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Pneumocystis and glucocorticoid use: 
to prophylax or not to prophylax (and 
when?); that is the question
Kevin L Winthrop,1 John W Baddley2

Pneumocystis jiroveci is an opportunistic 
fungus with the ability to cause lethal 
pneumonia in those with advanced immu-
nosuppression.1 Fortunately, this outcome 
is preventable with prophylaxis. Unfortu-
nately, however, deciding who is immuno-
suppressed enough to justify prophylaxis 
can be a confusing subject, particularly 
among rheumatology patients where 
immunosuppression waxes and wanes 
based on the use of immunosuppressive 
therapies and the contribution of the 
underlying inflammatory disease. Foggy 
notions persist regarding who is at risk, 
the level of absolute risk where the 
risk-benefit of using trimethoprim/sulfa-
methoxazole (TMP/SMX) or other 
prophylaxis is worthwhile, and when can 
prophylaxis be safely stopped.2 The article 
by Park et al published in the Annals of 
Rheumatic Diseases3 sheds light on these 
important questions, such that a picture of 
how to approach this issue clinically might 
finally be more clear for the practicing 
rheumatologist.

What is the benefit of TMP/SMX 
prophylaxis?
Given the difficulty studying these ques-
tions in a randomised controlled trial 
fashion, comparative effectiveness studies 
such as this one might provide the next 
best thing. In the article, the authors 
address the following questions: in 
patients starting high-dose glucocorticoids 
and taking them greater than 4 weeks, 
what is the risk of pneumocystic jiroveci 
pneumonia (PJP) (and the risk factors 
for it) and how does risk relate to dose? 
Further, they evaluate the efficacy of 
TMP/SMX prophylaxis. To answer these 
questions, they retrospectively identi-
fied an institutional cohort of rheuma-
tology patients in Korea treated with 

‘high-dose’ glucocorticoids (>30 mg/day) 
for 4 or more weeks. Within this cohort, 
they selected patients offered TMP/SMX 
prophylaxis and compared their inci-
dence of PJP with the remainder of the 
group that did not receive prophylaxis. 
There were important underlying differ-
ences between the groups, as one might 
expect, and it was clear that the treating 
physicians had generally chosen to give 
TMP/SMX to those they had perceived 
at higher risk for PJP. These risk factors 
included lymphopaenia, greater glucocor-
ticoid use in the past, concomitant use of 
cyclophosphamide and the presence of 
dermatomyositis, microscopic polyangiitis 
(MPA) or granulomatosis polyangiitis. 
These factors being more prevalent within 
the prophylaxis group create ‘confounding 
by indication’ or ‘channelling bias’ such 
that one might expect a higher incidence 
of PJP in the group receiving prophy-
laxis, making it difficult to ascertain any 
protective effect of prophylaxis. This bias 
is the bane of observational and pharma-
coepidemiological studies, as researchers 
struggle to compare ‘apples with apples’ 
and overcome this bias. In this case, 
the researchers used propensity scores 
to adjust for differences in groups and 

created two groups similar in their like-
lihood to receive prophylaxis based on 
disease characteristics and underlying risk 
factors for PJP (those risk factors beyond 
the use of high-dose glucocorticoids, a 
risk that was present in all participants). 
Crude incidence among the unprophy-
laxed was significantly higher, and when 
controlling for bias through propensity 
scores, use of TMP/SMX was associated 
with a 93% decrease in incidence of PJP. 
Only one case occurred in the prophylaxis 
group, and this after initial TMP/SMX was 
stopped due to an adverse drug reaction. 
The protection therefore appeared nearly 
complete and those at highest risk were 
protected. The benefits of TMP/SMX 
cannot be understated, and this study adds 
to others showing similarly high levels of 
protective effects within different settings 
of immunosuppression.4 So, we know that 
it works, but what other conclusions can 
we draw from this experience that are 
relevant to the practice of rheumatology?

When to start prophylaxis?
The observations from these researchers 
confirm the answer is glucocorticoid 
dose-dependent. This is intuitive, although 
to our knowledge this has not been shown 
previously with regard to time to event, 
in that patients starting on 30 mg dosing 
took several months longer on average to 
develop PJP than those who started 60 mg/
day. This in part could be related to the 
fact that patients starting higher doses take 
much longer to taper below a threshold 
level of risk. They spend longer times at 
risk. While Park et al’s data suggest you 
have longer to make a decision regarding 

1Division of Infectious Diseases, Oregon Health and 
Sciences University, Portland, Oregon, USA
2Division of Infectious Diseases, University of Alabama, 
Birmingham, Alabama, USA

Correspondence to Dr Kevin L Winthrop, Division of 
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University, Portland, Oregon 97239-3098, USA;  
​winthrop@​ohsu.​edu

Editorial

Table 1  Proposed PJP* prophylaxis with glucocorticoid use

Underlying disease

Prophylaxis at glucocorticoid dose (Y/N)†

Discontinuation 
of prophylaxis at 
glucocorticoid dose (Y/N)

15–30 mg >30 mg <15 mg

Granulomatosis with 
polyangiitis

Y Y Y‡

Microscopic polyangiitis Y Y Y‡

Systemic sclerosis Y§ Y Y

Dermatomyositis/
polymyositis

Y§ Y Y

Systemic lupus 
erythematosus

N Y Y

Rheumatoid arthritis N Y§ Y

*Based on limited data and expert opinion, the authors advocate additional studies to further refine 
recommendations in this area.
†Requires prolonged glucocorticoids (≥4 weeks).
‡Conditional on <2 additional risk factors at time of discontinuation: baseline lymphopaenia, low CD4 count, 
cyclophosphamide use, anti-TNF or rituximab use, initial glucocorticoid dose of >60 mg.
§Conditional on at least one additional risk factor: baseline lymphopaenia, low CD4 count, cyclophosphamide use, 
anti-TNF or rituximab use, initial glucocorticoid dose of >60 mg.
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prophylaxis start in those using 30 mg 
(versus 60 mg for example), it is clear that 
in any patient where such a dose is envi-
sioned for 4 weeks or longer, that prophy-
laxis should be initiated.

When to stop prophylaxis?
The concept of a risk ‘threshold’ has forever 
been a ‘holy grail’ type of question, with 
initial thresholds drawn at 15 mg or 20 mg 
per day for greater than 3 weeks. These 
were based on initial case series data that 
suggested most cases occur at these dose 
levels or higher after a prolonged time 
period.5 The current study is consistent 
with these prior case series and, impor-
tantly, highlights that this threshold with 
regard to dose and time is not uniform. 
Three (10%) of the cases within this series 
were diagnosed with PJP after tapering to 
doses below 15 mg/day; however, each case 
had at least one other risk factor for PJP. We 
agree with the authors that at this level of 
glucocorticoid use, the overall risk is much 
lower (90% of the cases occurred at dose 
levels above 15 mg/day), but these cases 
illustrate that the risk of a certain dosage of 
glucocorticoids is likely modified by other 
PJP risk factors. The benefit of prophylaxis 
is almost certainly different in an 80 year 
old with lymphopaenia and vasculitis using 
10 mg/day of glucocorticoids as compared 
with a 50 year old with rheumatoid arthritis 
(RA) using the same dose who lacks other 
risk factors. We suggest that for patients 
receiving prophylaxis that the treating 
physician consider stopping TMP/SMX 
once doses have been tapered to 15 mg/day, 
but that strong consideration be given to 
continuing it until lower doses are achieved 
if other PJP risk factors are present.

What is the risk-benefit of TMP/
SMX?
The risk-benefit of TMP/SMX prophy-
laxis has been debated, given the high 
incidence of side effects reported with this 
compound.6 Prior analyses suggest that the 
benefit outweighs the risk only in certain 
inflammatory disease conditions such 
as vasculitis or dermatomyositis, largely 
because the frequency of PJP is higher in 
these conditions.4 7 Notably, prophylaxis 
may not be favourable in rheumatoid 
arthritis where the risk is low and number 
needed to treat (NNT) is much higher.4 
While this analysis is limited to those using 
high-dose glucocorticoids for greater 
than 1 month, it supports these ideas and 
provides both NNT and numbers  needed 
to harm (NNH) information within some 
disease subgroups. Overall, this cohort 

tolerated TMP/SMX fairly well, with 
approximately 15% of patients devel-
oping AEs attributable to TMP/SMX. This 
was similar to findings from other anal-
yses of rheumatic disease patients using 
TMP/SMX prophylaxis. The authors did 
not report what percentage of those using 
TMP/SMX withdrew drug due to adverse 
events; however, the incidence of serious 
adverse events attributable to TMP/
SMX was low (n=2 events), such that the 
NNTs in order to prevent one PJP case 
were lower than the NNH with regard to 
serious adverse events. Not surprisingly, 
this benefit-risk scenario varied by disease 
state where the NNT was markedly lower 
for the higher risk diseases such as MPA or 
systemic lupus erhythematosus (SLE).

There were some important limitations 
to this analysis. Most PJP cases were diag-
nosed by use of PCR testing on induced 
sputum or bronchoalveolar lavage fluid, 
a situation in which it is sometimes diffi-
cult to distinguish between colonisation 
and definitive PJP. While there should 
be no differential bias between the two 
exposure groups that would affect one’s 
ability to judge TMP/SMX effectiveness, 
the study might overestimate the risk of 
PJP and hence NNT calculations if some 
of these cases were only colonisation. It 
is also unclear if these data can generalise 
outside of Korea where the prevalence of 
PJP colonisation (and therefore the risk of 
developing disease) might differ. In addi-
tion, the analysis did not evaluate the risk 
of biological therapies. It is possible that 
their use might modify the risk of gluco-
corticoids, and that this could vary by 
their mechanism of action. Further, the 
analysis only addressed risk among a high-
dose glucocorticoid using population, and 
it did not report PJP incidence in rheuma-
tology patients who were not using high-
dose glucocorticoids. The regimen studied 
was single-strength daily TMP/Sulfa. The 
risk/benefit of intermittent (three times 
a week) double strength TMP/SMX may 
be different, although experience from 
other settings of immunosuppression 
would suggest similar efficacy as daily 
single strength therapy.8 Last, it is unclear 
if prophylaxis with other regimens (eg, 
dapsone, atovaquone) is of similar utility 
or should be employed if patients cannot 
tolerate TMP/SMX.

While these and other clinical ques-
tions remain, our opinion is that the 
current analysis provides strong guidance 
in terms of  who to select for prophy-
laxis. It supports the efficacy of TMP/
SMX use among those starting regimens 
of Prednisone>30 mg/day who continue 
for greater than 1 month and particularly 

those starting higher doses such 60 mg/day 
where the short-term risk of PJP is much 
greater. This is no matter their under-
lying disease state, although the benefits 
of prophylaxis are greater in those with 
higher risk diseases (eg, vasculitis) and 
other risk factors. We recommend such 
prophylaxis should continue until doses 
are below 15 mg/day, and even at this level 
if other PJP risk factors such as cyclophos-
phamide use, lymphopaenia or underlying 
vasculitis are present (table 1). While the 
absolute risk of PJP is considered to be low 
within rheumatology, this analysis clearly 
shows the risk is substantial within certain 
subgroups of diseases. This is a potentially 
lethal and preventable infection, and the 
Park et al analysis suggests there is little 
reason to take a risk with a month or more 
of high-dose glucocorticoids.
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How the gut inflames the joints

A study by Pianta et al published in the Journal of Clinical Inves-
tigation provides new evidence that the pathogenesis of rheuma-
toid arthritis (RA) may involve molecular mimicry, one of the 
most venerable models for the aetiology of rheumatic disease.1 
Molecular mimicry represents the development of cross-reactive 
B or T cell responses to a component of an infecting agent. As 
shown in this study, the agent in question may be a commensal 
in the gut microbiome rather than a bacterium or virus inducing 
clinical disease. 

While a violation of tolerance, molecular mimicry can 
occur due to the sharing of amino sequences by proteins from 
pathogen and host. If an immune response during infection goes 
awry, autoreactivity to the shared sequence can ensue. The most 
dramatic example of molecular mimicry is acute rheumatic fever 
(ARF), still a major problem worldwide. The scenario is now 
classic: within weeks of an infection with group A Streptococcus, 
usually pharyngitis, an inflammatory syndrome encompassing 
arthritis strikes a susceptible person. In ARF, the infection is 
obvious; the culprit bacterial antigen is the M protein.2

In a novel approach to finding molecular mimics, Pianta 
et al used mass spectrometry to characterise peptides bound 
to HLA-DR molecules of cells from synovial tissue, synovial 
fluid or peripheral blood of patients with RA.1 3 This analysis 
demonstrated the presence of DR-presented peptides derived 
from previously unidentified autoantigens called N-acetylglu-
cosamine-6-sulfatase (GNS) and filamin A (FLNA). Importantly, 
peptides from GNS and FLNA have sequence homology to 
proteins of Prevotella and other gut species. The homology is 
notable since the microbiomes of patients with new-onset RA 
have expansion of Prevotella copri.4

Other studies in this paper showed that sera from patients 
with RA  contain IgG and IgA antibodies to GNS and FLNA, 

with levels correlated with those of P.  copri. Among patients 
lacking anti-citrullinated protein antibodies (ACPA) or rheuma-
toid factor, over half had IgG and/or IgA antibodies to GNS or 
FLNA. Furthermore, GNS and FLNA peptides could stimulate 
in vitro responses of T cells. Overall, B and T cell responses 
to GNS and FLNA were present in 52% and 56% of patients, 
respectively, providing impressive evidence for a role of gut anti-
gens in driving events in RA.

While RA, like ARF, may involve molecular mimicry, the clin-
ical situations of RA and ARF are vastly different. With ARF, the 
infection is readily apparent and the onset of disease is sudden, 
making it easy to postulate a link. In the case of RA, the ‘infec-
tion’ is dysbiosis, a shift in the composition in the microbiome, 
in this case, increased Prevotella sp. The onset of RA is gradual 
and years may pass before an autoantibody response to proteins, 
especially citrullinated versions, develops and culminates in 
arthralgia and arthritis. Since the microbiome is populated early 
in life, the basis of this long evolution is unclear.

Molecular mimicry is only one mechanism by which dysbiosis 
can impact the pathogenesis of autoimmunity. Studies, especially 
in animal models, have suggested other intriguing possibilities. 
Thus, genetic factors may affect the composition of the micro-
biome; dysbiosis may perturb the poise of the immune system; 
and inflammation may lead to dysbiosis. The interplay between 
host and organism is thus likely to be complicated and dynamic.5 6

While the gut microbiome attracts great attention, it is only 
one of several. The mouth and the upper airways are others. A 
role of the gut microbiome in RA pathogenesis must therefore be 
incorporated into models of RA based on a role of periodontal 
and pulmonary infection in inducing protein citrullination and 
subsequent ACPA production.7 If, as some data suggest, the gut 
and the oral cavity may have common organisms in their micro-
biomes, there can be two-way traffic of organisms in the body as 
well as traffic of pathogenic T cells emerging in either locale to 
journey into the joint.8

Views on news

Figure 1  The role of the microbiome in the pathogenesis of rheumatoid arthritis (RA). In the pathogenesis of RA and other autoimmune and 
inflammatory conditions, dysbiosis can result from the interplay of genetic and environmental factors including diet. Dysbiosis can lead to changes in 
the mucosal barrier; leakage of bacteria and bacterial products into the blood; immune activation; induction of cytokines; and metabolic disturbance. 
In RA, dysbiosis can encompass an increase in Prevotella copri (PC) as well as a decrease in Bacteroides sp. Depending on genetic factors, most 
prominently the HLA-DR shared epitope, exposure to bacterial antigens can induce the activation of T cells that react to proteins from Prevotella as 
well as cross-reactive proteins N-acetylglucosamine-6-sulfatase (GNS) and filamin A (FLNA). These T cells can provide help to B cells which produce 
IgG and IgA antibodies to these antigens by molecular mimicry. Both T cell and B cell autoreactivity to GNS and FLNA in the joint can drive synovitis. 
Disease-modifying antirheumatic drugs (DMARD) can ameliorate inflammation as well as impact on dysbiosis.

http://www.eular.org/
http://ard.bmj.com/
http://ard.bmj.com/


635Pisetsky DS. Ann Rheum Dis 2018;77:634–635. doi:10.1136/annrheumdis-2018-212942

Views on news

Practically, these studies are important in identifying new 
target antigens for serological assessment in RA, especially 
for those patients who are ACPA negative. In addition, the 
phenomenon of dysbiosis raises the possibility of therapy to 
improve this state although the changes with disease-mod-
ifying antirheumatic drugs suggest a return to more normal 
gut composition can occur even with current approaches.8 
Figure  1 highlights these mechanisms. Whatever the direc-
tion of future therapy, this important study suggests that 
the boundary between foreign and self is not complete and 
that various encounters with bacterial organisms can lead to 
mimicry of the pathological kind.
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EULAR recommendations for the use of imaging in 
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Abstract
To develop evidence-based recommendations for the use 
of imaging modalities in primary large vessel vasculitis 
(LVV) including giant cell arteritis (GCA) and Takayasu 
arteritis (TAK). European League Against Rheumatism 
(EULAR) standardised operating procedures were 
followed. A systematic literature review was conducted to 
retrieve data on the role of imaging modalities including 
ultrasound, MRI, CT and [18F]-fluorodeoxyglucose 
positron emission tomography (PET) in LVV. Based on 
evidence and expert opinion, the task force consisting 
of 20 physicians, healthcare professionals and patients 
from 10 EULAR countries developed recommendations, 
with consensus obtained through voting. The final 
level of agreement was voted anonymously. A total of 
12 recommendations have been formulated. The task 
force recommends an early imaging test in patients 
with suspected LVV, with ultrasound and MRI being 
the first choices in GCA and TAK, respectively. CT or 
PET may be used alternatively. In case the diagnosis is 
still in question after clinical examination and imaging, 
additional investigations including temporal artery biopsy 
and/or additional imaging are required. In patients with 
a suspected flare, imaging might help to better assess 
disease activity. The frequency and choice of imaging 
modalities for long-term monitoring of structural damage 
remains an individual decision; close monitoring for 
aortic aneurysms should be conducted in patients at risk 
for this complication. All imaging should be performed 
by a trained specialist using appropriate operational 
procedures and settings. These are the first EULAR 
recommendations providing up-to-date guidance for 
the role of imaging in the diagnosis and monitoring of 
patients with (suspected) LVV.

Introduction
Large vessel vasculitis (LVV) is the most common 
form of primary vasculitis comprising giant cell arte-
ritis (GCA) and Takayasu arteritis (TAK).1 2 The field 
of GCA and LVV has undergone rapid expansion. 
Ultrasound-guided fast-track strategies have led to a 
reduction of irreversible vision loss, and the concept 
of imaging confirmed large vessel (LV-)GCA with 
or without cranial disease, has been added to the 
disease definition.3–5 Based on these considerations, 
the importance of imaging modalities including 
ultrasound, MRI, CT and [18F]-fluorodeoxyglucose 

positron emission tomography (PET) has steadily 
increased.6 7 These techniques enable the assess-
ment of cranial and extracranial arteries and the 
aorta and are less invasive, more sensitive and more 
quickly available than temporal artery biopsy (TAB) 
and conventional angiography, which have been the 
sole diagnostic standards in GCA and TAK, respec-
tively, for decades.

In TAK, temporal arteries are usually spared, and 
extracranial artery biopsies are rarely feasible. Angi-
ography visualises luminal changes caused by vascu-
litis such as stenosis or occlusion but cannot delineate 
vessel wall pathology. Besides, angiography bears 
the risk of allergic reactions, haematoma, iatro-
genic embolisation and arterial dissection. Modern 
imaging methods have therefore almost replaced 
catheterised angiography unless it is performed for 
therapeutic vascular interventions.8

These advances have brought along significant 
controversy and uncertainty about when to use 
which imaging technique, whether imaging might 
be helpful during follow-up to assess disease activity 
and damage and whether imaging results might 
predict future outcomes.

The objective of this project was to provide user-
friendly, evidence-based recommendations for the 
use of imaging modalities for diagnosis, monitoring 
and outcome prediction of primary LVV.

Methods
After approval by the EULAR Executive Committee, 
the convenors (ChristiaD and WAS) and method-
ologist (SR) led a task force guided by the 2014 
updated EULAR  standardised operating proce-
dures.9 The 20 task force members consisted of 
rheumatologists, radiologists, nuclear medicine 
specialists, patient representatives, an internist, 
a methodologist, a healthcare professional and 
EMerging EUlar NETwork  representatives from 
10 countries. All members disclosed their potential 
conflicts of interest before the start of the process. 
Two task force meetings took place.

At the first task force meeting, the panel agreed 
on four key questions covering the following 
aspects: the role of imaging techniques (including 
ultrasound, MRI, CT and PET) in (1) diagnosis and 
(2) monitoring of inflammation and damage, (3) 
prediction of outcome and (4) required technical 
standards for imaging.
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The systematic literature review (SLR) was conducted by two 
task force members (ChristinD and ChristiaD) under the guid-
ance of the methodologist. Only prospective studies conducted 
in  >20 patients with suspected and/or established primary 
LVV were included. The evidence summarised in the SLR was 
presented to the task force in the form of tables summarising 
the findings, including an assessment of the risk of bias of the 
studies.10 11 The SLR is published separately12; however, the SLR 
and the present recommendations manuscript form an integral 
and inseparable part and should be read as such.

At the second meeting, the task force formulated the recom-
mendations based on the evidence and expert opinion in a 
process of discussion and consensus, followed by final voting 
on the recommendations. Consensus was accepted if  >75% 
of the members voted in favour of the recommendation at 
the first round,  >67% at the second round and at a third 
round  >50% was accepted. The Oxford Centre for Evidence-
Based Medicine levels of evidence (LoE) derived from the SLR 
were added to each recommendation (table 1).13

Finally, each task force member anonymously indicated the 
level of agreement via e-mail (LoA, 0–10 numeric rating scale 
with 0=do not agree and 10=fully agree). The mean and SD of 
the LoA, as well as the percentage of task force members with an 
agreement ≥8 are presented.

Based on the gaps in the evidence and the issues of contro-
versy, a research agenda was formulated. The final manuscript 
was reviewed and approved by all task force members and 
approved by the EULAR Executive Committee.

Results
General aspects
These recommendations are intended to advise physicians on 
the use of imaging modalities (including ultrasound, MRI, CT 
and PET) when making a clinical diagnosis of LVV and when to 
apply imaging for monitoring of disease activity and damage. CT 
and MRI also refer to specific angiography techniques such as 
CT angiography (CTA) and MR angiography (MRA), and PET is 
commonly used in conjunction with CT or CTA.

These recommendations are not intended to cover all aspects 
of diagnosis and management of LVV and particularly do not 
discuss in full the role of TAB for GCA diagnosis.

The targeted users of these recommendations are secondary 
and tertiary care physicians including rheumatologists, ophthal-
mologists, neurologists, radiologists, nuclear medicine special-
ists, vascular surgeons, angiologists, geriatricians and other 
specialists in general (internal) medicine. The target population 
is patients with suspected or established primary LVV, specifically 

GCA or TAK. These recommendations may also inform patients 
participating in shared decision making, primary care physicians 
and healthcare providers organising care of patients with LVV.

Recommendations
A total of 12 recommendations have been formulated that are 
summarised in table  2 (including the LoE and LoA) and are 
discussed in detail below.

Recommendation 1: in patients with suspected GCA, an early 
imaging test is recommended to complement the clinical criteria 
for diagnosing GCA, assuming high expertise and prompt avail-
ability of the imaging technique. Imaging should not delay initi-
ation of treatment.

This recommendation is general in its nature and intended to 
provide a framework for the subsequent specific recommenda-
tions on different imaging modalities. The choice of the indi-
vidual imaging method depends on the predominant clinical 
symptoms and local settings as specified below. Early confir-
mation or exclusion of GCA by a diagnostic test is essential 
in order to prevent disease complications such as blindness or 
toxicity from unnecessary treatment.14 The task force members 
recognised that many physicians still consider TAB as the gold 
standard test for the diagnosis of GCA. The present (and subse-
quent) proposition(s) should not be understood as a recom-
mendation against performing TAB. In settings where imaging 
modalities are not readily available or expertise with imaging 
in GCA is questionable, a biopsy should still be favoured in first 
place. Besides, if positive histology is already available, addi-
tional imaging may not be needed for the diagnosis. In centres, 
however, where imaging (and TAB) is readily available and 
performed with high quality, the task force recommends that 
imaging should be preferred as the first test because of low inva-
siveness, ready availability of imaging results and assessment of a 
larger extent of potentially inflamed arteries at the same exam-
ination, thus contributing to a lower number of false negative 
results.

Imaging should be performed before or as early as possible 
after initiation of therapy, best within 1 week, because treat-
ment with glucocorticoids rapidly reduces the sensitivity of 
imaging.15–18 Treatment, however, should never be delayed in 
patients with a strong suspicion of GCA due to outstanding 
imaging or other diagnostic tests, because ischaemic complica-
tions such as blindness occur almost exclusively before initiation 
of therapy.14

The procedural risk of TAB is low; however, there is burden 
to patients and resource use.19 Ultrasound in all patients with 
suspected GCA has been reported as cost-effective compared 
with biopsy plus clinical judgement alone with a net monetary 
benefit of £485 (€~550/US$~600) per patient.15 Modelling of 
cost-effectiveness analysis considered the costs of the tests as well 
as the consequences of correct and incorrect diagnosis resulting 
in drug toxicity or vision loss that might have been prevented by 
one or the other test. Marking arterial segments with ultrasound 
to guide subsequent biopsy failed to increase the sensitivity of 
TAB in one randomised study20; however, additional research is 
necessary to better investigate this issue.

In patients with predominately LV-GCA, a lower sensitivity 
of TAB has been reported as compared with cranial GCA.21–23 
As TAB has not been conducted systematically in these studies, 
future studies should be conducted to investigate the diagnostic 
value of TAB for LV-GCA.

Recommendation 2: in patients in whom there is a high clin-
ical suspicion of GCA and a positive imaging test, the diagnosis 

Table 1  Oxford Centre for Evidence-Based Medicine 2011 levels of 
evidence for diagnostic studies (modified according to ref 13)

Level Definition

1 Evidence from a systematic review of cross-sectional studies with 
consistently applied reference standard and blinding.

2 Individual cross-sectional studies with consistently applied reference 
standard and blinding.

3 Non-consecutive studies or studies without consistently applied reference 
standards.

4 Case–control studies or poor or non-independent reference standard.

5 Mechanism-based reasoning.

Level of evidence may be downgraded based on study quality, imprecision, 
indirectness, because of inconsistency between studies or because the absolute 
effect size is very small. Level may be upgraded if there is a large or very large 
effect size.
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of GCA may be made without an additional test (biopsy or 
further imaging). In patients with a low clinical probability and 
a negative imaging result, the diagnosis of GCA can be consid-
ered unlikely. In all other situations, additional efforts towards a 
diagnosis are necessary.

The performance of a diagnostic test depends on its sensitivity 
and specificity and on the clinical situation where it is applied, 
that  is, on the particular pretest probability.24 For example, a 
patient with 50 years of age, with chronic unspecific headache 
and normal inflammatory markers has a very low pretest clin-
ical probability for the presence of GCA. Assuming a pretest 
probability of 5% and a positive ultrasound result (which has 
a 77% sensitivity and a 96% specificity),12 the post-test prob-
ability would increase to 50% only.24 In case of a negative test, 
however, the diagnosis of GCA is very unlikely with a post-test 
probability of 1.3%. In patients with a high clinical suspicion 
of GCA (>50%), for example, in case of new-onset headache, 
visual symptoms, jaw claudication and elevated erythrocyte 
sedimentation rate (ESR) and C reactive protein, a positive 
ultrasound would result in a post-test probability of >95%. A 
negative examination decreases the probability to 20%, hence, 
GCA is still a possible option and further investigation is neces-
sary. In clinical practice, the pretest probability needs to be 
determined case by case since a clinical probability score, as 
it has been published for other diseases,25 is not yet available 
for GCA. Estimating the pretest probability for predominately 

LV-GCA might be particularly challenging because symptoms of 
LV-GCA are often vague.

The task force clearly emphasised that in all cases, where GCA 
cannot be confirmed or excluded based on clinical, laboratory 
and imaging results, every effort towards a diagnosis should be 
made including additional tests such as TAB and/or additional 
imaging.

Recommendation 3: ultrasound of temporal±axillary arteries 
is recommended as the first imaging modality in patients with 
suspected predominantly cranial GCA.i A non-compressible 
‘halo’ sign is the ultrasound finding most suggestive of GCA.

Ultrasound should be the primary imaging test in patients 
with suspected GCA presenting predominantly with cranial 
symptoms because of a high LoE of good test performance, easy 
access, absence of radiation or other procedural risks and the 
relative low costs as compared with other modalities.

The ‘halo’ sign of temporal arteries is the most relevant 
ultrasound finding in GCA. Recently, it has been defined by an 
Outcome Measures in Rheumatology   (OMERACT) working 
group as a ‘homogenous, hypoechoic wall thickening that is well 
delineated towards the luminal side that is visible both in longi-
tudinal and transverse planes, most commonly concentric in 

i Cranial symptoms of GCA include headache, visual symptoms, jaw clau-
dication, swelling and/or tenderness of temporal arteries.

Table 2  EULAR recommendations for the use of imaging in LVV in clinical practice

Statement LoE LoA

1. In patients with suspected GCA, an early imaging test is recommended to complement the clinical criteria for diagnosing GCA, 
assuming high expertise and prompt availability of the imaging technique. Imaging should not delay initiation of treatment.

1 9.2 (2.1)
90% ≥8

2. In patients in whom there is a high clinical suspicion of GCA and a positive imaging test, the diagnosis of GCA may be made without 
an additional test (biopsy or further imaging). In patients with a low clinical probability and a negative imaging result, the diagnosis of 
GCA can be considered unlikely. In all other situations, additional efforts towards a diagnosis are necessary.

2 9.4 (1.0)
90% ≥8

3. Ultrasound of temporal±axillary arteries is recommended as the first imaging modality in patients with suspected predominantly 
cranial GCA*. A non-compressible ‘halo’ sign is the ultrasound finding most suggestive of GCA.

1 9.7 (0.6)
100% 
≥8

4. High resolution MRI† of cranial arteries‡ to investigate mural inflammation may be used as an alternative for GCA diagnosis if 
ultrasound is not available or inconclusive.

2 9.2 (1.1)
90% >8

5. CT† and PET† are not recommended for the assessment of inflammation of cranial arteries. 5 9.5 (1.2)
95% >8

6. Ultrasound, PET, MRI and/or CT may be used for detection of mural inflammation and/or luminal changes in extracranial arteries to 
support the diagnosis of LV-GCA. Ultrasound is of limited value for assessment of aortitis.

3 (PET and CT) and 5 
(MRI and ultrasound)

9.8 (0.6)
100% 
≥8

7. In patients with suspected TAK, MRI to investigate mural inflammation and/or luminal changes should be used as the first imaging 
test to make a diagnosis of TAK, assuming high expertise and prompt availability of the technique.

3 9.1 (1.4)
90% >8

8. PET, CT and/or ultrasound may be used as alternative imaging modalities in patients with suspected TAK. Ultrasound is of limited 
value for assessment of the thoracic aorta.

3 (CT) and
5 (PET and ultrasound)

9.4 (0.8)
100% 
≥8

9. Conventional angiography is not recommended for the diagnosis of GCA or TAK as it has been superseded by the previously 
mentioned imaging modalities.

5 9.8 (0.6)
100% ≥8

10. In patients with LVV (GCA or TAK) in whom a flare is suspected, imaging might be helpful to confirm or exclude it. Imaging is not 
routinely recommended for patients in clinical and biochemical remission.

5 9.4 (0.8)
100% ≥8

11. In patients with LVV (GCA or TAK), MRA, CTA and/or ultrasound may be used for long-term monitoring of structural damage, 
particularly to detect stenosis, occlusion, dilatation and/or aneurysms. The frequency of screening as well as the imaging method 
applied should be decided on an individual basis.

5 9.3 (1.2)
95% ≥8

12. Imaging examination should be done by a trained specialist using appropriate equipment, operational procedures and settings. The 
reliability of imaging, which has often been a concern, can be improved by specific training. Suggestions for technical and operational 
parameters are depicted in box 1.

5 9.8 (0.6)
100% 
≥8

Numbers in column ‘LoA’ indicate the mean and SD (in parentheses) of the LoA, as well as the percentage of task force members with an agreement ≥8.
*Cranial symptoms of GCA include headache, visual symptoms, jaw claudication, swelling and/or tenderness of temporal arteries.
†CT and MRI also refers to specific angiography techniques such as CT angiography (CTA) and MR angiography (MRA), and PET is commonly combined with CT or CTA.
‡Cranial arteries: superficial temporal, occipital and facial, usually all visible in one examination in MRI.
EULAR, European League Against Rheumatism; GCA, giant cell arteritis; LoA, level of agreement; LoE, level of evidence; LV-GCA, large vessel GCA; LVV, large vessel vasculitis; 
PET, positron emission tomography; TAK, Takayasu arteritis.
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transverse scans’.26 The ‘halo’ sign at temporal arteries revealed 
a pooled sensitivity of 77% and a pooled specificity of 96% as 
compared with the clinical diagnosis of GCA.12 These values 
remained consistent in a series of sensitivity analyses.12 The 
persistence of a hypoechoic swelling despite the compression of 
the artery lumen with the ultrasound probe (termed ‘compres-
sion’ sign) is a variant of the ‘halo’ sign revealing sensitivities 
of 77%–79% and a specificity of 100%.27 28 The detection of 
temporal artery stenosis or occlusion did not increase the diag-
nostic yield over the halo sign alone.

False-positive halos might occasionally be detected in other 
forms of vasculitis (eg, in ANCA-associated vasculitis), in infec-
tious diseases or in patients with (severe) arteriosclerosis.29–31 
Ultrasound results should therefore always be interpreted 
together with clinical and laboratory findings as stated above.

According to expert opinion, examination of axillary arteries 
is particularly helpful in patients with suspected GCA but 
negative or inconclusive temporal artery ultrasound. The SLR 
revealed only a slight increment in the sensitivity (2%) in one 
study that considered the axillary arteries as compared with 
the assessment of temporal arteries alone.31 The recommenda-
tion of the task force is therefore to primarily investigate the 
temporal arteries. Where this examination is non-diagnostic 
and a clinical suspicion of GCA remains, additional vessels such 
as axillary or other cranial and/or extracranial arteries should 
be scanned.

Recommendation 4: high resolution MRI of cranial arteriesii 
to investigate mural inflammation may be used as an alternative 
for GCA diagnosis if ultrasound is not available or inconclusive.

High resolution MRI of superficial cranial arteries should 
be considered as an alternative to ultrasound. The diagnostic 
value of both modalities is comparable (pooled sensitivity of 
MRI: 73%; specificity: 88%).12 Similarly, a retrospective direct 
comparison of MRI and ultrasound revealed a similar sensitivity 
(69% and 67%, respectively) and specificity (both 91% and 
91%) of both techniques.32

The main limitations of MRI are restricted availability, costs 
and possible adverse effects of contrast agents. MRI might only 
be feasible if emergency referrals for GCA can be implemented. 
It is strongly advised not to delay GC therapy due to outstanding 
imaging, and MRI of cranial arteries needs to be performed 
immediately within the first days of GC therapy in order to 
avoid false-negative results.

The advantages of MRI over ultrasound are a higher stan-
dardisation of data acquisition and the possibility to investigate 
multiple cranial and extracranial arteries including the aorta at 
the same time, which might reduce the probability of missing 
inflammation in case of skip lesions. This requires specific tech-
nical settings with multiple coils and a long time on the MRI 
scanner, which is not always feasible. MRI can also assess intra-
cranial arteries, which may be affected in GCA. Other intracranial 
vasculopathies such as primary cerebral angiitis, atherosclerosis 
or reversible cerebral vasoconstriction syndrome must be differ-
entiated from an intracranial manifestation of GCA. In a small 
prospective study, the examination of intracranial arteries did 
not increase the diagnostic yield for GCA33; however, further 
studies are needed to investigate this issue.

ii Cranial arteries: superficial temporal, occipital and facial, usually all 
visible in one examination in MRI.

Recommendation 5: CT and PET are not recommended for 
the assessment of inflammation of cranial arteries.

The task force does not recommend CT or PET for the assess-
ment of cranial arteries because of lack of evidence, radiation 
exposure and high resource use. No studies have been conducted 
on these imaging modalities for the assessment of cranial arteries 
in GCA.12 The use of PET is limited by the proximity of the 
brain; hence, superficial cranial vessels cannot be distinguished 
from the brain.

Recommendation 6: ultrasound, PET, MRI and/or CT may be 
used for detection of mural inflammation and/or luminal changes 
in extracranial arteries to support the diagnosis of LV-GCA. 
Ultrasound is of limited value for assessment of aortitis.

This recommendation is mainly based on expert opinion. The 
best imaging technique for patients with suspected LV-GCA and 
predominantly systemic symptoms is unclear and depends on 
local settings and expertise. While ultrasound has advantages 
as outlined above, it has limited access to the thoracic aorta. 
Besides, the exact sensitivity and specificity of ultrasound for 
LV-GCA is unknown because this subgroup of patients has not 
been analysed separately in ultrasound studies.31 34

The major advantage of PET in patients with systemic symp-
toms is the ability to identify GCA along with other serious 
pathology such as infections or tumours. This may be particu-
larly relevant in elderly patients with constitutional symptoms 
without specific clinical features of GCA and/or PMR. Two 
clinical studies reported divergent sensitivities (67%–77%) and 
specificities (66%–100%) for PET, which may be explained by 
the small sample size, the lack of independence between index 
test and the reference standard, use of GC as well as the circular 
application of different criteria for GCA.35 36 Disadvantages of 
PET are high costs, lower availability and radiation exposure. 
Inexperienced readers may misinterpret atherosclerosis as LVV.37 
Missing information on wall-thickness and luminal changes can 
be overcome by combining PET with CT.

The advantages of MRI are the absence of radiation and the 
contemporaneous detection of structural lesions (such as vessel 
wall thickening and luminal stenosis/occlusion) and contrast 
enhancement of the arterial wall, which is presumed (but not 
proven) to reflect active inflammation. Specific sequences are 
required to image both the arterial wall and the arterial lumen 
as outlined in box 1. The SLR did not retrieve any study investi-
gating the use of MRI in LV-GCA.12

CT may also be useful to detect structural lesions and wall 
inflammation and enables a higher resolution and shorter proce-
dural time than MRI; however, this is at the cost of radiation 
exposure. Evidence from literature is scarce with only a single 
small study indicating a sensitivity of 73% and a specificity of 
78% of CTA for the diagnosis of LV-GCA.35

Recommendation 7: in patients with suspected TAK, MRI to 
investigate mural inflammation and/or luminal changes should 
be used as the first imaging test to make a diagnosis of TAK, 
assuming high expertise and prompt availability of the technique.

This recommendation is almost entirely based on expert 
opinion and current clinical practice. A technique without 
radiation exposure is preferable over other modalities because 
of the young age of patients with TAK. Besides, MRI enables 
assessment of the vessel wall and luminal changes, which are 
both relevant for TAK. In one study, MRA yielded a sensitivity 
and specificity of 100% for TAK using conventional angiog-
raphy as the reference standard.38 The most important limita-
tion of MRI is the restricted availability as compared with 
ultrasound or CT.
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Recommendation 8: PET, CT and/or ultrasound may be used 
as alternative imaging modalities in patients with suspected TAK. 
Ultrasound is of limited value for assessment of the thoracic 
aorta.

This recommendation is also based on expert opinion. 
The task force felt that PET might be particularly valuable in 
patients with unspecific symptoms to detect alternative causes 
of illness. CT (also in conjunction with PET) enables visuali-
sation of vessel wall and luminal changes and is widely avail-
able. However, it is associated with significant radiation. Only 
a single small study was available for CTA yielding a sensitivity 
and specificity of 100% for the diagnosis of TAK using conven-
tional angiography as the reference standard.39 No studies 
were available for PET and for ultrasound. Ultrasound might 
be particularly valuable in patients with claudication of upper 
and/or lower limbs.

Recommendation 9: conventional angiography is not recom-
mended for the diagnosis of GCA or TAK as it has been super-
seded by the previously mentioned imaging modalities.

Although conventional angiography has not been included 
formally as one of the key questions to guide the SLR, the task 
force felt it was necessary to make a statement. Conventional 
angiography has been the gold standard for several decades in 
the diagnosis of LVV, but it is very invasive and involves high 
resource use and a higher procedural risk as compared with 
other imaging modalities. Besides, it provides no information 
about wall morphology, although luminal changes are depicted 
with detail. The main indication for conventional angiography 
in LVV is currently as part of vascular interventions such as 
percutaneous transluminal balloon angioplasty or stenting.40

Recommendation 10: in patients with LVV (GCA or TAK) in 
whom a flare is suspected, imaging might be helpful to confirm 

Box 1 S uggestions for technical and operational parameters on imaging modalities in large vessel vasculitis

Ultrasound
►► High-quality, modern equipment is essential. Linear probes are recommended for supra-aortic arteries, sector or convex probes for 
ascending aorta and aortic arch and convex probes for abdominal aorta. Settings may slightly vary according to different equipment.

►► The B-mode frequency should be ≥15 MHz for temporal arteries and 7–15 MHz for extracranial supra-aortic arteries. Image depth 
should be 10–20 mm for temporal arteries and 30–40 mm for extracranial supra-aortic arteries.

►► The focus should be at the level of the artery. The B-mode gain should be adjusted to avoid anechoic appearance of the artery wall. The 
colour Doppler gain should be adjusted to avoid underfilling or overfilling of the vessel lumen.

►► Colour Doppler mode is preferred over power Doppler mode. Tissue harmonic imaging may improve delineation of the intima-media 
complex.

►► Doppler frequencies of 7–12 MHz and 4–8 MHz should be applied for the temporal and for the extracranial supra-aortic arteries, 
respectively. PRF should be 2–3.5 kHz and 3–4 kHz, respectively. The angle between sound waves and artery should be ≤60°.

CT
►► Multislice CT scanner should be used.
►► Collimation 0.6 mm, tube voltage 120 kV, tube current time product (mAs) determined by automatic dose modulation.
►► Reconstruction slice thickness should be between 0.5 mm and 1.0 mm.
►► Body-weight adapted injection of 60–120 mL of non-ionic iodinated contrast agent (≥ 350 mg/mL) using a power injector (≥ 4 mL/s).
►► Arterial phase: bolus-tracking method (threshold of 100 HU); ECG triggering.
►► Venous phase: 50 s after finishing the arterial phase acquisition.

MRI
Cranial MRI technique:

►► 1.5 T, preferentially 3.0 T MRI scanner, minimum 8-channel head-coil.
►► T1-weighted spin echo, gadolinium contrast-enhanced, fat-suppressed, high-resolution (inplane << 1 mm2, for example, 195×260 μm, 
slice thickness 3 mm, repetition time (TR)/echo time (TE) 500/22 ms).

►► T2-weighted turbo spin echo (TSE), non-contrast-enhanced imaging (TR/TE 9000/143 ms) is significantly less sensitive.
►► Transversal slices angulated parallel to skull base.

Body MRI technique:
►► 1.5 T, preferentially 3.0 T MRI scanner, minimum 8-channel head and neck coil and 16-channel body coil.
►► MR angiography of aorta and major branches from carotid bifurcation to iliac arteries in coronal acquisition to include axillary and 
brachial arteries → detection of vessel lumen (stenosis, occlusion and aneurysm).

►► T1-weighted, fat-suppressed, contrast-enhanced, black blood imaging (eg, navigated three-dimensional TSE, spatial resolution 
1.2×1.3×2 mm3, TR/TE 1000/35 ms) → assessment of mural inflammation.

►► T2-weighted TSE imaging for oedema detection in mural inflammation is less sensitive and more prone to artefacts.

[18F]-Fluorodeoxyglucose (FDG) positron emission tomography (PET)
►► Hybrid PET with low-dose CT.
►► Blood glucose levels: preferred <7 mmol/L (126 mg/dL), <10 mmol/L (180 mg/dL) acceptable.
►► Interval between FDG infusion and image acquisition should be at least 60 min, preferably 90 min.
►► Position of patient is supine, position of the arms should be arms down.
►► Body parts to include: from top of head to at least midthigh, preferably to below the knees.
►► Scoring FDG uptake: qualitative visual grading; if result is unclear, compare it with the liver background (grading 0–3).
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or exclude it. Imaging is not routinely recommended for patients 
in clinical and biochemical remission.

This recommendation is based on expert opinion. In certain 
situations, for example when clinical and laboratory parameters 
are inconclusive, imaging may determine the decision whether 
to change treatment. The primary choice between different 
imaging modalities depends again on the clinical situation, 
local availability and expertise. In individual patients, imaging 
methods might also be complementary, given that the informa-
tion provided is different (such as local glucose consumption/
metabolism by PET or perfusion by contrast-enhanced imaging).

In patients with a clear-cut clinical flare, as well as in patients 
in clinical and biochemical remission, the role of additional 
imaging to determine disease activity is currently unknown.

In one PET study, scans were performed in all newly diagnosed 
patients with GCA at baseline and during follow-up.41 While 
PET scores significantly dropped from baseline to 3 months, 
there was no further reduction at 6 months. Up to two-thirds 
of patients in full clinical remission still revealed a positive PET 
at both follow-up visits, and PET scores did not significantly 
differ at times of remission and relapse. Whether ongoing tracer 
uptake in patients in full clinical remission is caused by low-grade 
inflammation or remodelling and whether these findings have 
any impact on future vascular outcomes are issues that have to 
be clarified by future studies.

Ultrasound studies in GCA reported the disappearance of the 
‘ halo’ sign in temporal arteries in the majority of patients after 
2–4 weeks of GC therapy.16 17 34 42–48 In extracranial arteries, 
residual changes often remained visible for several months. The 
examination of these vessels might be of potential value for 

monitoring purposes; however, none of these studies addressed 
whether ultrasound was helpful for the assessment of relapse.

In summary, the limited literature is mainly descriptive and 
does not add further insights into the additional value of imaging 
compared with only clinical definition of flare. Further research 
is urgently needed to address this issue.

Recommendation 11:  in patients with LVV (GCA or TAK), 
MRA, CTA and/or ultrasound may be used for long-term moni-
toring of structural damage, particularly to detect stenosis, occlu-
sion, dilatation and/or aneurysms. The frequency of screening as 
well as the imaging method applied should be decided on an 
individual basis.

The task force suggests, based on expert opinion, that regular 
screening for structural damage might be performed in GCA 
and TAK patients with signs or symptoms of stenosis/occlusion 
or aneurysms, as well as in those with recurrent or persistent 
inflammation of large arteries and/or the aorta. The choice of 
the imaging method depends on the vessel(s) affected, local 
settings and expertise. Monitoring of a patient with inflamma-
tion and/or dilatation of the aorta, for example, requires MRI or 
CT, whereas a stenosis of the axillary/subclavian arteries could 
be followed up by ultrasound.

The frequency of imaging assessments for vasculitic stenoses 
should also be decided on an individual basis, as there is currently 
insufficient data to frame a recommendation.12

The development of aortic aneurysms has been reported 
in patients with GCA despite the absence of ongoing clinical 
activity. Aortic dilatation might occur even years after disease 
outset.49 Aortic inflammation at baseline as well as male sex, 
hypertension and smoking history have been described as risk 

Box 2  Future research agenda

►► To define a gold standard for the diagnosis, particularly of large vessel giant cell arteritis (LV-GCA).
►► To directly and prospectively compare the diagnostic value of ultrasound and MRI of cranial arteries for diagnosis of GCA.
►► To investigate the diagnostic value of CT of cranial arteries for diagnosis of GCA.
►► To compare the value of imaging for the diagnosis of GCA when performed by examiners with low versus high expertise in large vessel 
vasculitis (LVV) imaging.

►► To investigate the additional value of imaging of axillary arteries in all patients with suspected GCA versus performing it in those 
without a positive imaging of temporal arteries.

►► To investigate the value of standardised assessment of different vascular beds by imaging for the diagnosis of GCA.
►► To investigate the role of MRI in the diagnosis of GCA in patients with a negative ultrasound.
►► To investigate the possible relevance of the assessment of intracranial arteries for the diagnosis and prognosis of GCA.
►► To investigate the role of ultrasound, MRI, positron emission tomography (PET) and CT in the diagnosis of LVV with predominantly 
systemic symptoms.

►► To investigate the role of ultrasound, MRI, PET and CT in the diagnosis of Takayasu arteritis.
►► To develop tools for the assessment of disease activity in LVV and to agree on definitions of remission and relapse (to better investigate 
the role of imaging for monitoring of LVV).

►► To investigate the additional value of the different imaging modalities in the assessment of disease activity during follow-up over 
clinical and laboratory assessment alone.

►► To investigate the value of imaging (eg, assessment of the extent of vascular involvement) as well as individual vasculitis signs (eg, 
‘halo’ sign, contrast enhancement as compared with wall thickening) as a prognostic factor for LVV outcomes.

►► To further study the possibility of differentiating persistent mural inflammation from vascular remodelling (eg, persistent 
fluorodeoxyglucose uptake in patients in clinical remission).

►► To investigate the number of patients needed to screen with imaging methods for identifying cases with aortic complications.
►► To define standardised, well-validated scoring methodologies for all imaging modalities and to develop composite scores for imaging-
based monitoring of patients with LVV. To compare different imaging modalities for monitoring of aortic complications.

►► To study whether therapy should be modified based on imaging results alone.
►► To compare therapy modification based on traditional clinical evaluation versus evaluation that includes results of additional imaging.
►► To study the value of novel technical developments for diagnosis and monitoring of LVV such as contrast-enhanced ultrasound or PET 
with ligands specifically targeting immune cells.
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factors for aortic dilatation.50 51 However, whether and how 
often imaging of the aorta should be repeated remains an uncer-
tain decision. A chest X-ray and abdominal ultrasound every 
other year in patients at low risk for aortic aneurysms is current 
clinical practice in some countries.52 However, there are no data 
demonstrating that such a strategy would have a sufficient sensi-
tivity, specificity and cost-effectiveness.53 This is an area that 
requires further robust research.

Recommendation 12: imaging examination should be done by a 
trained specialist using appropriate equipment, operational proce-
dures and settings. The reliability of imaging, which has often been 
a concern, can be improved by specific training. Suggestions for 
technical and operational parameters are depicted in box 1.

The task force unanimously agreed that the standardisation of 
investigational procedures as well as the definition of minimal 
technical and training requirements is essential to produce sensi-
tive, specific and reliable imaging results.15 54 The development 
of specific training programmes as well as national and interna-
tional courses for imaging in LVV (particularly for ultrasound) 
should have a high priority in order to facilitate implementation 
of these recommendations in clinical practice.

The items listed in box 1 are almost entirely based on expert 
consensus.

No recommendation was made on the prognostic value of 
imaging modalities in patients with established GCA and TAK 
because of the absence of evidence and experience. Based on the 
discussions and the areas of uncertainty, a research agenda has 
been proposed, which is depicted in box 2.

Discussion
These are the first EULAR recommendations providing up-to-
date guidance for the role of imaging in the diagnosis and 
monitoring of patients with (suspected) LVV, recognising recent 
progress in the field. Imaging enables rapid diagnosis of LVV 
with low burden to patients and should therefore be used as the 
first diagnostic test provided it is readily available and performed 
with high quality. To implement the recommendations in clinical 
practice, training programmes for imaging are required. These 
principles are reflected in both the recommendations and the 
research agenda, acknowledging also the gaps in evidence that 
include direct comparisons of different imaging modalities, the 
diagnostic value of imaging for predominantly LV-GCA and 
TAK, as well as the specific value of imaging for monitoring 
and outcome prediction. Some of the recommendations were 
mainly based on clinical experience and consensus. Good quality 
studies are now required to answer the numerous questions 
raised in the research agenda, so that future recommendations 
can be upgraded and based on more solid evidence. The present 
recommendations nevertheless represent a step forward in the 
approach to patients with (suspected) LVV, and we believe that 
their implementation will improve patient care.

Previous EULAR recommendations for the management of LVV, 
already from 2009, recognised the possible value of MRI and PET 
for the diagnosis and assessment of TAK similar to the present 
prepositions, whereas for GCA, TAB was previously considered 
as the only reliable diagnostic test.55 The present article is not 
intended to discredit the role of biopsy as clearly explained in the 
recommendations; nevertheless, the task force felt that TAB may 
be dispensable in cases where GCA is confirmed or excluded based 
on clinical, laboratory and imaging results.

In summary, we developed 12 recommendations on the use 
of imaging for the diagnosis and monitoring of LVV. These 
recommendations are supported by evidence along with expert 

consensus. Unresolved issues and areas of further study have 
been depicted in the research agenda. We expect that much 
progress continue to take place in the area of imaging in LVV, 
and we will carefully follow developments in the field, assuming 
that an amendment of these recommendations may be needed 
within a few years.
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Extended report

Prophylactic effect of trimethoprim-sulfamethoxazole 
for pneumocystis pneumonia in patients with 
rheumatic diseases exposed to prolonged  
high-dose glucocorticoids
Jun Won Park,1 Jeffrey R Curtis,2 Jinyoung Moon,1 Yeong Wook Song,1 
Suhnggwon Kim,3,4 Eun Bong Lee1

Abstract
Objectives T o investigate the efficacy and safety of 
trimethoprim/sulfamethoxazole (TMP-SMX) as primary 
prophylaxis for pneumocystis pneumonia (PCP) in 
patients with rheumatic diseases receiving high-dose 
steroids.
Methods T he study included 1522 treatment episodes 
with prolonged (≥4 weeks) high-dose (≥30 mg/day 
prednisone) steroids in 1092 patients over a 12-year 
period. Of these, 262 treatment episodes involved TMP-
SMX (prophylaxis group) while other episodes involved 
no prophylaxis (control group). Differences in 1-year PCP 
incidence and its mortality between the two groups were 
estimated using Cox regression. To minimise baseline 
imbalance, propensity score matching was performed 
and efficacy outcome was mainly assessed in the 
postmatched population (n=235 in both groups).
Results D uring a total of 1474.4 person-years, 30 PCP 
cases occurred with a mortality rate of 36.7%. One non-
fatal case occurred in the prophylaxis group. TMP-SMX 
significantly reduced the 1-year PCP incidence (adjusted 
HR=0.07(95% CI 0.01 to 0.53)) and related mortality 
(adjusted HR=0.08 (95% CI 0.0006 to 0.71)) in the 
postmatched population. The result of the same analysis 
performed in the whole population was consistent with 
that of the primary analysis. Incidence rate of adverse 
drug reactions (ADR) related to TMP-SMX was 21.2 
(14.8–29.3)/100 person-years. Only two serious ADRs 
(including one Stevens-Johnson syndrome case) occurred. 
The number needed to treat for preventing one PCP (52 
(33–124)) was lower than the number needed to harm 
for serious ADR (131 (55–∞)).
Conclusion T MP-SMX prophylaxis significantly reduces 
the PCP incidence with a favourable safety profile in 
patients with rheumatic disease receiving prolonged, 
high-dose steroids.

Introduction
Pneumocystis pneumonia (PCP) caused by Pneu-
mocystis jirovecii is a common but potentially 
life-threatening infection in immunocompromised 
patients.1 Although it had been the most common 
cause of death in patients infected by HIV, the 
advent of effective HIV treatment and prophy-
lactic strategy led to marked fall of its incidence.2 
However, it remains a significant cause of pneu-
monia in non-HIV immunocompromised patients. 
In addition, PCP in non-HIV patients usually shows 

more severe manifestations and carries a higher 
mortality rate than that in HIV-infected patients.3–5 

The most important risk factor for PCP in 
non-HIV patients is the use of immunosuppres-
sive drugs, especially corticosteroids. Prolonged 
treatment with high-dose steroids is a significant 
risk factor for PCP in patients with haematologic 
malignancies, solid organ transplants and rheumatic 
diseases.4 6 7 Thus, current guidelines recommend 
PCP prophylaxis for patients receiving immuno-
suppressive drugs, including steroids.8 However, 
there is no consensus on PCP prophylaxis for 
patients with rheumatic diseases because the abso-
lute incidence of PCP in this group is unclear9 and 
no risk-benefit assessment for prophylactic regimen 
has been performed. Thus, this has led to different 
opinions among rheumatologists regarding PCP 
prophylaxis.10

To find the answers to these problems, we exam-
ined the incidence of PCP in patients diagnosed 
with a rheumatic disease and receiving prolonged 
high-dose steroid treatment. Patients were recruited 
from a large tertiary referral centre over a 12-year 
period. In addition, we evaluated the efficacy 
and safety of PCP prophylaxis to enable a useful 
risk-benefit assessment.

Methods
Patients and clinical data
The electronic medical database at Seoul National 
University Hospital was examined, and patients 
with a rheumatic disease treated with high-dose 
steroid for more than 4 consecutive weeks (defined 
as a treatment episode) between January 2004 
and December 2015 were identified. High-dose 
steroid was defined as ≥30 mg/day prednisone or 
equivalent, as suggested by Buttgereit et al.11 The 
ICD-10 (International Classification of Diseases, 
10th Revision)  codes used for case identification 
are presented in online supplementary text. Patients 
with a history of PCP, HIV infection, current cancer, 
or a solid organ transplant, or those less than 18 
years of age were excluded. Next, all treatment 
episodes were classified into two groups (control 
group vs prophylaxis group) according to whether 
a patient receiving high-dose steroid had started 
primary PCP prophylaxis.

The baseline date was defined as the first day of 
PCP prophylaxis (prophylaxis group) or high-dose 
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steroid (control group). Each patient should maintain high-dose 
steroid for at least 4 weeks from the baseline date. The obser-
vation period for each treatment episode was 1 year from the 
baseline date because previous studies suggest that most PCP 
cases occur within this period.4 12 13 Therefore, prolonged high-
dose steroid treatment which started within the last 1 year from 
the baseline date in the prophylaxis group could not be entered 
into the observation period of the control group. But if a patient 
restarted prolonged high-dose steroid treatment after more 
than 1 year from the baseline date, it was counted as a separate 
treatment episode. The primary outcome was the incidence of 
PCP in each group during the observation. Secondary outcomes 
included PCP-related mortality and incidence of adverse drug 
reactions (ADR) related to PCP prophylaxis. All suspected ADRs 
were reviewed and assigned a probability of causation based on 
the timing and known patterns of adverse effects. Probable/likely 
or certain causality was regarded as an ADR.14

Patient consent was waived by the IRB due to the retrospective 
nature of the study.

Detection of PCP during treatment episodes
A complex algorithm (see online supplementary figure S1) was 
used to capture all PCP cases during the observation. Briefly, 
data from confirmatory microbiologic tests such as PCR and 
direct fluorescent antibody staining of induced-sputum or bron-
choalveolar lavage fluid were collected. The medical records of 
patients with positive results and fulfilling the criteria for analysis 
were then reviewed to ascertain whether they showed features 
consistent with PCP, such as fever or acute dyspnea, along with 
characteristic radiographic findings. A positive PCR result in the 
absence of clinical manifestations was not considered as PCP.

PCP prophylaxis
Trimethoprim/sulfamethoxazole (TMP-SMX) was the only 
agent used for PCP prophylaxis in this study and was given as 
one double-strength tablet three times a week or as one single-
strength tablet per day. Selection of patients for PCP prophy-
laxis and its duration were mainly determined by the treating 
physician. TMP-SMX was started on the first day of high-dose 
steroid treatment in most cases (unless contraindicated) and was 
stopped when the daily steroid dose (based on prednisone) was 
tapered: to 30 mg in 35 (13.6%) treatment episodes, 25 mg in 6 
(2.3%), 20 mg in 26 (10.1%), 15 mg in 53 (20.6%) and <15 mg/
day in 113 (44.0%). For patients with renal insufficiency, the 
TMP-SMX dose was adjusted accordingly (determined by creat-
inine clearance, n=23). Second-line antibiotics against PCP such 
as dapsone, atovaquone or aerosolised pentamidine were not 
used for primary prophylaxis against PCP during the observa-
tion period.

Statistical analysis
Continuous or dichotomous baseline data were compared using 
Student’s t-test or the χ2 test as appropriate. Cox proportional 
hazards regression models were used to estimate the effect of 
TMP-SMX on outcome. The HR was adjusted for baseline clin-
ical factors that showed a significant association (P<0.1) with 
outcome. In addition, the final model was adjusted for intra-
cluster correlation as some patients may have undergone multiple 
treatment episodes. With respect to PCP-related mortality, which 
showed the complete separation of outcome, Firth’s penalised 
maximum likelihood was used to reduce statistical bias.15

Since there were differences between the groups in terms 
of baseline characteristics, the same survival analyses were 

undertaken after applying 1:1 propensity score (PS) matching. 
This was carried out using the patients’ age, cumulative steroid 
dose during the 6 months prior to baseline, concomitant use 
of immunosuppressants (cyclophosphamide and steroid pulse), 
lymphopenia (<800/μL) and the presence of certain underlying 
diseases as predictors of a requirement for prophylaxis; the 
selected calliper was 0.2. After matching, 235 treatment episodes 
from each group were selected for use as the postmatched popu-
lations (see online supplementary figure S2). Although a compar-
ison of PCP incidence and related mortality was performed 
before and after matching, primary outcome was mainly assessed 
in the postmatched population because it was expected to have 
less statistical bias regarding the number of covariates per case. 
All statistical analyses were performed using R V.3.3.1 software, 
and a P value <0.05 was considered statistically significant.

Results
Patient characteristics
A total of 1522 treatment episodes from 1092 patients were 
fulfilled the criteria for analysis. TMP-SMX prophylaxis was 
performed in 262 treatment episodes, with a mean (SD) duration 
of 237.0 (272.2) days. Patients received daily single-strength 
TMP-SMX regimen in most treatment episodes (251/262, 
95.8%). Prophylaxis began on the first day of high-dose steroid 
treatment (except in nine cases in which TMP-SMX prophylaxis 
was delayed by more than 1 month from the initiation of high-
dose steroid due to acute kidney injury (n=4), leucopenia (n=3) 
or pregnancy (n=2)).

The baseline characteristics of the control and prophy-
laxis groups are shown in table  1. Patients in the prophylaxis 
group were older, more likely to have lymphopenia and to be 
treated with secondary immunosuppressive agents. In addition, 
the proportion of patients with diseases associated with a high 
risk of PCP, such as granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA) and dermatomyositis, was 
significantly higher in the prophylaxis group. The cumulative 
steroid dose administered during the entire observation period 
was also higher in the prophylaxis group (based on prednisone, 
7158±4552 mg vs 8202±5145 mg, P=0.001). There were no 
significant differences in the above-mentioned clinical factors in 
the postmatched population (table 2).

Incidence of PCP
During the observation period of 1474.4 person-years, there 
were 30 PCP cases in 30 patients: the incidence rate (95% CI) 
in the control group was 2.37 (1.59–3.41)/100 person-years. 
When the whole population was stratified according to under-
lying disease, the incidence of PCP was highest in those with 
GPA and MPA (12.14 (95% CI 3.94 to 28.33) per 100 person-
years), followed by those with systemic sclerosis (10.88 (95% 
CI 2.24 to 31.80) per 100 person-years), dermatomyositis (3.11 
(95% CI 0.64 to 9.07) per 100 person-years) and systemic 
lupus erythematosus (SLE) (2.42 (95% CI 1.36 to 4.00) per 100 
person-years). The mean time interval between baseline and PCP 
was 3.4 (SD=2.5, min=0.9, max=10.8) months and 27 (90.0%) 
cases occurred within the first 6 months. The mean (SD) dose of 
steroid (based on prednisone) at the time of PCP diagnosis was 
31.3 (SD=20.1, min=5, max=80) mg; 15 (50%) cases occurred 
when the dose was ≥30 mg/day, 12 cases when 15–30 mg/day 
and 3 cases when <15 mg/day. Twenty-nine cases of PCP devel-
oped in the control group, whereas only one case occurred in 
the prophylaxis group. However, in this case, TMP-SMX was 
discontinued prematurely due to ADR. Among all PCP cases, 
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16 (53.3%) received mechanical ventilation and 11 (36.7%) 
expired. All PCP-related deaths occurred in the control group. 
Clinical features of PCP cases at baseline and PCP occurrence 
are summarised in online supplementary tables S1 and S2, 
respectively.

The incidence of PCP tended to increase according to the 
increase in the initial steroid dose. Patients receiving ≥60 mg/
day prednisone showed a significantly higher PCP incidence 
than those in other subgroups (figure 1).

Efficacy of TMP-SMX prophylaxis in the PS-matched 
population
Univariable analysis in the PS-matched population revealed 
that the 1-year incidence of PCP significantly decreased with 

prophylaxis (HR=0.07; 95% CI 0.01 to 0.54). This result was 
also consistent with the result of multivariable analysis including 
age and MPA as covariates (adjusted HR=0.07; 95% CI 0.01 
to 0.53). PCP-related mortality in the prophylaxis group fell 
significantly in both univariable  analysis (HR=0.07, 95% 
profile likelihood CI 0.0005 to 0.55) and multivariable analysis 
(adjusted HR=0.08; 95% profile likelihood CI 0.0006 to 0.71) 
(table 3). The HR and its significance level for other covariates 
are presented in online supplementary table S3.

Table 1  Baseline* characteristics of the whole population

(n=number of treatment episodes)
Control group
(n=1260)

Prophylaxis 
group
(n=262) P value

Male gender, n (%) 374 (29.7) 89 (34.0) 0.170

Age, year, mean (SD) 41.2 (15.2) 46.2 (16.0) <0.001

Disease duration, year, mean (SD) 3.0 (3.8) 2.5 (4.0) 0.053

Underlying disease

 �Systemic lupus erythematosus, 
n (%)

636 (50.5) 122 (46.8) 0.249

 �Systemic sclerosis, n (%)† 30 (2.4) 5 (1.9) 0.642

 �Dermatomyositis, n (%) 100 (7.9) 38 (14.5) 0.001

 �Polymyositis, n (%) 54 (4.3) 12 (4.6) 0.831

 �GPA, n (%) 38 (3.0) 18 (6.9) 0.003

 �MPA, n (%) 9 (0.7) 11 (4.2) <0.001

 �EGPA, n (%) 43 (3.4) 7 (2.7) 0.541

 �Polyarteritis nodosa, n (%) 17 (1.3) 7 (2.7) 0.118

 �Rheumatoid arthritis, n (%)† 58 (4.6) 10 (3.8) 0.575

 �Adult-onset Still’s disease, n (%) 31 (2.5) 9 (3.4) 0.369

 �Behcet’s disease, n (%) 182 (14.4) 12 (4.6) <0.001

 �Cryoglobulinaemic vasculitis, n (%) 1 (0.1) 2 (0.8) 0.023

 �Ankylosing spondylitis, n (%) 12 (1.0) 0 (0.0) 0.113

 �Primary Sjogren’s syndrome, n (%) 3 (0.2) 0 (0.0) 0.429

 �Others, n (%)‡ 47 (3.7) 9 (3.4) 0.817

Initial steroid dose of 30–45 mg PD, 
n (%)

426 (33.8) 88 (33.6) 0.945

Initial steroid dose of 45–60 mg PD, 
n (%)

141 (11.2) 42 (16.0) 0.028

Initial steroid dose of ≥60 mg PD, n 
(%)

696 (55.0) 132 (50.4) 0.172

Concomitant immunosuppressive treatment

 �Steroid pulse treatment, n (%) 164 (13.0) 99 (37.8) <0.001

 �Oral cyclophosphamide, n (%) 49 (3.9) 34 (13.0) <0.001

 �Cyclophosphamide pulse treatment, 
n (%)

99 (7.9) 67 (25.6) <0.001

Cumulative steroid dose, mean (SD)§ 1597.1 (1568.7) 3119.7 
(1821.5)

<0.001

Lymphopenia, n (%)¶ 283 (22.5) 87 (33.2) <0.001

*The baseline date was defined as the day on which PCP prophylaxis (prophylaxis 
group) or high-dose steroid (control group) was started.
†The main reason for the use of high-dose steroids in these diseases was associated 
interstitial lung disease.
‡Including Takayasu’s arteritis, temporal arteritis and relapsing polychondritis.
§Cumulative steroid (prednisone) dose during the previous 6 months.
¶Defined as <800 lymphocytes/mL.
EGPA, eosinophilic granulomatosis with polyangiitis; GPA, granulomatosis with 
polyangiitis; MPA, microscopic polyangiitis; PCP, pneumocystis pneumonia; PD, 
prednisone.

Table 2  Baseline* characteristics of the PS-matched population

(n=number of treatment 
episodes)

Control group
(n=235)

Prophylaxis group
(n=235) P value

Male gender, n (%) 173 (73.6) 161 (68.5) 0.222

Age, year, mean (SD) 45.8 (16.3) 45.5 (15.7) 0.843

Disease duration, year, mean 
(SD)

3.1 (4.0) 2.6 (3.9) 0.200

Underlying disease

 �Systemic lupus 
erythematosus, n (%)

109 (46.4) 112 (47.7) 0.782

 �Systemic sclerosis, n (%)† 6 (2.6) 5 (2.1) 0.760

 �Dermatomyositis, n (%) 34 (14.5) 34 (14.5) 1.000

 �Polymyositis, n (%) 17 (7.2) 10 (4.3) 0.165

 �GPA, n (%) 16 (6.8) 13 (5.5) 0.565

 �MPA, n (%) 8 (3.4) 8 (3.4) 1.000

 �EGPA, n (%) 6 (2.6) 7 (3.0) 0.779

 �Polyarteritis nodosa, n (%) 7 (3.0) 6 (2.6) 0.779

 �Rheumatoid arthritis, n 
(%)†

9 (3.8) 9 (3.8) 1.000

 �Adult-onset Still’s disease, 
n (%)

2 (0.9) 8 (3.4) 0.106

 �Behcet’s disease, n (%) 11 (4.7) 12 (5.1) 0.831

 �Cryoglobulinaemic 
vasculitis, n (%)

1 (0.4) 2 (0.9) 0.562

 �Ankylosing spondylitis, 
n (%)

3 (1.3) 0 (0.0) 0.248

 �Primary Sjogren's 
syndrome, n (%)

1 (0.4) 0 (0.0) 0.317

 �Others, n (%)‡ 5 (2.1) 9 (3.8) 0.278

Initial steroid dose of 
30–45 mg PD, n (%)

70 (29.5) 72 (30.9) 0.747

Initial steroid dose of 
45–60 mg PD, n (%)

29 (12.2) 39 (16.7) 0.165

Initial steroid dose of ≥60 mg 
PD, n (%)

138 (58.2) 122 (52.4) 0.201

Concomitant immunosuppressive treatment

 �Steroid pulse treatment, 
n (%)

84 (35.7) 80 (34.0) 0.699

 �Oral cyclophosphamide, 
n (%)

20 (8.5) 25 (10.6) 0.433

 �Cyclophosphamide pulse 
treatment, n (%)

54 (23.0) 54 (23.0) 1.000

Cumulative steroid dose, 
mean (SD)§

2696.6 (2123.1) 2898.6 (1558.8) 0.240

Lymphopenia, n (%)¶ 73 (31.1) 76 (32.3) 0.766

*The baseline date was defined as the day on which PCP prophylaxis (prophylaxis 
group) or high-dose steroid (control group) was started.
†The main reason for the use of high-dose steroids in these diseases was associated 
interstitial lung disease.
‡Including Takayasu’s arteritis, temporal arteritis and relapsing polychondritis.
§Cumulative steroid (prednisone) dose during the previous 6 months.
¶Defined as <800 lymphocytes/mL.
EGPA, eosinophilic granulomatosis with polyangiitis; GPA, granulomatosis with 
polyangiitis; MPA, microscopic polyangiitis; PCP, pneumocystis pneumonia; PD, 
prednisone; PS, propensity score.
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Since the incidence of PCP increased according to the increase in 
the initial steroid dose, we next examined the efficacy of TMP-SMX 
prophylaxis after stratifying all treatment episodes by this factor. In 
the subgroup with a higher initial steroid dose (≥60 mg/day pred-
nisone) (n=261), TMP-SMX led to a significant reduction in PCP 
incidence after adjusting for GPA (adjusted HR=0.05; 95% profile 
likelihood CI 0.0004 to 0.40). However, the effectiveness was not 

apparent in the subgroup receiving a lower initial steroid dose 
(HR=0.36; 95% profile likelihood CI 0.04 to 2.21).

Efficacy of TMP-SMX prophylaxis in the whole population
In the whole population, the 1-year incidence of PCP tended to 
decrease with prophylaxis (HR=0.17; 95% CI 0.02 to 1.22). MPA, 
higher steroid dose, concomitant cyclophosphamide pulse and 
baseline lymphopenia were associated with an increased incidence 
of PCP (see online supplementary table S4). After adjusting for 
these factors, the prophylaxis group showed a significantly lower 
incidence of PCP than control group (HR=0.06; 95% CI 0.004 
to 0.66) (table 4). As in the PS-matched population, TMP-SMX 
significantly reduced PCP incidence only in the subgroup with 
a higher initial steroid dose (n=825) (adjusted HR=0.02; 95% 
profile likelihood CI 0.0001 to 0.24).

TMP-SMX was also associated with a reduction in PCP-related 
mortality after adjusting for age, GPA, MPA and concomitant 
steroid pulse treatment (adjusted HR=0.09; 95% profile likeli-
hood CI 0.0007 to 0.76) (table 4).

ADRs associated with prophylactic TMP-SMX
During the 170.1 person-year duration of TMP-SMX prophylaxis, 
36 ADRs (of any type) occurred in 32 patients (21.2/100 person-
years; 95% CI 14.8 to 29.3). The most common ADRs were 
elevated (>1.5 the upper normal range) serum alanine transami-
nase levels and a skin rash (3.5/100 person-years for both), followed 
by thrombocytopenia (1.8/100 person-years) and hyperkalaemia 

Figure 1  Kaplan-Meier curve showing pneumocystis pneumonia (PCP)-free survival according to the initial dose of steroids (30–45 mg/day 
prednisone, 45–60 mg/day and ≥60 mg/day) in the whole population. PD, prednisone.

Table 3  Effect of TMP-SMX prophylaxis on 1-year PCP incidence 
and related mortality in the propensity score-matched population 
(n=470)

1-year PCP incidence 1-year PCP-related mortality*

HR
(95% CI)

HR
(95% profile likelihood CI)

Univariable 
analysis

Multivariable 
analysis†

Univariable 
analysis

Multivariable 
analysis‡

TMP-SMX 
prophylaxis

0.07 (0.01 to 
0.54)

0.07 
(0.01 to 0.53)

0.07 (0.0005 to 
0.55)

0.08 (0.0006 to 
0.71)

P value for 
HR

0.010 0.010 0.007 0.019

*Firth's penalised maximum likelihood was used due to complete separation of 
outcome.
†Included age and MPA as covariates, and was also adjusted for clustering.
‡Included age, GPA and MPA as covariates, and was also adjusted for clustering.
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; PCP, 
pneumocystis pneumonia; TMP-SMX, trimethoprim-sulfamethoxazole.
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(1.8/100 person-years) (table 5). There were no lupus flares during 
prophylaxis. In most cases, ADR severity was mild to moderate 
(34/36, 94.4%). There were only two cases of serious ADRs that 
led to prolonged hospitalisation (one case of pancytopenia and one 
case of Stevens-Johnson syndrome) (1.2/100 person-years, 95% CI 
0.1 to 4.2). However, they resolved shortly after discontinuation 
of TMP-SMX.

