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INTRODUCTION
Treatment response to biologics and targeted 
synthetic disease- modifying antirheumatic drugs 
in rheumatoid arthritis (RA) patients can be classi-
fied as primary or secondary non- response, based 
on evidence of an initial response. Conceptually, 
primary non- response is generally considered if 
the drug was ineffective, with no clinical response 
within the initial treatment period, while secondary 
non- response would be considered if, after an initial 
response, the effectiveness is lost over time.1–4 
Despite these generally accepted definitions, there 
is no consensus on how to operationalise these 
concepts. Consequently, the current observational 
evidence is highly heterogeneous and the preva-
lence of primary versus secondary failure remains 
largely unknown.

The underlying mechanisms for primary and 
secondary non- response may differ,3 5 thus, we 
believe that defining the type of non- response 
is key to improving patient care. While primary 
non- response may be due to a mechanistic failure, 
secondary non- response may be driven by immu-
nogenicity. Previous studies have shown that both 
the type of non- response and the development 
of antidrug antibodies (ADAbs) are important 
factors when predicting the success of the second 
biologic.6 7 Thus, developing clear definitions of 
how to operationalise primary and secondary non- 
response is essential to accelerate research that aims 
to predict the optimal therapy for a given patient,5 
which will, in turn, improve clinical practice recom-
mendations. For example, if a patient is a primary 
non- responder to a tumour necrosis factor inhib-
itor (anti- TNF), the best practice would likely be 
to switch to a biologic with different mechanism of 
action. However, if the patient was able to achieve 
clinical response prior to failure (secondary non- 
responder), it would be reasonable to proceed 
with another anti- TNF. Additionally, following the 
growing postmarketing research targeting compara-
tive effectiveness of treatments in RA, agreement on 
operational definitions would improve cross- study 
comparisons. Thus, we believe that unifying this 
terminology would benefit the clinical practice, clin-
ical trials and postmarketing research, and a unique 
operational procedure for those three scenarios 
would be ideal. However, since translating clinical 
concepts into studies in real- world data represents 
extra challenges, we drive our discussion in the 
context of observational research.

In this viewpoint, we discuss the concepts of 
primary and secondary non- response, with special 
attention to its implementation in observational 

data, and we suggest recommendations for future 
research. Ultimately, we hope this discussion will 
trigger expert committees to develop standard 
terminology for these concepts as a step towards 
harmonising study results.

CONCEPTUAL CHALLENGES
Despite the limited publications distinguishing 
between primary and secondary non- response, 
a common method used in observational studies 
consists on establishing a time point to assess 
primary response using composite disease activity 
scores. Once primary response is achieved, main-
tenance or deterioration of the disease status can 
be studied by assessing disease activity at later 
time points.8–12 While some publications use a 
3- month time point,8 11 there is high tendency 
to identify primary response within the first 
6 months.2 4 10 12 The European Alliance of Asso-
ciations for Rheumatology (EULAR) recommends 
to switch biological treatment if at 3 months there 
is no improvement and at 6 months the target 
(low disease activity or remission) has not been 
reached.13 In observational studies using registry 
data, not all patients have recorded visits with 
the same frequency, and visits with complete 
information may be restricted to a year and/or 
half- year visit (and occasionally longer periods). 
This can result in missing data on measurements 
to quantify treatment response, especially when 
assessing short time periods, such as 3 months. 
Thus, 6 months is likely ideal to aid with limita-
tions intrinsic to real- world data, while remaining 
in- line with clinical guidelines.

While assessing primary response at 6 months is 
straightforward and generally accepted, there is less 
agreement on how, or when, to define secondary 
non- response. For example, what evidence of 
an initial response is needed, and for how long 
should this response be held? These questions are 
pivotal for determining if patients who quickly 
lose their response belong to the same category 
as those who relapse after a period of evidenced 
sustained response. We argue here, that there may 
be important differences, and therefore, conceptu-
alising these patients as different categories seems 
reasonable. Following this argument, one may 
consider that maintaining evidenced positive effect 
for a period of ≥12 months from treatment initia-
tion, or having two consecutive positive measure-
ments with a minimum time interval, could be 
understood as clinically relevant sustained response. 
This leaves a period between 6 and 12 months that 
may require specific characterisation. Thus, we 
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identify three response categories of interest, and propose the 
following three- level classification to differentiate response:

 ► Primary non- response: Lack of response within the first 
6 months of treatment.

 ► Early secondary non- response: Primary response followed 
by failure to maintain a positive effectiveness outcome for at 
least 12 months from treatment initiation or to achieve two 
consecutive positive measurements with a minimum time 
interval.

 ► Late secondary non- response: Loss of response after having 
sustained a positive effectiveness outcome for ≥12 months 
from treatment initiation, or after two consecutive positive 
measurements with a minimum time interval.

This conceptualisation is illustrated in figure 1. Additionally, 
five case examples of patient trajectories are presented in figure 2. 
For instance, the second example in figure 2 represents a patient 
who is classified as primary responder based on the evidence of 
EULAR good response at 4 months (≤6 months), however, this 
response is not sustained at 12 months and the patient does not 
have two consecutive successful response measures with minimal 
time interval, thus, the patient would therefore be classified as an 
early secondary non- responder.

While we propose a model based on researcher- defined 
primary and secondary non- response in observational data using 
timelines, alternative approaches could be used. For example, 
one approach may be to use physicians’ judgement on primary 
and secondary non- response (ie, physician- reported reason for 
treatment stop/switch), if available. However, this will vary 
vastly based on the individual physician interpretation. In a study 
by Keystone et al,4 there were discrepancies in the time periods 
of reported primary and secondary non- response between two 
Canadian registries, indicating a lack of consensus among physi-
cians on the operational definitions. Thus, it is evident that 
there is significant need for work in this area. However, we 
acknowledge that if agreement on a more harmonised defini-
tion of primary and secondary non- response in clinical practice 
is achieved, this may be implemented in registries, hoping to 
improve the use of physician’s reason for treatment discontin-
uation to study response. Alternatively, treatment discontinua-
tion for non- safety related reasons within the above discussed 

time frames may be an option to assess response if effectiveness 
instruments are missing in the data.

OVERVIEW AND NEXT STEPS
The underlying mechanisms for treatment failure may differ 
between patients with primary non- response and patients 
in whom effectiveness is lost over time.3 5 Additionally, the 
type of response may help treatment decision making.5 This 
supports the need for standard definitions of primary and 
secondary non- response, and reflects important consider-
ations for driving our operational definitions. While there 
is a general consensus to identify primary response within 
the first 6 months of treatment,2 4 10 12 there is no agreement 
on how to assess secondary non- response. Additionally, it 
remains unclear if patients losing the effectiveness of a treat-
ment after a brief response are similar to those losing it after 
a sustained beneficial effect. Thus, as outlined above, in addi-
tion to the primary non- response, we recommend consid-
ering two categories for secondary non- response (early vs 
late), and we described an approach for assessing the type of 
response based on timelines.

While the use of timelines may be subject to potential 
misclassification (eg, if comedication with steroids blurs 
measurements of response), time frames are often used to 
assess treatment response and it would mean an easy transi-
tion from current standards. In the future, alternative data- 
driven (machine learning) strategies and therapeutic drug 
monitoring studies identifying ADAb levels may be used to 
complement the proposed approach. However, until further 
research is completed, the proposed classification and time-
lines can provide a guidance to improve the transparency and 
homogeneity in research.

Standardising the terminology of primary and secondary 
non- response is common to all aspects of rheumatology 
research (observational and interventional). Thus, unifying this 
terminology will benefit the clinical practice, clinical trials and 
postmarketing research. Here, we focused on observational 
research due to the complexity of using secondary data, such 
as disease or biological registries. While these data include 
detailed information on rheumatic treatment and disease- 
specific variables, enabling assessment of disease progression,14 
data on ADAbs may be lacking and loss to follow- up present 
significant challenges. We acknowledge that due to the great 
heterogeneity between data sources (eg, different composite 
disease activity scores) and treatments (eg, rituximab), a single 
operational definition of primary and secondary non- response 
in observational studies may be unrealistic. However, there are 
some common methodological approaches, particularly related 
to timing of measurement and categorisation terminology.

Thus, while there are remaining challenges in developing 
standard terminology and operational definitions of primary 
and secondary non- response, we believe expert- driven guide-
lines from organisms such as EULAR, the American College 
of Rheumatology, or Outcomes Measures in Rheumatology, 
would be a beneficial step forward. Additionally, data- driven 
approaches and further evidence from therapeutic drug 
monitoring studies on immunogenicity will contribute to 
guideline development as it becomes available. However, 
until consensus is reached, we urge researchers to improve 
clarity in the reported methodology, particularly on the 
timing of how non- response was measured in observational 
studies in order to improve cross- study comparisons between 
those with similar outcome definitions.

Figure 1 Decision tree to classify treatment response to biologics and 
targeted synthetic disease- modifying antirhematic drugs in rheumatoid 
arthritis based on evidence of an initial response, assuming a clinically 
relevant sustained response as prerequisite prior late secondary non- 
response. Patients discontinuing treatment due to remission or safety 
reasons are not reflected in the decision tree.
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ABSTRACT
Objectives To compare outcomes of different 
treatment schedules from the care in early rheumatoid 
arthritis (CareRA) trial over 5 years.
Methods Patients with RA completing the 2- year 
CareRA randomised controlled trial were eligible for 
the 3- year observational CareRA- plus study. 5- year 
outcomes after randomisation to initial methotrexate 
(MTX) monotherapy with glucocorticoid bridging 
(COBRA- Slim) were compared with MTX step- up without 
glucocorticoids or conventional synthetic disease- 
modifying antirheumatic drug (DMARD) combinations 
with glucocorticoid bridging, per prognostic patient 
group. Disease activity (Disease Activity Score based 
on 28 joints calculated with C reactive protein 
(DAS28-CRP)) and functionality (Health Assessment 
Questionnaire (HAQ)) were compared between treatment 
arms using longitudinal models; safety and drug use 
were detailed.
Results Of 322 eligible patients, 252 (78%) entered 
CareRA- plus, of which 203 (81%) completed the study. 
Treatments for high- risk patients resulted in comparable 
DAS28- CRP (p=0.539) and HAQ scores over 5 years 
(p=0.374). Low- risk patients starting COBRA- Slim had 
lower DAS28- CRP (p<0.001) and HAQ scores (p=0.041) 
than those starting only on MTX. At study completion, 
114/203 (56%) patients never had their original DMARD 
therapy intensified, with comparable rates between all 
treatments. Safety was comparable between treatments 
in high- risk patients. In low- risk patients, there were 18 
adverse events in 10 COBRA- Slim and 36 in 17 patients 
treated with initial MTX monotherapy (p=0.048). Over 
5 years, 22% of patients initiated biologics, 25% took 
glucocorticoids for >3 months and 17% for >6 months 
outside the bridging period.
Conclusions All intensive treatments with 
glucocorticoids bridging demonstrated excellent 5 year 
outcomes. Initiating COBRA- Slim was comparably 
effective as more complex treatments for high- risk 
patients with early RA and more effective than initial 
MTX monotherapy for low- risk patients with limited need 
for biologics and chronic glucocorticoid use.

INTRODUCTION
It is recommended to treat patients with early rheu-
matoid arthritis (RA) immediately, intensively and 

to a predefined target to rapidly control disease 
activity, and to avoid joint damage and functional 
decline.1 2 Methotrexate (MTX) forms the core of 
initial RA therapy. The care in early RA (CareRA) 
study was designed to investigate whether MTX 
should be combined with an additional conven-
tional synthetic (cs) disease- modifying antirheu-
matic drug (DMARD) and/or with glucocorticoid 
bridging to induce a rapid, stable clinical response in 
patients with early RA. We demonstrated that MTX 

Key messages

What is already known about this subject?
 ► The COBRA- Slim strategy, initiating 
methotrexate with glucocorticoid bridging 
and applying treat- to- target, is a clinically and 
health- economically very effective approach for 
patients with early rheumatoid arthritis (RA) up 
to 2 years of follow- up.

What does this study add?
 ► In patients with RA with poor- prognostic 
factors, starting with COBRA- Slim led to similar 
and sustained effectiveness profiles over 5 years 
as starting with conventional synthetic disease- 
modifying antirheumatic drug combinations and 
glucocorticoid bridging.

 ► In patients with RA without a poor prognosis, 
starting a COBRA- Slim scheme led to better 
effectiveness over 5 years than a conservative 
step- up from methotrexate without 
glucocorticoids.

 ► Only about one in six patients ever used 
glucocorticoids chronically for >6 months and 
about one in five patients initiated biologicals 
over 5 years.

How might this impact on clinical practice or 
future developments?

 ► The COBRA- Slim scheme can serve as an 
effective initial treatment option for all 
types of patients with early RA, avoiding 
chronic glucocorticoid use in a large majority 
and reserving more intensive treatment 
combinations for insufficient responders only.
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monotherapy with glucocorticoid bridging (COBRA Slim) in a 
treat- to- target setting had a better effectiveness in patients with 
poor prognostic factors over 2 years, with similar efficacy but 
a better safety profile, compared with csDMARD combinations 
and glucocorticoid bridging.3–5 Moreover, COBRA Slim showed 

benefit over a tight- step- up with MTX monotherapy in patients 
with RA without poor prognostic markers.5 6 The COBRA Slim 
regimen also proved to be more cost effective and was endorsed 
in the updated European League Against Rheumatism (EULAR) 
recommendations of 2019 to treat RA.7 8

Figure 1 Flow chart of participants during the 3- year observational care in early rheumatoid arthritis (CareRA)- plus study. TSU, tight step up. 

Table 1 Demographic and clinical characteristics of patients enrolled in care in early rheumatoid arthritis (CareRA)- plus per original treatment 
arm, as recorded at baseline CareRA

High risk Low risk

COBRA Classic n=69 COBRA Slim n=75 COBRA Avant- Garde n=59 COBRA Slim n=23 Tight Step Up n=26

Demographic variables

Age, years 54 (12) 52 (13) 53 (13) 53 (14) 51 (13)

Body mass index, kg/m² 26 (4) 27 (4) 27 (4) 25 (4) 28 (4)

Women, n (%) 43 (62) 53 (71) 39 (66) 16 (70) 20 (77)

Smokers, n smoked ever (%) 41 (59) 43 (57) 38 (64) 13 (57) 11 (42)

Median (IQR) symptom duration 22 (13–44) 23 (14–38) 27 (14–52) 23 (16–36) 19 (10–30)

RF positive, n (%) 52 (75) 62 (83) 46 (78) 8 (35) 6 (23)

ACPA positive, n (%) 53 (77) 60 (80) 52 (88) 10 (43) 6 (23)

Erosive disease, n (%) 25 (36) 24 (32) 18 (31) 0 (0) 0 (0)

Comorbidity present, n(%) 31 (45) 41 (55) 30 (51) 10 (43) 8 (31)

RDCI 0.8 (1.0) 1.0 (1.1) 0.9 (1.1) 1.0 (1.3) 0.6 (1.3)

Clinical variables

DAS28- CRP 5.0 (1.1) 4.8 (1.1) 4.7 (1.2) 4.4 (1.9) 4.5 (1.6)

Tender joint count (0–68) 14 (9) 14 (9) 14 (8) 13 (13) 13 (8)

Swollen joint count (0–66) 11 (7) 11 (7) 10 (6) 11 (8) 8 (7)

PGA, mm (0–100) 62 (20) 55 (22) 55 (24) 48 (32) 44 (23)

Pain, mm (0–100) 60 (22) 57 (20) 58 (24) 45 (31) 48 (23)

Fatigue, mm (0–100) 50 (24) 48 (22) 50 (24) 39 (28) 41 (21)

PhGA, mm (0–100) 52 (17) 52 (18) 49 (17) 46 (19) 43 (24)

ESR, mm/hour 34.6 (24.8) 33.2 (24.0) 26.0 (18.8) 32.4 (31.1) 25.3 (18.1)

CRP, mg/L 18.8 (25.5) 24.0 (35.9) 13.8 (18.3) 27.3 (50.9) 13.6 (18.5)

HAQ score (0–3) 1.2 (0.7) 0.9 (0.7) 1.0 (0.6) 1.0 (1.0) 0.9 (0.7)

Values reported are means (SD) unless specified otherwise. Symptom duration=weeks elapsed between onset of symptoms and start of treatment. Comparisons of variables between treatment groups performed via 
analysis of variance or Kruskal- Wallis test, unpaired t- test or Mann- Whithey U test, or χ² test when appropriate. There were no significant differences in characteristics between treatment arms in high- risk or in low- risk 
groups.
ACPA, anticyclic citrullinated protein; Comorbidity present, presence of at least one comorbidity as selected by the RDCI; CRP, C reactive protein; DAS28, Disease Activity Score based on 28 joints; ESR, erythrocyte 
sedimentation rate; HAQ, Health Assessment Questionnaire; PGA, patient’s global assessment; PhGA, physician’s global assessment; RDCI, Rheumatic Diseases Comorbidity Index; RF, rheumatoid factor.
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As EULAR recommendations emphasise the importance of 
sustained remission or at least low disease activity, long- term 
evaluation of treatment effectiveness is necessary. The 11- year 
follow- up of the original COBRA trial showed reassuring long- 
term efficacy and safety of early intensive csDMARD combi-
nation therapy, even without a strict treat- to- target approach.9 
More recently, the 10- year follow- up of the 'BehandelStrate-
gieën in Reumatoïde Arthritis' (BeSt) trial, incorporating the 
tight control principle, confirmed the importance of early 
intensive combination therapy and demonstrated that drug- 
free remission and normalised mortality rates have become 
realistic outcomes.10 Despite all evidence above, current guide-
lines are still debated, especially the early use of glucocorti-
coids.11 Therefore, our objective was to study the long- term 
effectiveness of the initial treatment schemes used in CareRA 
within the 3- year observational CareRA- plus follow- up study. 
We compared patients according to their original treatment 
arms in terms of sustained disease control, use of csDMARDs, 

glucocorticoids and biologic (b)DMARDs, as well as safety 
over 5 years.

