopsy alone. Seven patients were diagnosed with 
ILD by chest radiographic imaging combined with pulmonary 
function testing and did not undergo HRCT or lung biopsy. 
Three patients did not have imaging records available, and 
the diagnosis of ILD was based on physician documentation in 
the medical record. Complete clinical response and remission 
were defined as at least 6 months of inactive disease on or off 
therapy, respectively.20 A course of treatment was defined as 
a single episode from beginning of administration of a given 
medication to the termination of treatment with that medica-
tion, or combination of medications, in each patient. Medical 
record review, conducted in >75% of patients, verified the clin-
ical, demographic, laboratory and therapeutic data contained in 
the physician questionnaires. Follow-up visits occurred in 55% 
of patients, with an average time from enrolment date to final 

evaluation of 4.3 years. Patient characteristics in our cohort are 
comparable with other registry-based JDM cohorts in terms of 
demographics and disease manifestations.22–25

Autoantibody assays
Anti-Ro52 autoantibodies were detected using an enhanced 
performance Ro52 ELISA (SS-A 52 ELISA, Quanta Lite, INOVA 
Diagnostics, San Diego, CA) according to the manufacturer’s 
instructions. Other myositis autoantibodies were detected as 
previously described.18 26

Analysis
Dichotomous variables were expressed as percentages and 
absolute frequencies, and continuous features were reported as 
means and SD. Pairwise comparisons for categorical variables 
between groups were made using χ2 test or Fisher’s exact test, 
as appropriate, while continuous variables were compared using 
Student’s t-test. Logistic and linear regression were used to adjust 
the comparisons for possible confounding variables, including 
the year of diagnosis, length of follow-up and MSAs. Creatine 
kinase, a highly positively skewed variable, was expressed as 
median, first and third quartile for descriptive purposes and 
transformed through a base-10 logarithm for analysis. All statis-
tical analyses were performed using Stata/MP V.14.1 (StataCorp). 
As this was an exploratory study, a two-sided p value of ≤0.05 
was considered statistically significant.

resulTs
Prevalence and demographics of patients with anti-ro52 
autoantibodies
Anti-Ro52 autoantibodies were more prevalent in patients with 
juvenile IIM (JIIM) than in healthy control children (14% vs 1%). 
Sera from 14% of patients with JDM, 12% with JPM and 18% 
with JCTM had anti-Ro52 autoantibodies (figure 1, table 1). There 
were no significant differences in gender, race, age at diagnosis or 
delay to diagnosis between patients with juvenile myositis, with 
and without anti-Ro52 autoantibodies (table 2).
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Table 1 Prevalence of anti-Ro52 autoantibodies among patients 
with juvenile myositis

Clinical subgroup
Anti-ro52 autoantibody 
positive % (n/n)

Juvenile myositis (N=371) 14% (n=53) ***

  Juvenile dermatomyositis (N=302) 14% (n=42) ***

  Juvenile polymyositis (N=25) 12% (n=3) *

  Juvenile connective tissue-disease myositis 
(N=44):

18% (n=8) ***

   Juvenile lupus erythematosus (N=13) 23% (n=3) **

   Juvenile systemic sclerosis (N=11) 0% (n=0)

   Juvenile idiopathic arthritis (N=7) 29% (n=2) *

   Other autoimmune diseases† (N=13) 23% (n=3) **

Myositis-specific autoantibody subgroup

  Anti-p155/140 (TIF-1) (N=119) 11% (n=13)

  Anti-NXP2 (N=77) 14% (n=11)

  Anti-MDA5 (N=32) 31% (n=10) *

  Antiaminoacyl tRNA synthetase (N=14) 64% (n=9) ***

  Anti-SRP (N=7) 0% (n=0)

  Anti-Mi2 (N=13) 15% (n=2)

  Anti-HMGCR (N=4) 50% (n=2)

  MSA negative (N=96) 5% (n=5) **

Juvenile healthy controls (N=90) 1% (n=1)

x² or Fisher’s exact tests were used to compare the percentage of positive patients 
compared with the percentage of negative patients within each myositis clinical 
and autoantibody subgroup.
*p<0.05, **p<0.01, ***p<0.001.
†autoimmune hepatitis, eosinophilic fasciitis, fasciitis, juvenile diabetes mellitus, 
lichen sclerosis, linear morphea, psoriasis, Sjögren’s syndrome, ulcerative colitis.
HMGCR, 3-Hydroxy-3-Methylglutaryl-CoA Reductase; MDA5, melanoma 
differentiation associated protein-5; MSA, myositis-specific autoantibody; NXP2, 
nuclear matrix protein-2; SRP, signal recognition particle;tRNA, transfer RNA;TIF-1, 
transcription intermediary factor 1.

Table 2 General features of patients with juvenile myositis, with 
and without anti-Ro52 autoantibodies

Total
(n=371)
% (n/n) or
Mean (sd)

Anti-ro52 
autoantibody 
positive 
(n=53)
% (n/n) or
Mean (sd)

Anti-ro52 
autoantibody 
negative 
(n=318)
% (n/n) or
Mean (sd) p value

Age at diagnosis 9.0 (4.4) 9.5 (4.7) 8.9 (4.3) 0.3

Age at enrolment 12.5 (7.1) 12.6 (7.7) 12.5 (7.0) 1.0

Delay to diagnosis 
(years)

0.7 (1.2) 0.55 (0.56) 0.75 (1.27) 0.3

Follow-up (years) 5.8 (6.4) 4.3 (6.4) 6.0 (6.4) 0.09

Female 71% (263/371) 74% (39/53) 70% (224/318) 0.6

Race 

  White 65% (240/371) 57% (30/53) 66% (210/318) 0.2

  Black 16% (59/371) 21% (11/53) 15% (48/318) 0.3

  Hispanic 6% (24/371) 6% (3/53) 7% (21/318) 1.0

  Other races * 13% (48/371) 17% (9/53) 12% (39/318) 0.3

Myositis-specific autoantibodies 

  Anti-p155/140 
(TIF-1)

33% (119/359) 26% (13/50)† 34% (106/309)‡ 0.2

  Anti-NXP2 21% (77/366) 21% (11/52)† 21% (66/314)‡ 1.0

  Anti-MDA5 9% (32/368) 19% (10/53) 7% (22/315)‡ 0.01

  Anti-aminoacyl 
tRNA synthetase

4% (14/360) 18% (9/49)† 2% (5/311)‡ <0.001

  Anti-SRP 2% (7/360) 0% (0/49)† 2% (7/311)‡ 0.6

  Anti-Mi2 4% (13/354) 4% (2/49)† 4% (11/305)‡ 0.7

  Anti-HMGCR 1% (4/371) 4% (2/53) 1% (2/318) 0.10

  MSA negative 27% (96/362) 9% (5/53) 29% (91/309)‡ 0.002

Dichotomous variables were represented as percentage (count/total) and 
continuous variables as mean (SD). χ2 or Fisher's exact tests were used to compare 
dichotomous variables, as appropriate, while continuous variables were compared 
using Student's t-test.
*Asian (Korean, Japanese, Chinese, Indian, Filipino), Pacific Islands, American Indian.
†N≠53 due to missing data.
‡N≠318 due to missing data.
HMGCR, 3-hydroxy-3-methylglutaryl-CoA reductase; MDA5, melanoma 
differentiation associated protein-5; MSA, myositis-specific autoantibody; NXP2, 
nuclear matrix protein-2; SRP, signal recognition particle;TIF-1, transcription 
intermediary factor 1; tRNA, transfer RNA.

Prevalence of anti-ro52 autoantibodies among myositis-
specific autoantibody subgroups
Of those patients positive for anti-Ro52 autoantibodies, 26% 
had coexisting anti-p155/140 (TIF-1) autoantibodies, 21% 
had antinuclear matrix protein 2 (NXP2) autoantibodies, 19% 
had anti-MDA5 autoantibodies, 18% had antiaminoacyl tRNA 
synthetase autoantibodies, 4% had anti-Mi2 autoantibodies, 4% 
had anti-3-hydroxy-3-methylglutaryl-CoA reductase autoanti-
bodies and 9% were MSA negative (table 2). Anti Ro52 auto-
antibodies were significantly increased in the anti-MDA5 and 
antiaminoacyl tRNA synthetase autoantibody subgroups than in 
other MSA subgroups (table 1). For instance, anti-Ro52 autoan-
tibodies coexisted in 31% of juvenile IIM sera with anti-MDA5 
autoantibodies and 64% of those with antiaminoacyl tRNA 
synthetase autoantibodies (table 1). Similarly, anti-MDA5 auto-
antibodies coexisted in 19% of anti-Ro52 autoantibody positive 
sera and 7% of anti-Ro52 autoantibody negative sera. Antia-
minoacyl tRNA synthetase autoantibodies coexisted in 18% of 
anti-Ro52 autoantibody-positive sera and 2% of anti-Ro52 auto-
antibody-negative sera (table 2). Less than 15% of those with 
anti-p155/140 (TIF-1), NXP2, antisignal recognition particle or 
anti-Mi2 autoantibodies, and only 5% of those without an MSA 
were anti-Ro52 positive (table 1).

Pulmonary manifestations among patients with anti-ro52 
autoantibodies
After controlling for the presence of MSAs (including antia-
minoacyl tRNA synthetase and anti-MDA5 autoantibodies), 

a multivariate analysis showed anti-Ro52 autoantibodies were 
highly associated with pulmonary involvement. Overall, patients 
with anti-Ro52 autoantibodies more often had ILD (36% vs 
4%), dyspnoea on exertion (59% vs 25%) and a higher early 
pulmonary score (mean 0.18 vs 0.08) than those without these 
autoantibodies (table 3). Within the anti-MDA5 autoantibody 
positive subgroup, Ro52 reactivity was even more strongly asso-
ciated with ILD: 70% of those with coexisting anti-Ro52 auto-
antibodies had ILD compared with only 9% of those who were 
anti-Ro52 negative (table 4). Similarly, among the antiaminoacyl 
tRNA synthetase autoantibody subgroup, 100% of anti-Ro52 
autoantibody-positive and 40% of anti-Ro52-negative patients 
had ILD (table 4). Other pulmonary manifestations were also 
associated with Ro52 reactivity within the anti-MDA5 and antia-
minoacyl tRNA synthetase autoantibody subgroups. Specifically, 
among those patients with anti-MDA5 autoantibodies, patients 
who also were positive for anti-Ro52 autoantibodies more 
often had dyspnoea on exertion (90% vs 27%) and higher early 
pulmonary scores than those who were anti-Ro52 autoantibody 
negative. Only 1 of 33 patients with ILD in our JIIM cohort 
had rapidly progressive ILD, and this patient was positive for 
both anti-MDA5 and anti-Ro52 autoantibodies. In patients with 
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Table 3 Clinical features of patients with juvenile myositis, with and without anti-Ro52 autoantibodies

signs/symptoms ever present Total
(n=371)
% (n/n) or
Mean (sd)

Anti-ro52 autoantibody 
positive (n=53) % (n/n) or 
Mean (sd)

Anti-ro52 autoantibody 
negative (n=318) % (n/n) 
or Mean (sd)

univariate p value Multivariate p value

Muscle involvement 

  Proximal weakness 99% (369/371) 98% (52/53) 100% (317/318) 0.3 0.3

  Myalgia 64% (234/363) 62% (32/52)* 65% (202/311)† 0.6 0.1

  Distal weakness 47% (170/363) 46% (24/52)* 47% (146/311)† 0.9 0.9

  Muscle atrophy 37% (136/367) 44% (23/52)* 36% (113/315)† 0.2 0.3

  Falling episodes 45% (164/367) 44% (23/52)* 45% (141/315)† 0.9 1.0

Lung involvement 

  Dyspnoea on exertion 30% (109/366) 59% (30/51)* 25% (79/315)† <0.001 <0.001

  Interstitial lung disease 9% (33/369) 36% (19/53) 4% (14/316)† <0.001 <0.001

  Dysphonia 32% (118/367) 32% (17/53) 32% (101/314)† 1.0 0.7

Joint involvement 

  Arthralgia 64% (236/369) 70% (37/53) 63% (199/316)† 0.3 0.4

  Joint contractures 61% (224/370) 63% (33/52)* 60% (191/318) 0.6 0.7

  Arthritis 51% (189/370) 60% (31/52)* 50% (158/318) 0.2 0.7

Skin involvement 

  Heliotrope 79% (293/369) 87% (46/53) 78% (247/316)† 0.2 0.2

  Gottron´s papules 82% (305/370) 77% (41/53) 83% (264/317)† 0.3 0.3

  Malar rash 70% (259/371) 68% (36/53) 70% (223/318) 0.7 0.6

  Photosensitivity 48% (172/362) 49% (25/51)* 47% (147/311)† 0.8 0.9

  V or Shawl sign rash 31% (113/369) 42% (22/53) 29% (91/316)† 0.06 0.07

  Linear extensor erythema 36% (130/363) 31% (16/52)* 37% (114/311)† 0.4 0.3

  Calcinosis 29% (109/371) 28% (15/53) 30% (94/318) 0.9 0.1

  Raynaud´s phenomenon 15% (55/369) 23% (12/53) 14% (43/316)† 0.09 0.04

  Mechanic´s hands 7% (27/366) 9% (5/53) 7% (22/313)† 0.6 0.5

Gastrointestinal involvement 

  Dysphagia 41% (151/370) 38% (20/53) 41% (131/317)† 0.6 1.0

  Regurgitation 21% (77/370) 26% (14/53) 20% (63/317)† 0.3 0.5

Systemic involvement 

  Weight loss 42% (155/369) 52% (27/52)* 40% (128/317)† 0.1 0.8

  Fever 31% (112/358) 41% (21/51)* 30% (91/307)† 0.1 0.8

Muscle Enzymes 

  Peak creatine kinase, IU/L 781 (252–5142) 1121 (225–3971) 750 (256–5249) 0.7 0.9

  Peak aldolase, IU/L 20.0 (34.5) 18.0 (22.5) 20.3 (36.1) 0.6 0.3

  Severity at onset 2.2 (1.1) 2.2 (1.7) 2.2 (0.9) 0.9 0.4

  Early total symptom score 0.2 (0.1) 0.27 (0.14) 0.23 (0.11) 0.03 0.8

  Early muscle score 0.4 (0.2) 0.37 (0.18) 0.38 (0.20) 0.7 0.5

  Early joint score 0.5 (0.4) 0.48 (0.38) 0.45 (0.43) 0.6 0.1

  Early cutaneous score 0.3 (0.1) 0.26 (0.15) 0.25 (0.14) 0.6 0.4

  Early gastrointestinal score 0.1 (0.1) 0.08 (0.11) 0.07 (0.11) 0.6 1.0

  Early pulmonary score 0.1 (0.2) 0.18 (0.23) 0.08 (0.14) <0.001 0.002

  Early cardiac score 0.0 (0.1) 0.05 (0.12) 0.02 (0.07) 0.04 0.05

  Early constitutional symptoms 
score

0.4 (0.3) 0.48 (0.34) 0.38 (0.26) 0.02 1.0

Dichotomous variables were represented as percentage (count/total), continuous variables as mean (SD) and the creatine kinase was presented as median (Q1-Q3). For the 
univariate analysis, dichotomous variables were compared using χ2 or Fisher's exact tests, as appropriate while continuous variables were compared using Student's t-test. 
Multivariate analysis used linear or logistic regression adjusted for length of follow-up, year of onset and autoantibodies. Creatine kinase was log-transformed prior to statistical 
analysis.
*N≠53 due to missing data.
†N≠318 due to missing data.

antiaminoacyl tRNA synthetase autoantibodies, anti-Ro52 auto-
antibody-positive patients had increased frequency of dyspnoea 
on exertion (89% vs 40%), although this did not reach statis-
tical significance. Patients with coexisting anti-p155/140 (TIF-1) 
and anti-Ro52 autoantibodies also had an increased frequency 
of ILD (15% vs 1%) and dyspnoea on exertion (50% vs 16%) 

compared with anti-p155/140 (TIF-1) autoantibody-positive 
patients who were anti-Ro52 autoantibody negative (table 4). 
Of note, in the MSA negative subgroup, none of the 5 anti-
Ro52 autoantibody-positive patients had ILD (table 4). The 
association of anti-Ro52 autoantibodies with ILD was signif-
icant within the JDM clinical subgroup: 33% of anti-Ro52 
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Table 4 Pulmonary features of patients with juvenile myositis, with 
and without anti-Ro52 autoantibodies within juvenile myositis clinical 
and autoantibody subgroups

Anti-ro52 
autoantibody 
positive % 
(n/n) or
Mean (sd)

Anti-ro52 
autoantibody 
negative % 
(n/n) or
Mean (sd) p value

JDM subgroup (N=302)

  Interstitial lung disease 33% (14/42) 1% (3/258)* <0.001

  Dyspnoea on exertion 62% (26/42) 19% (50/258)* <0.001

  Early pulmonary score 0.20 (0.22) 0.07 (0.13) <0.001

JPM subgroup (N=25)

  Interstitial lung disease 33% (1/3) 18% (4/22) 0.5

  Dyspnoea on exertion 50% (1/2)* 67% (14/21)* 1.0

  Early pulmonary score 0.17 (0.29) 0.19 (0.20) 0.8

JCTM subgroup (N=44)

  Interstitial lung disease 50% (4/8) 19% (7/36) 0.09

  Dyspnoea on exertion 43% (3/7)† 42% (15/36) 1.0

  Early pulmonary score 0.12 (0.25) 0.09 (0.16) 0.7

Anti-MDA5 autoantibody subgroup (N=32)

  Interstitial lung disease 70% (7/10) 9% (2/22) 0.001

  Dyspnoea on exertion 90% (9/10) 27% (6/22) 0.002

  Early pulmonary score 0.29 (0.19) 0.02 (0.06) <0.001

Anti-aminoacyl tRNA synthetase autoantibody subgroup (N=14)

  Interstitial lung disease 100% (9/9) 40% (2/5) 0.03

  Dyspnoea on exertion 89% (8/9) 40% (2/5) 0.09

  Early pulmonary score 0.31 (0.31) 0.27 (0.30) 0.8

Anti-p155/140 (TIF-1) autoantibody subgroup (N=119)

  Interstitial lung disease 15% (2/13) 1% (1/106) 0.03

  Dyspnea on exertion 50% (6/12)* 16% (17/105)* 0.01

  Early pulmonary score 0.16 (0.24) 0.06 (0.12) 0.01

Anti-NXP2 autoantibody subgroup (N=77)

  Interstitial lung disease 9% (1/11) 0% (0/65)† 0.1

  Dyspnoea on exertion 45% (5/11) 27% (18/66) 0.3

  Early pulmonary score 0.16 (0.19) 0.10 (0.14) 0.2

MSA-negative subgroup (N=96)

  Interstitial lung disease 0% (0/5)† 10% (9/90) 1.0

  Dyspnoea on exertion 25% (1/4)* 33% (30/90) 1.0

  Early pulmonary score 0.04 (0.09) 0.08 (0.15) 0.5

Dichotomous variables were represented as percentage (count/total), continuous 
variables as mean (SD). For the univariate analysis, dichotomous variables were 
compared using χ2 or Fisher's exact tests, as appropriate while continuous variables 
were compared using Student's t-test.
*Data missing for two patients within juvenile myositis clinical or autoantibody 
subgroup.
†Data missing for one patient within juvenile myositis clinical or autoantibody 
subgroup.
JCTM, juvenile connective tissue myositis; MDA5: melanoma differentiation 
associated protein-5;JDM, juvenile dermatomyositis; JPM, juvenile polymyositis; 
NXP2, nuclear matrix protein-2; SRP, signal recognition particle; TIF-1, transcription 
intermediary factor 1;tRNA, transfer RNA.

autoantibodies-positive patients with JDM had ILD compared 
with 1% of anti-Ro52-negative patients with JDM (table 4).