Risk-benefit analysis of TMP-SMX prophylaxis
Based on the two cases of serious ADR, the number needed to 
harm (NNH) was 131 (55–∞). By contrast, the number needed to 
treat (NNT) to prevent one case of PCP in the whole population 
was 52 (33–124). After stratification according to each underlying 
disease, the NNT in patients with SLE (43 (28–85)) or MPA (3 
(1.6–39.4)) was lower than the NNH. The same was true for other 
diseases; however, the 95% CI for absolute risk reduction extended 

from a negative number to a positive number, making it irrelevant. 
Interestingly, when we stratified treatment episodes according to 
initial steroid dose (≥60 mg/day prednisone vs other), the NNT 
for the subgroup receiving a higher steroid dose was 32 (22–54), 
whereas that for the subgroup receiving a lower steroid dose was 
215 (45–∞), which is higher than the NNH for serious ADRs.

Sensitivity analysis
Because differences in the dosing regimens of TMP-SMX could 
have influenced its efficacy, we performed the same Cox regres-
sions after excluding subgroups with atypical TMP-SMX dosing, 
including (1) twenty-three treatment episodes with a renal dose 
adjustment, (2) ten with a thrice weekly TMP-SMX regimen and 
(3) nine with more than a month’s delay in prophylaxis. The result 
from each of these analyses was consistent with the original one 
(data not shown).

Since patients in the prophylaxis group discontinued TMP-SMX 
at various times, we analysed the data using a censoring scheme 
based on tapering of steroids (eg, 30 mg/day and 15 mg/day pred-
nisone). The prophylactic effect of TMP-SMX was unchanged (see 
online supplementary figure S3). In addition, to minimise the effect 
of heterogeneity in the duration of prophylaxis, we also performed 
the same analysis using 6 and 3-month observation periods, respec-
tively. Using these censoring schemes, the mean (SD) proportion of 
time that TMP-SMX was administered was significantly increased 
(0.50 (0.33) in the original analysis vs 0.70 (0.32) and 0.86 (0.25) 
in 6-month and 3-month time  frames, respectively, P<0.001). 
However, the efficacy of prophylaxis was unaffected by the change 
in observation period (see online supplementary figure S4).

Discussion
Systemic high-dose steroid treatment is one of the most important 
weapons against rheumatic diseases; however, it is a risk factor 
for PCP. Many studies describe an association between PCP and 
steroid use in patients with rheumatic disease, but few have investi-
gated the prophylactic effects in such populations.16–18 To the best 
of our knowledge, this is the largest study conducted to investigate 
the efficacy and safety of TMP-SMX prophylaxis in patients with 
rheumatic diseases who received prolonged high-dose steroids. 
The incidence of PCP in the control group was 2.37/100 person-
years, which is consistent with previous reports.19

TMP-SMX was highly effective at preventing PCP and related 
mortality. In contrast, compared with that reported in other studies 
of HIV-positive patients, TMP-SMX showed a lower incidence of 
ADRs.20 Recent meta-analyses on the efficacy of PCP prophylaxis 
in patients with haematologic malignancy or post-transplantation 
suggest that TMP-SMX should be considered when the NNT is 
balanced against the NNH for severe ADRs.21 22 Overall, the NNT 
herein was 52, whereas that for severe ADRs was 131, illustrating 
that the benefit of TMP-SMX prophylaxis was greater than the risk 
of potential harm to the patient. Interestingly, in the subgroup that 
received a higher initial steroid dose, the NNT was even lower. 
This demonstrates that, in patients receiving ≥60 mg/day predni-
sone, the benefits of TMP-SMX prophylaxis outweigh the risks. 
This result suggests that initial steroid dose may identify patients 
who would derive maximum benefit from TMP-SMX prophylaxis.

The optimal time to stop PCP prophylaxis in non-HIV patients 
receiving high-dose steroids remains unclear. Expert opinion 
suggests that prophylaxis should be continued until the CD4 T cell 
count rises above 200/mm3 for 6 consecutive months.23 However, 
the correlation between this factor and the risk for PCP is less 
clear in patients without HIV.24 In that context, it is noteworthy 
that most PCP cases (90.0%) in the present study occurred when 

Table 4  Effect of TMP-SMX prophylaxis on 1-year PCP incidence 
and related mortality in the whole population (n=1522)

1-year PCP incidence 1-year PCP-related mortality*

HR
(95% CI)

HR
(95% profile likelihood CI)

Univariable 
analysis

Multivariable 
analysis†

Univariable 
analysis

Multivariable 
analysis‡

TMP-SMX 
prophylaxis

0.17 (0.02 to 
1.22)

0.06 
(0.004 to 0.66)

0.21 (0.002 to 
1.61)

0.09 (0.0007 to 
0.76)

P value for 
HR

0.078 0.022 0.165 0.023

*Firth's panelised maximum likelihood was used due to complete separation of 
outcome.
†Included age, MPA, initial steroid dose (≥60 mg/day prednisone vs not), 
concomitant cyclophosphamide pulse and baseline lymphopenia as covariates, and 
was also adjusted for clustering.
‡Included age, GPA, MPA and concomitant steroid pulse as covariates, and was also 
adjusted for clustering.
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; PCP, 
pneumocystis pneumonia; TMP-SMX, trimethoprim-sulfamethoxazole.

Table 5  Incidence of adverse drug reactions caused by 
trimethoprim/sulfamethoxazole prophylaxis

Number of cases* Incidence rate (95% CI)†

Adverse drug reactions 34 20.6 (14.3 to 28.6)

 �Anaemia 2 1.2 (0.1 to 4.2)

 �Leucopenia 1 0.6 (0.0 to 3.3)

 �Thrombocytopenia 3 1.8 (0.4 to 5.2)

 �GI problems 2 1.2 (0.1 to 4.2)

 �LFT abnormality 6 3.5 (1.3 to 7.7)

 �Skin rash 6 3.5 (1.3 to 7.7)

 �Azotaemia 5 3.0 (1.0 to 7.1)

 �Hyperkalaemia 3 1.8 (0.4 to 5.2)

 �Others‡ 6 3.5 (1.3 to 7.7)

Serious adverse drug 
reactions

2 1.2 (0.1 to 4.2)

 �Pancytopenia 1 0.6 (0.0 to 3.3)

 �Stevens-Johnson 
syndrome

1 0.6 (0.0 to 3.3)

*Total observation period was 170.1 person-years for 262 cases.
†Rate per 100 person-years.
‡Including headache (1), anorexia (1), eosinophilia (1), tingling sensation (1) and 
pruritus (2).
GI, gastrointestinal; LFT, liver function test.
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a patient received ≥15 mg/day prednisone or equivalent, which is 
in line with the findings of previous studies.13 18 24 25 This suggests 
that tapering the dose of steroid down to <15 mg/day might be 
a relevant point at which to consider stopping prophylaxis. In 
agreement with previous reports, we found that PCP showed a 
significant association with concomitant cyclophosphamide, 
lymphopenia and old age, and at least one of these risk factors 
was present in all instances of PCP in patients receiving <15 mg/
day prednisone.13 23 26 However, because of the small number of 
PCP cases, it should be precautious to define relevant time point of 
stopping prophylaxis with this result alone.

This study has some limitations. First, the baseline characteris-
tics of the prophylaxis and non-prophylaxis groups were not fully 
balanced, a limitation inherent to observational studies. To over-
come this limitation, primary analysis was performed based on 
PS-matching population; however, unmeasured confounders such 
as physician’s preference cannot be completely balanced without 
randomisation. Second, the number of PCP cases in this study was 
rather small so we could not perform a precise risk-benefit assess-
ment for some rheumatic diseases. In addition, because this was not 
a randomised controlled study, we could not compare the preva-
lence of adverse events between the two groups; therefore, the 
NNH was based on the ADR from the prophylaxis group alone.

In conclusion, we show here the benefit of TMP-SMX as primary 
prophylaxis for PCP in patients with rheumatic diseases who were 
treated with prolonged high-dose steroids; this was particularly 
true for patients receiving an initial steroid dose ≥60 mg/day pred-
nisone or equivalent. Although the results should be confirmed in 
a future randomised study, the data may impact the use of PCP 
prophylaxis for patients with rheumatic diseases.
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Extended report

Patient characteristics influence the choice of 
biological drug in RA, and will make non-TNFi 
biologics appear more harmful than TNFi biologics
Thomas Frisell,1 Eva Baecklund,2 Karin Bengtsson,3 Daniela Di Giuseppe,1 
Helena Forsblad-d’Elia,4 Johan Askling,1,5 on behalf of the ARTIS Study group

Abstract
Objectives  With the wide range of biological disease-
modifying anti-rheumatic drugs (bDMARDs) available for 
treating rheumatoid arthritis (RA), and limited evidence 
to guide the choice for individual patients, we wished 
to evaluate whether patient characteristics influence the 
choice of bDMARD in clinical practice, and to quantify 
the extent to which this would bias direct comparisons of 
treatment outcome.
Methods R egister-based study of all Swedish patients 
with RA initiating necrosis factor inhibitor (TNFi), 
rituximab, abatacept or tocilizumab in 2011–2015 
as their first bDMARD (n=6481), or after switch from 
TNFi as first bDMARD (n=2829). Group differences 
in demographics, clinical characteristics and medical 
history were assessed in multivariable regression models. 
Predicted differences in safety and treatment outcomes 
were calculated as a function of patient characteristics, 
through regression modelling based on observed 
outcomes among patients with RA starting bDMARDs 
2006–2010.
Results P atients starting non-TNFi were older than 
those starting TNFi, had lower socioeconomic status, 
higher disease activity and higher burden of diseases 
including malignancy, serious infections and diabetes. 
Differences were most pronounced at first bDMARD 
initiation. These factors were linked to treatment 
outcome independent of therapy, yielding worse 
apparent safety and effectiveness for non-TNFi biologics, 
most extreme for rituximab. Standardising to the age/
sex distribution of the TNFi group reduced differences 
considerably.
Conclusions T here was significant channelling of 
older and less healthy patients with RA to non-TNFi 
bDMARDs, in particular as first bDMARD. Whether this 
channelling represents a maximised benefit/risk ratio is 
unclear. Unless differences in age, medical history and 
disease activity are accounted for, they will substantially 
confound non-randomised comparative studies of 
available bDMARDs’ safety and effectiveness.

Background
Following a rapid development over the past two 
decades, a wide range of biological disease-mod-
ifying anti-rheumatic drugs (bDMARDs) are 
currently available for the treatment of rheuma-
toid arthritis (RA). In many countries, Sweden 
included, RA treatment guidelines have expanded 
the recommended options for first bDMARD in 
recent years, from necrosis factor inhibitor (TNFi) 

drugs exclusively to include abatacept, tocilizumab 
and rituximab,1–4 ranking the drugs as compa-
rable in overall safety and efficacy. For historical 
reasons, TNFi drugs remain the most common 
choice as first bDMARD, but many patients will 
switch from their initial bDMARD,5 and similar 
to the first, the choice of the next bDMARD (eg, 
switching to another TNFi or to another mode of 
action) is seldom strictly regulated. In clinical prac-
tice, perceived or established differences between 
bDMARD options lead to a non-random alloca-
tion of treatment. Although many clinicians may 
be aware of the existence of such channelling, its 
magnitude (ie, how different treatment outcomes it 
will give rise to) is seldom quantified, yet essential 
for a correct evaluation of the drugs’ relative effec-
tiveness and safety.6 7 

In all situations with an element of prefer-
ence-guided choice of therapy, it is important to 
monitor which patient gets which therapy for at least 
two reasons. First, if physicians’ show a preference 
for a specific drug for certain patients, it should be 
a research priority to tell whether this is motivated 
by an increased tolerability or efficacy in this group, 
or merely a misconception about the drug’s (side) 
effects, potentially leading to inequities in care.8 
Second, non-random choice of therapy will hamper 
studies of RA therapies by introducing confounding 
by indication, which occurs when factors associated 
with the choice of therapy are also predictors of the 
studied outcome, and is generally considered the 
major limitation of non-randomised comparisons of 
therapies.9 The case of bDMARDs in RA illustrates 
both of these needs.

Thus, the objective of this paper is twofold. First, 
to describe baseline patient characteristics at initia-
tion of different bDMARDs at two clinically distinct 
and common time points: (1) at first bDMARD 
initiation, (2) at switch to a second bDMARD after 
having used a TNFi as first bDMARD. Second, to 
estimate the potential of the observed channelling 
to confound comparative safety and effectiveness 
studies in RA.

Methods
Data on clinical characteristics, demographics and 
medical history among all patients with RA in 
Sweden who initiated a first or second bDMARD 
therapy during 2011–2015 were identified by 
linking the Swedish Rheumatology Quality register 
(SRQ) to nationwide Swedish healthcare registers.
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Data sources
The database used for this study has been described previ-
ously.10 11 Briefly, the SRQ is a clinical register with longitudinal 
data on disease activity and treatment at each rheumatology 
visit,12 with a national coverage for bDMARD treatment in RA 
of 95%.13 The National Patient Register provided all diagnoses 
set in inpatient and non-primary outpatient visits; validation 
against medical files has found a high positive predictive value 
(85%–95%) for diagnoses in inpatient care.14 15 The Prescribed 
Drug Register provided all dispensed prescriptions in Sweden 
since July 2005; the register has virtually complete coverage.16 
The Swedish Cancer Register contains clinical data on all cancers 
since 1958; estimated coverage is greater than 95%.17 Registers 
on communicable diseases provided dates for verified tuber-
culosis, hepatitis B and C. Socioeconomic data were available 
through census registers.

Covariates
We considered an inclusive list of baseline characteristics to 
capture factors that we a priori    considered may influence 
choice of therapy, safety or treatment outcome. Variables 
included sociodemographic background (highest education, 
country of birth), RA-specific clinical characteristics (rheuma-
toid factor (RF), disease duration, Health Assessment Question-
naire - Disability Index (HAQ-DI), Disease Activity Score - 28 
joints (DAS28) with components, visual analogue scale  (VAS) 
pain), concomitant treatment with non-steroidal anti-inflam-
matory drugs (NSAIDs,) glucocorticosteroids, conventional 
synthetic DMARDs and medical history. Disease activity and 
current therapy was extracted from the visit in the SRQ with 
valid data on each variable closest to treatment start (within −90 
to +14 days, chosen to increase data availability, while avoiding 
values influenced by the treatment effect). Medical history was 
measured as having been diagnosed with either of a range of 
specific conditions (definitions in online supplementary table 
s1), within 5 years before treatment start, except for serious 
infections (defined as ‘recent’ within 1 year, and ‘non-recent’ 
within 1 to 5 years) and malignancy (‘recent’ within 5 years, and 
‘non-recent’ more than 5 years earlier). Analysis of individual 
conditions was preferred over a combined comorbidity score 
since the latter would mask disease-specific associations and 
increase risk for residual confounding.18 We used three contin-
uous measures intended to capture patients’ general health: 
(1) number of days hospitalised, (2) days of lost work due to 
sick leave or disability pension (only for those aged 25–65 years) 
and (3) total healthcare costs. Healthcare costs were calculated 
by summing costs for dispensed drugs and visits in inpatient and 
non-primary outpatient care, weighted by disease-related group 
with annual national tariffs, inflation corrected to 2012.

Statistics
To assess differences in patient characteristics across biologics, 
we tabulated means and proportions of baseline covariates, with 
adjusted differences for each non-TNFi bDMARD compared 
with TNFi, modelled in multivariable linear regression models 
with bootstrapped CIs.19 20 The main model was adjusted for 
sex, age and geographic region, and a supplemental model 
further adjusted for country of birth, education level, RF, disease 
duration, ertythrocyte sedimentation rate (ESR), DAS28calcu-
lated with C-reactive protein (DAS28-CRP), recent infections, 
recent malignancy, joint surgery, chronic lung disease and acute 
coronary syndrome. The choice of covariates in model 2 was 
based on observed differences and availability of data.

Therapy after switch from TNFi was defined as the first 
bDMARD therapy started within 1 year of discontinuing an 
initial TNFi as the first ever bDMARD. The main analysis 
focused on the difference between abatacept, rituximab, tocili-
zumab  and  the class of TNFi (adalimumab, certolizumab pegol, 
etanercept, infliximab and golimumab). Supplementary analyses 
were performed comparing individual TNFi drugs.

The expected impact of confounding was assessed through a 
series of prediction models. Logistic regressions were used to 
estimate associations of patient characteristics and treatment 
outcomes among all individuals with RA starting a bDMARD 
(to maximise cohort size and precision, we included up to third 
bDMARD) in the years 2006–2010 (immediately prior to our 
study period). We defined safety outcomes as the proportions 
experiencing the following events within 5 years of starting 
therapy: (1) death, (2) serious infection, (3) major acute cardio-
vascular event (MACE), (4) non-benign malignancy (definitions 
in supplementary table s2). Similarly, we defined treatment 
effectiveness outcomes as the proportion: (1) discontinuing 
therapy before 1 year and (2) remaining on therapy and having 
reached good European League Against Rheumatism (EULAR) 
response after 1 year. Separate models were created for each 
outcome using the full list of covariates. To allow some devi-
ation from linearity, continuous variables were entered as 
second-degree polynomials; the only included interaction was 
between age and sex. Line of therapy was included as a binary 
variable (biologics naive vs not). Work loss was excluded from 
model building, since it is restricted to those of working age. 
The coefficients from the final models were used to calculate 
the predicted probability of each outcome, by treatment, in our 
main cohort. Since specific bDMARDs were not included in the 
prediction models, these predicted probabilities will reflect the 
proportions expected only from baseline characteristics, aver-
aged across all bDMARDs. To further assess how much of the 
predicted difference between treatments would be removed by 
adjustment for age and sex rather than by other patient charac-
teristics (eg, medical history), we standardised each treatment 
group to the age (in 10-year categories) and sex distribution in 
the largest group (TNFi as first bDMARD).

Linear regression with bootstrapped CIs was made using the 
boot  package in R V.3.3.1. SAS V.9.4 was used for all other 
analyses.

Results
Patient characteristics at start of first bDMARD
We identified 6481 patients with RA starting a first bDMARD 
between 1 January 2011 and 31 December 2015. Most started 
a TNFi (n=5307, 82%), with all available TNFi in common 
use, ranging from etanercept (n=1502, 28% of all TNFi) to 
golimumab (n=745, 14%). The most common non-TNFi was 
rituximab (n=655, 10% of all first bDMARD). Demographical 
and clinical characteristics are shown in table  1. Initiators of 
non-TNFi therapy were older and less well educated than those 
starting a TNFi, with largest difference for rituximab. Compared 
with those starting TNFi, rituximab  initiators were also more 
often seropositive, had longer disease duration and slightly 
higher ESR. Abatacept initiators were similar to the TNFi group, 
but had higher ESR. Tocilizumab initiators were most extreme in 
terms of disease activity, with significantly higher ESR and CRP, 
and borderline higher tender joint counts and HAQ. Initiators of 
non-TNFis had lower use of concomitant methotrexate.

There were substantial differences in baseline medical history, 
with those starting rituximab or abatacept more often having 

https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
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a history of the assessed diseases, and having consumed more 
healthcare resources before treatment start (table 1 and figure 1). 
Adjusting for age, sex and geographical region decreased these 
differences, but most of the associations remained. The same 
was not seen for tocilizumab, where baseline medical history was 
more similar to the TNFi group. Of particular note, rituximab 
had a higher proportion with recent (within 5 years) or non-re-
cent (more than 5 years before) malignancy at treatment start 
(8.1% with recent malignancy, compared with 1.4% on TNFi) 
(figure 1). Due to low numbers, it was not possible to assess a 
difference in history of tuberculosis (n=9 patients had tubercu-
losis before starting first bDMARD), hepatitis B (n<5), hepatitis 
C (n=6) or multiple sclerosis/demyelinating events (n=14). For 
brevity, these conditions and other inflammatory conditions are 
presented in online supplementary table s3-s5.

In sensitivity analyses, further adjustment for demographics, 
disease activity and medical history did not materially alter the 
observed pattern of differences in baseline characteristics (online 
supplementary table s3). Comparisons of individual TNFis 

revealed few noteworthy differences (online supplementary 
table s4), but those starting infliximab were slightly older and 
had slightly higher disease activity compared with the others, 
while those starting etanercept more often were female, and had 
accrued higher healthcare costs.

Patient characteristics at switch from first TNFi
We identified 2829 patients with RA who initiated a second 
ever bDMARD within 1 year of discontinuing a first TNFi. (For 
reference, during the same period, 1144 patients discontinued 
a first TNFi without starting a bDMARD within 1 year). It 
was common to start a second TNFi (n=1846, 65%), regard-
less of recorded reason for discontinuing the first TNFi. The  
switch cohort was more homogenous than the first bDMARD 
cohort, with overall smaller differences across therapies (table 2 
and figure  1). Patients starting rituximab and abatacept were 
older than those starting a TNFi, and had a higher proportion 
with recent serious infections. Those starting rituximab had a 

Figure 1  History of disease at treatment start of bDMARD therapy among all patients with rheumatoid arthritis in the SRQ, 2011–2015. Differences 
in proportion (with 95% CIs) are with reference to TNFi, and adjusted for age, sex and geographical region. bDMARD, biological disease-modifying 
anti-rheumatic drug; SRQ, Swedish Rheumatology Quality register; SSRI, selective serotonin reuptake inhibitor; TNFi, tumour necrosis factor inhibitor. 

https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
http://ard.bmj.com/
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higher proportion with recent malignancy and with seroposi-
tive RA. Unlike the channelling at first bDMARD, all non-TNFi 
groups had higher disease activity at switch than the TNFi group. 
Tocilizumab was more common among those who discontinued 
the first TNFi due to lack of effect; abatacept was more common 
among those discontinuing due to adverse events.

In sensitivity analyses of specific TNFis, individual drugs 
were overall very similar, although several differences reached 
nominal significance (online supplementary table s5). Inflix-
imab initiators had lower average education (38% had 9 years or 
less, vs 20% in other groups), more work loss, and less psoriasis/
psoriatic arthritis (PsA). There was also a significant difference in 
the proportion female, ranging from 69% for infliximab to 81% 
for golimumab. Those starting etanercept had accrued lower  
healthcare costs.

Expected differences in safety and effectiveness due to 
confounding by indication
Modelling using observed outcomes of patients starting 
bDMARDs in 2006–2010 indicated that several of the factors 
associated with choice of therapy were also significant predic-
tors of safety and treatment outcomes (associations in online 
supplementary table s6). Age and sex were strong predictors of 
all outcomes except remaining on drug less than 1 year. Compo-
nents of baseline disease activity were predictive of all outcomes, 
although with varying magnitude (HAQ was associated with 
risk of MACE; DAS28 and its components with achieving good 
EULAR response). Concomitant therapy at baseline was also 
a predictor of most outcomes, for  example,glucocorticoids at 
baseline were predictive of adverse events and decreased propor-
tion with good EULAR response. Medical history also predicted 
treatment outcomes, for  example, a history of infection or 
cardiovascular disease predicted future infections and cardiovas-
cular disease, while history of malignancy significantly predicted 
drug retention and (weakly) new onset of malignancy.

Taken together, the observed baseline differences led to 
substantial differences in the predicted risk of all-cause mortality, 
MACE and serious infections; smaller differences in risk for 
malignancy and for achieving EULAR good response; and virtu-
ally no expected differences in 1-year drug survival (table  3). 
In summary, a crude comparison of the non-TNFi drugs with 
the TNFi group would be particularly biased against rituximab 
and abatacept regarding both safety and EULAR response. The 

predicted bias was much less at switch from first TNFi, reflecting 
the greater similarity in patient groups.

Age and sex  standardisation greatly reduced predicted bias, 
in particular for safety outcomes (table 3). The expected risks 
were still inflated for all safety outcomes except malignancies, 
however, and this standardisation did not reduce the biased 
difference in EULAR response, reflecting that age was not a 
strong predictor of that outcome, and that the differences in sex 
were minor between drugs.

Discussion
In this large, nationwide study of contemporary Swedish patients 
with RA, we found evidence of substantial differences in baseline 
characteristics among patients assigned to different bDMARDs. 
Many predictors of treatment assignment were also predictors 
of adverse treatment outcomes, and in quantifying the magni-
tude of this, we showed that a direct comparison across thera-
pies would not give accurate estimates of the treatments’ relative 
effect, but would be biased in favour of TNFi.

Those not starting ‘standard’ TNFi therapy were older, had 
lower socioeconomic status and had a higher burden of other 
diseases. There was similar, although slighter, channelling at 
switch from a first ever TNFi, where a higher RA disease activity 
was also predictive of receiving a non-TNFi. While there were 
limited differences between those starting individual TNFi, 
channelling to and between non-TNFi bDMARD was substan-
tial. Rituximab  initiators were oldest, dominantly RF-positive 
and had the highest burden of other diseases (in particular malig-
nancy), while those starting tocilizumab differed less from those 
starting TNFi in terms of medical history, but had significantly 
higher disease activity.

These differences are partly expected based on the tentative 
recommendations in favour of specific drug choice for some risk 
groups, where for example, American College of Rheumatology 
(ACR) guidelines have listed ‘very low’ evidence to support pref-
erence of rituximab over TNFi among patients with a history of 
malignancy, and of abatacept over TNFi among patients with 
serious infections, and ‘moderate to very low’ evidence to prefer 
non-TNFi among patients with congestive heart disease.1 2 It 
seems clear that these tentative recommendations have been 
followed for some, but not most, patients.

By modelling the expected risk for several treatment 
outcomes conferred by observed patient characteristics, we 

Table 3  Potential for confounding by indication; predicted percentage with adverse events within 5 years, and treatment outcome after 1 year, 
based on observed baseline characteristics

Cohort All-cause mortality Malignancy MACE Serious infection Drug survival <1 year
Good EULAR response 
at 1 year

First bDMARD Crude STD Crude STD Crude STD Crude STD Crude STD Crude STD

 �TNFi 4.8 – 5.6 – 5.4 – 14.4 – 30.3 – 31.0 – 

 �Rituximab 13.3 7.0 8.8 6.1 10.0 6.1 24.2 17.7 29.4 28.9 25.3 23.2

 �Abatacept 11.9 8.1 7.0 5.8 9.1 6.9 21.3 18.1 31.2 31.1 27.9 29.2

 �Tocilizumab 8.8 7.1 6.1 5.4 7.1 6.1 17.9 15.9 30.7 30.9 30.3 31.6

Switch from TNFi

 �TNFi 5.3 5.3 4.8 4.7 6.1 6.1 16.9 16.7 36.2 36.1 17.6 17.6

 �Rituximab 8.1 6.3 5.7 4.9 7.6 6.3 21.2 19.0 35.1 34.8 18.2 19.1

 �Abatacept 7.3 6.8 5.3 4.8 7.0 6.9 19.5 18.2 37.9 37.8 18.0 18.3

 �Tocilizumab 6.8 6.4 5.1 5.0 6.8 6.4 18.1 17.6 37.1 37.7 18.3 18.2

Predicted observed percentage (crude) and age-sex standardised to TNFi as first bDMARD (STD).
bDMARD, biological disease-modifying anti-rheumatic drug; EULAR, European League Against Rheumatism; MACE, major acute cardiovascular event; TNFi,  tumour necrosis 
factor inhibitor.
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showed that even if there were no true differences in drug 
effect, confounding by indication will make the non-TNFi 
drugs appear less safe and effective than the TNFi as first 
bDMARD. For many of the perceived differences, a simple 
adjustment for age and sex reduced this confounding dramat-
ically. Residual confounding is, however, expected to give 
higher rates of adverse events and less treatment response, 
such that comparisons should be adjusted for medical history 
and disease activity when possible. As expected, the predicted 
bias was less when studying those switching from an initial 
TNFi, reflecting the reduced patient heterogeneity in this 
specific clinical situation.

We believe that the predictive modelling approach is helpful 
in combining the multitude of observed baseline differences 
in a metric comparable across cohorts, but several limitations 
should be noted. The models were based on historical data, 
and will be incorrect if the strength of association with each 
risk factor has changed over calendar time. The models were 
also limited by the covariates we had available, and we lacked 
data on for instance body mass index and smoking. Unless 
some unknown predictors work in the opposite direction, it 
is likely that we underestimate the predicted bias. The predic-
tion models were intended as a convenient way of illustrating 
the risk of confounding by indication, not as the best possible 
prediction model for these outcomes. For this reason, we 
used a simple model building strategy, and did not perform 
cross-validation to assess the models’ general predictive value 
or construct confidence bounds on the predictions. In other 
limitations, it should be noted that we made a large number 
of statistical comparisons and present adjusted differences 
between groups with standard CIs; several significant differ-
ences are likely to reflect false positives. Finally, these data are 
by their nature relevant to the Swedish clinical setting, where 
the physician is free to prescribe any drug of their choosing 
and the state (single payer) has made recommendations (but 
not restrictions) based on therapy cost. The relative costs of 
therapy and payer  restrictions may vary by country. There-
fore, although the pattern of use (preferentially TNFi as first 
biologic) is commonplace and the Swedish national guidelines 
are similar to the EULAR and ACR guidelines, the generalis-
ability to other countries may vary.

This study has several strengths. Through the Swedish 
nationwide registers we were able to describe patient 
medical history and other characteristics using prospec-
tively collected data, avoiding the risk for recall bias, and 
with a completeness that would otherwise have been diffi-
cult. We could also include the entire Swedish population, 
avoiding the risk of selection bias. Our main limitation is 
the lack of data on the physician’s and patient’s reasoning 
about the choice of treatment, which may among other 
factors have been influenced by the route and frequency of 
administration.

In conclusion, we found significant channelling of older 
and less healthy patients with RA to non-TNFi bDMARDs, 
both as first bDMARD and at switch from a first TNFi. Future 
studies should examine whether this channelling is medically 
justified or, paradoxically, act to reduce the overall effective-
ness and safety of bDMARD therapy. We also demonstrated 
the extent to which this channelling will compromise the 
safety and effectiveness profile of individual bDMARDs. 
Unless differences in age, medical history, and RA disease 
activity are taken into account in studies of the relative safety 
and effectiveness of bDMARDs, most results will be severely 
confounded.
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Extended report

Efficacy and safety of monotherapy with sirukumab 
compared with adalimumab monotherapy in  
biologic-naïve patients with active rheumatoid 
arthritis (SIRROUND-H): a randomised, double-blind, 
parallel-group, multinational, 52-week, phase 3 study
Peter C Taylor,1 Michael H Schiff,2 Qingmin Wang,3 Yusang Jiang,3 Yanli Zhuang,3 
Regina Kurrasch,4 Shruti Daga,5 Ravi Rao,6 Paul P Tak,6 Benjamin Hsu3

ABSTRACT
Objective T his randomised, double-blind, parallel-
group, phase 3 study compared monotherapy with 
sirukumab, an anti–interleukin-6 cytokine monoclonal 
antibody, with adalimumab monotherapy in patients 
with rheumatoid arthritis (RA).
Methods  Biologic-naïve patients with active RA who 
were inadequate responders or were intolerant to, or 
inappropriate for, methotrexate were randomised to 
subcutaneous sirukumab 100 mg every 2 weeks (n=187), 
sirukumab 50 mg every 4 weeks (n=186) or adalimumab 
40 mg every 2 weeks (n=186). Primary endpoints 
at week 24 were change from baseline in Disease 
Activity Score in 28 joints (DAS28) using erythrocyte 
sedimentation rate (ESR) and proportion of patients 
achieving an American College of Rheumatology (ACR) 
50 response; these endpoints were tested in sequential 
order. This study is registered at EudraCT (number: 
2013-001417-32) and ​ClinicalTrials.​gov (number: 
NCT02019472).
Results  Significantly greater improvements from 
baseline in mean (SD) DAS28 (ESR) were observed at 
week 24 with sirukumab 100 mg every 2 weeks (−2.96 
(1.580)) versus adalimumab 40 mg every 2 weeks (−2.19 
(1.437); P<0.001). Sirukumab 50 mg every 4 weeks also 
showed significantly greater improvement from baseline 
at week 24 in DAS28 (ESR) (−2.58 (1.524)) compared 
with adalimumab (P=0.013). The ACR50 response rates 
with the 100 mg (35.3%) and 50 mg (26.9%) doses of 
sirukumab were comparable to that with adalimumab 
(31.7%) at week 24. The safety profile of sirukumab was 
consistent with that observed with anti–interleukin-6 
receptor antibodies. A dose-related effect on the 
incidence of injection-site reactions was observed with 
sirukumab.
Conclusion  Sirukumab monotherapy showed greater 
improvements in DAS28 (ESR), but similar ACR50 
response rates, versus adalimumab monotherapy.

Introduction
Currently, in the treatment of established rheu-
matoid arthritis (RA), a combination of biolog-
ical disease-modifying antirheumatic drugs 
(bDMARD) with methotrexate (MTX) is superior 
to bDMARD monotherapy.1 2 However, a number 
of patients discontinue MTX, most commonly 

due to side effects.3 For example, in a study of 
157 patients with RA who were currently or had 
previously used MTX, 29.3% discontinued MTX 
therapy, most often due to gastrointestinal or 
hepatic side effects.3 For patients who cannot use 
conventional synthetic DMARDs (csDMARD), 
monotherapy with interleukin (IL)-6 pathway or 
Janus kinase (JAK) inhibitors may have advan-
tages compared with monotherapy with other 
bDMARDs.2 4

Elevated IL-6 levels are present in synovial 
tissue of patients with RA and correlate with 
disease activity.5–7 Sirukumab is a fully human 
monoclonal antibody that binds to IL-6 with 
high affinity and specificity, preventing IL-6 from 
binding to membrane and soluble forms of the 
IL-6 receptor (IL-6R).8 The two  dose regimens 
chosen for the phase 3 pivotal studies, sirukumab 
50 mg every 4 weeks and 100 mg every 2 weeks, 
significantly improved signs and symptoms of 
disease among patients with active RA refrac-
tory to csDMARDs and refractory to  ≥1 anti–
tumour necrosis factor (TNF) drug or intolerant 
to ≥2 anti-TNF drugs.9 10 The majority of patients 
in these trials received sirukumab in combination 
with csDMARDs.9 10

The objective of this phase 3 study 
(SIRROUND-H; EudraCT number, 2013-001417-
32; ​ClinicalTrials.​gov number, NCT02019472), the 
primary results of which are presented here, was to 
demonstrate superior efficacy of sirukumab mono-
therapy compared with adalimumab monotherapy 
(the most commonly used bDMARD for the treat-
ment of RA11) over 52 weeks in patients with active 
RA who had an inadequate response to MTX or 
were intolerant to or inappropriate for MTX.

Methods
This phase 3, randomised, double-blind, paral-
lel-group, active comparator study evaluated the 
superiority (in terms of efficacy) of subcutaneous 
sirukumab monotherapy compared with adalimumab 
monotherapy, along with safety, physical function, 
pharmacokinetic properties and immunogenicity, in 
biologic-naïve patients with active RA (online supple-
mentary figure 1).
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Patients/study population
Eligible patients were ≥18 years of age with active RA (≥8 of 
68 tender joints and ≥6 of 66 swollen joints at screening/base-
line, and C-reactive protein (CRP) levels of ≥10 mg/L or eryth-
rocyte sedimentation rate (ESR) of ≥28 mm/hour at screening) 
and were considered inadequate responders to MTX (after ≥12 
weeks of MTX (dose of ≥15 mg/week)) or intolerant to or inap-
propriate for treatment with MTX for safety reasons (including 
MTX-naïve patients).

Study design
This 68-week study included a 52-week treatment period and 
a 16-week safety follow-up period. 

Patients were randomised at 102 centres in the USA, Europe, 
Latin America and South Africa from April 2014 to May 2015. 
Eligible patients were randomised 1:1:1 to subcutaneous  siru-
kumab 100 mg every  2 weeks, subcutaneous  sirukumab 50 mg 
every  4  weeks or subcutaneous  adalimumab 40 mg every 2 
weeks. Details of randomisation and masking are provided in 
the online supplementary methods and results. Patients with 

<20% improvement from baseline in both swollen joint counts 
(SJC)/tender joint counts (TJC) at week 16 qualified for early 
escape (EE): patients receiving adalimumab 40 mg every 2 weeks 
changed to weekly dosing; patients receiving sirukumab 50 mg 
every 4 weeks changed to 100 mg every 2 weeks; and patients on 
sirukumab 100 mg every 2 weeks remained on their randomised 
dose. Patients receiving sirukumab who met EE criteria received 
weekly placebo injections in between to maintain blinding.

Study evaluations
All analyses were prespecified in the statistical analysis plan. 
The two primary efficacy endpoints were change from base-
line in Disease Activity Score in 28 joints (DAS28) using ESR at 
week 24 and proportion of patients with an American College 
of Rheumatology (ACR)  50 response at week 24 (see details 
of hierarchical statistical testing in the  Statistical Methods 
section). Major secondary efficacy endpoints included the 
proportion of patients with DAS28 (ESR) remission and the 
proportion with an ACR20 response at week 24. Additional 
efficacy endpoints included ACR70 response, Clinical Disease 

Figure 1  Patient distribution and disposition through week 52. EE, early escape.
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Activity Index (CDAI), the Health Assessment Questionnaire–
Disability Index (HAQ-DI), the 36-item Short Form Health 
Survey (SF-36) and the Functional Assessment of Chronic Illness 
Therapy (FACIT)–Fatigue questionnaire (online supplementary 
methods and results). Efficacy endpoints were assessed through 
week 52. Safety was monitored throughout the 68-week study 
and included evaluations of treatment-emergent adverse events 
(TEAE) and clinical laboratory tests. Serum sirukumab or adali-
mumab concentrations and immunogenicity to sirukumab or 
adalimumab were assessed (online supplementary methods and 
results).

Statistical methods
Based on the results of a phase 4, active-controlled study of 
tocilizumab monotherapy (the ADACTA study12) and assuming 
a treatment difference of 0.6–0.8 for the change from baseline 
in DAS28 at week 24 (SD of 1.6–1.8) and an ACR50 response 
rate at week 24 of 45%–50% with sirukumab versus 30% 
with adalimumab, a sample size of 170 patients per treatment 
arm was needed to achieve a power of ≥81% for the primary 
endpoints to detect a treatment difference between sirukumab 
and adalimumab using an α of 0.05 (two sided). The primary 
hypotheses to be tested in this study, in sequential order, were: 
(1) sirukumab 100 mg every  2  weeks demonstrates superior 
efficacy versus adalimumab 40 mg every  2  weeks in change 
from baseline in DAS28 (ESR) at week 24, and (2) sirukumab 
100 mg every  2  weeks demonstrates superior efficacy versus 
adalimumab 40 mg every 2 weeks in the proportion of patients 
with an ACR50 response at week 24. The change from base-
line in DAS28 (ESR) was tested using an analysis of covariance 
model, controlling for treatment group, reason for MTX failure 
and baseline value; missing values were imputed using baseline 
observation carried forward methodology. ACR50 response was 
tested using a Cochran-Mantel-Haenszel test stratified by reason 
for MTX failure; missing values, EE or treatment failures (see 
online supplementary methods and results for definition) were 
imputed as non-responders. As prespecified, if the first (DAS28 
(ESR) endpoint) comparison of sirukumab 100 mg every 2 weeks 
to adalimumab 40 mg every 2 weeks was statistically significant 
at a two-sided α level of 0.05, the study was considered positive. 
Differences in the change from baseline in DAS28 (ESR) at week 
24 and proportion of patients with an ACR50 response at week 
24 were evaluated between the sirukumab 50 mg every 4 weeks 
group and the adalimumab 40 mg every 2 weeks group as major 
secondary analyses using methodology similar to that used for 
sirukumab 100 mg every 2 weeks. Online supplementary figure 
2 outlines the  testing procedures for primary and secondary 
hypotheses and how they differed for global and USA-specific 
regulatory requirements.

Results
Study population
Of 776 patients screened, 559 were randomised (figure  1). 
Demographic and baseline disease characteristics were well 
balanced across treatment groups (table 1). Among randomised 
patients, 57.1% (n=319) and 42.9% (n=240) failed MTX for 
efficacy and safety/tolerability reasons, respectively (online 
supplementary table 1). Overall, 97.9% (547/559) of patients 
had prior MTX use (online supplementary table 1). Treatment 
compliance was >95% and >93% across all groups through 
weeks 24 and 52, respectively. Through week 52, 131 patients 
discontinued study drug, most often due to adverse events (AE) 
(figure 1; online supplementary table 2).

Table 1  Baseline and demographic characteristics

Adalimumab 40 mg 
every 2 weeks

(n=186)

Sirukumab

50 mg 
every 4 weeks

(n=186)

100 mg 
every 2 weeks

(n=187)

Sex, n (%)

 �Female 156 (83.9) 157 (84.4) 154 (82.4)

 �Male 30 (16.1) 29 (15.6) 33 (17.6)

Age (years)

 �Mean (SD) 52.6 (12.15) 52.5 (12.46) 49.8 (12.31)

 �Median (IQR) 54.5 (46–60) 54.5 (46–60) 49.9 (40–59)

Race, n (%)

 �White 173 (93.0) 166 (89.2) 174 (93.0)

 �Asian 1 (0.5) 2 (1.1) 5 (2.7)

 �Black or African American 2 (1.1) 5 (2.7) 3 (1.6)

 �Unknown 1 (0.5) 1 (0.5) 1 (0.5)

 �Other 9 (4.8) 12 (6.5) 4 (2.1)

Region, n (%)

 �Europe 138 (74.2) 132 (71.0) 142 (75.9)

 �North America 25 (13.4) 32 (17.2) 31 (16.6)

 �Latin America 15 (8.1) 13 (7.0) 7 (3.7)

 �South Africa 8 (4.3) 9 (4.8) 7 (3.7)

BMI (kg/m2), mean (SD) 27.86 (5.63) 27.77 (5.99) 27.60 (6.53)

Duration of RA, median (IQR) 4.00 (1.4–8.4) 4.24 (1.6–9.5) 4.60 (2.1–9.0)

Number of swollen joints, mean (SD)

 �0–66 18.5 (10.06) 19.8 (11.91) 20.0 (11.93)

 �0–28 12.7 (5.65) 13.3 (6.47) 13.5 (6.01)

Number of tender joints, mean (SD)

 �0–68 30.8 (14.36) 32.4 (15.83) 32.6 (14.93)

 �0–28 17.8 (6.37) 17.8 (7.22) 18.3 (6.57)

Patient’s assessment of pain (VAS; 0–10)

 �n 186 185 185

 �Mean (SD) 6.78 (1.96) 6.82 (1.89) 6.55 (2.09)

Patient’s global assessment of disease activity (VAS; 0–10)

 �n 186 185 185

 �Mean (SD) 6.85 (2.04) 6.80 (1.94) 6.70 (2.05)

Physician’s global assessment 
of disease activity (VAS; 0–10), 
mean (SD)

6.79 (1.55) 6.78 (1.51) 6.83 (1.59)

HAQ-DI score, range: 0–3

 �n 186 185 185

 �Mean (SD) 1.70 (0.63) 1.75 (0.55) 1.62 (0.61)

CRP (mg/dL), mean (SD) 2.07 (3.06) 2.11 (2.60) 1.79 (2.26)

ESR (mm/hour), mean (SD) 48.6 (23.17) 49.5 (23.50) 46.8 (21.91)

DAS28 (ESR)

 �n 186 185 185

 �Mean (SD) 6.89 (0.85) 6.90 (0.88) 6.91 (0.86)

DAS28 (CRP)

 �n 185 185 185

 �Mean (SD) 6.05 (0.96) 6.12 (0.96) 6.08 (0.97)

CDAI

 �n 186 185 185

 �Mean (SD) 44.09 (12.17) 44.62 (13.39) 45.39 (12.84)

Anti-CCP positive, n (%) 142 (76.8) 138 (74.6) 141 (76.2)

RF positive, n (%) 130 (70.3) 140 (75.3) 134 (71.7)

SF-36

 �PCS, mean (SD) 31.60 (6.92) 31.76 (5.97) 32.48 (6.77)

 � MCS, mean (SD) 41.08 (10.79) 40.86 (10.68) 40.93 (10.34)

FACIT-Fatigue, mean (SD) 26.8 (10.65) 25.7 (10.15) 25.0 (10.25)

BMI, body mass index; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; 
CRP, C-reactive protein; DAS28 (CRP), Disease Activity Score in 28 joints using C-reactive protein; 
ESR, erythrocyte sedimentation rate; FACIT-Fatigue, Functional Assessment of Chronic Illness 
Therapy–Fatigue; HAQ-DI, Health Assessment Questionnaire–Disability Index; MCS, mental 
component summary score; PCS, physical component summary score; RA, rheumatoid arthritis; 
RF, rheumatoid factor; SD, standard deviation; SF-36, 36-item Short Form Health Survey; VAS, 
visual analogue scale.
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Efficacy
For the first primary endpoint, the improvement from base-
line in DAS28 (ESR) was significantly greater at week 24 for 
sirukumab 100 mg compared with adalimumab (P<0.001; 
table 2). For the second primary endpoint, the difference in 
ACR50 response  rate at week 24 between patients receiving 

sirukumab 100 mg and those receiving adalimumab was not 
statistically significant (P=0.464; table  2). Following the 
prespecified testing procedure, the change from baseline in 
DAS28 (ESR) at week 24 was significantly greater for siru-
kumab 50 mg compared with adalimumab (P=0.013; table 2). 
The difference in ACR50 response  rate at week 24 between 

Table 2  Primary, major secondary and other endpoints at week 24

Adalimumab
40 mg every 2 weeks

Sirukumab

50 mg every 4 weeks 100 mg every 2 weeks

Change from baseline in DAS28 (ESR) at week 24

 �All evaluable patients 

 � �n 186 185 185

 � �Mean (SD) −2.19 (1.437) −2.58 (1.524) −2.96 (1.580)

 � �P value* 0.013 <0.001

Proportion of patients achieving ACR50 at week 24

 �All evaluable patients 

 � �n 186 186 187

 � �Patients in response, n (%) 59 (31.7) 50 (26.9) 66 (35.3)

 � �P value* 0.306 0.464

Proportion of patients achieving DAS28 (ESR) remission at week 24

 �All evaluable patients 

 � �n 186 186 187

 � � Patients in remission, n (%) 14 (7.5) 24 (12.9) 38 (20.3)

Proportion of patients achieving ACR20 at week 24

 �All evaluable patients 

 � �n 186 186 187

 � � Patients in response, n (%) 105 (56.5) 100 (53.8) 110 (58.8)

Proportion of patients achieving ACR70 at week 24

 �All evaluable patients 

 � �n 186 186 187

 � � Patients in response, n (%) 24 (12.9) 22 (11.8) 29 (15.5)

Proportion of patients achieving SDAI-based ACR/EULAR remission at week 24

 �All evaluable patients 

 � �n 186 186 187

 � � Patients in response, n (%) 12 (6.5) 14 (7.5) 15 (8.0)

Proportion of patients achieving Boolean-based ACR/EULAR remission at week 24

 �All evaluable patients 

 � �n 186 186 187

 � � Patients in response, n (%) 7 (3.8) 7 (3.8) 7 (3.7)

SJC (0–66) at week 24

 �All evaluable patients 

 � �n 174 172 176

 � � Mean (SD) % change from baseline −69.2 (35.45) −62.0 (39.40) −68.9 (54.95)

TJC (0–68) at week 24

 �All evaluable patients 

 � �n 174 172 176

 � � Mean (SD) % change from baseline −61.4 (36.02) −54.0 (35.87) −59.0 (38.01)

Patient’s global assessment of disease activity (VAS; 0–10) at week 24

 �All evaluable patients 

 � �n 174 172 176

 � � Mean (SD) % change from baseline −36.06 (44.17) −32.08 (60.57) −36.05 (54.06)

ESR (mm/hour) at week 24

 �All evaluable patients 

 � �n 175 173 176

 � �Mean (SD) change from baseline −13.7 (26.86) −34.1 (28.56) −34.7 (22.65)

Data presented are based on imputed values.
*P value compared with adalimumab 40 mg every 2 weeks. 
ACR,  American College of Rheumatology; DAS28 (ESR), Disease Activity Score in 28 joints using erythrocyte sedimentation rate; ESR, erythrocyte sedimentation rate; EULAR, 
European League Against Rheumatism; SD, standard deviation; SDAI, Simplified Disease Activity Index; SJC, swollen joint counts; TJC, tender joint counts; VAS, visual analogue 
scale.
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patients receiving sirukumab 50 mg and those receiving adali-
mumab was not statistically significant (P=0.306; table  2). 
Based on the testing hierarchy, no further hypothesis testing 
was performed. Results from sensitivity analyses to explore 
the impact of handling missing data on the primary endpoints 
were similar to the primary analysis (data not shown). For 
both doses of sirukumab and adalimumab, decreases (improve-
ments) from baseline in DAS28 (ESR) were observed from as 
early as week 2 through week 52 (figure 2A). Across all three 
treatment groups, a clinically relevant proportion of patients 
achieved an ACR50 response through week 52 (figure 2B). At 
week 52, improvements from baseline in DAS28 (ESR) and 
the proportion of patients achieving ACR50 response were 
comparable to those at week 24 (online supplementary table 
3). Improvements from baseline at week 24 in individual ACR 
components were similar for adalimumab and sirukumab 
100 mg, and slightly lower for sirukumab 50 mg for some 
parameters (online supplementary table 4).

Major secondary endpoints and other efficacy endpoint 
analyses showed similar clinically meaningful improvements 
for both sirukumab groups and the adalimumab group and are 

summarised in table 2 for week 24 and online supplementary 
table 3 for week 52. Changes from baseline in the SJC, TJC, 
patient’s global assessment of disease activity and ESR at week 
24 are also summarised in table 2. DAS28 (ESR) remission rates 
were numerically higher across all treatment groups at week 
52 compared with week 24; a numerically higher remission 
rate was observed in the sirukumab groups compared with the 
adalimumab group at weeks 24 and 52. ACR20 response rates 
at week 24 were similar across groups and remained generally 
comparable at week 52, while ACR70 response rates increased 
slightly from week 24 to week 52 across all groups. For the 
primary efficacy endpoints and major secondary endpoints, 
there was a trend for numerically greater improvements in 
patients randomised to sirukumab who had failed MTX for 
safety reasons compared with those who failed for efficacy 
reasons; however, this finding was not consistent for both 
doses of sirukumab across multiple endpoints and timepoints 
(online supplementary table 5).

Similar decreases (improvements) in CDAI (a disease activity 
index that includes clinical parameters and no acute phase reac-
tants) and HAQ-DI scores from baseline were observed with 

Figure 2  Primary endpoints: (A) Change from baseline in DAS28 (ESR)a and (B) proportion of patients achieving an ACR50 response by visit through 
week 52.b,c  aObserved values; patients with missing baseline values were excluded from analysis. bImputed values. cData for A and B are included 
in online supplementary tables 9 and 10, respectively. ACR, American College of Rheumatology; DAS28 (ESR), Disease Activity Score in 28 joints, 
using erythrocyte sedimentation rate; q2w, every 2 weeks; q4w, every 4 weeks. 
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sirukumab (both doses) and adalimumab treatment at weeks 24 and 
52 (online supplementary table 6). Approximately 50%–60% of 
the patients in each treatment group achieved clinically meaningful 
improvements from baseline (≥5-point increase) in SF-36 physical 
component summary and mental component summary scores at 
weeks 24 and 52 (online supplementary table 6). High proportions 
of patients (≥60%) achieved clinically meaningful improvements 

from baseline (≥4-point increase) in FACIT-Fatigue score across all 
groups (online supplementary table 6).

Safety
All reported safety assessments are for the entire 68-week 
study, unless otherwise specified. Overall incidences of TEAEs 
for patients randomised to adalimumab, sirukumab 50 mg and 

Table 3  Overall summary of safety through week 68

Adverse event* outcome, n (%)

Adalimumab
40 mg every 2 weeks

(n=186)

Sirukumab

50 mg every 4 weeks
(n=186)

100 mg every 2 weeks
(n=187)

Patients with ≥1 TEAE, n (%) 130 (69.9) 139 (74.7) 134 (71.7)

 � TEAEs (≥5% of patients in any sirukumab group)

 � � Injection-site erythema 13 (7.0) 17 (9.1) 33 (17.6)

 � � Increased ALT 12 (6.5) 21 (11.3) 24 (12.8)

 � � Rheumatoid arthritis 18 (9.7) 20 (10.8) 16 (8.6)

 � � Increased AST 11 (5.9) 13 (7.0) 20 (10.7)

 � � Neutropenia 4 (2.2) 17 (9.1) 11 (5.9)

 � � Headache 11 (5.9) 11 (5.9) 13 (7.0)

 � � Injection-site pruritus 8 (4.3) 6 (3.2) 17 (9.1)

 � � Hypertension 10 (5.4) 12 (6.5) 8 (4.3)

 � � Nasopharyngitis 16 (8.6) 10 (5.4) 9 (4.8)

 � � Upper respiratory tract infection 10 (5.4) 10 (5.4) 9 (4.8)

 � � Bronchitis 4 (2.2) 10 (5.4) 8 (4.3)

 � � Injection-site swelling 4 (2.2) 4 (2.2) 11 (5.9)

Patients with ≥1 serious TEAE, n (%) 16 (8.6) 29 (15.6) 22 (11.8)

Patients with ≥1 TEAE that caused study agent discontinuation, n (%) 15 (8.1) 25 (13.4) 20 (10.7)

Patients with ≥1 infection, n (%) 58 (31.2) 63 (33.9) 59 (31.6)

 �Infections reported in ≥2% of patients in any group

 � � Nasopharyngitis 14 (7.5) 9 (4.8) 9 (4.8)

 � � Upper respiratory tract infection 10 (5.4) 9 (4.8) 9 (4.8)

 � � Bronchitis 4 (2.2) 9 (4.8) 8 (4.3)

 � � Pharyngitis 3 (1.6) 3 (1.6) 6 (3.2)

 � � Urinary tract infection 6 (3.2) 6 (3.2) 3 (1.6)

 � � Influenza 2 (1.1) 5 (2.7) 2 (1.1)

 � � Sinusitis 2 (1.1) 4 (2.2) 3 (1.6)

 � � Pneumonia 1 (0.5) 4 (2.2) 2 (1.1)

 � � Cellulitis 0 4 (2.2) 1 (0.5)

 � � Cystitis 1 (0.5) 1 (0.5) 4 (2.1)

 � � Respiratory tract infection, viral 2 (1.1) 1 (0.5) 4 (2.1)

 � � Oral herpes 4 (2.2) 1 (0.5) 3 (1.6)

 � � Respiratory tract infection 3 (1.6) 0 4 (2.1)

Patients with ≥1 serious infection, n (%) 4 (2.2) 14 (7.5) 5 (2.7)

Patients with ≥1 injection-site reaction†, n (%) 16 (8.6) 20 (10.8) 43 (23.0)

Patients with ≥1 MACE‡, n (%) 0 1 (0.5) 2 (1.1)

Patients with ≥1 hypersensitivity/serum sickness AE, n (%) 2 (1.1) 2 (1.1) 4 (2.1)

Patients with ≥1 malignancy, n (%) 1 (0.5) 3 (1.6) 2 (1.1)

Patients with ≥1 GI perforation, n (%) 0 1 (0.5) 1 (0.5)

Patients who died on study§, n (%) 0 3 (1.6) 1 (0.5)

*AEs were reported for the group to which the patient was initially randomised.
†All patients were observed by a blinded staff member for symptoms of injection-site reactions for ≥30 minutes after study drug administration through week 16; injection-site 
reactions included erythema, pain, pruritus and/or swelling.
‡The three MACEs that occurred in this study were all adjudicated as strokes (one in the sirukumab 50 mg every 4 weeks group and two in the sirukumab 100 mg every 2 weeks 
group).
§There were four deaths reported in the study through week 68 (three in the sirukumab 50 mg every 4 weeks group and one in the sirukumab 100 mg every 2 weeks group), all 
of which occurred after week 24. In the sirukumab 50 mg every 4 weeks group, one patient experienced an SAE of respiratory failure of severe intensity and subsequently died 
due to pneumonia (events considered not related to study agent); one patient had an SAE of metastatic adenocarcinoma with involvement of the brain, lungs, skeletal system 
and thoracolumbar lymph nodes and died as a result (considered not related to study agent); and one patient who had EE to 100 mg  experienced an SAE 36 weeks later of 
erysipelas of severe intensity and died as a result of progressive respiratory and cardiovascular failure (SAE considered possibly related to study agent). In the sirukumab 100 mg 
every 2 weeks group, one patient experienced an SAE of haemorrhagic stroke and died as a result of circulatory arrest (events considered not related to study agent).
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; EE, early escaped; GI, gastrointestinal; MACE, major adverse cardiovascular event; SAE, 
serious adverse event; TEAE, treatment-emergent adverse event.
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sirukumab 100 mg were 69.9% (130/186), 74.7% (139/186) and 
71.7% (134/187), respectively (table  3). The most frequently 
reported (>5%) individual TEAEs for sirukumab and adalim-
umab are summarised in table  3. TEAEs leading to treatment 
discontinuation and serious TEAEs occurred in more patients 
with sirukumab 50 mg compared with sirukumab 100 mg or 
adalimumab treatment (table 3); detailed listings of these TEAEs 
are provided in online supplementary tables 7 and 8.

The percentage of patients with injection-site reactions 
was approximately two-fold greater with sirukumab 100 mg 
compared with sirukumab 50 mg and adalimumab; none were 
considered serious (table 3). One patient each in the sirukumab 
100 mg group (injection-site swelling) and adalimumab group 
(injection-site induration) discontinued treatment due to injec-
tion-site reactions. Rates of hypersensitivity reactions were low 
for all groups; no cases of anaphylaxis occurred (table 3).

The rate of infections was similar with sirukumab compared 
with adalimumab, with nasopharyngitis, upper respiratory tract 
infections and bronchitis being the most frequently reported 

(table 3). Among patients receiving adalimumab, sirukumab 50 mg 
and sirukumab 100 mg, rates of serious infections were 2.2% 
(4/186), 7.5% (14/186) and 2.7% (5/187), respectively. Two cases 
of reactivated pulmonary tuberculosis, one case of opportunistic 
infection, three major adverse cardiovascular events, six malignan-
cies, seven pregnancies, two gastrointestinal perforations and four 
deaths were reported. Details of these events are summarised in the 
online supplementary methods and results.

Laboratory abnormalities of interest (associated with IL-6 
inhibition) were more common with both sirukumab doses 
compared with adalimumab through week 52. All treatments 
were associated with liver enzyme increases; lipid level eleva-
tions and neutrophil count reductions were more frequently 
associated with sirukumab treatment (table 4). Additional details 
about laboratory abnormalities are included in the online supple-
mentary methods and results.

Immunogenicity
The incidence of antibodies to sirukumab through week 68 
was low (sirukumab 100 mg, 4.9% (9/183); sirukumab 50 mg, 
3.8% (7/182)), while the incidence of antibodies to adalim-
umab was 91.9% (171/186). The presence of antibodies to 
sirukumab or adalimumab did not appear to markedly reduce 
response rates. More detailed pharmacokinetic and immuno-
genicity results are summarised in the online supplementary 
methods and results.

Discussion
Some patients are unable to use csDMARDs, possibly due to 
tolerability issues.3 For these patients, there may be advantages 
to using monotherapy with agents targeting the IL-6 pathway or 
JAK inhibitors.2 4 Thus, the efficacy of sirukumab monotherapy 
was compared with that of adalimumab monotherapy, the most 
commonly used bDMARD for the treatment of RA.11 For the 
first primary endpoint in this study, monotherapy with sirukumab 
100 mg was superior to monotherapy with adalimumab 40 mg in 
biologic-naïve patients with active RA in terms of improvements in 
DAS28 (ESR) from baseline to week 24. However, for the second 
primary endpoint, ACR50 response rates were comparable for 
sirukumab 100 mg and adalimumab. It should be noted, however, 
that the proportion of patients achieving ACR50 response in the 
adalimumab group in this study (31.7%) was slightly higher than 
that reported for adalimumab monotherapy in other RA studies 
(22.1%–29.7%).12–17 Similar results were observed for sirukumab 
50 mg. Sirukumab’s direct and greater effect on acute phase reac-
tants (ESR and CRP) compared with adalimumab, coupled with 
the finding that sirukumab and adalimumab produced comparable 
improvements in the CDAI measure, may account for the superi-
ority of sirukumab on the DAS28 (ESR) endpoint, but non-supe-
riority on the ACR50 response endpoint in this study. The acute 
phase reactant component is weighted more heavily in the DAS28 
(ESR) formula than in the ACR50 criteria, and not at all in the 
CDAI.18–20 Both sirukumab and adalimumab showed early efficacy, 
with improvements in RA signs and symptoms as early as week 2. 
Overall, improvements in measures of signs and symptoms, phys-
ical function and patient-reported outcomes were generally similar 
across the sirukumab and adalimumab groups.

For certain endpoints that are generally harder to achieve 
(DAS28 remission, ACR50), a numerically greater treatment 
response was observed for sirukumab 100 mg compared with 
sirukumab 50 mg, suggesting a possible dose–response relation-
ship for sirukumab monotherapy, although the study was not 
designed to compare the two doses. In contrast, no efficacy- 

Table 4  Number of patients with NCI-CTCAE toxicity grades 3 and 
4 postbaseline laboratory abnormalities through week 68*

NCI-CTCAE toxicity grades 3 
and 4 abnormalities, n (%)

Adalimumab
40 mg 

every 2 weeks 
(n=186)

Sirukumab

50 mg 
every 4 weeks

(n=186)

100 mg 
every 2 weeks

(n=187)

ALT (increased)

 �n 186 186 187

 � �Grade 3 (>5–20×ULN) 3 (1.6) 1 (0.5) 5 (2.7)

 � � Grade 4 (>20×ULN) 0 0 1 (0.5)

AST (increased)

 �n 186 186 187

 � �Grade 3 (>5–20×ULN) 1 (0.5) 0 0

 � � Grade 4 (>20×ULN) 0 0 1 (0.5)

Cholesterol (increased)

 �n 186 182 183

 � �Grade 3 (>10.36–
12.95 mmol/L)

1 (0.5) 7 (3.8) 4 (2.2)

 � �Grade 4 (>12.95 mmol/L) 0 1 (0.5) 0

Triglycerides (increased)

 �n 185 182 182

 � �Grade 3 (>5.65–
11.30 mmol/L)

2 (1.1) 6 (3.3) 7 (3.8)

 � �Grade 4 (>11.30 mmol/L) 1 (0.5) 2 (1.1) 1 (0.5)

Neutrophils (decreased)

 �n 186 186 187

 � �Grade 3 (<1–0.5×109/L) 1 (0.5) 6 (3.2) 7 (3.7)

 � � Grade 4 (<0.5×109/L) 0 0 1 (0.5)

Platelets (decreased)

 �n 186 186 187

 � �Grade 3 (<50–25×109/L) 0 0 0

 � � Grade 4 (<25×109/L) 0 1 (0.5) 0

Haemoglobin (decreased)

 �n 186 186 187

 � �Grade 3 (<8 g/dL) 3 (1.6) 0 0

 � �Grade 4 (NA)† 0 0 0

*Laboratory abnormalities were reported for the group to which the patient was 
initially randomised.
†Life-threatening consequences; urgent intervention indicated.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; NA, not applicable; 
NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse 
Events; ULN, upper limit of normal.
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related dose response was identified when sirukumab was admin-
istered in combination with csDMARDs.9 10

In the ADACTA and MONARCH studies, both of which were 
direct comparative studies versus adalimumab, tocilizumab and 
sarilumab demonstrated significant improvements compared 
with adalimumab in CDAI and other measures, including ACR 
response and various patient-reported outcomes, when adminis-
tered as monotherapy in patients with RA who were intolerant 
or inadequate responders to MTX.12 17 In this study, improve-
ments from baseline in signs and symptoms and patient-reported 
outcomes were generally comparable between sirukumab and 
adalimumab groups. There is no clear evidence-based mecha-
nistic or scientific reason why the two anti–IL-6R antibody 
monotherapy regimens would be more efficacious than adali-
mumab, while sirukumab, which inhibits IL-6, and adalimumab 
were comparable in efficacy in the SIRROUND-H trial. In addi-
tion to the targeted mechanism of action, the studies differed in 
study design (eg, 52-week double-blind treatment period in this 
study vs 24 weeks in ADACTA and MONARCH), the geograph-
ical distribution of the study population (eg, >60% of patients 
were from Eastern Europe in this study, higher than ADACTA 
and MONARCH), as well as blinding and analysis methods.12 17 
The response rate in the adalimumab comparator groups varied 
across the three studies.12 17

The strengths of the study were that it was the only large 
study of sirukumab in bionaïve patients, and was a randomised, 
blinded, controlled monotherapy trial of 52 weeks’ duration 
with an active comparator, which evaluated two doses of the 
investigational agent. The limitations were that adalimumab 
monotherapy control treatment yielded responses that were 
higher than in other adalimumab studies,12–17 rendering indirect 
comparisons to other studies challenging. A direct compara-
tive study of sirukumab against an anti–IL-6R antibody would 
be of interest but, at the time of study design, such a trial was 
not feasible for reasons of uncertain effect size, blinding and 
compound availability. Due to the effects of sirukumab on acute 
phase reactants, the use of DAS28 (ESR) as one of the two primary 
objectives may also have presented challenges for comparing effi-
cacy between sirukumab and adalimumab, as discussed above. 
MTX carry-over effects may also have been present and differed 
between treatment groups; an MTX washout period of more 
than 2 weeks and/or balancing treatment groups based on this 
variable could have been useful.

The safety profile of sirukumab was generally consistent with 
the known safety profile of anti–IL-6R antibody treatment and 
previous sirukumab RA studies.9 12 17 21 22 In this study, the rate 
of serious infections was numerically higher with sirukumab 
50 mg than with adalimumab or sirukumab 100 mg. Two siru-
kumab-treated patients had gastrointestinal perforations, while 
none occurred with adalimumab. Four sirukumab-treated 
patients died, while no deaths were reported in the adalimumab 
group. All deaths occurred after week 24, lacked dose depen-
dence, and the causes of death were diverse and typical of 
patients with RA. In the 24-week ADACTA and MONARCH 
studies, of the two deaths and one death reported, respectively, 
none occurred in the adalimumab groups.12 17 Through week 
68, no dose response was observed in AE or serious AE rates, 
except for injection-site reactions. Laboratory abnormalities 
commonly observed with sirukumab were liver transaminase 
increases, lipid level elevations and neutrophil count reduc-
tions. The safety and tolerability of adalimumab in this study 
were consistent with published data of adalimumab mono-
therapy in RA.12 13 15 23 24 When determining which bDMARD 
monotherapy to use, individual patient comorbidities and risk 

profiles in relation to anti-TNF or IL-6 pathway inhibitor class 
effects should be taken into account.

The immunogenicity rate was low for sirukumab monotherapy 
(4.4%) through week 68, similar to that observed for sirukumab 
combined with csDMARD treatment in other studies.9 10 The 
immunogenicity rate for adalimumab monotherapy through 
week 68 was high (91.9%) in this study, which could be related 
to the use of a validated, sensitive immunoassay and to admin-
istration of adalimumab as monotherapy. In this study, the pres-
ence of antibodies to either sirukumab or adalimumab did not 
appear to be associated with a notable  reduction in efficacy. 
However, previous studies have shown that rates of anti-adalim-
umab antibodies are higher when adalimumab is used as mono-
therapy and appear to be associated with loss of response after 
prolonged treatment.25–27

In conclusion, treatment with sirukumab monotherapy 
demonstrated rapid and sustained improvement in signs and 
symptoms of RA, comparable to those achieved with adalim-
umab monotherapy, in a population of biologic-naïve patients 
with an inadequate response or intolerance to/inappropriateness 
for MTX. Unfortunately, because health authorities requested 
additional clinical data, which would have significantly delayed 
access to sirukumab in parts of the world, the sponsor company 
made the strategic decision to prioritise other therapies in devel-
opment and to terminate the sirukumab RA programme.
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Extended report

Performance characteristics of rheumatoid factor 
and anti-cyclic citrullinated peptide antibody 
assays may impact ACR/EULAR classification of 
rheumatoid arthritis
Lieve Van Hoovels,1 Julie Jacobs,1 Bert Vander Cruyssen,2 Stefanie Van den Bremt,1 
Patrick Verschueren,3 Xavier Bossuyt4

Abstract
Objectives R heumatoid factor (RF) and anti-cyclic 
citrullinated protein/peptide antibodies (ACPA) 
are integrated in the 2010 American College of 
Rheumatology/European League Against Rheumatism 
(ACR/EULAR) classification criteria for rheumatoid 
arthritis (RA). The objectives of this study were to 
evaluate the technical and diagnostic performance of 
different RF and ACPA assays and to evaluate whether 
differences in performance impact RA classification.
Methods  Samples from 594 consecutive patients 
who for the first time consulted a rheumatologist (44 
of whom were diagnosed with RA) and 26 extra newly 
diagnosed patients with RA were analysed with six 
different RF assays (Menarini, Thermo Fisher, Inova, 
Roche, Abbott, Euroimmun) and seven different ACPA 
assays (Menarini, Thermo Fisher, Inova, Roche, Abbott, 
Euro Diagnostica, Euroimmun).
Results  We found differences in analytical performance 
between assays. There was poor numerical agreement 
between the different RF and ACPA assays. For all assays, 
the likelihood ratio for RA increased with increasing 
antibody levels. The areas under the curve of receiver 
operating characteristic analysis of the RF (range 0.676–
0.709) and ACPA assays (range 0.672–0.769) only 
differed between some ACPA assays. Nevertheless, using 
the cut-off proposed by the manufacturer, there was 
a large variation in sensitivity and specificity between 
assays (mainly for RF). Consequently, depending on 
the assay used, a subgroup of patients (13% for RF, 
1% for ACPA and 9% for RF/ACPA) might or might not 
be classified as RA according to the 2010 ACR/EULAR 
criteria.
Conclusion D ue to poor harmonisation of RF and ACPA 
assays and of test result interpretation, RA classification 
according to 2010 ACR/EULAR criteria may vary when 
different assays are used.

Introduction
Rheumatoid arthritis (RA) is the most common 
chronic inflammatory joint disease, affecting 
0.5%–1% of the population in the industrialised 
world.1 If left untreated, or undertreated, RA is 
associated with progressive and irreversible joint 
destruction leading to disability, reduction of quality 
of life and increased mortality.2 The early start of 
aggressive therapy aiming to halt progression of 
disease is currently being emphasised as important 

strategic principle in view of the ‘window of oppor-
tunity’ theory.3 4 However, in patients with early 
disease, diagnosis of RA is difficult.5

The American College of Rheumatology (ACR) 
criteria are widely used as the ‘gold standard’ for 
classification of RA. Due to the lack of sensitivity of 
the 1987 ACR criteria,6 the ACR and the European 
League Against Rheumatism (EULAR) proposed 
new classification criteria in 2010.7 Application of 
the 2010 classification criteria provides a score of 
0–10, with a score ≥6 being indicative of definite 
RA. The presence of rheumatoid factor (RF) or 
anti-cyclic citrullinated protein/peptide antibodies 
(ACPA) contributes two points if detectable and 
three points if present at levels >3 times the upper 
limit of normal.7 

RF is an antibody against the Fc portion of IgG. 
Despite its relatively low specificity (±80%), RF has 
historically been used as a serological marker for 
RA.8 ACPA are antibodies to citrullinated peptides. 
ACPA are associated with a bad outcome and are 
more specific (±95%) for RA than RF.9 10 Overall, 
sensitivities of RF and ACPA for RA are comparable 
(±60%).2 11 In the 2010 ACR/EULAR criteria, RF 
and ACPA are regarded as equivalent.7

Over the past years, different assays for the 
detection of ACPA and RF have been introduced. 
Initially, ACPA were detected by ELISA using citrul-
linated recombinant rat filaggrin.12 Subsequently, 
sensitivity of ACPA tests was enhanced without 
compromising specificity by using synthetic cyclic 
citrullinated peptides (CCP2) (second-generation 
ACPA).13 More recently, a third-generation ACPA 
(CCP3) test has been designed.14 15

Most (not all) RF assays are calibrated against 
an international recognised standards, namely the 
WHO International standard W1066 or the British 
Standard of human RA serum 64/002 standard 
(National Institute of Biological Standards and 
Control (NIBSC)). Both standards are the same 
material.16–18 ACPA assays, on the other hand, 
are not harmonised. There is a large variability 
between the different ACPA assays and numerical 
test results are not interchangeable.19 Only recently, 
the Centers for Disease Control and Prevention 
(CDC) provided a reference human ACPA for in 
vitro immunodiagnostic use in solid phase enzyme 
immunoassays.20
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The objectives of this study were to evaluate the technical and 
diagnostic performance of different ACPA and RF assays and to 
study whether differences in test performance could impact the 
2010 ACR/EULAR classification of RA.

Materials and methods
Patients and samples
Between January 2014 and June 2015, all unique patients 
(n=594) who for the first time underwent laboratory testing 
for a rheumatologic disease, requested by a rheumatologist of 
the Onze-Lieve-Vrouw Hospital in Aalst, Belgium (a secondary 
care hospital), were included. Patients for whom there was not 
enough serum to perform additional testing were excluded. All 
serum samples were stored at −20°C before analysis.

After review of the electronic medical records, the diagnosis 
was registered and reviewed by the consulting rheumatologist. 
Patients were categorised into three groups: RA, rheumatologic 
disease control group (RDCG) and disease control group (DCG). 
A patient with synovitis was considered to have RA (n=44) when 
the treating rheumatologist initiated methotrexate treatment (if 
no contraindication existed) and no alternative diagnosis could 
better explain the symptoms. These RA criteria were based on 

the criteria used for deriving the 2010 ACR/EULAR criteria.7 
The RA diagnosis was reviewed after 1 year of follow-up.

To enlarge the group of patients with RA, 26 additional 
patients with RA (recruited between June 2012 and April 2016) 
were included. These patients with RA were coded as described 
above.

For all patients coded as RA it was checked whether they 
fulfilled the 1987 ACR6 and the 2010 ACR/EULAR criteria7: 53 
patients fulfilled both criteria, 14 fulfilled only the 1987 criteria 
and 3 patients fulfilled only the 2010 ACR/EULAR criteria 
(online supplementary data S10).

Assays
Six commercial RF and seven commercial ACPA assays were 
included in this study.

For RF, the Quantia RF on the Abbott ARCHITECT c System 
(Abbott, Germany), QUANTA Lite RF IgM ELISA on a QUAN-
TA-Lyser 2 (Inova Diagnostics, USA), RF EliA IgM on Phadia 
250 (Thermo Fisher Scientific, Sweden), RF-II on a Cobas c502 
analyser (Roche Diagnostics, Germany), Diagam RF on a ZENIT 
analyser (Menarini Diagnostics, Italy) and the RF IgM ELISA 
from Euroimmun (Euroimmun, Germany) were evaluated.