METHODS
Study design
CareRA- plus was a 3- year observational follow- up study of the 
investigator- initiated, multicentre, pragmatic, 2- year CareRA 
RCT. In CareRA, we included 379 patients with early RA 
(<1 year), naïve to and without contraindications for csDMARDs 
or glucocorticoids. Participants completing CareRA were eligible 
for inclusion in CareRA- plus, which was conducted in 10 Belgian 
rheumatology centres (1 academic centre, 6 general hospitals 
and 3 private practices).

Initial and subsequent treatments in CareRA and CareRA-plus
Before randomisation in CareRA, patients were stratified into 
a high- risk or low- risk group based on the presence of classical 

Figure 2 Disease activity and physical functioning during 5 years of follow- up. Data are shown as observed, based on patients still in follow- up 
at each time point. Error bars indicate the 95% CIs. DAS28- CRP, Disease Activity Score based on 28 joints calculated with C reactive protein; SDAI, 
Simplified Disease Activity Index; HAQ, Health Assessment Questionnaire.
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prognostic factors, including RF/anticyclic citrullinated protein 
(ACPA) positivity, high baseline disease activity (Disease Activity 
Score based on 28 joints calculated with C reactive protein 
(DAS28- CRP)>3.2) and X- ray erosions. Patients in the high- 
risk group were randomised to one of three remission induc-
tion schemes: COBRA Classic (initial combination of MTX and 
sulfasalazine), COBRA Slim (MTX monotherapy) or COBRA 
Avant- Garde (initial combination of MTX and leflunomide). All 
COBRA schemes included an initial step- down scheme of oral 
prednisone, started at a high or moderate dose, and tapered 
weekly over 6 or 7 weeks to a low maintenance dose which 
was discontinued at week 28. The schemes combining two 
csDMARDs were tapered to csDMARD monotherapy at week 40 
in case patients achieved low disease activity (DAS28- CRP≤3.2). 
Patients in the low- risk group were randomised to one of two 
schemes: the same COBRA Slim scheme as in high- risk or Tight 
Step Up (MTX monotherapy without oral glucocorticoids). 
During follow- up, the treat- to- target principle was applied. When 
low disease activity was not reached, treatment was adjusted 
according to two predefined steps, from week 8 onwards during 

the initial study year. During the second year, treatment was at 
the discretion of the rheumatologist. The protocol was described 
in previous publications.4 5 In CareRA- plus, further application 
of the treat- to- target principle was recommended but was left to 
the shared decision of rheumatologists and patients.

Assessments and outcomes in CareRA-plus
During CareRA- plus, participants were assessed every 6 
months for 3 years. Disease activity (DAS28- CRP and Simpli-
fied Disease Activity Index (SDAI)), clinical parameters and 
functionality measured by the Health Assessment Question-
naire (HAQ) were registered. All (serious) adverse events ((S)
AEs) considered to be relevant according to the investigators, 
and all DMARD and glucocorticoid use was recorded. Demo-
graphic variables, including comorbidities were registered at 
baseline of CareRA.

We assessed DMARD changes from baseline CareRA and over 
5 years, resulting in three possible trajectories: Patients adding 
or switching csDMARDs, patients initiating a bDMARD and 

Figure 3 Remission and low disease activity rates during 5 years of follow- up. Data are shown as observed, based on patients still in follow- up at 
each time point. DAS28- CRP, Disease Activity Score based on 28 joints calculated with C reactive protein; LDA, low disease activity; remission DAS28- 
CRP<2.6; LDA DAS28- CRP≤3.2; SDAI, Simplified Disease Activity Index; Remission SDAI≤3.3; LDA SDAI≤11.
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patients who never had an intensification. In the latter trajec-
tory, patients stayed on csDMARD monotherapy from week 
40 onwards in COBRA Classic and COBRA Avant- Garde, 
and from baseline in COBRA Slim till year 5 or alternatively, 
discontinued all DMARD therapy. We assessed glucocorticoid 
use by the cumulative dose of all systemic glucocorticoids 
and by chronic use (>3 or>6 months) of oral glucocorticoids 
outside of the initial prednisone step- down periods.

Yearly radiographs of hands and feet were read chronologi-
cally from baseline CareRA till year 5 using the Sharp van der 
Heijde (SvdH) score by one blinded reader.12 This reader was 

trained by an experienced reader who scored previously all 
radiographs of the original CareRA trial in the same manner. 
This training was validated by calculating an intraclass correla-
tion coefficient, using radiograph scores from baseline till year 
2 of both readers, indicating a good inter- reader reliability 
(ICC=0.83 (95% CI 0.81 to 0.85)). Radiographic progression 
was analysed by the change in the total SvdH score from base-
line CareRA till year 5 as well as the evolution of the SvdH 
scores over time, and visualised by a cumulative probability 
plot in completers.

Figure 4 Medication profiles taken by participants during 5 years of follow- up in each treatment arm. No intensifications=participants who 
did not have to intensify their DMARD treatment; added or switched csDMARD=participants who added or switched a csDMARD; initiated 
biologic=participants who initiated biological DMARD(s); percentages are calculated on patients still in follow- up at each time point; Nb, number; 
csDMARD, conventional synthetic disease- modifying antirheumatic drug.
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Statistical analysis
Each analysis compared the outcomes between the originally 
allocated treatment arms of the CareRA trial. Potential differ-
ences in outcomes, were examined by χ2, analysis of variance 
or Kruskal- Wallis, independent t- test or Mann- Whitney U test, 
when appropriate.

Proportions of patients in low disease activity or in remission 
according to DAS28- CRP or SDAI were calculated based on 
observed data and on an ‘intention- to- treat’ analysis including 
all patients consenting to participate to CareRA- plus. For the 
latter, missing data of components of the disease activity indices 
were imputed with multiple imputation by chained equations, 
resulting in 100 datasets. Each dataset was analysed separately 
and results were pooled using Rubin’s rules.7 13

The changes in DAS28- CRP, SDAI and HAQ were analysed 
over 5 years using linear mixed models (LMM). Remission and 
low disease activity rates over 5 years were analysed by gener-
alised linear mixed models (GLMM). These mixed models incor-
porated a random intercept and a random slope for time with an 
unstructured covariance matrix. This method accounts for the 

repeated observations within a patient and allows the estimation 
of a different regression line for each patient with a different 
baseline value and rate of change over time. SvdH scores over 
time were compared using a generalised estimating equations 
(GEE) analysis with a negative binomial working distribution to 
address skewness of these data. For each model, treatment and 
time were used as determinants and it was tested whether there 
was an interaction between treatment and time. The numbers 
of AEs occurring during CareRA- plus were compared using 
Poisson regression. Significance level was set at 0.05. Analyses 
were carried out using SPSS V.26 and R V.4.0.1.

RESULTS
Participants
Of 322 patients who completed the 2- year CareRA study, 252 
(78%) reconsented to be enrolled in CareRA- plus. We compared 
patients according to their originally allocated treatment in the 
high- risk group: COBRA Slim (n=75) versus COBRA Classic 
(n=69) or COBRA Avant- Garde (n=59) and in the low- risk 

Table 2 Safety analysis from year 2 till year 5 within the observational care in early rheumatoid arthritis (CareRA)- plus follow- up study
High risk Low risk

COBRA Classic n=69 COBRA Slim n=75 COBRA Avant- Garde n=59 COBRA Slim n=23 Tight Step Up n=26

Total Nb of AE 70 95 80 18 36

Patients with AE 36 (52%) 48 (64%) 36 (61%) 10 (43%) 17 (65%)

Total Nb of SAE 9 20 11 3 6

Patients with SAE 7 (10%) 15 (20%) 11 (19%) 2 (9%) 6 (23%)

Severe infection 16 18 17 1 6

Orthopaedic intervention 6 10 10 1 4

Fracture 6 3 8 1 6

Severe cardiovascular problem 0 5 5 2 1

Malignancy 1 5 1 0 1

Diabetes mellitus 2 1 0 0 0

RA- related extra- articular disease 1 0 1 0 0

Vasculitis 1 1 0 0 0

Data are presented as absolute numbers (percentages); (S)AE=all (serious) adverse events considered to be clinically relevant by investigators were reported.
Nb, number.

Figure 5 Mean cumulative glucocorticoid dose per treatment arm and per year of follow- up. All systemic glucocorticoids taken, including the initial 
step- down prednisone schemes, and all other oral, intramuscular or intra- articular glucocorticoids were considered. The mean cumulative dose of 
prednisone equivalent in each year is depicted, calculated on patients still in follow- up; y=year.
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group: COBRA Slim (n=23) vs tight- step- up (n=26). In both 
risk groups, treatment arms were well balanced in terms of demo-
graphic and clinical characteristics, registered at baseline CareRA 
(table 1). Patients entering CareRA- plus had similar demo-
graphics and clinical characteristics at the final 2- year visit of the 
CareRA trial compared with patients not entering the follow- up 
study. CareRA- plus patients were enriched for being ACPA posi-
tive, compared with non- participants, but ACPA status did not 
differ between treatment groups (online supplemental file 1). 
In total, 203 (81%) participants in CareRA- plus completed the 
extra 3- year follow- up, with similar frequencies or reasons for 
discontinuation between original treatment arms (figure 1). The 
49 patients not completing the study were followed up during 
a median of 19 months (IQR 13–26) in CareRA- plus and 29 
(59%) of them were in remission based on their last registered 
DAS28- CRP.

Disease activity over time
Disease activity improved rapidly during the first 16 weeks in 
CareRA and remained stable over the following 5 years among 
patients of the high- risk group (figure 2). There were no differ-
ences in DAS28- CRP or SDAI scores over time between treat-
ment arms (LMM: respectively p=0.539 and p=0.431 for 
overall comparison; online supplemental file 2A). In the low- 
risk group, disease activity (DAS28- CRP) over 5 years was lower 
in patients starting COBRA Slim compared with those initi-
ating tight- step- up (LMM: β=−0.46; CI (−0.63 to −0.29); 
p<0.001). Accordingly, SDAI scores over 5- year follow- up were 
also lower with the COBRA Slim strategy (LMM: β=−2.46; CI 
(-3.87 to −1.04); p=0.001; online supplemental file 2B).

Remission and low disease activity states
Based on available data of CareRA- plus participants who 
completed the 5- year follow- up since treatment initiation, 
overall, 89% had low disease activity (DAS28- CRP≤3.2), and 
74% were in remission (DAS28- CRP<2.6) at year 5. Low 
disease activity measured by SDAI ≤11 was achieved by 89% 
of all patients and remission (SDAI ≤3.3) by 40% of patients. 
The proportion with a DAS28- CRP<2.6 at year 5 in high- risk 
patients was 72%, 77% and 64% for the Classic, Slim and Avant- 
Garde group respectively (p=0.403). In the low- risk population, 
83% of patients in the Slim and 82% in the tight- step- up arm 
had a DAS28- CRP<2.6 at year 5 (p=0.945). Remission rates at 
year 5 based on an intention- to- treat analysis with imputation 
of missing data were comparable (online supplemental file 3). 
Remission and low disease activity rates are shown over time in 
figure 3/online supplemental file 4. Occurrence of remission over 
time assessed by DAS28- CRP or SDAI was similar between treat-
ments in the high- risk group (GLMM: respectively, p=0.798 and 
p=0.224 for overall comparison;online supplemental file 2A). 
In the low- risk group, patients on COBRA Slim had higher odds 
of achieving remission over time, compared with patients started 
on tight- step- up (GLMM: OR=2.62 CI (1.43 to 4.81); p=0.002 
for DAS28- CRP remission, OR=3.27 CI (1.35 to 7.91); p=0.009 
for SDAI remission) (online supplemental file 2B).

Functionality
In the high- risk group, mean HAQ scores over 5 years were 
comparable between treatment arms (LMM: p=0.374 for overall 
comparison; online supplemental file 2A). Among patients of 
the low- risk group, those treated initially with COBRA Slim had 
lower HAQ scores and thus better functionality over 5 years 

(LMM: β=0.21 CI (−0.41 to −0.01); p=0.041; online supple-
mental file 2B).

Radiographic progression
After 5 years, radiographic progression, measured as increase in 
SvdH score, in patients completing the study was limited and 
comparable between treatment arms in the high- risk population. 
More specifically, three patients in Classic, three in Slim high- 
risk and one in Avant- garde had an increase in SvdH score >5. 
There were 11 patients in Classic, 9 in Slim and 5 in Avant- Garde 
who had an increase in SvdH score >0.5 (p=0.399). In the low- 
risk group, there were no patients with a change in SvdH >5, 
and there was 1 Slim patient with a change >0.5 (p=0.283). A 
cumulative probability plot is shown in online supplemental file 
5. Longitudinal analyses demonstrated that the mean change in
SvdH score over 5 years was similar between treatment arms 
in the high- risk and the low- risk group (GEE: p=0.524 and 
p=0.928 for overall comparison, respectively; online supple-
mental file 2).

Treatment intensifications
At the year 5 visit, 71%, 61% and 50% of high- risk patients were 
on csDMARD monotherapy (mostly MTX) in the Classic, Slim 
and Avant- Garde arm respectively. In the low- risk group, 65% in 
the COBRA Slim and 62% in the tight- step- up arm were taking 
a single csDMARD. All treatment schemes showed similar trajec-
tories of changes in csDMARD or bDMARD use over the 4 years 
following the protocolised first year of the trial (figure 4). Of 
all patients completing the study, 56% never had their DMARD 
therapy intensified for 5 years. More specifically, 64%, 58% and 
48% of high- risk patients in the Classic, Slim and Avant- Garde 
arm reached year 5 without DMARD intensifications. In the 
low- risk group, 50% of Slim low risk and 52% of tight- step- up 
patients never had an intensification in their DMARD therapy. 
During the 5 study years, biologics were initiated in 22% of all 
participants consenting to CareRA plus: 23% of Classic, 23% 
of Slim high- risk, 25% of Avant- Garde, 17% of Slim low- risk, 
and 15% of tight- step- up patients. At the year 5 visit, only 9% 
of all participants were using oral glucocorticoid therapy for >3 
months at a median dose of 5.0 mg prednisone equivalent. The 
cumulative glucocorticoid dose taken by patients was compa-
rable between treatment arms in both risk groups from year 2 
onwards (figure 5). Throughout the entire 5- year study, chronic 
glucocorticoid use of >3 or >6 months outside of the initial 
prednisone schemes was limited to, respectively, 25% or 17% of 
all patients (online supplemental file 6).

Safety
In high- risk patients, the total numbers of AEs throughout the 
3- year follow- up in CareRA- plus were 70 in 36 Classic, 95 in 
48 Slim and 80 in 36 Avant- Garde patients (p=0.182). In the 
low- risk group, there were 18 AEs in 10 Slim and 36 in 17 tight- 
step- up patients (β=−0.571 CI (−1.136 to −0.005); p=0.048) 
(table 2 and online supplemental file 2).

DISCUSSION
Initial intensive treatment with csDMARDs and bridging glucocorti-
coids in CareRA, followed by treatment adaptation to a target of low 
disease activity, resulted in sustained control of disease activity over 
5 years in a large majority of patients with RA with markers of poor 
prognosis. Additionally, these treatment schedules led to a sustained 
improvement in functionality and very limited progression in joint 
damage over 5 years. During the 3- year follow- up in CareRA- plus 
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with further targeted treatment, safety data were reassuring and 
comparable between the schemes. The simplified COBRA- Slim 
scheme, starting MTX monotherapy with glucocorticoid bridging 
and, if needed, adapting treatment to a realistic disease activity 
target, can lead to comparable sustained treatment responses on the 
long term as more complex combination schemes and is an effective 
initial treatment option.