Other clinical manifestations among patients with anti-ro52 
autoantibodies
Independent of MSA status, anti-Ro52 autoantibodies were also 
associated with Raynaud’s phenomenon (23% vs 14%) (table 3). 
Furthermore, within the anti-NXP2 subgroup, Ro52 reactivity 
was associated with more cutaneous involvement: patients with 

both anti-NXP2 and anti-Ro52 autoantibodies had a higher 
prevalence of V or Shawl-sign rashes (55% vs 17%) and linear 
extensor erythema (64% vs 20%) than anti-NXP2 autoanti-
body-positive patients without anti-Ro52 autoantibodies. Those 
with both anti-NXP2 and anti-Ro52 autoantibodies also had 
more frequent gastro-oesophageal regurgitation (55% vs 17%). 
Within the anti-MDA5 subgroup, however, anti-Ro52 auto-
antibodies were associated with less frequent linear extensor 
erythema (11% vs 50%). Patients with anti-Ro52 autoantibodies 
also had a higher mean early cardiac score, defined by the pres-
ence of cardiac symptoms at diagnosis.19 There were no other 
significant differences in the prevalence of the muscle, lung, 
joint, cutaneous, gastrointestinal or constitutional manifestations 
between patients with and without anti-Ro52 autoantibodies in 
univariate or multivariate analysis or in examining these features 
in anti-Ro52 autoantibody-positive patients in the presence of 
another MSA.

disease severity among patients with anti-ro52 
autoantibodies
Several other differences in outcomes and medications received 
between patients positive and negative for anti-Ro52 autoanti-
bodies suggested that anti-Ro52 autoantibodies are associated 
with more severe disease (table 5). The disease course in patients 
with anti-Ro52 autoantibodies was more often chronic contin-
uous (78% vs 52%) and less often monocyclic (3% vs 25%). 
Anti-Ro52-positive patients were more often American College 
of Rheumatology (ACR) functional class 4 (11% vs 4%) at the 
last clinical evaluation and had a higher mean ACR functional 
class score at that assessment. Anti-Ro52 autoantibodies were 
also associated with an increased total number of medications 
received (mean 4.8 vs 3.8). Anti-Ro52 autoantibody-positive 
patients more often received intravenous pulse steroids (79% 
vs 52%). Anti-Ro52 autoantibody-positive patients less often 
achieved clinical remission (5% vs 27%). Lastly, on univar-
iate analysis, but not multivariable analysis, patients with anti-
Ro52 autoantibodies less often experienced a complete clinical 
response (17% vs 32%) and had more medication treatment 
trials per year (mean 3.5 vs 2.2).

Those with both anti-NXP2 and anti-Ro52 autoantibodies 
also more often had a severe (class IV) ACR functional class 
(27% vs 3%) and more frequent wheelchair use (60% vs 20%) as 
compared with patients positive for anti-NXP2 who were anti-
Ro52 autoantibody negative. There was no other association 
of coexisting MSAs and anti-Ro52 autoantibodies on clinical 
outcomes or medications received.

Anti-ro52 autoantibody titres
Anti-Ro52 autoantibody titres did not significantly differ 
between JDM, JPM and JCTM groups. Overall, we found that 
higher anti-Ro52 titres are associated with shorter follow-up 
time, more treatment trials per year, higher early total symptom 
score, more total number of medications used, higher total func-
tional class, higher severity at onset, higher early pulmonary 
score, higher early constitutional symptoms score and higher 
total functional class in patients with juvenile IIM (all p<0.05; 
data not shown). However, as the Spearman correlation coeffi-
cients were ≤0.2 for each association, the clinical significance of 
high autoantibody titres is modest.

dIsCussIOn
Here, we used a large cohort of patients with juvenile myositis 
to study the prevalence and clinical significance of anti-Ro52 
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Table 5 Disease outcomes and medications used in patients with juvenile myositis, with and without anti-Ro52 autoantibodies

Total
(n=371)
% (n/n) or
Mean (sd)

Anti-ro52 
autoantibody positive 
(n=53)
% (n/n) or
Mean (sd)

Anti-ro52 
autoantibody 
negative (n=318)
% (n/n) or
Mean (sd) univariate p value Multivariate p value

Disease 

  Monocyclic course 22% (65/297) 3% (1/37)* 25% (64/260)† 0.003 0.02

  Polycyclic course 23% (68/297) 19% (7/37)* 23% (61/260)† 0.5 0.9

  Chronic continuous course 55% (164/297) 78% (29/37)* 52% (135/260)† 0.002 0.05

Steinbrocker functional class at final assessment 

  Mean functional class 1.4 (0.8) 1.7 (1.0) 1.4 (0.8) 0.007 0.007

  Functional class 1 70% (257/367) 53% (28/53) 73% (229/314)† 0.003 0.09

  Functional class 2 21% (77/367) 34% (18/53) 19% (59/314)† 0.01 0.3

  Functional class 3 4% (13/367) 2% (1/53) 4% (12/314)† 0.7 0.2

  Functional class 4 5% (20/367) 11% (6/53) 4% (14/314)† 0.05 0.008

  Mortality 4% (13/371) 6% (3/53) 3% (10/318) 0.4 0.4

  Hospitalised 58% (206/355) 66% (35/53) 57% (171/302)† 0.2 0.4

  Mean number of hospitalizations 1.3 (1.9) 1.3 (1.4) 1.3 (2.0) 0.9 0.8

  Wheelchair use 19% (68/360) 24% (12/50)* 18% (56/310)† 0.3 0.2

Response to treatment 

  Complete clinical response 30% (91/304) 17% (7/42)* 32% (84/262)† 0.04 0.4

  Remission 24% (74/312) 5% (2/43)* 27% (72/269)† 0.002 0.05

  Total number of medications used 3.9 (2.1) 4.8 (2.5) 3.8 (2.0) 0.003 0.05

  Treatment trials per year 2.3 (2.8) 3.5 (3.0) 2.2 (2.7) 0.004 0.1

Medications received 

  Oral steroids 99% (309/312) 100% (43/43)* 99% (266/269)† 1.0 .

  Intravenous pulsed steroids 56% (174/312) 79% (34/43)* 52% (140/269)† <0.001 0.03

  Methotrexate 74% (230/312) 86% (37/43)* 72% (193/269)† 0.05 0.4

  Intravenous immunoglobulin 36% (112/312) 49% (21/43)* 34% (91/269)† 0.06 0.08

  Other DMARDs‡ 23% (73/312) 35% (15/43)* 22% (58/269)† 0.06 0.3

Dichotomous variables were represented as percentage (count/total), continuous variables as mean (SD). For the univariate analysis, dichotomous variables were compared using 
χ2 or Fisher’s exact tests, as appropriate while continuous variables were compared using Student's t-test. Multivariate analysis used linear or logistic regression adjusted for 
length of follow-up, year of onset and autoantibodies.
*N≠53 due to missing data
†N≠318 due to missing data
‡Azathioprine, Chlorambucil, Chloroquine, Colchicine, Cyclophosphamide, Cyclosporine, Dapsone, Hydroxychloroquine, Intravenous Immunoglobulin, Lefluonmide, Methotrexate, 
Mycophenolate mofetil, Sodium thiosulfate, Quinacrine
ACR, American College of Rheumatology; DMARDs, disease-modifying anti-rheumatic agents.

autoantibodies in children with IIM. We found anti-Ro52 auto-
antibodies to be strongly associated with ILD and other pulmo-
nary manifestations in patients with juvenile myositis. We also 
found that children with anti-Ro52 autoantibodies have more 
severe disease, underwent more intense treatment regimens and 
had lower rates of disease remission than those without anti-
Ro52 autoantibodies. In children with myositis, anti-Ro52 auto-
antibodies were associated with antiaminoacyl tRNA synthetase 
autoantibodies, as previously described in adults.11 We also found 
that anti-Ro52 autoantibodies were associated with anti-MDA5 
autoantibodies in paediatric patients with myositis, which has 
not been reported previously.

Importantly, our analyses indicate that the presence of anti-
Ro52 autoantibodies is strongly associated with ILD, even after 
adjusting for the presence of MSAs such as anti-MDA5 and anti-
aminoacyl tRNA synthetase autoantibodies. Indeed, the associa-
tion of Ro52 reactivity with ILD is not limited to the anti-MDA5 
and antiaminoacyl tRNA synthetase autoantibody subgroups but 
extends to other MSA subgroups that are not classically asso-
ciated with ILD, such as children with anti-p155/140 (TIF-1) 
autoantibodies. However, none of the five patients who are 
anti-Ro52 autoantibody positive and MSA negative had ILD. 

Current practice encourages screening patients with juvenile 
myositis for MSAs such as anti-MDA5 and antiaminoacyl tRNA 
synthetase autoantibodies, as these autoantibodies confer risk 
for developing ILD, and their presence is a determinant of clin-
ical management and patient prognosis. In light of the current 
findings demonstrating that anti-Ro52 autoantibodies are an 
independent predictor of ILD, screening patients with juvenile 
myositis for these autoantibodies may also be prudent.

In adult patients with IIM, anti-Ro52 autoantibodies have been 
associated with poorer response to immunosuppressive drugs 
and decreased survival.13 15 Similarly, in our juvenile cohort, anti-
Ro52 autoantibodies are associated with more severe disease and 
poorer outcomes. Of note, the presence of anti-Ro52 autoanti-
bodies was associated with a higher early cardiac score which 
is a measure of patient-reported cardiac symptoms including 
palpitations, chest pain and syncope. However, among the nine 
anti-Ro52-positive patients with one or more of these symptoms, 
only three had EKG changes or echocardiogram abnormali-
ties. As the severity of other clinical manifestations, including 
muscle, joint, skin, gastrointestinal and systemic features were 
not associated with Ro52 reactivity, it seems likely that disease 
severity seen in the anti-Ro52-positive patients is a consequence 
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of pulmonary disease. Additional studies are required to clarify 
this point. Nonetheless, our findings highlight the potential use 
of anti-Ro52 autoantibodies as a predictor of disease severity 
and poor prognosis in juvenile myositis, which underscores the 
potential use of screening patients with juvenile IIM for anti-
Ro52 autoantibodies.

Of particular significance is the novel association of anti-
Ro52 autoantibodies and anti-MDA5 autoantibodies in our 
JIIM cohort. In adult patients with IIM, anti-Ro52 autoanti-
bodies often co-occur with anti-Jo1 autoantibodies, and in adult 
anti-Jo1-positive patients, Ro52 reactivity is associated with 
more severe ILD. A small case series reported coexisting anti-
Ro52 autoantibodies in 6 of 13 anti-MDA5 autoantibody-pos-
itive patients, 5 of whom had rapidly progressive ILD.27 
Interestingly, only 1 of 33 patients with ILD in our JIIM cohort 
had rapidly progressive ILD, and this patient was positive for 
both anti-MDA5 and anti-Ro52 autoantibodies.

Although we have now established an association between 
antiaminoacyl tRNA synthetase and anti-Ro52 autoantibodies in 
adults and children, it remains unclear why these autoantibodies 
co-occur. It has been proposed that local autoantibody produc-
tion induced by type I interferon (IFN)28 could be a driving force 
behind the production of both anti-Jo1 and anti-Ro52 autoan-
tibodies, given the increase in B-cell activating factor receptors 
in the sera of patients with IIM with these autoantibodies.29 In 
the current study of juvenile IIM, we now also demonstrate an 
association between anti-MDA5 and anti-Ro52 autoantibodies. 
Interestingly, both MDA5 and Ro52 are cytosolic, IFN-induced 
proteins; perhaps concurrent overexpression of these proteins in 
patients with juvenile IIM leads to the development of autoim-
munity against both. However, we do not have adequate type I 
IFN measurements to further examine this hypothesis.

This current study has several limitations. First, this cohort 
of patients with juvenile myositis had some data collected retro-
spectively, resulting in some missing data and were collected over 
more than 20 years, with potential chronology bias. However, 
we adjusted the variables of this study for the year of diagnosis 
and tested the distribution of missing values across groups and 
did not find evidence of a significant bias. Second, although 
imaging studies were available to confirm the diagnosis of ILD 
in more than 90% of patients who had ILD, pulmonary function 
testing data were not available for many of the patients, as a 
number of the children were of young age when such testing is 
unreliable in children. Thus, we were not able to study whether 
patients with ILD and anti-Ro52 autoantibodies had more severe 
pulmonary dysfunction than those without these autoantibodies. 
Also, we cannot confirm the absence of ILD as many of the chil-
dren without clinical suspicion of ILD did not have imaging and/
or pulmonary function testing. This, however, is a limitation of 
standard clinical care in paediatric patients who have challenges 
to undergo such testing.

Overall, this study shows that anti-Ro52 autoantibodies 
are present in 14% of patients with juvenile myositis and are 
strongly associated with ILD, more severe illness and poorer 
outcomes, even when correcting for the coexistence of MSAs. 
In patients with juvenile myositis, anti-Ro52 autoantibodies are 
associated with the presence of antisynthetase autoantibodies, 
as previously reported in patients with adult myositis, and with 
anti-MDA5 autoantibodies, and the coexistence of these MSAs 
increases the likelihood of ILD and poor outcome. The current 
standard of care in patients with juvenile myositis who have 
reactivity to MSAs associated with pulmonary manifestations 
(such as anti-MDA5 and antiaminoacyl tRNA synthetase autoan-
tibodies) is to have a high index of suspicion for the development 

of ILD and modify management accordingly. Our data suggest 
that testing for anti-Ro52 autoantibodies may also have a role 
in disease monitoring, management and patient prognosis in 
patients with juvenile myositis.
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AbsTrACT
Objectives idiopathic inflammatory myopathies 
(iiM) are a spectrum of rare autoimmune diseases 
characterised clinically by muscle weakness and 
heterogeneous systemic organ involvement. 
The strongest genetic risk is within the major 
histocompatibility complex (MHc). since autoantibody 
presence defines specific clinical subgroups of iiM, we 
aimed to correlate serotype and genotype, to identify 
novel risk variants in the MHc region that co-occur with 
iiM autoantibodies.
Methods We collected available autoantibody data in 
our cohort of 2582 caucasian patients with iiM. High 
resolution human leucocyte antigen (Hla) alleles and 
corresponding amino acid sequences were imputed using 
snP2Hla from existing genotyping data and tested for 
association with 12 autoantibody subgroups.
results We report associations with eight 
autoantibodies reaching our study-wide significance 
level of p<2.9×10–5. associations with the 8.1 ancestral 
haplotype were found with anti-Jo-1 (Hla-B*08:01, 
p=2.28×10–53 and Hla-DrB1*03:01, p=3.25×10–9), 
anti-PM/scl (Hla-DQB1*02:01, p=1.47×10–26) and anti-
cn1a autoantibodies (Hla-DrB1*03:01, p=1.40×10–11). 
associations independent of this haplotype were found 
with anti-Mi-2 (Hla-DrB1*07:01, p=4.92×10–13) 
and anti-HMGcr autoantibodies (Hla-DrB1*11, 
p=5.09×10–6). amino acid positions may be more 
strongly associated than classical Hla associations; for 
example with anti-Jo-1 autoantibodies and position 74 
of Hla-DrB1 (p=3.47×10–64) and position 9 of Hla-B 
(p=7.03×10–11). We report novel genetic associations 
with Hla-DQB1 anti-TiF1 autoantibodies and identify 
haplotypes that may differ between adult-onset and 
juvenile-onset patients with these autoantibodies.
Conclusions These findings provide new insights 
regarding the functional consequences of genetic 
polymorphisms within the MHc. as autoantibodies in 
iiM correlate with specific clinical features of disease, 
understanding genetic risk underlying development of 
autoantibody profiles has implications for future research.

InTrOduCTIOn
The idiopathic inflammatory myopathies (IIM) are 
a spectrum of rare autoimmune diseases charac-
terised clinically by muscle weakness and systemic 
organ involvement. Clinically, IIM are heteroge-
neous and may be subclassified as dermatomyositis 
(DM), inclusion body myositis (IBM), immune-me-
diated necrotising myopathy, polymyositis (PM) 
and antisynthetase syndrome.1 2

Key messages

What is already known about this subject?
 ► The strongest genetic risk among patients 
with idiopathic inflammatory myopathies (IIM) 
is thought to be within the human leucocyte 
antigen (HLA) region in autoantibody defined 
subgroups.

What does this study add?
 ► This study shows for the first time genetic 
differences between adult-onset and juvenile-
onset patients with anti-TIF1 autoantibodies.

 ► Amino acid imputation identifies novel 
associations with autoantibodies that are 
stronger than classical HLA associations, 
indicating key positions within HLA molecules 
that may confer risk.

How might this impact on clinical practice or 
future developments?

 ► Differing associations in adult and juvenile 
onset disease with the same autoantibody 
suggests distinct aetiologies and disease 
mechanisms.

 ► As autoantibodies in myositis correlate 
with specific clinical features of disease, 
understanding genetic risk underlying 
development of certain autoantibody profiles 
will have implications for future research in IIM.
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Myositis autoantibodies can be detected in approximately 
60%–70% of children and adults with IIM.3 4 Autoantibodies 
unique to IIM are known as myositis-specific autoantibodies 
(MSA), with patients rarely possessing more than one MSA.5 
Autoantibodies that present in patients with myositis in associa-
tion with another connective tissue disease are known as myosi-
tis-associated autoantibodies (MAA).

Clinical classification of IIM can lead to heterogeneous 
subgroups, however, some MSA positive subgroups have specific 
clinical features and may respond differently to treatment. 
Therefore, autoantibody status may be a more meaningful way 
to characterise patients to understand pathogenesis and predict 
prognosis.3 For example, patients with anti-histidyl–tRNA-syn-
thetase (anti-Jo-1) commonly present with myositis, Raynaud’s 
phenomenon, polyarthritis and a high frequency of interstitial 
lung disease.6 Patients with autoantibodies directed against anti-
Mi-2 present with hallmark cutaneous manifestations of DM, 
generally milder myositis and a favourable response to immuno-
suppressive treatment.7

IIM are thought to be complex genetic diseases, initiated by 
immune activation following specific environmental events in 
genetically predisposed individuals. The major histocompat-
ibility complex (MHC), also known as the human leucocyte 
antigen (HLA) region, has consistently been identified as the 
strongest risk factor for IIM and clinical subgroups.8 Studies 
have shown that the strongest HLA associations among 
patients with IIM are found when stratifying by autoanti-
body status.9–11 In particular, the strongest risk is with the 8.1 
ancestral haplotype (8.1 AH), a common haplotype of exten-
sive linkage disequilibrium (LD) in Caucasian populations that 
confers susceptibility to IIM and many other autoimmune or 
immune-mediated diseases.12 Associations with alleles inde-
pendent of the 8.1 AH have also been reported.9 New MSAs 
and MAAs have since been discovered, and small studies have 
identified potential HLA associations with these autoantibodies, 
for example, HLA-DRB1*11:01 in patients with anti-3-hy-
droxy-3-methylglutaryl-coenzyme A reductase (anti-HMGCR) 
autoantibodies in adult-onset disease.13

Here, we aimed to correlate serotype with genotype in patients 
with IIM, with sufficient statistical power, to identify novel risk 
variants in the MHC region that confer susceptibility to IIM 
autoantibodies and to provide a definitive replication cohort for 
previously reported associations.

MeTHOds
study population
Through the Myositis Genetics Consortium (MYOGEN), 2582 
Caucasian cases from 14 countries were recruited (online supple-
mentary table 1).8 Written informed consent was obtained from 
all patients with approval from research ethics committees of 
institutional review boards at each participating centre. Patients 
were enrolled in to MYOGEN if they fulfilled Bohan and Peter 
criteria for PM and adult and juvenile DM,8 or Griggs, Medical 
Research Council (MRC) or European Neuromuscular Centre 
(ENMC) criteria for patients with IBM.14 Shared control geno-
types were drawn from a pool of 15 651 individuals from 12 
countries as described previously.8 Genotypes from an additional 
19 UK juvenile-onset patients were included from the Juvenile 
Dermatomyositis Cohort Biomarker Study and Repository. 
Patients were classified as having juvenile IIM if age of onset 
was <16 years old, except in the USA, where 18 years old was 
considered the cut-off.

Autoantibody testing
Myositis relevant autoantibodies were detected using immu-
noprecipitation (IP), line blot or ELISA, as detailed in online 
supplementary table 2. Further details are described in online 
supplementary method.