Figure 1  Quantification of WHO W1066 RF standard and Centers for Disease Control and Prevention (CDC) ACPA standard. The WHO W1066 RF 
standard (A and B) was measured for RF and the CDC ACPA international standard (C and D) was measured for ACPA. The measurements were done 
three times (in different runs) with assays from different manufacturers. (A and C) Box-whisker plots of the results obtained. The manufacturer’s 
cut-offs are marked as red bars. The y-axis represents the manufacturer-specific units: manufacturer’s RF units: IU/mL (Abbott, Thermo Fisher, Roche 
and Menarini), RU/mL (Euroimmun), U/mL (Inova); manufacturer’s ACPA units: AU/mL (Menarini), U/mL (Thermo Fisher, Inova, Roche, Abbott, Euro 
Diagnostica), RU/mL (Euroimmun). (B and D) Box-whisker plots of the ratios obtained between the test result values and the manufacturer’s specific 
cut-off value. ACPA, anti-cyclic citrullinated protein/peptide antibodies; RF, rheumatoid factor. 

https://dx.doi.org/10.1136/annrheumdis-2017-212365
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Figure 2  Spearman’s rank (r) correlation plots of rheumatoid factor (RF) IgM (A) and anti-cyclic citrullinated protein/peptide antibodies (ACPA)  
IgG (B).

http://ard.bmj.com/
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For ACPA, the ARCHITECT Anti-CCP assay on the ARCHI-
TECT i System (Abbott), Immunoscan CCPlus (Euro Diag-
nostica, Sweden) on a QUANTA-Lyser 2 (Inova Diagnostics), 
QUANTA Flash CCP3 on the BIO-FLASH instrument (Inova 
Diagnostics), CCP EliA IgG on Phadia 250 (Thermo Fisher Scien-
tific), Anti-CCP on a Cobas e601 analyser (Roche Diagnostics), 
ZENIT RA CCP on a ZENIT analyser (Menarini Diagnostics) 
and the Anti-CCP ELISA (IgG) from Euroimmun (Euroimmun) 
were included. With the exception of QUANTA Flash CCP3, all 
included ACPA assays were CCP2 tests.

Analytical performance
Imprecision was determined using the manufacturer’s internal 
quality control (iQC) materials, a patient serum sample with a 
low and a patient sample with a high RF and/or ACPA concen-
tration. All iQC samples were measured before and after every 
run during 10 runs.21

Linearity was assessed by diluting serum samples containing 
RF or ACPA with increasing amounts of a serum sample with 
very low levels of RF or ACPA.22

The limit of quantification (LOQ) was verified by analysing 10 
times a serum sample with an RF/ACPA concentration around 
the LOQ provided by the manufacturer.23

The WHO W1066 international reference serum for RF 
(target value of 25 IU/mL) and the CDC ACPA standard (target 
value of 100 IU/mL) were analysed for, respectively, RF and 
ACPA with all assays. The standard material was reconstituted 
according to the guidelines, aliquoted and measured three times 
in different runs.24

To determine the amount of carry-over, a sample with a high 
concentration (H) of RF/ACPA and one with a low concentra-
tion (L) was measured two times (in the sequence HHLLL).25

For analytical method comparison, Bland-Altman plots (mean 
difference in U/mL), least squares regression analysis and Spear-
man’s rank correlation coefficients (r) (and 95% CIs) were calcu-
lated for all assays.26

Diagnostic performance
Diagnostic performance was evaluated by sensitivity, specificity, 
likelihood ratio (LR) and receiver operating characteristic curve 
analysis. 

Statistical analysis
Statistics were performed using MEDCALC (V.17.1, Ostend, 
Belgium).

Results
Patients and samples
We included 594 unique consecutive patients for whom the 
rheumatologist considered the possibility of RA. Forty-four 
(7.4%) had RA, 247 (41.6%) were coded as RDCG and 225 
(37.9%) as DCG. For 78 (13.1%) patients, the rheumatologic 
diagnosis remained undifferentiated. In addition, we included 
26 extra newly diagnosed patients with RA. An overview of the 
demographic features of patients with RA and the controls is 
listed in online supplementary data table S1. Patients with RA 
were significantly older than the controls.

Analytical performance
Imprecision
Total CVs (online supplementary data table S2), except for 
Menarini RF, were within the manufacturer’s specifications. The 

highest imprecision was found for Inova RF ELISA and Euro 
Diagnostica ACPA ELISA.

Carry-over
No significant carry-over was detected (<1% for all methods).

Linearity
For all assays, the Cusum test for linearity did not reveal signifi-
cant deviation from linearity.

Limit of quantification
The LOQ was verified for every assay included (online supple-
mentary data table S3). Not every manufacturer had a predefined 
criterion for LOQ available.

Quantification of WHO W1066 RF and CDC ACPA standards
With the exception of Euroimmun RF ELISA, all evaluated RF 
assays reported in their package insert traceability to an interna-
tional RF standard (Menarini, Abbott, Thermo Fisher: W1066; 
Roche, Inova: British 64/002). W1066 was tested three times 
for RF with all assays. We found a good quantitative agree-
ment between RF IgM assays from Menarini, Abbott, Thermo 
Fisher and Roche. The Inova RF IgM ELISA gave higher values 
(figure 1A). The ratio of the mean W1066 standard value over 
the manufacturer specific cut-off value varied from 0.6 to 9.3 
(figure 1B). The W1066 standard was scored negative by one 
assay, borderline positive by one assay and strongly positive 
by three assays. For one assay the median W1066 value corre-
sponded to the cut-off.

The CDC ACPA reference material was tested with all ACPA 
assays. We found large differences between numerical results 
obtained, with results from Euro Diagnostica and Roche 
being much higher than results from the other manufacturers 
(figure 1C). All assays scored the CDC ACPA reference mate-
rial as ‘strongly positive’ according to the 2010 ACR/EULAR 
criteria, but ratios of median standard values over manufactur-
er’s specific cut-off values varied from 11.2 to 22.3 (figure 1D).

Method comparison
For all methods, the median RF and ACPA titres were signifi-
cantly higher in samples from patients with RA than in samples 
from controls (online supplementary data table S4), but the 
range and numerical values varied substantially among methods. 
Figure 2A,B and online supplementary data table S5 summarise 
the results of method comparison studies for RF and ACPA. 
Spearman’s rank r varied between 0.400 and 0.783 and between 
0.336 and 0.702 for RF and ACPA assays, respectively. Bland-Al-
tman analysis and regression analysis revealed low quantita-
tive agreement between assays. Poor numerical agreement was 
observed between assays, both for RF and ACPA assays, with 
large deviations away from the target values of 1.00 for slopes 
and 0.00 for intercepts. For RF, the best agreement was observed 
for results obtained with the Roche and Abbott methods. For 
ACPA, the best agreement was between Euroimmun and Abbott.

Diagnostic performance
Table 1 summarises RF and ACPA positivity in patients with RA 
and controls. The diagnostic performance characteristics are 
summarised in table 2.

Using the manufacturer’s cut-off, RF positivity was found 
in 35.7%–60.0% of patients with RA and in 0.4%–27.5% of 
controls. The highest sensitivity (60.0%) and lowest specificity 
(71.6%) were found for Euroimmun RF. ACPA positivity was 

https://dx.doi.org/10.1136/annrheumdis-2017-212365
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Table 1  RF (A) and ACPA (B) positivity in patients with RA and control groups

(A) RF positive
Total
n (% RA)

Menarini
n (%)

Thermo Fisher
n (%)

Inova
n (%)

Roche
n (%)

Abbott
n (%)

Euroimmun
n (%)

Patients with RA 70 28 (40.0) 29 (41.4) 33 (47.1) 32 (45.7) 25 (35.7) 42 (60.0)

 ���Consecutive RA 44 16 (36.4) 17 (38.6) 20 (45.5) 20 (45.5) 15 (34.1) 25 (56.8)

 ���Extra RA 26 12 (46.1) 12 (46.1) 13 (50.0) 12 (46.1) 10 (38.5) 17 (65.3)

 ���Patients with RA aged  
<70 years

42 (60.0) 19 (45.2) 20 (47.6) 23 (54.8) 21 (50.0) 16 (38.1) 30 (71.4)

 ���Patients with RA aged ≥70 years 28 (40.0) 9 (32.1) 9 (32.1) 10 (35.7) 11 (39.3) 9 (32.1) 12 (42.9)

 ���Patients with early RA (of n=64 RA) 37 (57.8) 13 (35.1) 12 (32.4) 16 (43.2) 14 (37.8) 12 (32.4) 19 (51.4)

 ���Patients with established RA (of n=64 RA) 27 (42.2) 10 (37.0) 12 (44.4) 12 (44.4) 13 (48.1) 8 (29.6) 18 (66.7)

 ���1987 ACR compliant* 67 (95.7) 27 (40.3) 28 (41.8) 32 (47.8) 31 (46.3) 24 (35.8) 39 (58.2)

 ���2010 ACR/EULAR compliant* 56 (80.0) 26 (46.4) 27 (48.2) 29 (51.8) 30 (53.6) 23 (41.1) 39 (69.6)

 ���Erosive disease (of n=58 RA) 15 (25.9) 10 (66.7) 10 (66.7) 12 (80.0) 10 (66.7) 10 (66.7) 10 (66.7)

Disease control group† 225 3 (1.3) 12 (5.3) 36 (16.0) 12 (5.3) 1 (0.4) 58 (25.7)

 ���Chondrocalcinosis 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Fibromyalgia/psychological 31 0 (0.0) 2 (6.5) 6 (19.4) 1 (3.2) 0 (0.0) 11 (35.5)

 ���Healthy 7 0 (0.0) 0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 2 (28.6)

 ���Mechanical pain 123 2 (1.6) 5 (4.1) 18 (14.6) 6 (4.9) 1 (0.8) 24 (19.5)

 ���Neoplasia 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0)

 ���Osteoporosis 1 0 (0.0) 0 (0.0) 1 (100) 0 (0.0) 0 (0.0) 1 (100.0)

 ���Other 61 1 (1.6) 5 (8.2) 10 (16.4) 5 (8.2) 0 (0.0) 19 (31.1)

Rheumatological disease  
control group†

247 2 (0.8) 10 (4.0) 35 (14.2) 9 (3.6) 1 (0.4) 68 (27.5)

 ���Erosive hand osteoarthritis 19 0 (0.0) 0 (0.0) 2 (10.5) 0 (0.0) 0 (0.0) 5 (26.3)

 ���Gout 25 0 (0.0) 0 (0.0) 1 (4.0) 0 (0.0) 0 (0.0) 5 (20.0)

 ���Lupus 3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Osteoarthritis 53 0 (0.0) 1 (1.9) 6 (11.3) 1 (1.9) 0 (0.0) 14 (26.4)

 ���Polymyalgia rheumatica 25 0 (0.0) 1 (4.0) 1 (4.0) 1 (4.0) 0 (0.0) 10 (40.0)

 ���Postinfection 21 2 (9.1) 2 (9.1) 8 (36.4) 2 (9.1) 1 (4.5) 6 (28.6)

 ���Psoriatic arthritis 43 0 (0.0) 3 (7.0) 6 (14.0) 2 (4.7) 0 (0.0) 11 (25.6)

 ���Sjögren 5 0 (0.0) 3 (60.0) 3 (60.0) 3 (60.0) 0 (0.0) 4 (80.0)

 ���Spondyloarthritis 50 0 (0.0) 0 (0.0) 7 (14.0) 0 (0.0) 0 (0.0) 13 (26.0)

 ���Sarcoïdosis 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Systemic sclerosis 2 0 (0.0) 0 (0.0) 1 (50.0) 0 (0.0) 0 (0.0) 0 (0.0)

Undifferentiated group† 78 6 (7.7) 9 (11.5) 16 (20.5) 14 (17.9) 4 (5.1) 8 (10.3)

(B) ACPA positive
Total
n (% RA)

Menarini
n (%)

Thermo Fisher
n (%)

Inova
n (%)

Roche
n (%)

Abbott
n (%)

Euro Diagnostica
n (%)

Euroimmun
n (%)

Patients with RA 70 27 (38.6) 26 (37.1) 26 (37.1) 25 (35.7) 27 (38.6) 24 (34.3) 29 (41.4)

 ���Consecutive RA 44 16 (36.3) 15 (34.1) 14 (31.8) 14 (31.8) 16 (36.3) 14 (31.8) 18 (40.9)

 ���Extra RA 26 11 (42.3) 11 (42.3) 12 (46.2) 11 (42.3) 11 (42.3) 10 (38.5) 11 (42.3)

 ���Patients with RA aged  
<70 years

42 (60.0) 21 (50) 20 (47.6) 21 (50.0) 19 (45.2) 21 (50.0) 20 (47.6) 22 (52.4)

 ���Patients with RA aged  
≥70 years

28 (40.0) 6 (21.4) 6 (21.4) 5 (17.9) 6 (21.4) 6 (21.4) 4 (14.3) 7 (25)

 ���Patients with early RA (of n=64 RA) 37 (57.8) 12 (32.4) 12 (32.4) 12 (32.4) 12 (32.4) 12 (32.4) 12 (32.4) 13 (35.1)

 ���Patients with established RA (of n=64 RA) 27 (42.2) 12 (44.4) 11 (40.7) 11 (40,7) 10 (37.0) 12 (44.4) 9 (33.3) 13 (48.1)

 ���1987 ACR compliant* 67 (95.7) 25 (37.3) 24 (35.8) 24 (35.8) 23 (34.3) 25 (37.3) 22 (32.8) 27 (40.2)

 ���2010 ACR/EULAR compliant* 56 (78.6) 27 (48.2) 26 (46.4) 25 (44.6) 25 (44.6) 27 (48.2) 24 (42.9) 29 (51.8)

 ���Erosive disease (of n=58 RA) 15 (25.9) 10 (66.7) 9 (60.0) 9 (60.0) 9 (60.0) 10 (66.7) 8 (53.3) 11 (73.3)

Disease control group† 225 1 (0.4) 1 (0.4) 4 (1.8) 5 (2.2) 1 (0.4) 1 (0.4) 2 (0.9)

 ���Chondrocalcinosis 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Fibromyalgia/psychological 31 0 (0.0) 0 (0.0) 1 (3.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Healthy 7 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Mechanical pain 123 0 (0.0) 0 (0.0) 1 (0.8) 2 (1.6) 0 (0.0) 0 (0.0) 1 (0.8)

 ���Neoplasia 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Osteoporosis 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 ���Other 61 1 (1.6) 1 (1.6) 2 (3.3) 3 (4.9) 1 (1.6) 1 (1.6) 1 (1.6)

Continued
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comparable between the assays and varied between 34.3% and 
41.4% in patients with RA and between 0.4% and 3.2% in 
controls. RF/ACPA prevalence and antibody level were higher 
in patients with RA aged <70 years compared with patients 
with RA aged ≥70 years. This was statistically significant for 
all included ACPA assays but not for the RF assays (online 
supplementary data table S6). For 64 of the 70 patients with 
RA included, the date of onset of symptoms could be retrieved. 
Prevalence of RF and ACPA tended to be lower in patients with 
early RA (n=37/64 with symptom onset <3 months before eval-
uation) than in patients with established RA, but this was not 
statistically significant (online supplementary data table S7). 
Prevalence of RF and ACPA was significantly higher in patients 
with RA with erosive RA disease than in patients without erosive 
disease (P<0.05 for all methods, except for Euroimmun RF 
(P=0.4362)).

The AUCs were 0.709, 0.687, 0.676, 0.709, 0.690 and 0.708 
for, respectively, Menarini, Thermo Fisher, Inova, Roche, Abbott 
and Euroimmun RF assays, and 0.698, 0.769, 0.685, 0.672, 
0.693, 0.734 and 0.709 for, respectively, Menarini, Thermo 
Fisher, Inova, Roche, Abbott, Euro Diagnostica and Euroimmun 
ACPA assays (online supplementary data table S8). For the RF 
assays, the AUCs were not statistically significantly different. For 
ACPA, the AUCs were significantly different between Roche and 
Euro Diagnostica (P=0.0115) and between Abbott, Inova, Euro-
immun, Roche, Menarini on the one hand and Thermo Fisher on 
the other hand (respectively P=0.0008, P=0.0057, P=0.0287, 
P=0.0011 and P=0.0037).

At a cut-off that corresponded to a specificity of 95% for 
the RF assays, the sensitivity ranged from 37.1% to 44.3%, 
depending on the assay. The specificity of Abbott RF IgM assay 
at LOQ of 20 U/mL was already >97.5%. The specificity of the 
Euroimmun RF IgM ELISA never exceeded 95.5%. At a cut-off 
that corresponded to a specificity of 98.5% for the ACPA assays, 
sensitivity ranged from 32.9% to 40.0%.

Table 3 shows the LRs for RF and ACPA and a combination 
thereof according to the serological 2010 ACR/EULAR criteria. 
The LRs for RA were higher for strong positive results (>3 times 
cut-off) than for weak positive results (one to three times cut-off 

value). Strong positive RF or ACPA results had a high LR for RA 
(>10), except for two RF assays (from Inova and Euroimmun). 
The highest LRs were consistently found for double positivity 
for RF and ACPA. The differences in LR between assays were 
less pronounced when a cut-off that is based on a predefined 
specificity was applied.

As our study revealed differences in test results between 
different companies, we evaluated whether such differences 
could impact disease classification. All patients with RA were 
classified according to the 2010 ACR/EULAR criteria using RF 
and ACPA results obtained with assays from different manufac-
turers (table 4 and online supplementary data table S9). In 32 
(of 70) patients with RA (46%), a 2010 ACR/EULAR criteria 
score ≥6 was obtained based solely on clinical data (ie, without 
lab data). Inflammation did not contribute to disease classifica-
tion. Thus, in 38 patients (54%), RF and/or ACPA contributed 
to disease classification. When only RF was considered, then 49 
or 58 patients fulfilled the criteria when, respectively, the least 
or most sensitive RF assay was considered. When only ACPA was 
considered, then 49 or 50 patients fulfilled the criteria when, 
respectively, the least or most sensitive assay was considered. 
When RF and ACPA were considered (by combining assays from 
the same manufacturer), then 53 or 59 patients fulfilled the 
criteria depending on the manufacturer. Thus, classification of 
patients using the 2010 ACR/EULAR criteria depended on the 
assays used.

Discussion
In this study, we compared the analytical and diagnostic perfor-
mance of six RF and seven ACPA assays in a secondary care 
hospital.

We found differences in analytical performance between 
assays. For example, some assays had a higher imprecision and 
poorer linearity than other assays. Several manufacturers did not 
specify the LOQ.

We quantified the WHO W1066 RF standard with all RF 
assays. Of note, NIBSC 64/002 is the same material as WHO 
W1066.16–18 Assays from Thermo Fisher, Menarini, Abbott RF 

(B) ACPA positive
Total
n (% RA)

Menarini
n (%)

Thermo Fisher
n (%)

Inova
n (%)

Roche
n (%)

Abbott
n (%)

Euro Diagnostica
n (%)

Euroimmun
n (%)

Rheumatological disease  
control group†

247 2 (0.8) 1 (0.4) 5 (2.0) 8 (3.2) 3 (1.2) 1 (0.4) 6 (2.4)

 �Erosive hand osteoarthritis 19 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4)

 �Gout 25 0 (0.0) 0 (0.0) 1 (4.0) 1 (4.0) 0 (0.0) 0 (0.0) 0 (0.0)

 �Lupus 3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 �Osteoarthritis 53 0 (0.0) 0 (0.0) 0 (0.0) 2 (3.8) 0 (0.0) 0 (0.0) 0 (0.0)

 �Polymyalgia rheumatica 25 0 (0.0) 0 (0.0) 2 (8.0) 1 (4.0) 0 (0.0) 0 (0.0) 0 (0.0)

 �Postinfection 21 1 (4.5) 1 (4.5) 1 (4.5) 2 (9.1) 1 (4.5) 1 (4.5) 1 (4.1)

 �Psoriatic arthritis 43 1 (2.3) 0 (0.0) 0 (0.0) 2 (4.7) 2 (4.7) 0 (0.0) 3 (1.2)

 �Sjögren 5 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 �Spondyloarthritis 50 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.1)

 �Sarcoïdosis 1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

 �Systemic sclerosis 2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Undifferentiated group† 78 3 (3.8) 3 (3.8) 6 (7.7) 2 (2.6) 3 (3.8) 2 (2.6) 5 (6.4)

*See online supplementary data S10 for a description of the clinical features of patients with RA only fulfilling 1987 ACR or 2010 ACR/EULAR RA classification criteria.
†See online supplementary data S11 for an overview of the 2010 ACR/EULAR RA classification criteria for controls that tested positive for RF and/or ACPA with all included 
assays.
ACPA, anti-cyclic citrullinated protein/peptide antibodies; ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; RA, rheumatoid arthritis; RF, 
rheumatoid factor. 

Table 1  Continued 
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and Roche are traceable to either W1066 or NIBSC 64/002 
and gave comparable results close to the target value of 25 IU/
mL (confirming good analytical accuracy). Despite traceability 
to NIBSC 64/002, the Inova RF assay revealed higher results 
and poor agreement with the other RF IgM assays (indicating 
poor analytical accuracy). Euroimmun did not mention trace-
ability and results obtained with this assay differed from results 
obtained with the other assays.

Differences in numerical values between results obtained with 
different assays were further stressed by Bland-Altman analysis 
and regression analysis. Even assays calibrated against the same 
reference material do not give comparable results. These data 
illustrate a lack of harmonisation in RF testing with quantitative 
differences between assays. Test results cannot be used inter-
changeably. Although a reference serum for RF has been avail-
able since 1968,18 standardisation of RF determination across 
companies has not yet been achieved.

Even though RF assays from Thermo Fisher, Roche, Mena-
rini and Abbott are traceable to the same reference material and 
give comparable results for W1066 (around 20 IU/mL), they 
apply totally different cut-off values, respectively, below (5 and 
14 IU/mL), on (20 IU/mL) or above (30 IU/mL) the value for 
W1066. Consequently, sensitivity, specificity and LRs differed 
among assays. For example, Abbott RF had a particularly high 
specificity, but a low sensitivity. This again highlights a lack 
of harmonisation of test result interpretation. Since the 2010 
ACR/EULAR criteria take RF and ACPA positivity into account, 
cut-off values should be aligned among companies, for example, 

by defining cut-offs based on a predefined specificity in disease 
controls (eg, 95%).

None of the ACPA assays tested were traceable to an inter-
national standard. This lack of standardisation between the 
different assays obviously led to substantial dispersion in numer-
ical test results when the CDC reference serum was tested. Such 
differences have previously been reported.19 Euro Diagnostica 
and Roche ACPA assays gave much higher numerical values than 
the other assays, which is related to the fact that Roche cali-
brated its assay against Euro Diagnostica. Alignment of cut-off 
values across companies could be improved.

As our study revealed differences in clinical performance 
between different RF and ACPA assays, we evaluated whether 
such differences have an impact on disease classification based 
on the 2010 ACR/EULAR criteria. Indeed, we found that for 
some patients disease classification depended on the RF and/
or ACPA assay used. This further illustrates the need to align 
clinical interpretation of test results between companies. Correct 
classification and diagnosis is important to initiate adequate 
treatment and to exclude self-limiting arthritis and avoid inap-
propriate treatment.5 27

The 2010 RA classification criteria give a score of 2 for a 
low-positive RF or ACPA and of 3 for a high-positive RF or 
ACPA. Our study revealed that the LR for RA of a high positive 
RF or ACPA test result (varying between 3.3 and 57, depending 
on the assay) was clearly higher than the LR of a low-positive 
RF or ACPA result (varying between 0.7 and 3.7). As previously 
pointed out,28 future improvements of the RA classification 

Table 4  Overview of 2010 ACR/EULAR score of the included patients with RA in function of the laboratory test results

Score 2010 ACR/EULAR RA 
classification criteria Total ≥6, n (% RA) 10 9 8 7 6 5 4 3 2

Clinical score (without laboratory 
findings)

32 (45.7) 0 0 0 0 32 0 29 6 3

Clinical score including 
inflammation*

32 (45.7) 0 0 0 24 8 26 8 4 0

Clinical score including RF test result

 �Menarini RF 52 (74.3) 3 2 13 26 8 10 6 2 0

 �Thermo Fisher RF 53 (75.7) 4 3 16 20 10 9 6 2 0

 �Inova RF 54 (77.1) 7 2 17 19 9 9 5 2 0

 �Roche RF 53 (75.7) 4 4 16 21 8 9 6 2 0

 �Abbott RF 49 (70.0) 3 2 12 25 7 12 7 2 0

 �Euroimmun RF 58 (82.9) 6 7 21 17 7 8 3 1 0

Clinical score including ACPA test result

 �Menarini ACPA 50 (71.4) 6 3 12 21 8 12 6 2 0

 �Thermo Fisher ACPA 50 (71.4) 5 3 12 22 8 12 6 2 0

 �Inova ACPA 50 (71.4) 6 2 12 22 8 12 6 2 0

 �Roche ACPA 50 (71.4) 5 2 12 23 8 12 6 2 0

 �Abbott ACPA 50 (71.4) 6 3 12 21 8 12 6 2 0

 �Euroimmun ACPA 50 (71.4) 5 5 13 19 8 12 6 2 0

 �Euro Diagnostica ACPA 49 (70.0) 3 4 10 24 8 13 6 2 0

Clinical score including RF and ACPA test result

 �Menarini RF/ACPA 55 (78.6) 7 2 16 22 8 9 5 1 0

 �Thermo Fisher RF/ACPA 56 (80.0) 6 2 17 22 9 8 5 1 0

 �Inova RF/ACPA 58 (82.9) 8 3 19 19 9 7 4 1 0

 �Roche RF/ACPA 56 (80.0) 5 4 17 22 8 6 5 1 0

 �Abbott RF/ACPA 53 (75.7) 7 2 16 20 8 11 5 1 0

 �Euroimmun RF/ACPA 59 (84.3) 7 8 21 15 8 7 3 1 0

*C-reactive protein analysis (Cobas 6000 (Roche, Mannheim, Germany); positive test result >5 mg/L); sedimentation rate (Sedivette S 2200 (Desaga, Wiesloch, Germany); 
positive test result female >8 mm, male >11 mm).
ACPA, anti-cyclic citrullinated protein/peptide antibodies; ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; RA, rheumatoid arthritis; RF, 
rheumatoid factor. 
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criteria should consider to give a higher relative weight to a 
high-positive RF or ACPA result compared with a low-positive 
RF or ACPA result.

In our study, LR for a negative test result was high (ranging 
from 0.5 to 0.6), indicating that a negative test result for both 
RF and ACPA does not exclude RA. By contrast, a strong 
positive RF or ACPA test had an LR >10 for most (but not 
all) assays. Such result has a significant effect on post-test 
probability.29

The prevalence of RF (36%–57%) and ACPA (32%–41%) 
in the RA population was lower than 60%, which is widely 
considered the sensitivity of RF and ACPA for RA.2 We 
hypothesise that the low seropositivity in our study is related 
to the inclusion of older patients and of patients with early 
arthritis. First, 56% of the patients with RA included were 
>70 years. Elderly patients with RA are typically seroneg-
ative,30 31 have a milder disease course and are referred to 
a secondary care hospital setting. If patients >65 years old 
were excluded, seropositivity increased to 45%–50% for RF 
and 45%–52% for ACPA, which is comparable to previous 
reports (48.5% for RF and 49% for ACPA).32 Second, 57.8% 
of the patients with RA included were patients with early 
RA (less than 3 months’ symptom duration before RA diag-
nosis). Although not statistically significant, there was a 
trend to lower RF/ACPA positivity in patients with early RA 
compared with the patients with established RA, as previ-
ously reported.11 32 33 A higher prevalence of ACPA was 
found in patients with RA with erosive disease, confirming 
the prognostic value of ACPA.34 35 We could not confirm the 
better diagnostic performance of CCP3 in early arthritis.15

All included patients with RA fulfilled either the 1987 or 
the 2010 ACR/EULAR criteria, with a higher proportion of 
patients fulfilling the 1987 criteria (95.7%) rather than the 
2010 criteria (80.0%). This was an unexpected finding as the 
2010 ACR/EULAR criteria intended to increase diagnostic 
sensitivity.7 27 This could be explained by the specific charac-
teristics of the study population including many patients with 
oligoarthritis, given the fact that a seronegative patient can 
only fulfil the 2010 ACR/EULAR criteria when >10 joints 
are involved.7

In conclusion, we illustrated differences in technical and 
diagnostic performance between RF and ACPA assays from 
different manufacturers. There is a lack of harmonisation of 
RF and ACPA assays in terms of numerical values and diag-
nostic performance (sensitivity, specificity, LR). The differ-
ences in diagnostic performance can have an impact on 2010 
ACR/EULAR criteria classification, which must be confirmed 
on a larger RA population.
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Extended report

Preference phenotypes to facilitate shared  
decision-making in rheumatoid arthritis
Liana Fraenkel,1,2 W Benjamin Nowell,3 George Michel,1,2 Carole Wiedmeyer3

Abstract
Objective  Implementing treat-to-target (TTT) strategies 
requires that patients with rheumatoid arthritis (RA) and 
their rheumatologists decide on how best to escalate 
care when indicated. The objective of this study was 
to develop preference phenotypes to facilitate shared 
decision-making at the point of care for patients failing 
methotrexate monotherapy.
Methods  We developed a conjoint analysis survey to 
measure the preferences of patient with RA for triple 
therapy, biologics and Janus kinase (JAK) inhibitors. The 
survey included seven attributes: administration, onset, 
bothersome side effects, serious infection, very rare side 
effects, amount of information and cost. Each choice set 
(n=12) included three hypothetical profiles. Preference 
phenotypes were identified by applying latent class 
analysis to the conjoint data.
Results  1273 participants completed the survey. A five-
group solution was chosen based on progressively lower 
values of the Akaike and Bayesian information criteria. 
Members of the largest group (group 3: 38.4%) were 
most strongly impacted by the cost of the medication. 
The next largest group (group 1: 25.8%) was most 
strongly influenced by the risk of bothersome side effects. 
Members of group 2 (11.2%) were also risk averse, 
but were most concerned with the risk of very rare side 
effects. Group 4 (6.6%) strongly preferred oral over 
parenteral medications. Members of group 5 (18.0%) 
were most strongly and equally influenced by onset of 
action and the risk of serious infections.
Conclusions T reatment preferences of patients with RA 
can be measured and represented by distinct phenotypes. 
Our results underscore the variability in patients’ values 
and the importance of using a shared decision-making 
approach to implement TTT.

Introduction
Best practices for patients with rheumatoid arthritis 
(RA) call for patients to be treated to target (TTT). 
Adherence to this strategy requires ongoing disease 
activity monitoring and adjustments in treat-
ment plans to attain, and subsequently maintain, 
a state of low disease activity or remission. TTT 
strategies are in large part possible because of the 
numerous effective treatment options currently 
available for patients with inflammatory arthritis. 
However, having many available options also para-
doxically increases the difficulty of choosing how 
to adjust treatment.1 Several studies have shown 
that increasing the number of options in a choice 
set significantly increases the difficulty of making a 
decision and increases the likelihood of deferral.2 3 
Indeed, asking physicians to help patients compare 

and contrast triple therapy, different biologics and 
JAK inhibitors, and to subsequently determine 
which option best fits with each patient’s values 
and goals at the point of care is challenging. Conse-
quently, patients are rarely effectively engaged in 
the decision-making process.4 

Decision aids have been developed for several 
preference sensitive decisions in order to facilitate 
shared decision-making, and randomised controlled 
trials have proven them to be consistently effec-
tive in improving patients’ knowledge, decreasing 
decisional conflict and, in some cases, improving 
patient participation in decision-making.5 Despite 
these proven benefits, however, decision aids have 
not been effectively integrated into clinical practice, 
in large part due to time constraints.6 To address 
this gap, we sought to develop a decision aid which 
rather than asking each physician–patient dyad 
to consider the numerous trade-offs involved in 
comparing all available options, presents a set of 
(rigorously derived and transparent) distinct pref-
erence phenotypes and asks patients to consider 
which best fits with their own values and goals. 
Asking patients to perform a matching task is a 
simpler cognitive task that may be better suited to 
decision-making at the point of care.

Conjoint analysis is a well-validated and widely 
used method to measure preferences. Originally 
developed to understand consumer preferences and 
predict market shares of innovative products, this 
approach is now recognised as a valuable means 
of assessing patient preferences for healthcare.7–11 
When faced with multiple alternatives, people 
make decisions by making trade-offs between the 
specific features of competing products. Conjoint 
analysis  (CA) evaluates these trade-offs to deter-
mine which combination of attributes is most 
preferred by consumers. This approach assumes 
that each option is a composite of different char-
acteristics, and that each characteristic represents 
one of a number of levels. Levels refer to the range 
of estimates for each characteristic. Respondents do 
not evaluate treatment alternatives directly. Rather, 
preferences are calculated based on how partici-
pants value differences between competing options. 
Answers to respondent-specific questions (see 
figure 1) allow the investigator to calculate values 
for specific treatment characteristics and to predict 
which option most closely suits each participant’s 
individual preferences.

Shared decision-making is a key element of TTT 
because patients with the same level of disease 
activity have varying treatment preferences. Prefer-
ence heterogeneity can be systematically examined 
via stratification or segmentation. Stratification 
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separates study participants into homogeneous groups based on 
observed characteristics (eg, demographics) and estimates either 
separate models or separate sets of coefficients for each strata. 
Stratification assumes that preference heterogeneity can be accu-
rately determined a priori by observed variables; however, little 
empirical data support this assumption.12 13 In contrast, segmen-
tation clusters respondents into groups based on unobserved/
latent characteristics. Segmentation of conjoint data allows one 
to subdivide a large population into meaningful groups that are 
similar within themselves but statistically different from other 
groups. This approach has been successfully used to reveal 
varying patterns of preferences for public health interventions 
and drug development.14–18

The objective of this study was to develop a set of distinct 
preference phenotypes for use at the point of care by applying 

latent class analysis to preference data collected in a large group 
of patients with RA in order to identify groups of patients whose 
values and preferences are similar to each other but distinct from 
other groups.

Methods
Participants and recruitment procedures
To be eligible, participants had to be at least 18 years of age (21 in 
Puerto Rico), speak English or Spanish, live in the USA or Puerto 
Rico, report having a diagnosis of RA made by a physician, and 
be taking one or more disease-modifying antirheumatic drugs 
(DMARDs) and/or a biologic or JAK inhibitor. Those reporting 
being employed by pharmaceutical or insurance industries were 
excluded from the English language sample.

English-speaking participants were recruited via email invita-
tions to CreakyJoints (https://​creakyjoints.​org/) members who 
had previously identified themselves as having a diagnosis of 
RA. CreakyJoints is a large arthritis patient network of approxi-
mately 55 000 patients in all 50 states. At the time of enrolment 
(approximately  January 2016), about two-thirds of Creaky-
Joints members had RA. Among the CreakyJoints population 
who received the survey invitation and for whom demographic 
information was known, 90% were female, 80% were white and 
the average age was 51 (SD 12). The most common conditions 
in the CreakyJoint community at the time of the survey were 
RA (67%), osteoarthritis (41%), osteoporosis (13%), psoriatic 
arthritis (11%) and ankylosing spondylitis (9%).

Spanish-speaking participants were recruited in Spanish 
through a combination of Facebook ads on RA-related Face-
book pages and email invitations to Spanish-speaking patients 
with RA through third-party respondent panel providers. Two 
research survey companies (Research Now and Market Cube) 
targeted US residents of the 50 states plus Washington D.C. and 
Puerto Rico who had previously reported receiving a diagnosis 
of RA and were Spanish speakers. They also targeted Spanish 
speakers in the same regions with no known history of arthritis, 
and screened for diagnosis of RA. All CreakyJoints members 
and panellists agreeing to participate in the study were provided 
a unique survey link that allowed them to take the survey one 
time. Respondents recruited via Facebook were directed to a 
sign-up page on ​CreakyJoints.​org and then emailed a unique 
link to participate in the survey. Since it was possible that an 
individual could sign up with multiple email addresses to receive 

Table 1  Attributes and levels

Attributes Levels

Route of administration Pills

Injection

Infusion

Onset of action 2 weeks

6 weeks

12 weeks

Bothersome side effects 0%

10%

30%

Serious infection 1%

3%

5%

Very rare side effects Stomach or intestinal tear (0.2%)

Neurological disease like multiple sclerosis (0.05%)

Permanent eye problems (0.3%)

Life-threatening brain infection (0.005%)

Amount of information 
available

A lot (on the market for 27 years)

Some (on the market for 10 years

A little (on the market for 3 years)

Cost Easy to afford

Somewhat affordable

Hard to afford

Figure 1  Example of a choice task.

https://creakyjoints.org/
http://ard.bmj.com/
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more than one invitation/link, we de-duplicated by name and 
address. If someone took the survey twice, which occurred in 
two instances, we removed the duplicate response.

Survey development
The survey was designed to enable patients to differentiate 
between triple therapy, biologics and JAK inhibitors (ie, options 
commonly considered after failing methotrexate monotherapy). 
An initial set of attributes and levels were developed by a rheu-
matologist (LF) in consultation with a patient partner (CW). 
The preliminary list of attributes and levels was subsequently 
revised based on feedback obtained during a focus group with 
10 patients with RA. We ultimately included seven attributes: 
route of administration, onset of action, bothersome side effects, 
serious infection, very rare side effects, amount of information 
and cost. Magnitude of benefit was not included as an attribute 
because efficacy was assumed to be equal across all options and 
thus not influence choice. Levels are listed in table 1, and detailed 
descriptions of each level provided to participants at the begin-
ning of the survey are included in the   online  supplementary 
appendix. We also included an instructional video which demon-
strated how to complete the conjoint questions. We performed 
cognitive interviews with 10 patients with RA and revised the 
survey wording and instructions based on their feedback prior 
to study launch. After the initial English version was fielded, the 
survey was translated into Spanish and then backtranslated into 
English. The survey was programmed and administered using 
Sawtooth Software.

We used the software’s complete enumeration strategy to 
construct random choice sets. The complete enumeration 
method ensures that (1) each level is shown as few times as 
possible in a single task, (2) each level is shown approximately an 
equal number of timesacross the choice tasks and (3) the level of 
one characteristic is chosen independently of the levels of other 
characteristics. Each subject answered 12 random choice sets. 
An example of one of the choice sets is provided in figure 1. 
In addition, we included a fixed task in which the investigators 
defined the options in the choice set in order to gauge respon-
dents’ attention to the task. We also collected demographic and 
clinical characteristics. Participants were offered $25.00 after 
completing the survey.

Analyses
To examine the impact of each attribute on respondents’ prefer-
ences, we divided the range of utilities for each attribute by the 
sum of the ranges and multiplied by 100. Latent class analysis 
was used to classify subjects into mutually exclusive categories 
based on how they valued each medication characteristic.19 Class 
solutions were replicated five times from random starting seeds. 
A five-group solution was chosen based on progressively lower 
values of the Akaike and Bayesian information criteria.

We used Sawtooth Software’s simulator to estimate prefer-
ences for four illustrative sets of treatment choices:
1. Triple therapy (onset of action 12 weeks, 30% risk of

bothersome side effects, 1% risk of serious infection, risk 
of permanent eye problems (0.3%), easy to afford) versus a 
subcutaneous anti-tumor necrosis inhibitor (TNF) biologic 
(onset of action 12 weeks, 10% risk of bothersome side 
effects, 3% risk of a serious infection, very rare risk of a 
neurological disease like multiple sclerosis (0.05%), hard 
to afford). Both options were described as having a lot of 
information available about them.

2. We then reran the preceding model but decreased the risk
of bothersome side effects associated with triple therapy to 
20%.

3. In a third simulation, we decreased the cost of the anti-TNF
biologic from ‘hard’ to ‘somewhat’ affordable.

4. Lastly, we estimated preference for an infusion (no risk of
bothersome side effects, 3% risk of serious infection, risk of 
a life-threatening brain infection (0.005%), on the market 
for 10 years) versus a JAK Inhibitor (pills, 10% risk of 
bothersome side effects, 5% risk of serious infection, risk of 
stomach or intestinal tear (0.2%), on the market for 5 years).

Treatment preferences were generated using the randomised 
first choice model in which utilities are summed across the 
levels corresponding to each option and then exponentiated and 
rescaled so that they sum to 100. This model is based on the 
assumption that participants prefer the option with the highest 
utility (or value). The randomised first choice model accounts for 
the error in the point estimates of the utilities as well as the vari-
ation in each respondent’s total utility for each option and has 
been shown to have better predictive ability than other models.20 

Table 2  Aggregate relative importances

Attribute Mean (SD) relative importances

Cost 24.66 (13.46)

Bothersome side effects 20.73 (10.35)

Very rare side effects 13.66 (9.03)

Onset of action 11.50 (7.16)

Serious infection 11.01 (6.68)

Route of administration 10.66 (8.60)

Time on the market 7.78 (4.79)

Figure 2  Relative importances per cluster. Grey: route of 
administration. Purple: onset of action. Orange: bothersome side effects. 
Yellow: risk of serious infection. Red: risk of serious, but rare side effect. 
Green: time available on the market. Dark blue: cost (affordability).

Figure 3  Preferences for triple therapy versus subcutaneous anti-TNF. 
Blue: preference for triple therapy. Orange: preference for anti-TNF.

https://dx.doi.org/10.1136/annrheumdis-2017-212407
https://dx.doi.org/10.1136/annrheumdis-2017-212407
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We examined associations between patient characteristics with 
group membership using analysis of variance and χ2 tests for 
continuous and categorical variable respectively. The study was 
approved by the Yale Human Studies Research Program.

Results
Participants
A total of 1101 participants completed the survey in English. 
Of these, 42 were eliminated because they completed the survey 
in under 10 min and an additional 52 people were excluded 
because they did not respond correctly to the attention check 
task. Four hundred and twenty-one participants completed the 
survey in Spanish. Of these, 66 were eliminated because they 
completed the survey too quickly and an additional 89 people 
were excluded because they did not respond correctly to the 
attention check task.

The mean (SD) age of the study population (n=1273) was 
50.7 (11.7). Participants’ age ranged from 18 to 87 years. The 
majority were female (89.6%) and Caucasian (91.5%). Twen-
ty-four per cent were Hispanic. About half (51.9%) were college 
graduates, 46.3% reported an annual household income of 
$60K or greater, 50.5% were employed and 22.6% reported 
being on disability. All but 3.4% reported having either private 
or government insurance. The mean (SD) patient global score 
was 4.6 (2.3), and 46.3% reported having a fair or poor overall 
health status.

Relative importance of each attribute
Table 2 lists the aggregate relative importance of each attribute. 
Given the levels included in the survey, affordability had the 
greatest impact on decision-making followed by the probability 
of bothersome side effects. Variability in relative importances 

across clusters is illustrated in figure 2. Members of the largest 
group (group 3: 38.4%) were most strongly impacted by the cost 
of the medication. The next largest group (group 1: 25.8%) was 
most strongly influenced by the risk of bothersome side effects. 
Members of group 2 (11.2%) were also risk averse, but were 
most concerned with the risk of very rare side effects. Members 
of the smallest group (group 4: 6.6%) strongly prioritised 
avoiding parenteral medications over the other medication char-
acteristics included in the survey. Members of group 5 (18.0%) 
were most strongly and equally influenced by onset of action and 
the risk of serious infections.

Illustrative examples of how the five preference phenotypes 
are related to treatment preference are provided in figures 3–6. 
Preferences for triple therapy versus a subcutaneous anti-TNF 
biologic are described in figure 3. Triple therapy is preferred by 
the majority of participants in groups 2, 3 and 4. In contrast, 
those prioritising avoiding bothersome side effects (group 1) and 
rapid onset of action (group 5) prefer the subcutaneous anti-TNF. 
Biologics remain the preferred option for groups 1 and 5 even 
when the risk of bothersome side effects associated with triple 
therapy is decreased (figure 4). If, however, the cost of anti-TNFs 
is assumed to be ‘somewhat’ instead of ‘hard to afford’, biologics 
become the preferred option in members of group 3 (who are 
most concerned with cost) (figure  5). The impact of varying 
patient values on treatment preference is further illustrated in 
figure 6 which describes preferences for rituximab versus a JAK 
Inhibitor. Members of group 4 who prioritise route of adminis-
tration (specifically strongly preferring oral vs parenteral medi-
cations) and those of group 2 who are most concerned with the 
risk of very rare side effects (specifically are much less worried 
about the risk of an intestinal tear compared with the remote risk 
of progressive multifocal leukoencephalopathy) strongly prefer a 
JAK Inhibitor, whereas the remainder would choose rituximab.

Associations between group membership and participant 
characteristics
We found no significant differences in age, education, employ-
ment status, income, overall self-reported health status or current 
biologic use across groups (data not shown)(table  3). Cauca-
sians were less likely than non-Caucasians (6% vs 15%) while 
Hispanic subjects were more likely than non-Hispanics (12% 
vs 5%) to belong to group 4 (prioritised oral over parenteral 
treatment). Female participants were more likely than males to 
belong to group 3 (40% vs 29%) which prioritised cost, and 
less likely to belong to group 1 (25% vs 36%) which prioritised 
avoiding bothersome side effects. The patient global score was 
significantly higher in group 3 (prioritising cost) than in group 4 
(prioritised oral treatment).

Figure 4  Preferences for lower risk triple therapy versus subcutaneous 
anti-TNF. Blue: preference for triple therapy. Orange: preference for anti-
TNF.

Figure 5  Preferences for triple therapy versus left costly subcutaneous 
anti-TNF. Blue: preference for triple therapy. Orange: preference for anti-
TNF.

Figure 6  Preferences for rituximab versus JAK inhibitor. Blue: 
preference for rituximab. Orange: preference for JAK inhibitor.

http://ard.bmj.com/
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Discussion
In this study, we found that treatment preferences of patients 
with RA can be measured and represented by distinct pheno-
types. Our results underscore the variability in patients’ values 
and the importance of using a shared decision-making approach 
to implement TTT. Presenting patients with a range of pheno-
types can facilitate shared decision-making by (1) emphasising 
that there is no single best option for patients with RA who 
continue to have moderate-to-high disease activity despite 
adequate trials of methotrexate, and (2) assisting them to clarify 
their concerns and preferences. For example, patients identifying 
with group 1 are most concerned with bothersome side effects. 
They were much less concerned about the route of administra-
tion and the risk of very rare complications. Thus, how best to 
escalate care for these patients should focus on options which 
differ in the probability, and type, of bothersome side effects. In 
contrast, patients identifying with group 2 are most concerned 
with very rare side effects, and for them sufficient time to differ-
entiate between rare black box warnings and underscoring the 
low probability of these events would best address patients’ 
specific information needs. As previously reported,16 21 we found 
that a small group of patients are reluctant to consider parenteral 
treatment. For some patients identifying with group 4, a specific 
educational session with a nurse regarding parenteral therapy 
may be helpful prior to making a treatment decision whereas 
for others focusing on triple therapy or a JAK Inhibitor would 
be most appropriate. Patients with concerns matching those of 
group 5 are those most concerned with onset of action and the 
risk of serious infections. An efficient personalised approach to 
shared decision-making for these patients could focus on the 
how triple therapy, biologics and JAK Inhibitors differ across 
these two characteristics.

Despite being a mostly insured population, cost had the stron-
gest influence on treatment preferences, with group 3 being 
the largest cluster. Concerns over deductibles and expectations 
related to future cost increases are pervasive among patients 
with RA. The importance attributed to cost highlights the need 
for rheumatologists to present comparative cost data to patients 
when discussing therapeutic alternatives. Unfortunately, out-of-
pocket expenses differ from patient to patient (even among those 
with the same insurance plans) and obtaining these estimates at 
the point of care is generally not feasible.

While we used robust methods to measure preferences and 
elicited input from a large RA population (including represen-
tation of Spanish-speaking patients), there are also important 
limitations to this study. Patients recruited through a research 
panel and an online arthritis community do not represent a 
population-based sample. Moreover, diagnosis was ascertained 
based on self-report of RA and current use of a DMARD and/or 
biologic, and was not confirmed by medical record or claims data. 
In addition, our sample included few African American patients 
with RA. The attributes and levels included in the study were 
chosen to reflect a broad range of medication characteristics; 

still, the results can only be generalised to those included in the 
survey. The impact of cost, for example, would not be expected 
to be relevant to patients whose co-pays are affordable and do 
not differ across options. In addition, cost is likely to be of much 
less importance to patients outside of the USA with effective and 
stable drug coverage.

In summary, we developed distinct RA preference phenotypes 
by applying latent class analyses to conjoint data generated by 
a large number of English and Spanish-speaking patients with 
RA. Preferences examined in this study include those available 
to patients with RA who have failed methotrexate monotherapy 
and are eligible for escalation to triple therapy, biologics or JAK 
Inhibitors. Future research will examine the feasibility of imple-
menting a decision aid incorporating these phenotypes at the 
point of care.
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Extended report

Incidence of hip and knee replacement in patients 
with rheumatoid arthritis following the introduction 
of biological DMARDs: an interrupted time-series 
analysis using nationwide Danish healthcare registers
René Lindholm Cordtz,1,2 Samuel Hawley,3 Daniel Prieto-Alhambra,3,4 Pil Højgaard,1,2 
Kristian Zobbe,1,2 Søren Overgaard,5,6 Anders Odgaard,7,8 Lars Erik Kristensen,2 
Lene Dreyer1,2,8

Abstract
Objectives T o study the impact of the introduction 
of biological disease-modifying anti-rheumatic drugs 
(bDMARDs) and associated rheumatoid arthritis (RA) 
management guidelines on the incidence of total hip 
(THR) and knee replacements (TKR) in Denmark.
Methods N ationwide register-based cohort and 
interrupted time-series analysis. Patients with incident 
RA between 1996 and 2011 were identified in the 
Danish National Patient Register. Patients with RA were 
matched on age, sex and municipality with up to 10 
general population comparators (GPCs). Standardised 
5-year incidence rates of THR and TKR per 1000 person-
years were calculated for patients with RA and GPCs in 
6-month periods. Levels and trends in the pre-bDMARD 
(1996–2001) were compared with the bDMARD 
era (2003–2016) using segmented linear regression 
interrupted by a 1-year lag period (2002).
Results  We identified 30 404 patients with incident 
RA and 297 916 GPCs. In 1996, the incidence rate of 
THR and TKR was 8.72 and 5.87, respectively, among 
patients with RA, and 2.89 and 0.42 in GPCs. From 1996 
to 2016, the incidence rate of THR decreased among 
patients with RA, but increased among GPCs. Among 
patients with RA, the incidence rate of TKR increased 
from 1996 to 2001, but started to decrease from 2003 
and throughout the bDMARD era. The incidence of TKR 
increased among GPCs from 1996 to 2016.
Conclusion  We report that the incidence rate of THR 
and TKR was 3-fold and 14-fold higher, respectively 
among patients with RA compared with GPCs in 1996. 
In patients with RA, introduction of bDMARDs was 
associated with a decreasing incidence rate of TKR, 
whereas the incidence of THR had started to decrease 
before bDMARD introduction.

Introduction
In uncontrolled or severe rheumatoid arthritis 
(RA), inflammation can lead to irreversible joint 
damage.1–3 In end-stage joint damage, prosthetic 
replacement of the damaged joint is the only avail-
able treatment. A recent study from the UK showed 
that the accumulated burden of disease activity 
measured by the disease activity score with 28-joint 
count (DAS28) within the first 5 years following 
diagnosis predicted the need for major joint surgery, 

and the highest incidence rates of surgery were 
observed among patients with moderate and high 
disease activity.3 These findings lend further support 
to the importance of early and aggressive treatment 
emphasised in current RA treatment guidelines.4 5 
In non-contemporary RA cohorts, it was found that 
more than 50% of patients required joint surgery 
during the course of their disease.6 7 

The introduction of tumour necrosis factor-
alpha inhibitors (TNFi) as the mainstay of biolog-
ical DMARDs (bDMARDs) in the late 1990s has 
improved the treatment of RA and shown to halt 
radiographic progression and development of joint 
erosions,1 8 but it is unclear if these properties trans-
late into a decreased need for total joint replace-
ments. Most studies have suggested a decrease in 
the incidence of joint surgery following introduc-
tion of bDMARDs,9–15 but studies showing no 
changes or increased number of joint surgeries have 
also been published.9 10 16 17

If treatment with bDMARD reduces the need 
for joint replacements, this will likely change the 
cost-effectiveness of these drugs. Joint replace-
ments are expensive procedures and carry the risk 
of potential adverse events; and risk estimates for 
complications are increased in patients with RA.18

Using data from national Danish healthcare regis-
ters, we aimed at investigating the possible impact 
of the introduction of bDMARDs and associated 
guidelines for TNFi treatment in Denmark in 2002 
on the 5-year incidence rate of total hip replace-
ments (THR) and total knee replacements (TKR) 
in patients with incident RA compared with general 
population comparators (GPCs).

Patients and methods
Study design
This is a register-based, nationwide interrupted 
time-series analysis,19 20 investigating the impact 
of introduction of bDMARDs in Denmark for the 
treatment of RA on the 5-year incidence rate of THR 
and TKR. Study methods and results are reported 
in accordance with Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines.21

Setting
All Danish residents have a personal identifica-
tion number consistent throughout all registers 
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making register-linkage possible. The study period was from 
1 January 1996 to 31 May 2016.

Data sources
The Civil Registration System (CRS) captures all deaths and 
migrations among Danish residents.22 From CRS, we obtained 
dates of birth, emigration and death for all patients. Further-
more, CRS was used for the procedure of matching patients with 
RA with GPCs.

The Danish National Patient Register (DNPR) includes infor-
mation on all inpatient (1977) and outpatient (1995) visits at 
Danish hospitals and private clinics.23 Discharge diagnoses have 
been registered in accordance with the International Classifica-
tion of Diseases (ICD) 10th edition since 1994, and from 1996, 
surgeries have been coded in accordance with the Nordic Medi-
co-Statistical Committee (NOMESCO) Classification. With 
every discharge, information is provided on up to 20 diagnoses. 
For descriptive purposes, we obtained information on comorbid-
ities in DNPR for both study populations (see online supplemen-
tary table S1 for ICD-10 codes).

DANBIO is a nationwide Danish rheumatology register estab-
lished in 2000 to monitor the development in use and efficacy 
of bDMARDs.24 The DANBIO steering committee publishes 
annual reports available online.25

Study population
Patients with RA
Patients with RA were identified using DNPR. We included 
all incident patients who received a diagnosis of RA (ICD-10: 
M05-06) at a hospital department or private clinic specialised 
in rheumatology or general internal medicine in the period of 
1  January 1996 to 31  May 2011. A study by Thygesen et al 
found a high positive predictive value of DNPR diagnoses for 
conditions included in the Charlson Comorbidity Index with the 
positive predictive value of 98% for connective tissue diseases, 
including RA.26

General population comparator
For each patient with RA identified, we matched with up to 10 
persons from the general population of Denmark. Matching 
criteria were sex, year of birth and municipality. Matching was 
carried out only once and thus no replacement matching took 
place following subsequent patient exclusions. The date of RA 
diagnosis and corresponding matching date for GPCs is termed 
‘index date’ throughout the remainder of this paper.

Exclusion criteria
Individuals aged  <18 years at the index date were excluded. 
Patients and GPCs who had received a THR prior to index date 
were excluded for the THR analysis; likewise, individuals with 
previous TKR surgery were excluded in the TKR analysis.

Outcomes
Outcomes of interest were primary THR and TKR within 
5 years of index date in patients with incident RA and GPCs. 
NOMESCO codes were used for identification of the procedures 
in DNPR (THR: KNFB; TKR: KNGB). As THR and TKR were 
analysed separately, patients and GPCs could potentially have 
both outcomes.

To allow patients diagnosed near the end of the study period 
to contribute with the same amount of follow-up time as those 
diagnosed in the first years of the study period, we focused on 
the first 5 years after diagnosis for all patients and GPCs. Patients 

with moderate-to-high disease activity score during the first 
year(s) of RA are at increased risk of major joint replacement 
surgery.3

Follow-up
Separate analyses for THR and TKR were undertaken. In anal-
yses of THR, follow-up started at index date and ended at date 
of THR, death, emigration or 5 years of follow-up, whichever 
came first. For analyses of TKR, follow-up started at index date 
and ended at first occurrence of TKR, death, emigration or  
5 years of follow-up.

Intervention
The time of the intervention—introduction of bDMARDs—was 
set to a 1-year period from 1 January 2002 to 31 December 2002 
representing the time at which TNFi treatment was introduced 
for the treatment of RA in Denmark. Infliximab was available 
for treatment of RA in Denmark in 2000, but there were three 
main reasons for choosing 2002 as the time of intervention. 
Figures from the annual DANBIO report showed that the use 
of TNFi dramatically started to increase in 2002.25 27 Second, 
in 2002, three different TNFis were available for the treatment 
of RA, and according to the DANBIO figures, the use of each of 
these drugs increased.25 Third, the Danish Institute for Rational 
Pharmacotherapy published their first national guideline for 
TNFi treatment in November 2002.28

We introduced the 1-year lag period in 2002 as changes in 
prescription patterns and guideline implementation were likely 
‘phased in’ during this period rather than abruptly changed 
overnight.

Statistical analyses
Demographics and descriptive data are presented by means and 
SD. Groups were compared by independent t test and χ2 test as 
appropriate.

We calculated the 5-year age and sex standardised incidence 
rates for THR and TKR separately among incident RA and 
GPCs, respectively, within each 6-month period from 1996 to 
2011. An interrupted time-series analysis was carried out using 
biannual incidence rates of THR and TKR in two time segments: 
pre-bDMARD era (1996–2001) and bDMARD era (2003–2016) 
interrupted by the lag period in 2002.

We estimated the change in level (incidence rate/1000 person-
years (pyrs)) and trend (Δ incidence rate/1000 pyrs per each 
6-month period) in THR/TKR following the 1-year lag period 
in 2002. Using a backward stepwise procedure, the most parsi-
monious models were specified (P entry <0.05; P exit ≥0.20).20 
Results are presented as 1996 baseline incidence rates; pre-bD-
MARD era trend; change in incidence rate at start of bDMARD 
era; and trend in bDMARD era. It is not uncommon for resid-
uals from ordinary least-squares regression of time-series data 
to be temporally correlated. We therefore tested for first-order 
autocorrelation (not present) using Durbin-Watson tests, with all 
values of the test statistics being close to 2.0.20 Statistical analyses 
were performed using Stata V.13.1 (Stata, Texas, USA).

Sensitivity analyses
We performed a sensitivity analysis using data derived from 
incident patients and GPCs within 3-month periods instead of 
6-month periods allowing us to inspect if results differed when 
the balance between the number of time points (2 vs 4 per year) 
and number of patients and events per time point changed. 

https://dx.doi.org/10.1136/annrheumdis-2017-212424
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Furthermore, we tested models based on quarterly data for 
seasonality, which was not present.

Results
Baseline characteristics 
We identified 30 404 patients with  incident RA  diagnosed 
between 1996 and May 2011 (online supplementary table S2) 
and 297 916 GPCs (online supplementary table S2 and figure 
S1). Following exclusion of patients and GPCs who prior to 
index date had received a THR or TKR, 29 427 patients with RA 
were eligible for comparison with 290 778 GPCs in THR anal-
yses, and 29 703 patients with RA and 294 806 in TKR analyses 
(table 1). A higher proportion of patients with RA suffered from 
comorbidities (table 1 and online supplementary table S5).

Total hip replacements
In patients with RA, the 5-year incidence rate of THR was 
8.72/1000 pyrs (95% CI 7.48 to 9.95) at the start of 1996 
compared with 2.89/1000 pyrs (95% CI 2.64 to 3.14) in GPCs 
(table 2 and figure 1). In the pre-bDMARD era from 1996 to 
end of 2001, there was a decreasing trend in the incidence rate 
of THR among patients with RA. Following the lag period in 
2002, there was a borderline significant step change increase 
in incidence rate (+2.23 THR surgeries/1000 pyrs, P=0.075). 
Following the lag period, the incidence rate of THR continued 
to decrease at the same rate as observed in the pre-bDMARD 
era. In parallel, incidence rates of THR increased among GPCs 
throughout the whole study period, but to a lesser extent from 
2003 and onwards (table 2 and figure 1). Overall, results did not 

differ from the primary analysis when using quarterly instead of 
biannually derived data (online supplementary table S3).

Total knee replacements
At the start of 1996, the age and sex standardised incidence 
rate of TKR was 14 times higher among patients with RA 
compared with matched GPCs: 5.87 vs 0.42/1000 pyrs (table 3). 
In the pre-bDMARD era, the incidence rate of TKR increased 
with  +0.19 per year (P=0.173), but started to decrease with 
−0.20 per year (P=0.083) in the bDMARD era (figure  2). 
None of these trends were statistically significant. However, 
when applying quarterly instead of biannually derived data, the 
decreasing trend of TKR surgeries among patients with RA in 
the bDMARD era became statistically significant (−0.21 TKR 
surgeries/1000 pyrs per year, P=0.03) (online supplementary 
table S4 and figure S3).

Among GPCs, the incidence rate of TKR increased from 
1996 to 2001 but less so from 2003 and onwards (table 3). This 
pattern was also observed in when applying quarterly derived 
data (online supplementary table S4).

Table 1  Baseline characteristics of rheumatoid arthritis (RA) and general population comparators (GPCs) included in the interrupted time-series 
analysis for total hip replacement (THR) and total knee replacement (TKR), respectively

Eligible for THR analyses Eligible for TKR analyses

P value *RA GPC RA GPC

Number of individuals 29 427 290 816 29 703 294 813

Age in years, mean±SD 58.3±15.7 53.9±15.4 58.5±15.7 54.1±15.4 <0.001

Female sex, n (%) 20 612 (70.0) 203 232 (69.9) 20 760 (69.9) 205 979 (69.9) 0.566/0.936

Chronic obstructive pulmonary disease, n (%) 1591 (5.4) 11 920 (4.1) 1638 (5.5) 12 382 (4.2) <0.001

Diabetes mellitus, n (%) 1539 (5.2) 11 738 (4.0) 1525 (5.1) 12 000 (4.1) <0.001

Ischaemic heart disease, n (%) 3954 (13.4) 32 567 (11.2) 4049 (13.6) 32 429 (11.0) <0.001

Obesity, n (%) 1061 (3.6) 7552 (2.6) 1039 (3.5) 7542 (2.6) <0.001

*P values were the same in both the THR and TKR populations, except for sex (THR: P= value 0.566; TKR: P value=0.936).

Table 2  Changes in 5-year incidence rate of total hip replacement 
(THR) in patients with incident rheumatoid arthritis (RA) following 
introduction of biological DMARDs (bDMARDs) compared with 
secular trends in age, sex and municipality-matched general 
population comparators (GPCs)

Cohort THR, n

Baseline 
incidence 
rate/1000 
person years 
(95% CI) in 1996

∆ per 
year*
1996–2001 
(pre-
bDMARD 
era)

∆ in level
1 January 
2003

∆ per year 
2003-2016
(bDMARD era)

RA 935 8.72
(7.48 to 9.95)

−0.36 
(P=0.004)

+2.23 
(P=0.075)

−0.36 (P=0.004)

GPC 4744 2.89
 (2.64 to 3.14)

+0.11 
(P>0.001)

None +0.02 (P=0.040)

Stepwise backward elimination to produce most parsimonious model: P entry 
<0.05 and P exit >0.2.
*∆ per year based on biannual data.

Figure 1  Results from interrupted time-series analysis of changes 
in 5-year incidence rates (per 1000 person years (pyrs)) of total hip 
replacement (THR) in patients with rheumatoid arthritis (RA) compared 
with general population comparators (GPCs) following introduction of 
biological DMARDs in 2002.
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Discussion
In this nationwide study, we set out to estimate the impact of the 
introduction of bDMARDs along with the publication of asso-
ciated treatment guidelines on the 5-year incidence of THR and 
TKR among patients with incident RA compared with matched 
GPCs. We found that the incidence of TKR started to decrease 
among patients with RA following introduction of bDMARDs, 
whereas the incidence rate of THR had already started decreasing 
prior to bDMARD introduction. Incidence rates of THR and 
TKR among GPCs increased throughout the entire study but less 
so in the later years.

Our observed incidence rates and trends of THR and TKR 
among patients with RA are very similar to those observed 
among English and Welsh patients with RA.29 Using data from 
primary care in England and Wales, we found that introduc-
tion of TNFi and publication of NICE Technology Appraisal 36 
concerning TNFi treatment in patients with RA was associated 

with a significant decline in rates of TKR, but not THR.29 By 
applying the same method on two different RA populations 
from different countries with different healthcare systems and 
reaching the same overall conclusion allows us to have greater 
confidence in our results. In patients with RA, knees are more 
often affected by synovitis than hips, and knee but not hip joints 
are routinely investigated in the widely used DAS28,30–34 which 
could be an explanation for an impact of bDMARD introduction 
on TKR but not THR. However, it can also be speculated that the 
changes observed for THR are due to the more aggressive treat-
to-target and tight disease-control strategies with conventional 
synthetic DMARDs implemented in the mid-1990s, resulting in 
a gradual decline in the incidence of THR due to RA-related 
synovitis and erosions, followed by a continued decline due to 
less frequent occurrence of secondary osteoarthritis  of the hip.

Surprisingly, we observed an increase in the incidence of THR 
among patients with RA in 2003. We have no clear explanation 
for this finding, but a change in government in late 2001 and a 
subsequent political focus on bringing down the waiting lists for 
elective surgeries offer a potential explanation. Another expla-
nation could be that patients with RA were considered more fit 
for surgery due to improved treatment options. Unfortunately, 
we are not able to verify these theories. Interestingly, the same 
increase in level for THR was observed in an English and Welsh 
RA population.29 Hekmat et al investigated incidence rates in a 
regional RA population from Malmo, Sweden, and found that 
the incidence rate of THR had decreased from 1997 to 2007 in 
agreement with our findings. However, in that study, the inci-
dence of TKR increased.9 Possible explanations for the different 
findings could be that the Swedish cohort included both inci-
dent and prevalent RA  patients, and a less widespread use of 
TNFi at the time in south Sweden. Nikiphorou et al used two RA 
inception cohorts from UK to investigate changes in the use of 
major orthopaedic surgery from 1986 to 2011. Whereas inter-
mediate and minor surgical interventions decreased during this 
period, there were no changes in use of major joint surgery.16 
Studies from the USA have suggested a decline in joint surgery 
among patients with RA, but because of differences in healthcare 
access/systems, those results are more difficult to compare with 
ours.14 15

We decided to use biannually derived data for our primary 
analysis and quarterly data for the sensitivity analysis. At the 
time where this decision was made, there was no published guid-
ance regarding the relative importance of number of time points 
in the pre-intervention and  postintervention periods contra 
the number of individuals/outcomes occurring per time point. 
However, the results of a recent simulation study (unpublished) 
would suggest that given our large sample size, the use of quar-
terly derived data is the more appropriate in terms of providing 
greater statistical power. Indeed, while the overall findings did 
not change in sensitivity analyses using quarterly data, the results 
of the TKR analysis became statistical significant in patients with 
RA.

All patients and GPCs were followed up for the first 5 years 
following diagnosis, thus only allowing us to capture joint 
replacements performed within the first years after disease onset. 
Although this could underestimate the true long-term impact of 
bDMARDs on the outcomes, it allowed for all patients to have 
an equal amount of follow-up time regardless if they entered 
the study in the pre-bDMARD or the bDMARD era. Also, as 
observed in our study and a recent study by Nikiphorou et al, a 
non-negligible proportion of patients with RA go on to require 
joint replacement surgery within 5 years with the highest propor-
tions among patients with moderate or severe disease activity.3 

Table 3  Changes in 5-year incidence rate of total knee replacement 
(TKR) among patients with incident rheumatoid arthritis (RA) 
following introduction of biological DMARDs (bDMARDs) and age, 
sex and municipality-matched general population comparators (GPCs)

Cohort TKR, n

Baseline incidence 
rate/1000 person 
years (95% CI) in 
1996

∆ per 
year*
1996–2001 
(pre-
bDMARD 
era)

∆ in level
1 January 
2003

∆ per year* 
2003-2016
(bDMARD era)

RA 865 5.87
 (4.52 to 7.22)

+0.19 
(P=0.173)

None −0.20 (P=0.083)

GPC 2438 0.42
 (0.17 to 0.66)

+0.21 
(P>0.001)

None +0.08 (P=0.003)

Stepwise backward elimination to produce most parsimonious model: P entry 
<0.05 and P exit >0.2.
*∆ per year based on biannual data.

Figure 2  Results from interrupted time-series analysis of changes 
in 5-year incidence rates (per 1000 person years (pyrs)) of total knee 
replacement (TKR) in patients with rheumatoid arthritis (RA) compared 
with general population comparators (GPCs) following introduction of 
biological DMARDs in 2002.
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Thus, the 5-year incidence of joint replacement does not serve 
as a long-term outcome, but rather as a surrogate marker of the 
inflammatory burden suffered by the patient in the early years 
of the disease.

Our study has some important limitations. There is an inherent 
risk of misclassification of patients with RA using healthcare 
registers,35 but our extraction criteria are likely to have mini-
mised this as we only included patients with RA diagnosed at 
an inpatient or outpatient facility specialised in rheumatology 
or general internal medicine according to the DNPR. Another 
important limitation is one inherent to all correlational studies. 
We acknowledge that our findings of decreased need for TKR 
among patients with RA could at least partly be due to increased 
use of treat-to-target strategies and more aggressive conventional 
synthetic DMARD combination therapy.36 Changes in diagnostic 
criteria for RA introduced in 2010 are not likely to have affected 
our results, but we cannot rule out that referral patterns of 
patients with RA to orthopaedic surgery have changed. Increased 
focus on and changes in non-treatment factors such as obesity 
along with changes in prevalence of certain comorbidities that 
would affect the use of or willingness to perform joint replace-
ment surgery around the time of bDMARD introduction could 
theoretically also play a role in our findings. However, we found 
no changes in prevalence of comorbidities nor lifestyle-related 
diagnoses such as obesity and chronic obstructive pulmonary 
disease (online supplementary table S5), and no major changes 
were introduced to treatment guidelines except for those directly 
aimed at bDMARD treatment around the time of the interven-
tion. To investigate the true impact of bDMARDs on the need 
for joint surgery, studies using individual-level based information 
on DMARD treatment are needed.

However, this study has also several strengths, including the 
nationwide population-based design with access to complete 
follow-up in a large sample of patients with RA and matched 
GPCs in a universal, tax-funded healthcare system. We compared 
our findings with trends among GPCs, thereby gaining insight 
into secular trends and enabling us to review our findings for the 
RA population in that context. The interrupted time-series anal-
ysis as choice of method is another strength. Had we not been 
able to identify the upward going/constant trend in incidence 
of TKR among patients with RA in the pre-bDMARD era but 
rather just compared the overall incidence rate in the two sepa-
rate eras or used a survival analysis design comparing the risk of 
THR and TKR in each era, we would have concluded that the 
incidence rates and HRs of TKR were similar as the trends in the 
pre-bDMARD and the bDMARD era were equal but opposite.

In conclusion, we report that the incidence rate of THR and 
TKR was 3-fold and 14-fold higher, respectively among patients 
with RA compared with GPCs in 1996; that in patients with RA, 
but not in matched GPCs, introduction of bDMARDs was asso-
ciated with a decreasing incidence rate of TKR, but not THR.
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Extended report

Early and sustained efficacy with apremilast 
monotherapy in biological-naïve patients with 
psoriatic arthritis: a phase IIIB, randomised controlled 
trial (ACTIVE)
Peter Nash,1 Kamal Ohson,2 Jessica Walsh,3 Nikolay Delev,4 Dianne Nguyen,4 
Lichen Teng,4 Juan J Gómez-Reino,5 Jacob A Aelion,6 on behalf of the ACTIVE 
investigators

Abstract
Objective  Evaluate apremilast efficacy across various 
psoriatic arthritis (PsA) manifestations beginning at week 
2 in biological-naïve patients with PsA.
Methods P atients were randomised (1:1) to apremilast 
30 mg twice daily or placebo. At week 16, patients 
whose swollen and tender joint counts had not improved 
by ≥10% were eligible for early escape. At week 24, all 
patients received apremilast through week 52.
Results  Among 219 randomised patients (apremilast: 
n=110; placebo: n=109), a significantly greater American 
College of Rheumatology 20 response at week 16 
(primary outcome) was observed with apremilast versus 
placebo (38.2% (42/110) vs 20.2% (22/109); P=0.004); 
response rates at week 2 (first assessment) were 16.4% 
(18/110) versus 6.4% (7/109) (P=0.025). Improvements 
in other efficacy outcomes, including 28-joint count 
Disease Activity Score (DAS-28) using C reactive 
protein (CRP), swollen joint count, Health Assessment 
Questionnaire-Disability Index (HAQ-DI), enthesitis and 
morning stiffness severity, were observed with apremilast 
at week 2. At week 16, apremilast significantly reduced 
PsA disease activity versus placebo, with changes in 
DAS-28 (CRP) (P<0.0001), HAQ-DI (P=0.023) and 
Gladman Enthesitis Index (P=0.001). Improvements were 
maintained with continued treatment through week 52. 
Over 52 weeks, apremilast’s safety profile was consistent 
with prior phase 3 studies in psoriasis and PsA. During 
weeks 0–24, the incidence of protocol-defined diarrhoea 
was 11.0% (apremilast) and 8.3% (placebo); serious 
adverse event rates were 2.8% (apremilast) and 4.6% 
(placebo).
Conclusions  In biological-naïve patients with PsA, 
onset of effect with apremilast was observed at week 2 
and continued through week 52. The safety profile was 
consistent with previous reports.
Trial registration number N CT01925768; Results.

Introduction
Psoriatic arthritis (PsA) is heterogeneous, with 
patients exhibiting varied clinical symptoms, 
severity and disease course. Treatment goals include 
controlling disease activity, optimising functional 
status and minimising side effects to therapy.1 
Biologicals are commonly used after or in conjunc-
tion with conventional synthetic disease-modifying 

antirheumatic drugs (csDMARDs), but safety moni-
toring and risks may limit their long-term use.2 3 

The efficacy and safety of apremilast, an oral 
phosphodiesterase 4 inhibitor, were demonstrated 
in patients with active PsA in four phase III, 
placebo-controlled studies as part of the Psoriatic 
Arthritis Long-term Assessment of Clinical Efficacy 
(PALACE) clinical trial programme.4–7 The PALACE 
1, 2 and 3 studies evaluated apremilast in patients 
with prior exposure to csDMARDs and/or biolog-
icals and allowed concomitant csDMARD use.4–6 
PALACE 4 evaluated apremilast monotherapy in 
csDMARD-naïve and biological-naïve popula-
tions.7 Data demonstrating apremilast’s efficacy 
across disease manifestations have been reported 
at week 164–6 8 and up to 4 years of treatment.9 
However, time to onset of therapeutic effect has not 
been reported before week 16.

Assessing Apremilast Monotherapy in a Clinical 
Trial of BIologic-NaïVE Patients With Psoriatic 
Arthritis (ACTIVE) aimed to evaluate apremilast 
monotherapy in biological-naïve PsA patients who 
may have had one prior csDMARD. ACTIVE also 
aimed to determine the onset of apremilast effi-
cacy, with assessments beginning at week 2, and to 
examine additional outcome measures, including 
morning stiffness and enthesitis using the Gladman 
Enthesitis Index (GEI).10 Diarrhoea adverse events 
(AEs) were further characterised using a protocol 
definition.

This report describes the early onset and overall 
efficacy and safety of apremilast monotherapy 
through week 52.