Patients without markers of poor prognosis who started COBRA- 
Slim had better disease control and functionality over 5 years than 
patients starting MTX without glucocorticoids and no more safety 
issues on the long- term. Suppression of joint damage progression 
over 5 years was comparable with both treatment schemes. There-
fore, our results confirm the benefit of combining initial csDMARD 
treatment with bridging glucocorticoids also in patients without 
presumed markers of poor prognosis.14 15

Remarkably, 56% of all patients never had their DMARD therapy 
intensified during the first 5 years of treatment, and many patients 
were on DMARD monotherapy at year 5, without differences 
between treatment schemes. Hence, the simplified COBRA- Slim 
scheme did not lead to a higher need for DMARD intensifications 
on the long- term compared with the initial combinational regimens. 
Additionally, contrary to the common perception, the chronic use 
of glucocorticoids was limited, with the vast majority of patients 
being able to stop glucocorticoids after the induction phase. More-
over, chronic glucocorticoid use was comparable in low- risk patients 
who did or did not initiate a bridging scheme of prednisone. Further, 
overall bDMARD use was limited, with 22% of participants having 
ever taken a bDMARD over 5 years. These results indicate not only 
a sustained long- term effectiveness of the studied treatment schemes 
including glucocorticoids but also confirm our earlier findings on the 
feasibility of these regimens in clinical practice.16

The results of the additional 3- year follow- up in CareRA- plus 
confirm and extend on the conclusions after 2 years in the CareRA 
trial. Moreover, these results support findings regarding the sustained 
effectiveness of COBRA schemes from the original COBRA, the BeSt 
and the COBRA- Light trial.9 10 17 18 Results of the BeSt trial showed 
that initial combination therapy of MTX, SSZ and prednisone 
resulted in sustained clinical improvement over 10 years. Similarly 
as in CareRA, most patients in BeSt were able to taper their combi-
national DMARD treatment to monotherapy and glucocorticoid use 
was very limited by the end of the follow- up.10 Also, the COBRA- 
light trial demonstrated that MTX with prednisolone bridging had 
similar efficacy and safety outcomes over 4 years compared with a 
combination of MTX, SSZ and prednisolone bridging.18 However, 
this protocol prescribed the addition of etanercept in case DAS44 
<1.6 was not achieved, which resulted in higher proportions of 
patients having ever initiated a bDMARD (67% vs 22% in CareRA) 
Additionally, in the COBRA- Light trial, more patients used glucocor-
ticoids for >3 months during follow- up (42% vs 25% in CareRA).19 
Our data are also fully in line with the 5y IMPROVED data20 and 
both confirm again the EULAR recommendations and contradict 
the recent draft of the 2020 revision of the ACR recommendations 
for the management of RA, advising to minimise the use of bridging 
glucocorticoids.21

Our study population is close to a daily practice early RA popu-
lation. We included patients with diverse disease characteristics in 
terms of severity, autoantibody positivity, erosive or comorbidity 
status, from different types of practices, and followed them regularly 
for a long period. These features support the external validity of our 
results and are indicative for a good applicability of such intensive 
treatment in daily practice.

The vast majority of patients completing the preceding CareRA 
study reconsented to participate in CareRA- plus. Enrolled patients 
did not differ in demographics, nor in clinical characteristics from 

patients not enrolled into CareRA- plus, except for being more ACPA 
positive. This enrichment for ACPA positivity might have resulted 
in an underestimation of treatment effect since ACPA is assumed to 
be a prognostic factor of poor outcome.22 However, ACPA- positive 
patients were well distributed between treatment arms, so no selec-
tion bias influenced group comparison.

In conclusion, we demonstrated that all intensive treatment 
strategies using bridging steroids showed excellent long- term clin-
ical outcomes without chronic glucocorticoid use in the majority 
of patients. Initial COBRA Slim therapy with MTX and bridging 
prednisone demonstrated comparable 5- year effectiveness as more 
complex combination schemes in high- risk patients with early RA 
and a better effectiveness than conservative step- up MTX mono-
therapy in low- risk patients.
Twitter Sofia Pazmino @sophie_33pl and Diederik De Cock @DiederikDeCock
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ABSTRACT
Objectives Clinically evident tenosynovitis can be 
seen in established rheumatoid arthritis (RA). Imaging 
research has recently shown that tenosynovitis at small 
joints occurs in early RA, contributes to typical RA 
symptoms (including joint swelling) and is infrequent 
in healthy controls. Imaging- detectable tenosynovitis 
is often not recognisable at joint examination, hence 
its prevalence can therefore be underestimated. We 
hypothesised that if MRI- detectable tenosynovitis is a 
true RA feature, the sensitivity for RA is high, in both 
anti- citrullinated protein antibodies (ACPA)- positive and 
ACPA- negative RA, and lower in other diseases that 
are associated with enthesitis (such as spondyloarthritis 
(SpA) and psoriatic arthritis (PsA)). So far, no large MRI 
study addressed these questions.
Methods Consecutive patients with early arthritis 
(n=1211) from one healthcare region underwent 
contrast- enhanced 1.5T MRI of hand and foot 
at diagnosis. MRIs were scored for synovitis and 
tenosynovitis by two readers blinded for clinical data. 
All included patients with ACPA- positive RA (n=250), 
ACPA- negative RA (n=282), PsA (n=88), peripheral 
SpA (n=24), reactive arthritis (n=30) and self- limiting 
undifferentiated arthritis (UA; n=76) were studied. 
Sensitivity was calculated.
Results The sensitivity of tenosynovitis in RA was 
85%; 88% for ACPA- positive RA and 82% for and 
ACPA- negative RA (p=0.19). The sensitivity for RA was 
significantly higher than for PsA (65%; p=0.001), SpA 
(53%; p<0.001), reactive arthritis (36%; p<0.001) and 
self- limiting UA (42%; p<0.001). The observed sensitivity 
of MRI synovitis was 91% in RA and ranged from 83% 
to 54% in other groups.
Conclusions MRI- detected tenosynovitis has a high 
sensitivity for early ACPA- positive and ACPA- negative 
RA. This supports that both juxta- articular (tenosynovitis) 
and intra- articular synovial involvement is characteristic 
of RA.

INTRODUCTION
Clinically evident tenosynovitis can be seen in estab-
lished rheumatoid arthritis (RA), for example, at 
the back of the hand in patients with longstanding 
disease.1 Clinically evident tenosynovitis during the 
disease course is less frequent than joint swelling, 
which is generally interpreted as a sign of syno-
vitis. However, in contrast with clinically evident 
tenosynovitis, imaging studies using advanced high- 
resolution imaging (MRI, ultrasonography (US)) 

have recently shown the presence of tenosynovitis 
in small joints of hands and feet. Imaging- detected 
tenosynovitis has been shown to occur in early RA 
and pre- RA phases; additionally, it is also noted to 
be a strong predictor for RA development in undif-
ferentiated arthritis and arthralgia.2 Conversely, 
MRI- detected tenosynovitis is infrequent in healthy 
controls.2 Furthermore, imaging- detected teno-
synovitis is believed to underlie typical RA symp-
toms of pain, functional limitations and morning 
stiffness, and it can contribute to joint swelling.3 
MRI- detectable tenosynovitis is often not recognis-
able at joint examination3 and accurate detection 
requires high- resolution contrast- enhanced MRI.4–6 

Key messages

What is already known about this subject?
 ► Imaging research has identified tenosynovitis 
at small joints in early rheumatoid arthritis (RA) 
and its contribution to typical RA symptoms 
(including joint swelling).

 ► So far, no large MRI study in consecutive 
patients determined the sensitivity of imaging- 
detected tenosynovitis.

 ► We hypothesised that if tenosynovitis at small 
joints is a true RA feature, the sensitivity for 
RA is high, in both ACPA- positive and ACPA- 
negative RA, and lower in diseases that are 
associated with enthesitis (eg, spondyloarthritis, 
psoriatic arthritis).

What does this study add?
 ► This is the first study demonstrating the 
sensitivity of tenosynovitis in RA, which 
is high (>80%), not different for ACPA- 
positive and ACPA- negative RA, and lower in 
spondyloarthropathies.

 ► The sensitivity of tenosynovitis in wrist, 
metacarpophalangeal and metatarsophalangeal 
joints was comparable to synovitis, a well- 
established RA feature. This supports that both 
juxta- articular (tenosynovitis) and intra- articular 
synovial involvement is characteristic of RA.

How might this impact on clinical practice or 
future developments?

 ► This may fuel future research into the role of 
juxta- articular synovial inflammation in the 
pathogenesis of RA.
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Therefore, its prevalence may have been thus far underestimated. 
US is used more often than MRI but has a lower sensitivity for 
tenosynovitis compared with high- resolution contrast- enhanced 
MRI.4–7 Consequently, the sensitivity of tenosynovitis at the level 
of small joints for RA remains unknown.

Previous studies that reported on the prevalence of MRI- 
detected tenosynovitis in RA studied selected sets of patients; 
only one study included a representative consecutive sample, 
allowing to determine the sensitivity of tenosynovitis for RA (see 
literature overview in online supplemental 1).8 To our knowl-
edge, no studies have evaluated the prevalence of tenosynovitis 
in ACPA- positive and ACPA- negative RA, nor has it been studied 
in metatarsophalangeal (MTP) joints, a preferential location for 
RA. Furthermore, only three small studies compared the preva-
lence of MRI- detected tenosynovitis to other diagnoses that are 
known to be associated with enthesitis, such as spondyloarthrop-
athies.9–11 Enthesitis and tenosynovitis are sometimes mixed up; 
enthesis is inflammation of the insertion of the tendon to the 
bone, whereas tenosynovitis is inflammation of the synovial 
sheath that surrounds many tendons in the hands and forefeet.

The increasing amount of data on the value of tenosynovitis 
in RA prompted us to conduct this study. We hypothesised 
that if MRI- detectable tenosynovitis is a true RA feature, the 
sensitivity for RA is high, and is similar for anti- citrullinated 
protein antibodies (ACPA)- positive and ACPA- negative RA. 
This hypothesis was based on the clinical presentation of 
ACPA- positive and ACPA- negative RA being similar, despite 
the differences in risk factors and outcome.12 Furthermore, if 
tenosynovitis is a true RA feature, the sensitivity of tenosyno-
vitis for other diseases should be low. The spondyloarthropathy 
group (including psoriatic arthritis (PsA), peripheral spondylar-
thritis (SpA) and reactive arthritis) are important to compare 
due to the role of enthesitis and dactylitis in these diseases. 
Also, self- limiting undifferentiated arthritis (self- limiting UA) is 
interesting, as these patients ultimately do not develop chronic 
arthritis.

To address these questions, we took advantage of the Leiden 
early arthritis cohort (EAC), a large representative consecutive 
cohort of >1200 patients with early arthritis who received a 
contrast- enhanced, 1.5T extremity MRI of wrist, metacarpopha-
langeal (MCP) and MTP joints at presentation to the rheuma-
tology outpatient clinic. Patients with RA, PsA, peripheral SpA, 
reactive arthritis and self- limiting UA were studied for the preva-
lence of tenosynovitis and also its relation to synovitis.

METHODS
Patients
Since 1993, consecutive patients with early arthritis (<2 years 
symptom duration) presenting to the rheumatology outpatient 
clinic were included in the Leiden EAC. This is the only rheu-
matology referral centre in this region. Therefore, a representa-
tive sample of patients with early arthritis presents itself at this 
outpatient clinic. Also, a short waiting list and a special early 
arthritis recognition clinic without a waiting list, opened in 
2010, safeguards high accessibility, this is reflected in a short 
symptom duration at inclusion in the EAC. More information 
on this inception cohort is available elsewhere.13 Briefly, patient 
characteristics, disease activity and laboratory parameters were 
obtained at baseline, 4 months, 12 months and yearly thereafter. 
From August 2010 onwards, MRIs were performed at baseline.

The definite diagnosis was determined after 1 year based on 
routinely available data (MRI data were not reported to clini-
cians). RA was defined as clinical diagnosis plus fulfilment of 
the 1987 or 2010 classification criteria. PsA, SpA and reactive 
arthritis diagnoses were made by the rheumatologist based on 
clinical presentation and not based on classification criteria as 
these are inappropriate for diagnosis of individual patients in 
daily practice. Patients with PsA had psoriasis of the skin and 
poly- arthritis and were treated for PsA. Patients with periph-
eral SpA had axial spondylarthritis and arthritis of one or more 
peripheral joints and were treated for peripheral SpA. Patients 
with self- limiting UA were diagnosed with UA by the rheuma-
tologist but had resolving joint swelling and complaints within 1 
year without disease modifying anti- rheumatic drug (DMARD) 
treatment (systemic DMARDs, biological DMARDs or (intra- 
articular) glucocorticoids), resulting in a subsequent release from 
care. All patients were consecutively included and no selection 
was made on clinical characteristics.

Patients included in the EAC between August 2010 and March 
2020 were evaluated in the present study (flowchart in online 
supplemental 2). A minority of patients did not undergo an 
MRI evaluation (mostly due to logistical reasons such as MRI 
maintenance) and some MRIs were of insufficient quality (eg, 
no contrast- enhanced sequences or insufficient fat suppression), 
implying missingness completely at random. Baseline character-
istics were similar in patients with and without MRI, substan-
tiating this assumption (online supplemental 3). Consequently, 
we studied a representative consecutive sample of 1211 patients 
with early arthritis that received an MRI at baseline.

Table 1 Baseline characteristics of patients with early arthritis presenting with rheumatoid arthritis, psoriatic arthritis, peripheral 
spondyloarthritis, reactive arthritis and self- limiting UA

Rheumatoid arthritis
(n=532)

Psoriatic arthritis
(n=88)

Peripheral 
spondyloarthritis
(n=24)

Reactive
Arthritis
(n=30)

Self- limiting 
undifferentiated arthritis
(n=76)

Women, n (%) 343 (65) 38 (43) 11 (46) 18 (60) 41 (54)

Age in years, mean (SD) 59 (14) 49 (15) 38 (14) 47 (15) 50 (15)

Symptom duration, weeks median (IQR) 12 (6–29) 16 (7–47) 13 (5–39) 4 (2–7) 8 (3–16)

ACPA, n (%) 250 (47) 2 (2) 1 (4) 0 (0) 0 (0)

66- SJC, median (IQR) 5 (2–10) 2 (1–4) 2 (1–4) 2 (1–4) 1 (1–2)

68- TJC, median (IQR) 5 (3–7) 3 (1–5) 2 (1–3) 2 (1–5) 1 (1–2)

ESR, median (IQR) 28 (11–41) 17 (6–33) 33 (9–58) 21 (9–33) 11 (6–22)

VAS general health, median (IQR) 70 (50–80) 68 (50–80) 70 (60–80) 70 (40–80) 60 (40–70)

HAQ, median (IQR) 0.9 (0.5–1.5) 0.5 (0.1–0.9) 0.4 (0.2–0.8) 0.8 (0.3–1.0) 0.4 (0.0–0.9)

ACPA, anti- citrullinated protein antibodies; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; n, number of patients; SJC, swollen joint count; TJC, 
tender joint count; UA, undifferentiated arthritis; VAS, visual analogue scale.

https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
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MRI
MRI was performed at baseline (before DMARD initiation). 
Wrist, MCP(2–5) and MTP(1–5) joints on the most painful side 
at baseline (dominant side in case of symmetric symptoms) were 
imaged with 1.5TMRI (GE, Wisconsin,USA). Contrast- enhanced 
T1- weighted fast spin echo (FSE) fatsat sequences of the wrist 
and MCP sequences were obtained in all patients. In June 2013, 
instead of axial T1 and T2- weighted FSE fatsat sequences in the 
axial plane, contrast- enhanced T1- weighted FSE fatsat sequences 
in both the coronal and the axial plane of the MTPs were added to 
the protocol. This allowed for assessment of the influence of the 
MTPs on the sensitivity of tenosynovitis in 823 patients. Online 
supplemental 4 provides a detailed scan and scoring protocol.

MRIs were scored for synovitis and tenosynovitis in line with 
RAMRIS and the method of Haavardsholm by two experienced 
readers, blinded to any clinical data (online supplemental 4).14–16 
Intraclass correlation coefficients were excellent (≥0.93; online 
supplemental 5). Tenosynovitis and synovitis were considered 
present when both readers considered the feature present at the 
same location. This stringent definition was chosen to minimise 
false- positive results.

Statistical analysis
The sensitivity of tenosynovitis in early RA was calculated using 
all described joints in both hand and foot. This was repeated 

stratified for ACPA status and compared with other diagnoses. 
To assess whether high tenosynovitis scores were more prevalent 
in RA, continuous scores for different diagnoses were plotted in 
a violin plot and tested with Mann- Whitney tests. For compar-
ison, the sensitivity of MRI- detected synovitis was calculated.

To study the influence of the stringent cut- off chosen, analyses 
were repeated in patients with RA with a less stringent cut- off: a 
feature was considered present when one of both readers scored 
the feature at that location.

In another subanalysis, we evaluated the contribution of teno-
synovitis at the MTP level to the sensitivity of tenosynovitis 
for RA, by repeating the analyses while excluding the MTPs. 
Although the feet are a preferential location for RA, previous 
studies did not scan the MTPs and omitting the MTPs increases 
comparability to previous studies on the prevalence of tenosy-
novitis. In addition, it allows for inclusion of patients in which 
MTP tenosynovitis could not be properly scored due to MRI 
protocol differences (n=388).

To investigate the distribution of synovitis and tenosynovitis, 
the prevalence of tenosynovitis and synovitis was assessed at the 
joint level in RA and other diagnoses. Moreover, simultaneous 
presence of those features was assessed for the individual MTPs 
and MCPs and the wrist. To avoid multiple testing, no statistics 
were performed on these joint level analyses.