Genotyping
Genotyping was performed in accordance with UK-based and 
US-based Illumina protocols (Centre for Genetics and Genomics 
Arthritis Research UK, University of Manchester; Feinstein 
Institute, New York; University College London, London, UK). 
Standard quality control (QC) was performed as described 
previously.8

HLA imputation
Classical HLA alleles and corresponding amino acid sequences 
were imputed using SNP2HLA with reference data collected by 
the Type 1 Diabetes Genetics Consortium.15 Cases and controls 
were imputed together. Postimputation QC removed variants 
with a minor allele frequency <0.01 and variants with an infor-
mation score <0.8.

statistical analysis
We employed a case-control study design in each autoanti-
body subgroup analysis. Controls were matched for ethnicity 
using principal components analysis (PCA), due to absence of 
geographically matched controls for each IIM cohort. Four 
healthy controls for each case were matched for ethnicity using 
(PCA) coordinates, using a method described previously.16 
Analysis was performed in R (V.3.1.0) on the dosage of vari-
ants (genotype probabilities) which takes into account imputa-
tion uncertainty. Single-test association was performed for HLA 
alleles and omnibus tests for multiallelic sites. For multiallelic 
sites, such as amino acids, we identified the most common 
residue or allele in the control population to be selected as the 
reference. A logistic regression assuming an additive model was 
used to test for association, with gender and the top 10 principal 
components included as covariates. Forward stepwise logistic 
regression was used to test for independent effects conditional on 
the variant of interest. ORs ratios were generated with multivar-
iate logistic regression. Significance was defined as p<2.9×10–5 
based on a Bonferroni correction of the pre-QC 1700 variants 
imputed by SNP2HLA.

resuLTs
Autoantibody frequencies in the study population
Genetic data were available for 2582 patients with IIM, the 
majority of whom were tested for at least one autoantibody. 
The number of autoantibody positive cases present in the cohort 
is shown in table 1, for groups where n>10. Autoantibody 
frequencies are as a proportion of those in tested individuals and 
do not necessarily represent the prevalence of autoantibodies in 
an IIM population.

strong classical HLA associations are observed in IIM 
autoantibody subgroups
Data quality was evaluated after imputation by determining the 
concordance between imputed alleles and existing HLA typing 
from next generation sequencing technology (HistoGenetics, 
New York, USA) for 162 individuals. There was a high level 
of concordance across all loci for both 2-digit (96.6%–100%) 
and 4-digit (94.8%–100%) alleles (online supplementary table 
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Table 1 Number of patients with myositis with myositis-specific or associated autoantibodies

Antibody

Adult-onset IIM Juvenile-onset IIM Total number 
positive
(Adult+juvenile-
onset)number tested number antibody positive number tested number antibody positive

Jo-1 1937 325 (16.8%) 447 7 (1.6%) 332

TIF1 1697 91 (5.4%) 356 106 (29.8%) 197

PM/Scl 1883 120 (6.4%) 457 16 (3.5%) 136

Mi-2 1884 87 (4.6%) 456 17 (3.7%) 104

NXP2 1502 28 (1.9%) 360 65 (18.1%) 93

cN1A 232 46 (19.8%) 81 18 (22.2%) 64

SRP 1822 45 (2.5%) 457 0 45

HMGCR 1264 51 (4.0%) 130 1 (0.8%) 52

MDA5 1674 18 (1.1%) 402 17 (4.2%) 35

SAE 1518 31 (2.0%) 397 0 31

PL7 1927 23 (1.2%) 457 0 23

PL12 1927 11 (0.6%) 457 0 11

Myositis-specific/associated autoantibodies n>10 in cohort, stratified by adult-onset and juvenile-onset disease. Frequency is of those patients tested for each autoantibody 
within the cohort, where testing was not necessarily random.
IIM, idiopathic inflammatory myopathies.

Table 2 Classical HLA allele associations

Autoantibody number of cases

snP2HLA classical HLA association

Gene Allele P value Or (95% CI)

Jo-1 332 HLA-B 08:01 2.28×10–53 3.37 (2.37 to 4.83)

HLA-DRB1 03:01 3.25×10–9 3.09 (2.08 to 4.30)

TIF1 197 HLA-DQB1 02 2.34×10–10 2.49 (1.88 to 3.31)

PM/Scl 136 HLA-DQB1 02:01 1.47×10–26 17.50 (10.63 to 30.59)

Mi-2 104 HLA-DRB1 07:01 4.92×10–13 5.47 (3.48 to 8.77)

cN1A 64 HLA-DRB1 03:01 1.40×10–11 9.23 (4.95 to 18.01)

HMGCR 52 HLA-DRB1 11 5.09×10–6 4.92 (2.52 to 9.97)

4-digit alleles are preferentially reported unless a 2-digit allele is significantly more associated. P values (uncorrected), OR and 95% CI were calculated in a regression including 
the most significantly associated independent variants. Associations reaching study-wide significance are reported (p<2.9×10–5).
HLA, human leucocyte antigen.

3). After stringent QC removing variants with low frequency 
(<0.01) and poor imputation accuracy (r2<0.8), our anal-
ysis included 509 classical HLA alleles and amino acids. In 
the primary analysis, adult-onset and juvenile-onset cases were 
combined and analysed together against matched healthy 
controls. Autoantibody associations reaching study-wide signifi-
cance of p<2.9×10–5 are reported in table 2.

The strongest HLA association was found with anti-Jo-1 auto-
antibodies and HLA-B*08:01 (p=2.28×10–53, OR=3.37, 95% 
CI 2.37 to 4.83). Conditioning on HLA-B*08:01 in a stepwise 
logistic regression model revealed an independent association 
with HLA-DRB1*03:01 (p=3.25×10–9, OR=3.09, 95% CI 
2.08 to 4.30). We analysed antisynthetase autoantibody posi-
tive patients as a group (n=381), and the strength of association 
became stronger (HLA-B*08:01, p=1.79×10–56, OR=3.14, 
95% CI 2.27 to 4.38 and HLA-DRB1*03:01, p=3.31×10–9, 
OR=2.73, 95% CI 1.96 to 3.80). We did not find associations 
with rarer aminoacyl-tRNA-synthetases individually, likely due 
to small sample sizes. However, in a small sample size of 23 
patients, only 30.4% of patients with anti-PL7 antibodies carried 
HLA-DRB1*03:01, compared with 79.2% of patients with anti-
Jo-1 autoantibodies, and 23% of healthy controls (online supple-
mentary table 4). This may suggest that not all antisynthetase 
autoantibodies have the same associations with 8.1 AH. The 
‘haplotype phased’ raw HLA genotypes for patients with rarer 

antisynthetase autoantibodies are included in online supplemen-
tary tables 5-10.

A strong HLA association was observed in patients 
with anti-TIF1 autoantibodies with the HLA-allele group 
DQB1*02 (p=2.34×10–10, OR=2.49, 95% CI 1.88 to 
3.31). Within this allele group, there were associations with 
HLA-DQB1*02:01 (p=1.69×10–5) and HLA-DQB1*02:02 
(p=1.04×10–4).

Associations with class II alleles of the 8.1 AH were observed 
for patients with anti-Jo-1, anti-PM/Scl and anti-cN1A. Anti-
HMGCR and anti-Mi-2 were the only autoantibodies tested that 
were associated with HLA alleles not forming part of the 8.1 
AH. Although the strong association with anti-HMGCR auto-
antibodies and HLA-DRB1*11 was confirmed in adult-onset 
patients, a stronger association was observed with the 4-digit 
allele HLA-DRB1*11:01 (p=3.22×10–7, OR=11.90, 95% CI 
4.72 to 31.85) before the allele was removed from the initial 
analysis due to low imputation accuracy (r2=0.75).

Using a more conservative threshold correcting for the 
number of antibodies analysed (p<2.4×10–6), the associa-
tion with HLA-DRB*11 and anti-HMGCR autoantibodies did 
not reach our significance threshold. There were no signifi-
cant associations with classical HLA alleles and anti-NXP2, 
anti-SRP, anti-MDA5 or anti-SAE autoantibodies.
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Table 3 The strongest amino acid associations in autoantibody subgroups of IIM

Autoantibody number of cases

Amino acid association

Gene Variant P value Or (95% CI)

Jo-1 332 HLA-DRB1 Position 74 Omnibus 3.47×10–64

  Alanine (ref)  

  Arginine 1.24×10--8 2.94 (2.03 to 4.26)

  Glutamine 0.02 0.59 (0.38 to 0.89)

  Leucine 6.21×10–5 2.78 (1.67 to 4.55)

  Glutamic acid 0.5 1.20 (0.70 to 1.96)

 HLA-B Position 9 Omnibus 7.03×10–11

  Tyrosine (ref)  

  Aspartic acid 2.10×10–10 3.33 (2.30 to 4.84)

  Histidine 0.77 0.96 (0.73 to 1.26)

TIF1 197 HLA-DQB1 Position 37 Omnibus 1.49×10–10

  Tyrosine (ref)  

  Isoleucine 2.34×10–10 2.49 (1.88 to 3.31)

PM/Scl 136 HLA-DRB1 Position 74 Omnibus 2.48×10–40

  Alanine (ref)  

  Arginine 5.06×10–25 18.37 (10.88 to 32.98)

  Glutamine 0.43 1.26 (0.70 to 2.21)

  Leucine
Glutamic acid

0.58
0.58

0.70 (0.17 to 2.32)
1.34 (0.44 to 3.56)

Mi-2 104 HLA-DRB1 Position 4 Omnibus 3.69×10–13

  Arginine (ref)  

  Glutamine 3.26×10–12 4.93 (3.17 to 7.79)

cN1A 64 HLA-DRB1 Position 74 Omnibus 6.15×10–14

  Alanine (ref)  

  Arginine 1.37×10–9 8.68 (4.43 to 18.1)

  Glutamine 0.02 0.17 (0.03 to 0.61)

  Leucine 0.05 3.31 (0.93 to 11.02)

  Glutamic acid 0.43 0.45 (0.03 to 2.30)

SRP 45 HLA-DRB1 Position 74 Omnibus 1.91×10–5

  Alanine (ref)  

  Arginine 9.47×10–4 3.51 (1.69 to 7.57)

  Glutamine 0.13 0.38 (0.08 to 1.18)

  Leucine 0.63 1.36 (0.32 to 4.34)

  Glutamic Acid 5.69×10–4 5.07 (2.05 to 13.17)

HMGCR 42 HLA-DRB1 Position 58 Omnibus 2.42×10–6

  Alanine (ref)  

  Glutamic acid 5.13×10–6 4.91 (2.52 to 9.97)

SAE 31 HLA-DQB1 Position 57 Omnibus 2.66×10–6

  Aspartic acid (ref)  

  Alanine 1.71×10–5 8.52 (3.42 to 24.47)

  Valine 0.41 1.61 (0.49 to 4.92)

  Serine 0.94 0.92 (0.04 to 7.66)

OR and 95% CI were calculated in a regression model including significant independent variants, using the most common amino acid in the population as the reference. 
Associations reaching study-wide significance are reported (p<2.9×10–5).
IIM, idiopathic inflammatory myopathies.

Amino acid positions may be more strongly associated than 
classical HLA alleles
SNP2HLA was used to impute amino acid positions. We 
employed a case-control study design in each autoantibody 
subgroup analysis, and autoantibodies with significant amino 
acid associations are reported in table 3.

The omnibus p value reports the significance of the amino 
acid position, and the effect sizes of the potential amino acids 
at this location were calculated in a regression model. The loca-
tion of associated amino acids within the 3D structure of HLA 
molecules are shown in online supplementary figure 1. For some 

autoantibodies, such as anti-Jo-1, anti-PM/Scl and anti-cN1A, 
amino acid associations were markedly stronger than the clas-
sical HLA associations reported in table 2. Regional association 
plots for autoantibodies with significant associations are shown 
in online supplementary figure 2A-H. Using a more conserva-
tive threshold correcting for the number of antibodies analysed 
(p<2.4×10–6), associations with amino acids and anti-SRP, anti-
HMGCR and anti-SAE autoantibodies did not reach our signif-
icance threshold.

For anti-Jo-1, anti-PM/Scl, anti-cN1A and anti-SRP auto-
antibodies, the strongest association was with position 74 of 
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Table 4 Differences in association at the HLA-DQB1*02 locus in 
adult-onset and juvenile-onset patients with anti-TIF1 autoantibodies

dQb1*02:01 dQb1*02:02

Adult-onset TIF1, n=91 P=0.06
OR=1.54 (0.97 to 2.44)

P=2.96×10–5

OR=3.31 (1.89–5.84)

Juvenile-onset TIF1, n=106 P=3.70×10–5

OR=2.47 (1.61 to 3.80)
P=0.13
OR=1.50 (0.87 to 2.51)

OR with 95% CI.
.

HLA-DRB1 (table 3). For anti-Jo-1, anti-PM/Scl and anti-
cN1A autoantibodies, an arginine at position 74 of HLA-DRB1 
conferred the strongest risk. In patients with anti-PM/Scl and 
anti-cN1A autoantibodies, an arginine conferred all of the risk at 
this position, whereas in patients with anti-Jo-1 autoantibodies 
there was also evidence of risk attributable to other amino acids.

Stepwise conditional analysis showed evidence of multiple 
independent effects in the HLA region with anti-Jo-1; posi-
tion 74 of HLA-DRB1 and position 9 of HLA-B. These were 
associated at a similar level of significance (p=3.47×10–64 vs 
p=5.25×10–64) and remained significant after conditioning on 
either position. Analysing antisynthetase autoantibody positive 
patients as a group increased the strength of association with 
these independent amino acid positions (HLA-DRB1 Position 
74, p=5.69×10–67 and HLA-B Position 9, p=8.63×10–11).

HLA alleles may differentiate adult-onset and juvenile-onset 
patients with anti-TIF1 autoantibodies
For autoantibodies that occur at high frequencies in both adult-
onset and juvenile-onset patients with IIM, the cohort was strat-
ified to investigate potential differences in HLA associations 
between these populations. Patients with anti-TIF1 autoanti-
bodies were stratified into adult-onset (n=91) and juvenile-onset 
(n=106) disease. Of these, all but six adult-onset patients were 
recorded as having DM. The association at the HLA-DQB1 
locus differed between adult-onset and juvenile-onset patients 
(table 4). In adult-onset IIM, the strongest 4-digit HLA asso-
ciation was with HLA-DQB1*02:02 (p=2.96×10–5, OR=3.31, 
95% CI 1.89 to 5.84). In contrast, in juvenile-onset patients, a 
strong association with HLA-DQB1*02:01 was observed, but the 
strongest association was with HLA-DRB1*03:01 (p=6.21×10–

6, OR=2.69, 95% CI 1.75 to 4.15), which is on the same haplo-
type as HLA-DQB1*02:01.

To ensure that this difference was not due to the effects of 
different methods of autoantibody detection, analysis was 
restricted to UK patients serotyped using IP in the same centre 
at the University of Bath. Nineteen additional juvenile-onset 
patients were included, recently genotyped through the Juvenile 
Dermatomyositis Cohort Biomarker Study and Repository. This 
subanalysis included UK adult-onset (n=40) and juvenile-onset 
patients (n=48) with anti-TIF1 autoantibodies. The strongest 
associations for juvenile-onset patients were with alleles of the 
8.1 AH, which were not significant in the adult-onset cohort. 
For example, HLA-DQB1*02:01 had a stronger association in 
the juvenile-onset cohort (p=0.004, OR=2.48, 95% CI 1.33 
to 4.61) in comparison to the adult-onset cohort (p=0.11, 
OR=1.69, 95% CI 0.87 to 3.20). Conversely, HLA-DQB1*02:02 
was more strongly associated in adult-onset (p=0.01, OR=2.38, 
95% CI 1.16 to 4.76) than in juvenile-onset disease (p=0.09, 
OR=1.85, 95% CI 0.89 to 3.64), thus replicating trends from 
the original cohort. However, due to the reduced sample size, 
these associations did not reach study-wide significance. These 

trends were also seen when restricting the analysis to US juve-
nile-onset patients with anti-TIF1 autoantibodies (n=70); the 
association with HLA-DQB1*02:01 (p=0.01, OR=2.05, 95% 
CI 1.18 to 3.54) was stronger than with HLA-DQB1*02:02 
(p=0.76, OR=0.89, 95% CI 0.40 to 1.81).

There were no significant classical HLA or amino acid asso-
ciations in either adult-onset or juvenile-onset patients with 
anti-NXP2 or anti-MDA5 autoantibodies. For anti-Jo-1, 
anti-PM/Scl, anti-Mi-2 and anti-cN1A, the numbers in the 
juvenile-onset cohorts were too small to reach our study-wide 
significance. However, for alleles associated in the total cohort, 
the trends for association were in the same direction in juve-
nile-onset IIM (online supplementary table 11).

dIsCussIOn
We used HLA imputation to find associations with IIM autoanti-
bodies and both classical HLA alleles and amino acid positions that 
may confer risk. By applying this novel approach, we report for 
the first genetic differences between adult-onset and juvenile-onset 
anti-TIF1-positive patients. There are independent associations of 
HLA-DRB1 and HLA-B for the development of anti-Jo-1 autoanti-
bodies, implicating multiple genetic features of the 8.1 AH. Amino 
acid imputation identified novel associations with autoantibodies 
that are stronger than the classical HLA allelic association, indi-
cating key positions within HLA molecules that may confer risk 
for various antibodies.

For certain autoantibodies, the strongest amino acid associations 
were at a similar level of significance as the strongest specific HLA 
association (online supplementary figure 2A-H). These amino 
acids may act as a proxy for the risk allele due to carriage on 
risk haplotypes. In other instances, amino acid associations were 
markedly more significant than any HLA allele. For example, in 
patients with anti-PM/Scl autoantibodies, amino acid position 74 
of HLA-DRB1 had a stronger association (p=2.48×10–40) than 
any allelic association (p=1.47×10–26). For patients with anti-Jo-1 
autoantibodies, forward stepwise conditional analysis suggested 
independent associations within the 8.1 AH of HLA-B*08:01 and 
HLA-DRB1*03:01. Other MSAs may have multiple independent 
associations within the HLA region that we were underpowered 
to detect, in line with other seropositive autoimmune diseases.17

Imputation of classical HLA alleles confirmed strong associ-
ations between alleles of the 8.1 AH and anti-Jo-1, anti-PM/Scl 
and anti-cN1A autoantibodies. Specific HLA alleles are thought to 
target particular autoantigens, resulting in a breakdown in immu-
nological tolerance to self-antigens. However, studies have shown 
that there are additional genetic features of the 8.1 AH that predis-
pose individuals to immune-mediated diseases, such as NF-kappaB 
and TNF-alpha polymorphisms,18 19 and gene copy number vari-
ants of complement genes.20 The association of alleles independent 
of the 8.1 AH with anti-Mi-2 and anti-HMGCR, as well as finding 
that some autoantibodies do not have strong HLA associations, 
suggests that not all patients with IIM share a common genetic 
risk. The 8.1 AH may be more critical for generation of a particular 
autoantibody repertoire rather than for the development of IIM. 
Environmental triggers including viruses, infections, UV radiation, 
drugs and additional genetic risk factors may contribute to disease 
heterogeneity.

The position of amino acids may give insight into whether these 
associations are functionally important. For example, amino acid 
position 74 faces inwards of the peptide binding groove in HLA 
DR molecules and may change the structure to accommodate 
autoantigenic peptides, whereas amino acid position 4 lies outside 
of the peptide binding groove (online supplementary figure 1). 
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An arginine at position 74 of HLA-DRB1 was the most strongly 
associated amino acid position in patients with anti-Jo-1, anti-PM/
Scl and anti-cN1A autoantibodies and has been implicated in 
other autoimmune diseases in Caucasian individuals.21 Arg-74 
almost exclusively resides on HLA-DRB1*03 alleles, which may 
explain the strong association with many IIM autoantibodies and 
HLA-DRB1*03:01. It will be interesting to examine whether risk 
alleles in other ethnic populations share the same amino acids as 
in Caucasian populations.22 Our method of analysis was unable to 
distinguish whether risk was attributable to amino acid motifs or to 
individual amino acid positions due to the high level of LD within 
these molecules. Previous studies have identified HLA-DRB1 motif 
9EYSTS13 as risk for IIM,23 and the HLA-DRB1 motif 70QKXXR74 
for patients with anti-Jo-1 and anti-PM/Scl autoantibodies.9 In 
both of these cases, however, the motifs are no stronger than the 
classical association with HLA-DRB1*03:01, or indeed an arginine 
at position 74 of HLA-DRB1.

We found evidence of different haplotypic associations for 
adult-onset and juvenile-onset patients with anti-TIF1 autoanti-
bodies. After stratifying by age, there was an association between 
anti-TIF1 autoantibodies and the 8.1 AH in juvenile-onset patients 
that was absent in adult-onset patients. Differences in association 
could be due to distinct aetiologies or to epitope spreading. An 
association of anti-TIF1 autoantibodies with cancer in adult-onset 
disease is not present in juvenile-onset disease.24 25 Cancer-associ-
ated myositis may develop as a paraneoplastic process, with neoan-
tigens in the cancer triggering autoimmunity in adult disease.26 In 
juvenile-onset patients with anti-TIF1 autoantibodies, however, 
an association with the 8.1 AH may suggest a different aetiology, 
where environmental risk factors such as infections,27 28 UV expo-
sure29 or others,30 may initiate disease. Differences in association 
with anti-HMGCR autoantibodies in adult-onset patients (HLA-
DRB1*11:01) and juvenile onset-patients (HLA*DRB1*07:01) 
have recently been described.13

There are some limitations with our study. Due to the nature 
of this large multicentre collection, not all patients were tested 
using gold standard IP. Alternatively, patients were included if they 
tested positive for an autoantibody by a commercially available 
line blot. Although concordance between these different methods 
has not been comprehensively studied, there is evidence that these 
assays are robust.31 32 A subanalysis of patients with anti-Jo-1 and 
anti-PM/Scl autoantibodies serotyped using EUROIMMUN line 
blots resulted in the same associations as those serotyped by IP 
(data not shown). Another limitation is the potential mischarac-
terisation of patients as antibody negative. Patients may have rare 
autoantibodies not currently included on commercially available 
line-blots, undiscovered antibodies not detectable in cell lines used 
for IP or low/negative titres of antibody during disease remission. 
Mischaracterising patients as antibody negative would result in a 
type-2 error and should not affect our primary findings. For these 
reasons, we did not compare antibody positive against antibody 
negative-patient groups.