Methods
Patients
Enrolled adults (≥18 years of age) had a docu-
mented diagnosis of active PsA for ≥3 months and 
met Classification Criteria for Psoriatic Arthritis.11 
At screening, patients were required to have at 
least three swollen and three tender joints, C reac-
tive protein (CRP) of ≥0.2 mg/dL and be biolog-
ical DMARD-naïve. No csDMARD washout 
before the study was required (except 4 weeks 
for cyclosporine and 12 weeks for leflunomide); 
however, patients had to discontinue their current 
csDMARD  ≥1 day before baseline assessments. 
Patients were excluded if they had prior treatment 
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with more than one csDMARD; used prohibited systemic ther-
apies, including cyclosporine or other calcineurin inhibitors, 
within 4 weeks of randomisation, corticosteroids >10 mg daily 
(prednisone or equivalent), oral agents such as retinoids, myco-
phenolate, thioguanine, hydroxyurea, sirolimus and tacrolimus; 
and inflammatory joint disease other than PsA. Also excluded 
were patients with active or incompletely treated tuberculosis, 
significant infection within 4 weeks of screening and current or 
history of malignancy (except for treated basal cell or squamous 
cell skin carcinoma or early forms of cervical carcinoma with no 
recurrence within 5 years).

All patients provided written informed consent before any 
study procedures were initiated.

Study design
This phase IIIB, multicentre, randomised, double-blind, place-
bo-controlled, parallel-group study evaluated the efficacy and 
safety of apremilast monotherapy in patients with active PsA.

Patients were randomised (1:1) to apremilast 30 mg twice 
daily or placebo for 24 weeks, stratified by previous csDMARD 
and baseline prednisone (or equivalent) use. Patients who did 
not improve by ≥10% in swollen joint count (SJC) and tender 
joint count (TJC) at week 16 were eligible for early escape at 
the investigator’s discretion. Early escape patients initially 
randomised to placebo were switched to apremilast in blinded 
fashion, with dose titration during the first week of treat-
ment; patients initially randomised to apremilast remained on 
apremilast. At week 24, all remaining patients receiving placebo 
switched to apremilast for the active treatment phase through 
week 52, when all patients were eligible to continue apremilast 
treatment in an open-label extension phase through week 104.

Concomitant medications
Patients could receive concurrent treatment with stable doses 
of oral corticosteroids (prednisone ≤10 mg/day or equivalent), 
non-steroidal anti-inflammatory drugs or opioid analgesics. 
Changes in corticosteroid doses and/or discontinuations were 
not allowed from day 0 to week 24 except for safety reasons or 
lack of availability. After week 24, the corticosteroid dose could 
be adjusted as clinically required. Patients could use low-po-
tency topical corticosteroids for face, axillae and groin psoriatic 
lesions.

Outcomes
The primary outcome was 20% improvement in modified 
American College of Rheumatology response criteria (ACR20) 
at week 16. Other efficacy outcomes included 28-joint count 
Disease Activity Score (DAS-28) using CRP, SJC, TJC, six-point 
GEI score (0=no enthesitis, 6=all six sites active (ie, bilateral 
tibial tuberosity, plantar fascia and Achilles tendon insertion)) for 
patients with enthesitis at baseline, morning stiffness duration 
and severity, ACR50 and ACR70 and physical function assess-
ments, including the Health Assessment Questionnaire-Dis-
ability Index (HAQ-DI), 36-item Short-Form Health Survey 
version 2 (SF-36v2) Physical Functioning (PF) domain and phys-
ical component summary (PCS) scores. Safety and tolerability 
evaluations included collection of AEs, vital signs, laboratory 
evaluations, physical examinations, electrocardiograms, chest 
X-rays and further characterisation of diarrhoea AEs using a 
protocol definition (two or more watery or liquid stools/day).

Efficacy outcomes were assessed starting at week 2 and at 
scheduled visits through week 52; SF-36v2 assessments started 
at week 4.

Statistical analysis
Efficacy analyses were based on the full analysis set, which 
included all randomised patients. The safety population included 
all randomised patients who received at least one dose of study 
medication. Sample size estimation was based on results from 
earlier phase III studies. A two-group χ2 (continuity-corrected) 
test with a two-sided 0.05 significance level would have ≈90% 
power to detect a true 20% difference (35% vs 15%) between 
apremilast and placebo for the proportion of patients achieving 
ACR20 response at week 16, when the sample size in each group 
was 107.

Baseline patient demographics and disease characteristics were 
compared descriptively between the treatment groups.

For the placebo-controlled period, two-sided tests for efficacy 
outcomes were performed sequentially according to a prespec-
ified hierarchical order to control the overall type I error rate 
(online supplementary table 1). P values <0.05 were considered 
statistically significant; if the P value did not reach the threshold 
of 0.05 during the hierarchical testing, the nominal P value was 
reported onwards. Therefore, P values <0.05 should be inter-
preted with caution for the secondary outcomes if a testing in 
a higher order of the hierarchy did not reach the threshold of 
0.05.

Dichotomous variables such as ACR20 response were anal-
ysed using the generalised Cochran-Mantel-Haenszel test,12 
controlling for baseline prednisone (or equivalent) use (yes/no) 
and previous csDMARD use (yes/no). Patients escaping at week 
16 were primarily treated as non-responders at the subsequent 
time points during the placebo-controlled period. Missing data 
were handled using non-responder imputation. Mixed-effect 
model for repeated measures was generally used for analyses of 
continuous variables such as HAQ-DI, where change or per cent 
change from baseline was the dependent variable and treatment 
group, time (ie, study week), treatment-by-time interaction, 
baseline prednisone (or equivalent) use (yes or no) and previous 
DMARD use (yes or no) were factors and baseline value was 
a covariate. Time was treated as a categorical variable in the 
mixed-effect model for repeated measures. Data obtained after 
early escape were excluded from the model.

Week 52 efficacy data descriptions were as-observed analyses 
when no placebo data were available for comparison.

Safety analyses were conducted for the placebo-controlled 
phase (weeks 0–24) and overall apremilast-exposure period, 
which includes all available safety data among patients who 
received at least one dose of apremilast at any time up to the 
data cut-off, at which time all patients remaining in the study 
had completed their week 52 visit. AEs were classified using 
MedDRA V.14.0.

Results
Patients
A total of 219 patients were randomised (apremilast: n=110; 
placebo: n=109), and 84.5% completed week 24 (online supple-
mentary figure 1). Of the 180 patients entering the long-term 
active treatment phase, 88.9% completed week 52. Treatment 
groups were comparable for baseline patient demographics and 
disease characteristics (table 1).

Efficacy
Primary outcome: ACR20 response
The ACR20 response rate at week 16 was significantly greater 
in patients receiving apremilast versus placebo (38.2% (42/110) 
vs 20.2% (22/109); P=0.004) (table 2), with response observed 
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at week 2 (16.4% (18/110) vs 6.4% (7/109)); P=0.025). At 
week 24, greater improvements in ACR20 response rate were 
observed with apremilast versus placebo (43.6% (48/110) vs 
24.8% (27/109); P=0.004).

Evidence of treatment effect in various additional PsA mani-
festations was observed with apremilast at week 2 (first evalua-
tion after baseline), as assessed by DAS-28 (CRP), HAQ-DI, GEI 
and morning stiffness severity (table 2).

Disease activity, joint count, enthesitis and morning stiffness 
outcomes
Efficacy was seen across a number of secondary measures 
assessing disease activity, joint inflammation, enthesitis and 
morning stiffness (table  2). At week 16, apremilast-treated 
patients demonstrated a significant reduction from baseline in 
DAS-28 (CRP) score versus placebo (P<0.0001) (table 2). Reduc-
tions continued through week 24 (−1.26 vs −0.76; P=0.005).

Significant improvement was demonstrated by mean per cent 
change in SJC with apremilast versus placebo at week 16 
(P=0.0001) (table  2), with continued improvements detected 
at week 24 (−59.1% vs −29.0%; P=0.002). Mean per  cent 
changes in TJC were significant with apremilast versus placebo at 
week 16 (P=0.002) (table 2) and week 24 (−49.6% vs −25.3%; 
P=0.009).

Among patients with enthesopathy at baseline (apremilast: 
n=56; placebo: n=51), significant improvements in enthesitis 
counts were observed at week 16 (P=0.001) with apremi-
last versus placebo. Improvements were observed at week 2 
(P=0.035) and continued to week 24 (−1.5 vs −0.5; P=0.003). 
Numerically greater proportions of apremilast patients achieved 
a GEI score of 0 through week 24 (44.6% (25/56) vs 33.3% 
(17/51)).

Improvements in morning stiffness duration were observed 
with apremilast versus placebo at week 16 (P=0.005) (table 2) 
and week 24 (median per  cent change: −33.3% vs 0.0%; 
P=0.001). More apremilast-treated patients showed improve-
ment in morning stiffness severity at week 16 (P=0.015) (table 2) 
continuing to week 24 (40.0% vs 20.2%; P=0.002).

Functional ability
Apremilast-treated patients experienced improvements in phys-
ical disability, as assessed by various outcomes for physical 
function. Clinically meaningful and significant improvements 
were observed in physical function, as indicated by decreases 
in HAQ-DI score at week 16 with apremilast versus placebo 
(−0.21 vs −0.06; P=0.023). Decreases were observed begin-
ning at week 2 (P=0.040) (table 2). The improvements seen with 
apremilast continued through week 24, with a mean reduction 
of −0.27; however, the mean change did not reach statistical 
significance versus placebo due to an unexpected shift in mean 
improvement in the placebo group between weeks 16 and 24 
(−0.27 vs −0.17; P=0.168).

Notably, mean changes in HAQ-DI score with apremilast 
met or exceeded the minimal clinically important difference 
(MCID) of −0.13 (prespecified analysis)13 at weeks 2, 16 and 
24. The proportion of patients achieving an MCID  ≥0.35
(post  hoc analysis)14 was numerically higher with apremilast 
versus placebo at week 16 (table  2) and significantly higher 
with apremilast versus placebo at week 24 (40.9% vs 24.8%, 
P=0.014).

Significant improvement in physical function was demon-
strated by improvements from baseline in SF-36v2 PF score 
with apremilast versus placebo at week 16 (P=0.004) (table 2). 
Continued SF-36v2 PF improvement was observed at week 
24 with apremilast versus placebo (3.94 vs 1.26; P=0.017), 
with least-squares mean improvement exceeding the MCID of 
2.5.15 Similarly, significant improvements in the SF-36v2 PCS 
score were observed with apremilast versus placebo at week 16 
(P=0.0001) (table 2) and at week 24 (5.00 vs 1.60; P=0.004), 
and the least-squares mean improvement at each time point with 
apremilast exceeded the MCID of 2.5.15

Subset analysis
In a subset of patients (69% of overall population) who had 
one prior csDMARD, significant ACR20 response rates were 
observed with apremilast versus placebo (39.2% (29/74) vs 
20.5% (16/78); P=0.013) at week 16. These rates were similar 
to those observed in the overall population. Improvements in 
joint and enthesitis outcomes in the subset were also similar to 
those observed in the overall population. In the subset, the week 
16 mean per  cent change with apremilast versus placebo was 
−40.7% versus 3.1% (P=0.003) for SJC and −26.8% versus 
5.4% (P=0.014) for TJC; mean change in GEI score was −1.51 
versus −0.18 (P=0.001) (online supplementary table 2). Similar 
results were observed in the subset (58% of overall population) 
with prior methotrexate use.

Table 1  Baseline patient characteristics (full analysis set)

Placebo n=109

Apremilast
30 mg twice daily 
n=110

Age, mean (SD), years 48.0 (13.8) 50.7 (12.2)

Female, n (%) 65 (59.6) 58 (52.7)

White, n (%) 105 (96.3) 109 (99.1)

Region, n (%)

 �North America 42 (38.5) 42 (38.2)

 �Europe 38 (34.9) 47 (42.7)

 �Rest of world 29 (26.6) 21 (19.1)

Weight, mean (SD), kg 90.1 (21.1) 92.6 (24.0)

Body mass index, mean (SD), kg/m2 31.8 (7.8) 32.0 (7.9)

PsA duration, mean (SD), years 3.6 (5.5) 4.0 (4.5)

SJC (0–76), mean (SD) 10.0 (5.9) 9.0 (4.9)

TJC (0–78), mean (SD) 18.4 (14.2) 17.2 (12.7)

High-sensitivity CRP, mg/dL, mean (SD) 1.25 (1.6) 1.44 (1.6)

Erythrocyte sedimentation rate, mm/h 30.3 (17.5) 33.1 (19.0)

Enthesitis*, n (%) 51 (46.8) 56 (50.9)

GEI score (0–6)†, mean (SD) 2.4 (1.6) 2.3 (1.3)

HAQ-DI sore (0–3), mean (SD) 1.20 (0.59) 1.25 (0.61)

Use of PsA-related medications

 �Prior use of csDMARDs, n (%) 78 (71.6) 74 (67.3)

 �Prior use of methotrexate, n (%) 66 (60.6) 61 (55.5)

 �Baseline corticosteroid use‡ (mean dose, 
4.4 mg/day), n (%)

14 (12.8) 13 (11.8)

 �Baseline non-steroidal anti-inflammatory 
drug use, n (%)

74 (67.9) 76 (69.1)

Note: the n reflects the number of patients who were randomised; actual number of 
patients available for each parameter may vary. 
*Pre-existing enthesopathy is defined as having a baseline GEI score greater than 0.
†Provided for patients with pre-existing enthesopathy.
‡All converted to oral prednisone dose.
CRP, C  reactive protein; csDMARDs, conventional synthetic disease-modifying 
antirheumatic drugs; GEI, Gladman Enthesitis Index; HAQ-DI, Health Assessment 
Questionnaire-Disability Index; PsA, psoriatic arthritis; SJC, swollen joint count; TJC, 
tender joint count.
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Long-term durability
Clinical improvements across outcomes, including swollen and 
tender joints, enthesitis, morning stiffness and functional ability, 
were sustained through week 52 (table  2; figures  1–3; online 
supplementary figure 2); for individuals who received apremilast 
from baseline, mean per cent change in SJC was −77.5%, with 
55.0% (44/80) achieving SJC ≤1, and mean per cent change in 
TJC was −70.4%, with 42.5% (34/80) achieving TJC≤1.

Safety
During the placebo-controlled phase (weeks 0–24), mean 
total exposure duration was 20.03 weeks (41.8 patient-years) 
for placebo patients and 20.93 weeks (43.7 patient-years) for 
apremilast patients. During the apremilast-exposure period, 
mean total duration of apremilast exposure was 52.1 weeks 
(205.6 patient-years).

Overall AE incidence through week 24 was generally similar 
between the apremilast and placebo groups (table 3). The most 
commonly reported AEs (≥5% of either treatment group) during 
the placebo-controlled phase were diarrhoea, nasopharyngitis, 
nausea, headache, hypertension and upper respiratory tract 
infection (table  3). During weeks 0–24, a total of 15 patients 
(apremilast: n=10; placebo: n=5) discontinued because of AEs. 
The nature, incidence and severity of AEs were comparable with 
longer apremilast exposure. Six patients (five randomised to 
placebo at baseline; one randomised to apremilast at baseline) 
discontinued after week 24 because of AEs (online supplemen-
tary figure 1).

Serious AEs were low for both groups (apremilast: 2.8%; 
placebo: 4.6%) during the placebo-controlled phase; none were 
considered drug  related. No serious opportunistic infections, 

including new or reactivated tuberculosis, were reported during 
the study. One death occurring after week 52 was due to athero-
sclerotic cardiovascular disease in a patient with a pre-existing 
history of hypertension and alcoholic cardiomyopathy (discov-
ered at autopsy).

Diarrhoea was the most frequently reported AE during the 
placebo-controlled phase (apremilast: 14.7%; placebo: 11.0%); 
all cases were mild to moderate in severity. A protocol definition 
of diarrhoea was applied to further characterise the diarrhoea 
events. Using the criteria of two or more watery/liquid stools/
day, 21 patients had diarrhoea (apremilast: n=12 (11.0%); 
placebo: n=9 (8.3%)) during the placebo-controlled phase. 
Four of these diarrhoea events led to study discontinuation in 
apremilast-treated patients. Three (apremilast: n=1; placebo: 
n=2) of the 21 patients took antidiarrhoeal medications. From 
week 24 to week 52, 10 new patients experienced protocol-de-
fined diarrhoea AEs. Onset of diarrhoea (including protocol-de-
fined diarrhoea AEs) was most frequently observed during the 
first 4 weeks of dosing. No evidence of increased gastrointes-
tinal events was observed during the longer apremilast-exposure 
period versus the placebo-controlled phase.

No cases of suicidal ideation or behaviour occurred during the 
placebo-controlled phase or apremilast-exposure period. During 
the placebo-controlled phase, two apremilast patients experi-
enced an AE of depression; one had a history of depression and 
the other had dysthymia. Two additional AEs of depression were 
reported in the apremilast-exposure period; one patient had a 
history of depression. All four AEs of depression were not serious.

Throughout the study, markedly abnormal clinical laboratory 
values were infrequent and generally the result of single values 
outside the normal range (table 3).

Table 2  Efficacy outcome measures at week 2, week 16 and week 52† 

Week 2 Week 16 Week 52

Placebo n=109 Apremilast n=110 Placebo n=109 Apremilast n=110
Placebo/Apremilast 
n=91 Apremilast n=80

ACR20, n/m (%) 7/109 (6.4) 18/110 (16.4)* 22/109 (20.2) 42/110 (38.2)‡ 54/90 (60.0) 53/79 (67.1)

ACR50, n/m (%) 2/109 (1.8) 3/110 (2.7) 5/109 (4.6) 20/110 (18.2)‡ 26/91 (28.6) 29/79 (36.7)

ACR70, n/m (%) 0/109 (0.0) 0/110 (0.0) 0/109 (0.0) 7/110 (6.4)* 7/91 (7.7) 17/80 (21.3)

DAS-28 (CRP), mean change −0.31 −0.59* −0.39 −1.07§ −1.46 −1.71

SJC, mean % change −17.5 −27.7 4.2 −46.4§ −71.9 −77.5

TJC, mean % change −16.2 −14.8 2.5 −32.3‡ −61.4 −70.4

GEI (0–6), mean change¶ −0.4 −1.1* −0.4 −1.5‡ −1.4 −1.6

GEI=0¶, n/m (%) 10/51 (19.6) 20/56 (35.7) 17/51 (33.3) 26/56 (46.4) 24/43 (55.8) 30/43 (69.8)

HAQ-DI score (0–3), mean change −0.05 −0.13* −0.06 −0.21* −0.32 −0.40

HAQ-DI MCID ≥0.35, n/m (%) 13/109 (11.9) 24/110 (21.8) 30/109 (27.5) 39/110 (35.5) 38/91 (41.8) 40/80 (50.0)

SF-36v2 PF, mean change NA NA −1.04 2.43‡ 5.11 6.00

SF-36v2 PCS, mean change NA NA −0.31 4.03§ 5.64 6.49

Improvement in morning stiffness 
severity, n/m (%)

23/109 (21.1) 47/110 (42.7)‡ 28/109 (25.7) 51/110 (46.4)‡ 52/91 (57.1) 46/80 (57.5)

Morning stiffness duration 
(minutes), median % change

0.00 0.00* 0.00 −33.33‡ −41.67 −55.00

*P<0.05 versus placebo; based on a Cochran-Mantel-Haenszel test for binary parameters and mixed-effects model for repeated measures for continuous parameters (except 
using stratified Van Elteren test for morning stiffness duration, with last-observation-carried-forward approach for missing data).
†Full analysis set was used for weeks 2 and 16; for response parameters, patients without sufficient data (observed or imputed) for the determination of response status were 
categorised as non-responders. Week 52 analyses were as observed; actual number of patients may vary for each outcome depending on availability of data.
‡P<0.005; §P≤0.0001 versus placebo; based on a Cochran-Mantel-Haenszel test for binary parameters and mixed-effects model for repeated measures for continuous 
parameters (except using stratified Van Elteren test for morning stiffness duration, with last-observation-carried-forward approach for missing data). 
¶Evaluated in patients with enthesitis at baseline (GEI >0).
ACR20, 20% improvement in modified American College of Rheumatology response criteria; DAS-28 (CRP), 28-joint count Disease Activity Score using C reactive protein; GEI, 
Gladman Enthesitis Index; HAQ-DI, Health Assessment Questionnaire-Disability Index; MCID, minimal clinically important differences; NA, not assessed at time point; n/m, 
number of responders/number of patients with sufficient data for evaluation; PCS, physical component summary; PF, Physical Functioning domain; SF-36v2, 36-item Short-Form 
Health Survey version 2.
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Figure 1  (A) ACR20 response, (B) mean per cent change in SJC and (C) mean per cent change in TJC through week 52. All data shown are as 
observed among patients as randomised at baseline and receiving at least one dose of apremilast. ACR20, 20% improvement in modified American 
College of Rheumatology response criteria; n/m, number of responders/number of patients with sufficient data for evaluation; SJC, swollen joint count; 
TJC, tender joint count.
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No patients reported weight decrease as an AE during the 
study; 78.9% of apremilast patients remained within  ±5% of 
their baseline weight. At the end of the 52-week period, mean 
weight loss for apremilast patients was −1.20 kg and 15.7% of 
apremilast patients had experienced >5% weight loss.

Discussion
ACTIVE was the first randomised controlled study to assess the 
onset of response to apremilast monotherapy in biological-naïve 
patients with active PsA. This study demonstrated that at week 
2, many patients had clinical improvements across several PsA 
manifestations, including swollen and tender joints, enthesitis 
(among those with enthesitis at baseline), physical impairment 
and improvement in morning stiffness severity. Likewise, signif-
icant improvements in PsA measures at weeks 16 and 24 were 
observed with apremilast. Treatment response was maintained 
up to week 52 across measures for patients continuing apremilast 

and for placebo patients who switched to apremilast at week 16 
or week 24.

These findings provide new data for apremilast, demon-
strating that a proportion of patients experienced improvements 
in common symptoms of PsA at week 2. Additionally, the use 
of the GEI to assess peripheral entheseal sites in ACTIVE adds 
to our current knowledge of its effect on other entheseal sites, 
as measured by the Maastricht Ankylosing Spondylitis Enthesitis 
Score.

The PALACE studies evaluated apremilast in patients with 
several treatment failures (PALACE 1–3) and as a first-line 
treatment for DMARD-naïve patients (PALACE 4).4–7 Most 
(~70%) of the ACTIVE patient population had exposure to one 
csDMARD. Efficacy in this subpopulation was similar to that 
of the overall population in ACTIVE. These findings further 
support apremilast as a treatment option for patients with PsA 
across the spectrum of treatment experiences.

Figure 2  Proportion of patients achieving a GEI of 0* through week 52. All data shown are as observed among patients as randomised at baseline, 
receiving at least one dose of apremilast and having pre-existing enthesopathy at baseline (eg, GEI score >0, n=102). GEI, Gladman Enthesitis Index; 
n/m, number of responders/number of patients with sufficient data for evaluation.

Figure 3  Mean change from baseline in HAQ-DI score through week 52. All data shown are as observed among patients as randomised at baseline 
and receiving at least one dose of apremilast. HAQ-DI, Health Assessment Questionnaire-Disability Index.

http://ard.bmj.com/
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Apremilast was well tolerated in this biological-naïve PsA 
patient population; additionally, the overall safety profile in 
ACTIVE was found to be consistent with that observed in the 
PALACE studies.4–7 An important study objective was to further 
characterise the gastrointestinal AE of diarrhoea. Overall, fewer 
cases of protocol-defined diarrhoea (two or more watery stools/
day) were observed versus non-defined reported events. This 
criterion is more inclusive than the WHO’s definition of diar-
rhoea of at least three loose or liquid stools/day. Diarrhoea AEs 
typically occurred within the first 4 weeks of treatment, were 
self-limiting, resolving within 15 days and usually did not require 
any major medical treatment.

Apremilast has a unique mechanism of action in modulating 
the expression of both pro-inflammatory and anti-inflammatory 
cytokines16; in ACTIVE, no evidence of increased incidence of 
serious or opportunistic infections and no cases of active tuber-
culosis with 52-week apremilast exposure were observed. Labo-
ratory abnormalities were infrequent and showed no evidence of 
organ toxicity requiring specific monitoring. Safety results were 
consistent with the previous PALACE studies and provide addi-
tional characterisation of AEs of diarrhoea experienced during 
the placebo-controlled phase. The study design for ACTIVE 
allowed for immediate stopping of methotrexate without 
washout, which may be a desired option for some patients in 
routine clinical practice settings. Switching such as this happened 
seamlessly without any significant disease worsening/flares or 
tolerability issues.

Limitations
Several limitations should be considered when interpreting 
the study findings and comparing them with other apremilast 
clinical studies. The ACTIVE patient population had base-
line heterogeneity regarding disease duration. Moreover, early 
escape was at the investigator’s discretion, which may be biased 
with apremilast availability on the market. Longer  term find-
ings may be biased because patients who did not respond to or 
tolerate treatment may be more likely to discontinue. ACTIVE 
did not evaluate dactylitis, skin and nail outcomes; however, 
apremilast’s impact on such outcomes has been assessed in the 
PALACE6 17 and Efficacy and Safety Trial Evaluating the Effects 
of Apremilast in Psoriasis (ESTEEM) studies.18 19 Additionally, 
this study did not include imaging to evaluate structural damage. 
Morning stiffness findings should be interpreted cautiously, as 
understanding of morning stiffness and PsA disease activity is 
limited.

Conclusions
For biological-naïve patients with active PsA, apremilast mono-
therapy resulted in early and sustained improvements across PsA 
manifestations, including swollen and tender joints, enthesitis 
and morning stiffness. No new safety concerns were observed. 
These results support the use of apremilast monotherapy in 
biological-naïve patients with PsA.
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Table 3  Nature, incidence and severity of AEs

Patients, n (%)

Placebo-controlled phase
(weeks 0–24*)

Cumulative apremilast 
exposure†

Placebo n=109 
Apremilast 30 mg twice 
daily n=109

Apremilast 30 mg twice daily 
n=206 

Any AE 69 (63.3) 73 (67.0) 144 (69.9) 

Any serious AE‡ 5 (4.6) 3 (2.8) 10 (4.9) 

Any AE leading to study drug withdrawal 5 (4.6) 10 (9.2) 17 (8.3)

Any AE leading to death 0 (0.0) 0 (0.0) 1 (0.5)

AEs with incidence ≥5% in any treatment group

Diarrhoea§ 12 (11.0) 16 (14.7) 33 (16.0)

Nausea 2 (1.8) 9 (8.3) 16 (7.8)

Nasopharyngitis 7 (6.4) 9 (8.3) 16 (7.8)

Headache 4 (3.7) 8 (7.3) 12 (5.8)

Hypertension 7 (6.4) 7 (6.4) 13 (6.3)

Upper respiratory tract infection 11 (10.1) 5 (4.6) 14 (6.8)

Select laboratory assessments, n/m (%)

ALT >3 × ULN, U/L 1/108 (0.9) 1/108 (0.9) 4/205 (2.0)

Creatinine >1.7 × ULN, µmol/L 0/108 (0.0) 0/108 (0.0) 1/205 (0.5)

Haemoglobin value,<10.5 g/dL (male) or <8.5 g/dL (female) 2/108 (1.9) 0/109 (0.0) 2/205 (1.0)

Leucocytes <1.5, 109/L 0/108 (0.0) 0/109 (0.0) 0/205 (0.0)

Neutrophils <1.0, 109/L 1/108 (0.9) 1/109 (0.9) 1/205 (0.5)

Platelets <75, 109/L 1/107 (0.9) 0/109 (0.0) 0/204 (0.0)

*Includes the data through week 16 for placebo patients who escaped, and the data through week 24 for all other patients. 
†Includes all available apremilast-exposure data up to the data cut of 5 November 2015 (including data beyond 52 weeks); patients with multiple reports are only counted once.
‡During the placebo-controlled phase, serious AEs reported by patients on placebo (n=5) were iron deficiency anaemia, angina pectoris, chest pain, cervical vertebral fracture, 
spinal column injury, acute myeloid leukaemia and respiratory papilloma; serious AEs reported by patients on apremilast 30 mg twice daily (n=3) were biliary colic, head injury 
and joint dislocation. New serious AEs of atrial fibrillation, coronary artery disease, alcoholic cardiomyopathy, hypertensive heart disease, cholelithiasis, infective arthritis, bladder 
transitional cell carcinoma, anxiety, ureteric obstruction and arteriosclerosis were reported by seven patients in the cumulative apremilast-exposure period.
§When using protocol-defined characterisation of diarrhoea of two or more watery or liquid stools/day, incidence rates were 8.3% for placebo and 11.0% for apremilast 30 mg 
twice daily during the placebo-controlled phase.
AEs, adverse events; ALT, alanine aminotransferase; n/m, number of patients with at least one occurrence of the abnormality/number of patients with at least one post-baseline 
value; ULN, upper limit of normal.
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Extended report

Limited radiographic progression and sustained 
reductions in MRI inflammation in patients with axial 
spondyloarthritis: 4-year imaging outcomes from the 
RAPID-axSpA phase III randomised trial
Désirée van der Heijde,1 Xenofon Baraliakos,2 Kay-Geert A Hermann,3 
Robert B M Landewé,4 Pedro M Machado,5 Walter P Maksymowych,6 Owen R Davies,7 
Natasha de Peyrecave,7 Bengt Hoepken,8 Lars Bauer,8 Tommi Nurminen,8 
Juergen Braun9

Abstract
Objectives T o report 4-year imaging outcomes 
in the RAPID-axSpA (NCT01087762) study of 
patients with ankylosing spondylitis (AS) and non-
radiographic axial spondyloarthritis (nr-axSpA), 
treated with certolizumab pegol (CZP).
Methods T his phase III, randomised trial was 
placebo-controlled and double-blind to week 24, 
dose-blind to week 48 and open-label to week 204. 
Patients fulfilling the Assessment of Spondyloarthritis 
International Society (ASAS) axSpA criteria with 
active disease were stratified (AS/nr-axSpA) 
according to the modified New York (mNY) criteria 
at randomisation. Spinal radiographs were assessed 
using the modified Stoke Ankylosing Spondylitis 
Spine Score (mSASSS). MRI inflammation used the 
Spondyloarthritis Research Consortium of Canada 
(SPARCC) score for sacroiliac joints (SIJ) and the 
Berlin spinal score (remission defined as SPARCC 
<2 and Berlin ≤2, respectively).
Results  MRI improvements from baseline (BL) to 
week 12 were maintained to week 204 (SPARCC BL: 
AS=8.5, nr-axSpA=7.5; SPARCC week 204: AS=1.3, 
nr-axSpA=2.4; Berlin BL: AS=7.4, nr-axSpA=4.4; 
Berlin week 204: AS=2.6, nr-axSpA=1.9). 66.7% 
of patients with AS and 69.6% of patients with 
nr-axSpA with BL SPARCC scores ≥2, and 65.4% 
of patients with AS and 57.3% of patients with nr-
axSpA with BL Berlin score >2, achieved remission 
at week 204. Mean mSASSS change in AS from BL 
to week 204 was 0.98 (95% CI 0.34, 1.63); 0.67 
(95% CI 0.21,1.13) from BL to week 96; and 0.31 
(95% CI 0.02,0.60) from week 96 to week 204. 
Corresponding nr-axSpA changes were 0.06 (95% CI 
−0.17,0.28), –0.01 (95% CI −0.19,0.17) and 0.07 
(95% CI −0.07,0.20). 4.5% of patients with nr-
axSpA fulfilled the mNY criteria at week 204, while 
4.3% of patients with AS no longer did so.
Conclusions  In patients with CZP-treated axSpA, 
rapid decreases in spinal and SIJ MRI inflammation 
were maintained to week 204. Overall, 4-year spinal 
progression was low, with less progression during 
years 2–4 than 0–2. Radiographic SIJ grading 
changes demonstrated limited progression.
Trial registration number N CT01087762; Post-
results.

Introduction
Axial spondyloarthritis (axSpA) is a chronic inflamma-
tory disease primarily characterised by inflammation 
of the axial skeleton (the spine and the sacroiliac (SI) 
joints). Patients with evidence of structural damage to 
the SI joints (radiographic sacroiliitis), which is iden-
tifiable using X-ray imaging and fulfils the modified 
New York (mNY) classification criteria, are consid-
ered to have ankylosing spondylitis (AS; also termed 
radiographic axSpA). However, many patients with 
axSpA do not fulfil the mNY criteria; this is termed 
non-radiographic axSpA (nr-axSpA) and has the 
potential to develop into AS.1 2 Importantly, the 
disease burden and clinical features are similar in both 
subpopulations, representing a spectrum of the same 
disease.3 4

In contrast to clinical outcomes, long-term imaging 
data in tumour necrosis factor (TNF) inhibitor-treated 
patients are limited. There are currently no long-term 
modified Stoke Ankylosing Spondylitis Spine Score 
(mSASSS)5 data available for patients with nr-axSpA.

RAPID-axSpA is the only large trial to include 
both patients with AS and nr-axSpA and previ-
ously demonstrated that certolizumab pegol (CZP), 
a PEGylated fragment-crystallisable  (Fc)-free 
anti-TNF agent, improved the signs and symptoms 
of axSpA from as early as 12 weeks of treatment, 
which were maintained over 4 years.4 6–8

Here, we report the imaging outcomes over 4 years 
of CZP treatment. This represents the longest term 
MRI imaging study in patients with anti-TNF-treated 
axSpA to date, and the only data addressing X-ray and 
MRI imaging of both SI  joints and spine in AS and 
nr-axSpA subpopulations.

Methods
Study design
RAPID-axSpA (NCT01087762) was a 204-week, 
phase III, randomised, parallel-group, multicentre 
trial, conducted at 83 centres in Europe, North 
America and Latin America. The study was place-
bo-controlled and double-blind until week 24, dose-
blind to week 48 and open-label to week 204.

Full details have been published previ-
ously.4 Patients were randomised 1:1:1 to placebo 
or CZP 400 mg at weeks 0, 2 and 4 (loading dose), 
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followed by either CZP 200 mg every 2 weeks or CZP 400 mg 
every 4 weeks (online supplementary figure 1).

Patients
Full inclusion and exclusion criteria have been reported previ-
ously.4 Eligible participants were aged  ≥18 years at screening 
and fulfilled the ASAS axSpA classification criteria, with a clinical 
diagnosis of adult-onset axSpA of ≥3 months’ duration and active 
disease defined by Bath Ankylosing Spondylitis Activity Index 
≥4, spinal pain ≥4 on a 0–10 Numerical Rating Scale, and either 
elevated C-reactive protein (>7.9 mg/L) or a positive SI joint MRI 
assessment.

To define AS and nr-axSpA subpopulations, the most recent 
SI joint X-rays (performed ≤12 months prior to screening) were 
locally read to determine the presence/absence of radiographic 
sacroiliitis.

Study procedures and evaluations
The primary outcome (ASAS20 response at week 12) has been 
reported previously,4 as have clinical data to week 2046 7 and 
imaging data to week 96.4 6 8–10 Here we report the long-term 
imaging results (radiographs and MRI of both SI joints and 
spine) from the complete 4-year study period.

SI joint X-rays were conducted at baseline and week 204/early 
withdrawal (if after week 104). Lateral radiographs of the lumbar/
cervical spine were performed at baseline, week 96 and week 204. 
MRI assessments of both the spine and SI joints were conducted 
at baseline and weeks 12, 48, 96 and 204. MRI and radiograph 
assessments were each performed independently by two central 
readers blinded to timepoint, treatment group and clinical data. In 
the event of disagreement between central readers when grading 
SI joint radiographs, an additional third reader assessed the radio-
graphs from the patient in question. A third reader was not used 
for MRI or spinal radiographs.

The short tau inversion recovery sequence of MRI scans was 
assessed for disease activity using the Spondyloarthritis Research 
Consortium of Canada (SPARCC) scoring method for SI  joints 
(0–72 scale)11 and the Berlin modification of the Ankylosing 
Spondylitis spine MRI-activity scoring system for the spine (0–69 
scale).12 Spinal radiographs were assessed using the mSASSS 
scoring method.

Data are reported from the week 204 reading campaign, 
which included all available images from baseline to week 204 
with the exception of SI joint radiographs; only SI joint images 
from patients with both baseline and week 204/early withdrawal 
radiographs were included.

Statistical analysis
Data are presented for patients who received ≥1 dose of CZP 
(200 mg every 2 weeks (Q2W) and 400 mg every 4 weeks (Q4W) 
groups combined) at any timepoint to week 204, including 
rerandomised placebo-treated patients. Statistical analyses were 
conducted assuming data were missing at random.13 The number 
of images available for each imaging modality is presented 
in online supplementary table 1.

The MRI set included all randomised patients with valid MRI 
assessments (either spine or SI joint) at baseline and ≥1 other 
timepoint during the trial (n=158). Week 12 MRI data were not 
used from patients randomised to placebo. Average MRI scores 
of the two readers were considered for statistical analyses, and 
group least squares (LS) mean Berlin and SPARCC scores were 
estimated post hoc by mixed-model repeated measures (MMRM) 
analysis on observed data using ‘visit’ as a fixed factor with an 

unstructured within-patient covariance matrix. The propor-
tions achieving MRI remission (SPARCC  <2 or Berlin  ≤2) 
were estimated by multiple imputation: estimated proportions 
of patients in MRI remission were pooled from 50 multiply 
imputed data  sets, where missing actual scores were imputed 
via predicted mean matching, with the predicted value at a visit 
based on linear regression of values from other visits.14 15 Results 
were summarised for patients with MRI baseline inflammation 
(Berlin score >2 or SPARCC score ≥2).

Radiographic data were examined for all CZP-treated patients 
with ≥1 mSASSS assessment (X-ray set), including those reran-
domised from placebo. Based on average scores of the two 
readers, LS mean mSASSS and changes between visits were esti-
mated using MMRM analyses on observed data, as described 
above.  The  online supplementary material includes observed 
mean changes for subjects with a complete sequence of images at 
baseline, week 96 and week 204. Radiographic progression rates 
(an increase of ≥2 points from baseline) at weeks 96 and 204 
were estimated using multiple imputation, as described above. 
Within-patient correlation coefficients were calculated between 
change from baseline to week 96, and change from week 96 to 
week 204. Plausibility of the missing-at-random assumption was 
evaluated by comparing disease activity outcomes of patients 
with no mSASSS data at week 96/week 204 and those with data 
at all relevant timepoints. In particular, Ankylosing Spondylitis 
Disease Activity Score (ASDAS) levels were compared using 
observed data and last observation carried forward-imputed 
data. For plots of individual patient mSASSS results, observed 
data are presented for all patients with ≥2 valid mSASSS assess-
ments. Patients with ≥1 non-bridging or bridging syndesmophyte 
(defined as a score of 2 or 3, respectively) and syndesmophyte 
formation (defined as a shift in score from 0 or 1 to 2 or 3) were 
considered when reported by both readers for a given vertebral 
edge.

Presence of definitive sacroiliitis (grade ≥2 bilateral or grade 
3–4 unilateral) was based on the judgement of two central 
readers. In the event of disagreement, a third reader’s results 
were used to provide a majority. Agreement between central 
readers was calculated using simple kappa (κ) statistics. Statis-
tical analyses were performed with SAS V.9.3 and V.9.4.

Results
Patient disposition and baseline characteristics
Three hundred and twenty-five patients were randomised at 
week 0, 107 to placebo and 218 to CZP (111 to CZP 200 mg 
Q2W and 107 to CZP 400 mg Q4W). Of 315 patients (174 AS 
and 141 nr-axSpA) who received ≥1 dose CZP at any point in 
the trial, 199 (63.2%) completed the study to week 204. One 
hundred and fifty-eight patients had valid MRI assessments at 
baseline and ≥1 other timepoint (MRI set). The baseline char-
acteristics of the MRI set and overall population were similar 
(table 1, and data not shown).

One hundred and ninety-six patients had ≥1 mSASSS assess-
ment and were included in the MMRM and multiple imputation 
analyses of radiograph parameters (X-ray set; online supplemen-
tary table 2); this included 45 patients who received 1 mSASSS 
reading at baseline with no further mSASSS assessments during 
the study. No major differences in disease activity were observed 
between those with and without complete mSASSS data 
(online  supplementary table 3). One hundred and thirty-seven 
patients with SI joint radiographs at baseline and week 204/early 
withdrawal were assessed for radiographic progression based on 
the mNY criteria.

https://dx.doi.org/10.1136/annrheumdis-2017-212377
https://dx.doi.org/10.1136/annrheumdis-2017-212377
https://dx.doi.org/10.1136/annrheumdis-2017-212377
https://dx.doi.org/10.1136/annrheumdis-2017-212377
https://dx.doi.org/10.1136/annrheumdis-2017-212377
https://dx.doi.org/10.1136/annrheumdis-2017-212377
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MRI data
Spinal and SI joint MRI assessments showed reduction of inflam-
mation with rapid improvements from baseline to week 12 main-
tained to week 204 (figure 1). At baseline, the LS mean spinal 
inflammation assessed by Berlin score (standard error; SE) for 
AS and nr-axSpA subpopulations was 7.4 (0.92) and 4.4 (1.03), 
respectively, which reduced to 2.5 (0.50) and 1.7 (0.40) at week 
12, and 2.6 (0.56) and 1.9 (0.44) at week 204. Similarly, the 
LS mean SPARCC scores for patients with AS and nr-axSpA at 
baseline were 8.5 (1.45) and 7.5 (1.53), respectively, which were 
reduced to 1.6 (0.66) and 2.6 (0.67) at week 12, and were main-
tained at 1.3 (0.46) and 2.4 (0.85) at week 204.

Of patients with respective inflammation at baseline, 66.7% 
(AS) and 69.6% (nr-axSpA) achieved SI joint MRI remission at 
week 204, and 65.4% of patients with AS and 57.3% of patients 
with nr-axSpA achieved spinal MRI remission.

Radiographic progression
Limited changes in SI joint grading were observed to week 204: 
2/44 (4.5%) patients with nr-axSpA fulfilled the mNY criteria, 
while 4/93 (4.3%) patients with AS no longer did so at week 
204. Agreement between the two central readers regarding 
the absence/presence of radiographic sacroiliitis was moderate, 

with disagreement occurring in 39/158 cases assessed at base-
line (κ=0.49). In total, 113/158 (71.5%) images were read by 
a third reader due to grading disagreements between the main 
two readers.

Mean baseline mSASSS scores of 13.2 and 4.4 were observed 
in patients with AS and nr-axSpA, respectively. Limited spinal 
radiographic progression occurred in CZP-treated patients, with 
most progression seen in the AS cohort. In patients with AS, 
the mean mSASSS change between baseline and week 204 was 
0.98 (95% CI 0.34 to 1.63), with the majority of progression 
observed during the first 2-year period (0.67 (95% CI 0.21 to 
1.13)) compared with years 2–4 (0.31 (95% CI 0.02 to 0.60); 
figure  2). Patients  with nr-axSpA exhibited a mean mSASSS 
change of 0.06 (95% CI −0.17 to 0.28) over 204 weeks. 
Observed changes in patients with complete mSASSS readings 
available at baseline, week 96 and week 204 are summarised 
in  online supplementary figure 2; observed mean mSASSS 
changes between baseline and week 204 were 1.12 and 0.04 for 
patients with AS and nr-axSpA, respectively. Patients with AS 
who progressed during years 1 and 2 were more likely to prog-
ress in the second 2-year period: within-patient correlation coef-
ficients between change from baseline to week 96, and change 
from week 96 to week 204, were 0.53 (AS) and 0.05 (nr-axSpA).

Table 1  Baseline characteristics of all CZP patients

Overall axSpA
N=315

AS
n=174

nr-axSpA
n=141

Mean age, years (SD) 39.7 (12.0) 41.5 (11.7) 37.5 (11.9)

Male, % 62.2 73.0 48.9

Symptom duration, years, median (min, max) 7.8 (0.3, 50.9) 9.1 (0.3, 50.9) 5.8 (0.3, 41.5)

CRP, mg/L, median (min, max) 13.4 (0.1, 174.8) 14.2 (0.1, 174.8) 12.0 (0.1, 156.2)

Patients with elevated CRP (>15 mg/L), % 40.6 43.7 36.9

BASDAI, mean (SD) 6.4 (1.5) 6.4 (1.6) 6.5 (1.5)

BASFI, mean (SD) 5.4 (2.3)
 n=314

5.7 (2.2) 4.9 (2.3)
 n=140

BASMI linear, mean (SD) 3.8 (1.7) 4.4 (1.7) 3.1 (1.5)

ASDAS, mean (SD) 3.9 (0.9)
 n=313

3.9 (0.9) 3.8 (0.8)
 n=139

Spinal radiographs

 �mSASSS

 � � Mean (SD)* 9.5 (16.1) 13.2 (18.2) 4.4 (11.0)

 � � Median 1.5
n=190

3.0
n=110

0.0
n=80

 � Patients with ≥1 bridging or non-bridging syndesmophyte at baseline, n (%) 63 (33.2) 47 (42.7) 16 (20.0)

MRI set n=158 n=92 n=66

 �SPARCC (SI joints)

 � � Mean (95% CI)* 8.1 (6.1, 10.2) 8.5 (5.6, 11.4) 7.5 (4.4, 10.6)

 � � Median 2.0
n=151

1.0
n=91

3.0
n=60

 �Patients with MRI inflammation (SPARCC ≥2), estimate, % 51.2 47.0 57.3

 �Berlin score (spine)

 � � Mean (95% CI)* 6.2 (4.8, 7.5), n=157 7.4 (5.6, 9.2) 4.4 (2.4, 6.5), n=65

 � � Median 2.0
n=153

4.3 0.5
n=61

 �Patients with MRI inflammation (Berlin >2) estimate, % 50.4
n=157

57.6 40.1
n=65

*Least squares mean scores were estimated using mixed-model for repeated measures analyses. Inflammation was defined as Berlin >2 or SPARCC ≥2. Data are presented for all 
patients who received ≥1 dose CZP at any point in the trial. To define AS and nr-axSpA subpopulations, the most recent SI joint X-rays (performed ≤12 months prior to screening) 
were locally read to determine the presence/absence of radiographic sacroiliitis. 
AS, ankylosing spondylitis; ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Activity Index; BASFI, 
Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, C-reactive protein; CZP, certolizumab pegol; mSASSS, modified Stoke 
Ankylosing Spondylitis Spine Score; nr, non-radiographic; SI, sacroiliac; SPARCC, Spondyloarthritis Research Consortium of Canada. 
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Based on the multiple imputation analysis, 84.2% of patients 
with AS did not progress (progression was defined as an mSASSS 
increase of ≥2 points) from baseline to week 96. By week 204, 
80.6% of patients with AS had not progressed. Progression was 
observed in only two patients with nr-axSpA, and therefore 
multiple imputation analysis was not performed. Of 85 patients 
with AS, 5 (5.9%) developed ≥1 syndesmophyte by week 96 and 
only 1 patient with nr-axSpA demonstrated one new syndesmo-
phyte during the study. Sixty-one AS patients were assessed at 
week 204; at that time, no additional patients were observed 
to develop syndesmophytes. No patients with an absence of 

syndesmophytes at baseline developed syndesmophytes at 
4 years. Individual patient mSASSS results are presented in 
figure 3.

Discussion
RAPID-axSpA is the first long-term, large study to investigate 
imaging results in AS and nr-axSpA subpopulations when treated 
with a TNF-inhibitor. Here, CZP treatment rapidly improved 
axSpA inflammation of the spine and SI joints as observed using 
MRI in patients with AS and nr-axSpA. These improvements 

Figure 1  MRI imaging results to week 204. Sustained improvement in (A) LS mean Berlin score (MMRM), (B) percentage of patients in MRI spinal 
remission (Berlin score ≤2) to week 204 (missing at random (MAR)) in the subgroup of patients with MRI spinal inflammation at baseline (Berlin 
score >2), (C) LS mean SPARCC SIJ score (MMRM), and (D) percentage of patients in MRI SIJ remission (SPARCC score <2) to week 204 (MAR) in 
the subgroup of patients with inflammation at baseline (SPARCC ≥2). AS, ankylosing spondylitis; LS, least squares; MMRM, mixed-model repeated 
measures; nr-axSpA, non-radiographic axial spondyloarthritis; SIJ, sacroiliac joints; SPARCC, Spondyloarthritis Research Consortium of Canada. 

Figure 2  Radiographic imaging results of the spine to week 204. AS, ankylosing spondylitis; LS, least squares; mSASSS, modified Stoke Ankylosing 
Spondylitis Spine Score; nr-axSpA, non-radiographic axial spondyloarthritis. 
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were maintained to week 204, with similar responses observed 
in both populations.

Changes from baseline in Berlin spine and SPARCC SI  joint 
scores were comparable with other AS and nr-axSpA trials.16 17 
However, none of the longer  term MRI studies (spanning up 
to 3 years of therapy) have reported results of both patients 
with AS and nr-axSpA in parallel.16 18–21 It is important to note 
that comparisons between clinical trials should be treated with 
caution, as differences in population, study design and the years 
in which the trial was conducted can lead to variation between 
study outcomes. Comparisons between trials commencing at 
largely different timepoints may introduce chronology bias 
caused by differences in standard medical practice at the time of 
each investigation.

Many patients with MRI inflammation at baseline achieved 
spinal and SI joint MRI remission by week 204, with improve-
ments in both scores seen as early as week 12 in both AS and 
nr-axSpA cohorts. Spinal MRI inflammation has been shown to 
be associated with radiographic progression, as vertebral edge 
inflammation contributes to the development of new syndesmo-
phytes, although it remains to be proven that by reducing MRI 
inflammation in early axSpA, future structural damage may be 
prevented.

Limited changes from mNY negative to mNY positive were 
observed. Net progression to week 204 was minimal (−1.5%); 
similar proportions of patients ‘progressed’ from nr-axSpA to 
AS (4.5%) as ‘regressed’ from AS to nr-axSpA (4.3%). Given 
the low numbers of patients whose disease was reclassified, and 
the similar movement in both directions between the two popu-
lations, this is likely to represent intrareader variability, with 
little true progression. Previous follow-ups of untreated axSpA 
cohorts have reported progression rates (from nr-axSpA to AS) 
between 10% and 12% over 2 years.22–24 In the DEvenir des 
Spondyloarthrites Indifférenciées Récentes (DESIR) cohort, 
the  net progression from nr-axSpA to radiographic  axSpA 
(AS) was 5.1% over 5 years.25 However, a direct compar-
ison between DESIR and RAPID-axSpA is not recommended 
since DESIR was a prevalence cohort of early axSpA. RAPID-
axSpA also included patients with longer disease duration and 
higher disease activity. During the ESTHER trial, radiographic 

progression from nr-axSpA to AS was observed mainly between 
baseline and year 2 with no patients progressing to AS between 
years 2 and 4. In EMBARK, in which 161 patients had X-rays 
available at baseline and week 104, one patient (0.6%) satis-
fied the mNY criteria at baseline. Of 160 patients with mNY 
negative scores at baseline, none became mNY positive at week 
104.19 26

Recognition of sacroiliitis on pelvic radiographs is gener-
ally considered to be difficult, due to both the complexity of 
the SI  joints and the poor visualisation associated with plain 
radiographs. Previous radiographic studies have observed large 
intraobserver/interobserver variability in reading SI joint radio-
graphs,27–29 with significant variability reported between central 
and local readers.22 In RAPID-axSpA, determination of mNY 
status, used as a stratification factor, was based on local SI X-ray 
reads, which are more reflective of daily clinical practice. This 
approach has been used in a number of previous AS trials investi-
gating anti-TNFs, as well as the ABILITY-1 nr-axSpA study.

The rates of spinal radiographic progression in patients with 
axSpA are variable2; however, in the majority of patients with 
axSpA, several years may elapse before new bone formation 
in radiographs can be assessed. Therefore, a minimum 2-year 
follow-up is required to investigate radiographic progression. 
Structural spinal damage and inflammation in axSpA have an 
impact on patient quality of life, especially through reduction 
of mobility and function.30–32 Recently Poddubnyy et al33 inves-
tigated the effect of radiographic spinal progression and disease 
activity on function and spinal mobility in anti-TNF-treated 
patients with established AS. Both functional status and spinal 
mobility remained stable during 10 years of anti-TNF therapy 
despite radiographic progression, suggesting that reduction and 
control of inflammation may counteract the effects of radio-
graphic spinal progression at a group level.

Interestingly, no patients with an absence of syndesmophytes 
at baseline developed syndesmophytes during 4 years of CZP 
treatment. Several studies showed that syndesmophyte preva-
lence predisposes to more rapid radiographic progression, and 
therefore could be used as a predictor for future radiographic 
damage despite the variability of progression rates in patients 
with axSpA.34–36

Figure 3  Proportion of patients with spinal progression at years 2 and 4. AS, ankylosing spondylitis; CFB, change from baseline; mSASSS, modified 
Stoke Ankylosing Spondylitis Spine Score; nr-axSpA, non-radiographic axial spondyloarthritis.  
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Here, we observed limited spinal radiographic progres-
sion, with a decrease in progression rate with long-term CZP 
therapy. After 4 years, 80.6% of patients with AS did not prog-
ress (<2 mSASSS points change from baseline) and the mean 
change was 0.98. As expected, patients with AS in RAPID-axSpA 
were generally more progressive than patients with nr-axSpA. 
The limited progression over 4 years observed in this study in 
patients with AS (80.3% non-progression defined as mSASSS 
change from baseline  <2) is consistent with recent reports 
from the MEASURE 1 trial, in which 79% of patients with AS 
treated with secukinumab did not progress (<2 mSASSS points 
change from baseline) over 4 years.37 However, these findings 
cannot be used in isolation to confirm an impact on disease 
progression since in both cases a control was absent. In the 
absence of a control arm, further data are required to eluci-
date the natural history of AS to better understand the impact 
of biologic treatment on disease progression. Long-term spinal 
X-ray data have also been reported for patients with AS in the 
GO-RAISE study38 (4 years) and in an 8-year follow-up to a 
randomised controlled trial investigating the effects of inflix-
imab, although this was conducted using a limited number of 
patients (n=69).39 In GO-RAISE, patients with AS treated with 
50 mg or 100 mg golimumab every 4 weeks demonstrated a 
mean mSASSS change from baseline (SD) of 1.3 (4.1) and 2.0 
(5.6), respectively, at week 20838 (although it should be noted 
that the GO-RAISE study should not be directly compared 
with RAPID-axSpA due to differing trial designs and study 
populations).

Two-year radiographic results from RAPID-axSpA exhibited 
a mean mSASSS change of 0.67 observed in patients with AS to 
week 96. The decrease in progression rate observed in RAPID-
axSpA between years 2 and 4, and the diminished progression 
observed in long-term anti-TNF studies,40 41 support earlier 
observations that prolonged use of TNF inhibitors may be asso-
ciated with reduction of progression. Further evidence suggests 
a link between disease activity and radiographic progression. 
Results from the OASIS study, in which patients with AS were 
followed up for 12 years, found that disease activity was longi-
tudinally associated with radiographic progression. In an AS 
prospective cohort study, the observed reduction in radiographic 
progression during anti-TNF treatment appeared to be medi-
ated by a decrease in disease activity.42 Consequently, long-term 
anti-TNF treatment could have the potential to inhibit structural 
progression by suppressing disease activity.

The analyses reported here are not without limitation. Patient 
withdrawal introduces bias, since patients whose symptoms do 
not improve sufficiently or those who suffer side effects are less 
likely to continue the trial. In long-term studies, the cumulative 
impact of missing data is more pronounced. Notably, there was 
a high proportion of missing MRI and radiographic data in this 
study. Since disease activity is likely to be associated with radio-
graphic progression, ASDAS outcomes were compared between 
those with and without complete mSASSS assessments. Given 
that no major differences were observed, it is unlikely that study 
dropouts or otherwise missed assessments would have caused 
major bias to the study results.

Use of the mSASSS scoring system for quantification of 
radiographic progression could also be considered a limitation. 
The mSASSS system captures changes at the anterior vertebral 
corners of both the cervical and lumbar spine,5 but does not 
evaluate other elements of the axial skeleton, for example, the 
thoracic spine or facet joints.43 Subsequently, changes in these 
regions may have gone undetected. Nevertheless, at present, the 
mSASSS is the preferred scoring method for use in AS and is 

endorsed by the ASAS and Outcome Measures in Rheumatology 
(OMERACT).44

As two readers were used to evaluate the presence and forma-
tion of syndesmophytes, it was important to establish the level 
of agreement required. Here, agreement between readers was 
required at vertebral edge level; this approach is likely to under-
estimate the prevalence and incidence of syndesmophytes, but 
has been used in previous trials such as the ASSERT study.32

In conclusion, early improvements in MRI inflammation 
observed in a CZP-treated axSpA population, including both 
patients with AS and nr-axSpA, were maintained to week 204. 
MRI assessments demonstrated a rapid reduction of inflamma-
tion and sustained rates of remission in both SI joint and spinal 
examinations. Radiograph assessments revealed a low rate of 
spinal progression during the first 2 years of RAPID-axSpA with 
a decrease in the rate of spinal progression observed between 
years 2 and 4, and limited SI joint progression during 4 years 
of study.
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Extended report

Lupus Low Disease Activity State (LLDAS) attainment 
discriminates responders in a systemic lupus 
erythematosus trial: post-hoc analysis of the Phase 
IIb MUSE trial of anifrolumab
Eric F Morand,1 Teodora Trasieva,2 Anna Berglind,2 Gabor G Illei,3 Raj Tummala4

Abstract
Objectives  In a post-hoc analysis, we aimed to validate 
the Lupus Low Disease Activity State (LLDAS) definition 
as an endpoint in an systemic lupus erythematosus 
(SLE) Phase IIb randomised controlled trial (RCT) (MUSE 
[NCT01438489]) and then utilize LLDAS to discriminate 
between anifrolumab and placebo.
Methods P atients received intravenous placebo 
(n=102) or anifrolumab (300 mg, n=99; 1,000 mg, 
n=104) Q4W plus standard of care for 48 weeks. LLDAS 
attainment (SLE Disease Activity Index 2000 ≤4 without 
major organ activity, no new disease activity, Physician’s 
Global Assessment ≤1, prednisolone ≤7.5 mg/d and 
standard immunosuppressant dosage tolerance) was 
assessed. Associations with endpoints and LLDAS 
attainment differences between treatments were 
explored.
Results  LLDAS attainment at Week 52 was associated 
with SLE Responder Index 4 (SRI[4]) and British Isles 
Lupus Assessment Group–based Composite Lupus 
Assessment (BICLA) (74/85[87%] and 62/84[74%] 
were also SRI[4] and BICLA responders, respectively; 
both nominal p<0.001). Only 74/159 (47%) of SRI(4) 
and 62/121 (51%) of BICLA responders reached 
LLDAS.  Anifrolumab-treated patients achieved earlier 
LLDAS, and more spent at least half their observed time 
in LLDAS (OR vs. placebo; 300 mg: 3.04, 95% CI 1.34 to 
6.92, nominal p=0.008; 1,000 mg: 2.17, 95% CI 0.93 
to 5.03, nominal p=0.072) vs placebo-treated patients. 
At Week 52, 17/102 (17%), 39/99 (39%) and 29/104 
(28%) of patients on placebo, anifrolumab 300 and 
1,000 mg, respectively, attained LLDAS (OR vs. placebo; 
300 mg: 3.41, 95% CI 1.73 to 6.76, p<0.001; 1,000 mg: 
2.03, 95% CI 1.01 to 4.07, nominal p=0.046).
Conclusions  LLDAS attainment represents a clinically 
meaningful SLE outcome measure, and anifrolumab is 
associated with more patients who met LLDAS criteria 
versus placebo. These data support LLDAS as an SLE RCT 
endpoint.
Trial registration number N CT1438489; Post-results.

Introduction
Attainment of low disease activity (LDA) is a stan-
dard of care in rheumatoid arthritis (RA), supported 
by empirical evidence of validity (i.e., association 
with improved long-term outcomes) and utility 
(discrimination of treatment response).1 2 In 
contrast, a well-defined LDA definition in systemic 
lupus erythematosus (SLE) was only recently 

identified as a key research goal.3 4 In response to 
this unmet need, increasing evidence suggests that 
the Lupus Low Disease Activity State (LLDAS) 
represents a clinically meaningful state with poten-
tial utility in both research and clinical settings.5 

Patients with SLE who spend the majority of their 
time in LLDAS are protected from damage accrual, 
and LLDAS is also associated with better health-re-
lated quality of life (HRQOL) and is more stringent 
than expert opinion.5–8 Validation in a clinical trial 
setting is necessary to demonstrate the utility  of 
LLDAS as a response measure in SLE randomised 
controlled trials (RCTs). Recently, rates of LLDAS 
attainment were demonstrated to differentiate 
treatments in a trial comparing azathioprine and 
mycophenolate in nonrenal SLE.9 Utility of a novel 
endpoint such as LLDAS in trials of novel thera-
pies requires it to be attainable and to align with 
existing response measures, but also to offer addi-
tional information, and to allow for discrimination 
between active treatment and placebo. Here, we 
present a post-hoc analysis of a large Phase IIb SLE 
RCT dataset and demonstrate LLDAS utility.

Methods
MUSE trial design
LLDAS was evaluated in a post-hoc analysis of data 
from the 52-week MUSE RCT (NCT01438489) of 
anifrolumab in SLE.10 Patients (≥18–65 years old) 
with moderate to severe SLE were randomised 1:1:1 
to receive intravenous placebo or anifrolumab 300 or 
1,000 mg every 4 weeks for 48 weeks plus standard 
therapy. Patients met the American College of Rheu-
matology SLE classification criteria at screening, 
including positive antinuclear antibody  ≥1:80 or 
elevated anti–double-stranded DNA (anti-dsDNA) 
or anti-Smith antibodies.11 Other inclusion criteria 
at screening were SLE Disease Activity Index 2000 
(SLEDAI-2K)  ≥6 (excluding points attributed to 
SLE headache or organic brain syndrome), ‘Clinical’ 
SLEDAI-2K≥4, a British Isles Lupus Assessment 
Group (BILAG) 2004 organ domain score of ≥1A 
or ≥2B and a Physician’s Global Assessment (PhGA; 
0–3) score ≥1.0.12 13 Patients with active severe or 
unstable neuropsychiatric SLE or lupus nephritis 
were excluded. Randomisation stratification factors 
were SLEDAI-2K (<10 vs. ≥10), baseline oral corti-
costeroid (OCS) dosage (<10 vs. ≥10 mg/d predni-
sone-equivalent), and type I interferon (IFN) gene 
signature (IFNGS) based on a four-gene expression 
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assay (test–high vs. test–low).10 A total of 305 patients received 
placebo (n=102) or anifrolumab (300 mg: n=99; 1,000 mg: 
n=104).

The MUSE primary endpoint was the difference from placebo 
in the percentage of responders at Week 24, defined as SLE 
Responder Index 4  (SRI[4]), with patients who withdrew or 
were unable to taper Day 85–Week 24 OCS dosage to <10 mg/d 
and  ≤day 1 dosage considered to be nonresponders.14 Addi-
tional endpoints included BILAG-based Composite Lupus 
Assessment (BICLA), Major Clinical Response (MCR), BILAG 
flares (defined as either one or more new BILAG-2004 A items 
or two or more new BILAG-2004 B items compared with the 
previous visit) and patient-reported outcomes (PROs) including 
Lupus Quality of Life (LupusQOL) and Patient’s Global Assess-
ment (PaGA).10 15 16 Nonresponse imputation of missing data 
was used for the binary outcomes and baseline-observation-car-
ried-forward approach  for continuous data following with-
drawal from study or discontinuation of treatment, whereas 
intermittently missing data were imputed using the last-obser-
vation-carried-forward approach. The study was completed in 
accordance with the Declaration of Helsinki and the Good Clin-
ical Practice guidelines. Written informed consent was obtained 
from all patients. Further details on MUSE design and endpoints 
have been published.10

Post-hoc validation of LLDAS as an outcome measure
LLDAS was conceptually defined as ‘a state which, if sustained, 
is associated with a low likelihood of adverse outcome, consid-
ering disease activity and medication safety’.5 Subsequently 
defined using consensus methodology, LLDAS is attained if 
all of the following items are met: (1) SLEDAI-2K ≤4, with 
no activity in major organ systems (renal, central nervous 
system, cardiopulmonary, vasculitis  and fever) and no haemo-
lytic anaemia or gastrointestinal activity; (2) no new features 
of lupus disease activity compared with the previous assess-
ment; (3) PhGA (0–3) ≤1; (4) current prednisolone-equivalent 
dosage ≤7.5 mg/d; and (5) well-tolerated standard maintenance 
dosages of immunosuppressive drugs and approved biologics.

The published definition of LLDAS5 was applied post-hoc 
programmatically as a binary measure for each visit based on the 
collected and unblinded MUSE data. Details of the derivation of 
LLDAS are presented in the online supplement (online supple-
mentary table S1). Results from statistical analyses are presented 
using point estimates, 95% CI where appropriate and nominal 
p-values. We first assessed the prevalence of LLDAS and then 
examined the association of LLDAS with SRI(4) responders with 
OCS taper at Week 24, and SRI(4), BICLA and MCR responders 
at Week 52. We then assessed the association between the 
number of flares throughout the study and LLDAS attainment at 
Week 52. Relationships between LLDAS attainment and PaGA 
scores and LupusQOL domains were explored. Details of the 
statistical methods used for these analyses are provided in the 
online supplementary appendix.

Post-hoc application of LLDAS to discriminate between 
placebo and anifrolumab
A detailed description of the statistical methods and application 
of LLDAS to discriminate between placebo and anifrolumab 
treatment groups is provided in the online supplementary 
appendix.  We compared the percentages of patients who 
attained LLDAS over time in placebo and anifrolumab treatment 
groups. We also compared the percentage of patients who spent 
more than  20%, 50% and 70% of their time in LLDAS, and 

who managed to sustain LLDAS across four, five, six or seven 
consecutive visits either during the whole study or after Week 
12. Time to first LLDAS attainment also was compared between
treatment groups. By using the approach recently described by 
van der Heijde et al,17 we generated heat maps of LLDAS and 
SRI(4) attainment across the entire study, sorted by treatment, 
SLEDAI-2K and IFNGS at screening.

Results
Patient characteristics
Key MUSE demographics and baseline characteristics are 
presented in the online  supplementary table 2. A total of 305 
patients with active SLE were enrolled, the majority of whom 
were anti-dsDNA–positive (Farr assay) and IFNGS test–high. 
Details have been published.10

MUSE efficacy endpoints
As reported, patients in both anifrolumab treatment arms were 
more likely to reach a range of prespecified endpoints compared 
with placebo.10 A greater percentage of patients receiving 
anifrolumab treatment achieved SRI(4) with OCS taper at Week 
24, SRI(4) and BICLA at Week 52, and MCR (online  supple-
mentary figure S1).

Post-hoc validation of LLDAS as an outcome measure
To test the association of LLDAS with other measures, we first 
assessed LLDAS attainment, using data pooled from all treatment 
arms. LLDAS attainment was positively associated with, but 
more stringent than, standard endpoints. LLDAS was attained 
by 51 of 305 patients (16.7%) at Week 24 (figure 1A). At Week 
24, 41 of 51 patients in LLDAS (80.4%) achieved the primary 
endpoint (SRI[4] with OCS taper; figure 1A). However, only 41 
of 82 primary endpoint responders (50.0%) at Week 24 met the 
definition of LLDAS at the same time point (Cochran-Mantel-
Haenszel (CMH) test χ2=68.06, p<0.001). Similar results were 
observed for a comparison of LLDAS with SRI(4) and BICLA 
at Week 52. At Week 52, 85 of 305 patients (27.9%) attained 
LLDAS, compared with 159 of 305 patients (52.1%) and 121 
of 301 patients (40.2%) attaining SRI(4) or BICLA, respec-
tively (figure 1B and C); 74 of 85 LLDAS responders (87.1%) 
were SRI(4) responders, but only 74 of 159 SRI(4) responders 
(46.5%) attained LLDAS (CMH χ2=49.20, p<0.001). Further-
more, 62 of 84 LLDAS responders (73.8%) met BICLA criteria, 
but only 62 of 121 BICLA responders (51.2%) attained LLDAS 
(CMH χ2=39.74, p<0.001). During the study, 44 of 305 
patients (14.4%) met MCR criteria; of these, 29 of 44 (65.9%) 
also were in LLDAS at Week 52; correspondingly, 29 of 85 
patients in LLDAS (34.1%) at Week 52 met MCR criteria (CMH 
χ2=25.62, p<0.001; figure 1D). Patients who attained LLDAS 
at Week 52 had a 75.2% lower BILAG flare rate during the study 
compared with those who did not attain LLDAS at the same 
time point. The annualised BILAG flare rate during the study 
for patients who met LLDAS criteria at Week 52 was estimated 
as 0.15 flares per patient-year (95% CI 0.08 to 0.27) compared 
with 0.61 (95% CI 0.45 to 0.83) for patients not meeting the 
LLDAS criteria (p<0.001).

LLDAS attainment was also associated with improved PROs. 
Patients who did or did not attain LLDAS at Week 52 had 
decreased PaGA from baseline of 23.0 and 9.1 mm on a 100-mm 
visual analogue scale, respectively (Wilcoxon signed rank test 
S=–1264 and S=–2,441, both p<0.001; figure 2A). At Week 
52, patients in LLDAS had lower PaGA compared with patients 
not in LLDAS (F[1, 297]=38.93, p<0.001). Patients in LLDAS 
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at Week 52 also had greater LupusQOL scores than did patients 
who did not attain LLDAS (figure 2B).

Post-hoc application of LLDAS to discriminate between 
placebo and anifrolumab
LLDAS criteria were met at least once by 36 of 102 (35.3%), 51 
of 99 (51.5%) and 48 of 104 (46.2%) patients receiving placebo, 
anifrolumab 300 mg or anifrolumab 1,000 mg, respectively (OR 
vs.  placebo; 300 mg: 1.97, 95% CI 1.08  to 3.58, p=0.027; 
1000 mg: 1.63, 95% CI 0.90 to 2.95, p=0.103; table 1). Differ-
entiation of LLDAS attainment in favour of anifrolumab over 
placebo was detected as early as Week 12 for anifrolumab 
300 mg, with a range of ORs for subsequent visits from 1.71 at 
Week 24 (p=0.175) to 3.59 at Week 32 (p=0.001); this benefit 
of anifrolumab 300 mg was observed consistently after Week 
24 with ORs >2 and CIs excluding 1 at all but one time point 
(figure 3). Differentiation was less pronounced for anifrolumab 
1,000 mg, and was first detected at Week 28, with subsequent 
ORs ranging from 1.68 at Week 44 (p=0.136) to 2.49 at Week 
28 (p=0.025). At Week 52, 17 of 102 (16.7%), 39 of 99 (39.4%) 
and 29 of 104 (27.9%) of patients on placebo, anifrolumab 
300 mg and anifrolumab 1,000 mg, respectively, attained LLDAS 
(OR vs. placebo; 300 mg: 3.41, 95% CI 1.73 to 6.76, p<0.001; 
1,000 mg: 2.03, 95% CI 1.01  to 4.07, p=0.046; figure  3). 
Anifrolumab-treated patients achieved LLDAS earlier than did 
placebo-treated patients (300 mg: χ2=6.39, p=0.012; 1,000 mg: 
χ2=2.44, 0.119; figure 4A). Patients receiving anifrolumab 300 

or 1,000 mg spent greater total percentages of observed time in 
LLDAS than did patients receiving placebo (table  1). Patients 
receiving anifrolumab were also more likely to achieve LLDAS 
for longer periods of time (figure 4B and C). Greater percent-
ages of anifrolumab-treated patients spent at least half of their 
observed time in LLDAS (OR vs. placebo; 300 mg: 3.04, 95% CI 
1.34 to 6.92, p=0.008; 1,000 mg: 2.17, 95% CI 0.93 to 5.03, 
p=0.072; figure  4B). Furthermore, only 3 of 102 patients 
receiving placebo (2.9%) sustained LLDAS for seven consecutive 
visits, compared with 13 of 99 recipients of anifrolumab 300 mg 
(13.1%) and 11 of 104 patients receiving anifrolumab 1,000 mg 
(10.6%; figure 4C). Similar results were observed when analysis 
was restricted to the period after 12 weeks, when the onset of 
action of anifrolumab is assumed to have occurred (figure 4D).

We performed pro-forma power calculations to estimate 
sample sizes needed to detect differences to placebo in SRI(4) 
responders and LLDAS attainment at Week 52, assuming iden-
tical treatment effects to those observed in MUSE and this 
post-hoc analysis of MUSE data. Seventy-seven patients per 
group would be required for 80% power to detect a treatment 
effect for SRI(4) at a significance level of 5%. Fewer patients 
(n=61) per group would be necessary to achieve the same power 
for LLDAS attainment.

Graphical depiction of both attainment and retention of study 
endpoints across individual patients in clinical trials has recently 
been improved through the use of heat maps,17 and this approach 
may have particular utility in a relapsing-remitting disease such 

Figure 1  Association of LLDAS with other endpoints for pooled patients with active SLE treated with placebo or anifrolumab. Percentages of 
patients meeting LLDAS (pink) and other endpoints (blue); (A) SRI(4) with OCS taper, at Week 24; (B) SRI(4) at Week 52; (C) BICLA at Week 52; (D) 
MCR. Nominal p-values were based on CMH test of independence, adjusting for treatment and randomisation stratification factors. Patients without 
BILAG A or B at baseline were excluded from the BICLA analysis. BICLA, British Isles Lupus Assessment Group (BILAG)-based Composite Lupus 
Assessment; CMH, Cochran-Mantel-Haenszel; LLDAS, Lupus Low Disease Activity State; MCR, Major Clinical Response; OCS, oral corticosteroid; SLE, 
systemic lupus erythematosus; SRI(4), SLE Responder Index 4.
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Figure 2  Association of LLDAS with PROs for pooled patients with active SLE treated with placebo or anifrolumab. (A) Mean PaGA scores at 
baseline and Week 52 by LLDAS attainment at Week 52. (B) Mean LupusQOL domain scores at Week 52 by LLDAS attainment at Week 52. The 
nominal p-values and delta for comparing the difference in mean scores between patients in LLDAS and those who did not attain LLDAS at Week 52 
were based on an ANCOVA test adjusted for treatment, randomisation stratification factors and respective baseline domain scores. Nominal p-values 
for comparing baseline with Week 52 PaGA scores were based on a Wilcoxon signed rank test. ANCOVA, analysis of covariance; LLDAS, Lupus Low 
Disease Activity State; PaGA, Patient ’s Global Assessment; PROs, patient-reported outcome; QOL, Quality of Life.
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as SLE. Attainment and retention of LLDAS and SRI(4) across 
the duration of the trial, stratified according to screening 
SLEDAI-2K and IFNGS test status and treatment, are shown in 
figure 5. Both attainment and retention were numerically greater 
for SRI(4) than for LLDAS. LLDAS attainment occurred more 
often for anifrolumab-treated versus placebo-treated patients 
and was more frequent for patients with lower baseline disease 
activity. In placebo-treated patients, the likelihood of LLDAS 
attainment at Week 52 was lower for IFNGS test–high patients 
versus IFNGS test–low patients (at screening) (8/76 vs. 9/26, 
respectively; CMH χ2=4.19, p=0.041; figure 5).