Fisher’s exact test was used. A narrative literature review on 
the prevalence of tenosynovitis in RA was performed (online 
supplemental 1). Results are reported according the Standards 
for Reporting of Diagnostic Accuracy Studies (STARD) guide-
lines (online supplemental 6). No formal prespecified study 
protocol was submitted prior to analyses. Patient partners were 
involved in design of the EAC cohort. R4.0.0 was used. Two- 
sided p values <0.05 were considered significant.

RESULTS
A total of 1211 patients included in the EAC received MRIs: 532 
had RA (n=250 ACPA positive; n=282 ACPA negative), 88 PsA, 
24 peripheral SpA, 30 reactive arthritis and 76 self- limiting UA. 
Baseline characteristics are shown in table 1 and swollen joint 

Figure 1 Presence of tenosynovitis (in black) in wrist, 
metacarpophalangeal and metatarsophalangeal, in rheumatoid arthritis, 
stratified for ACPA status and compared with other diseases. ACPA, 
anti- citrullinated protein antibodies; UA, undifferentiated arthritis; RA, 
rheumatoid arthritis.

Figure 2 Total tenosynovitis scores in rheumatoid arthritis (RA) and 
similar diagnoses showing that all high tenosynovitis scores are found 
in patients with RA. Horizontal line width represents the number of 
patients with that mean of tenosynovitis scores of two readers, rounded 
to a whole number. Light grey violins represent the density of patients 
with that mean tenosynovitis scale, scaled such that all violins have 
the same area, irrespective of the number of patients in that group. UA, 
undifferentiated arthritis.

https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
http://ard.bmj.com/
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distribution in online supplemental 7. The diagnoses of the 461 
patients that were not studied are shown in online supplemental 
8.

In early RA, the sensitivity of imaging- detected tenosynovitis 
in the hand and foot joints in early RA was 85%. Sensitivity was 
88% in ACPA- positive and 82% ACPA- negative RA (p=0.19; 
figure 1). This was 65% in PsA (p<0.001 vs RA), 53% in periph-
eral SpA (p=0.001), 36% in reactive arthritis (p<0.001) and 
42% in self- limiting UA (p<0.001). Analyses of continuous 
scores revealed that higher tenosynovitis scores were only prev-
alent in RA (figure 2; all p<0.001).

The sensitivity of tenosynovitis was compared with MRI- 
detected synovitis in the hand and foot joints, an established 
feature of RA. The sensitivity of MRI- detected synovitis in wrist, 
MCP and MTP joints in RA was 91% (figure 3) and 90% in 
ACPA- positive RA and 91% in ACPA- negative RA. This was 
83% in PsA (p=0.08 vs RA), 58% in peripheral SpA (p<0.001), 
57% in reactive arthritis (p=0.002) and 54% in self- limiting UA 
(p<0.001).

Considering both features together, 94% of patients with RA 
had synovitis or tenosynovitis in wrist, MCP or MTP joints. If a 
less stringent definition was considered (feature at least observed 
by one reader at that location), only six patients had no (teno- )
synovitis in the joint regions that were scanned, mostly due to 

receiving MRIs at the least affected side, thereby diverging from 
protocol.

Analyses were repeated excluding the MTP joints to ascer-
tain the impact of tenosynovitis in the feet. Similar results were 
obtained for tenosynovitis: sensitivity in early RA was 79% 
(online supplemental 9), 81% in ACPA- positive and 78% in 
ACPA- negative RA (p=0.34). In PsA, peripheral SpA, reactive 
arthritis and self- limiting UA, sensitivity was 56%, 24%, 36% 
and 42%, respectively (all p<0.001). For synovitis, the sensi-
tivity in early RA decreased from 91% to 82% on omitting the 
feet (online supplemental 10).

Prevalence of tenosynovitis and synovitis were also assessed at 
the joint level. This revealed a numerically higher prevalence of 
tenosynovitis at the level of the individual MCP and wrist joints 
in RA than in other arthritides. For the MTPs, the differences 
observed were unclear (figures 4–6). Information on the flexor 
and extensor sides of the MCP and MTP joints is provided in 
online supplemental 11 and 12 showing similar distributions.

Finally, the simultaneous presence of synovitis and tenosyno-
vitis was assessed in patients with RA on joint level. As presented 
in online supplemental 13, synovitis and tenosynovitis were 
most often simultaneously present in the same joint.

DISCUSSION
We performed a large MRI study on consecutively included 
patients with early arthritis over 10 years, all receiving an MRI 
scan at baseline. Selecting patients with RA from this consecutive 
sample enabled us to determine the sensitivity of MRI- detectable 
tenosynovitis in early RA. This is the first study to demonstrate 
the sensitivity of tenosynovitis in RA is high (>80%), does not 
differ between ACPA- positive and ACPA- negative disease, and is 
lower in spondylarthritis diseases. The sensitivity of tenosyno-
vitis was comparable to synovitis, a well- established RA feature. 
This further confirms that RA is both a juxta- articular (tenosyno-
vitis) and intra- articular (synovitis) disease.

Sensitivity of tenosynovitis was comparable to that of syno-
vitis for RA (85% and 91%, respectively). Also, 94% of patients 
with RA had synovitis and/or tenosynovitis in wrist, MCP or 
MTP joints. In patients with RA, tenosynovitis and synovitis 
predominantly presented in the same joints (online supple-
mental 13), implying that local inflammation manifests both 
juxta- articularly and intra- articularly. While synovitis frequency 
in RA was comparable to that of other diagnoses assessed (eg, 
83% in PsA), tenosynovitis was more frequent in RA than other 
diagnoses. Therefore, it can be concluded that the characteris-
tics of tenosynovitis in RA are similar to synovitis, a well- known 
RA feature, but that tenosynovitis is less frequently observed in 
other diagnoses.

Although ACPA- positive and ACPA- negative RA have different 
risk factors, outcomes and are hypothesised to have a different 
pathogenesis, the clinical presentation of both ACPA subsets of 
RA is similar.12 Our data show that tenosynovitis is also highly 
frequent in both disease subsets. This underlines the notion that, 
although the pathogenesis and the severity of the disease course 
are different between ACPA- positive and ACPA- negative RA, the 
disease presentation is similar at the time of diagnosis, both with 
respect to the clinical presentation and high- resolution imaging 
features.

ACPA- negative RA encompasses a heterogeneous set of 
patients, which can raise concerns about phenotypic misclassi-
fication. Our data addressed this issue by confirming that there 
is a difference in tenosynovitis between ACPA- negative RA and 
other inflammatory arthritides, such as PsA. This is in line with 

Figure 3 Presence of synovitis (in black) in wrist, 
metacarpophalangeal and metatarsophalangeal, in rheumatoid arthritis, 
stratified for ACPA status and compared with other diseases. ACPA, 
anti- citrullinated protein antibodies; UA, undifferentiated arthtritis; RA, 
rheumatoid arthritis.

https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
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https://dx.doi.org/10.1136/annrheumdis-2020-219302
https://dx.doi.org/10.1136/annrheumdis-2020-219302
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findings from recent studies on metabolites.17 Together, this 
supports the idea that ACPA- negative RA is a separate entity 
and is not only a selection of patients that have other forms of 
arthritis that are misclassified.

We studied self- limiting arthritis in the form of reactive 
arthritis and self- limiting UA, the clinical distinction between the 
two being a recognised infectious illness preceding the onset of 

arthritis. Remarkably, both groups had a similar prevalence of 
both synovitis and tenosynovitis, possibly suggesting an overlap-
ping or similar underlying disease mechanism between the two 
conditions.

Dactylitis is a known feature of PsA; the classic ‘sausage digits’ 
are caused by synovitis, soft tissue oedema and tenosynovitis.18 19 
Importantly, this affects the digits mostly distal from the MCP 

Figure 4 Presence of tenosynovitis and synovitis in the individual metacarpophalangeal (MCP) joints in rheumatoid arthritis (RA) and other 
arthritides showing a higher prevalence in RA. Features were considered present if both readers considered the feature present at the same location.

Figure 5 Presence of tenosynovitis and synovitis in the individual metacarpophalangeal (MTP) joints in rheumatoid arthritis (RA) and other 
arthritides. Features were considered present if both readers considered the feature present at the same location.

http://ard.bmj.com/
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and MTP joints. These distal areas were not imaged. Hence, the 
current findings on tenosynovitis and its frequent occurrence in 
RA concern tenosynovitis at the level of wrist, MCP and MTP 
joints.

The feet are recognised as a preferential location for RA; 
however, no previous studies have investigated the prevalence of 
the tenosynovitis in this location. The sensitivity of MRI- detected 
tenosynovitis in RA, including the feet (85%), was comparable to 
the sensitivity without the feet (79%). Previous studies that did 
not include the feet reported prevalences ranging from 43% to 
84% but most were ≥75% (online supplemental 1). The rela-
tively small difference between the prevalence of tenosynovitis 
when the feet are included or excluded suggests that patients 
that have tenosynovitis at MTP level often also have tenosyno-
vitis in the hand joints.

To our knowledge, this is the first large study on the sensitivity 
of MRI- detected tenosynovitis in RA to make a direct compar-
ison to other inflammatory rheumatological diseases that are 
associated with enthesitis. The setup of the EAC cohort ascer-
tains a representative sample of patients with early arthritis are 
included. Therefore, we were able calculate an estimate of the 
sensitivity of imaging- detected tenosynovitis in the general RA 
population, as opposed to describing a prevalence in a selection 
of patients with RA as typically done in previous research.

A limitation of this study is MTPs of some patients could not 
be scored for tenosynovitis due to a different MRI protocol. 
Reassuringly, a large number of patients (833 of which 362 were 
diagnosed with RA) remained, in whom the sensitivity of teno-
synovitis and synovitis could be calculated while including the 
MTPs.

The current study aimed to increase the understanding of the 
frequency of tendon sheath involvement in RA. Nonetheless, 
the MRI protocol that we used might not be feasible in clinical 

practice: barriers include high cost and availability of MRI. 
Unfortunately, some clinical manifestations related to imaging- 
detectable tenosynovitis in clinical practice, such as swollen 
joints, incomplete fist closure and also ultrasound- detectable 
tenosynovitis, have low sensitivity for imaging- detectable teno-
synovitis.3 7 20 Also, low- field MRI or MRI without contrast 
enhancement is less sensitive for detection of tenosynovitis.4–6 
Therefore, high- field (≥1.5T) MRI is the ideal test for under-
standing and depicting which tissues are involved in RA.

Given the high sensitivity of tenosynovitis for RA and the lower 
prevalence in other inflammatory arthritides, future research 
could help to elucidate in which patients and phase of disease 
it is cost- effective to perform an MRI to detect tenosynovitis 
and distinguish RA from other diseases in an early disease stage. 
Moreover, it is relevant to study the morphological, histological 
and molecular characteristics of tenosynovitis in early RA. These 
are still unexplored areas that warrant further investigations.

In conclusion, this is the first large consecutive study on MRI- 
detected tenosynovitis in patients with early arthritis and we 
have demonstrated that the large majority of patients with RA 
have tenosynovitis at the level of small hand and foot joints, 
irrespective of ACPA status. This further confirms that tenosy-
novitis, aside from synovitis, is a true RA feature and may fuel 
future research into the role of juxta- articular synovial inflam-
mation in the pathogenesis of RA. Finally, this study provided an 
example that a large MRI study can expand the knowledge on 
novel characteristics of RA, even 70 years after the first descrip-
tion of RA as a separate disease entity.21
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Figure 6 Presence of tenosynovitis and synovitis in the individual locations within the wrist in rheumatoid arthritis (RA) and other arthritides 
showing a higher prevalence in RA. Because wrist tendon sheaths cannot be mapped to synovitis locations, the prevalence of synovitis and 
tenosynovitis cannot be compared at individual locations. Features were considered present if both readers considered the feature present at the 
same location.
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ABSTRACT
Objective To evaluate the effects of denosumab on 
erosion healing at 2–4 metacarpophalangeal (MCP) 
head as determined by high- resolution peripheral 
quantitative CT (HR- pQCT) in patients with rheumatoid 
arthritis (RA) with stable disease.
Methods This was a randomised, placebo- controlled, 
double- blind study. Patients with RA with disease activity 
score 28 joints (DAS28) ≤5.1 were randomised (1:1) 
to subcutaneous denosumab 60 mg or placebo once 
every 6 months for 24 months. The primary outcome 
was erosion healing at MCP 2–4 on HR- pQCT at 12 
months. The effects of denosumab on erosion and joint 
space parameters on HR- pQCT and radiographs, disease 
activity and health assessment questionnaire- disability 
index (HAQ- DI) were also examined.
Results At 24 months, HR- pQCT images were analysed 
in 98 patients. One- third of the patients achieved 
sustained low disease activity throughout the study. At 
12 months, changes in erosion parameters on HR- pQCT 
were similar between the two groups. At 24 months, 
new erosions (19% vs 9%, p=0.009) and erosion 
progression (18% vs 8%, p=0.019) were more common 
in the placebo group than the denosumab group. Erosion 
healing was seen in a significantly higher proportion of 
patients in the denosumab group (20% vs 6%, p=0.045) 
at 24 months. No significant changes in joint space 
parameters on HR- pQCT, van der Heijde- Sharp erosion 
score, DAS28 and HAQ- DI were observed in the two 
groups at 12 and 24 months.
Conclusion Although no differences in erosion 
parameters were observed at 12 months, denosumab 
was more efficacious than placebo in erosion repair on 
HR- pQCT after 24 months.
Trial registration number NCT03239080.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic debili-
tating disease characterised by persistent syno-
vitis, systemic inflammation and joint destruction. 
The joints of the hands and feet are particularly 
affected. Bone erosions are specific to RA reflecting 
disease severity and can be used to monitor disease 
progression. Prevention of joint damage (erosion) 

as quantified on radiographs is the gold standard 
for determining treatment efficacy.1

Bone erosions are mediated by the receptor acti-
vator of nuclear factor kappa B ligand (RANKL) 
pathway,2 which is essential for osteoclast differen-
tiation, function and survival. Denosumab is a fully 
human monoclonal antibody that binds with high 
specificity to human RANKL.3 RANKL inhibition 
reduces osteoclast number and activity, leading to 

Key messages

What is already known about this subject?
 ► Partial repair of bone erosions in rheumatoid 
arthritis (RA) is known from high- resolution 
peripheral quantitative CT studies in patients 
with moderate to high disease activity using 
anti- tumour necrosis factors and anti- IL-6.

 ► Whether receptor activator of nuclear 
factor kappa B ligand (RANKL) inhibition by 
denosumab is superior to placebo in healing of 
existing erosions in patients with RA with low 
disease activity or in remission on conventional 
synthetic disease- modifying antirheumatic 
drugs is uncertain.

What does this study add?
 ► Despite being in low disease activity or 
remission, a significantly higher proportion 
of erosion progression was observed in the 
placebo group (34%) compared with the 
denosumab group (16%) over a period of 2 
years.

 ► Although no difference at 12 months, a 
significantly higher proportion of patients in 
the denosumab group (20%) achieved erosion 
healing after 24 months compared with the 
placebo group (6%).

How might this impact on clinical practice or 
future developments?

 ► RANKL inhibition could be considered a novel 
therapeutic option for protection against bone 
damage in a longer term, irrespective of the RA 
disease activity control.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0001-7113-9390
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2021-219846&domain=pdf&date_stamp=2021-07-08
NCT03239080
http://ard.bmj.com/
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loss of osteoclasts from bone surfaces and thereby decreases 
bone resorption. Denosumab increased areal bone mineral 
density (aBMD) and inhibited the progression of bone erosions 
over the small joints evaluated by radiograph or MRI compared 
with placebo in patients with RA.4–6 However, the long- term 
effect of denosumab on erosion progression remained uncertain.

With effective suppression of inflammation, not only retardation 
of erosion progression but also repair could occur in RA. High- 
resolution peripheral quantitative cCT (HR- pQCT) has emerged as 
a novel technique for detailed bone microstructure analysis of the 
peripheral sites.7 With its spatial resolution at 130 µm, HR- pQCT 
exhibited a higher sensitivity in detecting erosion compared with 
radiograph and MRI.8 Repair as evidenced by reduction of quantita-
tive dimensional measurements of the erosions using HR- pQCT has 
been demonstrated in patients treated with tumour necrosis factors 
(TNF) or iIL-6 inhibitors.9 10

The effect of denosumab treatment on the rate of progression 
of erosions, based on radiographic assessments, was similar to the 
effects of treatment with anti- TNF agents.11 In a small open- label 
pilot study, we have reported significant reduction in the width, depth 
and volume of erosions on HR- pQCT in patients with RA received 
denosumab, while these parameters increased in those received 
alendronate after 6 months.12 Denosumab represents a potentially 
new and safe treatment strategy that protects against the destructive 
aspects of this disease but lacks any known effect on inflammation. 
For patients who achieved sustained low disease activity (LDA) or 
remission, they may not be very symptomatic but erosions continue 
to progress, probably because low- grade inflammation/synovitis 
detectable only by ultrasound and MRI is persistently activating the 
RANKL pathway.13

The aim of this study was to evaluate the effects of denosumab 
on erosion healing at the 2–4 metacarpophalangeal (MCP) head in 
patients with RA in LDA or remission using HR- pQCT.