In conclusion, these results confirm strong associations 
between HLA alleles and autoantibody specificities present in 
Caucasian patients with IIM. As well as strong associations with 
the 8.1 AH, we show that there are associations independent 
of this haplotype and that risk within this region may differ 
between adult-onset and juvenile-onset patients with anti-TIF1 
autoantibodies. As autoantibodies in myositis correlate with 
specific clinical features of disease, understanding the mecha-
nisms behind development of different autoantibodies should be 
a focus of ongoing research.
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Table 1 Performance of different back pain features for the 
diagnosis of established AxPsA and active AxPsA

Sensitivity 
(%)

Specificity 
(%)

Positive 
LR

Negative 
LR

Established AxPsA (n=109)* 

  CBP 68 60 1.76 0.51

  IBP 59 84 3.75 0.48

  Modified IBP (≥3 out of 5) 84 80 4.27 0.18

Active AxPsA (n=72)† 

  CBP 100 66 2.97 0.00

  IBP 82 `88 7.25 0.20

  Modified IBP (≥3 out of 5) 91 75 3.61 0.13

Established AxPsA, n=109; active AxPsA, n=72; CBP, n=191; IBP, n=99; modified 
IBP, n=145.
*Established AxPsA group comprises all patients in the cohort with a diagnosis of 
AxPsA.
†Active AxPsA is a subset of the established AxPsA.
AxPsA, axial psoriatic arthritis; CBP, chronic back pain; IBP, inflammatory back pain; 
LR, likelihood ratio.

Inflammatory back pain criteria perform well in 
subset of patients with active axial psoriatic 
arthritis but not among patients with 
established axial disease

Psoriatic arthritis (PsA) is a progressive, potentially destructive 
and disabling immune-mediated inflammatory joint disease and is 
characterised by involvement of both the appendicular and axial 
skeleton. Inflammatory spinal disease is one of three inflamma-
tory musculoskeletal (MSK) manifestations that frequently occur 
in PsA. The reported prevalence of axial disease in patients with 
PsA is quite variable, and has been reported to be as high as up 
to 78%.1 Axial involvement is typically characterised by chronic 
lower back pain, and a significant proportion of such patients 
develop disabilities due to spinal inflammation. The early identi-
fication of patients with axial involvement among patients with 
psoriasis (PsO) therefore assumes considerable importance.

There are limited data about the utility of inflammatory 
back pain (IBP) criteria among patients with axial PsA (AxPsA). 
Previous studies have described low sensitivity of IBP criteria 
among AxPsA (around 68%).2 We read with interest the article of 
Yap et al, where authors report that IBP criteria may not perform 
well for axial involvement in PsA.3 The authors also report the 
low sensitivity and high specificity of IBP criteria among AxPsA. 
We also aimed to assess the diagnostic performance of back pain 
features among a much larger cohort of patients with PsA.

We have previously reported clinical and genetic association of 
sacroiliitis (SI) among 283 patients with PsA.4 Now, we further 
extend this analysis by examining the data of 406 patients with 
PsA (fulfilling the ClASsification criteria for Psoriatic ARthritis 
(CASPAR) criteria) in a cross-sectional assessment. All patients 
were assessed in a dedicated research clinic, where clinical, labo-
ratory and radiographic details were collected. Dedicated radio-
graphic sacroiliac joint views were obtained in all patients. We 
defined the criteria for identifying SI if ≥grade 2 radiographic 
changes were present (unilateral or bilateral). All radiographs 
were scored by a consultant MSK radiologist and two trained 
rheumatologists.4 It was considered only those radiographs as 
showing SI that were scored positively by at least two readers 
(MSK radiologist and at least one rheumatologist).

IBP features as suggested by Assessment of SpondyloArthritis 
international Society (ASAS)5 were obtained from all patients 
who reported back pain. Moreover, we also inquired about 
back pain and IBP features in all those patients who had a docu-
mented rheumatologist-diagnosed AxPsA, which was based on 
appropriate clinical symptoms and radiographic evidence of SI; 
this was considered as a gold standard for diagnosing AxPsA 
for this particular study. In our study, none of the patients with 
AxPsA had unilateral grade 2 SI.

Clinically active axial disease was defined as patients with 
spinal pain score (numerical rating scale 0–10) of ≥4 and The 
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) 
score ≥4 despite taking non-steroidal anti-inflammatory drugs; 
and all these patients had radiographic evidence of SI. The diag-
nostic label of ‘established AxPsA’ was used for all patients in 
total, diagnosed with AxPsA, regardless whether axial disease in 
remission or there were ongoing active symptoms.

A cohort of 406 patients with PsA (mean age 52.3±12 years; 
54% female; mean PsA duration of 16±7 years) was studied. 
Twenty-seven per cent (109/406) of the cohort had rheuma-
tologist-diagnosed AxPsA. All such patients with AxPsA had 

radiographic SI, and had either present or past history of chronic 
backache. The mean age of patients with AxPsA was 51±10 
years, and 53% were male. In patients with a diagnosis of estab-
lished AxPsA, we found that chronic back pain (CBP) (presence 
or absence), regardless of the characteristics of back pain, had 
very low sensitivity and specificity (68% and 60%, respectively, 
table 1). Interestingly, IBP criteria had poor sensitivity but quite 
good specificity (59% and 84%, respectively) among established 
AxPsA. Furthermore, we checked the performance of CBP and 
IBP among patients with active AxPsA. We noted that CBP had 
100% sensitivity and suboptimal specificity of 66%; however, 
fulfilling the IBP criteria led to significant improvement in 
detecting active AxPsA (sensitivity and specificity of 82% and 
88%, respectively). Additionally, we also looked at the sensitivity 
and specificity of lower cut-off points for the IBP questionnaire, 
as the suggested standard cut-off points may be too high for 
screening for early disease or in patients already using systemic 
therapies for PsO and PsA.6 By using the lower cut-off points of 
3 out of 5 for ASAS IBP criteria, the sensitivity and specificity to 
detect established AxPsA improved from 59% and 84% to 84% 
and 80%, respectively; similarly, lower cut-offs had quite high 
sensitivity and acceptable specificity among patients with active 
AxPsA.

Our study findings are clinically important in two ways. First, 
we found that IBP typically identifies patients with active AxPsA 
symptoms compared with patients with quiescent or partially 
treated AxPsA symptoms. Hence, IBP criteria are perhaps not 
helpful for screening patients with PsA for axial involvement in 
a cross-sectional analysis. It is possible that earlier studies have 
examined the performance of IBP criteria for AxPsA, regardless 
of whether the axial disease in remission or having active symp-
toms, which resulted in its suboptimal performance.3 Second, we 
found that reducing the IBP cut-offs in our study significantly 
improved its performance, without losing much of the specificity 
among AxPsA. Since this screening questionnaire has been devel-
oped in ankylosing spondylitis (AS), further work is required 
to investigate whether there is any differential performance of 
IBP criteria among patients with AxPsA and AS. The number 
of studies has suggested that there are clinical, radiologic and 
genetic differences between AxPsA and AS, suggesting that these 
are distinct entities. Moreover, contrary to AS, peripheral joint 
disease is much more prevalent among PsA, and the severity of 
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peripheral joint disease is a potential predictor of axial involve-
ment among PsA.

In conclusion, it would appear that the ASAS suggested IBP 
questionnaire (which was originally developed for AS) performed 
poorly in identifying patients with inactive AxPsA symptoms. We 
suggest that the standard cut-offs for this questionnaire be used 
for patients with active AxPsA, and the lower cut-offs should 
be used among patients with established AxPsA, where patients 
can potentially be in remission or partial remission. This study 
results have important implications for the use of this instru-
ment for screening purposes. Further work is required to vali-
date these observations.
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Table 1 Univariate analysis of patient characteristics by kidney outcome

Characteristics Total %
Any
response % CR % % CR PR % % PR NR % % NR P value P value*

Female 85 87.6 52 53.6 30 30,9 81.1 22 22.68041 100 33 34.02 86.84 0.2924 0.85

Clinical features

  APS* 13 13.4 10 10.3 5 5.2 13.5 5 5.2 22.7 3 3.1 7.9 0.2629 0.22

  aPL antibody positivity 61 62.9 26 26.8 15 15.5 40.5 11 11.3 50.0 35 36.1 92.1 <0.001 <0.001

  LAC 37 38.1 17 17.5 7 7.2 18.9 10 10.3 45.5 20 20.6 52.6 0.0079 0.018

  aCL 35 36.1 20 20.6 8 8.2 21.6 12 12.4 54.5 15 15.5 39.5 0.0334 0.57

  anti-beta2 GPI 22 22.7 12 12.4 7 7.2 18.9 5 5.2 22.7 10 10.3 26.3 0.7464 0.49

  Triple positivity 15 15.5 8 8.2 5 5.2 13.5 3 3.1 13.6 7 7.2 18.4 0.811 0.51

  Anti-dsDNA 43 44.3 22 22.7 13 13.4 35.1 9 9.3 40.9 24 24.7 63.2 0.041 0.0214

  Low C3 levels 77 79.3 36 37.1 25 25.8 67.6 11 11.3 50.0 38 39.2 100.0 0.001 <0.001

  Low C4 levels 27 27.8 15 15.5 8 8.2 21.6 7 7.2 31.8 12 12.4 31.6 0.5627 0.64

  Arterial hypertension 63 64.9 36 37.1 23 23.7 62.2 13 13.4 59.1 28 28.9 73.7 0.4252 0.27

  Hyperlipidaemia 45 46.3 27 27.8 17 17.5 45.9 10 10.3 45.5 18 18.6 47.4 0.98 1

  aGAPPS ≥ 12 24 24.7 10 10.3 6 6.2 16.2 4 4.1 18.2 14 14.4 36.8 0.0846 0.0267

  LN class IV 82 84.5 50 51.5 32 33.0 86.5 18 18.6 81.8 32 33.0 84.2 0.8891 1

Therapy

  Mycophenolate mofetil 53 54.6 32 33.0 21 21.6 56.8 11 11.3 50.0 21 21.6 55.3 0.8764 1

  Cyclophosphamide 38 39.2 22 22.7 14 14.4 37.8 8 8.2 36.4 16 16.5 42.1 0.888 0.67

  EUROLUPUS regimen 28 28.9 16 16.5 11 11.3 29.7 5 5.2 22.7 12 12.4 31.6 0.7583 0.65

  Other immunosuppresants 6 6.2 4 4.1 2 2.1 5.4 2 2.1 9.1 2 2.1 5.3 0.8128 1

  Anticoagulation 37 38.1 29 29.9 22 22.7 59.5 7 7.2 31.8 8 8.2 21.1 0.0022 00059

Statisticall significant p-values (p < 0.05) are marked in bold.
*Computing together any response, CR+PR.
aGAPPS, adjusted global antiphospholipid score; CR, complete response; NR, no response; PR, partial response.

   

 
Anticoagulation in patients with concomitant 
lupus nephritis and thrombotic 
microangiopathy: a multicentre cohort study

The management of lupus nephritis (LN) and concomitant 
thrombotic microangiopathy (TMA), with or without antiphos-
pholipid antibodies (aPL), remains controversial, and few studies 
are available to inform clinical management.1–4

The purpose of this multicentre retrospective study was 
to analyse the impact of anticoagulation (vitamin K antag-
onists (VKAs) and/or heparins) in addition to conventional 
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Figure 1 Comparison of kidney outcomes between patients receiving anticoagulation and those without ((A) all 97 patients; (B), limiting to patients 
positive for antiphospholipid antibodies). aPL, antiphospholipid antibodies; CR, complete response; LN, lupus nephritis; NR, no response; PR, partial 
response;TMA thrombotic microangiopathy.

immunosuppression on kidney outcomes (assessed at 12 
months, according to the Kidney Disease: Improving Global 
Outcomes-KDIGOguidelines5) in patients with biopsy-proven 
LN and concomitant TMA.

Data source, population and statistical analysis are detailed 
in the online supplementary material 1. Anticoagulation was 
considered if given for at least three consecutive months after 
TMA diagnosis.

We retrospectively identified 97 patients with biopsy-proven 
LN and TMA (2007–2017). See online supplementary table 1 
for clinical and demographic characteristics. Laboratory param-
eters were collected at the time of the biopsy. The mean age of 
patients was 38.9±15.2 years (13–69) and 85 females (87.6%). 
Most had proliferative LN (class IV in 84.5%). In total, 42 
(43%) patients presented with acute and 55 (57%) with features 
of chronic TMA. All patients had received treatment with stan-
dard immunosuppressants (55% mycophenolate, 39% cyclo-
phosphamide, 6% other regimen) and steroids. At 12 months, 
complete response (CR) was observed in 37 patients (38.1%), 
partial response (PR) in 22 (22.6%) and no response (NR) in 38 
(39.1%). Sixty-one patients (62.9%) were aPL positive and 37 
(38.1%) of these patients received anticoagulation with a VKA 
and/or heparins. Mean duration of anticoagulation therapy after 
TMA and LN diagnosis was 7.7 months (3-12).

We observed a higher rate of clinical response (CR/PR, 
together or computed separately) in patients who received anti-
coagulation (CR in 22 (59.46%), PR in 7 (18.91%); NR in 8 
(21.62%)) compared with those without (CR in 15 (25.0%), PR 
in 15 (25.0%); NR in 30 (50%)), p<0.01) (table 1).

When limiting the analysis on the 61 patients with aPL, we 
observed a higher rate of complete response in those receiving 
anticoagulation (patients receiving anticoagulant therapy: CR 
in 22 (59.46%), PR in 7 (18.91%); NR in 8 (21.62%)) versus 
patients not receiving VKA/heparins (CR in 8 (30.77%), PR in 7 
(26.92%); NR in 8 (34.62%),p=0.046) (figure 1).

After multivariate analysis, aPL positivity (any) (β=1.23,OR 
2.4;95% CI 1.2 to 7.3;p=0.03), anti-dsDNA positivity 
(β=1.98,OR 12.8; 95% CI 3.0 to 71.3; p=0.002) and chronic 
features of TMA (β=1.31,OR 3.0; 95% CI 1.2 to 17.5; p=0.04) 
were all associated with no kidney response.

When limiting the analysis to aPL-positive patients, after 
adjusting for type of immunosuppressant therapy and LN class, 
variables that were significantly associated with CR+PR were 
features of acute TMA rather than chronic (β=1.95, OR 8.62; 
95% CI 1.4 to 97.1; p=0.03) and the use of VKA/heparins 
(β=1.21 OR 2.1; 95% CI 1.02 to 16.2; p=0.046).

In summary, in our study the use of anticoagulation was asso-
ciated with any response to treatment at 1 year, in line with the 
fact that about 60% of the patients with CR received VKA or 
heparins. Similarly, when limiting the analysis to patients with 
aPL, we observed a rate of any response (either CR+PR) as high 
as 66% in patients receiving anti-coagulant treatment compared 
with those receiving immunosuppression alone (34%).

Despite its limitations (the relatively short duration of 
follow-up to gauge the relapse rate; lack of standardised 
protocol for LN treatment; the use of anticoagulation agents 
was not randomised but based on the treating physicians’ judge-
ment), this study represents the largest available multicentre 
cohort of real-life systemic lupus erythematosus patients with 
biopsy-proven LN and concomitant TMA.

To conclude, in patients with concomitant LN and TMA, the 
use of anticoagulation appeared protective and warrants further 
investigation as a therapeutic tool; the presence of aPL, anti-
dsDNA antibodies and chronic features of TMA was associated 
with poorer kidney outcomes.
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Figure 1 Impact of organ damage on belimumab efficacy. The forest plots illustrate the performance of baseline variables in predicting SRI-
4 response to standard-of-care therapy with and without the addition of belimumab in patients with active SLE, based on results from logistic 
regression analyses. Following simple logistic regression analyses, multiple logistic regression models were constructed for selected baseline variables 
in order to assess independence, priority and confounding potentiality. P values <0.05 were considered statistically significant.
Level of statistical significance: *p<0.05; **p<0.01; ***p<0.001.
Anti-dsDNA, anti–double-stranded DNA; CS, corticosteroid; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index; SELENA-SLEDAI, Safety of Estrogens in Lupus Erythematosus National Assessment–SLE Disease Activity Index; SLE, systemic lupus 
erythematosus; SRI-4, SLE responder index 4.

       

        

          
         

            
        

        

         
    

Established organ damage reduces belimumab 
efficacy in systemic lupus erythematosus

Post hoc analyses of the phase III trials of belimumab BLISS-521 
and BLISS-762 revealed superiority of belimumab over placebo 
in patients with systemic lupus erythematosus (SLE) with high 
baseline disease activity, positive anti–double-stranded (ds)DNA 
titres and low complement levels, as well as in patients receiving 
corticosteroids.3 Later, real-life observations demonstrated that 
established organ damage prior to treatment initiation predicted 
reduced belimumab efficacy.4 We aimed at validating this finding 
in the BLISS-52 and BLISS-76 SLE populations. Access to data 
was granted by GlaxoSmithKline (Uxbridge, UK).

In total, 1684 patients were included in the analysis. The 
BLISS-52 trial comprised 865 and the BLISS-76 trial 819 
patients with SLE who were randomised to receive belimumab 
1 mg/kg, belimumab 10 mg/kg or placebo, along with standard-
of-care treatment.

Organ damage was assessed using the Systemic Lupus Inter-
national Collaborating Clinics/American College of Rheuma-
tology Damage Index (SDI).5 Response to treatment was defined 
as fulfilment of the SLE responder index 4 (SRI-4) conditions 
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at week 52 (primary endpoint of the BLISS trials).1 2 Patients 
who withdrew or required changes in the background therapy 
other than those permitted by protocol were considered 
non-responders.

Logistic regression was used to evaluate the association of 
SDI scores with treatment response. Adjustments for previ-
ously reported predictors of belimumab efficacy3 were made as 
appropriate.

Baseline characteristics are presented in online supplementary 
table S1, and results in figure 1. In patients who received belim-
umab, baseline SDI >1 was a strong predictor of reduced treat-
ment efficacy. This was more prominent in the belimumab 10 mg/
kg arm (OR 0.48, 95% CI 0.29 to 0.77; p=0.003), where SLE 
duration showed no significant association. High disease activity 
and corticosteroid use at baseline did not confound the result. 
Venous thrombosis (OR 0.19, 95% CI 0.04 to 0.87; p=0.033) 
and cognitive impairment/psychosis (OR 0.27, 95% CI 0.11 to 
0.63; p=0.003) were found to be the SDI items mostly driving 
this association (see online supplementary tables S2–S5). In the 
placebo arm, baseline SDI scores >1 did not predict the SRI-4 
status at week 52 (OR 0.73, 95% CI 0.44 to 1.20; p=0.210). 
Importantly, anti-dsDNA positivity and low C3/C4 levels were 
not found to impact belimumab efficacy at the dose of 10 mg/kg.

We herein demonstrated that established organ damage was 
associated with a substantial reduction in belimumab treatment 
efficacy, irrespective of baseline SLE activity or serological status. 
This was more prominent in patients with baseline SDI scores >1 
versus SDI scores >0, and mainly driven by venous thrombosis, 
as previously implicated,4 and cognitive impairment/psychosis.

Organ damage in SLE is associated with unfavourable disease 
course and premature mortality,6 7 which may partly account 
for the findings, and is known to accumulate with disease dura-
tion.6 It is therefore worth noting that the association between 
organ damage and belimumab efficacy was not confounded by 
SLE duration. The mechanisms underlying the observed effect of 
previous thrombotic events remain to be elucidated; exploration 
of possible roles for the antiphospholipid antibodies/syndrome 
and/or use of anticoagulants is merited.

Previous comparative analysis revealed superiority of belim-
umab over placebo in patients with positive anti-dsDNA titres 
and low C3/C4 levels.3 In our analysis of non-comparative 
nature, no association was found between SRI-4 achievement 
and anti-dsDNA positivity or hypocomplementaemia in the 
belimumab 10 mg/kg arm, and low C3/C4 levels even predicted 
non-response in the belimumab 1 mg/kg and placebo arms.

Patients with active nephritis and neuropsychiatric SLE were 
excluded from the trials. Implications derived from the study 
may therefore not be applicable to these SLE subsets.