Discussion
LLDAS was originally developed as a definition to use in treat-
to-target pragmatic studies, and initial validation studies focused 
on the association of LLDAS with improved outcome in SLE.5 6 
In RA, LDA is also used as a clinical trial endpoint, wherein the 
percentage of patients who attain LDA is used to compare treat-
ments.2 Confirmation of the utility of LLDAS in SLE RCTs 
would provide a much-needed additional measure of treatment 
response. The potential for differences in rates of LLDAS attain-
ment to permit discrimination between treatments is supported 
by the recently reported findings of Ordi-Ros et al9 in their trial 
comparing mycophenolate and azathioprine in active nonrenal 
SLE; the study demonstrated that mycophenolate was superior 
to azathioprine in rates of LLDAS attainment. In our analysis, we 
provide novel evidence suggesting LLDAS utility as an endpoint 
in SLE RCTs. Partly because of the way LLDAS was defined, it 
was associated with existing response measures, including PROs, 
but was more stringent than other commonly used composite 

endpoints (SRI[4], BICLA), providing additional and comple-
mentary information. Our findings show that (1) LLDAS attain-
ment and persistence were clearly differentiated between active 
treatment and placebo, indicating that the application of LLDAS 
can separate treatments and (2) anifrolumab treatment was asso-
ciated with earlier, more frequent and more sustained LLDAS 
compared with placebo.

The definition of LLDAS was reached using a consensus meth-
odology in response to the unmet need for such a measure, 
which was outlined in major reviews and by an international task 
force.3–5 Initial validation in a single-centre cohort demonstrated 
that a considerable percentage of patients attained LLDAS, 
distinguishing LLDAS from stringent definitions of remission, 
which are very seldom attained.18 Moreover, being in LLDAS for 
longer cumulative periods of time was associated with significant 
protection from damage accrual in two independent cohorts.5 6 
Use of the operational definition of LLDAS was also recently 
found to be more stringent than expert opinion in assigning 
patients to LDA, and importantly, in a large prospective multi-
national study, that patients meeting the LLDAS definition had 
better HRQOL.7 8

As opposed to established trial endpoints such as SRI(4) and 
BICLA, which measure change from baseline, LLDAS represents 
a prespecified desirable outcome state.14 15 In analysis disre-
garding treatment, LLDAS attainment was associated with the 
MUSE primary endpoint of SRI(4) with OCS taper at Week 24, 
as well as with SRI(4) and BICLA at Week 52. However, although 
LLDAS was attainable, it was a more stringent endpoint—only 
approximately half of the patients who were SRI(4) or BICLA 
responders also met LLDAS criteria. This finding suggests that 

Table 1  Prevalence of LLDAS

Placebo (n=102) Anifrolumab 300 mg (n=99) Anifrolumab 1,000 mg (n=104)

Duration of observed study time per patient (years), mean (SD) 0.84 (0.29) 0.95 (0.20) 0.89 (0.25)

Patients with at least one episode of LLDAS, n (%) 36 (35.3) 51 (51.5) 48 (46.2)

Cumulative LLDAS duration per patient (years), mean (SD) 0.12 (0.22) 0.24 (0.29) 0.19 (0.27)

Percentage of observed study time in LLDAS per patient (years), mean (SD) 12.4 (22.0) 24.0 (28.7) 19.4 (27.1)

LLDAS, Lupus Low Disease Activity State.

Figure 3  Forest plot of LLDAS attainment comparing anifrolumab 300 mg (left) or 1,000 mg (right) at each time point during 52 weeks. ORs, 95% 
CIs and nominal p-values are based on a logistic regression model adjusted for randomisation stratification factors. LLDAS, Lupus Low Disease Activity 
State.
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measuring LLDAS attainment provides additional information, 
complementary to that obtained using the previously established 
endpoints. Consistent with findings of a recent large multina-
tional cohort study, LLDAS was associated with improvements 
in HRQOL compared with results for patients not achieving 
LLDAS, as measured by both the LupusQOL and PaGA measures.7 
Together this suggests that in addition to change measures such 
as SRI(4) or BICLA, a stringent target state measure such as 
LLDAS has potential value in clinical trials in SLE.

Anifrolumab is a novel monoclonal antibody directed at the 
type I IFN receptor (IFNAR1) subunit, thereby blocking the 
actions of all IFN-α, IFN-β and IFN-ω cytokines.19 In the MUSE 
RCT, anifrolumab treatment was associated with greater percent-
ages of patients who achieved the primary endpoint, SRI(4) with 
OCS taper at Week 24, as well as secondary endpoints, including 
SRI(4) and BICLA at Week 52, compared with placebo. 
Increasing the dosage from 300 to 1,000 mg did not lead to an 
increase in efficacy in MUSE. A greater rate of herpes zoster 
infection, as well as drop-out rate, in the anifrolumab 1,000 mg 
compared with the 300 mg group indicates a more favourable 
risk–benefit profile for the 300 mg dosage, which is the focus 
of the pivotal studies of anifrolumab.10 In the results presented 
here, an effect of anifrolumab on LLDAS was consistently seen 
across the different analyses, including greater percentages of 
patients attaining LLDAS at any time, as well as earlier and more 
sustained LLDAS attainment with more pronounced differenti-
ation between anifrolumab 300 mg versus placebo. Our findings 
are consistent with the MUSE study results. These data suggest 
that LLDAS has utility to discriminate between treatment arms 
in an SLE RCT.

The SRI(4) endpoint was developed from an analysis of 
factors contributing to the ability to show the benefit of 

belimumab treatment versus placebo, and it has been used in 
several trials since.14 However, poor discrimination between 
active treatments and placebo is one of several issues that has 
plagued the evaluation of novel therapies for SLE, even when 
using endpoints derived from this measure and drugs addressing 
the same target.20 Clinically meaningful and more stringent 
endpoints could potentially allow for smaller trials, thereby 
permitting more agents to be studied. Also, though not intended 
to supplant measures of change such as SRI(4), endpoints that 
provide evidence of more pronounced therapeutic responses 
provide complementary information.

Illustration of drug trial outcomes by heat maps17 allows 
a unique oversight of overall patient outcomes over time, 
including the comparative time course of attainment and 
persistence of these outcomes. This method allows the compar-
ison of endpoints, as well as the comparison of treatment arms. 
As provided in figure  5, LLDAS attainment was less frequent 
overall than SRI(4), consistent with its greater stringency as an 
endpoint, and not unexpectedly, was more often attained for 
patients with lower baseline disease activity. However, compared 
with placebo, treatment with anifrolumab was associated with 
increased LLDAS attainment and persistence overall, including 
patients with high baseline disease activity or IFNGS test–high 
status. Interestingly, for placebo-treated patients (receiving stan-
dard of care), LLDAS attainment was less likely for patients with 
a baseline IFNGS test–high score, suggesting that IFNGS status 
may be informative about patient outcomes receiving standard 
SLE therapy.

Limitations of this study include that it is a post-hoc analysis, 
although of prospectively acquired and adjudicated data. Addi-
tional studies of LLDAS utility in independent clinical trial data-
sets, and ultimately prospectively in RCTs, are needed to confirm 

Figure 4  Time course of LLDAS attainment for patients with active SLE treated with placebo or anifrolumab. (A) Time to first attainment of LLDAS. 
(B) Percentages of patients attaining LLDAS for at least 20%, 50% and 70% of the observed period. (C) Percentages of patients sustaining LLDAS for 
at least 4, 5, 6 or 7 consecutive visits during the observed period. (D) Percentages of patients sustaining LLDAS for at least 4, 5, 6 or 7 consecutive 
visits during the period after Week 12. Nominal p-values were based on Grey’s test for each anifrolumab group versus placebo, or logistic regression 
models, adjusted for randomisation stratification factors. LLDAS, Lupus Low Disease Activity State.
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our conclusions. A consensus also needs to emerge regarding 
operationalising LLDAS in clinical trials. For example, LLDAS is 
designed to be measured at a single point in time. Using a 30-day 
SLEDAI-2K,21 the disease activity domains refer to the preceding 
30 days; fortunately, visit intervals in typical SLE clinical trials 
are 1 month. The assumption that gastrointestinal activity, which 
is not measured in the SLEDAI-2K or BILAG, is captured suffi-
ciently in the PhGA also needs to be tested. A consensus on 
whether data on glucocorticoid and immunosuppressive drug 
treatment should be analysed similarly has not been reached. 
In the current study, several ways of handling these data were 
assessed, with little effect on the outcomes (data not shown), 
suggesting the pragmatic approach to recording treatment as of 
the day of assessment is sufficient.

In conclusion, we have evaluated the utility of LLDAS as an 
endpoint in a placebo-controlled randomised trial of a novel SLE 
therapy. The findings suggest that LLDAS is readily deployed 
in a trial setting, aligns with but is more stringent that existing 
measures of response thereby adding information comple-
mentary to these measures, is associated with HRQOL and is 

sensitive to detect an effect of an active treatment. The find-
ings also suggest superiority of anifrolumab relative to placebo 
with respect to LLDAS attainment and persistence in patients 
with active SLE. The fact that LLDAS has been independently 
associated with improved long-term outcomes in SLE suggests 
the potential for clinically meaningful extrapolation of LLDAS 
attainment via the use of a novel therapy such as anifrolumab 
to the clinical context. Our findings support the inclusion of 
LLDAS as a measure of response in clinical trials of new treat-
ments for SLE.
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Extended report

Anti-NT5C1A autoantibodies are associated with 
more severe disease in patients with juvenile myositis
Richard M Yeker,1 Iago Pinal-Fernandez,1,2 Takayuki Kishi,3 Katherine Pak,1 
Ira N Targoff,4,5 Frederick W Miller,3 Lisa G Rider,3 Andrew L Mammen,1,2,6 for the 
Childhood Myositis Heterogeneity Collaborative Study Group

Abstract
Objectives  Autoantibodies recognising cytosolic 
5′-nucleotidase 1A (NT5C1A) are found in adult patients 
with myositis and other autoimmune diseases. They 
are especially prevalent in adults with inclusion body 
myositis (IBM), in which they are associated with more 
severe weakness and higher mortality. This study was 
undertaken to define the prevalence and clinical features 
associated with anti-NT5C1A autoantibodies in juvenile 
myositis.
Methods  We screened sera from 380 patients with 
juvenile myositis, 30 patients with juvenile idiopathic 
arthritis (JIA) and 92 healthy control children for anti-
NT5C1A autoantibodies. Clinical characteristics were 
compared between patients with myositis with and 
without anti-NT5C1A autoantibodies.
Results  Anti-NT5C1A autoantibodies were present in 
102 of 380 (27%) patients with juvenile myositis and in 
11 of 92 (12%) healthy control children (P=0.002) and 
27% of children with JIA (P=0.05 vs controls). Sera of 83 
of 307 (27%) patients with juvenile dermatomyositis and 
16 of 46 (35%) patients with juvenile overlap myositis 
were anti-NT5C1A autoantibody-positive (P<0.01 vs 
healthy controls for each), but sera of only 3 of 27 
(11%) patients with juvenile polymyositis were anti-
NT5C1A-positive. Patients with juvenile myositis with 
and without anti-NT5C1A autoantibodies had similar 
clinical phenotypes. However, patients with anti-NT5C1A 
autoantibody-positive myositis had greater pulmonary 
symptoms at diagnosis (P=0.005), more frequent 
hospitalisations (P=0.01) and required a larger number 
of medications (P<0.001).
Conclusion  Anti-NT5C1A autoantibodies are present in 
more than one-quarter of children with juvenile myositis 
and JIA compared with only 12% of healthy children, 
suggesting they are myositis-associated in children. As 
in adults with IBM, patients with juvenile myositis with 
anti-NT5C1A autoantibodies have more severe disease.

Introduction
Myositis is a diverse group of autoimmune diseases 
that includes polymyositis (PM), dermatomyositis 
(DM) and inclusion body myositis (IBM).1 Patients 
with myositis frequently have autoantibodies asso-
ciated with distinct clinical phenotypes.2 Autoanti-
bodies found exclusively in patients with myositis 
are known as myositis-specific autoantibodies 
(MSAs), whereas those that are also found in other 
autoimmune conditions are known as myositis-asso-
ciated autoantibodies (MAAs). Interestingly, while 

the same autoantibodies found in adult myositis 
are also common in juvenile myositis, they are not 
always seen in the same frequency or associated 
with the same clinical features in both age groups. 
For example, autoantibodies against p155/140 
(transcriptional intermediary factor1  (TIF-1)) are 
highly associated with malignancy in adults, but not 
in children.3 

Autoantibodies recognising cytosolic 5′-nucleo-
tidase 1A (NT5C1A) were initially described in 
adults with IBM.4 5 In these and subsequent studies, 
the reported prevalence of anti-NT5C1A autoanti-
bodies in patients with IBM has ranged from 33% 
to 80%, depending on the patient population, type 
of assay used and the cut-offs chosen to define a 
positive result.4–12 Importantly, since all studies 
have shown that <10% of adults with PM are 
positive for anti-NT5C1A, detection of this auto-
antibody may be a potentially useful biomarker for 
distinguishing these two forms of myositis. Subse-
quent studies demonstrated that anti-NT5C1A 
autoantibodies are also found in about 10%–15% 
of adult patients with DM and in 4%–36% of adult 
patients with lupus or Sjogren syndrome.8 9 12 Given 
that they are found in myositis as well as in other 
autoimmune diseases, anti-NT5C1A can be defined 
as an adult MAA.

In adults with DM, no distinguishing clinical 
features have been identified for patients with 
anti-NT5C1A autoantibodies.8 9 However, one 
study has shown that patients with anti-NT5C1A 
autoantibody-positive IBM are more likely to have 
dysphagia, facial weakness, reduced forced vital 
capacity and require assistive devices than those 
without these autoantibodies.7 Consistent with 
the possibility that anti-NT5C1A autoantibodies 
confer a more severe disease phenotype, another 
recent paper showed that patients with IBM with 
this serological feature had a higher adjusted 
mortality risk than patients with autoantibody-neg-
ative IBM.13

As anti-NT5C1A autoantibodies have not been 
previously described in children with myositis, 
the purpose of the present study was to define the 
prevalence and clinical features of anti-NT5C1A 
autoantibodies in a large cohort of patients with 
juvenile myositis. We also examined whether anti-
NT5C1A autoantibodies are present in another 
paediatric rheumatological condition, juvenile idio-
pathic arthritis (JIA), towards determining if they 
are myositis-specific or myositis-associated autoan-
tibodies in children.
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Patients and methods
Patients and serum samples
Patients from the Childhood Myositis Heterogeneity Collabo-
rative Study with probable or definite myositis by Bohan and 
Peter criteria14 with a serum sample available for anti-NT5C1A 
autoantibody testing were included in the study. Serum samples, 
stored at −80°C from 1 to 27 years, were available from 380 
children with myositis, 30 with JIA and 92 healthy control chil-
dren. Patients with myositis included 307 (81%) with juvenile 
DM (JDM), 27 (7%) with juvenile PM (JPM) and 46 (12%) 
with juvenile connective tissue disease–myositis overlap (JCTM) 
syndromes. The JCTM subgroup included 7 patients with JIA, 
14 with juvenile systemic lupus, 11 with systemic sclerosis and 
14 with various other rheumatic conditions. Healthy control 
children were  enrolled in the same studies and were often 
age-matched, gender-matched and race-matched to patients with 
myositis. They had no family history of autoimmune disease 
in first-degree relatives, no history of infections or immunisa-
tions within the 2 months prior to enrolment, and no history of 
chronic inflammatory diseases.

All subjects were enrolled in investigational review board-ap-
proved natural history studies from 1990 to 2016, as previously 
described,15 and all provided informed consent. A standardised 
physician questionnaire captured demographics, clinical 
features, laboratory features, environmental exposures at illness 
onset or diagnosis, as well as therapeutic usage and responses.15 
Seven organ system symptom scores at diagnosis, defined as the 
number of symptoms present divided by the number of symptoms 
assessed, and an overall clinical symptom score as the average of 
the seven individual organ symptom scores were calculated as 
previously described.16 17 Complete clinical response and remis-
sion were defined as at least 6 months of inactive disease on or 
off therapy, respectively.17 A course of treatment was defined as a 
single episode from beginning of administration of a given medi-
cation to the termination of treatment with that medication, or 
combination of medications, in each patient. The majority of 
patients had verification of the data via medical record review. 
Human leucocyte antigen (HLA) typing of DRB1 and DQA1 
alleles was performed as previously described.18 Sera from 
a control group of healthy children was obtained in the same 
protocols, and sera from 39 patients with JIA were obtained 
from the NIEHS Twin Sibling study.19

Myositis autoantibody assays
Anti-NT5C1A autoantibody detection

As previously described, lysates of human embryonic kidney 
(HEK) 293 cells transfected with NT5C1A and non-transfected 
HEK 293 cell lysates were electrophoresed on sodium dodecyl 
sulfate–polyacrylamide gels, transferred to nitrocellulose 
membranes and immunoblotted with either a positive control 
rabbit polyclonal antibody recognising NT5C1A (Applied 
Biological Materials) or human sera diluted 1:1000 for 1 hour. 
To achieve uniformity between assays, each assay run included 
a positive control (ie, rabbit anti-NT5C1A immunoblotting 
non-transfected vs NT5C1A-transfected HEK 293 lysates).8 
Exposures of immunoblots in which the positive control lanes 
were of equivalent intensity were used for scoring. Human 
sera that recognised the 43-kd NT5C1A protein in NT5C1A 
transfected cells but not in untransfected cells were consid-
ered to be positive for anti-NT5C1A autoantibodies. All blots 
were independently scored by two readers (RY and ALM, who 
were blinded to sample identity) as being positive or negative 
for anti-NT5C1A reactivity. The inter-rater reproducibility for 

the positivity of this study was excellent, with an agreement 
of 96.1% and a Cohen’s kappa coefficient of 0.90. In the few 
cases where there was disagreement, a third blinded reader (IPF) 
adjudicated.

Other myositis autoantibodies were tested by validated 
methods, including protein and RNA immunoprecipitation 
(IP) using radiolabelled HeLa or K562 cell extracts and double 
immunodiffusion.15 For anti-p155/140, anti-MJ (Nuclear Matrix 
Protein 2, NXP2) and anti-melanoma differentiation-associated 
gene 5 (MDA5) autoantibodies, serum samples were screened by 
IP, with confirmation testing by IP immunoblotting.15 Anti-3-hy-
droxy-3-methylglutaryl coenzyme A reductase (HMGCR) 
autoantibodies were screened by ELISA and confirmed by 
immunoprecipitation using a 35S-methionine-labelled HMGCR 
protein produced by in  vitro transcription and translation as 
previously described.20

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 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 myositis autoan-
tibodies. Creatine kinase, a highly positively skewed variable, 
was expressed as median, first and third quartile for descrip-
tive purposes and transformed through a base-10 logarithm for 
analysis. All statistical analyses were performed using Stata/MP 
V.14.1. As this was an exploratory study, a two-sided P value 
of ≤0.05 was considered statistically significant except for the 
HLA analyses, in which the Benjamini and Hochberg method to 
correct for multiple comparisons was performed.

Results
Anti-NT5C1A autoantibodies were more prevalent in patients 
with  juvenile myositis than in healthy control children (27% 
vs 12%; P=0.002) (table  1). Sera from 27% of patients with 
JDM, 11% with JPM and 35% with JCTM had anti-NT5C1A 

Table 1  Prevalence of anti-NT5C1A in the sera of paediatric 
patients

Total (n=502)
% (N)

Juvenile myositis (n=380) 27 (102)**

 �Juvenile dermatomyositis (n=307) 27 (83)**

 �Juvenile PM (n=27) 11 (3)

 �Juvenile myositis overlap syndromes (n=46) 35 (16)**

 � �Juvenile myositis overlapping with juvenile systemic lupus 
erythematosus (n=14) 36 (5)*

 � �Juvenile myositis overlapping with juvenile systemic sclerosis 
(n=11) 27 (3)

 � �Juvenile myositis overlapping with JIA (n=7) 14 (1)

 � �Juvenile myositis overlapping with other paediatric 
autoimmune diagnosis (n=14) 50 (7)**

JIA (n=30) 27 (8)*

Healthy paediatric controls (n=92) 12 (11)

*P<0.05, **P<0.01, ***P<0.001.
%, percentage positive for anti-NT5C1A autoantibodies; JIA, juvenile idiopathic 
arthritis; n, number of sera testing positive for anti-NT5C1A autoantibodies; 
NT5C1A, cytosolic 5′ -nucleotidase 1A; PM, polymyositis.
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autoantibodies. Among these clinical subgroups, the prevalence 
of anti-NT5C1A autoantibodies was significantly increased in 
patients with JDM (P=0.003) and JCTM (P=0.001), including 
those with lupus–myositis overlap (P=0.02), compared with 
healthy controls. Patients with JCTM had a higher prevalence 
of anti-NT5C1A autoantibodies than those with JPM (P=0.03); 
otherwise there were no significant differences in autoantibody 
prevalences among the JDM, JPM and JCTM subgroups. Of 
note, the prevalence of anti-NT5C1A autoantibodies was signifi-
cantly increased in the children with JIA compared with healthy 
controls (27% vs 12%; P=0.02) (table 1).

There were no significant differences in gender or race 
between patients with juvenile myositis with and without anti-
NT5C1A autoantibodies (table  2). There was an association 
between the presence of anti-NT5C1A and anti-p155/140 auto-
antibodies, and fewer of the patients positive for anti-NT5C1A 
autoantibodies were negative for other MSAs. Specifically, 
34% of the patients positive for anti-p155/140 autoantibodies 
were also positive for anti-NT5C1A  autoantibodies compared 
with just 24% of patients negative for anti-p155/140 (P=0.04). 
Conversely, patients with anti-NT5C1A autoantibodies more 
frequently had coexisting anti-p155/140 autoantibodies than 
those who were negative for anti-NT5C1A autoantibodies (42% 
vs 31%, P=0.04). Of note, patients positive for anti-NT5C1A 
autoantibodies were more likely to have shorter follow-up times 
(4.4 vs 6.2 years, P=0.01) compared with patients negative for 
anti-NT5C1A autoantibodies (table 2). Given these differences, 
subsequent multivariate analyses were adjusted for follow-up 
duration and the presence of myositis autoantibodies (including 
anti-p155/140 autoantibodies) as well as the year of diagnosis 

(considering that treatment strategies may have changed over 
time).

In the multivariate analysis comparing their clinical features, 
patients positive for anti-NT5C1A autoantibodies were more 
likely to have Raynaud’s phenomenon and V-sign or shawl rashes 
compared with patients negative for anti-NT5C1A autoanti-
bodies (table 3). The prevalences of dysphonia and photosensi-
tivity were increased among patients positive for anti-NT5C1A 
autoantibodies in the univariate analysis but not in the multivar-
iate analysis, and there was a trend towards more frequent inter-
stitial lung disease in those with anti-NT5C1A autoantibodies 
(table 3). There were no other significant differences in the prev-
alences of the main muscle, lung, gastrointestinal, constitutional 
involvement or other cutaneous manifestations between these 
two groups in either univariate or multivariate analysis (table 3).

A number of differences between patients positive and nega-
tive for the anti-NT5C1A autoantibodies suggested that patients 
with these autoantibodies had more severe disease. In the multi-
variate analysis, patients  positive for  anti-NT5C1A autoanti-
bodies  had higher pulmonary symptom scores (P=0.003) and 
showed a trend towards higher total symptom score (P=0.09) at 
the time of diagnosis (table 3). Patients positive for anti-NT5C1A 
autoantibodies had a higher mean number of hospitalisations 
(1.6 vs 1.1, P=0.01) than those without thieseautoantibodies. 
Furthermore, patients  positive for the anti-NT5C1A autoanti-
bodies required a greater number of medication treatments per 
year (4.8 vs 3.6, P≤0.001) with a higher percentage of patients 
requiring intravenous pulse steroids (78% vs 47%, P<0.001), 
intravenous immunoglobulin (67% vs 24%, P<0.001) and use 
of other immunosuppressive medications (33% vs 20%, P=0.04) 
(table 4). Patients positive for anti-NT5C1A autoantibodies had 
a trend for a more severe functional class at last assessment, but 
this did not reach statistical significance in the multivariate anal-
ysis (29% vs 18% functional class 2, P=0.08).

The multivariate analyses were adjusted for the presence 
or absence of each MSA. Consequently, our finding that anti-
NT5C1A autoantibodies are associated with more severe disease 
is independent of the MSA status of the patient. Furthermore, 
when analysed separately, all patients negative for MSA, positive 
for anti-p155/140 autoantibodies  and positive for anti-NXP2 
autoantibodies had evidence of more severe disease when they 
were also positive for anti-NT5C1A autoantibodies  (data not 
shown).

To determine whether there is an immunogenetic association 
with anti-NT5C1A autoantibodies, we compared the prev-
alence of HLA DRB1 and DQA1 alleles between Caucasian 
patients with juvenile myositis with and without this autoanti-
body. We also compared Caucasian patients with anti-NT5C1A 
autoantibodies with healthy Caucasian subjects and all patients 
positive for anti-NT5C1A with those negative for anti-NT5C1A 
autoantibodies. However, after multiple correction adjustment, 
no statistically significant associations between anti-NT5C1A 
autoantibodies and these class II MHC alleles were found in any 
of these comparisons.

Discussion
In adults, autoantibodies recognising NT5C1A are considered to 
be MAAs rather than MSAs because they are found not only in 
patients with myositis, but also in those with lupus and Sjogren 
syndrome.8 9 In this study, we show that anti-NT5C1A autoanti-
bodies are also MAAs in children since they are found not only 
in patients with juvenile myositis, but also in those with JIA. As 
expected for a MAA, we found that anti-NT5C1A autoantibodies 

Table 2  Demographic and myositis autoantibody features 
of patients with juvenile myositis according to anti-NT5C1A 
autoantibody status

Anti-NT5C1A Ab+
(n=102)

Anti-NT5C1A Ab−
(n=278) P value

Age at diagnosis (years) 9.5 (4.4) 8.8 (4.3) 0.2

Age at enrolment (years) 11.8 (6.0) 12.7 (7.4) 0.3

Delay to diagnosis (years) 0.69 (1.00) 0.71 (1.23) 0.9

Follow-up (years) 4.4 (4.6) 6.2 (6.8) 0.01

Girl 70% (71/102) 72% (200/278) 0.7

Race

 �White 65% (66/102) 65% (182/278) 0.9

 �Black 12% (12/102) 17% (47/278) 0.2

 �Hispanic 7% (7/102) 6% (17/278) 0.8

 �Other races 17% (17/102) 12% (32/278) 0.2

Myositis autoantibodies

 �Anti-p155/140 42% (42/100) 31% (82/268) 0.04

 �Anti-NXP2 22% (22/101) 21% (58/274) 0.9

 �Anti-MDA5 10% (10/102) 8% (22/275) 0.6

 �Anti-synthetase 
autoantibodies

4% (4/96) 4% (11/273) 1.0

 �Anti-SRP 0% (096) 3% (7/273) 0.2

 �Anti-Mi2 4% (4/96) 3% (9/267) 0.8

 �Anti-HMGCR 1% (1/102) 1% (3/278) 1.0

 �MSA negative 19% (19/102) 29% (77/269) 0.05

Dichotomous variables were represented as percentage (count/total) and 
continuous variables as mean (SD).
Ab, autoantibody; HMGCR, 3-hydroxy-3-methylglutaryl coenzyme A reductase; 
MDA5, melanoma differentiation protein 5; MSA, myositis-specific autoantibody; 
NT5C1A, cytosolic 5′-nucleotidase 1A; NXP2, nuclear matrix protein; SRP, signal 
recognition particle.
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were frequently found in association with other MSA, especially 
with anti-p155/140 autoantibodies.

The prevalence of anti-NT5C1A autoantibodies varies 
among adults with different myositis subtypes. They occur most 
frequently in those with IBM, less frequently in DM and least 
frequently in those with PM. Here, we demonstrate that the 
prevalence of these autoantibodies in children also varies among 
myositis subtypes, with 27% of JDM but only 11% of patients 
with JPM testing positive for anti-NT5C1A autoantibodies. In 
the current study, we also found that anti-NT5C1A autoanti-
bodies are present in 35% of children with myositis-overlap 
syndromes. Although the number of patients in each myositis 
overlap subgroup was small, the autoantibodies were found 
most commonly in those with myositis associated with juvenile 
lupus (36%), less frequently in myositis associated with juvenile 

systemic sclerosis (27%) and least frequently in those with 
myositis associated with JIA (14%). In adults, the prevalence of 
anti-NT5C1A autoantibodies was <5% in adults with myositis–
scleroderma overlap,9 but future studies will be required to 
define the prevalence of anti-NT5C1A autoantibodies  in adults 
with other forms of myositis-overlap.

In adults with IBM, anti-NT5C1A autoantibodies have been 
associated with more severe muscle disease7 and increased 
mortality.13 However, no evidence for an association between 
anti-NT5C1A autoantibodies and more severe disease in 
adults with other forms of myositis has been reported. Here, 
we demonstrate that in patients with juvenile myositis, these 
autoantibodies are associated with more frequent hospitalisa-
tions, higher pulmonary symptoms and increased number of 
medications used. The underlying reasons for the association of 

Table 3  Clinical features according to anti-NT5C1A autoantibody status

Ever present

Anti-NT5C1A Ab+ (n=102) Anti-NT5C1A Ab− (n=278) Univariate P value Multivariate P value

Muscle involvement

 �Proximal weakness 99% (101/102) 100% (277/278) 0.5 0.6

 �Distal weakness 50% (51/101) 45% (122/271) 0.3 0.4

 �Muscle atrophy 35% (36/102) 38% (105/274) 0.6 0.8

 �Myalgia 66% (67/101) 63% (172/271) 0.6 0.5

 �Falling 44% (45/102) 45% (122/274) 0.9 0.8

 �Dysphonia 40% (40/101) 29% (80/275) 0.05 0.2

Lung involvement

 �Interstitial lung disease 13% (13/102) 7% (20/276) 0.09 0.06

 �Dyspnoea on exertion 35% (36/102) 27% (74/273) 0.1 0.2

 �Joint involvement

 �Arthritis 57% (58/102) 49% (137/277) 0.2 0.5

 �Arthralgia 66% (67/102) 64% (177/276) 0.8 0.7

 �Joint contractures 68% (69/102) 57% (159/277) 0.07 0.4

Skin involvement

 �Heliotrope rash 84% (85/101) 77% (214/277) 0.1 0.6

 �Gottron’s papules 87% (89/102) 81% (223/277) 0.1 0.5

 �Calcinosis 27% (28/102) 31% (86/278) 0.5 0.5

 �Raynaud’s phenomenon 17% (17/102) 14% (39/276) 0.5 0.03

 �Mechanic’s hands 9% (9/100) 7% (18/275) 0.4 0.2

 �V or Shawl sign rash 43% (44/102) 26% (72/276) 0.001 0.02

 �Malar rash 81% (83/102) 66% (184/278) 0.004 0.1

 �Photosensitivity 62% (61/99) 43% (116/272) 0.001 0.09

 �Linear extensor erythema 42% (42/101) 34% (91/271) 0.2 0.5

Gastrointestinal involvement

 �Dysphagia 44% (45/102) 39% (109/277) 0.4 0.5

 �Regurgitation 25% (26/102) 19% (52/277) 0.2 0.4

 �Systemic involvement

 �Weight loss 44% (44/101) 42% (115/277) 0.7 0.9

 �Fever 30% (30/100) 31% (83/267) 0.8 0.6

Early symptom scores 

 �Total 0.27 (0.12) 0.23 (0.11) 0.005 0.1

 �Muscle 0.38 (0.19) 0.38 (0.20) 0.8 0.9

 �Joint 0.52 (0.41) 0.43 (0.42) 0.06 0.4

 �Cutaneous 0.29 (0.15) 0.24 (0.13) 0.002 0.3

 �Gastrointestinal 0.09 (0.13) 0.07 (0.10) 0.03 0.06

 �Pulmonary 0.13 (0.17) 0.08 (0.15) 0.004 0.005

 �Cardiac 0.03 (0.08) 0.03 (0.08) 0.8 0.6

 �Constitutional 0.41 (0.26) 0.39 (0.27) 0.4 0.8

Dichotomous variables were represented as percentage (count/total), continuous variables as mean (SD) and the creatine kinase was presented as median (Q1–Q3).
 Ab, autoantibody; NT5C1A, cytosolic 5′-nucleotidase 1A.
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anti-NT5C1A autoantibodies with more severe disease remain 
unclear, but may relate to a direct effect of the autoantibodies 
on myofibre protein degradation, as demonstrated in a study 
of passive transfer of anti-NT5C1A autoantibodies into mice.21 
Another possibility is that a more severe inflammatory response 
in juvenile myositis predisposes patients to the development of 
additional immunoreactivities such as that against NT5C1A.

In some instances, individual autoantibodies have significant 
associations with specific HLA alleles. However, in this study, we 
did not find an association between the presence of anti-NT5C1A 
autoantibodies and any class II HLA alleles. This is consistent 
with a recent report by Limaye, showing no HLA associations 
in adult patients with IBM with anti-NT5C1A autoantibodies.11

In the current study, we were surprised to find that 11 out of 
94 (12%) healthy children were positive for anti-NT5C1A auto-
antibodies detected by a previously validated immunoblotting 
assay.7 We have demonstrated that 61% of adult patients with 
IBM and only 5% of adult patients with PM were anti-NT5C1A 
autoantibody-positive using the immunoblotting method, find-
ings which are in agreement with an established dot blot tech-
nique4 and an established immunoprecipitation technique.5 
In our previous study, we also found that 5% of healthy adult 
controls were anti-NT5C1A-positive by immunoblotting.7 While 
another study reported that none of 32 adult healthy controls 
were anti-NT5C1A-positive by immunoprecipitation,5 the prev-
alence of anti-NT5C1A autoantibodies in healthy adult controls 
has not been reported for the dot blot assay4 or either of two 
different ELISA.6 Nonetheless, taken together, these compari-
sons indicate that the anti-NT5C1A immunoblot assay performs 
as well as other detection methods and does not have an unac-
ceptably high false positive rate. Of note, autoantibodies against 
Ro52, another common target of the immune system in various 

systemic autoimmune diseases, are also found in healthy controls 
as well as in patients with more severe disease manifestations.22

When comparing the prevalence of anti-NT5C1A autoanti-
bodies in children and adults within the same clinical groups 
using the same immunoblotting detection method, younger 
subjects consistently are more likely to have reactivity to these 
autoantibodies. For example, 27% of JDM but only 15% of 
adult patients with DM7 are anti-NT5C1A autoantibody-positive 
(P=0.03). Similarly, 11% of JPM but only 5% of adult patients 
with PM7 have these autoantibodies. Given that the same pattern 
is also observed among healthy children and healthy adults, we 
hypothesise that in both diseased and healthy groups, immuno-
reactivity against NT5C1A may decrease with age.

The current study has several limitations. First, the cohort of 
patients with juvenile myositis had some data collected retro-
spectively, resulting in some missing data, and was collected 
over >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 (data not shown). Second, 
we only screened a small number of patients with one other 
systemic autoimmune disease, JIA; the small sample size in this 
group of patients did not allow us to study differences in severity 
between patients with and without anti-NT5C1A autoantibodies 
in a reliable way. Future studies will be needed to determine the 
full range of paediatric rheumatological conditions in which anti-
NT5C1A autoantibodies are found and to determine whether 
their presence correlates with disease severity or other clinical 
features. Third, there is no widely accepted ‘gold standard’ 
for detecting anti-NT5C1A autoantibodies. However, we have 
developed and validated an immunoblotting detection method. 
This technique has a sensitivity (61%) and specificity (95%) for 

Table 4  Disease outcomes and medications received according to anti-NT5C1A autoantibody status

Anti-NT5C1A Ab+ (n=102) Anti-NT5C1A Ab− (n=278) Univariate P value Multivariate P value

Disease course

 �Monocyclic course 16% (12/76) 23% (53/229) 0.2 0.2

 �Polycyclic course 18% (14/76) 24% (56/229) 0.3 0.6

 �Chronic continuous course 66% (50/76) 52% (120/229) 0.04 0.2

 �Steinbrocker functional class at final 
assessment (mean)

1.5 (0.8) 1.4 (0.8) 0.6 0.6

Muscle enzymes

 �Peak creatine kinase (IU/L) 1010 (296–3971) 672 (252–5460) 0.7 0.2

 �Peak aldolase (IU/L) 16.9 (23.9) 20.8 (37.2) 0.3 0.7

 �Severity at onset (mean, 0–4) 2.1 (1.4) 2.2 (0.9) 0.4 0.3

 �Mortality 4% (4/102) 3% (9/278) 0.8 0.3

 �Hospitalised 65% (62/96) 55% (148/268) 0.1 0.1

 �Number of hospitalisations 1.6 (2.3) 1.1 (1.7) 0.04 0.01

 �Wheelchair use 21% (21/100) 18% (47/268) 0.4 0.1

Response to treatment

 �Complete clinical response 22% (19/87) 33% (74/225) 0.06 0.6

 �Remission 15% (13/88) 27% (63/232) 0.02 0.5

 �Total number of medications used 4.8 (2.0) 3.6 (2.0) <0.001 <0.001

Medications received

 �Oral steroids 99% (87/88) 99% (230/232) 1.0 0.6

 �Intravenous pulsed steroids 78% (69/88) 47% (110/232) <0.001 <0.001

 �Methotrexate 83% (73/88) 71% (164/232) 0.03 0.4

 �Intravenous immunoglobulin 67% (59/88) 24% (55/232) <0.001 <0.001

 �Other DMARDs 33% (29/88) 20% (46/232) 0.01 0.04

Dichotomous variables were represented as percentage (count/total), continuous variables as mean (SD) and the creatine kinase was presented as median (Q1–Q3).
Ab, autoantibody; DMARDs, disease-modifying anti-rheumatic drugs.; NT5C1A, cytosolic 5′-nucleotidase 1A.
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detecting anti-NT5C1A autoantibodies in adult patients with 
IBM that is consistent with most other methods that utilise 
a full-length NT5C1A protein (sensitivity range 47%–80% and 
specificity range 95%–100%).4–12 Of note, one published study 
utilising an ELISA method detected anti-NT5C1A autoanti-
bodies in only 37% of patients with IBM. However, this assay 
used three short peptides rather than the full-length NT5C1A 
protein and the authors of the study acknowledged that it may 
have poor sensitivity since it cannot detect reactivity to confor-
mational epitopes.9

These limitations notwithstanding, this study shows that 
anti-NT5C1A autoantibodies are present in approximately 
one-quarter of patients with juvenile myositis as well as JIA. 
Furthermore, as shown for adults with IBM, patients with 
juvenile myositis with anti-NT5C1A autoantibodies have more 
severe disease than those without these autoantibodies. Addi-
tional studies will be required to confirm the association with 
disease severity in JM and to determine whether anti-NT5C1A 
autoantibodies are a result or a cause of the more severe clinical 
manifestations seen in the patients with juvenile myositis and 
adult patients with IBM who have them.
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Extended report

Efficacy and safety of adrenocorticotropic hormone 
gel in refractory dermatomyositis and polymyositis
Rohit Aggarwal,1 Galina Marder,2 Diane Carol Koontz,1 Preeya Nandkumar,2 
Zengbiao Qi,1 Chester V Oddis1

Abstract
Aim T o evaluate the efficacy, safety, tolerability and 
steroid-sparing effect of repository corticotropin injection 
(RCI), in an open-label clinical trial, in refractory adult 
polymyositis (PM) and dermatomyositis (DM).
Methods  Adults with refractory PM and DM were 
enrolled by two centres. Inclusion criteria included 
refractory disease defined as failing glucocorticoid and/
or ≥1 immunosuppressive agent, as well as active 
disease defined as significant muscle weakness and 
>2 additional abnormal core set measures (CSMs) or a 
cutaneous 10 cm Visual Analogue Scale score of ≥3 cm 
and at least three other abnormal CSMs. All patients 
received RCI of 80 units subcutaneously twice weekly 
for 24 weeks. The primary end point for the trial was 
the International Myositis Assessment and Clinical 
Studies definition of improvement. Secondary end points 
included safety, tolerability, steroid-sparing as well as 
the 2016 American College of Rheumatology (ACR)/
European League Against Rheumatism myositis response 
criteria (EULAR)
Results T en of the 11 enrolled subjects (6 DM, 4 PM) 
completed the study. Seven of 10 met the primary end 
point of efficacy at a median of 8 weeks. There was a 
significant decrease in prednisone dose from baseline 
to conclusion (18.5 (15.7) vs 2.3 (3.2); P<0.01). Most 
individual CSMs improved at week 24 compared with 
the baseline, with the muscle strength improving by 
>10% and the physician global by >40%. RCI was 
considered safe and tolerable. No patient developed 
significant weight gain or an increase of haemoglobin 
A1c or cushingoid features.
Conclusion T reatment with RCI was effective in 70% 
of patients, safe and tolerable, and led to a steroid dose 
reduction in patients with adult myositis refractory to 
glucocorticoid and traditional immunosuppressive drugs.
Trial registration number N CT01906372; Results.

Introduction
Idiopathic inflammatory myopathies (commonly 
referred to as myositis) are a group of systemic auto-
immune muscle diseases characterised by inflamma-
tion of skeletal muscle, the most common of which 
include dermatomyositis (DM) and polymyositis 
(PM). The treatment of PM and DM is unsatis-
factory as many patients either require high doses 
of glucocorticoids with significant side effects or 
are refractory to conventional immunosuppressive 
drugs.1 2 Neither glucocorticoids or immunosup-
pressive agents are Food and Drug Administration 
(FDA)-approved for myositis, but H.P. Acthar Gel 
(repository corticotropin injection (RCI)) has been 

an FDA-approved treatment for myositis since 
1952, and in 2010 the FDA retained this indica-
tion. RCI is a long-acting full-sequence adrenocor-
ticotropic hormone (ACTH1–39) and includes other 
pro-opiomelanocortin peptides thought to have 
anti-inflammatory and immunomodulatory effects 
mediated through melanocortin (MC) receptors. It 
is indicated for other immune-mediated disorders 
including multiple sclerosis, nephrotic syndrome 
and infantile spasm syndromes. Despite its FDA 
approval for PM and DM, as well as possible gluco-
corticoid-independent immune-mediated effects, 
there are limited data on its clinical utility in myositis. 
A recent retrospective review of five patients with 
refractory myositis demonstrated improved muscle 
strength after RCI,3 but was limited due to its retro-
spective design, lack of long-term follow-up and 
evaluation of validated outcome measures. These 
reports led to a prospective pilot clinical trial of RCI 
in patients with refractory myositis using the six 
validated core set measures (CSMs) and outcome 
measures proposed by the International Myositis 
Assessment and Clinical Studies (IMACS) group. 
Herein we assess the efficacy, safety, tolerability and 
steroid-sparing effect of RCI in adult patients with 
refractory PM and DM.

Patients and methods
Study population
This study was conducted at two sites (University of 
Pittsburgh Medical Center and Northwell Health, 
formerly North Shore Long Island Jewish Medical 
Center) with an expected enrolment of 10 patients 
with PM/DM. Written informed consent was 
obtained from each study subject.

Eligible patients included adults at least 18 
years of age or older with a diagnosis of definite 
or probable DM or PM according to the criteria 
of Bohan et al.4 Patients with PM either possessed 
a myositis-associated autoantibody or underwent 
adjudication for confirmation of the PM diagnosis 
by another myositis expert (RA or CVO) to elim-
inate the enrolment of mimics of PM.5  Patients 
had refractory and active disease defined as failing 
an adequate glucocorticoid trial (≥2 months of 
high doses (0.75–1 mg/kg) or intolerance to such 
therapy) and/or ≥1 conventional immunosuppres-
sive agent (eg, methotrexate (MTX), azathioprine 
(AZA), tacrolimus (TAC), ciclosporin, mycopheno-
late mofetil (MMF), intravenous immunoglobulin 
(IVIG), antitumour necrosis factor agent or ritux-
imab) at near maximal doses for ≥3 months. It was 
recommended to enrol refractory patients failing 
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(or intolerant to) both glucocorticoids and at least one conven-
tional immunosuppressive agent. Concomitant immunosuppres-
sive agents or glucocorticoids were allowed, but subjects should 
have been on these therapies at least 8 weeks (and at least 4 
weeks for glucocorticoids) and on a stable dose for ≥4 weeks 
and ≥2 weeks, respectively, prior to the start of the trial. No 
dose changes other than glucocorticoid tapering were permitted 
during the trial except for rescue medication or changes related 
to patient safety or adverse events. IVIG or biological agents 
were not allowed during the course of the trial.

Active myositis was defined by baseline Manual Muscle 
Testing (MMT-8) no greater than 125/150 and at least two addi-
tional abnormal CSMs (ie,  ≥2 cm on 10 cm Visual Analogue 
Scale  (VAS) of patient global,6 physician global and extra-
muscular disease activity, Health Assessment Questionnaire 
Disability Index, minimum score of 0.25, and elevated muscle 
enzymes >1.3 × the upper limit of normal). To allow the enrol-
ment of patients with active DM with a moderate to severe rash 
who may not meet the MMT-8 criterion noted above, patients 
with DM could be enrolled if their cutaneous VAS score on the 
Myositis Disease Activity Assessment Tool (MDAAT) was ≥3 cm 
on the 10 cm VAS scale and at least three of the above five CSMs 
were abnormal (excluding the MMT-8).

If patients discontinued immunosuppressive therapy before 
enrolment, a 4-week washout was required for MTX, AZA, TAC, 
MMF, ciclosporin and leflunomide, and an 8-week washout for 
infliximab or adalimumab, 2 weeks for etanercept, 6 months for 
rituximab, and 2 months for IVIG and cyclophosphamide. To 
minimise confounding, patients with the following conditions 
were excluded: juvenile DM or PM, myositis in overlap with 
another systemic autoimmune rheumatic disorder, cancer-asso-
ciated myositis, inclusion body myositis or any other non-im-
mune-mediated myopathy. Also patients with hypersensitivity to 
study drug, pregnant or lactating women, and any concomitant 
illness including severe cardiac, pulmonary disease and  active 
infections that precluded an accurate treatment response during 
the trial or posed an added risk for participants were excluded. 
Patients with malignancy within 3 years of screening (except basal 
cell cancer or squamous cell cancer of skin) were excluded. We 
excluded patients with severe muscle damage defined as a base-
line global muscle damage score on the Myositis Damage Index 
of ≥5 cm on a 10 cm VAS. Patients were allowed to continue an 
exercise programme that had been initiated before the 4-week 
screening period. However, no new exercise programme for 
muscle strengthening during the trial was permitted. The defini-
tion of worsening was the same employed in previous myositis 
trials.7

Methods
RCI is a highly purified sterile preparation of full-length ACTH 
(39 amino acid peptide) and other pro-opiomelanocortin 
peptides in 16% gelatin to provide a prolonged release after 
intramuscular or subcutaneous injection. RCI was supplied as a 
5 mL multidose phial containing 80 units/mL.

Study design
This was a proof-of-concept study to evaluate efficacy, safety, 
tolerability and the steroid-sparing effect of RCI in patients with 
refractory PM and DM using a prospective, open-label design 
for 24 weeks. We enrolled 10 patients with active and refractory 
PM/DM with evaluations every 4 weeks for 24 weeks (seven total 
visits including baseline). Study subjects subcutaneously self-ad-
ministered RCI 80 units (1 mL) twice weekly for 24 weeks. The 

glucocorticoid dose could be increased  ≤10 mg (prednisone 
equivalent) daily as a rescue medication without constituting the 
subject as a treatment failure. However, any subject requiring 
rescue medication exceeding 10 mg equivalent of prednisone or 
an immunosuppressive agent above their baseline dose or the 
addition of any new immunosuppressive drug or new glucocor-
ticoid after the 8-week time point was considered a treatment 
failure even though they remained in the trial to receive study 
drug and scheduled assessments.

Adverse events
Adverse events (AEs) and serious adverse events (SAEs) along 
with infusion reactions were monitored and reported in a stan-
dardised manner using the Common Terminology Criteria of the 
National Cancer Institute V.4.03, with clinical site investigators 
determining their relatedness to the study drug. An AE or SAE 
was regarded as possibly related to the study drug if the investi-
gator believed (1) there was a clinically plausible time sequence 
between onset of the AE and the administration of RCI, and/
or (2) there was a biologically plausible mechanism by which 
RCI could cause or contribute to the AE, and (3) the AE could 
not be attributed solely to the concurrent/underlying illness, 
other drugs or procedures. Study investigators reported each AE 
and SAE as one of the following: definitely related, probably 
related, possibly related, unlikely to be related or unrelated. For 
purposes of analysis, only AEs and SAEs deemed to have a defi-
nite, probable or possible relationship to the study drug were 
considered to be related.

Primary and secondary end points
The primary end point for the trial was the IMACS definition 
of improvement (DOI): three of any of the six CSMs improved 
by ≥20%, with no more than 2 CSMs worsening by ≥25% 
(worsening measure cannot include the MMT). Patients meeting 
DOI at any visit should continue to meet DOI on subsequent 
visits until study completion. Primary end points were also 
separately evaluated on a subset of patients with severe muscle 
weakness (≤125/150 of MMT at baseline) as well as moderate 
to severe cutaneous DM rashes (≥2.5/10 of cutaneous VAS 
score at baseline). Secondary safety and tolerability end points 
were measured by frequency and type of AEs and SAEs. AEs 
and SAEs were measured by detailed questionnaires, patient 
report and study withdrawal due to study drug side effects or 
tolerability problems. Additional secondary end points included 
(1) median change in individual CSM from baseline to end of 
study, (2) median time to DOI from baseline, (3) 2016 American 
College of Rheumatology/European League Against Rheumatism 
(ACR/EULAR) myositis response criteria and (d) mean change in 
glucocorticoid dose (equivalent prednisone dose) at 24 weeks 
compared with baseline.8–11

Statistical analysis
Descriptive statistics were evaluated for baseline demographic, 
clinical and laboratory variables. The frequency of patients 
meeting primary and secondary outcome criteria at 24 weeks 
was evaluated based on a modified intention-to-treat analysis if 
the subject received at least 8 weeks of study drug. The median 
score of each CSM at last study visit was compared with baseline 
values using the Wilcoxon rank-sum test. The median time to 
DOI was determined by Wilcoxon rank-sum test. The frequency 
and severity of AEs and SAEs related/unrelated to study drug 
were reported. The mean change in the glucocorticoid dose 
(prednisone equivalent) and changes in safety labs (HbA1C, 
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weight, hemoglobin, etc) from baseline to final evaluation was 
compared using paired t-test.

Results
Ten patients completed the study, each receiving RCI 80 units 
(1 mL) twice weekly for 24 weeks without dose modification. 

One patient dropped out due to heart block unrelated to the 
study drug and was not included in the analysis as he did 
not complete the minimum 8 weeks of study drug required 
for outcome assessment as per study protocol (patient 11 in 
table 1). Table 1 summarises the baseline clinical features of all 
11 enrolled patients. Briefly, there were five patients with PM 

Table 1  Baseline characteristics of study cohort

Patient 
no. Age/Gender/Ethnicity

Diagnosis/Myositis 
autoantibody

Disease 
duration

Baseline: muscle 
enzyme*

Baseline: MMT 
(0–150)

Baseline: 
physician global 
disease activity 
VAS (0–10)

Baseline: 
cutaneous VAS 
(0–10)

All Mean (SD) age: 49.2 (14.6)
Gender: 90.91% female
Ethnicity: 45.5% Caucasian

PM: 5; DM: 6
Autoantibodies: anti-
Mi-2: 4; anti-SRP: 2; Jo-1: 
1; SSA: 1; EJ: 1; none: 2

Mean (SD): 1.8 
(1.9)
Median (IQR): 
1.4 (1–1.7)

Mean (SD): 13.8
Median (IQR): 2.9 
(1.4–8.4)

Mean (SD): 
120.5 (18.4)
Median (IQR): 118.5 
(111–130.5)

Mean (SD): 5.1 
(2.0)
Median (IQR): 5.3 
(4.4–6.5)

Mean (SD): 1.5 (1.8)
Median (IQR): 0.3 
(0–2.75)

1 37.9 years Caucasian female DM; none 27 years 1.22 138 4.5 3

2 47.9 years Caucasian female DM; none 7.3 years 1.2 149 3.2 3

3 27.5 years AA male PM (NM); anti-SRP 1.4 years 30.6 93 8 0

4 58.7 years Caucasian female PM; anti-Mi-2 1.4 years 1.45 116 6.5 0

5 75.0 years Caucasian female DM; anti-Mi-2 1 year 1.38 118 5 2.5

6 53.2 years Caucasian female DM; anti-Mi-2 1.3 years 1.77 146 5.5 5

7 54.1 years AA female DM; anti-Mi-2 1.6 years 5.62 119 4.5 2.5

8 51.0 years Asian female PM (NM); anti-SRP 1 year 11.12 123 0.8 0

9 45.4 years AA female PM; anti-SSA 1.7 years 91.65 106 6.5 0

10 64.0 years DM; anti-Jo-1 0.35 years 2.84 96 7.2 0.5

11 27.0 years AA female PM; anti-EJ 0.58 years 3.04 121 4.3 0

Patient 
no. Previously failed IS Concomitant IS Baseline prednisone dose Key clinical feature

All 2.6 (1.1) IS failed+all failed pred Mean (SD): 2.4 (0.8)
Pred: 11; MTX: 5; AZA: 3; TAC: 1; 
MMF: 5; HCQZ: 2

Mean (SD) dose: 19.5 (15.3) Severe muscle weakness: 8 (one dropped out 
at week 6)
Moderate-severe DM rash: 5

1 Pred (30 months, 60 mg taper), MTX (30 months, 
15 mg), MMF (15 months, 2 g)

Pred, MTX (15 mg), MMF (2 g) 7.5 mg Moderate-severe rashes and mild muscle 
weakness

2 Pred (>12 months, 60 mg taper), TAC (39 
months, 4 mg), AZA (unknown, 200 mg), MMF 
(unknown, 2 g), MTX (4 months, 15 mg)

Pred, HCQZ (400 mg) 20 mg Moderate-severe rashes, no muscle 
weakness

3 Pred (17 months, 60 mg taper), MTX (16 months, 
20 mg), AZA (14 months, 100 mg)

Pred, AZA (100 mg), MTX (15 mg) 42.5 mg Severe muscle weakness

4 Pred (14 months, 80 mg taper), MTX (14 months, 
25 mg), MMF (2 months, 2 g), AZA (6 months, 
100 mg)

Pred, AZA (100 mg), MMF (2 g) 10 mg Severe muscle weakness

5 Pred (11 months, 60 mg taper), MTX (5 months, 
20 mg), MMF (3 months, 3 g), AZA (3 months, 
100 mg)

Pred, AZA (100 mg), MMF (3 g) 50 mg Moderate-severe rashes and severe muscle 
weakness

6 Pred (15 months, 60 mg taper), TAC (3 months, 
3 mg), AZA (3 months, 100 mg), MMF (5 months, 
3 g), MTX (9 months, 25 mg)

Pred, TAC (3 mg) 7.5 mg Severe rashes and mild muscle weakness

7 Pred (18 months, 60 mg taper), IVIG (6 months), 
MMF (7 months, 3 g), MTX (18 months, 22.5 mg)

Pred, MTX (22.5 mg), MMF (3 g), 
HCQZ (400)

10 mg Moderate-severe rashes and severe muscle 
weakness

8 Pred (24 months, 40 mg taper), MTX (8 months, 
17.5 mg)

Pred, MTX (17.5 mg) 2.5 mg Severe muscle weakness; dysphagia

9 Pred (24 months, 60 mg taper), IVIG (8 months, 
2 g/kg), rituximab (12 months ago, 2 g), MTX (18 
months, unknown)

Pred 20 mg Severe muscle weakness; dysphagia

10 Pred (6 months, 60 mg taper), MTX (5 months, 
25 mg)

Pred, MTX 15 mg Severe muscle weakness; mild arthritis

11 Pred (8 months, 50 mg taper), IVIG (8 months, 1 g/
kg), MMF (5 months, 3 g)

Pred, MMF (3 g) 30 mg Severe muscle weakness

All medication doses are daily doses except MTX which is weekly.
*Muscle enzymes are represented as times the upper limit of normal of the most abnormal enzyme (ie, CK, aldolase, LDH, AST, ALT) at baseline.
AA, African–American; ALT, alanine transaminase; AST, aspartate transaminase; AZA, azathioprine; DK, creatine kinase; DM, dermatomyositis; HCQZ, hydroxychloroquine; IS, 
immunosuppression; IVIG, intravenous immunoglobulin; LDH, lactate dehydrogenase; MMF, mycophenolate; MMT, Manual Muscle Testing; MTX, methotrexate; NM, necrotising 
myopathy; PM, polymyositis; pred, prednisone; TAC, tacrolimus; VAS, Visual Analogue Scale.
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and six patients with DM with a mean (SD) age of 49.2 (14.6); 
91% were female and 46% Caucasian, with a mean (SD) disease 
duration of 1.8 (1.9) years. Seven of the 10 subjects had signif-
icant muscle weakness (MMT ≤125/150), and 5 of the 10 had 
active and moderate to severe DM rashes (≥2.5/10 cutaneous 
VAS score). Overall, disease was considered active in all patients, 
as evidenced by the mean (SD) physician global assessment 
of disease activity VAS of 5.17 cm (2.1) at the study entry. All 
patients were refractory having failed glucocorticoids and a 
mean of 2.6 additional immunosuppressive agents before trial 
entry. Concomitant therapy remained stable from the 8-week 
pretrial period throughout the 24-week trial period except for 
decreases in prednisone dosing and the discontinuation of MMF 
in one patient due to safety concerns (herpes zoster). Concom-
itant therapy included all subjects on prednisone (19.5 (15.3) 
mg), as well as MTX (46%), AZA (27%), MMF (46%), TAC 
(9%) and hydroxychloroquine (18%). No patient received IVIG 
or rituximab or any other biological agent during the study, but 
patients 3 and 1 had failed IVIG and rituximab before the clinical 
trial, respectively. Autoantibody subsets were well represented, 
with 82% of the cohort possessing at least one myositis-associ-
ated autoantibody as determined by immunoprecipitation. This 
included anti-Mi-2 (n=4), anti-SRP (n=2), anti-Jo-1 (n=1), 
anti-EJ (n=1) and anti-SSA (n=1). Other than muscle weakness 
and rash, additional clinical features included four patients with 
dysphagia, two with arthralgia, one with calcinosis, six with 
myalgias, and none with ILD, Raynaud phenomenon or fever.

Primary and secondary outcomes
Seven of the 10 patients completing the study met the DOI 
by a median (IQR) of 8 (4–20) weeks (figure  1A). Two addi-
tional subjects met the DOI initially, but their improvement was 
not sustained through the end of the trial; therefore, a  total 
of three patients (table  1, patients  2, 9 and  10) did  not meet 
the  primary end point. Ninety per  cent of subjects met the 
secondary outcome measure of minimal improvement using 
the new 2016 ACR-EULAR myositis response criteria, but 
similar to the primary outcome two patients had significant 
worsening before the 24-week period (figure 1B). The median 
(IQR) total improvement score (a metric derived from the 2016 
ACR-EULAR myositis response criteria which corresponds to 
magnitude of improvement) was 52.5 (30–65) at 24 weeks,8 with 
40%, 30% and 20% of patients achieving minimal, moderate 
and major improvement, respectively (figure 1B). PM and DM 
subjects did not differ in their response to study drug. Among 
the seven patients with significant muscle disease, five (71%) met 
primary outcome and showed a median (IQR) MMT improve-
ment of 19.3% (11.5%–25.4%), with a 12% (−19% to 76%) 
improvement in the serum muscle enzyme. Similarly, among the 
five patients with significant DM-related cutaneous disease, four 
(80%) met the primary outcome and showed an 88% (83.3%–
100%) improvement in the cutaneous VAS score on the MDAAT. 
Figure 2 depicts the improvement in rash observed in patient 6, 
a subject who had failed TAC, MMF, MTX and AZA before 
initiation of RCI. No subjects met the criteria of worsening or 
required glucocorticoid rescue therapy during the trial.

Changes in six CSMs and steroid dose reduction
Details of changes in all CSMs are summarised in online supple-
mentary tables 1 and 2. In addition, trends of changes in the 
MMT and extramuscular global score in each patient are shown 
in figure 3. Note that the changes in extramuscular global score 
are predominantly due to changes in cutaneous disease activity. 

Overall, there were significant reductions in physician global, 
patient global and extramuscular global, and a significant 
increase in MMT scores. The key CSM of MMT improved by 
a median of >10% in all patients and >15% in patients (n=7) 
with baseline severe muscle weakness. The physician global 
improved by a median of >40% in all patients. The extramus-
cular global, primarily driven by skin rash in our study, showed a 
median of 10% improvement in all patients and 20% in patients 
with baseline moderate to severe rash. There was a significant 
reduction in mean (SD) prednisone dose from baseline (18.5 
(15.7)) to last follow-up (2.3 (3.2), P<0.01) (figure 4), with 50% 
off prednisone.

Safety and tolerability
RCI at 80 units twice weekly was generally safe and well-tol-
erated over the 24-week study period. There were a total of 
5 SAEs in three patients and 22 AEs in eight patients during 
the study period, of which 3 SAEs and 22 AEs were related to 
study drug. Among five SAEs, two were herpes zoster infections, 
which were considered related to the study drug and required 
hospitalisation, including one with disseminated herpes zoster 
causing herpes pneumonitis. Both patients were treated with 

Figure 1  Primary outcome criteria as DOI (A) and secondary outcome 
criteria as 2016 American College of Rheumatology-European League 
Against Rheumatism myositis response criteria (B). DOI, definition of 
improvement.
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antiviral medications and were continued on the study drug after 
temporary discontinuation for antiviral treatment. The subject 
with disseminated zoster was admitted to hospital with chest 
pain, which was felt to be related to herpes pneumonitis. Both 

patients were on MMF, glucocorticoid as well as another immu-
nosuppressive agent (AZA or MTX) at the time of zoster infec-
tion. One patient developed avascular necrosis (AVN) leading to 
total hip arthroplasty (post study) and was continued on study 
drug without discontinuation for AVN. This patient was being 
tapered down from high-dose glucocorticoid therapy (50 mg at 
baseline). Another subject developed third-degree atrio-ventric-
ular (AV) heart block 6 weeks after initiating study drug and 
received a transvenous pacemaker and withdrew from the study. 
The investigator reported this event as not related to study drug, 
but possibly related to pre-existing history of similar conduction 
abnormalities. Among non-serious AEs, the most notable were 
worsening calcinosis, transient hyperglycaemia, transient hyper-
tension, anxiety, insomnia and injection site bruising (table 2). 
However, none of the AEs required long-term dose interruption 
or dose reduction and were generally considered mild. There 
was no significant increase in mean (SD) weight from baseline 
(66.0 (8.7) kg) to 24 weeks (68.6 (9.7) kg; P=0.53). Only three 
patients gained over 5 kg (<10 kg) and all were on a high pred-
nisone dose at baseline (42.5, 50, 15 mg, respectively). Also, 
the mean (SD) glycosylated haemoglobin A1c (HbA1c) did not 
change over 24 weeks (5.8 (0.27) to 5.6 (0.17); P=0.2), and 
no patient developed microalbuminuria or cushingoid features. 
One patient on metformin due to steroid-induced diabetes prior 
to enrolment was able to discontinue it due to improvement 
in diabetes during the trial. Further, there were no significant 
changes in white blood cell count, haemoglobin, platelet count, 
sedimentation rates, serum creatinine or blood glucose over the 
24-week trial period (online supplementary table 3).

Discussion
This prospective, open-label clinical trial with validated end 
points demonstrated a clinically significant response to RCI in 
70% of patients with refractory myositis. RCI was generally 
well-tolerated with a reasonable safety profile. This is the first 
clinical trial of RCI in adult DM and PM using rigorous method-
ology, where all six validated myositis CSMs were prospectively 
measured and predetermined validated outcome measures were 
used to determine efficacy and safety. Responders met both the 
IMACS DOI as well as the new ACR/EULAR myositis response 
criteria, which supports a more robust response. Enrolled subjects 
represented a generally refractory cohort who had failed gluco-
corticoids and, on average, 2.6 additional immunosuppressive 
agents. The addition of RCI led to a reduction in prednisone dose 
from an average of 18.5 mg at baseline to 2.3 mg at 24 weeks, 
with half of the patients discontinuing prednisone completely. 
This suggests that RCI may provide novel anti-inflammatory or 

Figure 2  Cutaneous rash improvement in a patient with 
dermatomyositis before and after repository corticotropin injection 
(RCI).

Figure 3  Longitudinal changes in Manual Muscle Testing and 
extramuscular disease activity in all patients over 24 weeks. VAS, Visual 
Analogue Scale.

Figure 4  Changes in prednisone dose at baseline and 6 months last 
follow-up.
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immunomodulatory effects distinct from glucocorticoids that 
include non-steroid-dependent immune mechanisms.12 Given 
that all enrolled subjects had failed high doses of glucocorticoids, 
it is likely that a non-steroid-dependent mechanism contributed 
to clinical improvement in some patients. Although many of the 
observed AEs in this trial were similar to those seen with gluco-
corticoids, we did not observe significant weight gain, diabetes 
or cushingoid features, which are typically associated with high 
steroid doses given for an extended period.

There were no differences noted in PM versus DM or muscle 
weakness versus skin rash response rates, but the numbers 
studied were too small to make meaningful conclusions. Both 
muscle and skin disease seemed to respond to RCI as noted by 
the 70% and 80% response rates among patients with severe 
muscle disease and skin disease, respectively. Two of three 
patients with refractory cutaneous disease but minimal muscle 
involvement also improved. The median time to response was 
2 months, suggesting a rather rapid onset of action, and two 
subjects were wheelchair  users at study entry, and both were 
ambulating independently without assistive devices by the end 
of the trial.

Although RCI has an FDA-approved designation for PM and 
DM, there were no prospective studies demonstrating its effi-
cacy and/or safety profile. A previous retrospective case series 
using the same dosing regimen employed in our trial noted 
similar response rates, and a follow-up retrospective study of 
24 patients with myositis treated with RCI at different clinical 
centres showed 58.3% response rates.3 13 Another small retro-
spective case series demonstrated a steroid dose reduction and 
similar efficacy in three of four adult patients with refractory 
DM/PM including one patient with the anti-SRP autoanti-
body who failed IVIG and rituximab.14 Again no differences 
were noted in the response rates of DM versus PM or rates of 
response to muscle weakness versus cutaneous rashes in previous 
retrospective studies.

RCI is an injectable formulation containing porcine ACTH 
purified from pituitary extracts. The full-sequence ACTH1-39 
hormone is one of a number of peptides produced from pro-opi-
omelanocortin, a family of peptides that bind to   MC  recep-
tors found in a wide variety of cells.15 Despite FDA approval 
for various rheumatic diseases, it was primarily being used for 
the treatment of infantile spasm, nephrotic syndrome and acute 
exacerbations of multiple sclerosis.16 17 FDA first approved 
ACTH for human use in 1952 after it was tested in rheumatoid 
arthritis  (RA) in 1949.18 In the 1950s it was used for several 
rheumatic conditions, including RA, gout, lupus, rheumatic 
fever, psoriasis and others, as well as non-rheumatic autoimmune 
conditions such as ulcerative colitis and multiple sclerosis.17 19 20 
However, after the discovery that cortisone suppressed inflam-
mation, ACTH use became negligible. Half a century after the 
discovery and approval of ACTH, it again emerged with the 
seminal observation that the anti-inflammatory actions of ACTH 
were retained in an adrenalectomised mouse model of gout.21

ACTH and α-melanocyte-stimulating hormones (MSH), 
β-MSH and γ-MSH are the four endogenous MC peptides 
derived from the precursor pro-opiomelanocortin protein. 
MCs are produced during inflammation acting to mitigate the 
inflammatory process by engagement of the MC receptors 
(MC1–MC5). MC2 is only found in the adrenal cortex, while 
the remaining four MC receptors (MC1, MC3, MC4 and MC5) 
are expressed on a variety of immune cells.12 Thus, ACTH exerts 
its anti-inflammatory action via two independent mechanisms: 
a steroid-dependent effect and a broader, steroid-independent, 
anti-inflammatory effect.22 The former effect is through acti-
vation of MC2 receptor on adrenal glands leading to cortisol 
synthesis—this accounts for both the known anti-inflammatory 
effects as well as the adverse sequelae similar to steroids. The 
novel, steroid-independent effects of ACTH mediated through 
activation of MC receptors 1, 3, 4 and 5 induce a broad range of 
immunomodulatory effects,22–25 likely responsible for the unique 

Table 2  Summary of adverse events

Event Events and patients (n) Related to study drug Severity Effect of study drug Resolution Comments

Serious adverse events

 �Herpes zoster 1 Yes Moderate None Resolved

 �Disseminated herpes zoster 1 Yes Severe Interrupted Resolved

 �Avascular necrosis 1 Yes Severe N/A Resolved Total left hip arthroplasty

 �Chest pain 1 Yes Mild None Resolved

 �Heart block 1 No Severe Withdrew Resolved Transvenous pacemaker insertion

Non-serious adverse events

 �Injection site bruising and rash 4 Yes Mild None Resolved

 �Diarrhoea 1 Yes Mild None Resolved

 �Anxiety 1 Yes Mild None Resolved

 �Insomnia 2 Yes Mild None Resolved

 �Calcinosis 2 Yes Moderate None Continuing

 �Depression 1 Yes Mild None Resolved

 �Agitation 1 Yes Mild None Resolved

 �Herpes pneumonitis 1 Yes Moderate Interrupted Controlled

 �Sinus tachycardia 1 Yes Moderate N/A Resolved

 �High cholesterol 1 Yes Mild N/A Resolved

 �Hyperglycaemia 3 Yes Mild N/A Controlled

 �Infection (sinusitis and upper 
respiratory tract infection (URI)

2 Yes Mild None Resolved

 �Hypertension 2 Yes Mild None Controlled

N/A, not applicable.
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effects of RCI not explained by cortisol synthesis,15 for example 
its efficacy in steroid-refractory infantile spasms, nephrotic 
syndrome and acute exacerbations of multiple sclerosis. It is the 
latter proposed mechanism that has led to renewed interest in 
ACTH and other MC for treating various diseases.26–30 The use 
of RCI is currently being explored in various other rheumatic 
diseases including sarcoidosis, lupus, RA and gout.31–36 A recent 
study of 181 patients with gout reported a 78% response rates 
within 1 day of ACTH injection with similar efficacy in pseud-
ogout.37 38 It is not surprising that specific MC peptides are 
being developed for various indications to target the MC system 
through non-steroidogenic mechanisms.39

The MC receptors are expressed on immune cells including 
macrophages, mast cells, neutrophils and lymphocytes, as well as 
osteoclasts, osteoblasts, chondrocytes and fibroblasts.40–44 Acti-
vation of the MC receptors results in the inhibition of proinflam-
matory transcription factors at the molecular level, ultimately 
decreasing the production of cytokines, chemokines, growth 
factors and adhesion molecules.12 22 45 Interestingly, MC can 
be locally synthesised by immune cells at sites of inflammation 
(eg, RA synovium),46 47 suggesting a ‘local’ anti-inflammatory 
circuit independent of the hypothalamic–pituitary–adrenal axis. 
α-MSH may also play a role in energy homeostasis in skeletal 
muscle through the MC5 receptor, as suggested by its increased 
expression in regenerating and dystrophic skeletal muscle.48 49 
More specifically, ACTH has a known trophic effect on skeletal 
muscle development in mouse model.6 50–52

In our trial, RCI was well-tolerated, with no patient requiring 
prolonged discontinuation from RCI adverse effects. Injection 
site reactions were very mild. Infections should be considered 
as a potential risk of RCI similar to glucocorticoids. Calcinosis 
occurred in one responder without previous clinically known 
calcinosis and worsened in one non-responder. AVN was seen 
in one patient also taking concomitant glucocorticoids, perhaps 
implicating the known steroidogenesis effect discussed above. In 
contrast ACTH through its steroid independent effect is thought 
to have protective actions on bone and joints due to a reduc-
tion in osteoclastogenesis and metalloproteases produced by 
chondrocytes.53 54 Although two patients had hypertension and 
three had hyperglycaemia during the trial, these were transient 
and resolved spontaneously. Contrary to common side effects 
seen with high doses of glucocorticoids, no patient developed 
significant weight gain (≥10 kg), cushingoid features, diabetes, 
persistent hypertension or hyperglycaemia, or an increase of 
HbA1c (≥1). This is plausible given that many of the metabolic 
side effects of glucocorticoids are mediated through transcrip-
tion of glucocorticoid responsive elements which is coupled to 
the anti-inflammatory effects primarily through nuclear factor 
kappa B (NF-kB)mediated transcription.30 In contrast, α-MSH 
directly inhibits NF-kB activation, perhaps leading to the bene-
ficial anti-inflammatory effect of RCI without a similar degree 
of metabolic side  effects associated with glucocorticoids.45 We 
did not measure bone density before and after administration of 
study drug. The safety and tolerability results seen in this trial 
are similar to what has been observed in myositis and non-myo-
sitis studies.3 14

Despite reasonable biological plausibility, the lack of a control 
group and randomisation in this trial does dampen the enthu-
siasm regarding efficacy of RCI for PM and DM. Also, the 
dose and interval of administration of RCI therapy in myositis 
are  unclear and also were not addressed in this pilot trial. 
However, we employed the standard dosing regimen used in 
previously reported retrospective studies. It may be possible to 
use RCI at higher doses to induce disease remission of disease 

with subsequent tapering similar to the clinical strategy currently 
used for glucocorticoids. Given the small sample size, it is diffi-
cult to evaluate clinical predictors of response to Acthar in PM 
and DM. Moreover, long-term outcome studies of efficacy and 
safety with comparison to high doses of glucocorticoids are 
required to better delineate the role of RCI in myositis beyond 
its use in refractory cases.

To summarise, the results from this prospective, open-label 
pilot trial are encouraging and, perhaps, support the concept of 
RCI as a novel immunomodulatory therapy for myositis beyond 
the steroidogenesis effect.22 Treatment with RCI may provide 
an alternative to glucocorticoids and other immunosuppressive 
agents, especially in patients who are refractory or intolerant 
to conventional agents.1 2 However, given the cost of RCI, it is 
unlikely to be used as first-line therapy in myositis. Perhaps, a 
future cost benefit analysis will be helpful in defining the proper 
place of RCI in the treatment algorithm of myositis. While this is 
the largest prospective trial of RCI in myositis providing excel-
lent data on efficacy and safety profile, a larger, randomised 
control trial is necessary to conclusively establish the efficacy of 
RCI in myositis. Nevertheless, this study has demonstrated that 
treatment with RCI was effective in 70% of refractory cases, safe 
and led to a reduction in concomitant glucocorticoid dosing in 
myositis.
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Extended report

A20 haploinsufficiency (HA20): clinical 
phenotypes and disease course of patients 
with a newly recognised NF-kB-mediated 
autoinflammatory disease
Florence A Aeschlimann,1 Ezgi D Batu,2 Scott W Canna,3 Ellen Go,4 Ahmet Gül,5 
Patrycja Hoffmann,6 Helen L Leavis,7 Seza Ozen,2 Daniella M Schwartz,8 
Deborah L Stone,6 Annet van Royen-Kerkof,9 Daniel L Kastner,6 Ivona Aksentijevich,6 
Ronald M Laxer1,10

Abstract
Objectives T he association between mutations in 
TNFAIP3, encoding the NF-kB regulatory protein A20, 
and a new autoinflammatory disease has recently been 
recognised. This study aims at describing the clinical 
phenotypes and disease course of patients with A20 
haploinsufficiency (HA20).
Methods D ata for all cases from the initial publication, 
and additional cases identified through collaborations 
since, were collected using standardised data collection 
forms.
Results  A total of 16 patients (13 female) from seven 
families with a genetic diagnosis of HA20 were included. 
The disease commonly manifested in early childhood 
(range: first week of life to 29 years of age). The main 
clinical symptoms were recurrent oral, genital and/or 
gastrointestinal ulcers (16/16), musculoskeletal (9/16) 
and gastrointestinal complaints (9/16), cutaneous lesions 
(8/16), episodic fever (7/16), and recurrent infections 
(7/16). Clinical phenotypes varied considerably, even 
within families. Relapsing-remitting disease course 
was most common, and one patient died. Laboratory 
abnormalities included elevated acute-phase reactants 
and fluctuating presence of various autoantibodies such 
as antinuclear antibodies (4/10 patients tested) and 
anti-dsDNA (2/5). Tissue biopsy of different sites revealed 
non-specific chronic inflammation (6/12 patients tested), 
findings consistent with class V lupus nephritis in one 
patient, and pustules and normal results in two patients 
each. All patients were treated: 4/16 received colchicine 
and 12/16 various immunosuppressive agents. Cytokine 
inhibitors effectively suppressed systemic inflammation in 
7/9 patients.
Conclusions  Early-onset recurrent oral, genital and/or 
gastrointestinal ulcers are the hallmark feature of HA20. 
Frequency and intensity of other clinical manifestations 
varied highly. Treatment regimens should be based 
on disease severity, and cytokine inhibitors are often 
required to control relapses.