METHODS
Study design and patients
This was an investigator- initiated, 24 month, randomised, placebo- 
controlled, double- blind study (see online supplemental file for full 
study protocol). Patients being followed up at four regional hospitals 
who fulfilled the 2010 American College of Rheumatology/Euro-
pean League Against Rheumatism classification criteria of RA, aged 
≥18 years, with disease activity score 28 joints (DAS28) according 
to C reactive protein (CRP) ≤5.1, with at least one erosion at the 
2–4 MCP head on screening HR- pQCT, were recruited. Exclusion 
criteria were (1) severe deformity in MCP joints precluding proper 
assessment by HR- pQCT, (2) RA functional status class IV, (3) 
treatment with any biologic disease- modifying antirheumatic drugs 
(bDMARDs) within 8 weeks before randomisation, (4) pregnancy, 
(5) previous use of denosumab, zoledronic acid or teriparatide, 
(6) hyperparathyroidism and (7) contraindications to denosumab. 
Bisphosphonates use was prohibited throughout the study. Written 
informed consents were obtained from all participants.

Randomisation and treatment
Randomisation was performed using a computer- generated rando-
misation list, using a permuted block design with block sizes of 4 and 
6. Allocation concealment was ensured by the use of sequentially
numbered, opaque, sealed envelopes. Patients and investigators were 
blinded to the treatment. Patients were randomly assigned (1:1) to 
receive subcutaneous injections of denosumab 60 mg or placebo at 
baseline, 6, 12 and 18 months. All patients took daily supplements 
containing 1.0 gm of elemental calcium and >800 IU of vitamin D.

Patients were treated to the target of DAS28 remission or LDA 
throughout the study period according to a standard protocol (online 
supplemental figure S1).14 Changes in treatment, for example, the 
dosage of conventional synthetic DMARDs (csDMARDs), addi-
tion of a new csDMARD as well as changes in the dosage or addi-
tion of glucocorticoids or nonsteroidal anti- inflammatory drugs 
were allowed at any time throughout the study. Patients who failed 
csDMARDs treatment requiring bDMARDs or prednisolone >10 
mg per day were excluded from the final analysis.

Assessments
Clinical variables
Patients were followed- up every 6 months. The following clinical 
variables were assessed at each visit: erythrocyte sedimentation 
rate, CRP and DAS28. Rheumatoid factor status and anticyclic 
citrullinated peptide antibodies status were determined at base-
line. Functional disability was assessed by the health assessment 
questionnaire- disability index of (HAQ- DI).

High-resolution peripheral quantitative CT
Bone erosion was assessed at MCP 2–4 of the most affected hand 
or dominant hand when both hands were equally affected, using a 
first- generation HR- pQCT system (XtremeCT; Scanco Medical AG, 
Bruttisellen, Switzerland) at baseline, 12 and 24 months. A standard 
stabilisation platform was created to secure the MCP 2–4 extended 
to a flat position within the immobiliser cast, with the forearm in 
a palm- down orientation. With a similar cast, the precision error 
of the mean joint space width (JSW) was approximately 100 µm 
(2.1%)—comparable to 2D radiographic precision.15 An anteropos-
terior scout view was used to define the region of interest (ROI). The 
scan region was 80 slices distal and 242 slices proximal of the upper 
margin of the head of MCP3.

Erosions were defined as sharply marginated bone lesions with 
juxta- articular localisation with a cortical break seen in at least two 
adjacent slices, which were often accompanied by loss of the adja-
cent trabecular bone according to the Study grouP for x- trEme CT 
in Rheumatoid Arthritis (SPECTRA) definition.16 Each erosion was 
documented at baseline, 12 and 24 months as reported before.17 
The maximal width and depth of the erosion in the axial, sagittal 
and coronal planes were measured using the open source interactive 
image visualisation and segmentation tool ITK- SNAP V.3.6.0.18 The 
volume of erosions was calculated according to the methodology 
published by Fouque- Aubert et al7

Bone apposition as evidenced by osteosclerosis at the margin of the 
erosion was assessed quantitatively by choosing the area (width=15 
voxels) around bone erosion in MCP 2–4 as ROI.9 12 The density of 
the ROI was calculated as the mean pixel attenuation of that area. 
3D registration was applied to obtain a consistent segmentation of 
the periosteal surface in the vicinity of the cortical break, which was 
highly important for accurate quantification of bone damage.19

From our previous study, the intraobserver reproducibility was 
0.987, 0.994, 0.982 and 0.983 for erosion width, depth, volume 
and quantitative osteosclerosis.12 Interobserver reproducibility as 
determined by intraclass correlation coefficient was 0.977, 0.979, 
0.962 and 0.974 for erosion width, depth, volume and quantitative 
osteosclerosis.

To determine the smallest detectable change (SDC), 22 separate 
erosions from the study cohort were scored two times. SDC was 
then calculated for erosion volume and marginal osteosclerosis using 
the formula: SDC=±1.96 × SDΔ(CHANGE- SCORES)/( 

√
2  ×  

√
k ), where

Δ(CHANGE- SCORES) was the SD of change in scores and k the number of 
readings.20

https://dx.doi.org/10.1136/annrheumdis-2021-219846
https://dx.doi.org/10.1136/annrheumdis-2021-219846
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The JSW was analysed according to the consensus methodology 
published by SPECTRA.21 An automated computer algorithm was 
used to segment MCP joint spaces. The 3D distance transforma-
tion method was applied to spatially map JSW and was summarised 
by the mean JSW, minimal and maximal JSW asymmetry JSW and 
distribution JSW—a measure of joint space heterogeneity.

All images acquired were selected for motion grade assessment. 
Image quality of each acquisition was graded according to the 
manufacturer- suggested image grading system.22 The images with 
good quality (grades 1–3) were used for further analysis by a single 
investigator who was blinded to all the clinical information of the 
patients.

Radiographs
Radiographs were obtained at baseline, 12 and 24 months. They 
were assessed by two rheumatologists who were masked to treat-
ment groups. The vdH- Sharp scores including the total score, 
erosion score and joint space narrowing scores were assessed.

Study endpoints
The primary outcome was the percentage of patients with erosion 
healing determined using HR- pQCT on MCP 2–4 at 12 months. 
Erosion healing was defined as (1) a decrease in erosion volume 
exceeding the SDC (0.2 mm3) AND an increase in marginal BMD 
exceeding SDC (6.3 mmHA/cm3) or (2) complete disappearance of 
the lesion. Secondary outcomes included changes in the following 
parameters at 12 and 24 months: (1) size of erosion (depth, width 

and volume), marginal osteosclerosis and JSW (minimal, maximal, 
asymmetry and distribution) on HR- pQCT, (2) vdH- Sharp scores, 
(3) HAQ- DI and (4) association between the changes in erosion size 
on HR- pQCT, vdH- Sharp scores and HAQ- DI.

Statistical analyses
From the previous study, we expected that the primary outcome 
could be achieved in 25% and 5% of the denosumab and placebo 
group respectively.12 At least 44 patients were required in each group 
to achieve a statistical power of 0.8 with a two- sided α of 0.05. With 
an estimated dropout rate up to 20%, a sample size of 55 per group 
was determined. Patients who discontinued treatment or violated 
treatment protocol were excluded from the analysis. Patients who 
developed severe deformity after baseline or with poor quality image 
(grades 4–5) were also excluded.

Descriptive statistics were presented for the demographic, clinical 
and imaging variables. T- test, Mann- Whitney U test and χ2 test were 
used to evaluate differences in baseline characteristics between the 
two groups. Chi- square test was used to compare the proportions of 
patients achieving the primary outcome. Multivariate logistic regres-
sion analysis was performed to assess the association between the use 
of denosumab and erosion healing after adjusting for covariates at 
baseline (including age, sex, disease duration, disease activity, erosion 
volume and width, HAQ- DI) and remission status throughout study 
period. Changes in other outcome measurements between groups 
were analysed using t- test, Mann- Whitney U test or χ2 test where 
appropriate. Nonparametric Friedman Test was used to examine the 

Figure 1 Trial profile.
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within- group changes over the study period. Post hoc analysis was 
performed using Wilcoxon signed- rank tests with Bonferroni correc-
tion. Pearson correlation was used to investigate the association 
between changes in erosion volume, vdH- Sharp score and HAQ- DI. 
A two- tailed probability value of p<0.05 was considered statistically 
significant. Statistical analyses were performed using the Statistics 
Package for Social Sciences (IBM SPSS V.26.0, IBM, Armonk, New 
York, USA).

RESULTS
Patient disposition and characteritics
One hundred and ten patients were randomised to receive deno-
sumab (n=55) or placebo (n=55) from May 2017 to May 2018 
(figure 1). Of these 110 patients, 88 (80%) were women and the 
mean age was 56.8±7.8 years. The mean disease duration was 
7.9±6.8 years and the mean DAS- CRP was 2.51±0.88 (table 1). 
During the study period, 8/110 (7.3%) patients permanently discon-
tinued study drugs due to new comorbidities (4, 3.6%), disease 
progression requiring bDMARDs (2, 1.8%), severe adverse event 
(one with hearing impairment, 0.91%) and consent withdrawal (1, 
0.91%). A total of 102 (92.7%) patients completed the 2- year treat-
ment period.

Baseline demographic, clinical characteristics and imaging param-
eters were comparable between the two treatment groups (table 1). 
Seventeen patients in each group (placebo group: 17/52 (32.6%) and 
denosumab group: 17/50 (34%)) achieved sustained LDA (DAS28 

≤3.2) throughout the 24 months. No significant within- group or 
between- group differences in the DAS28 over time were observed 
(online supplemental figure S2A). The use of csDMARD and gluco-
corticoid was also similar in the two groups at baseline and 24 
months (online supplemental figure S2B).

Changes in HR-pQCT parameters
Due to either motion artefact or severe damage developed after base-
line, HR- pQCT images were unsuitable for analysis in 12 patients. 
Therefore, HR- pQCT images were analysed in 98 patients (48 in 
placebo group and 50 in denosumab group). At baseline, there were 
137 and 114 erosions in the denosumab and placebo groups, respec-
tively. The percentage of patients with erosion healing was similar at 
12 months in the two groups (denosumab: 9/50, 18% vs placebo: 
6/48, 13%; p=0.45). However, significantly higher proportion of 
patients in the denosumab group had erosion healing compared with 
the placebo group at 24 months (10/50, 20% vs 3/48, 6%, p=0.045) 
(figure 2A). Out of the six patients in the placebo group who had 
erosion healing at 1 year, three of them had erosion progression in 
the subsequent year. On the contrary, sustained erosion healing was 
observed in six out of nine patients in the denosumab group over the 
period of 2 years. In addition, four more patients achieved erosion 
healing in the second year.

Logistic regression analysis revealed that the use of denosumab was 
associated with erosion healing (OR 3.39, 95% CI 1.08 to 10.63) 
after adjustment for covariates. The other independent predictors of 

Table 1 Baseline clinical, demographic, disease activity parameters and medications

Total (n=110) Placebo (n=55) Denosumab (n=55) P value*

Age 56.8±7.8 56.5±7.1 57.2±8.5 0.645

Gender (female) 88 (80) 47 (86) 41 (75) 0.153

Disease duration (years) 5.4 (2.8–11.1) 6.1 (3.5–11.5) 4.4 (2.4–10.7) 0.141

RF positive 78 (71) 40 (72) 38 (69) 0.675

ACPA positive 87 (79) 43 (78) 44 (80) 0.815

Osteoporosis 8 (8) 5 (9) 4 (7) 0.728

Fracture history 20 (18) 9 (16.4) 11 (20) 0.621

Tender joint 1 (0–2) 1 (0–2) 1 (0–2) 0.183

Swollen joint 0 (0–1) 0 (0–1) 0 (0–1) 0.616

Deformed joint 2 (1–4) 2 (1–4) 2 (0–5) 0.927

CRP, mg/L 1.7 (0.7–5.2) 1.5 (0.7–4.3) 1.7 (0.9–6.1) 0.445

DAS28- CRP 2.51±0.88 2.43±0.83 2.6±0.92 0.31

DAS28- CRP>3.2 21 (19) 8 (15) 13 (24) 0.225

HAQ- DI (0–3) 0.25 (0–0.625) 0.125 (0–0.5) 0.25 (0–0.875) 0.09

NSAIDs 64 (58) 29 (53) 35 (64) 0.478

csDMARDs 100 (91) 48 (87) 52 (95) 0.185

Methotrexate 90 (82) 42 (76) 48 (87) 0.14

Leflunomide 29 (26) 11 (20) 18 (33) 0.316

Sulfasalazine 25 (23) 13 (24) 12 (22) 0.846

Hydroxychloroquine 18 (16) 9 (16) 9 (16) 0.917

Combination csDMARDs 50 (46) 22 (40) 28 (51) 0.251

Glucocorticoids 12 (11) 6 (11) 6 (11) 0.251

bDMARDs (ever) 15 (14) 6 (11) 9 (16) 0.44

Total vdH- Sharp score 8 (0–27) 9 (0–27) 8 (1–27) 0.777

vdH- Sharp erosion score 2 (0–12) 1 (0–15) 2 (0–10) 0.651

vdH- Sharp JSN score 6 (0–17) 4 (0–16) 6 (0–18) 0.71

Lumbar spine aBMD, g/cm2 0.922±0.145 0.914±0.147 0.930±0.143 0.576

Total hip aBMD, g/cm2 0.841±0.125 0.837±0.102 0.847±0.146 0.663

Femoral neck aBMD, g/cm2 0.687±0.114 0.681±0.099 0.695±0.128 0.508

*Comparision between placebo and denosumab group. Data are reported as mean±SD, median (inter- quartile range) or number (%).
aBMD, areal bone mineral density; Anti- CCP, anti- cyclic citrullinated peptide antibody; bDMARDs, biological DMARDs; CRP, C reactive protein; csDMARDs, conventional synthetic disease modifying 
anti- rheumatic drugs; DAS28, disease activity score 28; HAQ- DI, health assessment questionnaire disability index; NSAIDs, nonsteroidal anti- inflammatory drugs; RF, rheumatoid factor; ; vdH- Sharp 
score, Van der Heijde- Sharp score.
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erosion healing were younger age and larger baseline erosion width 
(table 2).

When individual erosions were assessed, significantly fewer 
new erosions (9% vs 19%, p=0.009), less erosion progression 
(increase in volume >0.2mm3: 8% vs 18%, p=0.019) and more 
erosion regression (decrease in volume >0.2mm3: 18% vs 9%, 
p=0.046) were observed in the denosumab group compared 
with the placebo group after 24 months (figure 2B). While no 
changes were observed from baseline to 12 months, significant 

differences in the change in erosion size (mean and total erosion 
volume) were noted from baseline to 24 months between the two 
groups, again favouring the denosumab users (figure 2C,D). The 
changes in erosion depth, width and marginal osteosclerosis were 
similar between two groups over time (figure E–G). Cumulative 
probability plot for changes in the erosion volume at 24 months 
is shown in figure 3. The changes in erosion parameters over 24 
months are summarised in online supplemental table 1. Regarding 
the joint space assessment, there were no significant differences in 

Figure 2 Changes in erosion parameters by HRpqCT (A) Percentage of patients with overall erosion healing at months 12 and 24; (B) outcome of 
individual erosion with healing, progression and new erosion detected across study period between denosumab and placebo group; change in: (C) 
mean erosion volume; (D) total erosion volume; (E) erosion width; (F) erosion depth and (G) marginal osteosclerosis per patients across denosumab 
and placebo group expressed in median and IQR. HRpqCT, high- resolutionperipheral quantitative CT.

https://dx.doi.org/10.1136/annrheumdis-2021-219846
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the changes of all parameters at MCP 2–4 at different time points 
(online supplemental table 2).

Radiographic progression, changes in aBMD and HAQ-DI
Table 3 summarises the changes in the radiographic parameters over 
24 months. At 24 months, the denosumab group showed a numeri-
cally smaller change in the total vdH- Sharp score and erosion score. 
Joint space narrowing score increased significantly in both groups to 
a similar extent. Proportion of patients with radiographic progres-
sion (defined as change in vdH- Sharp Score >0 per year on average) 
at 24 months was marginally greater in the placebo group compared 
with the denosumab group (27.3% vs 12.7%, p=0.057). No signif-
icant difference in the proportion of patients without progression 
of radiographic erosion (change in erosion score ≤0.5) was noted 
between the two groups. The cumulative probability plots of the 
changes from baseline in the radiographic scores are shown in online 
supplemental figure S3.

The percentage changes in lumbar spine (L1–L4), total hip and 
femoral neck aBMD from baseline to 24 months were −1.3% vs 
6.0%, −1.1% vs 2.3% and −0.6% vs 2.8% in the placebo and 
denosumab groups, respectively (all p<0.001) (online supplemental 
figure S4A).

Changes in the HAQ- DI at different time points were not signifi-
cant in the two groups (online supplemental figure S4B). The change 
in total vdH- Sharp score was positively correlated with the change 
in mean erosion volume assessed by HR- pQCT (r=0.2, p=0.05). 
However, no association was found between the changes in erosion 
volume (total or mean) on HR- pQCT with HAQ- DI (online supple-
mental table S3).