In agreement with previous literature, our results suggest that 
belimumab may be expected to be more efficacious in patients 
with SLE with limited or no organ damage accrued prior to 
treatment initiation, irrespective of disease duration or activity 
grade, and provide additional clinical guidance on the use of 
belimumab therapy.
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Rituximab in moderate to severe non-renal 
systemic lupus erythematosus: a reanalysis of 
the EXPLORER study

Many targeted therapies have been developed for systemic 
lupus erythematosus (SLE) in recent years and almost all have 
failed to meet their predesigned endpoints.1 Among these ther-
apies, rituximab (RTX) has reported good results in several 
open-label studies,2 3 but failed to meet its primary endpoints 

 on 25 June 2019 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2018-214833 on 4 January 2019. D
ow

nloaded from
 

http://ard.bmj.com/


1008 Ann Rheum Dis July 2019 Vol 78 No 7

Letters

Figure 1 Response rate using new criteria. (A) Response rate for the 
four criteria used in the reanalysis in the rituximab and placebo group. 
(B) Response rate for the more stringent SRI-5, SRI-6, SRI-7 and SRI-4 
in the rituximab and placebo group. mBICLA, modified BILAG-based 
Composite Lupus Assessment; mLLDAS, modified Lupus Low Disease 
Activity Score; SRI-4, Systemic Lupus Erythematosus Response Index-4; 
SRI-4 with OCS, SRI-4 with oral corticosteroid tapering.

in two randomised controlled trials (RCTs), EXPLORER and 
LUNAR.4 5

Among the proposed explanations for these failures, 
the primary outcome criteria’s lack of sensitivity has been 
suggested.6 The availability of new SLE response criteria led 
us to reanalyse the EXPLORER study which assessed RTX 
efficacy in severe non-renal SLE, using four newly available 
scores: SLE Response Index-4 (SRI-4), a modified SRI-4 
(including reduction of glucocorticoids ≤10 mg/day between 
days 169 and 365), a modified BILAG-based Clinical Lupus 
Assessment (mBICLA) and a modified Lupus Low Disease 
Activity Score (mLLDAS), (online supplementary file 1 for 
details on criteria).7 8

The EXPLORER trial was a 52-week, –multicentre, 
randomised, double-blind placebo-controlled trial of RTX in 
257 patients with moderately to severely active non-renal SLE 
(online supplementary table 1). Patients were randomised at 
a 2:1 ratio to receive intravenous RTX (1000 mg) or placebo 
on days 1, 15, 168 and 182, which was added to the baseline 
immunosuppressive regimen and to additional daily oral pred-
nisone (0.5 mg/kg to 1.0 mg/kg based on initial BILAG score) 
(online supplementary table 2). Raw data from the original 
EXPLORER study were retrieved from Roche Pharmaceuticals 
on presentation of a prespecified reanalysis plan. Reanalysis 
was conducted in the total intention to treat population.

At 52 weeks, RTX failed to show a statistically significant 
efficacy over placebo for all four newly described response 
criteria (p>0.05 for all comparisons, figure 1A). More strin-
gent SRI-5, SRI-6, SRI-7 and SRI-8 did not favour RTX 
treatment neither (figure 1B). There was no difference in 
the cumulative prednisone dose (4223±2831 mg in the RTX 
group vs 4390±2678 mg in the placebo group, p=0.65 using 
bilateral Student t-test).

Subgroup analyses were performed for all four response 
criteria using EXPLORER’s prespecified subgroups and other 
clinically relevant subgroups such as hydroxychloroquine or 
tobacco use, baseline immunosuppressive treatment and the 
organ-domain involvement at baseline (figure 2A–C). In terms 
of SRI-4 response, patients without mucocutaneous involve-
ment were more likely to benefit from RTX (OR 10.2, 95% CI 
1.25 to 82.8, p=0.03; figure 1C). There was a statistical trend 
for people with baseline haematological involvement to have 
a better SRI-4 response to RTX (OR 7.20, 95% CI 0.86 to 
60.1, p=0.07; figure 1C). Considering patients with vasculitis 
at baseline, an OR calculation was not possible because none 
of these patients treated with placebo had an SRI-4 response. 
However, 39.3% of patients with vasculitis at baseline (n=28) 
treated by RTX had a SRI-4 response at week 52 (p=0.04 
using Fisher’s exact test). The same observation was made 
with the other outcome measures (SRI-4 with corticosteroid 
dose reduction, mBICLA, and mLLDAS responses) but the 
difference was not significant (online supplementary figure 1).

Several explanations have been raised to explain SLE RCT 
failures, such as high-dose corticosteroids, associated immuno-
suppressive medication, inappropriate endpoints and patient 
heterogeneity.9 In the current reanalysis, we retrospectively 
took into account these factors but failed to demonstrate 
RTX superiority over placebo. However, it should be noted 
that there were significant agreeability between old and new 
response criteria (online supplementary figure 2). Future SLE 
trials might need to better select their patients (eg, using tran-
scriptomic signature), reduce or avoid steroiden studies report 
the excellent efficacy of RTX in SLE, our reanalysis does not 
allow us to show that RTX could be effective in SLE, at least 

in non-renal moderate to severe SLE. bursts at inclusion and 
concomitant immunosuppressive medications to overcome the 
difficulties of demonstrating efficacy in SLE. Although many 
open studies report the excellent efficacy of RTX in SLE, our 
reanalysis does not allow us to show that RTX could be effec-
tive in SLE, at least in non-renal moderate to severe SLE.
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Figure 2 Forest plot representing OR of treatment response in different subgroups. (A) Baseline demographic and disease characteristics. (B) 
Baseline organ BILAG involvement. (C) Baseline treatment characteristics. AZA, azathioprine; CS, corticosteroids; dsDNA, double-stranded DNA; 
mBICLA, modified British Isles Lupus Assessment Group (BILAG)-based Composite Lupus Assessment; mLLDAS, modified Lupus Low Disease Activity 
Score; MMF, mycophenolate mofetil; MTX, methotrexate; NA, non assessable; SRI-4, Systemic Lupus Erythematosus Response Index-4; SRI-4 with OCS, 
SRI-4 with oral corticosteroid tapering.
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Table 1 Characteristics of SLE pregnancies overall and according to 
aspirin use

Characteristic

All pregnant 
visits 
(n=475)*

Pregnant 
visits with 
aspirin 
(n=121)

Pregnant visits 
without aspirin 
(n=354)

Patient characteristic

Age, mean (SD) 31.0 (4.9) 30.5 (4.6) 31.2 (5.0)

Ethnicity, n (%) 

  Asian 66 (14) 7/66 (11) 59/66 (89)

  Native North American 3 (1) 2/3 (67) 1/3 (33)

  Black 88 (19) 9/88 (10) 79/88 (90)

  Caucasian 209 (44) 71/209 (34) 138/209 (66)

  Hispanic 62 (13) 20/62 (32) 42/62 (68)

  Indian subcontinent 25 (5) 8/25 (32) 17/25 (68)

  Other 22 (5) 4/22 (18) 18/22 (82)

Country, n (%) 

  Canada 121 (25) 27/121 (22) 94/121 (78)

  USA 105 (22) 20/105 (19) 85/105 (81)

  Mexico 52 (11) 19/52 (37) 33/52 (63)

  Europe 146 (31) 49/146 (34) 97/146 (66)

  South Korea 51 (11) 6/51 (12) 45/51 (88)

Any postsecondary education, n (%) 310/452 (69) 69/310 (22) 241/310 (78)

BMI, mean (SD) 25.8 (5.9) 26.3 (5.2) 25.6 (6.1)

Obstetrical history

  Parity, mean (SD) 1.1 (1.0) 1.1 (1.0) 1.2 (1.0)

  Nulliparous, n (%) 134/461 (29) 37/134 (28) 97/134 (72)

  Previous fetal loss <24 weeks, 
n (%)

84/456 (18) 22/84 (26) 62/84 (74)

SLE characteristics

  Disease duration (years), mean (SD) 5.6 (3.3) 5.6 (3.3) 5.6 (3.3)

  SLEDAI, mean (SD) 3.3 (3.8) 3.0 (3.6) 3.4 (3.9)

  SLICC damage score, mean (SD) 0.5 (1.0) 0.6 (1.0) 0.5 (1.0)

  Any positive aPL, n (%) 34/104 (33) 13/34 (38) 21/34 (62)

  LAC, n (%) 19/104 (18) 6/19 (32) 13/19 (68)

  ACL, n (%) 12/104 (12) 3/12 (25) 9/12 (75)

  GP1 IgG, n (%) 18/104 (17) 9/18 (50) 9/18 (50)

  Nephritis, n (%) 53(11) 11/53(21) 42/53 (79)

Comorbidities

  Any renal disease†, n (%) 83 (17) 17/83 (20) 66/83 (80)

  CKD (eGFR≤90 mL/min/1.73 m²), 
n (%)

43/459 (9) 6/43 (14) 37/43 (86)

  CKD stage ≤3 (eGFR≤60 mL/
min/1.73 m²), n (%)

11/459 (2) 5/11 (45) 6/11 (55)

  Hypertension, n (%) 79 (17) 24/79 (30) 55/79 (70)

  Taking anticoagulation, n (%) 28 (6) 12/28 (43) 15/28 (54)

Year of pregnancy visit

  2000– 2004, n (%) 39 (8) 11/39 (28) 28 (72)

  2005– 2009, n (%) 157 (33) 46/157 (29) 111/157 (71)

  2010– 2014, n (%) 218 (46) 52/218 (24) 166/218 (76)

  2015– 2017, n (%) 61 (13) 12/61 (20) 49/61 (80)

*Denominator=475 unless otherwise stated.
†Includes chronic kidney disease, active nephritis and/or nephrotic syndrome within the last 
year.
ACL, anticardiolipin antibody; aPL, antiphospholipid antibody; BMI, body mass index; 
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GP1, anti-B2-
glycoprotein-1; LAC, lupus anticoagulant; SLE, systemic lupus erythematosus; SLEDAI, 
Systemic Lupus Erythematosus Disease Activity Index; SLICC, Systemic Lupus International 
Collaborating Clinics.

Low aspirin use and high prevalence of pre-
eclampsia risk factors among pregnant women 
in a multinational SLE inception cohort

Women with systemic lupus erythematosus (SLE) carry a 
substantially higher risk for pre-eclampsia compared with the 
general population.1 Aspirin reduces the risk of pre-eclampsia 
in high-risk pregnancies by more than half2 and thus is recom-
mended in SLE.3–5 The European League Against Rheumatism 
recommends aspirin in SLE pregnancies, particularly in those 
with nephritis or positive antiphospholipid antibodies (aPL).5 
Despite this, little is known about current practice. Therefore, 
we assessed the prevalence of aspirin use in SLE pregnancies 
within the Systemic Lupus International Collaborating Clinics 
inception cohort, which has been described elsewhere.6

SLE women aged 18–45 with a pregnancy documented at 
one or more annual study visits (spanning 2000–2017) were 
included. For each pregnant visit, aspirin use, traditional 
pre-eclampsia risk factors (hypertension, chronic kidney 
disease, diabetes, nulliparity, body mass index ≥35, age >40), 
aPL and active lupus nephritis were assessed (see variable defi-
nitions in online supplementary material). Aspirin use was 
compared among those with and without each/any risk factor, 
and over time.

We identified 475 pregnancies among 300 women. Mean 
SLE duration at the time of pregnancy was 5.6 years (SD 3.1). 
Half (51%) of pregnancies had ≥1 traditional pre-eclampsia 
risk factor, 34/104 (33%) had positive aPL and 53/475 (11%) 
had nephritis (table 1). Aspirin was used in 121 (25%) preg-
nancies. While a third of pregnancies in Caucasians (71/209, 
34%, 95% CI 28% to 41%) and Hispanics (20/62, 32%, 95% 
CI 22% to 45%) were aspirin exposed, only 9/88 (10%, 95% 
CI 5% to 18%) and 7/66 (11%, 95% CI 5% to 20%) of preg-
nancies in Black and Asian subjects were respectively aspirin 
exposed. Aspirin use did not differ among pregnancies with or 
without ≥1 traditional risk factor (58/234, 25% (95% CI 20% 
to 31%) vs 63/241, 26% (95% CI 21% to 32%)), any tradi-
tional risk factor individually, or nephritis (see online supple-
mentary table 1). There was a potential trend for increased 
aspirin use among pregnancies with positive aPL (13/34, 38%, 
95% CI 24% to 55%) compared with those without aPL 
(16/70, 23%, 95% CI 15% to 34%), although CI overlapped. 
Sensitivity analyses excluding multiple pregnancies within 
the same women yielded similar results. Aspirin use did not 
increase from 2000 to 2017 (χ2 test for trend in proportions, 
p=0.13).

Our study is the first to assess aspirin use in SLE pregnancies 
according to the presence of pre-eclampsia risk factors. Among 
the 475 SLE pregnancies in this prospective, multinational 
inception cohort, additional pre-eclampsia risk factors were 
present in half, while aspirin was taken in only one-quarter 
and did not differ from background aspirin use among the 
same women at non-pregnant visits (see online supplemen-
tary material). Even without considering SLE itself as a major 
risk factor, aspirin use was no more prevalent among those 

with other traditional indications for aspirin in pregnancy, and 
the majority of those with aPL and nephritis were not taking 
aspirin. The low aspirin use among Black SLE subjects is note-
worthy given the worse reproductive outcomes observed in 
this population.7
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Study limitations include lack of data on gestational age 
and pregnancy outcomes. In addition, aspirin could have been 
introduced at/or following the study visit when the pregnancy 
was documented, highlighting the importance of the rheuma-
tologist in reviewing aspirin use and initiating it, if not already 
done, in pregnant SLE women. However, assuming either a 
somewhat normal or a left-skewed distribution of gestational 
ages at the pregnant visits, a substantial proportion of visits 
would have taken place after 12–16 weeks’ gestation, by which 
time aspirin should have been initiated.2 3

In conclusion, we have potentially identified an important 
gap between practices and current recommendations for the 
care of pregnant SLE women, and call for further studies of 
factors contributing to aspirin use in lupus pregnancies.
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Table 1 Patient characteristics of ‘relapser’ and ‘non-relapser’

All patients
Early relapser
(<90 days post-TCZ)

Late relapser
(>90 days post-TCZ) Non-relapser P value

No of patients 26 7/26 (27%) 8/26 (31%) 11/26 (42%)

Days to relapse after TCZ stop n/a 56 (36–88) 140 (109–196) n/a 0.0003#

Sex F:M ratio (% F) 13:13 (50%) 5:2 (71%) 4:4 (50%) 4:7 (36%) 0.35

Age at TCZ start (years) 70.0 (43.8–89) 61.9 (55.6–89.0) 71.7 (43.8–80.4) 69.4 (54.3–81.9) 0.88

GCA/PMR†/TAK (n) 23/2/1 7/0/0 6/1/1 10/1/0

Polymyalgia at diagnosis 17/26 (65%) 5/7 (71%) 5/8 (63%) 7/11 (64%) 0.67

Cranial ischaemic symptoms at diagnosis* 11/26 (42%) 2/7 (28%) 5/8 (71%) 5/11 (46%) 0.42

Hb (g/L) at diagnosis 117 (91–162) 113 (91–115) 126 (108–162) 120 (95–154) 0.11

CRP (mg/L) at diagnosis 105 (9.2–295) 143 (56–285) 65 (32.5–204) 46 (9.2–295) 0.11

ESR (mm/h) at diagnosis 78 (8–110) 80 (70–98) 80 (8–110) 63 (10–92) 0.15

Platelet count (×10^9/L) at diagnosis 378 (223–697) 398 (277–602) 399 (236–697) 287(223–457) 0.08

Biopsy-proven GCA (n (%)) 12/18 (67%) 4/6 (67%) 4/5 (80%) 4/7 (57%) 0.71

LVV in CDU or PET 21/26 (81%) 6/7 (86%) 6/8 (75%) 9/11 (82%) 0.54

Disease duration before current TCZ (days) 225.5 (8–1582) 247 (8–1081) 198 (42–1582) 222 (25–1008) 0.96

Relapses (n) before TCZ 1 (0–4) 1 (0–3) 1 (0–4) 1 (1–2) 0.46

TCZ infusions received before stop (n) 10 (4–25) 9 (5–15) 9.5 (6–24) 13 (4–25) 0.80

PDN (mg/day) at TCZ start 17.5 (0–100) 15 (0–50) 40 (5–80) 20 (0–100) 0.26

PDN (mg/day) at TCZ stop 5 (0–20) 5 (0–7.5) 5 (0–20) 2.5 (0–5) 0.12

Previous therapy

  Previously having had a TCZ cycle 5/26 (19%) 1/7 (14%) 2/8 (25%) 2/11 (18%) 0.87

  Previously having had MTX therapy 8/26 (31%) 3/7 (43%) 3/8 (38%) 2/11 (18%) 0.48

The three outcome groups were compared by Kruskal-Wallis with Dunn’s correction, except for (#) where a non-parametric t-test was used to compare the two relapse groups.
*Amaurosis fugax (2-2-0), anterior ischemic optic neuropathy (AION) (2-1-1), stroke (0-0-0) or jaw claudication (4-2-5).
†PMR=isolated PMR without GCA.
CDU, color Doppler ultrasound; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; GCA, giant cell arteritis; LVV, large-vessel vasculitis; MTX, methotrexate; PDN, 
prednisone; PMR, polymyalgia rheumatica; TAK, Takayasu arteritis; TCZ, tocilizumab; n/a, not available.

         

        

Serial IL-6 measurements in patients with 
tocilizumab-treated large-vessel vasculitis 
detect infections and may predict early relapses

Tocilizumab (TCZ) has been approved for giant cell arteritis 
(GCA). Interleukin-6 (IL-6) receptor blockade suppresses clin-
ical disease and is steroid sparing.1 2 Since IL-6 induces the 
acute-phase response, the clinically used inflammation markers 
(C reactive protein (CRP), erythrocyte sedimentation rate (ESR)) 
are suppressed during TCZ treatment. Whether serum IL-6 is 
useful in monitoring disease activity and detecting infections in 
TCZ-treated GCA is unknown.

We longitudinally measured IL-6 in 23 patients with intrave-
nous TCZ–treated GCA, two patients with polymyalgia rheu-
matica and one patient with Takayasu arteritis of our GCA 
cohort (EKBB-239/09), and in 13/26 patients additionally before 
TCZ treatment. Patient characteristics are shown in table 1. At 
each visit, clinical and laboratory parameters (white blood cell 
(WBC), CRP, ESR) were assessed. Relapse was defined as the 
need for treatment intensification following new or increasing 
symptoms, or rising CRP/ESR not otherwise explained.2

During TCZ therapy, CRP, ESR and WBC rapidly declined 
and were sustainably suppressed. IL-6 levels rose and remained 
elevated throughout TCZ treatment (figure 1). Daily predni-
sone doses were successfully tapered after TCZ was initiated 
(figure 1C). During 23.8 patient-years of TCZ therapy, eight 
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Figure 1 Longitudinal interleukin-6 (IL-6) levels during tocilizumab (TCZ) therapy. IL-6 serum levels were measured immediately before TCZ 
infusion and at the time of a clinically suspected infection or giant cell arteritis (GCA) relapse during therapy. IL-6 was determined using an 
electrochemiluminescence method (Elecsys). (A) IL-6, C reactive protein (CRP), erythrocyte sedimentation rate (ESR) and white blood cell (WBC) levels 
are shown immediately before the first versus the second dose of TCZ (n=13 for IL-6, n=26 for CRP, ESR and WBC). (B) IL-6 levels depending on the 
therapy duration is shown. The TCZ doses are grouped as indicated. (C) TCZ therapy allowed rapid tapering of the daily prednisone dose. (D) during 
documented infections (‘@infection’), IL-6 increased in all subjects compared with the mean of the previous two IL-6 measurements in the same 
patient (‘before’). CRP and ESR remained suppressed in infections. WBC increased variably. (E) PET/CT image showing pleuritis (arrows) in the patient 
with viral pleuropericarditis. (F) Subjects who displayed a clear decline (slope ≤−0.1) relapsed later (146 vs 67 days to relapse). Wilcoxon signed-rank 
(A and D), Kruskall-Wallis with Dunn’s correction (B and C), and linear regression was used, respectively. **p<0.01, ***p<0.001, ****p<0.0001. FU, 
follow-up.
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infections were documented with available IL-6 levels (online 
supplementary table S1). IL-6, but not CRP, ESR or WBC, was 
significantly higher in all infections compared with the mean of 
the last two previous measurements (p=0.0078; median 3.1-fold 
increase (1.6–16.6-fold)) (figure 1D). The highest measured 
IL-6 was 1409 pg/mL in a suspected viral pleuropericarditis 
(figure 1E).