Introduction
The protein A20, also known as TNAP3, encoded by 
TNFAIP3, plays a crucial role in the negative regu-
lation of inflammation and immunity.1 TNFAIP3 is 
an ubiquitin-editing (deubiquitinase; DUB) enzyme 

with a critical function in the inhibition of key 
proinflammatory molecules, including inhibitor 
of nuclear factor kappa B kinase subunit gamma 
(IKKγ (NEMO)) and receptor-interacting protein 
kinase 1 (RIPK1), in the canonical NF-kB and 
other signalling pathways.2 Zhou and colleagues3 
recently described a new autoinflammatory disease 
caused by heterozygous loss-of-function muta-
tions in TNFAIP3, leading to haploinsufficiency of 
A20 (HA20). These mutations cause insufficient 
DUB activity of A20 and lead to increased NF-κB 
signalling and phosphorylation of c-Jun N-terminal 
kinase and p38 mitogen-activated protein kinases   
(MAPKs). HA20-associated mutations were found 
in six unrelated families who presented with mostly 
childhood-onset systemic inflammation and a 
‘Behçet-like’ disorder that may lead to end-organ 
damage and death. Since the initial description, a 
few additional cases of HA20 have been reported 
in the literature.4–7 To date, the clinical manifes-
tations, severity of symptoms, disease course and 
complications of this newly described disorder are 
not well described and appreciated. Early recogni-
tion and diagnosis are crucial, as targeted therapies 
may alter disease course and improve outcome.

Therefore, the aims of the study were (1) to 
describe the disease features and course, treatment 
regimens, complications and outcomes of patients; 
and (2) to improve clinical recognition of this 
poorly defined disorder.

Patients and methods
Sixteen patients from six unrelated families previ-
ously identified and diagnosed with HA20 by 
Zhou and colleagues3 at the National Institutes of 
Health  in the  USA were initially included in the 
study. The patients were followed at various centres 
worldwide and their charts were retrospectively 
reviewed by their primary care physicians. Because 
the spectrum of clinical phenotypes associated 
with HA20 is still widely unknown, these patients’ 
histories were used to prepare a comprehensive 
data collection form including all signs and symp-
toms thought to be related to HA20. In the second 
step, patient charts were again reviewed by the 
primary care physicians using the newly created 
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data collection forms in order to collect detailed information. 
Demographic, clinical, laboratory, imaging and histological 
features were recorded. Disease course, treatment regimens, 
and disease- and treatment-related complications were captured. 
Additional cases were sought and one identified subsequently 
through collaborations.

All data were compiled and analysed using descriptive statis-
tics. Patient consent, or consent from a parent in the case of chil-
dren, was obtained by the responsible physician in the respective 
institutions.

Results
A total of 16 patients (81% female) from seven families were 
included (figure  1 and table  1). All patients were Caucasian, 
while  the ethnic origin of patient 16 is unknown (figure  1). 

No consanguinity was reported within the families. Prior to 
the recognition of HA20, patients were diagnosed with various 
conditions including Behçet disease (BD), systemic lupus erythe-
matosus (SLE), juvenile idiopathic arthritis (JIA), periodic 
fever, aphthous stomatitis, pharyngitis and adenitis (PFAPA), 
and inflammatory bowel disease (IBD). The grandmother of 
family 2 was diagnosed with sarcoidosis and succumbed to 
the complications of the disease. Given her medical history 
she is presumed to carry the F224Sfs*4 mutation present in 
four affected family members; however, her DNA sample was 
not available for genotyping. Thus, the molecular diagnosis of 
HA20 has not been confirmed and this patient was not included 
in this analysis.

The demographic features of the patients are summarised in 
table 1.

Disease presentation
All patients were symptomatic and reduced penetrance was not 
reported in any family members. First symptoms occurred early, 
before 10 years of age in 11/16 (69%) patients, and disease onset 
ranged from the first week of life to 29 years of age. Clinical 
presentation was heterogeneous between families and between 
family members with the same mutation (figure 1 and table 2). In 
10/16 (63%) patients, recurrent oral and/or genital ulcers were 
the symptoms leading to initial specialised medical consultation.

Disease course
During disease course, symptoms and severity were highly vari-
able. Clinical features emerged over a period of several years. 
All patients developed recurrent painful oral, genital and/or 
gastrointestinal ulcers. Other common symptoms that occurred 
at various time points during disease course included gastroin-
testinal complaints (9/16, 56%), polyarthritis and/or arthralgia 
(9/16, 56%), skin involvement (8/16, 50%) and recurrent fever 

Figure 1  Pedigrees of the seven families with mutations in TNFAIP3 
leading to haploinsufficiency of A20 (HA20). The grandmother of family 
2 was diagnosed with sarcoidosis and is thought to be affected by 
HA20, however died years prior to availability of genotyping. Patient 16 
was adopted, and the ethnic origin is unknown.

Table 1  Characteristics of patients with A20 haploinsufficiency

Patient no Family Sex Current age Age at onset Previous diagnosis Previous treatment Current treatment

1 Family 1 F 25 years 10 months JIA, Behçet disease CS, MTX, CYS MTX, thalidomide

2 Family 1 F 23 years 15 months JIA, Behçet disease CS, MTX, CYS, AZA, thalidomide, IVIG, ETN IFX

3 Family 1 F 51 years Early 20s
Rheumatoid arthritis (RF−), Behçet 
disease None Colchicine

4 Family 2 F 25 years 10 years

JIA, undifferentiated connective 
tissue disease/cutaneous vasculitis, 
SLE with CNS vasculitis

CS, MMF, ETN, thalidomide, RTX, IFX, MTX, ADA, 
cyclo, IVIG, autologous haematopoietic stem cell 
transplant Anakinra, AZA, CS

5 Family 2 F 29 years Around 8 years Behçet disease, lupus nephritis CS, colchicine, ETN, hydroxychloroquine Anakinra

6 Family 2 F 51 years Around 6 years Rheumatic fever, arthritis None Anakinra

7 Family 2 F 56 years Around 6 years None Anakinra

8 Family 3 M 9 years 9 months Behçet disease CS, colchicine, AZA Colchicine

9 Family 3 M 46 years ? Behçet disease
On treatment (not 
specified)

10 Family 4 F 15 years 8 weeks Suspicion of PFAPA CS, colchicine, ETN, anakinra, ADA, MTX Tofacitinib

11 Family 5 F 17 years Around 4 years Suspicion of Behçet disease CYS, dapsone, CS, AZA, IVIG for Ig deficiency IFX

12 Family 5 F 47 years Infancy Suspicion of Behçet disease CS, colchicine, AZA, IFX, IVIG for Ig deficiency None

13 Family 6 F 38 years 29 years Behçet disease None Colchicine

14 Family 6 F 19 years 15 years Suspicion of Behçet disease None Colchicine

15 Family 6 F 15 years 13 years Suspicion of Behçet disease None Colchicine

16 Family 7 M (8 years)† 1 week Crohn’s disease, Behçet disease

CS, mesalamine, dapsone, MTX, AZA, colchicine, 
IFX, ADA, certolizumab, anakinra, canakinumab, 
tacrolimus, IVIG, tocilizumab NA

ADA, adalimumab; AZA, azathioprine; CNS, central nervous system; CS, systemic corticosteroids; cyclo, cyclophosphamide; CYS, ciclosporin; ETN, etanercept; F, female; IFX, 
infliximab; IVIG, intravenous immunoglobulin; JIA, juvenile idiopathic arthritis; M, male; MTX, methotrexate; NA, not applicable; PFAPA, periodic fever, aphthous stomatitis, 
pharyngitis, adenitis; RF, rheumatoid factor; SLE, systemic lupus erythematosus. 
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(8/16, 50%). Less frequently, ocular (3/16, 19%) and cardiovas-
cular involvement (3/16, 19%) was observed.

Seven patients (44%) suffered from recurrent, predomi-
nantly respiratory tract and otorhinolaryngological infections, 
especially during childhood. Infections were of viral and/or 
bacterial origin; only one of these patients was concomitantly 
treated with immunosuppressive agents. An overview of clin-
ical symptoms occurring during the disease course is presented 
in tables 2 and 3.

Ulcers
Recurrent painful oral, genital and/or gastrointestinal ulcers 
were the hallmark feature of the disease. All 16 (100%) patients 
developed oral ulcers, whereas genital ulcers were observed in 
15/16 (94%) and gastrointestinal ulcers in 6/9 patients with 
gastrointestinal complaints. Ulcerations recurred frequently 
(every month to every few months, at various intervals), isolated 
or in association with other symptoms such as fever, abdominal 
pain and arthralgia. Singular or multiple ulcers of various sizes 
(0.5–2 cm) lasted about 7–10 days and some healed with scarring 
(oral, genital or gastrointestinal location). Oral ulceration sites 
included the lips, tongue, cheeks, gums and hard palate, genital 
ulcers developed on vulva, vagina or the scrotum, and intestinal 
ulcerations were observed from the oesophagus to the rectum 
and perineum. Most patients could not identify an underlying 
trigger; in one patient, oral ulcers were exacerbated by acidic 
food.

Other clinical manifestations
Gastrointestinal symptoms were documented in 9/16 (56%) 
patients and ranged from isolated abdominal pain to severe 
intestinal inflammation with bowel perforation. Six (38%) 
patients suffered from recurrent, intermittently bloody diar-
rhoea. Musculoskeletal symptoms were frequent (9/16, 56%): 
polyarthritis was documented in seven patients, and in three of 
them arthritis was the initial disease manifestation. Cutaneous 
involvement (8/16, 50%) varied considerably and included 
pustular, folliculitis-like rashes, acne and dermal abscesses 
(figure  2). Ocular findings included severe, treatment-refrac-
tory anterior uveitis in two sisters (patients 1 and 2), as well as 
retinal vasculitis with chorioretinal scarring and macular fibrosis 
and anterior uveitis in another young girl (patient 4). Cardio-
vascular involvement was noted in three (19%) patients. Patient 
8 was presented at age 9 months with fever and a pericardial Pa
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Table 3  Overview of clinical and laboratory characteristics observed 
in patients with A20 haploinsufficiency 

Features Patients, n (%)

Mucous membrane 16 (100)

Musculoskeletal 9 (56)

 � Arthritis 7 (44) 

Gastrointestinal 9 (56)

 � (Bloody) diarrhoea 5 (31) 

Recurrent fever 8 (50)

Cutaneous 8 (50)

Ocular 3 (19)

Cardiovascular 3 (19)

 � Pericarditis 2 (13) 

Increased acute-phase reactants during disease flare  �10/10

Pathergy positive  �3/10

Autoantibodies positive  �8/14
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effusion, which responded well to wide-spectrum antibiotic 
treatment. Another patient was diagnosed with pericarditis with 
a large effusion possibly related to Mycoplasma pneumoniae 
infection, which relapsed after discontinuation of corticosteroids 
but responded to colchicine (patient 10). In addition, patient 16, 
an 8-year-old boy with negative antiphospholipid antibodies and 
unremarkable hypercoagulability screen, presented with venous 
thrombi at sites of previous indwelling catheters. Two months 
later he was diagnosed with pulmonary arterial embolisms while 
he had no apparent venous thrombi. It is unclear whether these 
were true pulmonary embolisms or thromboses resulting from 
pulmonary artery vasculitis. Notably, none of the other patients 
developed thromboses or emboli. Neurological manifestations 
were reported in two (13%) patients, and both were diagnosed 
with central nervous system (CNS) vasculitis (patient 4 based on 
brain imaging and patient 16 based on a frontal lobe punctate). 
The clinical manifestations of the individual patients are shown 
in table 2.

Laboratory and histology findings
Acute-phase reactants were elevated, especially during relapses. 
Most patients had normal acute-phase reactants in between 
flares; in three patients, C reactive protein and erythrocyte sedi-
mentation rate were persistently elevated prior to treatment 
response. We observed fluctuating levels of various low-titre 
antibodies, including antinuclear antibodies (4/10 patients 
tested), anti-dsDNA (2/6) and anti-Sm/RNP (2/4) antibodies. 
Lupus anticoagulant was positive in 6/7 patients tested and anti-
cardiolipin antibody in 2/5 patients. Patients 11 and 12 (family 
5), both of whom suffered from recurrent viral and bacterial 
infections, were diagnosed with unclassified immunodeficiency 
with IgG subclass deficiency, absent polysaccharide vaccination 

response and lymphopaenia. None of the eight patients investi-
gated for recurrent genital ulcers had evidence of herpes simplex 
infection.

Given clinical similarity with BD, we reviewed pathergy results 
and found they were variable among the 10 patients tested: posi-
tive in three patients, negative in six patients and inconclusive in 
one patient. HLA-B51 was positive in 2/5 patients tested. Tissue 
biopsy of at least one site was performed in 12/16 (75%) patients; 
pathological findings on histology included non-specific chronic 
inflammation in six, findings consistent with pustules and 
normal results in two patients each (bone marrow aspirate and 
intestinal mucosa in one, and lymph node in another) (figure 2). 
A kidney biopsy performed in patient 5 was consistent with 
class V lupus nephritis with glomerular basement membrane 
thickening, minimal inflammatory cell infiltrate, and extensive 
deposition of complement and immunoglobulins. Except for the 
frontal lobe punctate performed in patient 16, none of the tissue 
samples showed evidence of vasculitis. Online supplementary 
table 1 summarises the laboratory and histopathological features 
of patients with HA20.

Treatment
All patients required treatment. Four patients responded well to 
monotherapy with colchicine. The other patients were treated 
with a monotherapy or a combination of immunosuppressive 
drugs, including systemic corticosteroids, disease-modifying 
drugs and cytokine inhibitors (anti-tumour necrosis factor 
(anti-TNF), anti-interleukin-1  (IL-1), anti-IL-6). After treat-
ment-refractory disease courses, 12 patients eventually improved 
on either infliximab, anakinra, tofacitinib, colchicine or metho-
trexate in combination with thalidomide. More recently, ther-
apeutic approaches were based on functional cytokine studies; 
cytokine inhibitors such as infliximab and anakinra proved effec-
tive in suppressing systemic inflammation in 7/9 patients. Most 
patients responded to high-dose corticosteroids but also suffered 
from major side effects. Patient 4 eventually underwent autolo-
gous haematopoietic stem cell transplantation for CNS vasculitis 
associated with a severe, SLE-resembling condition. She went 
into remission for 18 months, but subsequently developed a 
CNS vasculitis flare, anterior uveitis, idiopathic thrombocyto-
paenic purpura and recurrence of orogenital ulcers, for which 
various immunosuppressive agents were reinitiated. Previous 
and current treatment regimens of the individual patients are 
presented in table 1.

Three out of seven patients with recurrent respiratory tract 
and otorhinolaryngological infections underwent tonsillectomy; 
two patients (mother and daughter of family 5) received immu-
noglobulin replacement for low IgG subclass and the daughter 
also had repeat tympanostomy.

Outcome/complications
HA20 disease was characterised by unprovoked episodes of 
inflammatory symptoms or chronic inflammation. None of the 
patients developed lymphoma or malignancy. One patient died 
from HA20. Patient 16, who presented with severe intestinal 
involvement and presumed small vessel CNS vasculitis, died 
from uncontrollable disease and upper airway obstruction due to 
haemorrhage following erosion of the carotid artery from exten-
sion of bilateral tonsillar ulcerations. He was anticoagulated for 
pulmonary arterial embolisms.

Treatment-associated complications included corticoste-
roid-induced side effects such as Cushing  syndrome, growth 
retardation, vertebral compression fractures, diabetes mellitus 

Figure 2  Clinical and histological manifestations in patients with 
A20 haploinsufficiency (HA20). (A) Pustules and vesicles at various 
stages of development are seen. There is a mild desquamation and some 
hyperkeratosis. (B) Magnification image (20×) of the palmar pustule 
seen in (A), stained with H&E. An infiltrate containing lymphocytes 
and neutrophils is noted in the stratum corneum. (C) The colloidal iron 
staining for mucin (blue, magnification image 20×) shows extensive 
intradermal mucin accumulation. Mucin accumulation is a feature of 
connective tissue diseases, such as systemic lupus erythematosus, but 
is not characteristically seen in palmoplantar pustulosis or pustular 
psoriasis. This is an unusual finding and fits with the HA20 phenotype of 
both autoimmune and autoinflammatory manifestation. (D) Cutaneous 
ulcers on the buttock.

https://dx.doi.org/10.1136/annrheumdis-2017-212403
https://dx.doi.org/10.1136/annrheumdis-2017-212403
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and arterial hypertension in five patients, and severe lympho-
paenia and neutropaenia under azathioprine in another patient. 
Disease-associated and treatment-associated complications are 
shown in table 2.

Discussion
Herein, we describe the clinical manifestations and disease 
course of 16 patients with HA20, the largest cohort to date. The 
disease was characterised by early-onset systemic inflammation 
accompanied with recurrent oral, genital and/or gastrointestinal 
ulcers. Other clinical manifestations and disease course varied 
considerably even among patients with the same mutation, and 
ranged from severe or fatal multisystemic inflammation to mild 
disease with recurrent orogenital ulcers, arthralgia and cuta-
neous lesions. This suggests a role of modifying alleles in the 
disease progression and possible contribution of environmental 
factors such as diet.

Recurrent painful oral, genital and/or gastrointestinal ulcers 
were the hallmark feature in all subjects. Besides ulcers, various 
other, BD-like clinical manifestations such as articular, gastro-
intestinal, cutaneous and ocular symptoms were notable.8–13 As 
a consequence, the majority of patients (>70%) were initially 
diagnosed or suspected of having BD. HA20 is considered a 
monogenic type of BD due to highly penetrant novel germline 
mutations in TNFAIP3 and earlier onset symptoms. Polygenic 
and common BD, on the other hand, typically manifests in early 
adulthood and does not have clear dominant inheritance. Large 
case series of patients with paediatric BD reported a symptom 
onset in later childhood, between 6.9 and 12.3 years of age14–18; 
however, it is not clear how many of these patients carry 
mutations in TNFAIP3. Despite some similarities with BD, we 
recognised several important characteristics that help differen-
tiate HA20 from polygenic BD, as shown in table 4. These other 
distinguishing observations in patients with HA20 included 
scarring oral ulcers, isolated anterior uveitis or retinal vasculitis 
with necrotising inflammation, recurrent fever, severe intestinal 
inflammation, elevated acute-phase reactants, the fluctuating 
presence of various autoantibodies, and a disease course refrac-
tory to standard treatment, all of which are unusual findings in 
typical BD.13 19

Although BD was the most common initial diagnosis, the 
heterogeneity of clinical phenotypes, variable temporal occur-
rence of symptoms, presence of various autoantibodies and 

histology resulted in the diagnosis of other inflammatory and 
autoimmune diseases. Family 1 presented with a clinical picture 
resembling JIA and/or rheumatoid arthritis (RA), patient 10 with 
symptoms compatible with PFAPA and patient 16 with features 
resembling Crohn’s disease. Half of the patients were found to 
have fluctuating autoantibodies and two sisters (patients 4 and 
5) were initially diagnosed with SLE. Thus, it is likely that some
patients with early-onset SLE might have mutations in TNFAIP3.

In addition to the 16 patients described in this study, four 
case reports including a total of 11 patients from four unrelated 
families were published in the literature since the initial publi-
cation by Zhou and colleagues.4–7 HA20 was recently reported 
in two Japanese families with an early-onset  BD-like clinical 
picture.4 5 Similar to most patients in our cohort, these two fami-
lies presented with recurrent orogenital ulcers and fevers; some 
family members also suffered from intestinal involvement, cuta-
neous lesions, nephrotic syndrome, polyarthritis or uveitis.4 5 
Furthermore, HA20 was reported in a Japanese patient diag-
nosed with autoimmune lymphoproliferative syndrome (ALPS) 
and in a British boy with complex autoimmunity.6 7 The Japa-
nese patient had presented with early onset, recurrent fever, 
bilateral cervical lymphadenopathy, hepatosplenomegaly and 
an extensive cutaneous rash suggestive of Kawasaki disease. 
Consistent with the diagnosis of ALPS, immunophenotyping 
revealed an increased percentage of double-negative T cells and 
a decrease in IgM memory B cells. However, unlike in patients 
with ALPS, the central memory, naïve, terminally differentiated 
effector memory T cells re-expressing CD45RA+, and effector 
memory subpopulations of CD3+ CD8+ T cells were normal in 
this patient.6 The boy of British ancestry was investigated for 
a complex, treatment-refractory autoimmune syndrome char-
acterised by insulin-dependent diabetes, cytopaenias, hepatitis, 
enteropathy and interstitial lung disease.7 Prior to his molecular 
diagnosis of HA20, he underwent haematopoietic stem cell trans-
plantation and is in complete remission (except for diabetes). 
He was diagnosed with a novel de novo heterozygous 2 bp dele-
tion in TNFAIP3, p.V489Afs*7 in the second zinc finger domain 
(ZnF2). His disease-associated variant resides in a different 
domain of A20 from pathogenic mutations reported in all other 
patients and the ZnF4 domain may have other unappreciated 
functions.3 7 Most patients reported in our study are carriers 
for loss-of function protein truncating mutations in the ovarian 
tumour domain. This resulted in decreased deubiquitination of 

Table 4  Clinical and laboratory features that are helpful to differentiate between A20 haploinsufficiency (HA20) and Behçet disease.

Features HA20 Behçet disease9 13 16–19

Disease onset Mostly early childhood Early adulthood

Inheritance Autosomal dominant Complex inheritance pattern with familial aggregation in up to 
20% of cases

Fever Recurrent Usually absent

Ulcers May heal with scarring Usually no scarring of oral ulcers 

Eyes Severe ocular disease
►► Anterior uveitis
►► Retinal vasculitis and choroiditis with necrotising inflammation

►► Posterior or panuveitis
►► Recurrent superficial retinal infiltrates resolving within 

days without chorioretinal scarring
►► Peripheral retinal occlusive periphlebitis

Gastrointestinal (Bloody) diarrhoea Isolated abdominal pain*

Musculoskeletal Mostly polyarthritis Usually oligoarthritis

Erythrocyte sedimentation rate/C 
reactive protein

Elevated, especially during disease relapses Often normal

Autoantibodies
Autoimmune features

Low titre, fluctuating presence
Systemic lupus erythematosus-like disease and other autoimmune features 
possible

Usually absent

*Gastrointestinal involvement in Behçet disease is usually mild and consists essentially of abdominal pain or discomfort except for patients from Japan and Korea.

http://ard.bmj.com/
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key signalling molecules, such as RIP1 and NEMO, increased 
activity of the NF-kB pathway, and high expression of proin-
flammatory cytokines.3 20 Although the molecular aetiologies of 
the British boy’s disease and our patients with HA20 are the 
same, his distinct clinical symptoms could be related to the pres-
ence of other unknown modifying gene  alleles. Identification 
of additional HA20-associated mutations is necessary to better 
understand the full spectrum of phenotypes associated with 
the distribution of pathogenic mutations in A20.

Polymorphisms or mutations in TNFAIP3 have been associ-
ated with many autoimmune diseases, among them JIA, RA, 
IBD, SLE, type 1 diabetes, psoriasis, coeliac disease and coro-
nary artery disease.20–27 In murine models, cell-specific ablation 
of A20 causes clinical features characteristic of these human 
diseases.1 20 Mice with A20 deficiency in myeloid cells develop 
polyarthritis mimicking human RA,28 while enterocyte-specific 
deficiency of A20 increases the susceptibility of mice to intes-
tinal inflammation.29 Tissue-specific deletion of A20 in B cells or 
dendritic cells leads to the production of autoantibodies and an 
autoimmune syndrome resembling SLE.30 31 Mice deficient for 
A20 (A20−/−) develop severe multiorgan inflammation, cachexia 
and early death.32 Although A20 was initially described as 
required for termination of TNF-induced signals, the excessive 
inflammation observed in double-deficient mice, A20-TNF or 
A20-TNFR1, suggested that A20 might be critical for the regu-
lation of TNF-independent signals. In addition, A20 has been 
shown to downregulate the activity of NLRP3 inflammasome 
and patients with HA20 had increased activity of NLRP3.3 A20 
functions as a tumour suppressive gene and somatic mutations 
have been identified in B cell lymphomas.33 None of the patients 
in this cohort developed lymphoma or malignancy.

In clinical practice, HA20 may be considered in patients with 
an early-onset, dominantly inherited inflammatory disease who 
present with recurrent oral and genital ulcerations, fluctuating 
autoantibodies, and a treatment-refractory disease course.

There was no standardised treatment in this HA20 cohort. 
The patients received various immunosuppressive drugs prior to 
the diagnosis of HA20; more recently, therapeutic approaches 
were guided by functional cytokine studies. Elevated levels of 
many proinflammatory cytokines (IL-1, TNF, IL-6, IL-18, IFNγ, 
IP-10) have been documented in patients with HA20.3 20 Anticy-
tokine agents such as anti-TNF or anti-IL-1 have been effective 
in suppressing the systemic inflammation in most of our patients. 
Haematopoietic stem cell transplant might be considered in 
patients with severe and treatment-refractory disease.

This study is limited by its retrospective design and other biases 
related to which patients received testing.3 Recurrent ulcers 
and a Behçet-like disease were characteristic features in this 
cohort, likely reflecting bias in which patients are screened for 
HA20. However, ulcers of variable extension and severity were 
documented in index cases and in all affected family members, 
suggesting that ulcers may be the hallmark feature of the disease. 
Given the retrospective study design and the disease pleiotropy, 
it is unlikely that HA20 is the unique underlying cause for all 
disease manifestations. The increased use of diagnostic whole 
exome sequencing will help identify other contributing disease 
modifying rare or common variants.34

In conclusion, HA20 disease in this cohort was characterised 
by early-onset inflammation and recurrent oral, genital and/or 
gastrointestinal ulcers and often positive family history. Other 
disease features and disease course varied considerably with an 
overall high morbidity and mortality. Treatment regimens should 
be based on severity of inflammatory manifestations, and often 
consist of targeted therapy with cytokine inhibitors to control 

the inflammation. In the future, identification of patients with 
monogenic inflammatory diseases will be important to under-
stand the pathophysiology and guide treatments for common 
rheumatological diseases.
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Extended report

DNA methylation mapping identifies gene regulatory 
effects in patients with systemic lupus erythematosus
Juliana Imgenberg-Kreuz,1,2 Jonas Carlsson Almlöf,1 Dag Leonard,2 Andrei Alexsson,2 
Gunnel Nordmark,2 Maija-Leena Eloranta,2 Solbritt Rantapää-Dahlqvist,3 
Anders A Bengtsson,4 Andreas Jönsen,4 Leonid Padyukov,5 Iva Gunnarsson,5 
Elisabet Svenungsson,5 Christopher Sjöwall,6 Lars Rönnblom,2 Ann-Christine Syvänen,1 
Johanna K Sandling1,2

Abstract
Objectives  Systemic lupus erythematosus (SLE) is a 
chronic autoimmune condition with heterogeneous 
presentation and complex aetiology where DNA 
methylation changes are emerging as a contributing 
factor. In order to discover novel epigenetic associations 
and investigate their relationship to genetic risk for 
SLE, we analysed DNA methylation profiles in a large 
collection of patients with SLE and healthy individuals.
Methods DN A extracted from blood from 548 patients 
with SLE and 587 healthy controls were analysed on 
the Illumina HumanMethylation 450 k BeadChip, which 
targets 485 000 CpG sites across the genome. Single 
nucleotide polymorphism (SNP) genotype data for 196 
524 SNPs on the Illumina ImmunoChip from the same 
individuals were utilised for methylation quantitative trait 
loci (cis-meQTLs) analyses.
Results  We identified and replicated differentially 
methylated CpGs (DMCs) in SLE at 7245 CpG sites in 
the genome. The largest methylation differences were 
observed at type I interferon-regulated genes which 
exhibited decreased methylation in SLE. We mapped cis-
meQTLs and identified genetic regulation of methylation 
levels at 466 of the DMCs in SLE. The meQTLs for 
DMCs in SLE were enriched for genetic association to 
SLE, and included seven SLE genome-wide association 
study (GWAS) loci: PTPRC (CD45), MHC-class III, 
UHRF1BP1, IRF5, IRF7, IKZF3 and UBE2L3. In addition, 
we observed association between genotype and variance 
of methylation at 20 DMCs in SLE, including at the HLA-
DQB2 locus.
Conclusions O ur results suggest that several of the 
genetic risk variants for SLE may exert their influence on 
the phenotype through alteration of DNA methylation 
levels at regulatory regions of target genes.

Introduction
Systemic lupus erythematosus (SLE, MIM 152700) 
is an autoimmune disease characterised by defective 
clearance of apoptotic cells, production of a large 
number of different autoantibodies and activation 
of the type I interferon (IFN) system.1 2 So far, more 
than 80 genetic loci that contribute to SLE suscep-
tibility have been identified.3 4 Both candidate gene 
and genome-wide association studies (GWAS) have 
provided insights into the affected signalling path-
ways, but do not fully explain the genetic suscepti-
bility to SLE.5 6 

Epigenetic regulation is emerging as an important 
contributing factor in SLE. Promoter demethyla-
tion in lymphocytes leading to overexpression has 
been reported for several SLE candidate genes, as 
has global DNA hypomethylation in lymphocytes 
in patients with SLE.7–9 In addition, demethylating 
agents are known to cause drug-induced lupus.10 
Using the Illumina HM450k BeadChip to analyse 
fractionated blood cells from patients with SLE and 
healthy controls, Absher et al and Coit et al report 
hypomethylation at type I IFN system genes across 
all tested blood cell types.11 12 These studies indicate 
a role for DNA methylation in regulating the type 
I IFN system in SLE. Associations between DNA 
methylation and different manifestations of SLE have 
also been reported, and they include autoantibody 
production, nephritis and skin rash.13–16 However, 
these findings are yet to be independently replicated.

In order to discover novel epigenetic associations 
in SLE, we generated genome-wide methylation 
profiles from a large collection of Swedish patients 
with SLE and healthy controls. To date, there have 
been no large-scale studies that investigate the role 
of genetics in regulating DNA methylation levels 
and variance of DNA methylation in SLE and the 
effect of these measures on SLE susceptibility. 
Therefore, we intersected our genome-wide DNA 
methylation data with genetic data on the same 
cohorts to identify gene regulatory effects on DNA 
methylation in SLE.

Methods
For full details of methods see online Supplemen-
tary file 1.

Subjects and samples
In the discovery phase, patients with SLE visiting 
university hospitals in Uppsala  and Linköping,17 
Sweden (n=400), and control individuals from the 
Uppsala BioResource (n=400) of healthy blood 
donors were included. As replication, patients with 
SLE (n=201) and controls (n=187) from the Karo-
linska University hospital in Stockholm, Sweden, 
were included. All subjects provided informed 
consent to participate in the study. Five hundred 
and forty-eight patients fulfilling at least four of the 
eleven 1982 American College for Rheumatology 
(ACR) criteria for SLE18 were included in the subse-
quent analyses.
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DNA methylation analysis
DNA methylation levels of 485 577 CpG (C-phosphate-G) sites 
were determined using the HM450k BeadChip (Illumina, San 
Diego, California, USA).19 Signal intensities were parsed into 
the Minfi R package for quality control (QC) and Subset-quan-
tile Within Array Normalisation.20–22 The post-QC dataset 
comprised 385 851 CpG sites, 347 patients with SLE and 400 
controls for the discovery phase and 201 patients and 188 
controls for the replication phase. The aggregate of methylation 
beta values for all CpG sites followed identical bimodal distri-
butions in both cases and controls (see figure S1 in the online 
Supplementary file 2).

Genotyping
Quality controlled genotype data for 133 838 SNPs generated 
on the Infinium ImmunoChip (Illumina)23 were available for 
527 patients with SLE and 567 of the healthy control individ-
uals with HM450k data. The SLE case–control genetic associa-
tion analysis included a larger set of 1135 Swedish patients with 
SLE and 2931 Swedish control individuals from the university 
hospital rheumatology clinics at Uppsala, Stockholm Karolinska 
Solna, Linköping, Lund, and the four northernmost counties of 
Sweden.

Epigenome-wide association analysis
Relative blood cell composition of the samples was determined 
using the method by Houseman et al24 (see figure S2 in the 
online Supplementary file 3). To determine differential methyla-
tion between patients with SLE and controls, a linear regression 
model was fitted. Differentially methylated CpG sites (DMCs) 
were called in the discovery phase if they had a P<1.3×10−7 
for association based on Bonferroni correction and an absolute 
average difference in methylation beta values between cases and 
controls of  >0.05. Significance in the replication phase was 
determined as P<0.05 divided by the number of tested CpG sites 
and same direction of effect. Similarly, the role of methylation in 
different disease manifestations was investigated in a case–case 
analysis as was the association between different medications 
and methylation.

Methylation quantitative trait loci (meQTL) analysis
Methylation levels were tested in PLINK for genotype associ-
ation separately in patients and controls assuming an additive 
model.25 A Bonferroni corrected α<0.05 was considered signif-
icant. Methylation variance was calculated as the difference 
between a subject’s methylation value and the genotype-specific 
mean.

Results
Genome-wide DNA methylation patterns in SLE
We used the Illumina HumanMethylation 450 k BeadChip19 
and analysed methylation levels at 385 851 CpG sites across the 
human genome in an epigenome-wide association study (EWAS) 
for SLE in genomic DNA from whole blood. The study included a 
total of 548 patients with SLE and 588 age-matched and gender-
matched controls, and we employed a discovery and replication 
phase study design (see table S1 in the online Supplementary 
file 4). In the discovery phase, we identified 7625 DMCs using 
logistic regression in patients with SLE compared with controls 
at a Bonferroni corrected P value <1.3×10−7 and average meth-
ylation difference |Δβ|>0.05 (figure 1; see table S2 in the online 
Supplementary file 5). The vast majority of the DMCs identified 
in the discovery cohort exhibited decreased DNA methylation 

levels in patients with SLE compared with controls (75%; 5717 
of 7625 CpG sites). As many as 7245 DMCs (95%) replicated 
in the second cohort (Bonferroni corrected P value <6.6×10−6) 
(see table S2 in the online Supplementary file 5). A noteworthy 
result from the genome-wide DNA methylation analysis is that 
we observed large differential methylation of |Δβ|>0.1 almost 
exclusively at IFN-regulated genes (table 1). This epigenetic IFN 
pattern was observed both in patients with active and inactive 
disease, although the effect was more prominent in active SLE 
(see table S3 in the online Supplementary file 6). The CpG site 
with the largest increased methylation in SLE was cg08450017 
in CXCR6, which is involved in C–X–C chemokine signalling 
and whose ligand CXCL16 is elevated in SLE serum and has 
been suggested as a biomarker in SLE (figure 2; see table S2 in 
the online Supplementary file 5).26 27

A total of 4034 of the replicated DMCs in SLE that we identify 
in blood cells in patients with SLE are novel and are annotated 
to 1638 unique genes that have to our knowledge not previ-
ously been linked with DNA methylation in SLE.11 12 28 29 Among 
the most significant novel DMCs in SLE we note cg03889044 
in PDCD1, which is a confirmed SLE susceptibility locus.30 31 
PDCD1 encodes the Programmed Cell Death 1 (PD-1) protein 
that functions in preventing autoimmunity by inhibiting activa-
tion of self-reactive lymphocytes.32 Another example of a previ-
ously unreported DMC in SLE is cg24414363 in centromere 
protein M  (CENPM). CENPM is involved in regulating cell 
division processes and is preferentially expressed in activated 
lymphocytes.33 We further identified highly significant novel 
DMCs in SLE at the genes adenylate kinase 2 (AK2) playing a 
role in apoptotic processes and activating signal cointegrator 
1 complex subunit 2  (ASCC2) involved in transcriptional 
regulation.

To further characterise our most significant DMCs in SLE, 
we performed gene ontology enrichment analysis for the most 
significant and replicated DMCs annotated to genes. We found 
that genes which had DMCs in SLE were highly enriched in the 
molecular functions enzyme binding, regulatory region DNA 
binding and transcription factor activity, as well as in biological 
processes related to leucocyte activation (table 2, see table S4 in 
the online Supplementary file 7). Additionally, we found that the 
replicated DMCs in SLE were depleted in CpG islands, but were 
enriched in regions with a histone mark for active enhancers 
(H3K4me1) in B and T cells (see figure S3 in the online Supple-
mentary file 8).

To avoid confounding due to gender differences in DNA 
methylation patterns, CpG sites located on the sex chromosomes 
were analysed separately in females and males. In females, we 
replicated 27 X-chromosomal DMCs in SLE (see table S5 in the 
online Supplementary file 9). These DMCs were annotated to 
several genes implicated in immune cell function, such as TLR8 
involved in pathogen recognition and VSIG4, a negative regu-
lator of T-cell proliferation. In males, there were three replicated 
X-chromosomal DMCs in SLE; these were annotated to the 
SH2D1A and SEPT6 genes and an intergenic region, respectively 
(see table S6 in the online Supplementary file 10). SH2D1A plays 
a role in stimulation of T and B cells and septin 6 is required for 
cytokinesis.

Methylation changes associated with SLE disease 
manifestations
As SLE is a clinically heterogeneous disease, we compared the 
DNA methylation levels between patients that display a specific 
disease manifestation defined in the ACR 1982 classification 
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criteria for SLE18 against the remaining patients lacking this 
disease manifestation (see table S1 in the online Supplemen-
tary file 4). We were only able to identify a total of 49 DMCs 
associated with ACR criteria for SLE in the discovery cohort 
(P  value <1.3×10−7, |Δβ|>0.05) (see table S7 in the online 
Supplementary file 11). None of these 49 DMCs reached the 
corrected significance threshold in the replication cohort.

Methylation changes associated with SLE treatment
As a majority of the patients with SLE received treatment to 
control their disease at the time of blood sampling, we investi-
gated whether methylation levels were associated with the most 
commonly prescribed medications. By comparing patients that 
received a specific medication at blood sampling to those who 
did not, we identified and replicated 5321 DMCs for medica-
tion in SLE when correcting for disease activity (see table S8 in 
the online Supplementary file 12). The overwhelming majority 
of the DMCs for medication were observed for glucocorticoid 

treatment (n=5196), which typically was associated with 
decreased methylation.

Due to the large number of CpG sites associated with gluco-
corticoid treatment, we repeated the SLE case–control methyl-
ation analyses in the subsets of patients who were not receiving 
glucocorticoid treatment at the time of blood sampling (discovery 
n=132 and replication n=89). Of the 7245 replicated DMCs in 
SLE, 3295 were also significant in this analysis applying Bonfer-
roni correction for multiple testing, and 6411 reached nominal 
significance (P<0.05) in both cohorts with the same direction of 
the effect (see table S9 in the online Supplementary file 13 and 
figure S4 in the online Supplementary file 14).

Genetic regulation of DNA methylation in SLE
To search for cis-acting genetic variants that regulate DNA meth-
ylation in SLE, we analysed DNA methylation levels against the 
genotypes of single nucleotide polymorphisms (SNPs) in risk loci 
for autoimmune diseases in a cis-meQTL analysis (see figure S5 

Figure 1  Results from the case–control epigenome-wide association study (EWAS) in systemic lupus erythematosus (SLE) in the discovery cohort. 
Inner circle: circular Manhattan plot of the results of the SLE case–control association analysis. P values are presented on the −log10 scale where the 
innermost scale line represents 10–214. Middle circle: average methylation difference (∆β) between patients with SLE and controls for the top 100 
differentially methylated CpG sites in the EWAS (scale −0.4 to 0.4). Green bars indicate decreased methylation and orange bars represent increased 
methylation levels in patients compared with controls. The outer circle represents chromosomes 1–22.
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in the online Supplementary file 15). To increase the power to 
detect meQTLs for low frequency variants, the patients with SLE 
in the discovery and replication cohorts were combined for this 
analysis, as were the controls.

At 466 CpG sites of the 7245 replicated DMCs in SLE, we 
observed evidence of genetic control in the form of meQTLs in 
patients with SLE or controls (P<6.5×10−9) (see table S10 in 
the online Supplementary file  16). To investigate whether the 
meQTL SNPs could inform genetic associations from studies on 
SLE, we compared their P  values for association with SLE to 
the P values for all SNPs on the ImmunoChip in a case–control 
genetic association analysis in a larger set of Swedish patients 
with SLE and controls (nSLE=1135; nctrl=2931). We found 
that SNPs which are meQTLs for SLE-associated methylation 
changes were enriched for low P values in the genetic associa-
tion analysis for SLE in our Swedish cohorts (figure 3). Among 
the SLE-associated meQTLs, we note seven GWAS risk loci for 
SLE34–36: PTPRC (CD45), MHC-class III, UHRF1BP1, IRF5, 
IRF7, IKZF3 and UBE2L3 (see table S11 in the online Supple-
mentary file 16). This suggests that variants at SLE risk loci may 
in part exert their influence on the phenotype through alteration 

of DNA methylation levels at regulatory regions of target genes. 
For example, at the UBE2L3 locus, the tested GWAS SNP is 
located downstream of the gene, but acts as a meQTL for an 
SLE associated DMC in the promoter of UBE2L3 (figure 4). For 
some of the SLE GWAS loci, the meQTL effect was observed 
in both patients and controls  and in others exclusively in the 
patient or control group (see figure S6 in the online Supplemen-
tary file 18).

Lastly, we investigated whether SNPs affected the methylation 
variance at DMCs in SLE. We found that a small fraction of 
the 7245 DMCs in SLE had SNPs associated with variation in 
DNA methylation levels (var-meQTLs; 20 unique CpG sites, see 
table S12 in the online Supplementary file 19). The most signif-
icant var-meQTLs in both patients and control individuals were 
observed for one CpG site (cg07180897) in the major histocom-
patibility complex (MHC) class II gene HLA-DQB2, which is 
a known SLE risk locus. Nineteen of the 20 var-meQTL CpG 
sites also had meQTLs, that  is, the genotype affected both the 
mean DNA methylation and variance of DNA methylation at 
these sites.

Table 1  Top differentially methylated CpG sites (DMCs) in the systemic lupus erythematosus case–control association analysis

Chromosome Position CpG site Gene
Interferon 
induced*

Discovery Replication

P value† Methylation Δβ‡ P value† Methylation Δβ‡

 �21 42799141 cg21549285 MX1 Yes 3.5E−139 −0.42 6.4E− 83 −0.47

 �3 122281881 cg22930808 PARP9 Yes 1.4E−105 −0.27 1.2E−74 −0.33

 �21 42797588 cg22862003 MX1 Yes 2.5E−126 −0.27 1.8E−77 −0.30

 �1 79088769 cg05696877 IFI44L Yes 1.9E−120 −0.26 4.1E−86 −0.32

 �1 79085586 cg03607951 IFI44L Yes 3.0E−141 −0.25 4.8E−83 −0.27

 �10 91153143 cg05552874 IFIT1 Yes 2.5E−128 −0.25 1.8E−73 −0.27

 �3 146260954 cg06981309 PLSCR1 Yes 4.9E− 157 −0.24 7.6E−91 −0.25

 �3 122281975 cg00959259 PARP9 Yes 9.3E−105 −0.23 6.1E−71 −0.27

 �11 315102 cg23570810 IFITM1 Yes 1.6E−5 −0.20 3.4E−60 −0.24

 �21 42797847 cg26312951 MX1 Yes 1.3E−82 −0.18 1.2E−59 −0.22

 �22 50971140 cg20098015 ODF3B Yes 7.1E−96 −0.15 1.1E−52 −0.16

 �2 7004578 cg01028142 CMPK2 Yes 1.2E−64 −0.15 4.5E−47 −0.19

 �1 79085713 cg17980508 IFI44L Yes 3.8E−179 −0.14 1.1E−79 −0.13

 �8 66751182 cg14864167 PDE7A Yes 3.6E−41 −0.14 4.0E−37 −0.20

 �8 144099482 cg17052170 LOC100133669,LY6E Yes 1.5E−58 −0.13 2.6E−35 −0.15

 �11 319667 cg09122035 Intergenic NA 3.1E−72 −0.13 9.9E−41 −0.13

 �11 319555 cg20045320 Intergenic NA 1.0E−63 −0.13 8.3E−38 −0.13

 �11 614761 cg08926253 IRF7 Yes 6.8E−81 −0.13 1.5E−54 −0.14

 �1 79085162 cg13304609 IFI44L Yes 5.0E−63 −0.13 3.3E−47 −0.16

 �6 35654363 cg03546163 FKBP5 Yes 1.5E−66 −0.13 1.8E−24 −0.11

 �22 50973101 cg05523603 Intergenic NA 4.7E−71 −0.13 2.0E−50 −0.14

 �16 87371097 cg01787084 FBXO31 NA 1.4E−126 −0.13 8.3E−61 −0.10

 �11 315262 cg03038262 IFITM1 Yes 1.6E−50 −0.12 2.7E−48 −0.17

 �1 79118191 cg01079652 IFI44 Yes 3.6E−43 −0.12 1.7E−25 −0.13

 �7 2444534 cg10152449 CHST12 Yes 3.6E−102 −0.11 3.5E−49 −0.10

 �6 29911550 cg17608381 HLA-A Yes 4.8E−25 −0.11 4.1E−15 −0.12

 �2 7018020 cg10959651 RSAD2 Yes 2.9E−110 −0.11 3.1E−66 −0.12

 �11 319718 cg17990365 IFITM3 Yes 9.5E−56 −0.11 1.5E−35 −0.11

 �1 79085765 cg00855901 IFI44L Yes 1.0E−135 −0.11 2.6E−70 −0.11

 �2 7016509 cg23213327 RSAD2 Yes 4.7E−92 −0.10 8.0E−58 −0.10

 �20 62204908 cg01190666 PRIC285 (HELZ2) Yes 1.2E−111 −0.10 5.7E−61 −0.11

 �3 45984838 cg08450017 CXCR6,FYCO1 (RUFY3) Yes 1.4E− 130 0.13 1.8E−51 0.10

DMCs with |Δβ| > 0.1 in both the discovery and replication cohorts are listed.
*Database of interferon-regulated genes http://interferome.org.
†P value for case–control comparison using a linear regression model containing cell count estimates, age and sex as covariates.
‡Difference in average methylation beta value between patients and control individuals.
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Discussion
We find wide-spread DNA methylation changes in SLE, the 
majority of which exhibit decreased methylation levels in 
patients compared with healthy controls. The top signals repli-
cate previously reported associations in fractionated blood 
cells from patients with SLE, and we identify a large number 
of novel associations. Previous SLE methylation studies have 

been performed in smaller numbers of samples, which most 
likely is the reason for the large number of novel signals that 
we observe. Among CpG sites that have to our knowledge not 
previously been reported as epigenetically associated to SLE, 
we note multiple DMCs with increased methylation levels in 
SLE located in the promoter region of PDCD1 which encodes 
the PD-1 protein. PDCD1 acts an immune checkpoint receptor 
with a primary role in regulating T cell responses in order to 
maintain immune tolerance. Functional enrichment analyses 
indicate that the set of most significant DMCs in SLE are 
located in genes which play a role in regulating transcription in 
immune cells.

We observe a striking pattern of hypomethylation at IFN-sig-
nature genes, despite the fact that the majority of patients were 
inactive or under treatment at time of blood sampling. However, 
this IFN-pattern was more pronounced in patients with active 
disease. We have previously reported decreased methylation at 
IFN-induced genes also for primary Sjögren’s syndrome.37 We 
note that the pattern of hypomethylation at IFN-signature genes 
in blood is more pronounced in SLE, with patients with Sjögren’s 
syndrome exhibiting average methylation levels which are inter-
mediary to those of healthy individuals and patients with SLE. 
This is in line with gene expression studies showing an increased 
expression of IFN-induced genes in the vast majority of patients 
with SLE,38 while the IFN-signature is less prevalent in primary 
Sjögren’s syndrome.39

The study was conducted on whole blood samples and we 
corrected our analysis for major blood cell types. To analyse the 
systemic components of autoimmunity, blood is thought to be 
the most appropriate sample type, while mechanisms of local 
inflammation at specific target organs would require analysis 
of additional tissue types.40 DNA extracted from whole blood 
is more readily available for analysis, but to fully decipher the 
contribution of DNA methylation variation in SLE, additional 
analyses of fractionated cells are needed. Such studies would 
have the ability to detect DNA methylation changes in SLE that 
are restricted to smaller cell subsets.

Despite previous reports of DMCs for ACR criteria, we 
were unable to formally replicate any of the associations with 
ACR criteria we observed in the discovery cohort. Reasons for 
the difference between this and previous studies could be the 
different cell types and different study designs that were used in 
the analyses.14 16 Factors that complicate the analysis of altered 
DNA methylation in relation to the clinical criteria are that the 
SLE ACR criteria are collected cumulatively over a patient’s 
disease course and that individual patients fulfil multiple criteria. 

Figure 2  Violin plot of the DNA methylation levels at the CXCR6 
gene in patients with systemic lupus erythematosus (SLE) and control 
individuals. Methylation levels at the CpG site cg08450017 in CXCR6 
were increased in patients with SLE compared with controls in 
both the discovery and replication cohorts (P discovery=1.4×10–130 
and P replication=1.8×10−51). Median methylation beta values are 
represented by the white horizontal lines in the violin plots.

Table 2  Enrichment analyses of gene ontology (GO) terms based on the top 500 replicated differentially methylated CpG sites (according to 
association P value in the discovery cohort) with gene name annotation and the most significant GO terms are shown* 

Molecules P value

Molecular function

 �Enzyme binding
 �GO:0019899

PDE4D;ACACA;TBC1D2;MCM2;RXRA;TBC1D16;ADORA2A;CLU;MAP3K11;FXYD1;PLSCR1;CUL1;STX8;VRK2;ANKFY1;
POR;AMBRA1;CBX4;APP;YWHAG;PRDX6;ERLIN1;CRY2;NCOR2;STC2;PRKAA1;PDE4DIP;PRKAG1;CSTA;EIF3A;PRKCZ;
SLC12A7;MAP2K6;ATP2A2;RAB11FIP3;SP1;HDAC4;SPTBN1;MAML1;NCK1;NDUFS2;LAX1;KSR1;RCOR1;TBC1D1;
RALBP1;KCNQ1;MMS19;RAB13;SMG6;DNMT3B;CACNA1C;ATF7;CALR;GRK5;CAST;RDX;HNRNPUL1;LCK;RUNX2;
RUNX3;CCND2;SCARB2;CD44;LRP4;ELANE;PPP1R18;LRPAP1;TNFRSF1B;CDH1;ENO1;SMAD3;EXOC4

4.6E−06

 �Regulatory region 
DNA binding
 �GO:0000975

BACH2;ZMYND8;ETS2;ACTN4;BCL11A;RREB1;RFX8;RXRA;GATAD2B;PRDX5;MNT;CBX4;CRY2;NCOR2;ZNF335;ZNF516;
CUX1;GABPB1;SP1;ZBTB16;ZNF148;HDAC4;IRF5;RCOR1;NR1I2;NFE2;NFIL3;EHF;ATF7;TCF12;ARID3A;NRF1;AKNA; 
NR1H3;E2F3;RUNX2;RUNX1;RUNX3;IKZF4;LMO2;SMAD3

4.7E−06

Biological process

 �Leucocyte activation
 �GO:0045321

PDCD1;HLA DMB;TUSC2;HLX;BCL11A;CD83;ADORA2A;PRAM1;FCER1G;CLU;FCGR3B;MAD1L1;FES;AIF1;PLSCR1;
PILRB;SFTPD;ZBTB32;PIK3R6;PRF1;ZNF335;PRKCZ;ZBTB16;IMPDH1;HDAC4;TNFSF13;AZU1;NCK1;LAX1;PTPRE; 
ZFP36L1;DOCK2;LST1;RIPK3;NR1H3;LCK;RUNX2;LFNG;NLRP3;CORO1A;CD247;CD44;LY9;SMAD3;CDK6

3.8E−08

*Functional gene-set enrichment analysis was performed using the ToppGene Suite database https://toppgene.cchmc.org.

https://toppgene.cchmc.org
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Longitudinal studies of DNA methylation would be useful in 
disentangling its role in clinical presentation of SLE.

Association with prescribed medications revealed a large 
number of affected CpG sites in patients treated with gluco-
corticoids. However, the majority of the observed DMCs in 
SLE were nominally significant also in the group of patients 
not treated with glucocorticoids. This indicates that the repli-
cated SLE DMCs are not mainly driven by treatment effects. A 
previous study on the effects of systemic glucocorticoid expo-
sure in patients with chronic obstructive pulmonary disease 
revealed that the majority of associated CpG sites had decreased 

methylation levels in treated patients,41 which is in line with the 
results presented here. Association of DNA methylation patterns 
with treatment may be confounded by the underlying cause for 
prescribing the drug and analyses of treatment effects on DNA 
methylation are hampered by high rates of medication non-ad-
herence in SLE.42

It has previously been suggested for rheumatoid arthritis that 
DNA methylation could be a mediator of genetic risk in the 
disease,43 and we have recently reported genetic regulation of 
methylation at GWAS risk loci for Sjögren’s syndrome.37 Simi-
larly, we here observe evidence of genetic regulation of DNA 

Figure 3  Enrichment of associated genetic variants in systemic lupus erythematosus (SLE) to methylation quantitative trait loci (meQTL) single 
nucleotide polymorphisms (SNPs) for differentially methylated CpG sites (DMCs) in SLE. The x-axis represents bins of P values from an SLE case–
control genetic association analysis including 1135 Swedish patients with SLE and 2931 control individuals. Light grey bars represent SNPs which 
are significant meQTLs for CpG sites differentially methylated in SLE (466 CpG sites; 5307 SNPs). Bars in darker grey represent all SNPs on the 
ImmunoChip (133 838 quality controlled SNPs).

Figure 4  Illustration of genetic regulation of DNA methylation at the UBE2L3 genetic susceptibility locus for systemic lupus erythematosus (SLE) 
from a genome-wide association study (GWAS). The UBE2L3 locus on chromosome 22 with the differentially methylated CpG site (DMC) cg06850285 
from the epigenome-wide association study is indicated at the top panel. The middle panel represents significant methylation quantitative trait loci 
(meQTLs) in controls only (illustrated by blue lines) or shared in both cases and controls (illustrated by black lines). The GWAS index single nucleotide 
polymorphism (SNP) is indicated in green. The bottom panel illustrates the RefSeq genes in the region.

http://ard.bmj.com/
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methylation at DMCs in SLE. Notably, we find GWAS variants 
associated with risk for SLE among the significant meQTLs, 
suggesting a functional mechanism for these genetic variants. 
However, since the coverage of CpG sites at SLE GWAS loci was 
low for the HM450k BeadChip, we have limited possibilities of 
fine-mapping the association signals. The fact that some meQTLs 
are observed exclusively in either the patient or control group 
suggests that a subset of the meQTLs that we detect are context 
dependent. These contexts could, for example, be differences 
in cell  type composition as previously reported for eQTLs.44 
The majority of meQTLs that we report are, however, shared 
between patients and controls. In contrast to genetic regulation 
of mean methylation levels which was observed for hundreds 
of CpG sites, we only observed genetic regulation of methyl-
ation variance at 20 DMCs in SLE. This suggests that genetic 
regulation of DNA methylation in SLE mainly is operating via 
effects on DNA methylation levels means, but that a smaller set 
of variants also have the ability to influence phenotype plasticity.

A main limitation of these data is that it is not possible to 
infer whether the methylation differences in SLE are causes or 
effects of the disease. Longitudinal studies will be required to 
completely elucidate the role of DNA methylation in SLE disease 
aetiology. In addition, it is possible that differences in propor-
tions of cell subtypes affected the results. Another limitation 
is that only methylation at a defined fraction of all CpG sites 
in the genome was analysed. Alternative approaches such as 
whole genome bisulfite sequencing of fractionated cells have the 
potential to fully characterise the epigenetic landscape in SLE. 
Epigenetic variants could be the starting point for developing 
novel epigenetic biomarkers to improve diagnosis in SLE, and 
the reversible nature of epigenetic marks suggests them as poten-
tial targets for therapeutic interventions.
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Extended report

Poly(ADP-ribose) polymerase-1 regulates fibroblast 
activation in systemic sclerosis
Yun Zhang,1 Sebastian Pötter,1 Chih-Wei Chen,1 Ruifang Liang,1 Kolja Gelse,2 
Ingo Ludolph,3 Raymund E Horch,3 Oliver Distler,4 Georg Schett,1 Jörg H W Distler,1 
Clara Dees1

Abstract
Objectives T he enzyme poly(ADP-ribose) polymerase-1 
(PARP-1) transfers negatively charged ADP-ribose 
units to target proteins. This modification can have 
pronounced regulatory effects on target proteins. Recent 
studies showed that PARP-1 can poly(ADP-ribosyl)ate 
(PARylate) Smad proteins. However, the role of PARP-1 in 
the pathogenesis of systemic sclerosis (SSc) has not been 
investigated.
Methods T he expression of PARP-1 was determined 
by quantitative PCR and immunohistochemistry. 
DNA methylation was analysed by methylated DNA 
immunoprecipitation assays. Transforming growth 
factor-β (TGFβ) signalling was assessed using 
reporter assays, chromatin immunoprecipitation 
assays and target gene analysis. The effect of PARP-1 
inactivation was investigated in bleomycin-induced 
and topoisomerase-induced fibrosis as well as in tight-
skin-1 (Tsk-1) mice.
Results T he expression of PARP-1 was decreased 
in patients with SSc, particularly in fibroblasts. The 
promoter of PARP-1 was hypermethylated in SSc 
fibroblasts and in TGFβ-stimulated normal fibroblasts. 
Inhibition of DNA methyltransferases (DNMTs) 
reduced the promoter methylation and reactivated the 
expression of PARP-1. Inactivation of PARP-1 promoted 
accumulation of phosphorylated Smad3, enhanced 
Smad-dependent transcription and upregulated the 
expression of TGFβ/Smad target genes. Inhibition 
of PARP-1 enhanced the effect of TGFβ on collagen 
release and myofibroblast differentiation in vitro and 
exacerbated experimental fibrosis in vivo. PARP-1 
deficiency induced a more severe fibrotic response 
to bleomycin with increased dermal thickening, 
hydroxyproline content and myofibroblast counts. 
Inhibition of PARylation also exacerbated fibrosis in 
Tsk-1 mice and in mice with topoisomerase-induced 
fibrosis.
Conclusion P ARP-1 negatively regulates canonical 
TGFβ signalling in experimental skin fibrosis. The 
downregulation of PARP-1 in SSc fibroblasts may thus 
directly contribute to hyperactive TGFβ signalling and 
to persistent fibroblast activation in SSc.

Introduction
Systemic sclerosis (SSc) is a chronic fibrosing 
connective tissue disease of unknown aetiology that 
affects the skin and various internal organs. A major 
hallmark of SSc is the uncontrolled release of exces-
sive amounts of extracellular matrix by persistently 

activated fibroblasts, which perturbs the normal 
architecture of the affected tissues and thus leading 
to progressive organ dysfunction.1 2 Transforming 
growth factor-β (TGFβ) has been characterised as 
a key  mediator of fibroblast activation in fibrotic 
diseases.3 Numerous studies demonstrate increased 
TGFβ signalling in SSc and other fibrotic diseases 
and highlight that persistent activation of TGFβ 
is sufficient to induce fibrosis,4 5 although the 
underlying molecular mechanisms that lead to the 
uncontrolled activation of TGFβ signalling remain 
incompletely understood. However, fibroblasts 
isolated from patients with SSc retain their acti-
vated phenotype over several passages in culture,6 
suggesting that cell endogenous mechanisms play 
a key  role in fibroblast activation. These endoge-
nous mechanisms may be epigenetic modifications. 
The best studied epigenetic modification to date is 
DNA methylation, which leads to the formation of 
densely packed heterochromatin and thus to gene 
silencing.7 Indeed, several studies showed elevated 
methylation levels in the promoter regions of antifi-
brotic genes.8–10 In contrast to changes in the nucle-
otide sequence, epigenetic changes are reversible. 
DNA methyltransferases (DNMTs) can be targeted 
by small molecule inhibitors like 5-azacytidine and 
5-aza-2′-deoxycytidine that are already approved 
for clinical use in different haematological diseases.

Poly(ADP-ribose) polymerases (PARPs) are 
enzymes that transfer ADP-ribose groups onto 
various substrate proteins either as monomeric 
or oligomeric moieties or as linear or branched 
poly-ADP-ribose (PAR) chains.11 12 As the so-called 
PARylation modulates protein half-life or subcel-
lular localisation, PARP-1 has profound regulatory 
effects on various processes.13 Of the 18 members 
of the PARP family in humans, PARP-1 is by far 
most well characterised.11 PARP-1 is involved in 
multiple aspects of cellular metabolism, such as 
transcription, chromatin remodelling, apoptosis 
and DNA repair.14 Of particular interest for fibrotic 
diseases, PARP-1 has recently been shown to PARy-
late Smad3 and to either positively or negatively 
regulate Smad-mediated transcription, depending 
on the cellular context.15 16 Moreover, PARP-1 can 
contribute to carcinogenesis by promoting cancer 
cell survival in response to genotoxic insults, which 
may allow cells to survive and accumulate DNA 
damage. The involvement of PARP proteins in the 
cellular response to DNA damage or cellular stress 
responses suggests that PARPs are attractive candi-
dates for novel therapies for the treatment of cancer 
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and for autoimmune diseases.13 17 18 Indeed, numerous PARP 
inhibitors have been developed, some of which have recently 
entered clinical trials for stroke or cancer (http://​clinicaltrials.​
gov; NCT01983358 and NCT01351909).

Here, we aimed to investigate the role of PARP-1 in the patho-
genesis of SSc. We demonstrate that PARP-1 is downregulated 
in SSc by increased DNA methylation in the PARP-1 promoter 
region. The decreased expression of PARP-1 may directly 
contribute to hyperactive TGFβ signalling in SSc, as overexpres-
sion of PARP-1 ameliorated the stimulatory effects of TGFβ on 
fibroblasts, pharmacological or genetic inactivation of PARP-1 
promoted TGFβ-induced fibroblast activation in vitro and exac-
erbated experimental fibrosis in vivo. Our data thus reveal the 
downregulation of PARP-1 in SSc fibroblasts as a potential novel 
mechanism for the persistent activation of fibroblast in SSc.

Material and methods
Patient samples and fibroblast culture
Skin biopsies were obtained from the volar aspect of the forearm 
of 23  patients  with SSc. All patients fulfilled the American 
College of Rheumatology/European League Against Rheuma-
tism criteria for SSc.19 The study included 16 female and 7 male 
patients with SSc. The median age was 53 years, ranging from 
20 years to 71 years, and median disease duration was 7 years, 
ranging from 1  year to 15 years. Seven patients had limited 

cutaneous disease,  while 13  patients  had diffuse cutaneous 
disease. Patients did not receive any disease-modifying anti-
rheumatic drug treatment at the time of biopsy. Active disease 
was defined according to the European Scleroderma Trials and 
Research group (EUSTAR) criteria for disease activity.20 Twenty 
age-matched and sex-matched healthy volunteers served as 
controls.

Pharmacological inhibition of PARP-1, TGFβ signalling and 
DNMTs
The experimental procedure about inhibition of PARP-1, TGFβ 
and DNMTs is summarised in the online supplementary methods.

Quantitative real-time PCR
Gene expression was quantified by real-time PCR using the MxPro 
3005P QPCR System (Agilent Technologies, Santa Clara, Cali-
fornia, USA) as previously described.21 22 The primer sequences are 
summarised in online supplementary table 1.

Immunohistochemical analyses
Immunohistochemical analysis of paraffin-embedded sections 
was performed as previously described.23 24 The experimental 
procedure is summarised in the online supplementary methods.

Figure 1  The expression of PARP-1 is decreased in SSc. (A) PARP-1 immunofluorescence staining in the skin of patients with SSc and matched 
healthy volunteers with costaining for the fibroblast marker prolyl-4-hydroxylase-β (P4Hβ) and 4',6-diamidino-2-phenylindole (DAPI) are shown at 
400-fold and 1000-fold magnification. Semiquantitative analysis of PARP-1 staining in fibroblasts and keratinocytes in the skin of patients with SSc 
and healthy volunteers (n=12 patients with SSc and 10 controls). (B) Protein levels (left) and mRNA levels (right) of PARP-1 in fibroblasts of healthy 
individuals and patients with SSc. (C and D) Immunofluorescence staining for PARP-1 with costaining for vimentin and DAPI at 400-fold and 1000-
fold magnification and semiquantitative analyses of PARP-1 expression in the skin of mice challenged with bleomycin and non-fibrotic control mice 
(n=6) (C) and in the skin samples of control pa/pa mice and Tsk-1 mice (n=6) (D). *P < 0.05, **P< 0.01,***P < 0.001. PARP-1, poly(ADP-ribose) 
polymerase-1; SSc, systemic sclerosis; Tsk-1, tight-skin-1. 

http://clinicaltrials.gov
http://clinicaltrials.gov
https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
http://ard.bmj.com/


746 Zhang Y, et al. Ann Rheum Dis 2018;77:744–751. doi:10.1136/annrheumdis-2017-212265

Basic and translational research

Methylated DNA immunoprecipitation (MeDIP) and chromatin 
immunoprecipitation (ChIP) assays
Details about MeDIP and ChIP assays are provided in the 
online supplementary.

PARP-1 overexpression
Human PARP-1 was amplified from whole blood and cloned 
into the pDNOR221 plasmid (Invitrogen). Empty pDNOR221 
plasmid served as control. Human dermal fibroblasts were 
transfected using the Lonza 4D-Nucleofector (Lonza, Verviers, 
Belgium).25

Western blot and coimmunoprecipitation
The experimental procedure is summarised in the online supple-
mentary methods.

Smad-binding sequences (CAGA) reporter assays
One thousand infectious units (ifu) CAGA viruses per fibroblast 
were added in 1% serum supernatant for 48 hours.25 The infec-
tions were conducted in triplicate for different treatments of 
each cell line. The luciferase activities of fibroblast lysates were 
evaluated using Microwin software.

Mouse models of fibrosis
Three different mouse models of SSc were used: bleomycin-in-
duced or topoisomerase-induced skin fibrosis and the Tsk-1 
model. A detailed description of the experiments is given in 
the online supplementary methods.

Statistical analysis
Data are expressed as median with IQR, and differences 
between the groups were tested for their statistical significance 
by non-parametric Mann-Whitney U test. P values less than 0.05 
were considered significant.

Additional experimental details are provided in the  online 
supplementary.

Results
The expression of PARP-1 is decreased in SSc
We first analysed the expression of PARP-1 in the skin of patients 
with SSc and matched healthy volunteers by immunofluores-
cence and immunohistochemistry. SSc skin showed less inten-
sive staining of PARP-1 compared with healthy skin (figure 1A 
and online supplementary figure 1). Semiquantitative analysis of 
the costaining of PARP-1 and the fibroblast marker prolyl-4-hy-
droxylase-β demonstrated reduced expression of PARP-1 in 
SSc fibroblasts as compared with healthy skin (figure 1A) and 
showed trends towards more pronounced decreases in patients 
with diffuse cutaneous SSc and active disease as compared with 
limited cutaneous SSc and stable disease. Although there was a 
trend towards an inverse correlation of PARP-1 staining with 
the modified Rodnan skin score, no statistical significance was 
achieved. PARP-1 mRNA levels as well as the nuclear levels of 
PARP-1 protein were also significantly decreased in cultured 
fibroblasts from patients with SSc even after several passages in 
vitro (figure 1B). The findings in human SSc skin were mimicked 
by murine models of SSc with reduced Parp-1 levels in fibro-
blasts in bleomycin-induced fibrosis (figure  1C) and in Tsk-1 
mice (figure 1D) as compared with non-fibrotic control mice.

Figure 2  TGFβ downregulates the expression of PARP-1 in healthy fibroblasts. (A) mRNA levels of PARP-1 in human fibroblasts stimulated with 
TGFβ (n=4 biological replicates with ≥2 technical replicates). (B) Western blot for the protein levels of PARP-1 in human fibroblasts at different time 
points after stimulation with TGFβ (n=4 biological replicates with ≥2 technical replicates). (C) Effects of siRNA-mediated knockdown of Smad3 on 
the mRNA and protein levels of PARP-1 (n=4 biological replicates with ≥2 technical replicates). (D) mRNA and protein levels of PARP-1 in the skin of 
control mice, mice challenged with bleomycin and bleomycin-challenged mice treated with TGFβ receptor type I kinase inhibitor SD208. (E) mRNA 
and protein levels of PARP-1 in SSc fibroblasts after incubation with SD208 (n=6 biological replicates with ≥2 technical replicates for in vitro and in 
vivo experiments). *P< 0.05, **P< 0.01, ***P < 0.001. PARP-1, poly(ADP-ribose) polymerase-1; SSc, systemic sclerosis; TGFβ, transforming growth 
factor-β.  

https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
http://ard.bmj.com/
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The levels of PARP-1 are reduced by TGFβ stimulation
Given the central role of TGFβ in fibrotic diseases, we wondered 
whether the expression of PARP-1 might be regulated by TGFβ. 
Indeed, we observed a time-dependent decrease of PARP-1 
mRNA and protein on stimulation with TGFβ in cultured 
fibroblasts (figure 2A,B). Knockdown of SMAD3 abrogated the 
TGFβ-induced downregulation of PARP-1 demonstrating that 
TGFβ-induced repression of PARP-1 is dependent on canonical 
Smad signalling (figure 2C and online supplementary figure 2). 
Moreover, selective inhibition of TGFβ signalling in bleomy-
cin-induced fibrosis by SD-208 prevented the downregulation 
of Parp-1, and inhibition of TGFβ signalling in SSc fibroblasts 
upregulated PARP-1 expression (figure  2D,E), further high-
lighting the central role of TGFβ in regulating PARP-1 expres-
sion in fibrosis.

PARP-1 is silenced by TGFβ-induced promoter 
hypermethylation
Given accumulating evidence for a central role of DNA-hyper-
methylation in the pathogenesis of SSc,8–10 26–31 we hypothe-
sised that TGFβ may induce DNA methylation of the PARP-1 
promoter to induce chronic silencing of PARP-1 expression. 
Indeed, incubation with the DNMT inhibitor 5-aza strongly 
blocked the inhibitory effects of TGFβ on PARP-1 mRNA and 
protein in normal dermal fibroblasts at later timepoints (48 and 
72 hours) (figure  3A,B). Consistent with the proposed model, 
5-aza did not interfere with the early effects of TGFβ on PARP-1 

expression as analysed after 6 hours (figure  3A,B). To directly 
demonstrate TGFβ-induced hypermethylation of the PARP-1 
promoter, we performed MeDIP assays. DNA methylation was 
induced in normal dermal fibroblasts by prolonged TGFβ stim-
ulation at three out of four sites within the CpG island with 
particularly pronounced effects at site −330 to −182 bp with 
respect to the transcription start site (TSS) (figure  3C). Coin-
cubation with 5-aza prevented the TGFβ-induced promoter 
hypermethylation, thus confirming the specificity of our finding. 
Comparison of the methylation status between SSc fibroblasts, 
and normal fibroblasts demonstrated increased promoter meth-
ylation at sites −330 to −182, –30 to +94 and +172 to +315 bp 
referred to the TSS in SSc fibroblasts (figure  3D). Moreover, 
prolonged incubation of SSc fibroblasts with 5-aza upregulated 
the mRNA and protein levels of PARP-1 (figure 3E,F), providing 
further evidence that DNA-hypermethylation contributes to the 
downregulation of PARP-1 in SSc fibroblasts. Consistently, treat-
ment with 5-aza decreased collagen and αSMA expression and 
stress fibre formation in SSc fibroblasts (online  supplementary  
figure 3).

Inhibition of PARP-1 enhances fibroblast activation and 
collagen release
We next investigated whether PARP-1 in turn might regulate 
TGFβ-induced fibroblast activation. Inhibition of PARP-1 by 3AB 
in fibroblasts from healthy individuals enhanced the stimulatory 
effects of TGFβ on myofibroblast differentiation. Incubation 

Figure 3  PARP-1 expression is regulated by DNA methylation. (A) mRNA levels of PARP-1 in human fibroblasts stimulated with TGFβ and incubated 
with 5-aza for 6, 48 and 72 hours (n=5 biological replicates with three technical replicates). (B) Protein levels of PARP-1 in human fibroblasts 
stimulated with TGFβ and incubated with 5-aza for 6, 48 and 72 hours (n=3 biological replicates with three technical replicates). (C) MeDIP analyses 
of the PARP-1 promoter in normal human fibroblasts stimulated with TGFβ and incubated with 5-aza. Sites are given with respect to the transcription 
start site (n=5 biological replicates with two technical replicates). (D) MeDIP analyses of the PARP-1 promoter in normal and SSc fibroblasts in the 
absence of external stimulation. Sites are given with respect to the transcription start site (n=5 biological replicates with two technical replicates). (E) 
mRNA levels of PARP-1 in SSc fibroblasts on incubation with 5-aza (n=5 biological replicates with two technical replicates). (F) Protein levels of PARP-
1 in SSc fibroblasts on incubation with 5-aza at different time points (n=6 biological replicates with two technical replicates). *P< 0.05, **P< 0.01, 
***P < 0.001. MeDIP, methylated DNA immunoprecipitation; PARP-1, poly(ADP-ribose) polymerase-1; SSc, systemic sclerosis; TGFβ, transforming 
growth factor-β.  

https://dx.doi.org/10.1136/annrheumdis-2017-212265
https://dx.doi.org/10.1136/annrheumdis-2017-212265
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with 3AB further increased the mRNA level of ACTA2 encoding 
for αSMA (figure  4A), the expression of αSMA protein and 
stress fibre formation (figure 4B) as compared with fibroblasts 
stimulated with TGFβ alone. Inhibition of PARP-1 also fostered 
TGFβ-induced collagen release and increased the mRNA levels 
of COL1A1 and COL1A2, the levels of type I collagen protein 
as well as the release of collagen protein into the supernatant in 
normal fibroblasts (figure 4C and online supplementary figure 
4A). Consistent with the low expression levels of PARP-1 in 
SSc, incubation with 3AB had only mild effects on the expres-
sion levels of collagen and contractile proteins in SSc fibroblasts 
(online supplementary figure 5A).

In contrast, overexpression of PARP-1 inhibited TGFβ-in-
duced fibroblast activation and reduced the mRNA levels of 
ACTA2, COL1A1 and COL1A2, type I collagen and inhibited 
the release of collagen protein (figure 4D and online supplemen-
tary figure 4B).