DISCUSSION
In this randomised, placebo- controlled study, although no differences 
in bone erosion parameters between the two groups were demon-
strated at month 12, a higher proportion of patients on denosumab 
achieved erosion healing (20% vs 6% in placebo group) after 2 
years of treatment. Despite most patients were in LDA or remission, 
erosion healing in these patients treated mainly with csDMARDs 
was relatively uncommon, probably due to persistent subclinical 
or low- grade inflammation. Even if erosion healing occurred in a 
small proportion of patients in the placebo group in the first year, the 
effect was not sustainable. On the contrary, more sustained erosion 
healing was observed in patients on denosumab over the period of 
2 years. Results from this study also highlighted the risk of erosion 
progression (the number of erosion increased by 19%, and 34% of 

Table 2 Logistic regression analysis on erosion healing assessed by HR- pQCT at 24 months

Univariate analysis Multivariate analysis*

OR 95% CI P value OR 95% CI P value

Baseline parameters

Age 0.95 0.90 to 1.01 0.137 0.93 0.87 to 1.00 0.039

Sex, female 1.97 0.64 to 6.03 0.235

Disease duration, years 1.00 0.93 to 1.07 0.965

Rheumatoid factor,+ve 1.20 0.42 to 3.47 0.734

Rheumatoid Factor titre 1.00 0.99 to 1.00 0.303

Anti- CCP,+ve 0.66 0.22 to 1.96 0.450

Anti- CCP titre 1.00 0.99 to 1.00 0.700

Body mass index 0.96 0.84 to 1.07 0.492

ESR, mm/hour 0.99 0.96 to 1.01 0.353

CRP, mg/L 1.01 0.92 to 1.12 0.871

VAS pain 0.98 0.96 to 1.01 0.226

Patients' global assessment 0.98 0.95 to 1.00 0.105

Physician’s global assessment 1.01 0.98 to 1.05 0.498

Tender joint count 0.98 0.82 to 1.17 0.803

Swollen joint count 1.25 0.79 to 1.97 0.342

Damaged joint count 0.94 0.78 to 1.13 0.507

DAS28 0.94 0.53 to 1.67 0.833

SDAI 0.98 0.90 to 1.08 0.698

HAQ- DI 0.37 0.09 to 1.52 0.168

Treatment group, denosumab 2.28 0.83 to 6.27 0.111 3.39 1.08 to 10.63 0.036

Total erosion volume, mm3 1.02 1.00 to 1.04 0.111

Mean erosion volume, mm3 1.05 0.98 to 1.11 0.157

Mean erosion width, mm 2.22 0.98 to 5.05 0.057 3.25 1.30 to 8.12 0.012

Mean erosion depth, mm 1.26 0.91 to 1.75 0.161

Mean marginal BMD, mmHA/cm3 1.00 0.99 to 1.00 0.726

Achieving sustained treatment target over 24 months

DAS28 remission 1.54 0.56 to 4.22 0.403

DAS28 LDA 1.07 0.35 to 3.21 0.910

SDAI remission 1.44 0.35 to 5.98 0.618

SDAI LDA 1.69 0.59 to 4.82 0.330

*Adjusted for age, sex, disease duration, baseline disease activity, total erosion volume, mean erosion width, HAQ and sustain remission status throughout study period.
Anti- CCP, anti- cyclic citrullinated peptide antibody; BMD, bone mineral density sustained remission; CRP, C reactive protein; DAS28, disease activity score 28; ESR, erythrocyte 
sinking rate; HAQ- DI, health assessment questionnaire disability index; HR- pQCT, high- resolution peripheral quantitative CT; LDA, low disease activity; SDAI, simplified disease 
active index; VAS, visual analogue scale.
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the existing erosions had an increase in erosion volume >SDC) in 
the placebo group treated with csDMARDs, despite one- third of 
these patients achieved sustained LDA. This risk could be safely and 
effectively reduced by targeting the RANKL pathway, as bDMARDs 
including anti- IL-6 or anti- TNF would not be indicated in these 
patients.9 10

Different from previous reports, significant improvement in 
radiographic erosion score was not demonstrated in the denosumab 
group.9 10 First, our study was not powered to detect significant 
radiographic changes (a sample size of 214 per group was required 
in the DESIRABLE study).6 Second, we have deliberately chosen 
a group of patients with low to moderate disease activity in order 
to study the more focused effect on erosion healing by targeting 
the RANKL pathway. Despite the lack of statistical significance, a 
trend suggestive of less radiographic progression in the denosumab 
group was observed compared with the placebo group (erosion 
score: 0.14±1.75 vs 0.77±2.82, total vdH- Sharp score: 0.82±4.05 
vs 1.71±4.48). The rate of change in the vdH- Sharp scores in the 
denosumab group was comparable to previous studies.5 7 The rate 
of change in the placebo group was also comparable to recent trials 
using bDMARDs as the disease activity of these patients was well 
controlled.23 This could also explain that the significant effect of 
denosumab was only demonstrable in a longer term in the current 
study. High- resolution imaging by HR- pQCT would be a better tool 

to study progression (or healing) of bone damage in these patients 
with low- grade inflammation.24

As expected, no significant differences in the change in joint space 
parameters on HR- pQCT or radiograph were found between the 
two groups, similar to previous studies.5–7 The main reason for 
inclusion of the joint space parameters assessed using HR- pQCT is 
to reflect the overall inflammatory burden over the 2- year period. 
Joint damage as reflected by deterioration in these parameters will 
be demonstrated if disease activity is not well controlled, and this 
may also contribute to the change in erosion volume that may not be 
captured by the change in DAS28.

There are several limitations in this study. First, bone metabo-
lism and cartilage turnover markers were not assessed. Nonethe-
less, significant effects of denosumab on bone turnover markers 
but not cartilage turnover markers in patients with RA have been 
extensively studied before.4–6 Second, only partial erosion healing 
was observed as all the pre- existing erosions were still present after 
24 months. In fact, the overall decrease in erosion volume in the 
denosumab group was small. Moreover, the change in HAQ- DI 
over the 2- year study period in patients who achieved LDA or 
remission was minimal. Longer term study (eg, 5 years) may be 
required to further elucidate the efficacy of denosumab on erosion 
healing and the impact on functional disability. Finally, whether 
the use of combination bDMARD and denosumab may have 

Figure 3 Cumulative probability plot of change in erosion volume by HRpqCT. Each dot represents one erosion. The x- axis indicates the proportion 
of patients; the y- axis indicates the change of erosion volume for individual erosion from baseline to month 24. HR- pQCT,high- resolution peripheral 
quantitative CT.

Table 3 Changes in van der Heijde- Sharp (vdH- Sharp) score between the two treatment groups

Baseline Month 12 Month 24 P value* Changes over 24 months P value†

Erosion Score (0–280) Placebo 2 (0, 9) 2 (0, 10) 2.5 (0, 10) 0.073 0.77±2.82 0.178

Denosumab 0.5 (0, 14.25) 0.5 (0, 14.25) 0.5 (0, 15) 0.898 0.14±1.75

Joint space narrowing score (0–168) Placebo 6 (0, 17.75) 6 (0, 19.25) 6 (0, 19.5) <0.001a 0.94±2.24 0.590

Denosumab 3 (0, 16.25) 3.5 (0, 17) 3.5 (0, 17) 0.01 0.68±2.67

Total vdH- sharp score (0–448) Placebo 7.5 (0.25, 26) 7 (0.25, 30) 9 (0.25, 29.25) 0.001b 1.71±4.48 0.295

Denosumab 8 (0, 26.25) 8 (0, 26) 8 (0, 36) 0.71 0.82±4.05

Data expressed as median (lower quartile, upper quartile). Denosumab (N=50) and Placebo (N=52) were included into the analysis.
Statistically significant P values are shown in bold.
a, bPost- hoc analysis using Wilcoxon signed ranks test with Bonferroni adjustment showed significant difference in joint space narrowing between baseline (BL) and month 12 
(M12), M12 and month 24 (M24), BL and M24, and in total sharp score between M12 and M24, BL and M24.
*Comparing changes within- group over time using Friedman Test.
†Comparing changes between the two groups over 24 months using independent samples t- test.
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additional benefit in erosion healing will need to be addressed in 
the future.

To conclude, denosumab is superior to placebo in healing of pre- 
existing erosion on HR- pQCT at 24 months in patients with RA 
in LDA or remission. It could be considered a treatment option 
for retarding bone damage progression independent of the disease 
activity control.
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ABSTRACT
Objectives We sought to identify metabolic changes 
potentially related to rheumatoid arthritis (RA) 
pathogenesis occurring in the blood prior to its diagnosis.
Methods In a US military biorepository, serum samples 
collected at two timepoints prior to a diagnosis of RA 
were identified. These were matched to controls who did 
not develop RA by subject age, race and time between 
sample collections and RA diagnosis time to stored 
serum samples. Relative abundances of 380 metabolites 
were measured using liquid chromatography–tandem 
mass spectrometry. We determined whether pre- RA case 
versus control status predicted metabolite concentration 
differences and differences over time (trajectories) using 
linear mixed models, assessing for interactions between 
time, pre- RA status and metabolite concentrations. We 
separately examined pre- RA and pre- seropositive RA 
cases versus matched controls and adjusted for smoking. 
Multiple comparison adjustment set the false discovery 
rate to 0.05.
Results 291 pre- RA cases (80.8% pre seropositive 
RA) were matched to 292 controls, all with two serum 
samples (2.7±1.6 years; 1.0±0.9 years before RA/
matched date). 52.0% were women; 52.8% were White, 
26.8% Black and 20.4% other race. Mean age was 31.2 
(±8.1) years at earliest blood draw. Fourteen metabolites 
had statistically significant trajectory differences among 
pre- RA subjects versus controls, including sex steroids, 
amino acid/lipid metabolism and xenobiotics. Results 
were similar when limited to pre seropositive RA and 
after adjusting for smoking.
Conclusions In this military case–control study, 
metabolite concentration trajectory differences in pre- 
RA cases versus controls implicated steroidogenesis, 
lipid/amino acid metabolism and xenobiotics in RA 
pathogenesis. Metabolites may have potential as 
biomarkers and/or therapeutic targets preceding RA 
diagnosis.

INTRODUCTION
Rheumatoid arthritis (RA) is an inflammatory 
polyarthritis that destroys synovial joints, causing 
systemic complications and early mortality. RA 
affects approximately 1% of the population and 
two to four times more women than men.1 2 No 
medications are curative and treatment, disability 
and lost productivity are costly.3 Biologic path-
ways in the initiation and propagation of 

autoimmunity and inflammation pre- RA and 
the transition to clinical synovitis are not fully 
understood, but abnormalities of autoantibodies, 

Key messages

What is already known about this subject?
 ► Metabolomics using liquid chromatography and 
tandem mass spectroscopy can detect biological 
perturbations leading to disease that involve 
the activation of multiple biologic pathways 
reflected in the metabolites in these pathways.

 ► Past studies have identified lower 
concentrations of sex steroid hormones, in 
particular androgens, among individuals with 
rheumatoid arthritis (RA) compared to controls.

 ► Only a few past metabolomic studies have 
been conducted using samples from prior to 
RA disease onset. These have revealed lowered 
concentrations in sex steroids and lipids, such 
as carnitines and plasmalogens.

What does this study add?
 ► In this case–control study nested within the US 
Department of Defense Serum Biorepository, we 
identified two stored blood samples from 291 
individuals who later developed RA (the first 
2.7±1.6 years prior to RA onset and the second 
1.0±0.9 years prior to RA onset). These were 
matched by date to two stored serum samples 
from age- matched, sex- matched and race- 
matched controls from individuals who did not 
develop RA. We found that the trajectory over 
time for 14 metabolites changed significantly in 
subjects preceding diagnosis of RA compared 
with controls. These findings were robust to 
adjustment for multiple comparisons and for 
smoking status and were similar when limited 
to cases developing seropositive RA.

How might this impact on clinical practice or 
future developments?

 ► These results implicate changes in steroid 
hormones, amino acid, lipid and xanthine 
metabolism prior to RA onset and are likely 
involved in RA pathogenesis. Not only will 
these findings lead to insights into RA disease 
pathogenesis, but they could lead directly to 
development of biomarkers to predict disease or 
become new therapeutic targets.
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cytokines and chemokines are detectable preceding diag-
nosis.4–7 Assays of metabolic changes in biosamples obtained 
prior to RA may advance understanding of pathogenic events 
not driven by longstanding disease or therapies and poten-
tially identify novel targets for prevention.

Current metabolomic technologies allow feasible, high- 
throughput assessment of many metabolites resulting from 
genomic, transcriptomic and proteomic variability. Metabo-
lomics provides a profile of biological status reflecting genetic 
and environmental interactions.8 The integration of metabo-
lomics into epidemiologic studies helps to understand molec-
ular pathophysiological processes, define metabolic changes 
and discover novel biomarkers and new targets for interven-
tion. In complex diseases, like RA, biological perturbations 
leading to disease involve multiple pathways that may be 
reflected in their metabolites. Using multivariable statistics in 
conjunction with metabolomic data, it is possible to describe 
patterns of metabolite changes that are highly discriminatory 
for disease state. Epidemiologic studies are ideally suited for 
using metabolomic profiling to detect metabolites predictive 
of disease, informing the mechanisms of disease pathogen-
esis; metabolomic profiling in large prospective cohorts has 
led to biomarker discovery for type II diabetes, renal failure 
and cardiovascular disease.9–11

We have previously reported the results of a large untargeted 
liquid chromatography–tandem mass spectrometry (LC–MS/
MS) metabolomic study among pre- RA samples and matched 
controls in two case–control collections nested within large 
cohorts of women.12 Within the Nurses’ Health Study (NHS) 
cohorts, 4- acetomidobutanoate and several short- chain acylcar-
nitines were lower and spermidine was higher among pre- RA 
cases compared with matched controls. Homoarginine and 
N- monomethylarginine were elevated among women less than 
5 years of seropositive RA, and short- chain acylcarnitines were 
lower among those who developed seropositive RA within less 
than 5 years. In an independent pre- RA case–control study from 
the Department of Defense Serum Biorepository (DoDSR), 
three short- chain acylcarnitines, associated with seropositive 
RA within 5 years, were replicated among women. These prior 
studies included only women, examined only one blood sample 
per subject and 74% were drawn 5 or more years prior to RA.

We aimed to study changes in untargeted metabolites in 
samples from two timepoints, both within a few years of RA 
diagnosis, compared with those of matched controls. Our goal 
was to characterise the trajectory of changes in metabolite 
concentrations among subjects developing RA, both men and 
women, compared with controls.

METHODS
Study population and blood sample collection
The DoDSR was started in 1985 to monitor the health of US 
military personnel, collecting samples at enlistment, deploy-
ment and every other year of service. Among individuals with 
banked serum samples, possible RA cases were identified 
based on ≥2 International Classification of Disease codes for 
RA in the medical record and ≥1 rheumatologist encounter 
and records were reviewed, as previously described.7 RA cases 
met the 1987 American College of Rheumatology’s revised 
criteria for the classification of RA by medical record review 
or rheumatologist’s diagnosis of RA.13 Serum samples were 
obtained from military personnel in a variety of settings, from 
medical clinics to field facilities. Blood collection protocols, 
serum processing and storage varied; blood samples were sent 

to the nearest medical facility for processing to serum, trans-
ported to the DoDSR facilities and shipped to a central lab 
for storage at −30°C.14

We identified all men and women pre- RA cases with two 
stored serum samples prior to the date of RA diagnosis. Controls 
were identified and matched to the pre- RA cases based on age at 
RA diagnosis index date, sex, race, enlistment region and sample 
storage duration at each of the two pre- RA timepoints (matched 
within 1 year for each sample). All serum samples and data were 
anonymised.

Clinical covariate data collection
Men and women were included in this analysis. Subject data, 
including demographics, smoking status, height and weight, 
were abstracted in a standardised form from medical record 
review. Covariates also assessed by medical record review 
included cigarette smoking (cumulative pack- years) and body 
mass index (BMI: underweight <18.5, normal weight 18.5 to 
<25, overweight 25 to <30 or obese ≥30 kg/m2), but these 
were not available for all subjects. Seropositive RA status of cases 
was determined based on the presence at or after RA diagnosis of 
anticitrullinated peptide antibody test results by medical records, 
direct testing using two versions of an anti- cyclic citrullinated 
peptide (CCP) assay (CCP2 (Axis- Shield) and CCP3.1 (Inova 
Diagnostics, San Diego, California)) and/or positivity of one or 
more rheumatoid factor (RF) isotypes IgA, IgG and IgM (Inova 
Diagnostics, San Diego, California). Controls were not tested for 
seropositivity as above.