We observed eight relapses during therapy. IL-6 levels were 
inconsistently elevated, and CRP was normal with one excep-
tion (online supplementary table S2 and online supplementary 
figure S2). In addition to IL-6 increases during infections and 
some relapses, we observed ‘IL-6 spikes’ associated with a spinal 
synovial cyst (n=1), influenza vaccination (n=1), and in four 
asymptomatic patients with GCA without any specific event. 
Hence, in total, 14/18 (78%) of patients with IL-6 increases had 
a clinically plausible cause (online supplementary figure S3). In 
the remaining, subclinical disease or masked viral infections are 
potential explanations.3

We next tested if longitudinal IL-6 dynamics during therapy 
(median 11.5 IL-6 measurements per patient) associate with 
relapses after TCZ stop. TCZ was stopped in all patients. 
Follow-up was available for a median of 7.1 months (range 
1–20.1 months). At 90 days and 180 days of follow-up after 
TCZ stop, 73% and 42% patients remained relapse-free, respec-
tively (figure 1F). No severe, ischaemic relapse occurred, and 
remission could be achieved by re-installation of TCZ or pred-
nisone treatment (online supplementary table S3). Women 
were slightly over-represented in the group with early relapses 
(table 1). The last measured IL-6 value was comparable between 
the groups (median 38.3 vs 36.1 vs 39.8 pg/mL for no, early and 
late relapse). In 13/26 subjects, serum IL-6 declined during treat-
ment (online supplementary figure S4), which was associated 
with low risk for early relapses (<90 days after last infusion). 
Consequently, relapse-free survival was longer in those with an 
IL-6 decline (median 146 vs 67 days, p=0.02) (figure 1F).

In rheumatoid arthritis, IL-6 <30 pg/mL after 12 weeks 
predicted remission after 52 weeks.4 5 In contrast, others reported 
a link between lower serum IL-6 at TCZ stop and subsequent 
GCA flares.3 Our study suggests that longitudinal IL-6 measure-
ments rather than absolute IL-6 levels before treatment cessa-
tion may predict remission in TCZ-treated GCA. Limitations to 
our study include the lack of IL-6 measurements in all patients 
before TCZ start, the lack of TCZ level measurements due to 
sample availability, the lack of consequent imaging at relapse or 
IL-6 ‘spikes’, the focus on medically attended infections only and 
the inclusion of predominantly relapsing patients.

An increase in IL-6 during TCZ therapy should trigger a 
careful assessment for infection or disease activity. Absence of a 
longitudinal IL-6 decline during TCZ therapy may be indicative 
of ongoing subclinical disease activity and a risk for early relapse 
after treatment cessation. The specificity and sensitivity of IL-6 
for these outcomes need to be defined in a prospective study.
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To DAPSA or not to DAPSA? That is not 
the question

In a recent publication in the Annals of the Rheumatic Diseases, 
van Mens et al have provided an analysis of different criteria for 
assessment of remission and low disease activity (LDA) in psori-
atic arthritis (PsA).1 We would like to congratulate the authors 
for a thoughtful and thorough analysis of various disease activity 
measures in PsA and for providing the readers with interesting 
data. As so often, interpretations of data and conclusions may 
be seen diversely from different angles and we take the liberty 
to interpreting the data differently than the authors themselves.

The authors have evaluated remission (REM) and LDA by the 
disease activity in psoriatic arthritis (DAPSA), clinical disease 
activity in psoriatic arthritis (cDAPSA), minimal disease activity 
(MDA), psoriatic arthritis disease activity score (PASDAS) and 
very low disease activity (VLDA) for residual disease activity. 
These scores differ on two accounts: first, MDA and VLDA are 
solely state measures and, therefore, do not provide information 
on the actual level of disease activity, while DAPSA, cDAPSA and 
PASDAS are continuous measures that allow following patients’ 
disease activity through their whole disease history and define 
disease activity states, including remission and LDA; second, the 
philosophy behind DAPSA and cDAPSA on the one hand and 
MDA, PASDAS and VLDA on the other hand differs, since the 
latter scores comprise many aspects of psoriatic disease (PsoD) 
and thus include skin involvement, enthesitis, dactylitis and 
others, while the former focuses solely on the joint involvement 
of PsA, leaving the other variables of PsoD to being assessed by 
respective, widely validated separate scoring systems rather than 
lumping them together into one score. Interestingly, during the 
development of composite measures for PsoD, the authors them-
selves apparently disagree on how these should be constructed, 
since the components included differ among them, as can be seen 
in a recently summative presentation of these scores.2

Given that MDA, PASDAS and VLDA have in common that 
they comprise various aspects of PsoD, it was surprising to see 
that MDA and VLDA correlated better with DAPSA/cDAPSA 
REM and LDA than with the more closely related PASDAS-REM. 
Of note, while a LDA state for PASDAS has been defined,3 the 
authors did not show these data in relation to DAPSA and 
MDA. It would be important for the readers of the Journal if 
the authors could convey these data in their response. Of note, 
PASDAS was already affected with stringency issues in remis-
sion, allowing for almost 10% of the patients to have 4–7 tender 
joints, a situation hardly compatible with remission of arthritis. 
These data confirm and support the decision provided in recent 
recommendations to apply primarily DAPSA as a continuous and 
state measure of disease activity and MDA as a state measure.2

As elaborated in previous discussions,2 4 the difference between 
a holistic, multidimensional measure of disease activity, such as 
the PASDAS and MDA, and unidimensional measures, such as 
DAPSA or psoriasis area and severity index (PASI), has nothing 
to do with neglecting important aspects of disease. The authors 
imply this by stating that ‘residual skin disease was highest in 
patients achieving DAPSA or cDAPSA remission…’. However, 
this is a misinterpretation of the DAPSA construct. The DAPSA is 
a measure for PsA and thus arthritis, not for PsoD. Since one has 
to use the PASI or body surface area (BSA) anyway to calculate 
a score like PASDAS or a pure state like MDA/VLDA, one can 
refrain from throwing it into a composite tool and such vali-
dated skin score separately to see if psoriasis is still active or 
not, irrespective of whether patients are in DAPSA remission or 

not. Physicians will interpret results from psoriasis and arthritis 
separately, in fact, they are forced to do this, as the therapeutic 
implications of disease activity in the two domains are clearly 
different.5 6 While we are permanently discussing how proper 
outcomes assessment is limited by physician time, the ‘first lump, 
then separate’-strategy is not apt, at least in clinical practice. In 
trials, although trial endpoints should also be useful to clinical 
practice, we may care less.

Do we really? In fact, this multidimensional approach has already 
been proven to be unreliable in a previous analysis. In the PRESTA 
trial, the efficacy of 50 mg vs 100 mg etanercept weekly was 
compared in patients with PsA who also had significant psoriatic 
skin involvement.7 8 In the original trial,7 the 100 mg dose showed 
better efficacy in reducing skin involvement, but not even a hint 
of higher efficacy in arthritis, enthesitis and dactylitis. The data 
on musculoskeletal disease were obtained by the traditional unidi-
mensional measures, namely ACR response rates, dactylitis scores 
and enthesitis scores. However, when a multidimensional measure 
for PsA was used,8 there was a significant difference between the 
doses, which was not seen when DAPSA was employed. If regula-
tors would have allowed such measure to be used as an outcome 
for PsA, the implication would have been to use 100 mg etanercept 
weekly in all patients with PsA, while the difference observed was 
only based on different response of cutaneous involvement. Thus, 
the use of unidimensional scores, as done in the original PRESTA 
trial, saved society lots of costs and individual patients were spared 
from the risk of more adverse events that might have been seen at 
the higher dose.7 In contrast, the use of multidimensional measures 
that assess PsoD, not PsA, would have led to wrong conclusions. To 
only assume that lower proportions, like for VLDA compared with 
DAPSA-REM are more ‘stringent’ might be a semantically wrong 
conclusion— stringency may relate to external types of validity, 
such as progression of joint damage here (which was not assessed 
in the study, but non-progression was seen by us in DAPSA-REM).9

Finally, for rheumatologists, the main focus is arthritis and for 
that the DAPSA serves them well in daily practice. Indeed, in 
DAPSA remission all other musculoskeletal complaints are gone 
or almost gone, as also shown by the authors (no dactylitis in 
100% and no enthesitis in 96% of patients in DAPSA REM), 
confirming our own results.10

Thus, in summary, the data presented showing the very low 
proportion of patients achieving VLDA imply that treatment for 
PsA would have to be adapted because of residual skin disease, 
which might put patients at risk and society at increased costs. 
In contrast, the high frequency of DAPSA remission reveals 
that the patients do very well for their PsA under the treatment 
provided by the authors and that some may be in need for addi-
tional local or systemic therapy for other components of their  
PsoD.
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Response to: 'To DAPSA or not to DAPSA? That 
is not the question' by Schoels et al

We thank the authors for the interest in our paper and are grateful 
for the opportunity to respond to the points raised.1 We agree 
that there is a clear distinction between composite measures of 
psoriatic arthritis such as disease activity in PsA (DAPSA) and 
composite measures of psoriatic disease such as minimal or very 
low disease activity (MDA/VLDA) and the PsA disease activity 
score (PASDAS). As the Vienna group rightly point out, these 
measures differ in terms of the components included, but not 
due to disagreement within the outcome measure community 
as suggested in the letter. The choice of components for each 
composite measure was decided using different methodology 
in the development of each one, thus resulting in different 
measures. We believe that this variation in scores is one reason 
for the need to compare such scores in different populations to 
establish the optimal measure or measures for psoriatic arthritis 
(PsA). Indeed when the DAPSA was originally suggested, it was 
because the same components used in the disease activity in reac-
tive arthritis (DAREA) were identified in a principal component 
analysis (PCA) in PsA. Interestingly in this analysis, the variables 
tested were taken from the Outcome mesaures in Rheumatology 
(OMERACT) PsA domains and therefore DAPSA was not, a 
priori, designed specifically to be a unidimensional composite 
measure. The fourth component identified in the PCA was the 
psoriasis area and severity index (PASI) highlighting the impor-
tance of skin in PsA despite the fact that patients had a low base-
line mean PASI of only 3.3. While PASI was not included in the 
DAPSA as the eigenvalue was 0.949 and therefore just under the 
threshold of 1,2 it is interesting to imagine how the results may 
have differed if it were developed in a group with slightly more 
active skin disease.

We agree with and highlighted the issues of residual disease 
activity in PASDAS remission within the paper. This perhaps relates 
to the number of measures included allowing one component to 

be high and the overall score to be in the remission range. It seems 
unlikely that PASDAS in its current form would be adopted into 
routine clinical practice but it has shown excellent discrimination 
in clinical trials with consistently superior effect sizes highlighting 
its potential use in this setting. As requested, we have performed 
further analysis on the PASDAS low disease activity (LDA) (≤3.2) 
state in our dataset. A total of 151/227 or 66.5% of patients met 
the criteria (23 had missing data prohibiting calculation). This is a 
similar proportion to MDA where the agreement between defini-
tions was highest (kappa 0.638). However, agreement was reason-
able with both c/DAPSA LDA (0.517 and 0.504, respectively). 
For example, 143 patients were in DAPSA and PASDAS LDA, 
7 were in PASDAS LDA but not DAPSA and 38 were in DAPSA 
LDA but not PASDAS showing overlapping but slightly different 
definitions. While PASDAS includes different domains of PsA, it 
is relatively specific to musculoskeletal disease and was designed 
as a unidimensional measure based on treatment changes in PsA 
(using similar methodology to the disease activity score (DAS) in 
rheumatoid arthritis). It does not include a measure of psoriasis. 
The levels of residual disease activity were similar or slightly higher 
than the other definitions (we attach an updated table 1 from the 
paper here), particularly for skin psoriasis where 46% of patients 
had a PASI>1. This further highlights the need to assess psoriasis 
either within (MDA) or additional to (PASDAS/DAPSA) any target 
chosen.

We also agree with the point that stringency does not just relate 
to proportions achieving the outcomes but to the external validity 
of these outcomes. MDA/VLDA, PASDAS and DAPSA have all 
been shown to be associated with radiographic damage in previous 
studies.3–6 Unfortunately it was not possible to confirm in this 
cross-sectional study without radiographs. We did, however, use 
quality of life as an external validity marker which again high-
lighted the need to assess skin disease with poorer quality of life 
seen in patients in DAPSA remission with a PASI>1.7

As regards the PRESTA trial, we believe that this study highlights 
the need to choose an appropriate outcome measure to answer 

Correspondence response

Table 1 Residual disease activity in patient reaching low disease activity or MDA

DAPSA LDA 
(195)

cDAPSA LDA 
(195)

MDA5/7 
(162)

MDA joints 
(117)

MDA skin 
(120)

MDA skin and 
joints (83)

PASDAS LDA 
(151)

Swollen joint count, N (%)

  0 143 (74) 143 (73) 126 (78) 101 (86) 92 (77) 78 (94) 115 (75)

  1–3 48 (25) 48 (25) 33 (20) 16 (14) 26 (22) 5 (6) 32 (21)

  4–6 4 (2) 4 (2) 3 (2) 0 (0) 2 (2) 0 (0) 6 (4)

Tender joint count, N (%)

  0 110 (56) 111 (56) 103 (64) 106 (91) 76 (63) 75 (90) 90 (59)

  1–3 56 (29) 56 (29) 39 (24) 11 (9) 28 (23) 8 (10) 36 (24)

  4–7 19 (10) 19 (10) 12 (7) 0 (0) 12 (10) 0 (0) 15 (10)

  8+ 6 (3) 5 (3) 6 (4) 0 (0) 4 (3) 0 (0) 10 (7)

Enthesitis count, N (%)

  0 186 (95) 187 (96) 157 (97) 112 (96) 116 (97) 79 (95) 148 (98)

  1–2 7 (4) 6 (3) 4 (2) 4 (3) 3 (2) 3 (4) 0 (0)

  3–4 2 (1) 2 (1) 1 (1) 1 (1) 1 (1) 1 (1) 3 (2)

Dactylitis count

  0 195 (100) 195 (100) 162 (100) 117 (100) 120 (100) 83 (100) 151 (100)

PASI, N (%)

  0–1 136 (70) 136 (70) 120 (74) 83 (71) 120 (100) 83 (100) 108 (54)

 >1 59 (30) 59 (30) 42 (26) 34 (29) 0 (0) 0 (0) 43 (46)

CRP (Normal<5  mg/dL), N (%)

  Raised 22 (11) 22 (11) 18 (11) 12 (10) 15 (13) 10 (12) 16 (11)
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the question set by each individual study. The PRESTA trial was 
unusual as it recruited patients with severe psoriasis and PsA. In 
such a population, a composite measure such as the composite 
psoriatic disease activity index (CPDAI) may be appropriate to 
establish the overall improvement in psoriatic disease. While there 
was no difference in musculoskeletal outcomes, which would have 
been shown by secondary unidimensional outcomes, the CPDAI 
results would have highlighted the importance of considering a 
dose or treatment that is optimal in all domains. Thus, it may have 
allowed regulators to support the use of a higher dose in patients 
that were similar to the target population of the trial, that is, 
patients with severe skin and joint involvement. This more person-
alised and variable approach to treatment is now seen in the use of 
secukinumab where patients with PsA are routinely treated with 
150 mg but for those with active skin disease, the 300 mg dose is 
recommended by both Food and Drug Administration (FDA) and 
European Medicines Agency (EMA).

We also agree that for rheumatologists the principal focus 
of treatment is the peripheral arthritis; however, we remain 
concerned that this is to the detriment of optimising therapy 
for patients. Many studies, in addition to ours, have high-
lighted the importance of active skin disease and its associa-
tion with poorer quality of life for the patient. While we do 
not expect rheumatologists to specialise in the management 
of psoriasis, an awareness of skin disease and basic assessment 
using tools such as the body surface as included in MDA would 
support appropriate comanagement of patients with PsA to 
optimise their quality of life.

We also recognise the pressure on clinicians’ time but do not 
see how this differs between the measures proposed in the new 
T2T recommendations. Whether the VLDA/MDA criteria are 
assessed, or the DAPSA plus a separate assessment of skin and 
enthesitis are performed, the time taken is the same. MDA is 
a modular measure where the items are not ‘lumped’ into one 
numerical score but assessed individually with a cut point to 
achieve for each thus allowing appropriate treatment choices. 
With DAPSA plus individual measures, the DAPSA could be 
calculated and then the skin/enthesitis would have to be assessed 
separately although clear guidelines on measures or targets for 
this are not defined. Thus, the time for clinician assessment is 
identical and both scores are quick and feasible to calculate/assess. 
To further support busy clinicians, the Group for Research and 
Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) have 
recently developed a free ‘app’ for both Apple and Android that 
includes an MDA calculator allowing entry of patient reported 
outcomes and physician assessments to produce an easy to inter-
pret summary of disease activity by domain (figure 1).

Providing additional domains are assessed alongside the 
DAPSA, opinion of disease activity should be similar and 
appropriate treatment is likely to be the same. The modular 
approach of VLDA/MDA allows clear visualisation of which 
domains are active to guide therapy. If patients do not achieve 
VLDA due to ongoing psoriasis activity, this does not mandate 
immediate escalation of biological therapy to risk patient 
safety or societal costs. This could simply suggest the need for 
concomitant topical therapy as highlighted by the authors with 
the DAPSA example given.

While there have been strong views on the positives and 
negatives of each target suggested in the recommendations, it 
is important to remember that our shared goal is to ensure 
that patients are assessed more appropriately, both in clinical 
trials and in routine practice allowing optimisation of treat-
ment using a treat to target approach. We believe that encour-
aging physicians to briefly assess skin disease and other MSK 
domains in addition to the focus on peripheral arthritis is key 
to therapeutic optimisation in PsA given our goal to ‘to opti-
mise long-term health-related quality of life and social partici-
pation through control of signs and symptoms’.8

Leonieke J J van Mens,1 Marleen G H van de Sande,1 Arno W R van Kuijk,2 
Dominique L P Baeten,1 Laura C Coates3

1Clinical Immunology and Rheumatology, Amsterdam Rheumatology and 
Immunology Center, Academic Medical Center, University of Amsterdam, Amsterdam, 
The Netherlands
2Rheumatology, Amsterdam Rheumatology and immunology Center, Reade, 
Amsterdam, The Netherlands
3Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences, 
University of Oxford, Oxford, UK

Correspondence to Dr Laura C Coates,  Nuffield Department of Orthopaedics, 
Rheumatology and Musculoskeletal Sciences, University of Oxford, Oxford OX1 2JD, 
UK;  lauraccoates@ gmail. com

Handling editor Gerd R Burmester

Contributors This reply was written by LCC and LJJvM and reviewed by the other 
authors prior to submission.

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 consent Not required.

Provenance and peer review Commissioned; internally peer reviewed.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2019. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

Figure 1 Screenshot from the GRAPPA app MDA calculator. GRAPPA, 
Group for Research and Assessment of Psoriasis and Psoriatic Arthritis; 
HAQ, health assessment questionnaire; VAS, visual analogue scale. 
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Infrapatellar fat pad resection during total knee 
arthroplasty: yet another reason for?

There has been an interesting series of commentaries based on the 
initial paper by Pan et al.1–4  I note with interest the suggestion by 
Binks et al4 that to preserve the infrapatellar fat pad (IPFP) and 
perform later arthroscopic resection on a case by case basis may be a 
viable option for management of anterior knee pain (AKP) after total 
knee arthroplasty (TKA). This is contrary to the solution offered by 
Han et al3 to use a prospective MRI to screen patients prior to TKA 
with subsequent resection based on signal changes within the IPFP. 
This approach would however, prove difficult in the resource-con-
strained environment of most primary care facilities.

Current arguments in support of preserving the IPFP are largely 
based around the incidence of postoperative AKP.5 6  One area of 
conflicting evidence is the incidence of patella tendon shortening, 
also known as patella baja, after resection. Recent studies have 
shown no significant effect on postresection patella tendon length.7 8 
This suggests that postresection patella tendon length is unlikely to 
be a major factor when considering to resect the IPFP or not.

The most common argument for IPFP resection is the increased 
surgical access to the knee. It is widely accepted that the most 
important aspect of knee arthroplasty is the correct fitting of 
components.9 Only with correctly fitting components can normal 
function be attained. In order to achieve this ‘correct fit’ the IPFP 
is often resected. Although this is a logical argument, there is no 
objective evidence in support of this.

The study by Sekiya et al10 showed that in patients with AKP 
following resection there was a significant proportion with scar 
tissue deep to the tendon. So perhaps it is insufficient resection 
and not the decision to remove the IPFP that results in AKP. And 
with recent studies showing a lack of patella tendon shortening post 
IPFP resection, limiting one argument for its preservation, this may 
be more accepted in the future.
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Response to: ‘Infrapatellar fat pad resection 
during total knee replacement: yet another 
reason?’ by Ryan

We thank Ryan1 for the interest in our original paper2 and 
response3 regarding to the associations between infrapatellar 
fat pad (IPFP) maximal area and knee osteoarthritic measures 
including symptoms and structural changes.