PARP-1 binds to Smad3 to enhance TGFβ signalling
To further characterise the effect of PARP-1 on TGFβ signal-
ling, we analysed the levels of pSmad3 after inhibition of PARP-1 
in TGFβ-stimulated fibroblasts. Treatment with 3AB further 
enhanced the accumulation of pSmad3 in TGFβ-stimulated fibro-
blasts (figure 5A,B). Reporter assays showed increased Smad-de-
pendent transcription on inhibition of PARP-1 (figure  5C). 
Consistently, the mRNA levels of the classical TGFβ/Smad target 
genes PAI-1, Smad7 and CTGF were increased further by inhibi-
tion of PARP-1 in TGFβ-stimulated normal fibroblasts, whereas 
the effects of 3AB were less pronounced in SSc fibroblasts 
(figure  5C and  online supplementary figure 5B). ChIP assays 
demonstrated that inhibition of PARP-1 enhances TGFβ-de-
pendent binding of Smad3 to SBE in the ACTA2 promoter 
(figure 5D). Costaining of fibroblasts for PARylation, pSmad2/3 
and Smad2/3 showed that the staining for PARylation colocalises 
with the staining for pSmad2/3 and Smad2/3 in TGFβ-stimulated 

fibroblasts and that this PARylation is effectively blocked by 3AB 
(figure 5E and online supplementary figure 6). Coimmunopre-
cipitation assays with antibodies against Smad3 or PARylation 
demonstrated that stimulation with TGFβ promoted direct 
binding of PARP-1 to Smad3 and PARylation of Smad3, which 
was inhibited by coincubation with 3AB, thus confirming the 
TGFβ-induced PARylation of Smad3 and of pSmad3 (figure 5F).

Inactivation of Parp-1 exacerbates bleomycin-induced fibrosis
We next aimed to analyse the role of PARP-1 in experimental 
fibrosis. We first evaluated the outcome of Parp-1-deficient mice 
in bleomycin-induced fibrosis. In the absence of bleomycin, Parp-
1−/− mice demonstrated a normal skin phenotype (online supple-
mentary figure 7A). However, Parp-1−/− mice developed more 
severe fibrosis on injection of bleomycin as compared with Parp-
1+/+ littermates (online  supplementary figure 7A). Skin thick-
ening, hydroxyproline content and differentiation of resting 
fibroblasts into myofibroblasts were more pronounced in bleo-
mycin-injected Parp-1−/− mice compared with Parp-1+/+ mice 
(online supplementary figure 7B-D). We also observed increased 
mRNA levels of Pai-1, Smad7 and Ctgf compared with Parp-1+/+ 
mice (online supplementary figure 8).

Consistent with the findings in Parp-1−/− mice, pharmaco-
logical inactivation of Parp-1 by two structurally non-related 
inhibitors, 3AB and PJ34, also exacerbated bleomycin-induced 
skin fibrosis (online supplementary figure 9) with enhanced skin 
thickening, collagen accumulation and myofibroblast differen-
tiation as compared with vehicle-treated, bleomycin-challenged 
mice.

Pharmacological inhibition of Parp-1 exaggerates 
topoisomerase-induced fibrosis
The effects of pharmacological inactivation of Parp-1 via 3AB 
could also be observed in topoisomerase-induced skin fibrosis 

Figure 4  Inhibition of PARP-1 promotes fibroblasts differentiation and collagen release. (A–C) Inhibition of PARP-1: (A) mRNA levels of ACTA2 in 
TGFβ stimulated human fibroblasts with or without PARP-1 inhibition. (B) Immunofluorescence staining for αSMA and stress fibres in fibroblasts 
incubated with TGFβ and 3AB at 200-fold magnification. (C) mRNA and protein levels of collagen in TGFβ-stimulated healthy human fibroblasts after 
inhibition of PARP-1 by 3AB. (D) Overexpression of PARP-1: mRNA levels of ACTA2 and collagen, protein levels of collagen in TGFβ-stimulated human 
fibroblasts overexpressing PARP-1 (n≥4 biological replicates with ≥2 technical replicates for all experiments and readouts). *P< 0.05, **P< 0.01, ***P 
< 0.001. PARP-1, poly(ADP-ribose) polymerase-1; TGFβ, transforming growth factor-β. 
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(figure  6A–D). Repeated injections of recombinant topoisom-
erase I induced dermal fibrosis with dermal thickening, increased 
hydroxyproline content and higher myofibroblast counts. Inhibi-
tion of Parp-1 by 3AB in topoisomerase-challenged mice further 
increased the fibrotic changes and nearly doubled dermal thick-
ness and hydroxyproline content in lesional skin compared with 
vehicle-treated fibrotic control mice (figure 6B,C). Cotreatment 
with 3AB also further enhanced topoisomerase-induced myofi-
broblast differentiation (figure 6D).

Inhibition of Parp-1 promotes fibrosis in Tsk-1 mice
Bleomycin-induced and topoisomerase-induced dermal fibrosis 
serve as models for early, inflammatory stages of SSc but is less 
appropriate for less inflammatory subgroups of patients with 
SSc. To overcome this limitation, we aimed to study the effects 
of Parp-1 inactivation in the Tsk-1 model. Inhibition of Parp-1 
by 3AB enhanced the Tsk-1 phenotype (figure 6E). Hypodermal 
thickening, accumulation of collagen and myofibroblast counts 
were all increased in Tsk-1 mice treated with 3AB as compared 
with vehicle-treated Tsk-1 mice (figure 6F-H).

Discussion
We demonstrate in the present study that the expression of 
PARP-1 is decreased in patients with SSc and in murine models 
of skin fibrosis. We provide evidence that the downregulation 

of PARP-1 is due to endogenous activation of TGFβ signal-
ling in SSc fibroblasts. Of note, the downregulation of PARP-1 
persisted in vitro and resulted in reduced PARylation in cultured 
SSc fibroblasts even after several passages. This chronic repres-
sion of PARP-1 expression is mediated by a TGFβ-induced 
hypermethylation of the PARP-1 promoter and the downregula-
tion of PARP-1 expression in SSc fibroblasts can be reversed by 
inhibition of DNA methyltransferases, highlighting the crucial 
role of epigenetic alterations for the aberrant fibroblast activa-
tion in SSc.8–10 26–31 Pathological activation of epithelial kera-
tinocytes may also play a role in fibrogenesis. Takahashi et al 
demonstrated that knockout of the transcription factor FLI1 in 
keratinocytes results in autoimmunity and fibrosis.32 Our immu-
nohistochemical data suggest that PARP-1 expression is also 
decreased in keratinocytes of patients with SSc, and this mecha-
nism may also be relevant for the pathogenesis of SSc. However, 
additional studies are necessary to confirm a potential contri-
bution of altered PARP-1 expression in keratinocytes to fibrotic 
tissue remodelling.

The impaired PARylation in SSc has profound effects on 
canonical TGFβ signalling. Under physiological conditions, 
PARylation induces a negative feedback-loop to limit canonical 
TGFβ signalling. TGFβ induces binding of PARP-1 to Smad3 
with subsequent PARylation of Smad3. The PARylation of Smad3 
has been shown to induce dissociation of Smad3 from DNA, 

Figure 5  Inhibition of PARP-1 enhances TGFβ signalling in a Smad3-dependent manner. (A) Immunofluorescence staining for pSmad3 in TGFβ-
stimulated fibroblasts incubated with 3AB at 200-fold magnification and quantification of the relative fluorescence intensity of pSmad3. (B) Western 
blot for pSmad3 in TGFβ-stimulated fibroblasts incubated with 3AB and quantification of the relative integrated density of pSmad3 (n=3 biological 
replicates with two technical replicates). (C) Transcriptional activity of Smad in Smad-binding elements (SBEs) reporter assays in fibroblasts stimulated 
with TGFβ and coincubated with 3AB; mRNA levels of the TGFβ target genes PAI-1, Smad7 and CTGF after inhibition of PARP-1 (n=4 biological 
replicates with two technical replicates). (D) PARP-1 inhibition enhanced the effects of TGFβ stimulation on binding of Smad3 to SBEs of the human 
ACTA2 promoter in ChIP assays (n=4 biological replicates with two technical replicates). (E) Representative immunofluorescence pictures of PAR, 
pSmad2/3 and Smad2/3 at 1000-fold magnification and quantification of related integrated density of PARylated protein. (F) Coimmunoprecipitation 
using antibodies against Smad3 or PARylation in lysates of TGFβ-stimulated fibroblasts with or without 3AB treatment (n=3 biological replicates with 
two technical replicates). *P< 0.05, **P< 0.01, ***P < 0.001. ChIP, chromatin immunoprecipitation; PARP-1m, poly(ADP-ribose) polymerase-1; TGFβ, 
transforming growth factor-β.  
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thereby abrogating Smad-dependent transcription.16 However, 
our data demonstrate that chronically activated TGFβ signalling 
as in SSc interferes with PARP-1-induced inhibition of TGFβ/
Smad signaling. Persistently high levels of TGFβ decrease the 
expression of PARP-1 in fibroblasts, leading to impaired PARy-
lation-induced inactivation of Smad3. Given the roles of both 
pathways in the pathogenesis of neoplastic diseases, one might 
speculate whether deregulation of PARP-1 with subsequent alter-
ations of TGFβ signalling may have an impact on carcinogen-
esis in SSc. Whereas the decreased expression of the oncogene 
PARP-1 in SSc does not favour an increased risk to carcinogen-
esis, the prolonged activation of TGFβ-Smad3 signalling may 
theoretically favour metastasis and decrease responsiveness to 
therapy.2

Besides regulation by TGFβ, enhanced oxidative stress may 
also contribute to the deregulation of PARP-1 expression in SSc, 
given that PARP-1 is a DNA nick sensor enzyme that is activated 
by DNA breaks.14 33

The reduced PARP-1 activity in turn further promotes canon-
ical TGFβ/Smad signaling in SSc. Inhibition of PARylation 
stimulated Smad-dependent transcription with enhanced Smad 
reporter activity and increased levels of classical Smad target 
genes. Consistent with the central role of TGFβ signalling in 
fibrogenesis, the enhanced TGFβ/Smad signaling in skin fibrosis 
translates directly into hyperactivation of fibroblasts. Inacti-
vation of PARP-1 enhanced the stimulatory effects of TGFβ 
on myofibroblast differentiation and the release of collagen 
in vitro. Moreover, inhibition of Parp-1 also exacerbated skin 
fibrosis in inflammation-dependent and non-inflammation-de-
pendent models. Of note, the role of PARP-1 in fibrosis may 
differ depending on the affected organ systems. In internal 
organs such as liver, lungs and kidneys, most publications report 
that PARP-1 promotes epithelial-to-mesenchymal transition 

(EMT) and fibrosis,34–38 while other studies report exacerbation 
of EMT by inhibition of PARP-1.39 Consistent with the different 
outcomes in fibrosis, inhibitory as well as stimulatory effects 
of PARP-1 on TGFβ/Smad signalling have been reported in 
vitro.15 16 37 39–41 Although cell-type and context-specific effects 
may contribute to the different outcomes in some cases, the 
underlying reasons for those different effects warrant further 
studies.

Our data also provide evidence that different members of the 
PARP family have opposing effects on fibroblast activation and 
tissue fibrosis. PARP-5a and PARP-5b, also known as tankyrases, 
can PARylate axin, a central component of the β-catenin destruc-
tion complex.42 PARylation of axin decreases its stability, thereby 
fostering the nuclear translocation of β-catenin, which increases 
canonical Wnt signalling.42 43 Consistent with the potent stim-
ulatory effects of Wnt signalling on fibroblast activation and 
collagen synthesis,44–49 selective inactivation of PARP-5a and 
PARP-5b demonstrated potent antifibrotic effects in preclin-
ical models of fibrosis.50 Indeed, tankyrase inhibitors are 
currently considered as candidates for clinical trials in fibrotic 
diseases.51 In contrast to the antifibrotic effects of an inhibition 
of tankyrases, profibrotic as well as antifibrotic effects of inac-
tivation of PARP-1 have been reported.15 16 34–41 Those findings 
have direct implications on the developmental programme with 
tankyrase inhibitors in fibrotic diseases, because they warrant the 
use of highly selective tankyrase inhibitors.

In summary, our study identifies PARP-1 as a central regu-
lator of skin fibrosis. Stimulation with TGFβ recruits PARP-1 to 
Smad3, resulting in PARylation-induced inactivation of Smad3 
(summarised in  online supplementary figure 10). However, in 
SSc, this regulatory feedback loop is inactivated by downreg-
ulation of PARP-1. Inactivation of PARP-1 fosters canonical 
TGFβ signalling, stimulates fibroblast activation and exacerbates 

Figure 6  Inhibition of PARP-1 by 3AB exacerbates topoisomerase I-induced skin fibrosis and promotes fibrosis in Tsk-1 mice. (A) Representative 
trichrome-stained and H&E-stained skin sections are shown at 100-fold magnification. (B–D) Inhibition of PARP-1 enhanced topoisomerase I-induced 
dermal thickening (B), increased the hydroxyproline content (C) and stimulated myofibroblast differentiation (D) (n=6 for each group in all readouts). 
(E) Representative trichrome-stained and H&E-stained skin sections at 40-fold magnification. (F–H) Hypodermal thickening (F), hydroxyproline content 
(G) and myofibroblast counts (H) in control mice, Tsk-1 mice and Tsk-1 mice treated with 3AB (n=6 mice for all groups and outcomes). *P< 0.05, 
**P< 0.01, ***P < 0.001. PARP-1, poly(ADP-ribose) polymerase-1; Tsk-1, tight-skin-1. 
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experimental skin fibrosis and may thus contribute to persistent 
fibroblast activation and progression of fibrosis in SSc.
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Methotrexate limits inflammation through an  
A20-dependent cross-tolerance mechanism
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ABSTRACT
Objectives  Methotrexate (MTX) is the anchor 
drug for treatment of rheumatoid arthritis (RA), but 
the mechanism of its anti-inflammatory action is 
not fully understood. In RA, macrophages display a 
proinflammatory polarisation profile that resembles 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF)-differentiated macrophages and the response 
to MTX is only observed in thymidylate synthase+ 
GM-CSF-dependent macrophages. To determine the 
molecular basis for the MTX anti-inflammatory action, 
we explored toll-like receptor (TLR), RA synovial fluid 
(RASF) and tumour necrosis factor receptor (TNFR)-
initiated signalling in MTX-exposed GM-CSF-primed 
macrophages.
Methods  Intracellular responses to TLR ligands, TNFα 
or RASF stimulation in long-term low-dose MTX-
exposed human macrophages were determined through 
quantitative real-time PCR, western blot, ELISA and 
siRNA-mediated knockdown approaches. The role of 
MTX in vivo was assessed in patients with arthritis under 
MTX monotherapy and in a murine sepsis model.
Results  MTX conditioned macrophages towards a 
tolerant state, diminishing interleukin (IL)-6 and IL-1β 
production in LPS, LTA, TNFα or RASF-challenged 
macrophages. MTX attenuated LPS-induced MAPK and 
NF-κB activation, and toll/IL-1R domain-containing 
adaptor inducing IFN-beta (TRIF1)-dependent signalling. 
Conversely, MTX increased the expression of the NF-κB 
suppressor A20 (TNFAIP3), itself a RA-susceptibility gene. 
Mechanistically, MTX-induced macrophage tolerance 
was dependent on A20, as siRNA-mediated knockdown 
of A20 reversed the MTX-induced reduction of IL-6 
expression. In vivo, TNFAIP3 expression was significantly 
higher in peripheral blood cells of MTX-responsive 
individuals from a cohort of patients with arthritis under 
MTX monotherapy, whereas MTX-treated mice exhibited 
reduced inflammatory responses to LPS.
Conclusions  MTX impairs macrophage 
proinflammatory responses through upregulation of 
A20 expression. The A20-mediated MTX-induced innate 
tolerance might limit inflammation in the RA synovial 
context, and positions A20 as a potential MTX-response 
biomarker.

Introduction
Rheumatoid arthritis (RA) is a chronic, systemic 
inflammatory disorder that primarily affects syno-
vial joints. Predominant cytokines in RA patho-
genesis are TNFα, interleukin  (IL)-6 and IL-1β, 

which are mainly produced by macrophages and 
act locally and systemically.1–3 In fact, macrophages 
accumulate in the synovium of RA joints, where 
they exhibit destructive and remodelling potential 
and contribute considerably to inflammation and 
joint destruction.4 Importantly, reduction in the 
number of macrophages in the synovium consti-
tutes a biomarker for response to treatment in 
patients with RA.5 

GM-CSF induces macrophage differentiation 
from haematopoietic progenitor cells and is a key 
driver of tissue inflammation.6 GM-CSF was one of 
the first cytokines detected in human synovial fluid 
from inflamed joints and several lines of data suggest 
that GM-CSF strongly influences the development 
and pathogenesis of RA.6 GM-CSF-deficient mice 
are protected from developing collagen-induced 
arthritis and blockade of GM-CSF reduces the 
severity of established disease in wild-type mice, 
thus supporting a key role for GM-CSF in the initi-
ation and development of inflammatory arthritis. 
Moreover, overexpression or injection of GM-CSF 
is associated with flares of arthritis and patients 
receiving GM-CSF after chemotherapy showed 
exacerbation of established RA.7 In line with all the 
above findings, macrophages from patients with 
active RA display a transcriptomic and phenotypical 
proinflammatory polarisation profile that resembles 
GM-CSF-differentiated macrophages.8 According 
to the role of GM-CSF in RA, phase I and II clin-
ical trials targeting GM-CSF or GM-CSF recep-
tor-α in RA have shown rapid and sustained clinical 
responses without major safety concerns.9–11

The folic acid antagonist methotrexate (MTX) is 
the disease modifying anti-rheumatic drug of first 
choice in the treatment of early and established RA, 
and shows good efficacy, with 40% of patients with 
RA achieving an American College of Rheuma-
tology score 50 (ACR50) response.12 13 MTX blocks 
different enzymes of the folate or one-carbon metab-
olism. While MTX blocks dihydrofolate reductase, 
polyglutamated MTX potently inhibits thymidylate 
synthase (TS), and both enzymes are crucial for the 
de novo biosynthesis of purines and pyrimidines 
required for DNA replication and cellular prolif-
eration.13 In patients with RA, MTX treatment is 
associated with a significant decrease in serum IL-6 
and IL-8.14 However, despite the beneficial effect 
of MTX in current RA therapies, its mechanism of 
action as an anti-inflammatory drug remains incon-
clusive. Different cellular-specific mechanisms have 
been proposed to explain the inhibition of NF-κB, 
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the central regulator of proinflammatory cytokine gene expres-
sion. Previous studies on T lymphocytes and fibroblast-like 
synoviocytes have found that MTX inhibits NF-κB activity via 
tetrahydrobiopterin (BH4) depletion, lincRNA-p21 increase or 
adenosine receptor activation, respectively.15 16 Although MTX 
restores NF-κB activity in peripheral blood mononuclear cells 
(PBMCs) from patients with RA,15 no information is available on 
the effect of clinical doses of MTX on NF-κB in human macro-
phages, whose transcriptome is significantly modulated after 
low-dose MTX exposure.17

We have also previously described that MTX exclusively 
targets proinflammatory TS+ GM-CSF-primed macrophages.17 
In an attempt to determine the molecular mechanism under-
lying the anti-inflammatory actions of MTX, we have explored 
the inflammatory response of MTX-exposed GM-CSF-primed 
macrophages. We now report that long-term low-dose MTX 
treatment modifies macrophage response to TLR ligands or 
TNFα stimulation by increasing TNFAIP3 (A20) expression 
in macrophages, and that MTX conditions macrophages for 
impaired responses towards pathogen agents like LPS, TNFα or 
RA synovial fluid (RASF).

Methods
Detailed methods are supplied in the online supplementary file.

Human PBMCs were isolated from buffy coats from normal 
donors. Monocytes were purified from PBMCs by magnetic cell 
sorting using CD14 microbeads (Miltenyi) and were cultured at 
0.5×106 cells/mL for 7 days in Roswell Park Memorial Institute 
(RPMI) supplemented with 10% fetal calf serum, and containing 
GM-CSF (1000 U/mL) to generate GM-CSF-polarised macro-
phages (GM-MØ). Independent preparations of monocytes were 
unexposed or exposed once to MTX (50 nM)18 19 and differen-
tiated to GM-MØ for 7 days. MTX is a drug given weekly to 
patients with RA and we followed in vitro the patient schedule.12 
LPS (10 ng/mL, 01111:B4 strain), LTA (5 µg/mL), TNFα (20 ng/
mL) and RASF were added for the indicated time points to 7-day 
fully differentiated GM-MØ and were analysed by quantita-
tive real-time RT-PCR, immunobloting or ELISA. RASF were 
obtained from patients with active knee arthritis, confirmed by a 
highly cellular synovial fluid, and were heterogeneous regarding 
demographic, disease characteristics and previous RA therapy. 
For in vivo MTX-cross tolerance, C57BL/6J mice between 6 and 
8 weeks of age (n=6 mice/group) received phosphate-buffered 
saline (PBS) or MTX intraperitoneally (2 mg/kg). Seven days 
later, intraperitoneal LPS (9 mg/kg) was administered and serum 
collected after 4 hours for IL-6 and TNFα determination by 
ELISA. Patients with early arthritis in MTX monotherapy were 
recruited from the Princesa Early Arthritis Register Longitudinal 
study. Informed consent is received from the patient.20 Statis-
tical analysis was performed using paired Student’s t-test and a 
P value <0.05 was considered significant (*P<0.05, **P<0.01, 
***P<0.001).

Results
Long-term low-dose MTX treatment diminishes LPS, LTA, TNFα 
and RASF-induced proinflammatory cytokine production in 
human macrophages
A variety of TLR ligands, either endogenous or of microbial 
origin, are present within RA synovia.21 To determine the role of 
MTX on macrophage TLR4 activation, monocytes were exposed 
to a single dose of MTX before initiation of the GM-CSF-
driven differentiation process, and later challenged with LPS at 
the 7-day culture (figure  1A). MTX pretreatment diminished 

LPS-induced IL-6 expression at the mRNA and protein levels 
(figure 1B). Similarly, MTX pretreatment reduced LPS-induced 
TNFα, IL-12p40 and IL-1β production although with different 
kinetics (figure  1C and online supplementary figure S1). By 
contrast, the expression of other LPS-responsive macrophage 
genes22 was either unaltered (IFIT2, PKIG) or increased (CCR7) 
on MTX pretreatment (online supplementary figure S1), thus 
indicating that proinflammatory cytokine production is selec-
tively inhibited in MTX-exposed macrophages. The specificity 
of MTX to attenuate LPS-dependent proinflammatory cyto-
kine production in macrophages was analysed in the presence 
of folinic acid (FA). FA restored LPS-induced IL-6 secretion 
in MTX-treated macrophages, indicating that MTX-induced 
effects are mediated through blocking the one-carbon metab-
olism (figure  1D). Similar to TLR4 activation, MTX-treated 
macrophages exhibited a lower level of LTA-dependent IL-6 and 
IL-1β gene expression and protein secretion (figure 1E). More 
importantly, analogous findings were observed when macro-
phages were challenged with TNFα, the predominant inflam-
matory cytokine found in RA joints1: MTX-treated macrophages 
exhibited a lower expression of TNFα-induced IL6 and IL1B 
mRNA and IL-6 and IL-12p40 secretion than untreated macro-
phages (figure 1F), thus indicating that MTX attenuates proin-
flammatory cytokine expression in response to TLR4 and TLR2 
ligands as well as after TNFα stimulation.

Finally, to determine whether MTX-exposed macrophages 
are also refractory to the effect of the RA synovial environment, 
MTX-treated macrophages were exposed to RASF from patients 
with active disease. RASF-induced IL6 mRNA was attenuated in 
MTX-treated macrophages although the effect of MTX differed 
among tested RASF (figure 2). Altogether, these results indicate 
that MTX diminishes the production of RA-associated cytokines 
in human macrophages exposed to stimuli known to be present 
in RA joints (TLR2 and TLR4 ligands, TNFα and RASF).

TNFAIP3 is an MTX response gene and is involved in MTX-
induced tolerance in macrophages
The above results suggested that low-dose MTX renders 
macrophages less responsive to a subsequent stimulation by 
proinflammatory stimuli and that MTX might impose a state 
of desensitisation in macrophages that resembles the ‘LPS 
tolerance’ phenomenon.23 Interestingly, and in line with the 
potential acquisition of a tolerance state in MTX-treated macro-
phages, Gene Set Enrichment Analysis (GSEA)  on the tran-
scriptome of MTX-treated macrophages (GSE71253) revealed 
that long-term MTX treatment promotes a significant upregu-
lation of the ‘TNFα signalling via NF-κB’ (false discovery rate 
(FDR) q  value=0.0001) and ‘inflammatory response’ (FDR 
q value=0.0001) gene sets (figure 3A).17 24 In agreement with 
the GSEA prediction, MTX-treated monocytes led to the gener-
ation of macrophages with a significantly higher IL1B, IL1A 
and IL6 mRNA expression (figure 3B).

To address whether MTX promotes ‘bona fide’ innate toler-
ance in macrophages, and since tolerant cells exhibit a lower 
level of MAPK and NF-κB activation on TLR stimulation,23 24 we 
first determined the levels of LPS and TNFα-induced MAPK and 
IκBα activation in MTX-treated macrophages. MTX  pretreat-
ment reduced the activation of p38 and jun amino-terminal 
kinase (JNK) in response to LPS and TNFα (figure 3C). More-
over, a higher level of IκBα was detected in LPS and TNFα-ex-
posed MTX-pretreated macrophages (figure 3C), indicating that 
the LPS and TNFα-induced activation of both MAPK and NF-κB 
was impaired in MTX-treated macrophages. These results were 
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further confirmed after analysis of the LPS-induced NF-κB-de-
pendent transcription (figure 3D), as MTX-treated macrophages 
exhibited lower LPS-induced NF-κB-dependent transcriptional 
activity than untreated GM-MØ. Therefore, MTX treatment 
conditions macrophages for an impaired NF-κB transcriptional 
activity after LPS stimulation. The TRIF-dependent pathway, 
implicated in mediating the type I interferon activation of the 
LPS signalling,25 was also explored. Since MTX-treated cells 
exhibited lower C-X-C motif chemokine ligand 10 (CXCL10) 
secretion and phosphorylated signal transducer and activator 
of transcription 1 (p-Stat1) activation in response to LPS than 
untreated cells (figure 3E), MTX appears to exert its effects also 
via the TRIF pathway.

Next, we determined the expression of regulators of TLR-in-
duced cytokine production that have been previously implicated 
in LPS tolerance.23 Long-term MTX treatment significantly 

increased the expression of TNFAIP3, decreased TLR4 and 
TLR2 and did not modulate IRAK3 (IRAK-M), INPP5D (SHIP1), 
SOCS1, SOCS3 and PELI3 mRNA expression in GM-MØ 
(figure 3F).23 24 26 27 Reduction of TLR2 and TLR4 by MTX was 
modest at the mRNA level and not observed in all donors at 
the protein level (online supplementary figure S2). By contrast, 
TNFAIP3 induction by MTX was observed in all donors exam-
ined. TNFAIP3 codes the A20 protein, a ubiquitin-modifying 
enzyme that acts as a pivotal NF-κB suppressor after TLRs or 
TNFR stimulation.28 Kinetic studies revealed that TNFAIP3 
expression increased 5 days after MTX addition in GM-CSF-
primed macrophages (figure  3G), thus suggesting a role for 
A20 in MTX-induced tolerance. To explore whether this is the 
case, we determined the effect of silencing TNFAIP3 expres-
sion. siRNA-mediated TNFAIP3 knockdown in MTX-treated 
GM-MØ significantly restored IL-6 secretion in response to 

Figure 1  MTX alters TLR4, TLR2 and TNFα responsiveness in GM-CSF-primed macrophages. (A) Schematic representation of the experiments. 
Monocytes were exposed to 50 nM MTX at the beginning of the 7-day macrophage differentiation process with GM-CSF and challenged with LPS 
(10 ng/mL), LTA (5 µg/mL) or TNFα (20 ng/mL) on day 7. Cells (GM-MØ) were assayed at time points poststimulation. (B) Expression of IL-6 by qRT-PCR 
(left) or ELISA (right) by monocytes differentiated with GM-CSF in the absence or presence of MTX and challenged with LPS for 48 hours. Mean±SEM 
of four independent donors are shown (*P<0.05, **P<0.01). (C) Production of TNFα or IL-12p40 by monocytes differentiated with GM-CSF in 
the absence or presence of MTX and challenged with LPS for 48 hours. Mean±SEM of four independent donors are shown (*P<0.05, **P<0.01). 
(D) Production of IL-6 by monocytes differentiated with GM-CSF in the absence or presence of MTX or FA (1 µM) and challenged with LPS for the 
indicated time points, as determined by ELISA. Mean±SEM of three independent donors are shown (*P<0.05, **P<0.01). (E–F) Expression of IL-6, 
IL-1β and IL-12p40 by qRT-PCR (upper panels) or ELISA (lower panels) by monocytes differentiated with GM-CSF in the absence or presence of MTX 
and challenged with LTA (E) or TNFα (F) for the indicated time points. Mean±SEM of three (E) and five (F) independent donors are shown (*P<0.05). 
FA, folinic acid; IL, interleukin; Mo, monocytes; MTX, methotrexate; qRT-PCR, quantitative real-time PCR. 
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LPS, as macrophages with lower A20 expression yielded signifi-
cantly higher levels of LPS-induced IL-6 (figure 3H). Therefore, 
MTX-induced A20 contributes to the reduced LPS-induced IL-6 
expression seen in MTX-treated macrophages, suggesting its 
involvement in the MTX-induced tolerance.

MTX-dependent expression of TNFAIP3 involves TS inhibition 
and TP53 activation
To explore the role of MTX on TNFAIP3 expression, we first 
determined the sensitivity of the MTX-dependent TNFAIP3 
upregulation to FA. TNFAIP3 induction by MTX was inhibited 
by the simultaneous addition of FA, indicating that MTX-trig-
gered TNFAIP3 induction relies on blocking one-carbon 
metabolism (figure  4A). However, FA in the clinic is usually 
prescribed 24 hours after MTX treatment.29 As expected, FA did 
not reversed MTX-induced TNFAIP3 expression when added 
24 hours after MTX, showing that FA does not block the poten-
tial beneficial clinical effects of TNFAIP3 induction by MTX in 
RA (figure 4B).

Unlike the rapid induction of A20 in response to inflam-
matory stimuli that takes place 30–60 min after NF-κB activa-
tion,28 a slow induction of A20 was observed in MTX-exposed 
macrophages (figure  3G). We have previously demonstrated 
that the mechanism involved in MTX  response in proinflam-
matory macrophages relies on TS inhibition and p53 activation, 
what led us to assess whether the TS/p53 axis is involved in 
MTX-induced A20 expression.17 Assessment of the underlying 
mechanism revealed that MTX-triggered TNFAIP3 induction in 
GM-MØ was significantly diminished (40%) after TS silencing 
with two different small interfering RNA (figure  4C), thus 
indicating that MTX-triggered TNFAIP3 upregulation is partly 
dependent on TS expression. Moreover, knockdown of TS 
sufficed to increase TNFAIP3 mRNA expression in GM-MØ, an 
effect that was prevented in the presence of the p53 inhibitor 
pifithrin-α (figure 4D). Therefore, MTX induces a tolerant state 
in macrophages by upregulating the expression of TNFAIP3 in a 
TS/p53-dependent pathway.

MTX-induced tolerance in vivo
To address the relevance of the MTX-induced tolerance in vivo, 
mice were treated with MTX for 7 days, mimicking the patient 
schedule therapy currently in use,12 and challenged with an intra-
peritoneal injection of LPS before determination of the serum 
concentrations of IL-6 and TNFα (figure 5A). LPS-induced serum 
IL-6 and TNFα significantly diminished in MTX-pretreated mice 
(figure 5B, C), whose white blood cell counts did not differ signifi-
cantly from those of untreated mice (not shown). The same results 

were obtained when MTX was injected once a week for 4 weeks 
(not shown). Therefore, and in agreement with its ability to limit 
macrophage responses to LPS in vitro, MTX is capable of inducing 
a state of tolerance in mice in vivo.

TNFAIP3 mRNA expression increases in early arthritis patients 
responders to MTX
To evaluate the association between MTX treatment and TNFAIP3 
expression in patients with arthritis, we determined TNFAIP3 
mRNA levels in PBMCs from patients with early arthritis at base-
line and during 1 year of MTX monotherapy (see online supple-
mentary table S1). We found that TNFAIP3 mRNA expression 
levels tend to increase along the follow-up (figure  6A, model 
1 in online supplementary table S2). Furthermore, TNFAIP3 
mRNA expression significantly increased only in those patients 
who respond to MTX therapy (figure 6B,C, model 2 and model 
3 in online supplementary table S2). In fact, being or not an 
MTX  responder explained 20% of the variability of TNFAIP3 
expression (R2 m=0.196, model 3 in online supplementary table 
S2). Altogether, these results indicate that TNFAIP3 expression is 
higher in MTX responder patients with arthritis, suggesting that 
TNFAIP3 might be an MTX responsiveness biomarker, although 
these findings require confirmation in larger cohorts.

Discussion
Weekly administered MTX is the main starting therapy and the 
anchor drug for the treatment of RA, cutaneous psoriasis and 
psoriatic arthritis.30 However, the exact mechanism underlying the 
anti-inflammatory actions of MTX remains not fully understood.13 
We have previously shown that MTX triggers the acquisition of a 
proinflammatory gene profile in human GM-CSF-primed macro-
phages.17 We now report that long-term low-dose MTX condi-
tions GM-CSF-primed macrophages towards a tolerance state that 
renders them less responsive to TLR ligands, TNFα and RASF 
stimulation. Mechanistically, MTX reduces LPS and TNFα-de-
pendent MAPK activation, IκBα degradation, NF-κB activity and 
proinflammatory cytokine production in human macrophages. 
In addition, MTX increases A20 expression, a pivotal NF-κB 
suppressor whose knockdown impairs the MTX-induced toler-
ance effect. In line with these findings, MTX-treated mice exhibit 
a reduced inflammatory response to LPS. Altogether, these results 
indicate that the global anti-inflammatory activity of MTX relies 
on its ability to induce a proinflammatory profile in GM-CSF-
primed macrophages, making MTX-conditioned macrophages 
less responsive to proinflammatory stimuli. Our results reconcile 
the transcriptional17 and functional effects of MTX on human 

Figure 2  MTX diminishes RASF IL6 induction in GM-CSF-primed macrophages. Expression of IL6 by quantitative real-time PCR by monocytes 
differentiated with GM-CSF in the absence or presence of MTX and challenged with 25% synovial fluid from patients with active RA (RASF) on day 
7 for the indicated time points (*P<0.05). Independent macrophage donors (nos 1–4) were challenged with RASF from two different patients with 
RA (donor no. 1 with RASF-A and donors no. 2, no. 3 and no. 4 with RASF-B). IL, interleukin; MTX, methotrexate; RA, rheumatoid arthritis; RASF, RA 
synovial fluid. 
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Figure 3  MTX suppresses TLR4 and TNFR signalling and induces TNFAIP3 (A20) in macrophages. (A) Gene Set Enrichment Analysis results for MTX-
treated versus untreated macrophages for 7 days indicating the normalised enrichment score and the false discovery rate. (B) Relative expression of 
IL1B, IL1A, IL6 and TNFA in MTX-treated (Mo+GM(MTX)) and untreated (Mo+GM) GM-CSF-primed macrophages (*P<0.05, adjusted P value), as 
determined by microarray (left) and qRT-PCR (right). (C) Immunoblot analysis of pp38, pJNK and pERK, p38, JNK, extracellular signal-regulated kinase 
(ERK) and IκBα by monocytes differentiated with GM-CSF in the absence or presence of MTX for 7 days and challenged with LPS (left) or TNFα 
(right) for the indicated time points. A representative experiment of four independent donors is shown. (D) Basal and LPS-induced NF-κB-dependent 
transcriptional activity in MTX-treated and untreated GM-MØ. Mean±SEM of the relative NF-κB luciferase activity (compared with Renilla luciferase 
activity) of five independent experiments are shown (*P<0.05). (E) Immunoblot analysis of pStat1 and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (left), and CXCL10 secretion (right) by monocytes differentiated with GM-CSF in the absence or presence of MTX for 7 days and challenged 
with LPS for 2 hours (left) or 24 hours (right). (F) Relative expression of the genes encoding molecules involved in tolerance (black, upregulated in LPS 
tolerance; white, downregulated in LPS tolerance) in MTX-treated (Mo+GM(MTX)) and untreated (Mo+GM) GM-CSF-primed macrophages (*P<0.05, 
adjusted P value). (G) Expression of TNFAIP3 by monocytes differentiated with GM-CSF in the absence or presence of MTX, as determined by qRT-PCR. 
Mean±SEM of three independent donors are shown (*P<0.05, ***P<0.001). Immunoblot analysis of A20 and GAPDH in monocytes differentiated 
with GM-CSF in the presence of MTX at the indicated time points. (H) Monocytes differentiated with GM-CSF in the absence or presence of MTX 
for 5 days were transfected with control siRNA (siC) or siRNA for A20 (siA20) and 48 hours later, cells were then stimulated with LPS for 3 hours, 
and expression levels of A20, GAPDH (immunoblot) and IL-6 (ELISA) were detected. IL, interleukin; Mo, monocytes; MTX, methotrexate; qRT-PCR, 
quantitative real-time PCR. 
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macrophages, and clarify the molecular basis for the anti-inflam-
matory activity of low-dose MTX.

We also found that TNFAIP3 mRNA expression is significantly 
higher in PBMCs of MTX-responsive individuals from a cohort 

of patients with early arthritis under MTX monotherapy. In the 
context of RA, A20 is a susceptibility gene because (1) polymor-
phisms of the A20-coding gene TNFAIP3 are associated with 
RA31–34 and other inflammatory diseases such as systemic lupus 
erythematosus and psoriasis34; (2) myeloid cell-specific dele-
tion of the Tnfaip3 gene in mice leads to enhanced NF-κB and 
inflammasome signalling and triggers a spontaneous erosive 
polyarthritis that resembles human RA35; and (3) A20 mRNA 
expression in PBMCs is lower in patients with RA compared with 
healthy individuals.33 The modulation of A20 by MTX that we 
now report supports the existence of a myeloid-specific effect of 
the main anchor drug in the treatment of RA and positions A20 
as a potential biomarker of responsiveness to MTX, an urgently 
required parameter to identify those patients with early arthritis 
who achieve an ACR50 response to MTX monotherapy (usually 
around 40%).13 Therefore, the analysis of TNFAIP3 polymorphism 
in MTX-treated patients with RA might be of interest to predict 
MTX  responsiveness in patients with RA and could become a 
useful MTX response biomarker. Supporting this suggestion, a 
single nucleotide polymorphism within the OLIG3/TNFAIP3 locus 
is associated with reduced likelihood to remain on MTX therapy 
in patients with early RA.36

MTX is considered a prodrug, a compound that undergoes a 
biochemical modification to become its active form. MTX is poly-
glutamated once taken up by the cells and MTX  polyglutamates 
(MTX-Pgl) constitute the active form of the drug. MTX-Pgl potently 
inhibits TS and aminoimidazole-carboxamide-ribonucleoside trans-
formylase. In human macrophages, proinflammatory TS+ GM-CSF-
primed macrophages retain higher levels of MTX-Glu2 and 
MTX-Glu3 than anti-inflammatory TSlow/- M-CSF-polarised macro-
phages and are more susceptible to MTX.17 Importantly, retention 
of MTX-Pgl in cells exceeds its half-life in plasma, suggesting that 
MTX metabolites persist in tissues. In fact, long-lived MTX-Pgl 
remains in the liver and in bone marrow myeloid precursors for a 
long period of time.37 The accumulation of MTX in myeloid precur-
sors correlates with the tolerance mechanism that we now describe 
because macrophages in the inflamed synovial tissue of patients with 
RA are continuously replaced by circulating monocytes,38 39 and 
because myeloid precursors appear to contribute to trained innate 
immunity.40 We hypothesise that monocytes from MTX-treated 
patients would exhibit impaired responsiveness to danger signals 
(TNFα, RASF) and that they would display a lower proinflamma-
tory profile than resident macrophages within the inflamed synovia. 
Therefore, the entry of macrophages with a lower proinflammatory 
potential into the inflamed synovia would contribute to the benefi-
cial effect of MTX in RA. In any event, the involvement of A20 in 
MTX response provides a new mechanism of action for MTX, an 
old drug with low cost and a good safety record.

Figure 4  MTX-dependent expression of TNFAIP3. TNFAIP3 expression 
by monocytes differentiated with GM-CSF in the absence or presence 
of MTX (50 nM), FA or both, as determined by qRT-PCR. In (A), FA 
(1 µM) was added simultaneously with MTX and in (B) FA (50 nM, 
concentration of FA found in the serum of patients with RA) was 
added 24 hours after MTX treatment, as indicated. Mean±SEM of 
three independent donors are shown (*P<0.05). (C) TNFAIP3 mRNA 
expression on GM-MØ transfected with control siRNA (siC) or siRNA for 
TYMS (si8, si9) and exposed to MTX for 48 hours, as determined by qRT-
PCR. Results are expressed as fold induction with MTX. Mean and SEM 
of six independent donors are shown (*P<0.05). (D) TNFAIP3 expression 
on GM-MØ transfected with control siRNA and siRNA for TYMS and 
exposed to PFT (50 µM) for 48 hours, as determined by qRT-PCR. Results 
are expressed as fold induction, which indicates the expression of 
TNFAIP3 in siRNA TYMS-transfected relative to siRNA control cells, 
and untreated or treated with PFT. Mean and SEM of six independent 
donors are shown. FA, folinic acid; IL, interleukin; Mo, monocytes; MTX, 
methotrexate; PFT, pifithrin-α; qRT-PCR, quantitative real-time PCR; 
RA, rheumatoid arthritis; TYMS, thymidylate synthetase. 

Figure 5  Effect of low-dose MTX in LPS tolerance in vivo. (A) Schematic representation of the experiment. C57BL/6J mice received an 
intraperitoneal injection of either saline or MTX (2 mg/kg). Seven days later, intraperitoneal LPS (9 mg/kg) was administered and serum collected after 
4 hours for IL-6 (B) and TNFα (C) determination by ELISA. Data represent the results of two independent experiments using a total of 12 mice per 
group. Mean±SEM of 12 mice per group are shown (*P<0.05, **P<0.01). MTX, methotrexate. 
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Drug-induced modulation of gp130 signalling 
prevents articular cartilage degeneration and 
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Abstract
Objective  Human adult articular cartilage (AC) has 
little capacity for repair, and joint surface injuries often 
result in osteoarthritis (OA), characterised by loss 
of matrix, hypertrophy and chondrocyte apoptosis. 
Inflammation mediated by interleukin (IL)-6 family 
cytokines has been identified as a critical driver of 
proarthritic changes in mouse and human joints, 
resulting in a feed-forward process driving expression 
of matrix degrading enzymes and IL-6 itself. Here we 
show that signalling through glycoprotein 130 (gp130), 
the common receptor for IL-6 family cytokines, can have 
both context-specific and cytokine-specific effects on 
articular chondrocytes and that a small molecule gp130 
modulator can bias signalling towards anti-inflammatory 
and antidegenerative outputs.
Methods  High throughput screening of 170 000 
compounds identified a small molecule gp130 modulator 
termed regulator of cartilage growth and differentiation 
(RCGD 423) that promotes atypical homodimeric 
signalling in the absence of cytokine ligands, driving 
transient increases in MYC and pSTAT3 while 
suppressing oncostatin M- and IL-6-mediated activation 
of ERK and NF-κB via direct competition for gp130 
occupancy.
Results T his small molecule increased proliferation 
while reducing apoptosis and hypertrophic responses in 
adult chondrocytes in vitro. In a rat partial meniscectomy 
model, RCGD 423 greatly reduced chondrocyte 
hypertrophy, loss and degeneration while increasing 
chondrocyte proliferation beyond that observed in 
response to injury. Moreover, RCGD 423 improved 
cartilage healing in a rat full-thickness osteochondral 
defect model, increasing proliferation of mesenchymal 
cells in the defect and also inhibiting breakdown of 
cartilage matrix in de novo generated cartilage.
Conclusion T hese results identify a novel strategy for 
AC remediation via small molecule-mediated modulation 
of gp130 signalling.

Introduction
Articular cartilage (AC) is an avascular, specialised 
tissue found in diarthrodial  joints and acts as a 
substrate to enable fluid motion of joint surfaces. 
Adult AC is comprised of mostly extracellular 
matrix (ECM) and water, with chondrocytes 

constituting only 2%–5% of total tissue volume.1 
Cartilaginous ECM consists mostly of collagens, 
with collagen II being the most abundant, and 
proteoglycans including aggrecan. Osteoarthritis 
(OA) is a degenerative joint disease whose hall-
marks include degradation of ECM by proteases 
including matrix metalloproteinases (MMPs) and 
members of the disintegrin-like and a metallopro-
teinase with thrombospondin motif (ADAMTS) 
family, expression of developmental hypertrophy 
genes, apoptosis and localised compensatory prolif-
eration termed chondrocyte cloning (reviewed in 
reference 22). During homoeostasis, articular chon-
drocytes do not undergo hypertrophy; however, in 
some pathological conditions, changes mimicking 
developmental hypertrophy can occur and drive 
OA.3 4 In addition to expression of matrix-de-
grading enzymes, chondrocytes upregulate collagen 
10 (COL10A1), RUNX2 and alkaline phospha-
tase while downregulating articular chondrocyte 
genes including COL2A1, lubricin (PRG4) and 
SOX9.2 Eventually, AC undergoes calcification and 
chondrocytes are lost to apoptosis. Although the 
regenerative potential of mature AC is minimal, 
chondrocytes closest to injured regions on the joint 
surface in the superficial zone have been shown to 
proliferate;2 5 6 however, the frequency of cells that 
can divide and deposit large amounts of matrix is 
low and insufficient to enact repair.

The pathogenesis of OA often begins from an 
injury to AC, which establishes chronic, low-grade 
inflammation mediated by interleukin-6/glyco-
protein 130 (IL-6/gp130) and other factors that 
promote hypertrophy, matrix degradation and 
eventual destruction of cartilage (reviewed in  
reference  77). The IL-6 family of cytokines share 
a common co-receptor, IL-6RST (gp130; signal 
transducer (ST)), and includes IL-6, leukaemia 
inhibitory factor (LIF), oncostatin M (OSM) and 
others.8 Signalling downstream of these cyto-
kines involves activation of proteins including 
MAPKs, JAK/STAT proteins, AKT and nuclear 
factor kappa-light-chain-enhancer of activated B 
cells (NF-κB);9 both activation of MAPKs (ERK1/2) 
and NF-κB have been linked to hypertrophy during 
OA.10 11 OSM promotes matrix loss and disease 
progression.12 13 IL-6 suppresses chondrocyte 
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proliferation,14 promotes mineralisation in AC,15 downregu-
lates matrix proteins16 and increases expression of proteases.17 18 
Moreover, blockade of IL-6 in mouse models of OA is chon-
droprotective.17 18 Importantly, higher serum levels of IL-6 
have been correlated with the development of OA in humans,19 
and an antibody against IL-6R is currently in phase III trials 
for treatment of hand OA (NCT02477059). The downstream 
mediator of IL-6 signalling STAT3 has been demonstrated to 
have pleiotropic effects during chondrogenesis and in articular 
chondrocytes. During chondrogenic differentiation of multipo-
tent mesenchymal stem cells, IL-6/STAT3 promote chondrocyte 
commitment and matrix production.20 Similarly, loss of STAT3 
during limb formation results in increased hypertrophy, prema-
ture ossification and decreased SOX9 expression.21 This could 
potentially be regulated in part by the STAT3 target gene Myc, 
which both promotes proliferation and inhibits hypertrophy in 
developing chondrocytes.22 In contrast, inhibition of STAT3 
downstream of exogenous IL-6 is chondroprotective, reducing 
the severity of OA-like pathology in a mouse model.17 These data 
implicate IL-6 family cytokine signalling as a major regulator of 

articular chondrocyte biology with potentially context-specific 
effects.

Here we define the molecular and functional outcomes down-
stream of gp130 signalling in articular chondrocytes and unveil 
a small molecule that selectively shifts the output of this pathway 
to achieve disease-modifying activity in two rat models of carti-
lage pathology.

Results
Identification of RCGD 423 as a small molecule inhibitor of 
hypertrophy
Based on the literature defining the relationship between IL-6 
family cytokines, hypertrophy and catabolism,12 13 23–26 we 
hypothesised that a small molecule regulating this pathway could 
prevent cartilage loss. To identify compounds that could inhibit 
hypertrophy, we isolated total limb cells from Col10a1-mCherry 
mice27 and cultured them in the presence of bone morphogenetic 
protein (BMP)-4, a driver of developmental chondrocyte hyper-
trophy;28 170 000 compounds were assayed for their ability 

Figure 1  Small molecule screen to identify regulators of cartilage hypertrophy and differentiation. (A) Schematic representation of the high 
throughput screen performed to identify putative small molecule regulators of chondrocyte differentiation state. Limb mesenchymal cells were 
isolated from E13.5 mouse embryos carrying a Col10a1-mCherry transgene. Compounds were considered positive hits if they reduced mCherry 
signal after induction with the prodifferentiation factor BMP-4. (B) Quantitation of top 75 positive hits. (C) Structure of regulator of cartilage growth 
and differentiation (RCGD) 423. (D) RCGD 423 decreases levels of RUNX2 and COL 10 protein in articular chondrocytes from osteoarthritic donors 
(n=3). DMEM, Dulbecco's Modified Eagle Media; OA, osteoarthritis.
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to decrease the mCherry signal (figure  1A). Seventy-five were 
chosen for follow-up (figure 1B), and additional vetting based 
on reproducibility and magnitude of Col10a1 inhibition led to 
the selection of regulator of cartilage growth and differentiation 
(RCGD) 423 for continued characterisation (figure  1C). The 
ability of RCGD 423 to inhibit hypertrophy in human cells was 
confirmed by assessing RUNX2 and COL 10 levels in healthy 
and osteoarthritic articular chondrocytes following incubation 
with the compound (figure 1D); these results demonstrated that 
RCGD 423 could attenuate hypertrophy in vitro.

RCGD 423 elicits different signalling in chondrocytes than 
IL-6 family cytokines and can inhibit their catabolic effects
Cartilage degeneration is a feed-forward process, as micro-
environmental stresses including inflammation can interact 
with chondrocyte hypertrophy and loss to promote struc-
tural damage.29 In turn, these alterations promote matrix loss 
via MMPs (collagenases) and aggrecanases (ADAMTS4/5; 
figure 2A). To elucidate the mechanisms of action of IL-6 family 
cytokines, RCGD 423 and known proinflammatory cytokines 

in the promotion of degeneration, we stimulated pig articular 
chondrocytes and quantitated the levels of activated down-
stream signalling proteins (Figure  2B,C) as well as assessed 
the expression levels of MMP13, ADAMTS4 and ADAMTS5 
(Figure 2D). Treatment with tumor necrosis factor (TNF)-α, a 
classic proinflammatory cytokine, resulted in strong activation 
of ERK1/2 and AKT, culminating in increased pNF-κB and 
upregulation of all catabolic enzymes. Within the IL-6 family 
cytokines, OSM acted in a similar fashion to TNF-α, while both 
LIF and IL-6 stimulated the activation of ERK1/2 and AKT to 
varying degrees and resulted in low-level upregulation of matrix 
proteases. In parallel with this catabolic signalling, LIF and IL-6 
also increased levels of pSTAT3 and MYC, suggesting that both 
cytokines may have both procatabolic and antihypertrophic 
effects. RCGD 423 elicited a unique signalling profile, driving 
strong increases in pSTAT3 and MYC levels without activating 
AKT or NF-κB, resulting in a signalling milieu downstream of 
gp130 similar to actively proliferating and anabolic fetal chon-
drocytes (online supplementary figure 1A–C); concordantly, no 
upregulation of MMP13, ADAMTS4 and ADAMTS5 occurred. 

Figure 2  IL-6 family cytokines induce proinflammatory, catabolic signalling that can be directly competed by regulator of cartilage growth and 
differentiation (RCGD) 423. (A) Schematic of the proinflammatory signalling pathways that cause cell hypertrophy and matrix degradation in 
chondrocytes. (B) Adult pig articular chondrocytes were cultured for 24 hours with the indicated cytokines or RCGD 423 and the levels of pSTAT3 
and MYC were quantified (C; n=3) with respect to histone H3. Representative data for other proteins in MAPK (p38 and pERK1/2), AKT (phospho-
AKT; pAKT) or NF-κB (pNF-κB) are also shown. (D) Transcription of catabolic genes was determined via qPCR in adult pig articular chondrocytes 
treated with oncostatin M (OSM), IL-6, TNF-α, leukaemia inhibitory factor (LIF) or RCGD 423. Data are represented at mean±SD. (E) Adult human 
chondrocytes were incubated with the indicated cytokines in the presence or absence of RCGD 423 and the levels of downstream proteins 
quantitated with respect to histone H3. (F) Pig articular cartilage explants were incubated with OSM, RCGD 423 or both; levels of cleaved aggrecan 
and collagen epitopes in the supernatant are normalised to the wet weight of the explant. For all panels, n=3.

https://dx.doi.org/10.1136/annrheumdis-2017-212037
http://ard.bmj.com/


763Shkhyan R, et al. Ann Rheum Dis 2018;77:760–769. doi:10.1136/annrheumdis-2017-212037

Basic and translational research

In fetal cartilage both STAT3 and MYC signalling are critically 
important for chondrocyte survival and proliferation, and acti-
vation of these pathways appears to be primarily driven by LIF 
(online supplementary figure 1C–E). We then assessed whether 
RCGD 423 could inhibit the catabolic effects of these cytokines. 
Incubation of human articular chondrocytes with IL-6, OSM 
and RCGD 423 decreased levels of pNF-κB and pERK1/2 when 
RCGD 423 was included (figure 2E) and reduced catabolic gene 
expression (online  supplementary figure 2A). Moreover, this 
effect was not limited to chondrocytes, as RCGD 423 reduced 
both IL-6- and OSM-induced increases in pNF-κB and pERK 
1/2 in human synoviocytes and peripheral blood mononuclear 
cells (PBMCs; online  supplementary figure 2B,C). To assess 
if RCGD 423 could prevent matrix loss stimulated by IL-6 or 
OSM, we incubated explants of pig AC with either cytokine 
and the compound and measured neoepitopes of collagen and 
aggrecan released into the media;30 inclusion of RCGD 423 
strongly reduced the production of cleavage products of both 
proteins (figure 2F). Together, these data demonstrate that IL-6 
family cytokines have developmental stage-specific effects and 
elicit varying degrees of procatabolic, prohypertrophic responses 
in adult chondrocytes which can be inhibited by RCGD 423.

RCGD 423 stimulates proliferation and prevents apoptosis in 
adult articular chondrocytes
To assess the functional effects of RCGD 423 on adult human 
articular chondrocytes, we first validated that RCGD 423 signifi-
cantly increased pSTAT3 and MYC (figure 3A) and in a dose-de-
pendent and time-dependent manner (figure  3B). RCGD 423 
also increased the proliferative potential and decreased apop-
tosis in articular chondrocytes (figure 3C,D) as well as increased 
proliferation in pig AC explants (figure 3E). We next evaluated 
the effects of RCGD 423 at the transcriptional level on human 
adult articular chondrocytes (n=7). As expected, the variability 
between these samples was high, so we focused our analysis on 
genes that increased more than 1.5-fold in four of seven repli-
cates. GO analysis of these 1244 enriched genes revealed cate-
gories related to cell cycle, secretion and migration (figure 3F), 
while untreated cells were enriched for categories related to 
IL-6-mediated inflammation (online supplementary figure 3A); 
we confirmed RCGD 423 upregulated three of these genes 
with roles in cartilage biology (HAS331, FGF1832 and CDK633; 
online supplementary figure 3B). We hypothesised that RCGD 
423 may promote proliferation through MYC and therefore 
focused on the 31 genes in the M phase Gene Ontology (GO) 
category enriched in drug treated cells. We compared these with 
MYC targets defined by ChIP-Seq,34 which gave a statistically 
significant overlap (P=0.0062; hypergeometric test). We then 
incubated pig articular chondrocytes with RCGD 423 and inhib-
itors of either STAT3 or MYC to directly assess the roles of these 
proteins in promoting proliferation. Blockade of STAT3 or MYC 
reduced proliferation downstream of RCGD 423 (figure  3G). 
Together, these data demonstrate that RCGD 423 stimulates 
increases in adult chondrocyte proliferation and survival and 
suggest that pSTAT3 and MYC may mediate these effects.

RCGD 423 is a direct modulator of gp130 and acts via 
promoting homodimerisation
Given the molecular and functional effects of RCGD 423, we 
hypothesised that it may act within the gp130 signalling cascade. 
To evaluate this, we incubated pig articular chondrocytes with 
inhibitors of various proteins in this pathway in the presence 
of either LIF, a canonical activator of gp130, or RCGD 423 

(figure 4A,B) and measured levels of pSTAT3 and MYC. Inhibi-
tors of both JAKs and gp130 (SC144)35 greatly reduced pSTAT3 
and MYC activation induced by both LIF and RCGD 423, while 
the compound induced gp130 activation in a dose-dependent 
manner (figure  4C), suggesting that RCGD 423 may directly 
interact with gp130 to induce signalling in the absence of ligand.

To gain better understanding of how RCGD 423 could 
interact with gp130, we modelled its binding to gp130 using 
the Swissdock and Gold programmes; this revealed a poten-
tial high affinity binding site in domain 2 of the gp130 extra-
cellular region (figure 4D). Notably, deletion of four residues 
proposed to interact with the drug (K151–R154) has been 
shown to occur in hepatocellular lesions, and overexpression of 
this gp130 mutant induced constitutive gp130/STAT3 signal-
ling,36 while deletion of adjacent residues promoted unbridled 
gp130/STAT3 activation due to induction of stable homodi-
merisation of gp130. Based on these findings, we hypothesised 
that RCGD 423 may increase pSTAT3 by binding to domain 
2 of gp130 and stabilising homodimers. To address this, we 
first transfected gp130−/− Ba/F3 cells (figure 4E)37 with plas-
mids encoding either full-length gp130 (WTgp130) or gp130 
lacking domain 2 (gp130ΔD2) and cultured them with or 
without RCGD 423; in gp130ΔD2 cells, the compound did 
not induce increases in pSTAT3 and MYC (figure 4E,F). We 
then transfected cells with both Flag-tagged and Myc-tagged 
gp130 (figure 4G) and cultured them with or without RCGD 
423. Cellular extracts were immunoprecipitated with an 
anti-Flag antibody and then subjected to western blot using 
an anti-Myc-tag antibody. Only in cells treated with RCGD 
423 could we detect complexes containing both forms of 
gp130, demonstrating that RCGD 423 induced homodimers 
of gp130. Finally, to demonstrate that gp130 homodimerisa-
tion increases levels of pSTAT3 and MYC, we transfected pig 
articular chondrocytes with a mutant gp130 plasmid shown 
to form homodimers (ΔS36) and performed western blots  
(figure 4H).

To confirm that gp130 mediates the effects of RCGD 423 
in vivo, we co-injected the compound into rat knee joints 
with either the gp130 inhibitor SC144 or a gp130 domain 
2-specific blocking antibody;38 both abolished the effects of 
RCGD 423 (online supplementary figure 4A,B). These data 
demonstrate RCGD 423 acts via gp130 and support the 
hypothesis that the compound could inhibit IL-6 family cyto-
kines by sequestering gp130 into homodimeric complexes. 
To directly address receptor competition, we transfected cells 
with gp130-Flag and treated them with IL-6, RCGD 423 or 
both and quantitated gp130/IL-6R interactions; inclusion 
of RCGD 423 dramatically reduced levels of this complex 
(figure 4I). Determination of the dissociation constant (Kd), 
a measure of the affinity between gp130 and its binding 
partners OSMR and IL-6R, in the presence of RCGD 423 
and either OSM or IL-6 demonstrated a strong ability of the 
compound to interfere with ligand-mediated gp130 heterod-
imerisation (figure  4J,K). Overall, these data indicate that 
RCGD 423 promotes the formation of ligand-independent 
homodimers of gp130 that can prevent heterodimerisation 
with IL-6 family cytokine receptors. Although direct physical 
interaction of RCGD 423 with gp130 has not been experi-
mentally demonstrated, the homodimer formation required 
the integrity of domain 2, which, based on in silico studies, is 
predicted to bind gp130.
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RCGD 423 prevents AC degeneration in vivo
Based on these data, we hypothesised that RCGD 423 could 
promote cartilage retention following injury by inhibiting 
inflammation and hypertrophy and inducing proliferation. We 
first defined the half maximal effective concentration (EC50) 
of RCGD 423 on human articular chondrocytes by quanti-
fying phosphorylation of gp130 and STAT3 as well as MYC 
protein levels; these results demonstrated an EC50 in the range 
of 4.5–7.2 µM (online  supplementary figure 5). To address 
whether RCGD 423 could ameliorate cartilage degeneration, 
we adopted a rat partial meniscectomy model,39 in which 

30%–50% of the meniscus is removed (online supplementary 
figure 7A). As a delivery vehicle, we employed US Food and 
Drug Administration-approved poly(lactic-co-glycolic) acid 
(PLGA) microspheres loaded with RCGD 423 (online supple-
mentary figure 6A). Direct evaluation of offloading kinetics 
of RCGD 423 from PLGA microspheres showed that 20 µg 
of the compound could sustain a 0.1–0.3 µM concentra-
tion for at least 12 days (online  supplementary figure 6B) 
in vitro, which would be fivefold to sevenfold higher in the 
context of a 150–200 µL rat joint.40 Based on these data, we 
designed a 6-week experiment in which operated animals 

Figure 3  Regulator of cartilage growth and differentiation (RCGD) 423 inhibits apoptosis and promotes proliferation via induction of pSTAT3 
and MYC in adult human chondrocytes. (A) Adult human articular chondrocytes were incubated with or without RCGD 423 and levels of MYC and 
pSTAT3 were quantified relative to histone H3 after 24 hours. (B) Increases in pSTAT3 and MYC proteins occurred in both a dose-dependent and 
time-dependent fashion following stimulation with RCGD 423. (C) Single human adult articular chondrocytes were cultured for 5 weeks with or 
without stimulation with RCGD 423 and assessed for colony formation. (D) Adult human articular chondrocytes were incubated with or without 
RCGD 423 in Mebiol hydrogel for 24 hours and then apoptotic cells were quantitated via flow cytometry for annexin V. (E) Proliferation in explants of 
adult pig articular cartilage in the absence or presence of RCGD 423 as shown by EdU incorporation. Scale bars represent 25 µm. P<0.0001. n=5. (F) 
Seven independent samples of human adult articular chondrocytes were cultured with or without RCGD 423 and then subjected to RNA-Seq. Genes 
that were significantly enriched in four of seven drug-treated samples (‘D’) when compared with their untreated controls were analysed using GO. 
Selected categories and their respective P values are shown. Heat map depicting the 31 genes in the ‘M phase’ GO category. Relative expression for 
all 14 matched samples are shown. Venn diagram depicting the overlap of the 31 genes from the ‘M phase’ GO category and a gene set defined by 
Zeller et al34 comprised of direct MYC target genes. (G) Adult human articular chondrocytes were cultured with RCGD 423 and inhibitors of either 
STAT3 (STATTIC) or MYC (10058-F4) for 48 hours; 5-bromo-2'-deoxyuridine (BrdU) incorporation was measured by flow cytometry. Unless noted, 
n=3. DAPI, 4'-6-diamidino-2-phenylindole.
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would receive an intra-articular injection of 4 µg RCGD 423 
loaded onto microspheres at the time of surgery and another 
3 weeks later. This dosing strategy was projected to produce an 
average intra-articular concentration of ~0.3 µM RCGD 423, 
as this concentration consistently resulted in increased gp130 

pathway activity in vitro (figure 4 and data not shown). Micro 
CT verified loss of cut meniscus (online supplementary figure 
7B). We then used the Osteoarthritis Research Society Inter-
national (OARSI) histological scoring system41 to quantify the 
extent of cartilage damage in all animals. Tissue sections were 

Figure 4  Regulator of cartilage growth and differentiation (RCGD) 423 binds to domain 2 of glycoprotein 130 (gp130) and induces stable 
homodimerisation, thereby competing out IL-6 family cytokine receptors. (A) Levels of MYC and pSTAT3 protein after 24 hours in adult pig articular 
chondrocytes in the presence or absence of leukaemia inhibitory factor (LIF) and JAK or gp130 inhibitors. Histone H3 was used as a loading control. 
(B) Adult pig articular chondrocytes were cultured in the presence of the indicated combinations of RCGD 423, JAK and/or gp130 inhibitors and 
the levels of MYC and pSTAT3 proteins were quantitated relative to histone H3 after 24 hours. (C) Phosphorylation of gp130 (Tyr905) occurred in a 
dose-dependent manner after stimulation with RCGD 423. (D) Predicted binding site of RCGD 423 in the extracellular domain of gp130. The structure 
of the indicated gp130 domains is shown in ribbon diagram representation (left) as well as with electrostatic potential (blue, positive charge; red, 
negative charge; white, neutral) mapped onto the molecular surface (right). RCGD 423 and gp130 residues within 4 Å surrounding it are shown in 
stick representation in the expanded views. Carbon atoms are shown in green for gp130 and pink for RCGD 423. Oxygen and nitrogen atoms are in 
red and blue, respectively; the bromine atom in RCGD 423 is shown in red, while the sulfur atom is in yellow. The electrostatic potential surfaces are 
drawn at ±3 kT/e. D1, domain 1; FNIII, fibronectin type-III. (E) Protein was isolated from cultures of Ba/F3 cells 24 hours after transfection with either 
full-length gp130 or gp130 lacking domain 2 (ΔD2). (F) BaF3 cells were transfected with the indicated variants of gp130. Three independent clones 
were used for transfection. (G) Schematic representation of experimental design to assess RCGD 423 interaction with gp130. Protein complexes were 
immunoprecipitated with an anti-Flag antibody; western blotting was performed with an anti-Myc-tag antibody. Representative results are shown 
from four independent experiments. (H) Pig articular chondrocytes were transfected with wild type (WT) gp130 or gp130 lacking four amino acids 
(S187–Y190; ΔS) and the levels of indicated proteins quantified by western blot. (I) Adult human chondrocytes were transfected with gp130-Flag 
and then incubated with IL-6, RCGD 423 or both; an anti-Flag antibody was used to immunoprecipitate gp130-associated proteins. Western blots for 
IL-6R and gp130-Flag were used to quantitate gp130/IL-6R interactions and normalise immunoprecipitated protein levels, respectively. Adult human 
chondrocytes transfected with gp130-Flag were incubated with various concentrations of RCGD 423 in the presence of oncostatin M (OSM) or IL-6; 
levels of immunoprecipitated (J) oncostatin M receptor (OSMR) or (K) IL-6R were used to calculate the dissociation constant (Kd) for each complex. For 
all panels, n=3.
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stained with Safranin O to detect proteoglycans (figure  5A); 
these results demonstrated dramatic loss of cartilage on the 
tibial plateau in control animals, while in RCGD 423-treated 
animals there was little to no cartilage degradation, structural 
damage or generation of osteophytes (figure  5A). Control 
animals showed increased levels of cartilage-degrading proteins 
and markers of hypertrophy, while these were mostly absent in 
RCGD 423-treated rats (figure 5B). To evaluate proliferation, 
animals were injected with RCGD 423 once a week and admin-
istered 5-ethynyl-2'-deoxyuridine  (EdU) for 4 days after each 
injection; animals were sacrificed at 3 weeks and 6 weeks after 

meniscectomy (online supplementary figure 7C). These results 
demonstrated RCGD 423 enhanced the minimal chondrocyte 
proliferation occurring soon after surgery; later, the ability of 
the compound to induce proliferation was limited (figure 5C). 
Together, these data indicate that RCGD 423 can prevent carti-
lage degeneration in vivo, associated with decreasing levels of 
catabolic enzymes and an early proliferative response.

RCGD 423 promotes cartilage repair in vivo
We then evaluated the ability of RCGD 423 to promote 
cartilage repair in a rat osteochondral defect model 

Figure 5  Regulator of cartilage growth and differentiation (RCGD) 423 prevents articular cartilage degeneration in vivo. (A) Histological staining 
and quantitative assessment of cartilage degradation and changes in joint morphology of rat knee joints 6 weeks after partial meniscectomy surgery. 
RCGD 423-loaded or empty microspheres were injected intra-articularly at the time of surgery and 3 weeks later (online supplementary figure 7). 
Safranin O delineates proteoglycans; arrow indicates a representative osteophyte. Sham=joint capsule exposure but no meniscectomy. Scale bars 
represent 100 µm, n=8. (B) Sections of RCGD 423-treated or control joints were stained for matrix degrading enzymes and markers of hypertrophy. 
Representative images are shown; scale bars=25 µm. n=4. (C) Partial meniscectomies were performed on rats and RCGD 423 or saline injected intra-
articularly immediately and at weeks 1 and 2 or at weeks 3, 4 and 5 (online supplementary figure 7); EdU was injected intraperitoneally each day for 
4 days after each articular injection. EdU+ cells in articular cartilage were scored in four animals for each condition and time point; histone H3 was 
used to stain nuclei. Scale bars=25 µm.
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(online  supplementary figure 8), in which new cartilage is 
generated by both synovial and bone marrow stromal cells.42 43 
These defects spontaneously heal in 4 weeks, and cartilage 
repair was assessed at this time point;44 these results demon-
strated a highly significant improvement in cartilage resur-
facing in the presence of RCGD 423 (figure 6A). This result 
was further verified using traditional markers of chondrocyte 
identity (SOX9, COL 2) or hypertrophy (RUNX2, COL 10; 
figure 6B). In vitro experiments demonstrated the compound 
significantly decreased matrix degradation in cartilage pellets 
generated using pig synovial stromal cells (online supplemen-
tary figure 8A) in the presence of OSM, consistent with effects 
of RCGD 423 on cartilage explants exposed to either IL-6 
or OSM. We hypothesised that enhanced repair may also be 
due to proliferation induced by RCGD 423. Two weeks after 
injury, EdU incorporation by cells in the defect was signifi-
cantly increased in RCGD 423-treated rats; this effect was 
temporary, as at 4 weeks  and 6 weeks when defects were 
fully repaired no difference was observed (figure 6C). Taken 
together, these data define the gp130 modulator RCGD 423 
as an agent that can potentially improve cartilage healing 
following full-thickness injury by reducing catabolism and 
enhancing the proliferative response.

Discussion
Hypertrophy driven by IL-6 family cytokines has emerged as 
one driver of OA. Here we show that small molecule-mediated 
modulation of gp130 signalling can bias output downstream 
of this pleiotropic pathway against hypertrophic, procatabolic 
effects and promote chondrocyte proliferation in vivo. We 
identified RCGD 423 based on its ability to inhibit develop-
mental hypertrophy in mouse limb mesenchymal cells, and these 
effects were conserved in preventing disease-based hypertrophy 
in chondrocytes from human patients with OA. Molecularly, 
RCGD 423 promotes formation of active homodimers signal-
ling primarily via pSTAT3/MYC; this mechanism of action can 
actively compete against IL-6 family cytokine-mediated heterod-
imerisation, thereby inhibiting the hypertrophic and cata-
bolic effects of this pathway mediated by ERK1/2 and NF-κB. 
Importantly, gp130 signal modulation occurs in chondrocytes, 
synoviocytes and PBMCs, thus providing a means to combat the 
proinflammatory, procatabolic milieu found in destabilised and 
full-thickness injured rat joints. Together, our results provide 
additional insight into IL-6 family cytokine signalling in chon-
drocytes and nominate gp130 signal modulation as a potential 
therapeutic strategy for OA.

Figure 6  Regulator of cartilage growth and differentiation (RCGD) 423 promotes cartilage repair following osteochondral injury. (A) Full-thickness 
osteochondral defects were created in the patellar grooves of rats. Saline (vehicle) or RCGD 423 were injected intra-articularly at the time of surgery 
and weekly afterwards. Animals were sacrificed at the indicated time points for Safranin O staining and histological scoring (4 weeks; n=8). Scale 
bars=100 µm. (B) Markers of chondrocyte identity, hypertrophy and fibrosis were assessed on the cells present in the defects of RCGD 423-treated and 
saline-treated animals. n=4. Scale bars=25 µm. (C) Osteochondral defects and treatments were conducted as in (A); EdU was injected intraperitoneally 
for 4 days after each treatment (online supplementary figure 8). EdU+ cells in the defects were scored in four animals for each condition and time 
point; histone H3 was used to stain nuclei. Scale bars=25 µm.
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The function of IL-6 family members in cartilage biology 
and pathogenesis has been the focus of much study (reviewed 
in reference 4545). IL-6, OSM and LIF have been shown to 
promote OA, either through acting as proinflammatory cyto-
kines or directly regulating matrix destruction.13 25 26 Conse-
quently, all members of the IL-6 family are often considered to 
be detrimental to chondrocyte biology. However, IL-6 has been 
shown to be chondroprotective in ageing mice,46 in agreement 
with our data that during human development and when output 
of gp130 is modulated this pathway can be beneficial. Our data 
show that individual cytokines activate MAPK and NF-κB differ-
ently and result in varied transcriptional responses of catabolic 
genes (figure 2). Moreover, OSM elicits minimal upregulation 
of pSTAT3 or MYC, while IL-6 and LIF both increase levels of 
these proteins. These data suggest that there is great diversity 
in response to IL-6 family members in chondrocytes and that 
individual cytokines (eg, IL-6 and LIF) can have both positive 
(induction of proliferation) and negative (increases in NF-κB 
and catabolic gene expression) effects. RCGD 423 represents an 
interesting new facet of this story, as it uncouples some of the 
effects downstream of gp130 signalling, such as MAPK/NF-κB 
activation and catabolic gene expression, from STAT3/MYC acti-
vation. This bimodal mechanism of action will need to be eval-
uated in the context of more advanced cartilage injury to assess 
the ability of RCGD 423 to reverse pre-existing damage. More-
over, the compound can compete against procatabolic signalling 
mediated by both IL-6 and OSM, presenting an advantage over 
existing anti-IL-6/IL-6R therapies.

Although proliferation of adult articular chondrocytes is 
minimal (figure 5), we found moderate upregulation of prolifer-
ation induced by RCGD 423 both in vitro and in vivo. In vivo, 
EdU+ cells were found in both the most superficial as well as 
adjacent layers of cartilage, suggesting that a surprising number 
of resident chondrocytes are capable of responding to activa-
tion signals present in the injured joint. Chondrocyte cloning has 
been well documented in the past, but this is typically associated 
with later stages of disease progression;2 RCGD 423 significantly 
increased rates of EdU incorporation, and it will be critical in 
future work to determine the molecular identity of these cells 
as well as to address the relative contributions of proliferation 
versus anticatabolic effects to the reduction in cartilage degen-
eration supported by RCGD 423. Moreover, given the decrease 
in proliferation elicited by the compound at 6 weeks postinjury, 
it will be important to ascertain if cells capable of responding 
are limited in the number of divisions they can undergo as this 
would suggest that other cell types such as synovium43 may need 
to be harnessed for cartilage repair or that a therapeutic window 
exists for potential intervention.