Metabolomics profiling
Serum samples were assessed using two LC–MS/MS metabolo-
mics platforms: hydrophilic interaction liquid chromatography 
coupled with positive ion mode MS detection to measure amines 
and polar metabolites and C18 chromatography coupled with 
negative ion mode MS detection to measure free fatty acids, bile 
acids and metabolites of intermediate polarity.15 Briefly, LC–MS 
systems comprised of Nexera X2 UHPLC systems (Shimadzu 
Corp., Marlborough, Massachusetts) coupled to Q Exactive 
or Exactive Plus Orbitrap mass spectrometers (Thermo Fisher 
Scientific, Waltham, Massachusetts) were used to obtain high- 
resolution mass profiling data. Raw LC–MS data were processed 
using TraceFinder software (V.3.3, Thermo Fisher Scien-
tific, Waltham, Massachusetts) and Progenesis QI (Nonlinear 
Dynamics, Newcastle upon Tyne, UK) for feature detection and 
signal integration. With the exception of sterols, metabolites 
were identified by matching to authentic reference standards 
and samples. Sterols were putatively identified by matching 
measured masses using METLIN.16

For quality control (QC), a total of 59 serum samples obtained 
from 10 RA cases and 20 controls were interspersed randomly 
among study samples to assess temporal drift in instrument 
response and batch effects on the metabolomics platforms. 
Metabolites with mean coefficient of variation >25%, an intra-
class correlation of <40%, poor reproducibility after delays in 
processing or low within person stability were excluded.10 In 
metabolites with missingness in ≤25% of the subjects, missing 
values were imputed with half of the minimum value observed 
per metabolite to avoid excluding metabolites with true missing-
ness patterns (eg, xenobiotics). Subjects with  ≥ 10% missingness
in metabolites were excluded. Metabolite levels were log- 
transformed and Pareto- scaled within cohort and then pooled. A 
total of 380 named metabolites were included in these analyses.

http://ard.bmj.com/
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Statistical analyses
We conducted a longitudinal metabolome- wide association study 
to identify metabolites with trajectories that differed between RA 
cases and controls. Matched controls were assigned index dates 
corresponding to the RA diagnosis dates of their matched cases. 
For each metabolite, longitudinal changes in relative metab-
olite Z- scores were analysed using linear mixed effect models 
(LMEM) with primary effect variables for time, RA status and 
the interaction between time and RA status, while specifying 
subject and match- pair random intercept effects. As our objective 
was to identify differences in metabolite trajectories over time 
by pre- RA case–control status, the interaction between time and 
RA status was specified to capture the extent to which the rate 
of change in metabolite levels over time varied by case–control 
status. Each unit difference in metabolite concentration reflects 
one SD in the population. Each model produced three sets of 
β estimates: the first compared metabolite levels in controls at 
the first versus second timepoint, the second compared metab-
olite levels in pre- RA cases versus controls at baseline and the 
third compared the change over time in metabolite level between 
the first and second timepoint in pre- RA cases versus controls. 
The interaction term βs can be interpreted as the change in the 
standardised level of metabolite per year among pre- RA cases 
compared with controls.

In secondary analyses, we repeated analyses (1) adjusting each 
linear regression model for smoking pack- years and (2) including 
only the pre- RA cases who later developed seropositive RA and 
their controls. All statistical analyses were conducted in R. 
LMEM were obtained by using the ‘lme4’ package, and p values 
were calculated using the Satterthwaite approximation available 
in the ‘lmerTest’ package. We applied a local false discovery rate 
(FDR) correction to p values obtained from the interaction terms 
in each model.17 To filter the metabolites with highest evidence 
to suggest altered trajectories over time by RA diagnosis group, 
signals were filtered at p<0.005 and FDR q<0.05. Lastly, we 
investigated steroid hormone metabolite results in sex- stratified 
analyses.

RESULTS
A total of 1142 serum samples contributed by 291 pre- RA 
cases and 292 matched controls passed QC processing and 
were included in analyses. Each RA case (80.8% seroposi-
tive, 51.9% women) had two blood samples selected during 
the pre- RA phase (first mean of 2.7±1.6 years; second mean 
of 1.0±0.9 years before clinical RA onset). Matched case–
control sets were 52% women; mean age was 31.2 years at 
first blood draw, 33.9 years at second blood draw and 35.3 
years at RA diagnosis (among cases) (table 1). Smoking history 
was more common in pre- RA cases than controls (31.3% vs 
25.3%). Being overweight (48.5% vs 26.0%) or obese (17.9% 
vs 8.9%) were more common in pre- RA cases than controls, 
although there was a high proportion of missing BMI among 
controls. Among pre- RA cases, 58.1% were seropositive at 
earliest blood draw, 72.5% at second pre- RA blood draw and 
80.8% were later diagnosed with seropositive RA (analysed as 
seropositive RA). The earlier of the two pre- RA samples were 
collected up to 12.1 years prior to RA. From the first blood 
collection, 26.4% did not progress to RA within 3 years; of 
these, 33 (44%) were seropositive.

Significant differences in the β estimates in the comparison 
of all pre- RA case versus all matched control samples were seen 
for several metabolites, indicating lower concentrations in the 
pre- RA cases for steroid hormones, lipids and some xenobiotics 

(table 2). We identified 14 metabolites with evidence of altered 
trajectories over time in pre- RA cases versus controls (p<0.005 
and FDR q<0.05 in the time×pre- RA case/control status inter-
action). These fell into four main super class categories: steroids, 
lipids, amino acids and xenobiotics. Negative interaction effects 
(βintx<0), indicating a more rapid decline in the metabolite over 
time in the pre- RA cases compared with controls, were seen 
for several steroids, lipids and some xenobiotics. A positive 
βintx, indicating a significant increase over time in the pre- RA 
cases compared with controls, was observed for amino acids 
and naproxen. Of note, while not reaching the level of signifi-
cance, positive βintx were found for other xenobiotics, including 
acetaminophen (β=0.072, p=0.016, q=0.146), acetamino-
phen glucuronide (β=0.065, p=0.031, q=0.186), ibuprofen 
(β=0.052, p=0.056, q=0.214) and omeprazole (β=0.00.064, 
p=0.018, q=0.154).

Table 1 Characteristics of the pre rheumatoid arthritis (RA) cases 
and controls in the Department of Defense Serum Biorepository study 
sample

Characteristics
Cases
(N=291)

Controls
(N=292)

All
(N=583)

Age

 First blood draw, mean (SD) 32.6 (8.1) 29.7 (7.9) 31.2 (8.1)

 Second blood draw, mean (SD) 34.3 (8.3) 33.5 (7.5) 33.9 (7.9)

Men, N (%) 140 (48.1) 140 (47.9) 280 (48)

Race, N (%)

 White 155 (53.3) 153 (52.4) 308 (52.8)

 Black 76 (26.1) 80 (27.4) 156 (26.8)

 Other 60 (20.6) 59 (20.2) 119 (20.4)

Smoking status, N (%)

 Ever 91 (31.3) 74 (25.3) 165 (28.3)

 Never 191 (65.6) 168 (57.5) 359 (61.6)

 Missing 9 (3.1) 50 (17.1) 59 (10.1)

BMI category, N (%)

 Underweight 0 (0) 1 (0.3) 1 (0.2)

 Normal 93 (32) 45 (15.4) 138 (23.7)

 Overweight 141 (48.5) 76 (26.0) 217 (37.2)

 Obese 52 (17.9) 26 (8.9) 78 (13.4)

 Missing 5 (1.72) 144 (49.3) 149 (25.6)

RA features

Age at diagnosis, mean (SD) 35.3 (8.21)

Seropositive status, N (%)

 At first blood draw

   Seropositive 165 (58.1)

   Seronegative 82 (28.9)

   Missing 37 (13.0)

 At second blood draw

   Seropositive 208 (72.5)

   Seronegative 52 (18.1)

   Missing 27 (9.41)

 Ever*

   Seropositive 235 (80.8)

   Seronegative 56 (19.2)

Years to RA diagnosis, mean (SD)

 From first blood draw 2.7 (1.6)

 From second blood draw 1.0 (0.9)

*Seropositivity in subsequent analyses based on ever anti- cyclic citrullinated 
peptide (CCP) or rheumatoid factor (RF) seropositive in medical records or anti- CCP 
or RF testing on stored samples.
BMI, body mass index; CCP, cyclic citrullinated peptide.
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After adjustment for smoking, fewer significant metabo-
lites were identified and no new metabolites were identified at 
p<0.05 and FDR q<0.05 significance, several were now just 
greater than this threshold, however, including two lipid metabo-
lites and theophylline (table 3). For the subgroup of pre seropos-
itive RA cases (n=229) versus matched controls over time, after 
adjustment for smoking, changes in the three steroid hormone 
metabolites remained significantly associated with pre- RA case 
status and no new metabolites were identified at our a priori 
significance threshold (table 4). Sex- stratified analyses revealed 

decreasing trajectories over time pre RA for the three signifi-
cant steroid metabolites in both sexes and a strong decrease in 
androsterone among men (table 5).

DISCUSSION
Small molecule products or intermediates of metabolism are 
potential markers for RA development. In this case–control 
study nested within the DoDSR, we identified metabolites 
whose concentrations changed significantly during the pre- RA 

Table 2 Changes in relative metabolites per year in 292 pre rheumatoid arthritis (RA) cases and 291 controls for metabolites with differential 
trajectories over time (at p<0.005 and FDR q<0.05)

Time
Group
Pre- RA cases versus controls

Interaction
Time×pre- RA status

Super class Subpathway Name HMDB ID βT P value βG P value βIntx P value q

Steroids Androsterone glucuronides Androsterone glucuronide* HMDB0002829 0.017 0.046 −0.359 1.7E−07 −0.074 4.9E−06 1.39E−03

Pregnenolone steroids 17- Hydroxypregnenolone 
sulfate*

HMDB0000416 −0.046 1.48E−04 −0.398 2.0E−07 −0.086 3.8E−04 0.020

Pregnenolone sulfate HMDB0000774 0.001 0.939 −0.390 1.1E−07 −0.064 0.001 0.037

Lipids Long chain fatty acids Hydroxymyristate HMDB0002261 −0.016 0.239 −0.349 1.2E−05 −0.089 0.001 0.017

Fatty acid metabolism (acyl 
carnitine)

C2 carnitine HMDB0000201 0.178 6.27E−43 −0.127 0.067 −0.075 0.002 0.045

C9 carnitine HMDB0013288 0.009 0.460 −0.275 0.000 −0.077 0.002 0.039

Glycerophospholipids C40:7 
phosphatidylethanolamine 
plasmalogen

HMDB0011394 0.096 2.00E−14 −0.371 0.000 −0.075 0.003 0.049

Amino acids Leucine, isoleucine and 
valine metabolism

N- acetylleucine HMDB0011756 −0.043 0.002 0.251 0.003 0.115 0.000 0.004

Tyrosine metabolism Tyramine HMDB0000306 −0.036 0.001 0.865 0.000 0.082 0.000 0.016

Xenobiotics Food/plant components Levulinate HMDB0000720 0.139 6.14E−23 −0.489 8.5E−10 −0.118 1.7E−05 0.002

Caffeine/xanthine 
metabolites

1,7- Dimethyluric acid HMDB0011103 0.044 0.001 −0.181 0.022 −0.091 0.001 0.028

Theophylline HMDB0001889 0.033 0.010 −0.163 0.047 −0.083 0.002 0.040

Caffeine HMDB0001847 0.046 3.82E−04 −0.184 0.023 −0.084 0.001 0.037

Drugs Naproxen HMDB0001923 0.022 0.145 0.390 1.6E−06 0.096 0.001 0.038

βT: change in relative metabolite concentration per year in controls; βG: difference in relative metabolite concentration in pre- RA cases versus controls; βIntx: change in βT per year given pre- RA case status, that is, 
difference in rate of change in relative metabolite concentrations per year in pre- RA cases versus controls.
Models adjusted for age at blood draw, race and sex and included subject and match- pair specific random effects.
*Preliminary IDs assigned to these metabolites.
C, carbon; HMBD, human metabolome database; q, false discovery rate adjusted q- statistic for likelihood ratio test of the time×group effect.

Table 3 Changes in metabolites per year in 282 pre rheumatoid arthritis (RA) cases versus 242 controls for metabolites with differential 
trajectories, adjusted for smoking

Time
Pre- RA cases versus 
controls Time×pre- RA status

Super class Subpathway Name HMDB βT P value βG P value βIntx P value q

Steroids Androsterone glucuronides Androsterone glucuronide† HMDB0002829 0.018 0.037 −0.372 3.06E−07 −0.071 2.60E−05 0.005*

Pregnenolone steroids 17- Hydroxypregnenolone sulfate† HMDB0000416 −0.040 0.002 −0.411 4.57E−07 −0.090 2.85E−04 0.015*

Pregnenolone sulfate HMDB0000774 0.004 0.716 −0.410 1.51E−07 −0.069 8.40E−04 0.032*

Lipids Long chain fatty acids Hydroxymyristate HMDB0002261 −0.020 0.144 −0.321 1.16E−04 −0.088 1.25E−03 0.040*

Fatty acid metabolism (acyl 
carnitine)

C2 carnitine HMDB0000201 0.173 8.08E−38 −0.170 0.017 −0.071 0.004 0.075

C9 carnitine HMDB0013288 0.008 0.524 −0.263 0.001 −0.075 0.003 0.062

Glycerophospholipids C40:7 phosphatidylethanolamine 
plasmalogen

HMDB0011394 0.092 5.27E−12 −0.394 8.71E−07 −0.067 0.009 0.102

Amino acid Leucine,isoleucine and 
valine metabolism

N- acetylleucine HMDB0011756 −0.042 0.003 0.250 5.13E−03 0.113 7.67E−05 0.007*

Tyrosine metabolism Tyramine HMDB0000306 −0.040 0.001 0.888 4.88E−25 0.083 2.67E−04 0.014*

Xenobiotics Food/plant components Levulinate HMDB0000720 0.136 3.66E−20 −0.524 2.40E−10 −0.117 3.48E−05 0.005*

Caffeine/xanthine 
metabolism

1,7- Dimethyluric acid HMDB0011103 0.045 0.001 −0.148 0.074 −0.090 0.001 0.037*

Theophylline HMDB0001889 0.033 0.016 −0.116 0.180 −0.079 0.003 0.072

Caffeine HMDB0001847 0.045 0.001 −0.154 0.069 −0.085 0.002 0.046*

Drugs Naproxen HMDB0001923 0.016 0.315 0.385 7.62E−06 0.100 0.002 0.044*

βT: change in relative metabolite concentration per year in controls; βG: difference in relative metabolite concentration in pre- RA cases versus controls; βIntx: change in βT per year given pre- RA case status, that is, 
difference in rate of change in relative metabolite concentrations per year in pre- RA cases versus controls.
Models adjusted for age at blood draw, race and sex and included subject and match- pair specific random effects.
*p<0.05 and FDR q<0.05 after adjustment for smoking.
†Preliminary IDs assigned to these metabolites.
C, carbon; HMDB, human metabolome database; q, false discovery rate adjusted q- statistic for likelihood ratio test of the time×group effect.
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phase and included steroids, lipids, amino acids and xenobiotics 
(table 6).

Several steroid metabolites concentrations were lower in 
pre- RA cases than controls and, furthermore, their decline over 
time was significantly faster in the pre- RA cases than controls. 
These included androsterone glucuronide (the major circulating 
human androgen), 17- hydroxypregnenolone sulfate and preg-
nenolone sulfate. Androgen deficiencies have been identified in 
RA and reduced androgens have been found to precede RA in both 
sexes in another prior RA metabolomics study.18–20 Androgens 
may inhibit Th1 responses, induce regulatory B cells, suppress 
Th17 differentiation and inhibit interleukin (IL)-1β, IL-6 and 
tumour necrosis factor production.21–23 Androgen may be 
converted to oestrogen in inflammatory cells.24 Systemic inflam-
mation also suppresses the hypothalamic–pituitary–adrenal axis 

and pregnenolone formation, the rate- limiting step of adrenal 
steroidogenesis.25 26 Total and free testosterone and dehydroe-
piandrosterone sulfate levels were not lower pre RA compared 
with controls among women in a past NHS, and current analyses 
revealed the decrease in androsterone gluconuride pre RA was 
particularly strong among men.27 Several metabolites involved 
in fatty acid metabolism significantly decreased in pre- RA cases 
versus controls. Our work and those of others have implicated 
acylcarnitines as inversely associated with RA risk.12 28 Acylcar-
nitines transport acyls into the mitochondrial matrix for β- oxi-
dation; oxidative stress can cause deficiency.29 Patients with RA 
have been observed to have low circulating acylcarnitine levels, 
possibly secondary to enhanced cellular oxidation.30 Other lipid 
metabolites, including C40:7 phosphatidylethanolamine plas-
malogen and hydroxymyristate, also decreased significantly over 

Table 4 Changes in metabolites per year in 229 pre seropositive rheumatoid arthritis (RA) cases and 193 controls for metabolites with differential 
trajectories over time, adjusted for smoking

Time
Pre- RA cases versus 
controls Time×pre- RA status

Super class Subpathway Name HMDB βT P value βG P value βIntx P value q

Steroids Androsterone 
glucuronides

Androsterone glucuronide† HMDB0002829 0.025 0.015 −0.411 1.12E−06 −0.095 3.44E−06 0.001*

Pregnenolone steroids 17- Hydroxypregnenolone 
sulfate†

HMDB0000416 −0.032 0.029 −0.442 3.60E−06 −0.112 1.91E−04 0.025*

Pregnenolone sulfate HMDB0000774 0.014 0.264 −0.422 3.07E−06 −0.089 4.46E−04 0.039*

Lipids Long chain fatty acids Hydroxymyristate HMDB0002261 −0.021 0.192 −0.272 0.003 −0.075 0.018 0.117

Fatty acid metabolism 
(acyl carnitine)

C2 carnitine HMDB0000201 0.171 4.03E−33 −0.185 0.014 −0.067 0.012 0.105

C9 carnitine HMDB0013288 0.014 0.321 −0.267 0.003 −0.079 0.005 0.074

Glycerophospholipids C40:7 
phosphatidylethanolamine 
plasmalogen

HMDB0011394 0.104 2.78E−11 −0.415 7.20E−06 −0.056 0.066 0.242

Amino acids Leucine, isoleucine and 
valine metabolism

N- acetylleucine HMDB0011756 −0.037 0.026 0.231 0.020 0.101 0.002 0.066

Tyrosine metabolism Tyramine HMDB0000306 −0.044 0.001 0.901 3.39E−20 0.080 0.003 0.070

Xenobiotics Food/plant components Levulinate HMDB0000720 0.147 9.40E−18 −0.507 6.10E−08 −0.103 0.002 0.063

Caffeine/xanthine 
metabolites

1,7- Dimethyluric acid HMDB0011103 0.058 2.55E−04 −0.238 0.001 −0.101 0.002 0.061

Theophylline HMDB0001889 0.051 0.001 −0.243 0.001 −0.104 9.48E−04 0.053

Caffeine HMDB0001847 0.058 2.37E−04 −0.200 0.037 −0.081 0.010 0.100

Drugs Naproxen HMDB0001923 0.017 0.360 0.384 1.15E−04 0.112 0.003 0.068

βT: change in relative metabolite concentration per year in controls; βG: difference in relative metabolite concentration in pre- RA cases versus controls; βIntx: change in βT per year given pre- RA case 
status, that is, difference in rate of change in relative metabolite concentrations per year in pre- RA cases versus controls.
Models adjusted for age at blood draw, race and sex and included subject and match- pair specific random effects.
*p<0.05 and FDR q<0.05 after adjustment for smoking.
†Preliminary IDs assigned to these metabolites.
C, carbon; HMDB, human metabolome database; q, false discovery rate adjusted q- statistic for likelihood ratio test of the time×group effect.