Our previous studies revealed that IPFP maximal area and 
volume were associated with reduced knee pain, decreased 
loss of cartilage volume and reduced risks of cartilage defect 
progression, indicating a beneficial effect of IPFP size.2 4 On 
the other hand, our further investigation demonstrated that 
IPFP signal intensity alteration was negatively associated 
with maximum area of IPFP and, moreover, associated with 
increased knee cartilage defects, subchondral bone marrow 
lesions and knee pain, suggesting IPFP with abnormal quality 
may play a detrimental role in knee osteoarthritis (OA).5

Based on these findings, we proposed that IPFP with normal 
qualities, rather than abnormal quality, should be preserved 
or not damaged during total knee arthroplasty (TKA), while 
IPFP with abnormal quality should be resected rather than 
preserved. Because of the biphasic effects of IPFP on OA, a 
proposed solution for improving patient outcomes after TKA 
involves using screening MRIs to identify IPFP signal inten-
sity alteration, which is a subsequent indication for resec-
tion during TKA surgeries.3 This approach is not ‘contrary’ 
to approach offered by Sekiya,6 which suggested the use of 
postarthroplasty arthroscopic IPFP debridement. Moreover, 
the underlying rationales of two solutions are similar, despite 
different timing. Han et al5 also suggested that IPFP screening 
has the potential to reduce reoperation and perhaps reduce 
morbidity of severe knee pain post-TKA beyond 2%.

Patellar tendon shortening could be one of the reasons 
for post-TKA anterior knee pain as findings from Gwyn et 
al’s retrospective study7 reported that complete IPFP resec-
tion was associated with patellar tendon shortening 1 year 
after TKA. The authors had noted that studies also reporting 
IPFP excision during TKA did not alter the patellar tendon 
length.8 9 Despite the inconclusive effect of IPFP resection on 
patellar tendon shortening, the protective effect of normal 
IPFP on knee may be largely attributed to buffering and lubri-
cating functions in knee joints, which absorb shocks from 
anterior knee and reduce friction between patellar tendon 
and tibia.10 11

The authors agree that correct fitting of components is 
critical for favourable TKA outcomes. Traditionally, the IPFP 
has been removed in order to improve surgical exposure and 
to prevent interposition during baseplate implantation.12 
Despite the significant evolution of TKA technology that 
no longer requires the resection of IPFP for better surgical 
access, IPFP is still partially or totally resected in around 88% 
of TKAs13 regardless of IPFP quality. Thus, evidence-based 
changes of practice towards preoperative IPFP evaluation 
and subsequent indication for resection or preservation are 
eagerly needed.

As for whether insufficient debridement of IPFP can cause 
anterior knee pain, our original cohort study was not able to 
provide an answer. We acknowledge that our findings, along 
with findings from our recent articles,4 5 were observational 
and there is not enough evidence to support preservation or 
resection of IPFP during TKA for patients with OA at very 

late stage. So far, there is no evidence to support the assump-
tion that it is insufficient debridement, not the decision to 
debride the IPFP, that results in anterior knee pain.

In summary, our previous observational studies have 
suggested biphasic effects of IPFP on OA. In order to imple-
ment evidence-based changes of practice, well-designed 
randomised controlled trials are urgently required to test 
this hypothesis: preserve IPFP with normal quality and resect 
IPFP with pathological changes showing on MRI (signal 
intensity alterations) during TKA may have beneficial effects 
on patients’ postsurgical outcomes.
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Serum complement factor C5a in IgG4-
related disease

We read with great interest the correspondence by Umehara et 
al1 which discussed the difficulties in the diagnosis of IgG4-re-
lated disease (IgG4-RD). They mention that increased IgG4 
concentration is not a specific marker for IgG4-RD. There-
fore, the markers for the diagnosis and the disease activity of 
IgG4-RD are demanded.

Approximately a quarter of patients with active IgG4-RD have 
hypocomplementaemia defined by the lower normal limit of C3 or 
C4 levels.2 Complement pathways consist of three pathways: clas-
sical, alternative and lectin pathways.3 Here, we focus on comple-
ment factors as makers of IgG4-RD and attempt to evaluate the 
entire complement system in IgG4-RD.

We enrolled 28 patients with active and untreated IgG4-
RD, diagnosed based on the 2011 comprehensive diagnostic 
criteria4 and 28 sex-matched and age-matched healthy donors. 
We evaluated the characteristics of patients with IgG4-RD, the 
number of affected organs and the IgG4-RD Responder Index 
(IgG4-RD RI).5 None of the healthy donors had a history of 
inflammatory disease.

In the sera of the patients with IgG4-RD and the healthy 
donors, we measured the levels of complement factors, C1q, 
C2, C3, C3b/iC3b, C4, C4b, C5, C5a, C9, factor D, factor 
I, mannose-binding lectin (MBL), factor B, factor H and 
properdin, using the MILLIPLEX MAP Human Comple-
ment Panel 1 and Panel 2 (Merck Millipore, Darmstadt, 
Germany). Written informed consent was obtained from all 
patients and donors.

Table 1 summarises the characteristics of patients with 
IgG4-RD. The patients with IgG4-RD at diagnosis had 
significantly higher levels of C5 and C5a (figure 1A) and 
significantly lower levels of C4, C4b and factor D compared 
with the healthy donors (online supplementary table 1). C5a 
had a significant correlation with C3 (figure 1B) but not 
with C4 (figure 1C).

The levels of C5a in remission were significantly changed 
compared with the levels of C5a at diagnosis (16 305 pg/mL 
to 10 030 pg/mL, p=0.0043) (figure 1H). Other complement 
factors showed no significant change between the levels at 
diagnosis and the levels in remission (figure 1D–G,1I).

We divided the patients with IgG4-RD into two groups 
by the median of C5a: high-C5a and low-C5a groups. The 
high-C5a group had significantly higher IgG (figure 1J) and 
IgG4 (figure 1K) levels compared with the low-C5a group, but 
the IgG4/IgG ratio was not significantly different (figure 1L). 
The high-C5a group also had significantly higher levels of 
soluble IL-2 receptor (figure 1M). There were no significant 
differences in the number of affected organs or in the IgG4-RD 
RI (figure 1N,O).

Our finding that C5a is negatively correlated with C3 may 
indicate that patients with hypocomplementaemia as shown 
in a clinical study2 have higher C5a levels. In addition, the 
absence of a correlation between C4 and C5a levels suggests 
that it is not appropriate to bracket C3 and C4 as the same 
component of hypocomplementaemia.

C5a has a strong inflammatory potency through binding 
to C5a receptor (C5aR).6 Considering the reduced C5a 
levels observed in patients with IgG4-RD in remission, 
C5a-C5aR-targeted drugs may be effective against IgG4-RD. 
With the success of the C5 inhibitor eculizumab for parox-
ysmal nocturnal haemoglobinuria7 and the progression of 

a number of novel C5a-C5aR1-targeted drugs including 
the C5aR1 antagonist avacopan for antineutrophilic cyto-
plasmic antibody (ANCA)-associated vasculitis,8 comple-
ment therapeutics have shown great promise.9

Based on the high serum circulating immune complex in 
autoimmune pancreatitis, the classical pathway is thought to 
be involved in IgG4-RD.10 Our findings of decreased C4 and 
C4b and normal MBL levels in the patients are compatible 
with this supposition. However, because IgG4 is ineffective 
at activating complement (in contrast to IgG1 and IgG3),

11 
the mechanisms underlying complement activation remain a 
mystery. A limitation of our study is that we are unable to 
answer this question based on our results.

In conclusion, the serum C5a level has been high in active 
disease and low in remission in IgG4-RD. Our data suggest 
that C5a may be a therapeutic target for IgG4-RD.

Correspondence

Table 1 Demographic, clinical and laboratory characteristics of 
patients with IgG4-RD

Clinical parameter Value

Age at diagnosis, years,
median (IQR)

64 (56–73)

Females, n (%) 7 (25)

BMI, kg/m2 (IQR) 20.9 (19.3–23.0)

History

  Allergy, n (%) 11 (39)

  Asthma, n (%) 3 (11)

Organ involvement,
n (%)

  Lacrimal gland and orbit 10 (36)

  Salivary gland 15 (54)

  Lymph node 18 (64)

  Thyroid 2 (7)

  Lung 5 (18)

  Pancreas 4 (14)

  Bile duct 1 (4)

  Kidney 4 (14)

  Aorta 4 (14)

  Prostate 2 (7)

  Retroperitoneum 5 (18)

No of affected organs,
median (IQR)

2 (1–3)

IgG4-RD Responder Index,
median (IQR)

9 (6–15)

Laboratory test results,
median (IQR)

  White cells, ×109/μL 6.4 (5.4–7.4)

  Eosinophils, % 5.0 (2.0–6.4)

  Haemoglobin, g/dL 13.1 (12.1–14.5)

  Platelets, ×109/μL 230 (195–260) 

  C-reactive protein, mg/dL 0.19 (0.05–0.77)

  Erythrocyte sedimentation rate,
  mm/hour

41 (10–63)

  Creatinine, mg/dL 0.83 (0.61–0.95)

  Estimated GFR, mL/min/1.73 m2 71.9 (60.2–81.0)

  Soluble IL-2 receptor, U/mL 584 (454–1261)

  IgG, mg/dL 1985 (1494–3039)

  IgG4, mg/dL 393 (175–876)

  IgG4/IgG ratio, % 18.3 (11.1–34.0)

  IgE, IU/mL 632 (203–1435)

BMI, body mass index; GFR, glomerular filtration rate; IgG4-RD: IgG4-related disease; 
IL-2, interleukin-2.
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Figure 1 The patients with IgG4-RD at diagnosis had significantly higher levels of C5a compared with the sex-matched and age-matched healthy 
donors (A). C5a had a significant correlation with C3 (B) but not with C4 (C). The level of C5a in remission was significantly changed compared with 
the level of C5a at diagnosis (H), but other complement factors showed no significant change (D–G, I). The high-C5a group had significantly higher 
IgG (J) and IgG4 (K) levels compared with the low-C5a group, but the IgG4/IgG ratio was not significantly different (L). The high-C5a group had 
significantly higher levels of soluble IL-2 receptor (M). There were no significant differences in the number of affected organs or in the IgG4-RD RI (N, 
O). IgG4-RD, IgG4-related disease; IgG4-RD RI, IgG4-RD Responder Index; IL-2, interleukin-2. 
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Response to: ‘Serum complement factor C5a in 
IgG4-related disease’ by Fukui et al

We appreciate the interest shown by Dr S Fukui and colleagues1 
in our recent paper, ‘How to diagnose IgG4-related disease 
(IgG4-RD)’.2 

IgG4-RD is characterised by increased serum IgG4 concen-
trations and number of IgG4-positive plasma cells in affected 
lesions.3 However, its diagnosis can be difficult, because clinical 
signs vary depending on the organs affected.

A Japanese team established comprehensive diagnostic criteria 
for IgG4-RD, 2011 focusing on the concentration of serum 
IgG4 (>135 mg/dL), numbers of IgG4-positive cells (>10 cells/
HPF) and ratio of IgG4-positive to IgG-positive cells (>40%) in 
affected tissues.4

However, many cases of IgG4-RD with low levels of IgG4 
and mimickers of IgG4-RD with increased serum IgG4 have 
been reported and the concept of IgG4-RD has become blurred. 
Therefore, new specific markers or new criteria for IgG4-RD are 
required.5

Human IgG4 has a unique structure distinguished from the 
other IgG subclasses by lack of interaction with the comple-
ment system and inability to activate the classical complement 
pathway.6 7 However, hypocomplementaemia has been observed 
in IgG4-RD ever since the concept was first established8 and is in 
particular more frequent and sometimes severe in IgG4-related 
kidney disease.9 A recent study showed that non-IgG4 IgG such 
as IgG1, which can activate complement, might be involved in 
the activation of complement in IgG4-RD.10

Fukui et al reported the significant increase of C5a in IgG4-RD 
and suggested it for a therapeutic target.1 However, serum C5a 
elevation is also a very important feature of active systemic lupus 
erythematosus (SLE). Since elevated C5a levels in IgG4-RD are 
much lower than in active lupus cases11 and only some groups 
of patients with IgG4-RD have hypocomplementaemia, the 
production of C5a in SLE and IgG4-RD likely exhibits signifi-
cant differences in both underlying mechanism and pathogenetic 
role.

Although the details of the pathogenesis of IgG4-RD are 
unclear at present, recent basic studies have implicated the toll-
like receptor (TLR) signalling pathway.12 Activation of C5aR 
in macrophages inhibits TLR-4 signals resulting in reduction 
of IL-12, IL-23 and IL-27 production by inflammatory macro-
phages.13 Thus, the role of cross-talk between innate and 
acquired immunity through the complement pathway and TLR 
system is attracting attention in the pathogenesis of IgG4-RD.14
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Drug-induced lupus erythematosus following 
immunotherapy with anti-programmed death-
(ligand) 1

We read with interest the study of Kostine et al describing 
rheumatic immune-related adverse events (irAE), which occur 
in 6.6% of patients treated for cancer by anti-programmed 
death-(ligand) 1 (PDL1).1 These new adverse effects pose signif-
icant challenges to patient care in terms of optimal management 
of these autoimmune damaging toxicities, while allowing effec-
tive antitumor therapy to continue.

The PD(L)1 pathway is involved in the maintenance of 
immune tolerance, and the blockage of this axis by anticancer 
immunotherapy could trigger autoimmune diseases and espe-
cially lupus.2 3 We then searched in the pharmacovigilance 
register of our institution—the ‘Registre des Effets Indésirables 
Sévères des Anticorps Monoclonaux Immunomodulateurs en 
Cancérologie (REISAMIC)’—whether cases of drug-induced 
lupus erythematosus (DI-LE) were reported following anti-
PD(L)1 immunotherapies. 

Between October 2013 and July 2017, five cases of DI-LE 
were recorded in REISAMIC. Given the number of patients 
having received anti-PD(L)1 during the same period (n=1044), 
the estimated incidence of DI-LE was 0.48%. All patients gave 
their written informed consent for the use of their data in this 
report. The patients’ characteristics are summarised in table 1. 
The patients had developed DI-LE at a median (range) age of 
63 (48–80) years. None of the patients had a history of autoim-
mune disease before starting anti-PD(L)1. The most specific sign 
of DI-LE was subacute cutaneous lupus erythematous (SCLE) 
in four patients and chilblain lupus in the remaining patient. 
One patient having SCLE had also declared a systemic lupus 
erythematosus (SLE) according to the Systemic Lupus Interna-
tional Collaborating Clinics criteria.4 The DI-LE was revealed 
by a frank maculopapular rash in the four patients with SCLE 
(figure 1). The median time of DI-LE occurrence was 10 (range: 
4–22) weeks after the initiation of immunotherapy. Antinuclear 
antibodies in serum were found positive for two (40%) out of 
the five patients and were specifically positive for anti-Sjögren’s 
syndrome-related antigen A (SSA). These two SSA-positive 
patients had SCLE but no eye or mouth dryness symptoms 
suggestive of Sjögren’s disease. A skin biopsy was performed in 
all cases except the chilblain lupus. The skin biopsies revealed 
a lymphocytic infiltrate of the dermis, predominantly around 
adnexal sites. Alcian blue staining revealed mucin deposits in 
all patients. Direct immunofluorescence assays for IgG or C3 
in skin biopsy were positive in two of the four patients tested 
(50%). The treatment of DI-LE was based on topical cortico-
steroids in all cases, with the antimalarial hydroxychloroquine 
added in the SLE case, and the outcome was favourable with a 
resolution in all cases.

This report is the first series of cases of lupus erythema-
tosus induced by anti-PD(L)1 immunotherapy. A recent similar 
case report of pembrolizumab-related subacute cutaneous lupus 
erythematosus was provided.5 The DI-LE has been variously 
reported after drug exposure such as hydralazine, procainamide, 
quinidine, oestrogen, tumour necrosis factor inhibitors, chlor-
promazine, isoniazid, practolol, penicillamine and minocycline.6 
We believe that anti-PD(L)1 immunotherapies should also now 
be added to this list.

Based on our experience and the present case series, DI-LE 
induced by anti-PD(L)1 was characterised by an extensive, 

non-itchy and frankly macular or papular erythematous rash. 
The DI-LE diagnosis relies on the combination of the dermato-
logical presentation associated with pathological features char-
acterised by a lymphocytic dermal infiltration predominantly 
located at periadnexal sites, and mucin deposits.7 The confron-
tation between the clinical appearance and the pathological 
aspects is often useful to differentiate between DI-LE and other 
non-specific cutaneous irAEs, or other specific autoimmune skin 
diseases that can be induced by anti-PD(L)1 such as psoriasis, 
toxic epidermal necrolysis, lichen planus, bullous dermatitis and 
dermatomyositis.8

These new cases of lupus induced by anti-PD(L)1 should 
incite rheumatologist and internists to dedicate further 
prospective study for irAE. Investigation of potential 
biomarkers of irAEs such as the genetic background, serum 

Correspondence

Figure 1 Photographs and histologic assessment of skin biopsies 
of cutaneous lupus erythematosus lesions induced by treatment 
with anti-PD(L)1. (A) Patient 4, erythematous papules and plaques 
with an annular, polycyclic configuration: generalised subacute lupus 
erythematous. (B) Patient 1, erythematous macules on the neck: 
subacute cutaneous lupus erythematosus. (C) Patient 2, symmetric 
papulosquamous erythematous rashes on the lower limbs. (D) Patient 
3, erythematous macules and plaques on the back: subacute cutaneous 
lupus erythematosus. (E) Skin biopsy from patient 1, haematoxylin eosin 
saffron (HES) staining, ×2.5: peripheral and periadnexal monomorphic 
lymphocytic inflammatory infiltrate over the entire dermis. (F) Skin 
biopsy from patient 4, HES staining, ×5: lichenoid dermatosis with 
staged apoptotic bodies in the epidermis. Peripheral inflammatory 
mononuclear infiltrate in the upper dermis. (G) Skin biopsy from patient 
3, Alcian blue staining, ×10: mucin deposits in the dermis.
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levels of autoimmune factors and cytokines may help better 
understand these immunological adverse events and autoim-
mune conditions in general.
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Checkpoint inhibitor-associated 
immune arthritis

We read with interest the paper by Kostine et al.1 Immune 
checkpoint inhibitors (ICIs) have dramatically improved clin-
ical outcomes in various cancer types and are increasingly 
being used in earlier disease settings and in combination.2 
The main targets of ICIs, programmed cell death 1 (PD-1) 
and its ligand PD-L1 as well as cytotoxic T-lymphocyte-as-
sociated protein 4 (CTLA-4) are involved in downregulating 
autoimmunity, with PD-1-deficient C57BL/6 mice exhibiting 
lupus-like features and CTLA-4 enabling Treg suppression of 
autoreactive T cell activation.3 It was therefore no surprise 
that immune-related adverse events (irAEs) such as immune 
arthritis, rheumatoid arthritis or systemic lupus erythema-
tosus have occurred from ICIs use. However, the characteris-
tics, timing and outcomes of those irAEs in the setting of ICIs 
remain poorly known.4 

Here, we used VigiBase (http://www. vigiaccess. org/), the 
WHO database of individual safety case reports, to identify 86 
cases of immune arthritis (searching the preferred terms among 
the 36 973 adverse events reported following treatment with 
ICIs.5

Patients had a wide spectrum of age (median: 63 years (range: 
40–90)), cancer types (mostly lung cancer (39.7%) and mela-
noma (36.8%)) and geographic locations (table 1). Most patients 
(82.6%) received anti-PD-1 monotherapy, whereas 10.5% 
received a combination of anti-PD-1/PD-L1 and anti-CTLA-4.

Reported irAEs (table 1) included rheumatoid arthritis (68%), 
autoimmune arthritis (16%) or lupus (15%).

The median timing of irAEs onset in relation to ICI initiation 
was 2.7 (IQR: 0.5–7.3) months (available in 18 patients), with 
50% occurring in the first 8 weeks of treatment. Further, several 
other irAEs occurred in 22 cases (25.6%), most commonly 
muscle disorder and colitis.

In general, grade 3 toxicities generally warrant6 suspension of 
ICIs and initiation of high-dose corticosteroids, while discon-
tinuation of ICIs is recommended with grade 4 toxicities (with 
the exception of endocrinopathies). The detailed management 
of individual cases was not available in Vigibase. However, the 
main outcome of irAEs was available in 36 (41.9%) patients, 
with 26 (72.2%) patients recovering or having recovered at the 
time of the last evaluation. Among all cases, death occurred in 
3 (4.1%).