LIF and other members of the IL-6 family have been shown 
to mediate proliferation and regeneration in a variety of cellular 
contexts. IL-6 and OSM have both been shown to be important 
for the regenerative response in the liver, acting upstream of 
STAT3 to promote proliferation.47 As we demonstrate here, 
levels of pSTAT3 and MYC are high in rapidly growing fetal 
tissues; temporary and controlled upregulation by a more 
MYC-inducing RCGD 423 analogue, recently synthesised by 
our group, may be beneficial for tissue repair (online  supple-
mentary figure 9) as was recently shown by Flores et al48 in the 
context of acceleration of the hair cycle. Intriguingly, Ocampo et 
al49 recently demonstrated that repeated, transient increases in 
systemic MYC protein improved regeneration and did not result 
in tumorigenesis. These results suggest that both intra-articular, 
as well as systemic administration of RCGD 423 may represent 
potential strategies to promote tissue repair; however, close 

monitoring of proliferation in all tissues will be critical. Our 
work indicates that gp130 can function as a node whose modu-
lation may tip the balance in pathological conditions away from 
tissue degeneration and towards repair. In summary, we have 
identified a novel small molecule modulator of gp130 signalling 
that demonstrates prominent disease-modifying activity in two 
rat models of cartilage injury or/and degeneration. Optimised 
analogues of this compound may represent attractive therapeutic 
candidates for patients with both degenerative and inflammatory 
forms of arthritis.
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Circular RNA VMA21 protects against intervertebral 
disc degeneration through targeting miR-200c and  
X linked inhibitor-of-apoptosis protein
Xiaofei Cheng,1,2 Liang Zhang,3 Kai Zhang,1 Guoying Zhang,4 Ying Hu,5 
Xiaojiang Sun,1 Changqing Zhao,1 Hua Li,1 Yan Michael Li,2 Jie Zhao1

Abstract
Objectives  Circular RNAs (circRNAs) have been 
proven to function as competing endogenous RNAs to 
interact with microRNAs (miRNAs) and influence the 
expression of miRNA target mRNAs. In this study, we 
investigated whether circRNAs could act as competing 
endogenous RNAs to regulate the pathological process 
of intervertebral disc degeneration (IVDD).
Methods T he role and mechanism of a circRNA, 
circVMA21, in IVDD were explored in nucleus pulposus 
(NP) cells and degenerative NP tissues from patients 
and rat models. The interaction between circVMA21 and 
miR-200c as well as the target mRNA, X linked inhibitor-
of-apoptosis protein (XIAP), was examined.
Results T he decreased expression of XIAP in the 
inflammatory cytokines-treated NP cells and the 
degenerative NP tissues was directly associated with 
excessive apoptosis and imbalance between anabolic 
and catabolic factors of extracellular matrix. miR-
200c regulated NP cell viability and functions through 
inhibiting XIAP. circVMA21 acted as a sponge of 
miR-200c and functioned in NP cells through targeting 
miR-200c and XIAP. Intradiscal injection of circVMA21 
alleviated IVDD in the rat model.
Conclusions  CircVMA21 could alleviate inflammatory 
cytokines-induced NP cell apoptosis and imbalance 
between anabolism and catabolism of extracellular 
matrix through miR-200c-XIAP pathway. It provides a 
potentially effective therapeutic strategy for IVDD.

Introduction
It is well documented that low back pain is a common 
condition and the leading cause of disability glob-
ally.1 A widely recognised contributor to low back 
pain is intervertebral disc (IVD) degeneration, which 
is the major cause of a series of degenerative disc 
diseases. A disc is composed of the inner nucleus 
pulposus (NP) and surrounded by annulus fibrosus. 
Nucleus pulposus cells (NPCs) are the main type of 
cells residing in the NP and responsible for synthe-
sising components of extracellular matrix (ECM) 
such as type II collagen (collagen II) and aggrecan. 
These proteins are the major functional composi-
tions of the IVD to maintain disc height and confront 
diverse external mechanical compression. Multiple 
abnormal stimuli can increase the levels of inflam-
matory cytokines (eg, interleukin  -1β (IL-1β) and 
tumour necrosis factor-α (TNF-α)) in the NP, and 
then induce an imbalance between anabolic and cata-
bolic activities of NPCs, such as increased generation 

of catabolic factors (eg, matrix metalloproteinases 
(MMP) and a disintegrin and metalloproteinase with 
thrombospondin motifs (ADAMTS)) and inhibited 
expression of anabolic factors (eg, collagen II and 
aggrecan), as well as excessive NPC apoptosis. These 
adverse factors initiate or accelerate intervertebral 
disc degeneration (IVDD).2–6 Thus, it is necessary to 
find an effective way to inhibit NPC apoptosis, atten-
uate inflammatory response, and reverse the imbal-
ance between the anabolism and catabolism within 
the NP microenvironment.

MicroRNAs (miRNAs) are small, single-
stranded, non-coding RNA molecules that impede 
protein production by directly interacting with the 
3'untranslated region (UTR)of the target mRNAs. 
miR-200c is often associated with various cancers 
because it exhibits tumour suppressive behaviour 
by blocking epithelial to mesenchymal transition 
of cancer cells.7 Moreover, recent studies have 
revealed its ability to induce cell apoptosis by 
targeting different mRNAs.8 9 In addition, miRNAs 
have gained considerable attention as regulators 
of gene expression and play important roles in the 
prevention and treatment of IVDD.10 11

Circular RNAs (circRNAs) are another type of 
RNAs that form loop structures without 5′-3′ polar-
ities and polyadenylated tails. Most of the circRNAs 
are endogenous non-coding RNAs, conserved 
between different species and showed a higher 
degree of stability than linear mRNAs.12 13 They 
mainly arise from one or multiple exons by a back-
splice mechanism. Although the specific biogenesis 
of circRNAs is not completely clear, many studies 
have found a reliable model of circularisation driven 
by paring between flanking intron sequences. For 
example, complementary Alu repetitive elements 
within the flanking introns prompt the formation of 
exon-derived circRNAs.14 15 Lately, some circRNAs 
have been proven to be enriched with miRNA 
binding sites, and function as competing endog-
enous RNAs (ceRNAs) to interact with miRNAs 
and influence the expression of target mRNAs.16–20 
Until now, it remains unclear whether circRNAs can 
act as ceRNAs to regulate the viability and functions 
of NPCs, and the pathological process of IVDD. In 
this study, we identified a circRNA derived from 
vacuolar ATPase assembly factor (VMA21) gene 
(named circVMA21; also termed hsa_circ_0091702 
in CircBase (http://www.​circbase.​org)) in the NP 
and systemically investigated its role in cell and 
animal model of IVDD.
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Materials and methods
Construction of miRNA and circRNA vector
Vectors were constructed by amplified DNA fragments including 
the sequence of pre-miR-200c or third exon of VMA21 gene 
with flanking introns containing complementary Alu elements.

CircRNA inhibition
CircVMA21 was knocked down using specific small interfering 
RNAs (siRNAs) targeting the backsplice region.

Luciferase reporter assay
The 3'-UTR of X  linked inhibitor-of-apoptosis protein (XIAP) 
gene or circVMA21 fragments were inserted into the luciferase 
vector. Cells were transfected with the vectors and miR-200c.

A rat model of IVDD
The circVMA21 vectors were injected into the IVDs of 
rat models. Radiographic and histological examinations 
were performed to evaluate the change in severity of IVDD 
(see  online supplementary methods for details). All sequences 
are listed in online supplementary table S1.

Results
miR-200c was upregulated in degenerative NP tissues and 
involved in the regulation of NPC viability and functions
Differential expression of miRNAs in degenerative NP tissues 
was investigated using microarray data obtained from National 
Center for Biotechnology Information Gene Expression 
Omnibus   database (GSE45856). Of 2672 miRNAs detected 
by miRNA microarray, 14 miRNAs were upregulated in the 
degenerative NP tissues compared with the controls when 
using the criteria of mean fold change >2.0 and P values <0.01 
(figure 1A). These candidate miRNAs were chosen to analyse the 
validation using quantitative real-time reverse transcription-PCR 
(qRT-PCR) assay. Using the above-mentioned criteria, miR-200c, 
miR-130b-5p and miR-2355–5 p were observed to be signifi-
cantly upregulated in the degenerative NP tissues compared 
with the controls, and miR-200c had the highest level of upreg-
ulation (figure 1B). The expression pattern of these miRNAs in 
the rat model of IVDD was consistent with that in the patient 
samples (figure 1C). Northern blot also confirmed the increase 
in miR-200c levels in the degenerative NP tissues (figure 1D). 
Therefore, miR-200c was selected for further analysis. The 
effects of miR-200c in NPCs were investigated. miR-200c-over-
expressing cells (figure 1E) demonstrated increased percentage of 
apoptotic cells (figure 1F), elevated caspase activation, increased 
expression of MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5, 
and decreased expression of collagen II and aggrecan (figure 1G). 
These results indicated the proapoptotic and procatabolic effect 
of miR-200c in NPCs. The treatment of TNF-α and IL-1β 
increased miR-200c levels in NPCs, which could be suppressed 
by miR-200c antagonist (figure  1H). The enhanced apoptosis 
and changes in ECM metabolism response to the treatment of 
TNF-α and IL-1β were markedly suppressed after miR-200c 
knockdown (figure 1I,J). Thus, the loss-of-function and gain-of-
function experiments supported a critical role of miR-200c in 
negatively regulating NPC survival and functions.

miR-200c regulated NPC viability and functions through 
inhibiting its target, XIAP
As predicted by bioinformatic programs, XIAP, a well-known 
regulator of apoptotic pathway, is a potential target of miR-200c 
(figure 2A). Gene ontology (GO) analysis revealed a correlation 

between the upregulated miRNAs in the degenerative NP tissues 
and the regulation of apoptotic signalling pathway. The lucif-
erase signal of the wild-type XIAP reporter was suppressed by 
miR-200c, whereas introduction of mutations abolished the inhib-
itory effect of miR-200c (figure 2B). A decrease in XIAP expres-
sion was observed in the degenerative NP tissues compared with 
the controls (figure 2C). Elevated levels of miR-200c reduced 
XIAP expression, whereas knockdown of endogenous miR-200c 
increased XIAP expression in NPCs (figure 2D, online supple-
mentary figure S1A). The levels of XIAP pre-mRNA were not 
changed in the degenerative NP tissues or miR-200c-overex-
pressing NPCs (online supplementary figure S1B,C). The treat-
ment of TNF-α and IL-1β induced a decrease in the levels of 
XIAP protein in NPCs, while the miR-200c antagonist attenu-
ated this decrease (figure 2E). Further, we investigated whether 
miR-200c and XIAP were functionally related in NPCs. The 
results showed that XIAP knockdown induced NPC apoptosis, 
exacerbated catabolic response and reduced expression of ECM 
compositions (online  supplementary figure S1D,E). Further-
more, the absence of XIAP markedly counteracted the effects 
of miR-200c antagonist in the NPCs treated with TNF-α and 
IL-1β (figure 2F,G), indicating that miR-200c exerted its func-
tions through XIAP.

CCircVMA21 acted as a sponge of miR-200c. miR-200c is 
predicted to have binding sites for several circRNAs by starBase. 
We screened the top 20 predicted circRNAs according to their 
clipreadNum scores. The existence of the selected circRNAs in 
the NP samples was detected using specific divergent primers 
by qRT-PCR analysis. Predicted splice junction of circVMA21 
(online supplementary table S2) was validated in the NP tissues 
(figure  3A, upper). The amplified product using divergent 
primers was confirmed in accordance with the sequence of 
circVMA21 by sequencing (figure 3A, lower). CircVMA21 levels 
were markedly reduced in the degenerative NP tissues compared 
with the controls by qRT-PCR analysis (figure 3B). This result 
was also confirmed by RNA fluorescence in situ hybridisation 
(FISH) (figure 3C, online supplementary figure S2A). The level 
of circVMA21 was positively correlated with XIAP level in the 
degenerative NP tissues (online  supplementary figure S2B). 
To test whether circVMA21 can be bounded by miR-200c, we 
compared the sequence of circVMA21 with that of miR-200c 
using RNAhybrid and noticed that circVMA21 contains six puta-
tive target sites of miR-200c (figure 3D, online supplementary 
table S3). Of them, five sites were validated by the luciferase assay 
(figure 3E). This circRNA was abundant and resistant to RNase R 
treatment in contrast to mRNA (figure 3F). Northern blot anal-
ysis showed that linear VMA21 was detectable by a linear probe 
but not a circular probe within the splice sites (figure 3G). Pull-
down assay revealed a more enrichment of circVMA21 in the 
miR-200c-captured fraction compared with the introduction of 
miR-200c mutation that disrupted the binding site of miR-200c 
for circVMA21 (figure 3H). CircVMA21 is derived from the last 
exon of VMA21 gene mainly transcribing the 3’UTR of mRNA. 
It has been found to own 69 binding sites of Argonaute 2 (AGO2) 
protein as shown in the CircInteractome (online  supplemen-
tary table S4). Crosslinking and immunoprecipitation (CLIP) 
sequence revealed at least 30 AGO2-bound regions located in 
the 3’UTR of VMA21 mRNA (online supplementary table S5). 
Of them, five regions are overlapped with the binding sites of 
miR-200c (figure 3I, upper). AGO2 immunoprecipitation found 
that endogenous circVMA21 pulled down with AGO2 was 
enriched in NPCs transfected with miR-200c but not its mutant 
(figure 3I, lower), indicating that miR-200c facilitated the asso-
ciation between AGO2 and circVMA21. Northern blot analysis 
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Figure 1  miR-200c was upregulated in the degenerative NP tissues and involved in the regulation of NPC viability and functions. (A) Differential 
upregulation of miRNAs detected by microarray in degenerative NP tissues compared with controls. Volcano plots were constructed using fold-change 
values and P values. The vertical green line corresponds to 2.0-fold upregulation between degenerative samples and controls, and the horizontal green 
line represents a P value of 0.01. The red point in the plot represents the differentially upregulated miRNAs with statistical significance. (B) qRT-PCR 
analysis confirmed the upregulated miRNAs in the degenerative NP samples from patients with IVDD. n=12; **P<0.01 compared with the controls. 
(C) qRT-PCR analysis confirmed the upregulated miRNAs in the degenerative NP samples from the rat model of IVDD. n=8; **P<0.01 compared 
with the controls. (D) Representative northern blots showing miR-200c levels in the NP samples from patients with or without IVDD. (E) NPCs 
were transfected with miR-200c, miR-negative control (NC), antagomir-200c or antagomir-NC. miR-200c levels in NPCs were analysed by qRT-PCR. 
**P<0.01. (F) Representative dot plots of apoptosis flow cytometry detection were shown after Annexin V-FITC/propidium iodide (PI) dual staining. 
The transfection of miR-200c increased apoptosis rate of NPCs. **P<0.01. (G) Western blot analysed protein expression of apoptotic effector caspases 
(caspase-3, caspase-7 and caspase-9), catabolic enzymes (MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5) and extracellular matrix (ECM) compositions 
(collagen II, aggrecan) in NPCs after transfection of miR-200c. (H) NPCs were transfected with miR-200c antagonist or its NC, and then treated with 
inflammatory cytokines (IC; interleukin 1β plus tumour necrosis factor α). qRT-PCR showed increased miR-200c levels in NPCs treated with IC, which 
could be converted by transfection of miR-200c antagonist. **P<0.01. (I) Representative dot plots of apoptosis flow cytometry detection were shown 
after Annexin V-FITC/PI dual staining. The knockdown of miR-200c inhibited apoptosis induced by IC in NPCs. **P<0.01. (J) Western blot analysis 
showed that miR-200c knockdown attenuated the apoptotic and catabolic response and reversed the decreased expression of ECM compositions 
induced by IC treatment in NPCs. ADAMTS, a disintegrin and metalloproteinase with thrombospondin motifs; GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase; IVDD, intervertebral disc degeneration; miRNA, microRNAs; MMP, matrix metalloproteinases; NP, nucleus pulposus; NPC, nucleus 
pulposus cells; qRT-PCR, quantitative real-time reverse transcription-PCR.
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revealed that circVMA21 could in reverse pull down miR-200c 
(figure 3J). RNA FISH found colocalisation of circVMA21 and 
miR-200c in the cytoplasm of NPCs (figure 3K, online supple-
mentary figure S2C). All things considered, our results indicated 
that circVMA21 was able to directly bind to miR-200c in NPCs.

circVMA21 functioned in NPCs through targeting miR-200c 
and XIAP
NPCs were infected by constructed adenovirus harbouring 
circVMA21, linear VMA21, circVMA21 siRNA or control 
siRNA. The results of qRT-PCR showed that the infection 
of adenovirus circVMA21 resulted in an overexpression of 
circVMA21 in the NPCs and that siRNA depressed the expres-
sion of circVMA21 (figure 4A). Knockdown of VMA21 mRNA 
did not affect circVMA21 levels (online  supplementary figure 

S3A). Likewise, circVMA21 siRNA had no effect on mRNA 
levels (online  supplementary figure S3B). Northern blot anal-
ysis also confirmed the elevated amount of circVMA21 after the 
intake of exogenous circVMA21 (figure 4B). Then, the effect of 
circVMA21 on XIAP expression was detected by western blot 
assay. Upregulation of circVMA21 increased the expression of 
XIAP, whereas circVMA21 knockdown induced a decrease in 
the XIAP expression (figure 4C). Similar changes were observed 
from a well-known target of miR-200c, zinc finger E-box 
binding homeobox transcription factor 1 (ZEB1; online supple-
mentary figure S3C). Moreover, the upregulation of circVMA21 
counteracted the inhibitory effect of miR-200c on XIAP expres-
sion (figure 4D) and activity (figure 4E). Taken together, these 
results suggested that circVMA21 acted as a functional sponge 
of miR-200c to regulate XIAP expression and activity. Next, we 

Figure 2  miR-200c-regulated NPC viability and functions through inhibiting its target mRNA, X chromosome-linked inhibitor-of-apoptosis 
protein (XIAP). (A) 3′-UTR region of XIAP mRNA was found to harbour a binding site for miR-200c. (B) NPCs were transfected with miR-200c or miR-
negative control (NC), and then transfected with the luciferase constructs of the wild-type XIAP-3′UTR (3′UTR-wt) or the mutated XIAP-3′UTR (3′UTR-
mut). Luciferase reporter assay found that miR-200c exclusively decreased luciferase activity of the wild-type reporter plasmids. n=6; **P<0.01. 
(C) Western blot analysis revealed lower expression of XIAP in the degenerative NP tissues compared with the controls. (D) NPCs were transfected 
with miR-200c, miR-NC, antagomir-200c or antagomir-NC. Western blot analysis showed that the expression of XIAP was suppressed by miR-200c 
upregulation and elevated by miR-200c knockdown. (E) NPCs were transfected with antagomir-200c or its NC, and then treated with inflammatory 
cytokines (IC; interleukin 1β and tumour necrosis factor-α). Western blot analysis showed decreased XIAP expression in NPCs treated with IC, which 
could be alleviated by transfection of miR-200c antagonist. (F, G) NPCs were cotransfected with antagomir-200c and XIAP siRNA (XIAP-si) or scramble 
siRNA (scramble-si), and then exposed to IC. (F) Representative dot plots of apoptosis flow cytometry detection were shown after Annexin V-FITC/
propidium iodide (PI) dual staining. The knockdown of XIAP attenuated the inhibitory effects of miR-200c antagonist on apoptosis induced by IC 
in NPCs. **P<0.01. (G) Western blot analysed protein expression of apoptotic effector caspases (caspase-3, caspase-7 and caspase-9), catabolic 
enzymes (MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5) and extracellular matrix compositions (collagen II, aggrecan) in NPCs. The knockdown of 
XIAP interfered with the effects of miR-200c antagonist on the expression of these functional proteins in IC-treated NPCs. ADAMTS, a disintegrin 
and metalloproteinase with thrombospondin motifs; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IVDD, intervertebral disc degeneration; 
MMP, matrix metalloproteinases; NP, nucleus pulposus; NPC, nucleus pulposus cell; UTR, untranslated region.
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Figure 3  circVMA21 acted as a sponge of miR-200c. (A) Agarose gel electrophoresis found that divergent primers (←→) amplified circVMA21 in 
complementary DNA (cDNA) but not genomic DNA (gDNA) (upper). The amplified product of specific divergent primers was confirmed in accordance 
with the sequence of circVMA21 by sequencing (lower). (B) qRT-PCR analysis detected circVMA21 levels in the NP samples from patients with 
or without IVDD. n=12; **P<0.01. (C) The expression of circVMA21 was detected in the NP samples from patients with or without IVDD by RNA 
fluorescence in situ hybridisation (FISH). circVMA21 probe was labelled with Alexa 488. Nuclei were stained with 4,6-diamidino-2-phenylindole 
(DAPI). Scale bar=50 µm. (D) circVMA21 is transcribed from the third exon of the VMA21 gene and contains six putative binding sites complementary 
to miR-200c. (E) NPCs were transfected with miR-200c and luciferase constructs of circVMA21 containing wild-type putative miR-200c binding 
sites (circVMA21 site wt) or mutated sites (circVMA21 site mut). n=6; *P<0.05, **P<0.01. (F) qRT-PCR analysis for the abundance of circVMA21 
and VMA21 mRNA in NPCs with or without RNase R treatment. The amounts were normalised to the value of circVMA21 measured in the mock 
treatment. n=6. (G) Northern blot analysis showed that linear VMA21 was detectable by a linear but not circular probe. L, linear VMA21 transcribed 
in vitro; NPC, total RNAs extracted from NPCs; NP, total RNAs extracted from NP tissue samples; circular probe, probe within splice site; linear probe, 
head-to-tail probe. (H) The biotinylated miR-200c or its mutant (miR-200c-mut) was transfected into NPCs. The RNA levels of circVMA21 and GAPDH 
were quantified by qRT-PCR analysis, and the relative ratios of immunoprecipitate (IP) to input were plotted. **P<0.01. (I) CLIP sequence revealed 
five AGO2-bound regions overlapped with the binding sites of miR-200c within the circVMA21 sequence (upper). AGO2 RNA immunoprecipitation 
in NPCs transfected with miR-200c or its mutant. The levels of circVMA21 and GAPDH were quantified by qRT-PCR analysis, and the relative ratios 
of IP to input were plotted. **P<0.01 (lower). (J) miR-200c was pulled down by the circular probe for circVMA21 (circ-probe) but not random probe 
(ran-probe). The levels of miR-200c were detected by northern blot. Input, 20% samples were loaded; Pellet, all samples were loaded. (K) RNA 
FISH for colocalisation of circVMA21 and miR-200c in cytoplasm of NPCs. circVMA21 and miR-200c probes were labelled with Alexa 488 and Cy-
5, respectively. Nuclei were stained with DAPI. Scale bar=10 µm. AGO2, Argonaute 2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IVDD, 
intervertebral disc degeneration; NP, nucleus pulposus; NPC, nucleus pulposus cells; qRT-PCR, quantitative real-time reverse transcription-PCR.
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Figure 4  circVMA21 functioned in NPCs through targeting miR-200c and XIAP. (A) The third exon of VMA21 gene along with approximate 
1 kb flanking intron sequences containing complementary Alu elements was amplified to construct circVMA21 vector. The exon with and without 
mutation was used as controls. NPCs were transfected with circVMA21, linear VMA21, circVMA21 siRNA-1 (circVMA21-si-1) or control siRNA-1 
(control-si-1), and circVMA21 levels were analysed by qRT-PCR. **P<0.01 (lower). (B) NPCs were transfected with circVMA21 or linear VMA21 for 
northern blot analysis, and the blots were probed against circVMA21 with 18S ribosomal RNA as an internal control. (C) NPCs were transfected 
with circVMA21, its mutation (circVMA21-mut), circVMA21-si or scramble-si. XIAP expression was analysed by western blot assay. The expression 
of XIAP was enhanced after circVMA21 upregulation and reduced after circVMA21 knockdown. (D) NPCs were cotransfected with miR-200c and 
circVMA21 or circVMA21-mut. Western blot assay showed that circVMA21 blocked the inhibitory effect of miR-200c on XIAP expression. (E) NPCs 
were cotransfected with XIAP 3′UTR luciferase construct, miR-200c and circVMA21 or circVMA21-mut. Luciferase assay showed that circVMA21 
blocked the inhibitory effects of miR-200c on XIAP activity. **P<0.01. (F,G,H,I) NPCs were transfected with circVMA21 or a control (linear VMA21 
or circVMA21-mut), and then treated with inflammatory cytokines (IC; interleukin 1β and tumour necrosis factor-α). (F) qRT-PCR showed a decrease 
in circVMA21 expression in NPCs treated with IC, which could be converted by transfection of circVMA21. **P<0.01. (G) qRT-PCR showed an 
increase in miR-200c levels in NPCs treated with IC, which could be downregulated by transfection of circVMA21. **P<0.01. (H) Representative 
dot plots of apoptosis flow cytometry detection were shown after Annexin V-FITC/propidium iodide (PI) dual staining. The transfection of circVMA21 
inhibited apoptosis induced by IC in NPCs. **P<0.01. (I) Western blot analysed expression of XIAP, apoptotic effector caspases (caspase-3, caspase-7 
and caspase-9), catabolic enzymes (MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5) and extracellular matrix (ECM) compositions (collagen II, aggrecan) 
in NPCs. The transfection of circVMA21 attenuated the apoptotic and catabolic response, and rescued the reduced expression of ECM compositions 
induced by IC treatment. (J,K) NPCs were cotransfected with circVMA21 and XIAP siRNA (XIAP-si) or scramble siRNA (scramble-si), and then exposed 
to IC. (J) Representative dot plots of apoptosis flow cytometry detection were shown after Annexin V-FITC/PI dual staining. The inhibitory effect of 
circVMA21 on NPC apoptosis was attenuated after the knockdown of XIAP. **P<0.01. (K) Western blot analysed the expression of XIAP, apoptotic 
effector caspases (caspase-3, caspase-7 and caspase-9), catabolic enzymes (MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5) and ECM compositions 
(collagen II, aggrecan) in NPCs. The knockdown of XIAP impaired the protective effect of circVMA21 on NPC functions. ADAMTS, a disintegrin and 
metalloproteinase with thrombospondin motifs; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MMP, matrix metalloproteinases; NPC, nucleus 
pulposus cells; qRT-PCR, quantitative real-time reverse transcription-PCR; XIAP, X linked inhibitor-of-apoptosis protein. 
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Figure 5  CircVMA21 alleviated IVDD in vivo. (A) A flow diagram of the experiments in vivo. A total of 32 rats were randomly divided into four 
groups: non-puncture group (control), non-injection with puncture group (non-injection), circVMA21 injection with puncture group (circVMA21), and 
circVMA21 mutant injection with puncture group (circVMA21-mut). (B) Radiographs of the indicated groups were obtained 9 weeks after needle 
puncture. Co6/7, Co8/9 and Co10/11 were punctured with Co7/8 and Co9/10 left intact. (C) Changes in disc height index (DHI) of the indicated 
groups after needle puncture. The DHI was measured at weeks 0, 1, 5 and 9 time point. A significant decrease of the %DHI was observed in all 
puncture groups at 1 week after surgery (P<0.01). At each time point after puncture, a significant decrease of %DHI was noted in all puncture 
groups compared with the control group (P<0.01). No significant difference was found in the %DHI between all puncture groups. (D) MRIs of the 
indicated groups were obtained 9 weeks after needle puncture. Co6/7, Co8/9 and Co10/11 were punctured with Co7/8 and Co9/10 left intact. (E) 
The MRI grade in the indicated groups at 9 weeks after needle puncture. The degree of disc degeneration by MRI grade was significantly lower in the 
circVMA21 group than in the non-injection group. *P<0.05, **P<0.01. (F) In vivo RNA fluorescence in situ hybridisation found circVMA21 located in 
the NP region. Blue fluorescence (4,6-diamidino-2-phenylindole, DAPI) indicating cell nucleus; green fluorescence (Alexa 488) indicating circVMA21. 
Scale bar=100 µm. (G) qRT-PCR showed that the decreased levels of circVMA21 in the punctured IVDs were rescued by the injection of circVMA21. 
**P<0.01. (H) qRT-PCR showed that the increased levels of miR-200c in the punctured IVDs were depressed by the injection of circVMA21. *P<0.05, 
**P<0.01. (I) Western blot analysed the expression of XIAP, apoptotic effector caspases (caspase-3, caspase-7 and caspase-9), catabolic enzymes 
(MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5) and extracellular matrix (ECM) compositions (collagen II, aggrecan) in the rat NP tissues. The injection 
of circVMA21 alleviated the degenerative changes of the NP such as enhanced apoptotic and catabolic response, and reduced the expression of ECM 
compositions in the rat model of IVDD. (J) Terminal deoxynucleotidyl transferase-mediated dUTP nick end labelling (TUNEL) staining of the IVDs in 
the indicated groups at 9 weeks after needle puncture. Blue fluorescence (DAPI) indicating total cells; green fluorescence (fluorescein isothiocyanate) 
indicating TUNEL positive cells. Scale bar=100 µm. (K) A significant decrease in the apoptosis rate was noted in the circVMA21 group compared with 
the non-injection group. *P<0.05, **P<0.01. (L) H&E (left) and safranin-O/fast green (right) staining of the IVDs in the indicated groups at 9 weeks 
after needle puncture. Scale bar=100 µm. (M) A significant decrease in the grade of IVDD was noted in the circVMA21 group compared with the non-
injection group. *P<0.05, **P<0.01. ADAMTS, a disintegrin and metalloproteinase with thrombospondin motifs; GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase; IVD, intervertebral disc; IVDD, intervertebral disc degeneration; MMP, matrix metalloproteinases; NP, nucleus pulposus; qRT-PCR, 
quantitative real-time reverse transcription-PCR; XIAP, X linked inhibitor-of-apoptosis protein. 
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investigated the function of circVMA21 in the TNF-α-treated 
and IL-1β-treated NPCs. After the treatment of the inflammatory 
cytokines, qRT-PCR analysis found a decrease in circVMA21 
levels and an increase in miR-200c levels in NPCs, both of 
which could be reversed by the upregulation of circVMA21 
(figure  4F,G). As a consequence, the enforced expression of 
circVMA21 restrained the apoptotic and catabolic effects of 
these cytokines, and promoted the expression of collagen II and 
aggrecan (figure 4H,I). Additionally, we explored whether XIAP 
was the downstream mediator of circVMA21 in the inflamma-
tory cytokines-treated NPCs. We cotransfected circVMA21 and 
XIAP siRNA into NPCs, and observed that the positive effects 
of circVMA21 on NPC vitality and functions were attenuated in 
the absence of XIAP (figure 4J,K). Collectively, these data indi-
cated that circVMA21 functioned in NPCs through modulating 
miR-200c and XIAP.

Intradiscal injection of circVMA21 alleviated IVDD in a rat 
model
We successfully established a rat model of IVDD by the needle 
puncture (figure  5A). At 1 and 5 weeks after the puncture, 
adenoviral human circVMA21 were injected into the punc-
tured IVDs using a 33-gauge fine needle. X-rays obtained at 
time 1, 5 and 9 weeks demonstrated progressive disc space 
narrowing over time in all IVD punctured groups. At each 
time point after injection, no significant difference in the 
percentage of disc height index (%) was noted between the 
circVMA21 group and the non-injection or circVMA21-mut 
group (figure  5B,C,  online supplementary figure S4A). At 9 
weeks after injection, the MRI degeneration score of the IVDs 
was significantly lower in the circVMA21 group than in the 

non-injection group (figure 5D,E,  online supplementary figure 
S4B). In vivo RNA FISH found circVMA21 located in the NP 
region (figure 5F, online supplementary figure S4C). After the 
injection of adenoviral circVMA21, the levels of circVMA21 in 
the degenerative NP tissues were remarkably elevated, while the 
levels of miR-200c were decreased (figure 5G,H). The injection 
of adenoviral circVMA21 alleviated the degenerative changes 
of the NP, such as enhanced apoptotic and catabolic response, 
and reduced ECM compositions in the rat model of IVDD 
(figure 5I,J,K, online supplementary figure S4D,E). The histo-
logical score was significantly higher in the non-injection group 
than in the circVMA21 group at 9 weeks (figure 5L,M). Taken 
together, these results revealed the positive effects of elevated 
circVMA21 levels on attenuating NPC apoptosis, inhibiting 
ECM catabolism, promoting anabolism in the NP and resul-
tantly alleviating IVDD in vivo.

Discussion
Multiple lines of evidence have shown that certain miRNAs 
could target distinct genes related to the development and 
progression of IVDD, and play roles in regulating the vitality 
and functions of NPCs.10 11 In this study, we first identified 
miR-200c as a key miRNA involved in IVDD. miR-200c partic-
ipated in the proapoptotic response and imbalanced expres-
sion of anabolic and catabolic factors. We then investigated the 
potential effects of circRNAs on the regulatory functions of 
miR-200c in the NPCs. The results revealed that circVMA21 
markedly decreased the activity of miR-200c by capturing it and 
suppressed its functions. Therefore, a mechanism was proposed 
in which circVMA21 sponged miR-200c to inhibit NPC apop-
tosis, promote ECM anabolism and suppress ECM catabolism, 
and consequently delayed the progression of IVDD.

CircRNAs are a type of widespread, tissue-specific and 
conserved endogenous non-coding RNAs in mammalian 
cells. Although the specific functions of most circRNAs still 
remain unclear, accumulating evidence has revealed a role of 
circRNAs as miRNA sponges.16–20 No free ends can render 
circRNAs to evade destabilisation and degradation mediated 
by miRNAs. Several recent studies have indicated the avail-
ability of circRNAs as miRNA sponges to take part in the 
occurrence and progression of various diseases.21–23 Never-
theless, there are still arguments against miRNA sponges 
being a major function of circRNAs because of their low 
amount or lack of reiterated miRNA binding sites.24 25 In 
the present study, qRT-PCR, northern blot and FISH assay 
revealed abundant circVMA21 in NPCs. VMA21 gene is 
located on the X chromosome and encodes an integral 
membrane protein to assist in the assembly of the V-ATPase.26 
circVMA21 is generated by back splicing of the third exon of 
VMA21 gene. It mainly comprises 3’UTR of VMA21 mRNA, 
so its sequence is relatively conserved between human and 
rat (online  supplementary table S6). The bioinformatics 
analysis found circVMA21 containing multiple target sites 
of miR-200c, which was validated by luciferase, pull-down, 
RNA binding protein immunoprecipitation (RIP and FISH 
analyses. Furthermore, the expression of miR-200c target 
mRNA, XIAP, was positively modulated by circVMA21. 
Thus, the binding sites of circVMA21 for miR-200c were 
proven effective.

In this study, we selected TNF-α and IL-1β as the agents 
to induce a range of pathogenic responses in NPCs, because 
they have vital roles in the pathological process of IVDD.2 6 27 
Our results were consistent with previous findings that the 

Figure 6  Schematic of the working hypothesis. The decreased 
expression of XIAP in the inflammatory cytokines-treated NPCs and 
the degenerative NP tissues is directly associated with excessive 
NPC apoptosis and imbalance between anabolism and catabolism 
of extracellular matrix. The treatment of circVMA21 could inhibit 
these adverse factors through binding miR-200c, and thus delay the 
progression of intervertebral disc degeneration. ADAMTS, a disintegrin 
and metalloproteinase with thrombospondin motifs; IL-1β, interleukin-
1β; IVD, intervertebral disc; MMP, matrix metalloproteinases; NP, nucleus 
pulposus; NPC, nucleus pulposus cells; TNF-α, tumour necrosis factor-α; 
XIAP, X linked inhibitor-of-apoptosis protein. 
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stimulation of NPCs with these cytokines caused a similar 
pattern of changes observed in patients with IVDD or animal 
models, including excessive NPC apoptosis, enhanced expres-
sion of the ECM-degrading enzymes (MMP-3, MMP-13, 
ADAMTS-4 and ADAMTS-5), and inhibited expression of 
the ECM proteins (collagen II and aggrecan).28–30 Deletion 
of XIAP remarkably impaired the antiapoptotic and anti-in-
flammatory ability of circVMA21 or miR-200c antagonist, 
confirming that XIAP was the direct target of circVMA21 
and miR-200c to suppress the effects of TNF-α and IL-1β in 
NPCs. XIAP belongs to the inhibitor-of-apoptosis proteins 
(IAP) that represent a family of endogenous caspase inhibi-
tors. Accumulated TNF-α and IL-1β are thought to activate 
the effector caspases to exert apoptotic effects in NPCs via 
the extrinsic and intrinsic pathways.4 5 Of note, XIAP is 
the only IAP that can bind and directly inhibit the activity 
of the  three most important apoptosis effector caspases, 
caspase-3, caspase-7 and caspase-9.31 32 The absence or inhi-
bition of XIAP increases the formation and subsequent acti-
vation of the death inducing signalling complex, and renders 
the majority of cells to be sensitised to death receptor-in-
duced apoptosis, such as with TNF-α.33 34 Mehrkens et al35 
recently reported that notochordal cell-derived conditioned 
medium upregulates the genomic expression of XIAP and 
thus inhibits inflammatory cytokines-induced NPC apop-
tosis. Moreover, the blockage of caspase signalling attenu-
ates IVDD by inhibiting NPC apoptosis and by regulating 
the expression of matrix metabolism enzymes. Yamada et al36 
find that caspase-3 knockdown reduces the production of 
matrix-degrading enzymes (MMP-3,  MMP-13, ADAMTS-4 
and ADAMTS-5) and increases the expression of proanabolic 
proteins (tissue inhibitor of metalloproteinases-1, collagen 
II and aggrecan). XIAP knockdown-induced activation of 
caspases could lead to consequent matrix metabolism imbal-
ance as shown in the present study.

In addition to caspases inhibition, a growing body of evidence 
exists to support the modulatory role for XIAP in inflammation. 
Loss of XIAP facilitates the proinflammatory effect of TNF-α 
and causes severe sterile inflammation, which can be reduced by 
anti-TNF therapy.34 37 38 Meanwhile, XIAP suppresses inappro-
priate or excess IL-1β activity, while absence of XIAP promotes 
excessive IL-1β secretion in different cell types.39 40 During the 
process of IVDD, TNF-α and IL-1β are produced by both leuco-
cytes and NPCs themselves.41 Therefore, XIAP seemed to function 
in NPCs by blocking the effects of exogenous TNF-α and IL-1β, 
and  by inhibiting endogenous generation of these cytokines.

The age gap between the patients with and without IVDD 
may lead to a bias in this study. Nevertheless, it is an inevitable 
confounding factor when detecting the samples from human 
NP tissues because of the clinicopathological characteristics of 
IVDD. The results of in vitro and in vivo experiments would 
help eliminate the influence of age. In addition to ceRNA, there 
may exist other potential mechanisms of circVMA21 to regu-
late the process of IVDD, for example, through interacting with 
RNA binding proteins (RBPs) other than AGO2. RBPs CLIP 
shows that the 3’UTR of VMA21 mRNA can bind to abun-
dant human antigen R (HuR), an extensively studied RBP with 
substantial regulatory effects on the stability and translation of 
multiple mRNAs. The binding of some circRNAs to HuR has 
been identified to prevent HuR binding to mRNAs and thus 
lower their translation.42 In addition, the mechanism of the 
decrease in circVMA21 levels during the degenerative process 
remains unclear. Further investigation is needed to completely 
understand the role of circVMA21 in IVDD.

In summary, circVMA21 could alleviate inflammatory cyto-
kines-induced NPC apoptosis and imbalance between anabolism 
and catabolism of ECM through the miR-200c-XIAP pathway 
(figure 6). It provides a potentially effective therapeutic strategy 
for IVDD.
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Reactivation of hepatitis B virus infection in 
patients with rheumatoid arthritis receiving 
tofacitinib: a real-world study

A recent study reported long-term safety outcomes of tofacitinib 
for rheumatoid arthritis (RA) in global clinical trials1; the safety 
profile of tofacitinib exposure through 8.5 years appeared stable 
over time, with no new detectable safety signals. However, since 
most tofacitinib studies excluded patients with chronic hepatitis 
B (HBV) infection,1 2 the risk of HBV reactivation among tofaci-
tinib-treated patients remains unknown.

More than two billion people globally have been infected by 
HBV,3 and a substantial number of patients with RA outside 
North America and Western Europe have coexisting HBV 
infection.4 HBV reactivation is a critical challenge in patients 
with RA receiving biological therapy5; consequently, HBV 
screening is recommended before initiating biologics.3 Janus 
kinase inhibition may counteract the suppressive effects of 
interferon α on viral replication6; therefore, we assessed the 
risk of HBV reactivation in patients receiving tofacitinib.

We established a retrospective cohort of 116 Taiwanese 
patients with RA who received tofacitinib at a single medical 
centre between April 2015 and February 2017 (figure  1A). 
Eighty-one (69.8%) had HBV infection, based on  positive 
screening results for IgG antibody to anti-HBV core antigen with/
without anti-HBV surface antibody  (anti-HBsAb) — commen-
surate with 68.5% HBV core antibody positivity in a recent 
population-based survey in Taiwan.7 Among patients with prior 
HBV infection, six were defined as HBV carriers by HBV surface 
antigen (HBsAg) positivity and a normal alanine aminotrans-
ferase (ALT) level (table 1). Follow-up HBV DNA and ALT was 
done 3–6 months after tofacitinib treatment; the other 75 had 
resolved HBV infections, defined as prior HBV infection with 
normal ALT levels, but without detectable serum HBV DNA or 
HBsAg.8 Patients 1  and 2 in table 1, who had low viral loads 
and did not receive pre-emptive nucleotide analogues (NUCs), 
developed HBV reactivation, defined by a 10-fold rise in HBV 
DNA.5 Patient 1 had an elevated ALT level; rescue NUCs with 
entecavir diminished the HBV viral load and ALT level, and this 
patient continued conventional disease-modifying antirheumatic 
drugs and tofacitinib (figure 1B). Among four HBV carriers who 
did not develop HBV reactivation, two had received pre-emptive 
NUCs treatment. Conversely, none of the 75 patients with prior 
HBV infection received antiviral therapy. HBsAbs were detect-
able in 54 (72.0%) patients. Fifty-three (70.7%) had repeated 
HBV DNA after tofacitinib therapy; no HBV reactivation was 
observed.

This retrospective observational study is the first to report 
HBV reactivation in HBV carriers with RA who did not 
receive pre-emptive antiviral treatment during tofacitinib 
therapy, despite having low levels of HBV DNA. Further-
more, no patients with RA who received prophylactic therapy 
developed HBV reactivation, indicating the efficacy of anti-
viral prophylaxis in preventing HBV reactivation.8 Although 
half of the HBV carrier patients without pre-emptive NUCs 
did not experience HBV reactivation, more evidence is 
needed to demonstrate whether stringent HBV DNA moni-
toring followed by rescue treatment could be a safe alterna-
tive to antiviral prophylaxis.9 A recent report demonstrated 
HBV reactivation in rheumatic patients with resolved HBV 
infection,10 whereas none of our HBsAg-negative patients 

with resolved HBV infection developed HBV reactivation. 
The presence of HBsAb may provide additional protection 
against viral reactivation.9 Further studies are warranted to 
infer protection of HBsAb in patients with RA with tofacitinib 
treatment. Repeated viral load measurements may be neces-
sary if overt hepatitis occurs.

In conclusion, prophylactic antiviral treatment and periodic 
HBV DNA follow-up are critical for chronic HBV carriers 
with RA receiving tofacitinib treatment. Tofacitinib therapy 
appears safe in patients with resolved HBV infection. It is 
clinically important for physicians to beware of the risk of 
HBV reactivation in HBV carriers with RA who do not receive 
pre-emptive NUCs treatment before tofacitinib therapy.
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Figure 1  (A) Flow diagram of patients with RA and HBV infection 
during tofacitinib therapy. (B) Liver function tests and HBV viral loads 
following tofacitinib treatment in patient 1 of table 1 with HBV carrier. 
*Repeated HBV DNA available in 13 patients, #Repeated HBV DNA
available in 40 patients. ALT, alanine aminotransferase; anti-HBc IgG, 
IgG antibody to antihepatitis B core antigen; HBsAg, HBV surface 
antigen; HBsAb, HBV surface antibody; HBV, hepatitis B virus; NUCs, 
nucleotide analogues; RA, rheumatoid arthritis.
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How are enthesitis, dactylitis and nail 
involvement measured and reported in recent 
clinical trials of psoriatic arthritis? A systematic 
literature review

While enthesitis, dactylitis and nail involvement are recognised 
as important outcomes of psoriatic arthritis (PsA) in the core 
set of domains in PsA,1 2 it is still unclear how these outcomes 
should best be measured.1 2 We systematically reviewed the 
instruments and the cut-offs used to report state or improve-
ment, for enthesitis, dactylitis and nail involvement in recent 
randomised controlled trials (RCTs) in PsA.

A systematic literature review of RCTs on any pharmacolog-
ical intervention in patients with PsA was conducted to inform 
the  European League Against Rheumatism (EULAR) recom-
mendations for the management of PsA, by searching Medline, 
Embase and Cochrane datasets for the period 2010–2015.3 4 
Only published papers and only results of the placebo-controlled 
phases were analysed. The presence and type of all outcome 

measures reflecting enthesitis, dactylitis and nail involvement 
were collected. Cut-offs used for each measure (either as state 
or change, absolute or relative) were also collected. The propor-
tion of trials in which each of the cut-offs for each measure was 
reported was calculated.

Of 2278 articles screened, 14 trials met the inclusion criteria: 
4 (29%) reported on non-biologic drugs (included targeted 
synthetic disease-modifying antirheumatic drugs, one trial), 5 
(36%) on tumour necrosis factor inhibitors, 4 (29%) on other 
biologic modes of action and there was one strategy trial. 
The trials included a total of 4744 patients. Four of the trials 
(29%) did not report any outcome on any of the three domains 
of interest (table  1). Enthesitis and dactylitis outcomes were 
reported in the remaining 10 trials, while nail involvement was 
only reported in three trials (21%). These three outcomes have 
been measured in several different ways, none of which having 
been used in more than three trials (21%), and the majority of 
them was actually employed in only one (7%) or two (14%) 
trials. Different instruments have been used, different cut-offs 
and different statistics reported (eg, mean and median improve-
ment or resolution of the outcome, eg, enthesitis score of zero) 
(table 1). It was often the case that the same outcome measure 

Table 1  Outcome measures used in 14 recent trials in PsA

Manifestation Outcome measure Level of measurement n (%)

Any No manifestation reported 4 (29)

Enthesitis Absolute change in Enthesitis score Change (mean) in Leeds Enthesitis Index 2 (14)

Change (mean) in PsA modified MASES 3 (21)

Change (median) in MASES 1 (7)

Relative change (%) in Enthesitis score % change in MASES 2 (14)

Proportion of patients with enthesitis MASES (0–13) ≥1 2 (14)

Proportion of patients with change % of patients with improvement in ≥1 tendon/ligament 1 (7)

Resolution of enthesitis MASES=0 (0–13) 1 (7)

Leeds Enthesitis Index=0 (0–6) 1 (7)

Enthesitis score=0 (0–4)* 1 (7)

Dactylitis Absolute change in Dactylitis score Change (mean) in Dactylitis score (0–20)† 2 (14)

Change (median) in Dactylitis score (0–20) 1 (7)

Change (median) in Leeds Dactylitis Index (0–60) 2 (14)

Change (mean) in Leeds Dactylitis Index (0–60) 2 (14)

Relative change (%) in Dactylitis score % change in Leeds Dactylitis Index (0–60) 3 (21)

Proportion of patients with Dactylitis Leeds Dactylitis Index (0–60)≥1 2 (14)

Resolution of Dactylitis Dactylitis score=0 (0–20) 3 (21)

Nail involvement Absolute change in score of nail involvement Change (mean) in modified Nail Psoriasis Severity Index 1 (7)

Change (median) in modified Nail Psoriasis Severity Index 1 (7)

Change (median) in Nail Psoriasis Severity Index 1 (7)

Relative change (%) in score of nail involvement % change in Nail Psoriasis Severity Index 1 (7)

*Enthesitis score: 4-point enthesitis index to measure the presence (score of 1) or absence (score of 0) of tenderness at the lateral epicondyle humerus (left and right) and 
proximal Achilles (left and right).
†Dactylitis score: score of 1 for the presence of dactylitis and 0 for the absence in each digit (n=20), for an overall score ranging from 0 to 20.
MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; PsA, psoriatic arthritis.
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was used (eg, the Maastricht Ankylosing Spondylitis Enthesitis 
Score (MASES)), but then reported in such different ways (eg, 
percentage of change, percentage  ≥1, percentage of improve-
ment in one tendon/ligament, etc) that the potential uniformity 
in the measures used got diluted (table 1). There was also hetero-
geneity in the timing of report of the outcome measures across 
trials.

In summary, there is substantial lack of uniformity in the measure-
ment of enthesitis, dactylitis and nail involvement in recent clin-
ical trials of PsA. A similar lack of uniformity had previous been 
described for patient-reported outcomes in PsA,5 6 and in what 
concerns enthesitis, dactylitis and nail involvement measurement 
is the heterogeneity even larger. This relates to both the instru-
ments used and the evaluation and interpretation of the results. 
An important aspect that requires attention are the ways in which 
the data are reported, namely the cut-offs chosen or the different 
statistics reported, which make the heterogeneity larger, even when 
one single outcome measure (see the example of MASES) is being 
used. Assessment of dactylitis and enthesitis needs further devel-
opment taking both their resolution and appearance into account. 
Another methodological aspect deserving attention is the fact that 
these outcomes are actually only investigated in patients with active 
involvement at baseline, which violates the principle of intention-
to-treat analysis. Consensus is necessary and more elegant solutions   
should be considered. An update of the PsA Core Set of domains has 
just been published, however, without any indication of the instru-
ments and cut-offs to be used.2 Harmonisation of measures to be 
used in trials and possibly also clinical practice is desirable to allow 
for optimal assessment and better comparability of the efficacy of 
interventions.
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Early-onset autoimmune disease due to a 
heterozygous loss-of-function mutation in 
TNFAIP3 (A20)

Rare Mendelian disorders increasingly contribute to our under-
standing of the genetic architecture of autoimmune disease and 
the key molecular pathways governing its pathogenesis. Early-
onset autoimmune disease can arise through activating muta-
tions in inflammatory signalling pathways or loss-of-function 
mutations in immunoregulatory proteins.

We investigated the molecular basis of complex autoimmu-
nity—characterised by the onset of insulin-dependent diabetes, 
cytopaenias, hepatitis, enteropathy and interstitial lung disease 
at age 10—in a 14-year-old boy of healthy non-consanguin-
eous British parents. Immunological analysis revealed lympho-
paenia with no naive T cells and a high proportion of activated 
T cells (table  1). Pathogenic variants in STAT3 and FOXP3 
were excluded. The clinical course was refractory to intensive 
immunosuppression with prednisolone, sirolimus, tacrolimus, 

infliximab or rituximab, necessitating haematopoietic stem 
cell transplantation. Twenty-one months post-transplant, he is 
thriving off all immunosuppressive medication with complete 
remission of autoimmune disease (except diabetes).

Ethical approval was granted (ref: 10/H0906/22) and written 
informed consent provided prior to study commencement. By 
whole exome sequencing of peripheral blood genomic DNA 
(Illumina MiSeq) and downstream bioinformatic filtering (Inge-
nuity Variant Analysis), we identified a single biologically plau-
sible variant—a novel de novo heterozygous 2 bp deletion in 
tumour necrosis factor-alpha-induced protein 3 (TNFAIP3, 
figure 1A). TNFAIP3 encodes the ubiquitin-editing enzyme A20, 
a negative regulator of the nuclear factor-κB (NF-κB) pathway.1 
A20 removes K63-linked ubiquitin chains from key adaptor 
proteins, replacing them with K48-linked polyubiquitin chains, 
to trigger proteasomal degradation and termination of the 
NF-κB activation cascade.2 Polymorphisms in TNFAIP3 have 
been linked to the development of several autoimmune diseases 
in genome-wide association studies.3–7 A conditional knockout 
of A20 in immune cells leads to the development of autoimmu-
nity in the mouse.8 However, autoimmune phenomena were 
not prominent in a recently described cohort of patients with 
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germline A20 haploinsufficiency, who instead presented with 
an autoinflammatory phenotype resembling Behçet’s disease.9

The c.1466_1467delTG variant—which we confirmed by 
capillary sequencing10 (figure  1B)—introduces a frameshift 
substitution of alanine for valine at position 489, generating 
a downstream premature stop codon (p.V489Afs*7) in the 
zinc finger (ZnF)2 domain of A20. This variant is absent from 
public databases (ExAc/dbSNP) and distinct from disease-associ-
ated mutations affecting the ovarian tumour or ZnF4 domains 
of A209 (figure  1C). Immunoblotting10 of patient and control 
dermal fibroblast lysates with an N-terminal antibody confirmed 
the reduced basal and TNF-α-induced expression of A20 
(figure 1D).

To address the consequence of this reduced A20 expression, we 
performed functional experiments in patient and control dermal 
fibroblasts. Initially, we stimulated these cells with TNF-α (10 ng/
mL) and analysed downstream signalling events by immunoblot 

(figure 1E). We observed exaggerated and prolonged phosphor-
ylation of components of the NF-κB pathway, which would be 
expected to enhance NF-κB-dependent transcriptional effects. 
In keeping with this prediction, RNA sequencing (Illumina 
NextSeq-500) revealed a significant global increase in both 
the range and magnitude of TNF-α-stimulated differential 
gene expression (fold-change ≥2; false discovery rate-adjusted 
p≤0.01, figure 1F). We also confirmed enhanced expression of 
the key NF-κB target gene interleukin  6  (IL-6) at the protein 
level by ELISA (p=0.0015, figure  1G). In these respects, the 
molecular consequences of the p.V489Afs*7 variant were indis-
tinguishable from reported pathogenic A20 mutations,9 although 
owing to the lack of leucocyte material, we were not able to 
extend our analysis to inflammasome activation.

Here we provide novel validation of considerable existing 
evidence that implicates TNFAIP3 in autoimmune pathogenesis. 
This case expands the clinical spectrum of A20 haploinsuffi-
ciency.9 As A20 regulates multiple innate and adaptive signalling 
pathways,1 it is logical that patients with inactivating mutations 
in A20 might manifest pathological features of autoimmunity 
and/or autoinflammation. Finally, we report that correction of 
the molecular defect within the haematopoietic cell compart-
ment could represent a viable treatment option for severe clin-
ical manifestations.
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Table 1  Immunological and clinical parameters

Parameters Pretransplant
Post-
transplant

Reference 
range

Laboratory

 �Haemoglobin (g/dL) 9.8 12.4 13.5–17.5

 �Leucocytes (109/L) 1.88 3.47 150–450

 �Lymphocytes (109/L) 0.17 1.31 1.2–5.2 

 �Neutrophils (109/L) 1.52* 1.79 1.8–8.0

 �Monocytes (109/L) 0.19 0.37 0.2–0.8

 �Platelets (109/L) 29 183 150–400

 �CD3+ (cells/µL) 800 1914 800–3500

 �CD8+ (cells/µL) 554 936 200–1200

 �CD4+ (cells/µL) 238 920 400–1200

 �CD56+ (cells/µL) 35 99 70–1200

 �CD19+ (cells/µL) 138 99 200–600 

 �Activated T cells
 �(HLA-DR+ %)

55 25 N/A

 �CD4+ naive (%) Not detected 244 N/A

 �CD27– IgD+ (naive) (%) 87 93 75.2–86.7

 �CD27+ IgD+ (memory) (%) 9 4 4.6–10.2

 �CD27+ IgD–
 �(class-switched) (%)

2 3 3.3–9.6

 �IgM (g/L) 0.55 0.25 0.50–1.90

 �IgG (g/L) 6.4 8.2 5.4–16.1

 �IgA (g/L) 0.92 0.33 0.80–2.80

 �Tetanus (IU/mL) 0.93 ND 0.1–10 

 � Haemophilus influenzae b (mg/
mL)

1.8 ND 1.0–20.0

 �Pneumococcal (mg/mL) 10 ND 20–200

 �Anti-GAD antibody (IU/mL) >2000 >2000 0–9.9

 �Islet cell antibody Detected Detected N/A

 �pANCA Detected Detected N/A

Clinical

 �FEV1 (% predicted) 38 84 95–100

*Peripheral neutrophils were supported pretransplant by recombinant granulocyte 
colony stimulating factor. Post-transplant parameters were obtained at 18 
months (FBC and T-cell indices, lung function) or 21 months post-HSCT (B cell and 
antibody indices). Post-HSCT antibody indices were measured during concomitant 
subcutaneous immunoglobulin supplementation. No other autoantibodies were 
detected pre-HSCT or post-HSCT.
FBC, full blood count; FEV1, forced expiratory volume in 1 s; GAD, glutamic acid 
decarboxylase; HLA-DR, human leucocyte antigen–antigen D related; HSCT, 
haematopoietic stem cell transplantation; ND, not done; pANCA, perinuclear anti 
neutrophil cytoplasmic antibody. 
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Figure 1  TNFAIP3 variant identification and functional validation. (A) The family pedigree is shown (triangles are used to preserve the anonymity 
of healthy unaffected siblings). The first-born infant died as a result of prematurity. Whole exome sequencing data were filtered (Ingenuity Variant 
Analysis) by confidence (call quality ≥20; read depth ≥10; allele fraction ≥45%); frequency (ExAc allele frequency ≤0.01%); deleteriousness 
(nonsense/deleterious missense (SIFT/PolyPhen), splice-site disruption); genetic segregation (ie, present in patient and absent from 47 unrelated 
disease controls) and biological function (linked to phenotype), identifying a single heterozygous frameshift variant in TNFAIP3 (c.1466_1467TGdel). 
(B) Variant confirmation by Sanger sequencing. (C) The c.1466_1467TGdel variant resulted in a frameshift and premature stop codon (V489Afs*7) 
in the second ZnF domain and is distinct from previously described mutations in the OTU and ZnF4 domains (blue). (D) V489Afs*7 reduced basal 
and TNF-induced A20 protein in patient (P) versus control (C1, C2) fibroblasts (immunoblot representative of n=4 independent experiments with 
n=4 controls). (E) Signalling responses downstream of TNF-α stimulation in patient fibroblasts were exaggerated and prolonged compared with 
control (immunoblot representative of n=4 independent experiments with n=4 controls). (F) RNA-seq analysis of transcriptional response to 
6-hour TNF-α stimulation in patient and control fibroblasts (stimulations performed in triplicate in a single experiment). Top panel: displayed in 
red are significant (FDR-corrected p≤0.01) DE transcripts regulated ≥4 fold (≥2log2-fold); middle panel: Venn diagram displaying all overlapping 
DE transcripts ≥2 fold (≥log2-fold); Bottom panel: top 20 significant DE transcripts in patient (red bars) versus control (black bars), demonstrating 
many major NF-κB target genes. (G) Levels of IL-6 quantified by ELISA in supernatants from patient and control fibroblasts stimulated with 
TNF-α for 24 hours (mean±SD of average values from two independent experiments in patient and n=4 controls compared by one-sample t-test; 
**p=0.0015). DE, differentially expressed;  FDR,  false discovery rate; IL-6, interleukin 6; NF-κB, nuclear factor-κB; OTU, ovarian tumour; PolyPhen, 
polymorphism phenotyping; SIFT, Sorting Intolerant from Tolerant; TNF-α, tumour necrosis factor-alpha; TNFAIP3, tumour necrosis factor-alpha-
induced protein 3; ZnF, zinc finger.
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by improvements in several composite measures of systemic 
lupus erythematosus disease activity and changes in whole 
blood transcriptomic profiles

Chamberlain C, Colman PJ, Ranger AM, et al. Repeated administration of dapirolizumab 
pegol in a randomised phase I study is well tolerated and accompanied by improvements in 
several composite measures of systemic lupus erythematosus disease activity and changes in 
whole blood transcriptomic profiles. Ann of Rheum Dis 2017;77:1837-44.

Since publishing the above article, an error in the programmatic analysis of the renal compo-
nent of the exploratory BILAG endpoint was identified. Correction of this error results in the 
following updates to the reported BILAG, BICLA and type I interferon-response genes RNA 
transcript data. These updates see a small increase in the number of patients treated with 
dapirolizumab pegol achieving a clinical response, and in no way change our interpretation of 
these exploratory endpoints.
1. In Table 1 (Baseline patient demographics and characteristics), baseline BILAG median

(range) total scores are corrected from 10.0 (2–21) to 10.0 (2–24) for placebo and from 
13.0 (2–21) to 13.0 (2–24) for dapirolizumab pegol. The number of patients in the 
dapirolizumab pegol group with at least 1 BILAG Grade B is updated from 12 (75.0%) to 
13 (81.3%).

2. The corrected BILAG analysis identified one additional BICLA responder. The BICLA
responder rate in the dapirolizumab pegol group is revised from 5/11 (45.5%) to 6/12 
(50.0%) (page 5, paragraph 1).

3. Data for the mean fold change in RNA transcript levels for the additional BICLA responder
are added to Figure 4 as shown below. This does not alter the conclusions in the paper.

During this process an additional error was also identified. One patient who received 
concomitant systemic oral corticosteroids for ‘arthritis’ rather than ‘SLE’ was mistakenly 
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http://ard.bmj.com/
http://ard.bmj.com/


788 Ann Rheum Dis 2018;77:787–788. doi:10.1136/annrheumdis-2017-211388corr1

Miscellaneous

omitted from Table 1. The number of patients receiving concomitant corticosteroids in Table 
1 is updated from 14 (87.5%) to 15 (93.8%).

© Article author(s) (or their employer(s) unless otherwise stated in the text of the article) 2018. All rights reserved. No 
commercial use is permitted unless otherwise expressly granted.
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GRAPPA-OMERACT initiative to standardise 
outcomes in psoriatic arthritis clinical trials and 
longitudinal observational studies

We read with interest the recent letter by Ramiro et al1 reporting 
data from a systematic literature review on the measurement of 
enthesitis, dactylitis and nail disease in psoriatic arthritis (PsA) 
clinical trials. The authors highlight the great variety in the 
outcome measures chosen, cut points and the statistical anal-
ysis performed (percentage change, proportion resolved). We 
are pleased the authors have highlighted this problem and agree 
with their viewpoints on the clear lack of standardisation of 
domains and instruments in clinical trials evidenced by the data. 
Indeed this inconsistency of data reporting has led to significant 
heterogeneity in both physician-assessed and patient-reported 
outcomes particularly in the field of PsA. It is the domains of 
enthesitis, dactylitis, nail disease, as well as skin and axial disease, 
and the unique impact they subsequently have on physical func-
tion and quality of life for patients with PsA, that differentiate 
PsA from other types of inflammatory arthritis like rheumatoid 
arthritis. Therefore the accurate assessments of these disease 
manifestations are of vital importance in drug trials.

In an effort to standardise outcome assessment in PsA, the 
first PsA core domain set was developed in 2006 by the Group 
for Research and Assessment of Psoriasis and Psoriatic Arthritis 
(GRAPPA) Outcome Measures in Rheumatology (OMERACT) 
working group.2 This PsA core domain set represented the 
minimum set of outcomes to be measured in randomised 
controlled trials (RCTs) and longitudinal observational studies 
(LOS). A systematic literature review demonstrated increased 
measurement of the complete PsA core domain set from 23.5% 
of RCTs in 2006–2010 to 59% of RCTs in 2010–2015.3 The PsA 
core domain set was updated, with enhanced patient represen-
tation, in 2016 following an extensive programme of work.4 As 
Ramiro et al state, the next step is to generate instruments and 
cut-offs for the measurement of these domains: a Core Outcome 
Measurement Set.

Several international work streams comprise the Core Outcome 
Measures for Psoriatic Arthritis Clinical Trials (COMPACT) 
study and have been underway since 2016 to address specifi-
cally this problem. The GRAPPA-OMERACT PsA core set 
working group is leading this work following OMERACT Filter 
2.0 methodology.5 This programme of work includes multiple 
systematic literature reviews, incorporating data up to 2017, 
in order to synthesise the existing evidence on PsA instrument 
properties (across RCT and LOS data sources as the authors 
suggest), a Delphi process with stakeholders (including patients, 
clinicians, triallists, methodologists and payers), and  working 
group meetings and discussion and voting at OMERACT 2018. 
The resulting Core Outcome Measurement Set will synthesise 
the evidence and provide guidance for the use of PsA outcome 
instruments, including enthesitis, dactylitis and nail involve-
ment, as discussed by Ramiro et al, and all pathophysiological 
manifestations, life impact and resource use defined in the PsA 
core domain set.

The OMERACT6 and Core Outcomes Measurement for Effec-
tiveness Trials methodology7 we are following in the COMPACT 
study will provide evidence-based guidance with international 
consensus on the best instruments to measure the domains of 
psoriatic disease and equally importantly identify current gaps 
and a research agenda to generate the evidence. In the near 

future, this will facilitate standardisation of outcomes chosen in 
clinical trials while ensuring that key domains important to both 
patients and physicians are assessed.

The report by Ramiro et al highlights the importance of devel-
oping a framework of domains and valid instruments for the 
consistent assessment of PsA in RCTs and observational studies, 
and we suggest herein a robust framework, underway, to achieve 
this standardisation.
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Response to: ‘The GRAPPA-OMERACT initiative 
to standardise outcomes in Psoriatic Arthritis 
clinical trials and longitudinal observational 
studies’ by Tillet et al

We thank Tillet et al for their comments1 on our letter to the 
editor entitled ‘How are enthesitis, dactylitis and nail involve-
ment measured and reported in recent clinical trials of psoriatic 
arthritis? A systematic literature review’.2 We appreciate that the 
authors are in agreement with our view regarding the clear need 
for the harmonisation of outcome assessment in PsA.1 2 We are 
aware of the work in this regard from the GRAPPA-OMERACT 
initiative,3 as cited in our letter,2 which has indeed already led to 
an update of the core set of domains for PsA. Hopefully, the next 
step that needs to be taken, namely the development of a core set 
of outcome measurements, will represent an important advance 
in standardisation. Being an OMERACT initiative, it will implic-
itly need to follow the OMERACT filter,4 which means that ‘For 
applicability, each instrument must prove to be truthful (valid), 
discriminative, and feasible’. For this we would like to highlight 
that feasibility is an important aspect that deserves appropriate 
attention, as otherwise the desired harmonisation of outcome 
measurement will not be achieved, even if the instrument may 
have good psychometric properties. We further hope that the 
GRAPPA-OMERACT initiative takes all the issues addressed in 
our letter, but also the various aspects of instrument development 
discussed during the generation of the updated treat-to-target 
recommendations for axial and peripheral spondyloarthritis into 
account when proposing the core outcome measurement set.2 5 
We look forward to the updated core set and especially to its 
implementation in clinical trials and in clinical practice.
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Spontaneous hypertensive rat exhibits bone and 
meniscus phenotypes of osteoarthritis: is it an 
appropriate control for MetS-associated OA?

The potential roles of metabolic syndrome (MetS) in the onset 
and progression of osteoarthritis (OA) have been a hot topic in 
the field since it may potentially open up to new non-surgical 
treatment regimens. To better study the relationship between 
MetS and OA, a suitable animal model would be a vital tool in 
understanding the pathomechanism and also for screening and 
testing various potential drug candidates.

We have recently read Deng and colleagues’ letter enti-
tled ‘Eplerenone treatment alleviates the development of 
joint lesions in a new rat model of spontaneous metabol-
ic-associated osteoarthritis’ published online this May, which 
mentioned the use of ‘obese spontaneously hypertensive 
heart failure’ (SHHFcp/cp) rat model to study MetS-associ-
ated OA and chronic administration of eplerenone, a miner-
alocorticoid receptor antagonist, as a treatment.1 While we 
appreciate the authors’ dedicated effort, we believe there are 
several issues concerning the novel animal model that are 
worth mentioning.

MetS is a cluster of at least three out of five of the following 
conditions: central obesity, hypertension, hyperglycaemia, 
high cholesterol levels and low high-density lipoprotein 
levels. Since it is a complex medical condition, we were very 
much intrigued by the authors’ choice to study the mixed 
components of MetS in one model rather than studying the 
effect of the individual components. This study design does 
indeed allow the authors to look into potential synergistic 
effects of the MetS components; the major flip side is that 
up to this moment neither are the weights of the individual 
components contributing to MetS-associated OA known nor 
are all these components as well studied as obesity and also 
hyperglycaemia. One component in MetS that we would like 
to highlight here is hypertension. We believe that there is still 

a huge research gap in the relationship between hypertension 
and MetS-associated OA to warrant an independent study. To 
put this into context, in the latest Framingham osteoarthritis 
study, Niu and colleagues observed that after adjustment for 
weight or body mass index, all metabolic syndrome compo-
nents except hypertension have no significant association 
with the occurrence of OA.2 In other words, hypertension 
is highly likely a key factor in the pathogenesis of MetS-as-
sociated OA although little is known about the mechanism 
behind.

As we congratulate the authors’ accomplishment in success-
fully developing the MetS strain reported in a previous publi-
cation which does indeed check three of the five boxes (“ie,” 
dyslipidemia, hypertension and obesity), we are reserved 
about the use of spontaneously hypertensive rat (SHHF+/+) 
for the control group. While we understand the rationale 
behind choosing this strain, we think it is far from an optimal 
control since it is still unclear whether the hypertensive back-
ground itself may exert any effects on the joint structure and 
it has been previously suggested that hypertension on its own 
may play a role in the onset and progression of OA.3 4 Indeed 
in our recent study, we did observe significant changes in 
bone and menisci by 9 months including the presence of 
subchondral cyst-like giant voids near the anterior cruciate 
ligament (ACL) enthesis and increased ossified tissue volume 
of the menisci in the spontaneously hypertensive rat with 
the Wistar Kyoto strain as the default normotensive control 
(figure 1).5

We cannot help but think that the authors seem to have 
regrettably overlooked the significance of hypertension in this 
study and we are very interested in learning from their response 
regarding the above issues.

PokMan Boris Chan,1 Chunyi Wen2

1Department of Orthopaedics and Traumatology, The University of Hong Kong, Hong 
Kong, Hong Kong
2Interdisciplinary Division of Biomedical Engineering, The Hong Kong Polytechnic 
University

Correspondence

Figure 1  Osteoarthritis-like changes in 9-month-old spontaneously hypertensive rats (SHR). (A) SHR model exhibited subchondral bone cyst (block 
arrow) yet the control Wistar Kyoto strain (WKY) rats did not have it. (B) The menisci ossification was much more pronounced in the middle portion 
of the medial meniscus (arrow) in the SHR model. (C) All these micro-CT findings were echoed by histopathological examination (^, subchondral 
bone cyst; *, menisci ossification). (D) Uncoupled subchondral bone remodelling in SHR was characterised by increased tartrate-resistant acid 
phosphatase+ (TRAP+) osteoclasts but decreased Osterix+ osteoprogenitors. It was possibly due to elevated receptor activator of nuclear factor 
kappa-B ligand (RANKL) expression level relative to osteoprotegerin (OPG) expression level.
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Response to: ‘Spontaneous hypertensive rat 
exhibits bone and meniscus phenotypes of 
osteoarthritis: is it an appropriate control for 
MetS-associated OA?’ by Chan and Wen

We thank Dr Chan and Dr Wen for their interest in our report1 
and their resulting eLetter.2 We fully agree that, among the 
different components of metabolic syndrome (MetS), hyper-
tension has very recently been brought out as a critical feature 
in the development of osteoarthritis (OA) in humans.3 4 In these 
reports using either data from the Framingham OA study3 or 
the Osteoarthritis Initiative study,4 it has been emphasised that 
high blood pressure (diastolic or systolic, respectively) was 
associated with increased incidence of radiographic knee OA.

In order to further experimentally investigate the actual 
role of hypertension in OA onset and development, Chan 
and colleagues describe in a yet unpublished study the devel-
opment of OA features in the spontaneous hypertensive rat 
(SHR) model, a widely characterised model of systemic hyper-
tension.2 5 Although the spontaneous hypertensive heart 
failure (SHHF) rat strain we employed is deriving from the 
SHR strain6 and suffers high blood pressure likewise, we were 
not able to identify OA-like lesions in our experimental model 
of SHHF+/+ lean rats.1 These seeming discrepancies obtained 
in two related rat strains raised the concerns expressed by 
Chan and Wen on our recent results.

First, we respectfully disagree on the reservations put forward 
by Chen and Wen regarding our choice ‘to study the mixed 
components of MetS in one model’.2 Indeed, in contrast to their 
study,2 5 our goal was purposely to explore the contribution of 
MetS as a whole,1 not to investigate a single and isolated MetS 
component, such as hypertension. Besides, since SHHF+/+ and 
SHHFcp/cp are both hypertensive,7 8 our results demonstrate the 
contribution of the metabolic components of MetS (obesity, 
dyslipidaemia and insulin resistance) in knee OA development 
after adjustment for both age and blood pressure. Interestingly 
enough, the ability of eplerenone to prevent OA development1 
without decreasing blood pressure8 further support the role of 
MetS as a whole, but not that of hypertension, in the OA lesions 
we observed in SHHF rats.1

Second, Chan and Wen suggest the inadequate use of SHHF+/+ as 
proper controls in our study.2 Because both SHHF+/+ and SHHFcp/

cp share the very same genetic background, SHHF+/+ rats are very 
appropriate controls to compare to their littermate SHHFcp/cp rats. 
By contrast, Wistar Kyoto (WK) used as control in Chan’s study 
and SHR rats2 5 are more distant genetically and may differ greatly 
besides the normal versus hypertensive status, which therefore 
may force caution in the proposed interpretations of the results. 
It stands, however, true that, in contrast to Chan and colleagues’ 
results,2 5 we did not observe OA-like lesions in 12.5-month-old 
SHHF+/+ knee joints,1 when they do report changes in bone and 
menisci, but no gross cartilage damage, in the knees of 9-month-old 
SHR rats.2 5 The apparent discrepancies may be attributable to the 
difference in the parameters examined to evaluate OA in the two 
studies. Indeed, Chan et al mostly evaluated changes in subchon-
dral bone and meniscus,2 5 whereas we performed histopathological 
analysis of synovial and cartilage tissues.1 Although subchondral 
remodelling is critical in OA, we have not looked closely at the 
subchondral bone phenotype as clearly stated in our Letter.1 So, if 
as explained above we can exclude that hypertension does cause by 
itself OA-like phenotype in synovial and articular cartilage tissues 
of 12.5SHHF+/+ rats, we cannot rule out that, similar to what can 

be observed in SHR rats, SHHF+/+ rats (and SHHFcp/cp for that 
matter) do present significant remodelling of subchondral bone, a 
highly vascularised tissue, more prone to get affected by systemic 
pressure modification.

Based on Chan’s eLetter comments2 and forthcoming study 
on SHR rats,5 we acknowledge that further investigation will 
be required to study and clarify the role of hypertension in 
SHHF rats as well. As a matter of fact, beside a comprehensive 
µCT analysis of the subchondral bone of both placebo-treated 
and eplerenone-treated SHHF+/+ and SHHFcp/cp knees, we are 
also currently analysing the knee phenotype of 18-month-old 
SHHF+/+ rats. Compared with age-matched Wistar Kyoto 
normotensive rats as controls, this would allow to answer more 
directly Chan and Wen concern regarding the independent 
role played by hypertension in the SHHF model and probably 
corroborate their findings obtained in the SHR rats.2 5

Again, we appreciate the interest Chan and Wen show in our 
work and hope we adequately answered their concerns.
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