Notably, we observed a dramatic increase in reporting inci-
dence over time (n=45 (52.3%) in 2017 and 14 additional cases 
until 16 February 2018). We speculate that this is due to an 
increased usage of ICIs as well as a better recognition of these 
new associations with ICIs.

While irAEs have been reported as individual cases or short 
series, this analysis is the first comprehensive series to report its 
detailed clinical features on a larger scale, including the median 
delay between ICI treatment and irAEs.

The supplied data come from a variety of sources. The likelihood 
of a causal relationship is not the same in all reports. The informa-
tion does not represent the opinion of the WHO.
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Table 1 Detailed characteristics of the 86 cases
Characteristics N (%) Data availability, n (%)

Reporting year 86 (100%)

  2018 (through 16 February 2018) 14 (16.3)

  2017 45 (52.3)

  2016 18 (20.9)

  2015 6 (7.0)

  2012–2014 3 (3.6)

Region reporting, n (%) 86 (100)

  Americas 50 (58.1)

  Europe 27 (31.4)

  Australia 5 (5.8)

  Asia 4 (4.6)

  Africa 0 (0)

Reporters 81 (94.2)

  Health professional 63 (77.7)

  Non-health professional 18 (22.3)

Gender 77 (89.5)

  Male 41 (53.2)

  Female 36 (46.8)

Age at onset, median (IQR) 63.5 (55–76) 52 (60.4)

Drugs 86 (100)

  Monotherapy with anti-PD1/PD-L1 71 (82.6)

   Nivolumab 46 (53.5)

   Pembrolizumab 20 (23.3)

   Durvalumab 3 (3.5)

   Atezolizumab 2 (2.3)

  Monotherapy with anti-CTLA4 6 (7.0)

   Ipilimumab 6 (7.0)

  Combination therapy 9 (10.5)

   Nivolumab+Ipilimumab 6 (7.0)

   Pembrolizumab+Ipilimumab 3 (3.5)

Indications 68 (79.1)

  Lung cancer 27 (39.7)

  Malignant melanoma 25 (36.8)

  Urothelial carcinoma 5 (7.4)

  Renal carcinoma 4 (5.9)

  Neoplasm malignant (tissue not specified) 3 (4.4)

  Ductal adenocarcinoma of pancreas 1 (1.5)

  Melanoma+Renal cell carcinoma 1 (1.5)

  Oesophageal carcinoma 1 (1.5)

  Squamous cell carcinoma of head and neck 1 (1.5)

Reported autoimmune diseases 86 (100)

  Rheumatoid arthritis 59 (68.6)*

  Autoimmune arthritis 14 (16.3)

  Cutaneous lupus erythematosus 7 (8.1)

  Systemic lupus erythematosus 5 (5.8)

  Lupus erythematosus (unspecified type) 1 (1.2)

Median delay between treatment and autoimmune 
AE, median (IQR)

2.7 (0.5–7.3) months 18 (22.1)

Severity of AEs (severe) 73 (84.9) 86 (100)

Death 3 (4.1) 73 (84.9)

Concurrent immune-related adverse events 86 (100)

  Muscle weakness/disorder 6 (7.0)

  Colitis 5 (5.8)

  Thyroid disease 4 (4.6)

  Sjögren’s syndrome 1 (1.2)

  Mixed connective tissue disease 1 (1.2)

  Duodenitis 1 (1.2)

  Oesophagitis 1 (1.2)

  Enteritis 1 (1.2)

  Hepatitis 1 (1.2)

  Cold agglutinin disease 1 (1.2)

  Autoimmune haemolytic anaemia 1 (1.2)

  Myocarditis 1 (1.2)

  Interstitial lung disease 1 (1.2)

  Raynaud's phenomenon 1 (1.2)

  Uveitis 1 (1.2)

  Pleural effusion 1 (1.2)

  Vitiligo 1 (1.2)

*Including 13 cases with aggravated rheumatoid arthritis.
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Response to: ‘Drug-induced lupus 
erythematosus following immunotherapy with 
anti-programmed death-(ligand) 1’ by Michot et 
al and ‘Checkpoint inhibitor-associated immune 
arthritis’ by Arnaud et al 

We thank Michot et al for their comments1 on our original 
paper entitled ‘Rheumatic disorders associated with immune 
checkpoint inhibitors in patients with cancer-clinical aspects 
and relationship with tumour response: a single-centre 
prospective cohort study’.2 We also appreciate the information 
added in the letter by Arnaud et al also reporting data from the 
WHO database.3 

By adding this series of programmed death-(ligand) 1 
(PD-(L)1)-induced lupus erythematosus, the authors contribute 
to our better knowledge of the wide spectrum of immune-re-
lated adverse events (irAEs).

Indeed, since PD-1-deficient mice spontaneously devel-
oped lupus-like autoimmune diseases with arthritis and 
glomerulonephritis,4 such clinical phenotypes could be 
expected in patients treated with anti PD-(L)1 agents. 
However, only a few cases of lupus-like cutaneous reaction 
have yet been reported with anti-PD-1 agents and, more 
surprisingly, one lupus-like nephritis has been attributed to 
anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 
treatment.5 While the role of immune checkpoints is actively 
being investigated in murine lupus models,6 7 there is still 
a long road ahead to understand why some patients will 
experience lupus-like irAE with cancer immunotherapy. 
We must keep in mind that PD-1 knockout models do not 
reproduce an anti-PD-1 treatment as PD-1 knockout mice 
performed their thymic selection without PD-1 expression 
while patients receive anti-PD-1 treatment many years later, 
a long time after the major period of thymic selection. This 
reinforced the hypothesis of a possible genetic background 
(PD-1 gene polymorphisms) highlighted by Michot et al, to 
be investigated in patients presenting with irAEs in order 
to elucidate whether checkpoint inhibitors trigger specific 
disease on host genetic susceptibility or not. Furthermore, 
it would be worthwhile to know the baseline status for the 
two patients with antinuclear antibodies as the presence of 
anti-cyclic citrullinated peptide antibodies has been detected 
before immunotherapy in some patients experiencing 
PD-1-induced rheumatoid arthritis.8 Another hot research 
area concerns the role of commensal gut microbiota on the 
outcome of cancer immunotherapies, focusing mainly on 
efficacy. The concept that gut microbiota may modulate 
systemic autoimmunity is not new, and there is emerging 
evidence that dysbiosis participates in the complex patho-
genesis of lupus.9 Thus, if microbiota can shape tumour 
response, its involvement (including viruses) in the patho-
genesis of irAEs should be further investigated, as suggested 
by Chaput et al for colitis.10

PD-(L1)-induced autoimmune diseases have strongly 
renewed interest in assessing the role of immune checkpoints 
in classical autoimmune diseases, although we observed 
some differences in terms of demographics and an autoim-
mune biology often negative. Co-stimulatory molecules have 
been tested in the treatment of systemic lupus erythematosus 
(SLE) such as CD154 and CTLA-4 Ig but trials failed to achieve 
their primary outcome.11 Despite disappointing results, the 
central role of co-stimulation between antigen-presenting cells 

and T cells in the pathogenesis of lupus, as well as efficacy 
data of abatacept on articular and cutaneous manifestations,12 
called for further evaluation. Recently, a fully human anti-
body directed against the inducible T-cell co-stimulator ligand 
showed safety and potential efficacy in patients with SLE with 
arthritis.13

The next wave of immuno-oncology will include agonists 
of co-stimulatory signals, such as OX40 antibodies already 
being tested in clinical trials, which might also trigger 
lupus-like disease and other autoimmune conditions. As 
highlighted by Arnaud et al, the expanding use of cancer 
immunotherapies and the better recognition of irAEs result 
in higher reporting incidence of irAEs. Registers remain the 
best way to collect more accurate data on characteristics, 
management and outcomes of irAEs. Such as the European 
League Against Rheumatism study group for Registers and 
Observational Drug Studies on bDMARDs,14 European-wide 
collaboration across several local/nationwide registers will 
likely help to improve our management of rheumatic irAEs.
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Checkpoint inhibitor-induced polymyalgia 
rheumatica controlled by cobimetinib, a MEK 
1/2 inhibitor

We read with great interest the recently published paper by 
Kostine et al1 reporting on musculoskeletal immune-related 
adverse events (IRAE) related to cancer immunotherapy. We 
applaud the authors for being able to identify the incidence of 
these side effects and of their relation to tumour response.

Of particular interest to us is the fact that most of the muscu-
loskeletal IRAE were polymyalgia-like. We are eager to add to 
that discussion by presenting this case of checkpoint inhibitor-in-
duced polymyalgia rheumatica (PMR) that was partially treated 
by targeted therapy with a MEK 1/2 inhibitor.

A 70-year-old woman presented in November 2015 with rectal 
cancer that was locally invasive and metastatic to peritoneum 
and lung. She failed chemotherapy (5-fluorouracil, leucovorin 
and irinotecan) and in September 2016 was enrolled in a trial 
of atezolizumab (anti-PD-L1) every 2 weeks plus cobimetinib (a 
MEK 1/2 inhibitor). Cobimetinib was given daily for 3 weeks 
each month followed by a 1-week break.

In March 2017, the patient developed shoulder and hip girdle 
pain accompanied by prolonged morning stiffness. A reduction in 
the dose of cobimetinib made her feel worse. Lyrica and Oxyco-
done were added to her regimen without benefit. The patient 
noted that her symptoms were episodic, coming only during the 
week each month that she was off cobimetinib. Her symptoms 
would resolve promptly 2 days after she resumed cobimetinib.

The patient was referred to rheumatology in September 2017 
and was thought to have checkpoint inhibitor-induced PMR. 
Laboratory evaluation performed when she was symptomatic (at 
the end of a week off of cobimetinib) revealed an erythrocyte 
sedimentation rate (ESR) 72. Because it appeared that her PMR 
was controlled by the MEK 1/2 inhibitor, prednisone 10 mg daily 
was added for only 5 days each month, starting on day 3 of the 
off-cobimetinib week. The patient did very well until January 
2018 when her malignancy progressed. Atezolizumab and 
cobimetinib were discontinued; she was started on a different 
regimen. Following discontinuation of cobimetinib, her PMR 
symptoms recurred and she required daily prednisone.

Autoimmune diseases induced by checkpoint inhibitors may 
give insight into the pathogenesis of native autoimmune diseases 
such as PMR. This case of a patient with checkpoint inhibitor-in-
duced PMR responding to a MEK 1/2 inhibitor suggests that 
there could be a role for MEK inhibition in the management of 
PMR.

The protein kinase cascade Raf/MEK/ERK regulates gene 
expression in response to stimuli such as extracellular mitogens, 
growth factors and cytokines. Downstream effects are important 
in cellular proliferation and apoptosis. Disordered activity of 
this pathway leads to uncontrolled tumour cell proliferation. 
The pathway has therefore become a useful therapeutic target in 
KRAS-mutated  and BRAF-mutated cancers.

In addition to its role in cellular proliferation, the MEK/ERK 
cascade also plays a role in inflammatory responses. A number 
of studies have shown that the MEK/ERK cascade promotes the 
production of a variety of proinflammatory cytokines, and MEK 
inhibitors have been reported to impair T-lymphocyte function. For 
example, Vella et al demonstrated that the MEK inhibitor trame-
tinib suppresses T-cell proliferation and cytokine production by 
CD4+ and CD8+ T cells.2 Dumont et al showed that the MEK-in-
hibitor PD98059 inhibits, among other things, IL-6 production.3

In rheumatoid arthritis, the MEK/ERK pathway is upregu-
lated in the synovial tissues.4 5 The MEK inhibitor PD184352 
inhibited paw oedema and clinical arthritis scores and attenu-
ated disease-induced weight loss in a collagen-induced arthritis 
mouse model.5 The MEK inhibitor JTP-74057 reduced TNF-α 
and interleukin 6 (IL-6) production in human, mouse and rat 
peripheral blood mononuclear cells and was equal to lefluno-
mide in suppressing the development of both adjuvant-induced 
arthritis and collagen-induced arthritis mouse models.6

Patients with PMR have elevated circulating levels of IL-6; the 
anti-IL-6 receptor antibody tocilizumab has been used effectively 
in this condition. In our patient with checkpoint inhibitor-as-
sociated PMR, treatment with the MEK inhibitor cobimetinib 
suppressed inflammation, perhaps via suppression of IL-6. This 
case suggests that MEK inhibitors could be a promising steroid-
sparing agent for PMR.
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Response to: 'Checkpoint inhibitor-induced 
polymyalgia rheumatica controlled by 
cobimetinib, a MEK 1/2 inhibitor' by Chan 
and Bass

We read with genuine interest the original case reported by 
Chan and Bass1 in response to our paper describing musculo-
skeletal immune-related adverse events (irAE) related to cancer 
immunotherapy.2 

Immune checkpoint inhibitors (ICI) represent an exciting 
new standard of care in selected advanced cancers and are being 
actively investigated in others. Unfortunately, only a subset of 
patients benefit from ICI and the current challenge is to trans-
form the majority of non-responders to responders.3 This will 
likely be improved by combining ICI with other treatment strat-
egies such as small molecules.

Two MEK inhibitors, trametinib and cobimetinib, are already 
used in the clinical setting, combined with BRAF inhibitors.4 
Toxicity (mainly rash, peripheral oedema, cardiac and ocular 
complications) is one of the obstacles for the development of MEK 
inhibitors as single agent in patients with cancer but the dual inhi-
bition of MEK and BRAF minimises toxicity. Initial attempts of 
combining vemurafenib or dabrafenib (anti-BRAF) plus cobime-
tinib or trametinib (anti-MEK) with ipilimumab (anti CTLA-4) 
failed due to toxicity. Combination or sequential therapy with anti-
PD-(L)1 agents represents a more promising approach and several 
clinical trials are ongoing (ie, NCT03178851; NCT02908672; 
NCT02130466; NCT03201458). Therefore, the number of 
patients exposed to both MEK and PD-(L)1 inhibitors is likely to 
increase and we are looking forward to see whether more observa-
tions of ICI-induced polymyalgia rheumatica (PMR) improved by 
MEK inhibitors will be reported in the future.

Considering MEK inhibitors as a promising steroid-sparing 
agent for PMR is a bit provocative, however behind every success 
story is a first enthusiastic clinical observation and the authors 
provided solid underlying pathogenesis. Furthermore, there will 
be always concern of using an anticancer therapy for a non-can-
cerous disease but one good example comes from methotrexate, 
as illustrated with the historical perspective of this drug by 
Weinblatt.5 While the rheumatology community was first reluc-
tant, it has now become the standard of care therapy in patients 
with rheumatoid arthritis. The observation reported by Chan 
and Bass suggests that, in ICI-induced PMR, MEK inhibitors 
could both reinforce the antitumour treatment and control the 
irAE. As oncologists have wondered whether immunosuppres-
sive therapies given to treat irAEs may reduce the antitumour 
efficacy of ICI, MEK inhibitors could offer an attractive thera-
peutic option for such adverse events. On the other hand, this 
particular situation should be a first step indicating that MEK 

inhibitors might also represent a possible alternative in case of 
corticoresistant or corticodependent PMR. Let us see whether 
or not MEK inhibitors will also become part of our therapeutic 
arsenal in rheumatology.
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Tofacitinib in steroid-dependent 
relapsing polychondritis

Relapsing polychondritis (RP) is a rare progressive inflamma-
tory condition involving cartilaginous structures, predominantly 
those of the ears, nose and laryngotracheobronchial tree. The 
McAdam’s diagnostic criteria require meeting three out of six 
of the following: recurrent chondritis of both auricles, noner-
osive inflammatory polyarthritis, chondritis of nasal cartilages, 
ocular inflammation (conjunctivitis, keratitis, scleritis and/or 
uveitis), chondritis of respiratory tract, cochlear and/or vestib-
ular damage (neurosensory hearing loss, tinnitus or vertigo).1 
Systemic corticosteroids remain the mainstay of treatment for 
RP. Immunosuppressive agents (eg, methotrexate, azathioprine, 
dapsone, cyclophosphamide, etc) have been frequently used for 
the treatment of more severe and steroid-resistant manifesta-
tions of RP. The administration of biologics in patients with RP 
has been also described.2 3 

In the recently published French multicentre retrospec-
tive cohort study, Moulis et al reported 41 patients with RP 
treated with 105 biological agents, including tumour necrosis 
factor (TNF) inhibitors, tocilizumab, anakinra, rituximab and 
abatacept.4 The reasons for initiating biological therapy were 
corticosteroid dependence, corticosteroid resistance or intol-
erance to methotrexate. Within the first six months of treat-
ment, overall response (ie, at least partial clinical improvement) 
rate was 62.9%. However, only 19.0% of patients achieved a 
complete response defined by no clinical activity. Response rates 
for TNF inhibitors, tocilizumab and rituximab (63.3%–71.4%) 
were numerically higher compared with those for abatacept 
and anakinra (50.0%–53.3%). The results of the retrospective 
study suggested differences in efficacies depending on the organ 
involvement, that is, tocilizumab and TNF inhibitors, particularly 
adalimumab, were the most effective biologics for nasal/auric-
ular chondritides and joint inflammation, respectively. Notably, 
steroid-sparing effect was modest (median daily corticosteroid 
dose was reduced by 5 mg of prednisone equivalent), and nearly 
three-quarters of patients finally discontinued biologics due to 
insufficient efficacy (34.1%), loss of efficacy (18.1%) or adverse 
drug reactions (20.9%).

Tofacitinib belongs to a new class of the Janus kinase inhibitors. 
It is approved for the treatment of rheumatoid arthritis, psoriasis 
and psoriatic arthritis. Current evidence suggests that tofacitinib 
may be also effective in patients with the other inflammatory 
diseases, such as ulcerative colitis, atopic dermatitis and alopecia. 
We observed a 39-year-old female patient with a 6-year history of 
RP that manifested by progressive nasal chondritis with saddle nose 

deformity, recurrent arthritis and scleritis, involvement of laryn-
geal and tracheal cartilages (figure 1), low-grade fever and labo-
ratory signs of inflammation (high erythrocyte sedimentation rate, 
C-reactive protein and rheumatoid factor). Diagnosis of RP was 
established according to the presence of four out of six McAdam’s 
criteria. Treatment with medium-dose (30 mg/day) prednisone was 
initially effective. For steroid tapering, methotrexate, azathioprine, 
mycophenolate mofetil and dapsone were administered sequen-
tially. However, all immunomodulators were discontinued within 
a relatively short period of time as a result of adverse drug reac-
tions (azathioprine and dapsone were stopped within 1 month due 
to anaemia and leucopenia) or persistent clinical and laboratory 
activity (methotrexate and mycophenolate mofetil were discon-
tinued within 3–4 months due to clinical deterioration after pred-
nisone tapering to 15 mg/day). Despite medium-dose to high-dose 
(up to 40 mg/day) corticosteroids, the disease showed a progressive 
course with recurrent episodes of acute respiratory distress and a 
persistent laboratory activity. The patient rejected treatment with 
any parenteral biologics. However, she gave an informed consent 
for an off-label oral tofacitinib administration. This agent was 
chosen given its action on the intracellular pathways responsible for 
triggering the inflammatory response. Treatment with tofacitinib 
10 mg daily rapidly induced a clinical decrease in disease activity 
with corticosteroid tapering. At 12 months of treatment, she was 
in stable clinical remission and free from corticosteroids, while CT 
scanning showed an improvement of laryngeal wall thickening.

RP is an immune-mediated disease with poorly understood 
pathogenesis. Human and animal studies suggest that a complex 
cytokine network orchestrates the recruitment of infiltrating 
cells in RP lesions.5 Unlike biological treatments that target 
one cytokine pathway in the inflammatory network, tofacitinib 
inhibits the intracellular effects of several inflammatory media-
tors, resulting in downregulation of the immune and inflamma-
tory response.6

Moulis et al showed at least partial efficacy of biological 
therapy in a significant proportion of patients with refractory 
RP, despite low complete response rate and modest steroid-
sparing effect. There was no single drug having apparent advan-
tages in efficacy and safety over other biologics. However, 
infliximab and adalimumab should be preferred among the 
TNF antagonists. Tocilizumab was highly effective for almost 
all features of RP, but with a relative high rate of withdrawal 
due to adverse drug reactions. Our case report suggests that 
tofacitinib may constitute an additional therapeutic option 
for selected patients with RP. However, its efficacy and safety 
in RP versus non-biological or biological disease-modifying 
antirheumatic drugs should be confirmed in well-controlled 
prospective head-to-head studies.
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Figure 1 Uptake of tracer in laryngeal and tracheal cartilages 
on positron emission tomography/CT in patient with relapsing 
polychondritis.
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