Table 5 Changes in relative steroid metabolites per year in 292 pre rheumatoid arthritis (RA) cases and 291 controls for metabolites with 
differential trajectories over time—stratified by subject sex

Time
Group pre- RA
cases versus controls

Interaction
Time×pre- RA status

Subpathway Name HMDB ID Sex βT P value βG P value βIntx P value

Androsterone 
glucuronides

Androsterone glucuronide* HMDB0002829 Men 0.018 0.119 −0.143 0.075 −0.069 3.49E−04

Women 0.018 0.124 −0.535 5.70E−07 −0.084 0.001

Pregnenolone 
steroids

17- Hydroxy- pregnenolone sulfate* HMDB0000416 Men −0.047 0.017 −0.308 0.002 −0.056 0.087

Women −0.049 0.002 −0.447 8.15E−05 −0.119 0.001

Pregnenolone sulfate HMDB0000774 Men 0.000 0.990 −0.364 1.27E−04 −0.064 0.010

Women 0.002 0.867 −0.391 3.37E−04 −0.071 0.030

βT: change in relative metabolite concentration per year in controls; βG: difference in relative metabolite concentration in pre- RA cases versus controls; βIntx: change in βT per year 
given pre- RA case status, that is, difference in rate of change in relative metabolite concentrations per year in pre- RA cases versus controls.
Models adjusted for age at blood draw, race and included subject and match- pair specific random effects.
*Preliminary IDs assigned to these metabolites.
HMDB, human metabolome database.
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time in pre- RA cases. Plasmalogens, cellular membrane compo-
nents, may protect other phospholipids from oxidative stress.31 
In a past study, the plasmalogen proportion of synovial fluid 
phospholipids in patients with RA was lower than in controls.32 
Hydroxymyristate, a fatty acid derivative, also fell preceding RA, 
also suggesting defects in energy utilisation.

Elevations in two amino acids were associated with developing 
RA. Tyramine, an amino acid, is a catecholamine- releasing agent 
found in animals and plants. It is metabolised by monoamine 
oxidases in humans.33 Polyamine catabolism has been reported 
to be elevated in RA synovial fibroblasts.34 Our previous study 
of female NHS participants also pointed to polyamine metabo-
lism, involved in ageing and oxidative stress.12 N- acetylleucine, 
a modified amino acid used for vertigo and cerebellar ataxia, is 
thought to play a role in the mammalian target of rapamycin 
signalling pathway, a critical regulator of T- cell proliferation, 
differentiation and function.35

Five xenobiotics displayed significant changes during 
pre- RA phase versus controls. Naproxen, a non- steroidal anti- 
inflammatory drug (NSAID) often taken for joint pain and 
swelling, increased significantly among pre- RA subjects compared 
with controls, an expected proof of concept for our analysis; 
ibuprofen, acetaminophen and omeprazole, also likely taken for 
early RA symptoms, were also near the significance threshold. 
Three metabolites (caffeine, theophylline, 1,7- dimethyluric 
acid) involved in xanthine metabolism declined significantly 
compared with controls. Individuals developing RA may reduce 
caffeine intake, although a past study in NHS did not find a rela-
tionship between caffeine intake and RA risk.36 These analyses 
cannot separate the effects of intake from those of catabolism, 
and, alternatively, caffeine and related xanthine metabolites may 
be consumed by systemic inflammation. Caffeine is known to 
downregulate (signal transducer and activator of transcription-1)
STAT-1 signalling with potential anti- inflammatory effects in 
RA.37 Theophylline also has anti- inflammatory properties in rats 
and systemic inflammation may reduce its concentration.38

The fifth significant xenobiotic, levulinate, was lower in 
pre- RA cases than controls and declined significantly among 
pre- RA cases even after adjustment for smoking. Levulinate is 
found in consumer cosmetic products, herbicides, pharmaceu-
ticals and cigarettes to increase nicotine delivery and binding to 
neural receptors. In animal models, it is catabolised via β- oxida-
tion to acetyl- CoenzymeA, formate and lactate.39 Subjects may 
have decreased smoking as RA symptoms developed or lower 
circulating levulinate may reflect impairments in β-oxidation for 
energy production.

Although the largest of its kind, sample sizes were limited for 
subgroup analyses. This RA population differs from the older 
women in NHS. Men represent approximately 25% of RA cases 
in the general population. Nonetheless, as a follow- up to earlier 
NHS studies, we observed similar but stronger patterns of metab-
olite changes. Smoking data were not available for all subjects. 
BMI was missing for more controls than cases, likely due to 
less healthcare system contact. (We attempted to adjust for and 
stratify by BMI, but due to high missingness, these models did 
not converge.) Both smoking and obesity have known influences 
on metabolism and are strongly related to RA risk.40–43 While the 
current study did not point to metabolic pathways connecting 
these risk factors to RA, future studies should assess their effects 
on RA- related metabolites. Other potential confounders such as 
diet, alcohol and physical activity were not available. It is not 
known how NSAID intake may have affected other metabolite 
concentrations and not all sterol metabolite identities have been 
fully confirmed. Not all metabolites in each implicated pathway 
changed significantly over time. Metabolic pathways are 
complex; some metabolites may increase as others are consumed 
or feedback loops may lead to suppression when downstream 
metabolites are overproduced. Measures of systemic inflamma-
tion (eg, C reactive protein) were not available and relationships 
between metabolites and specific inflammatory pathways should 
be addressed in future studies. Finally, assumptions in statistical 
modelling may have resulted in identifying falsely significant or 
missing significant metabolites.

Few past studies have used metabolomics to investigate RA 
pathogenesis. The current study is large and unique as samples 
were from defined timepoints prior to RA, allowing for discovery 
of metabolic perturbations not due to treatment that may drive 
pathogenesis. We matched cases and controls, accounted for 
multiple comparisons and adjusted for smoking, a strong RA 
risk factor and potential confounder, and analysed seropositive 
RA and steroid hormones by sex. Moreover, metabolite change 
trajectories over time pre- RA onset adds important biologic and 
mechanistic information that a single point in time analysis does 
not. Several metabolites and pathways identified were previously 
implicated in RA pathogenesis or identified in studies in other 
populations.12 20 28

Differences in trajectories of several metabolites were iden-
tified among patients with RA versus controls. Implicated 
biochemical pathways included sex steroid, lipid, amino acid 
and xanthine metabolism. Increasing concentrations of NSAIDs 
in the time period prior to RA in cases versus controls provided 
proof of concept. We identified metabolic perturbations before 

Table 6 Major metabolites implicated in the Department of Defense Serum Biorepository study of 291 pre- RA cases and 292 matched controls, 
each with banked samples at two points in time prior to RA diagnosis (or matched index date)

Pathway Metabolites
Pre- RA cases versus 
controls Direction of trajectory Potential role in RA pathogenesis Refs.

Steroid biosynthesis Androsterone glucuronide, 
17- hydroxypregnenolone sulfate isomer, 
pregnenolone sulfate

Lower Decreasing Androgen to oestrogen conversion in 
inflammatory cells; systemic inflammation 
suppressing HPA axis and pregnenolone 
formation

18–24 26

Acyl carnitines and related 
lipid metabolites

Hydroxymyristate, C2 carnitine, C9 
carnitine, C40:7 PE plasmalogen

Lower Decreasing Enhanced cellular oxidation, oxidative 
stress

12 28–32

Amino acid metabolites N- acetyl leucine, tyramine Higher Increasing Amine acid and polyamine catabolism 
abnormal in RA

12 34 35

Food/plant components and 
xenobiotics

Levulinate, caffeine/xanthine 
metabolites (1,7- dimethyluric acid, 
caffeine, theophylline), naproxen

Levulinate, caffeine and 
xanthine metabolites: lower; 
naproxen: higher

Levulinate and caffeine/
xanthine metabolites: 
decreasing;
naproxen: increasing

Levulinate and caffeine/xanthine: either 
decreased intake or increased catabolism 
Naproxen: taken for pre- RA symptoms

36–39

HPA, hypothalamic pituitary axis; RA, rheumatoid arthritis.
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RA diagnosis that could lead to insights into disease pathogen-
esis and be developed as biomarkers to predict disease or ther-
apeutic targets. Further studies are needed to perform absolute 
quantifications and to assess whether these metabolites could be 
biomarkers of RA risk.
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ABSTRACT
Objective To unravel the dynamical trajectory 
and features of glucocorticoids (GC) tapering and 
discontinuation in patients with rheumatoid arthritis 
(RA) commencing GC with concomitant conventional 
synthetic disease- modifying antirheumatic drugs 
(csDMARDs).
Methods We used data from longitudinal real- world 
Treat- to- TARget in RA cohort. Patients with RA who 
started GC and contaminant csDMARDs therapy were 
included. The changes in GC dose and disease activity 
were evaluated. GC discontinuation rate was analysed 
using Kaplan- Meier analysis. The relapse profile within 
6 months after GC discontinuation was also analysed.
Results A total of 207 patients with RA were 
included. During a median follow- up of 38.6 
months, 124 patients discontinued GC. The median 
prednisolone dose of 10 (5–10) mg/day at initiation 
was reduced by 50% in the first 6 months and 
then more slowly, to zero by 48 months eventually. 
The cumulative probabilities of GC discontinuation 
were 9.7%, 26.6%, 48.0% and 58.6% at month 6, 
years 1, 2 and 3, with calculated median time to GC 
cessation of 27 months. In 110 DMARD- naïve patients, 
the corresponding cumulative probabilities of GC 
discontinuation were, respectively, 12.7%, 30.0%, 
50.9% and 60.6%, with calculated median time 
to GC cessation of 24 months. Of the 124 patients 
who discontinued GC, adding other csDMARDs or 
concomitant csDMARDs increment was documented 
in 28.2% of them. Approximately half of 124 patients 
were in clinical remission at GC discontinuation. Within 
6 months after GC withdrawal, 79.1% (91/115) of 
patients maintained relapse free.
Conclusions In patients with RA commencing 
GC besides csDMARDs, GC is feasibly discontinued 
with favourable control of disease activity in real- 
life setting, mostly without short- term flare. But the 
withdrawal time is far from reaching the recommended 
time frame, indicating the gap between real- world 
practice and current guidelines.

INTRODUCTION
Glucocorticoids (GC) are effective in treating 
rheumatoid arthritis (RA), and currently still 
plays a crucial role in the management of RA. Its 

disease- modifying potentials to improve clinical, 
functional and structural outcomes when combined 
with conventional synthetic disease- modifying 
anti- rheumatic drugs (csDMARDs) have been well 

Key messages

What is already known about this subject?
 ► Glucocorticoids (GC) are currently 
recommended as bridging therapy in 
combination with conventional synthetic 
disease- modifying antirheumatic drugs 
(csDMARDs) in patients with rheumatoid 
arthritis (RA), but should be tapered as rapidly 
as clinically feasible for safety concerns about 
its long- term use.

 ► The clinical dynamical trajectory and 
characteristics of GC cessation when initiating 
GC with csDMARDs therapy remains completely 
unknown, especially in real- life setting.

What does this study add?
 ► In patients with RA initiating GC and 
concomitant csDMARDs, the median 
prednisolone dose was reduced by 50% in the 
first 6 months, and then more slowly, to zero by 
48 months eventually. Cumulative probabilities 
of GC discontinuation were 26.6%, 48.0% 
and 58.6% at year 1, year 2, and year 3, with 
calculated median time to GC cessation of 27 
months.

 ► Approximately half of patients achieved clinical 
remission at GC discontinuation, and more than 
two- thirds of them maintained flare free within 
6 months after GC cessation.

How might this impact on clinical practice or 
future developments?

 ► In general, tapering/stopping GC in patients 
with RA with concomitant csDMARDs is 
feasible, when disease activity is favourable. But 
the withdrawal time is far from reaching the 
recommended time frame, indicating the gap 
between clinical practice and current guidelines.

 ► Adding a targeted DMARDs seems to be 
required in most patients to facilitate GC 
discontinuation within the time frame of about 
3 months in accordance with current guidelines.
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documented in controlled studies.1–5 GC can not only significantly 
reduce the inflammation, but also rapidly relieve the articular 
symptoms in contrast to csDMARDs.4–6 In the recommendations 
by the European League Against Rheumatism (EULAR) for the 
management of RA, short- term GC should be considered as a 
therapy bridging csDMARDs to exhibit efficacy.2 7 Similarly, 
short- term GC was recommended in 2015 American College of 
Rheumatology (ACR) guidelines for both patients with early and 
established RA with moderate or high disease activity despite of 
using csDMARDs or biological DMARDs (bDMARDs).8

In general, GC use in RA is still strongly debated, mostly 
focusing on the length and dose. In recent years, the safety 
concerns of its long- term use, even at low dose, have been 
increasing, such as infection, diabetes mellitus, atherosclerosis 
and osteoporosis.9–13 In daily practice, patients with RA and 
rheumatologists also concerned of the safety of GC therapy.6 
Currently, the 2019 EULAR guidelines underline that GC 
should be tapered as rapidly as clinically feasible, and ultimately 
stopped, ideally within 3 months.2 Nevertheless, there is little 
evidence to guide clinicians to taper GC, leading to widely vari-
able practice patterns.14 15 Currently, long- term use of GC is 
common, although GC tapering and discontinuation are explic-
itly supported by RA management guidelines. For example, in 
a French prospective cohort of 397 patients who received GC, 
55% were exposed to GC for over 2 years and 11.8% patients 
for up to 9 years.10 To date, the clinical trajectory and char-
acteristics of GC cessation in patients with RA with GC plus 
csDMARDs therapy remains completely unknown, especially 
in real- life setting. To fill the gap, we performed the present 
study to unravel the profiles of dynamic changes of GC dose and 
feasibility of GC withdrawal in the context of combination with 
csDMARDs in real- world practice.

MATERIALS AND METHODS
Study design and participants
The Treat- to- TARget in RA (TARRA) cohort is a longitudinal 
observational cohort that includes patients with RA of Peking 
University First Hospital. The cohort, first established over a 
decade ago, has been described in greater detail in our previous 
researches.16–21 Briefly, demographics, symptom duration, RA 
core set variables, laboratory findings and treatment details were 
documented at the initial visit in the database. After that, all 
patients are prospectively followed up and documented at least 
3 monthly for those in moderate/high diseases activity and every 
3–12 months (usually 3–6 months) for those in remission/low 
disease activity (LDA). Additional follow- up is scheduled besides 
those at regular intervals if clinically necessary. The treatment 
decisions at each visit are made at discretion of treating rheu-
matologists based on disease activity heading for remission. The 
participants provided their informed consent to participate in 
this study.

All patients in the TARRA cohort fulfilled the 1987 ACR clas-
sification criteria22 or 2010 ACR/EULAR classification criteria 
for RA.23 The inclusion criteria were as follows: (1) visited the 
outpatient clinic between January 2009 and December 2019; (2) 
started GC and concomitant csDMARDs therapy at the initial 
visit; (3) had over 1- year follow- up with at least three visits. The 
exclusion criteria were as follows: (1) GC was used for comor-
bidities other than RA; (2) presenting another disease (eg, poly-
myalgia rheumatica, systemic lupus erythematosus) or certain 
condition (eg, pregnancy, lactation) that might influence GC 
tarping; (3) concomitant use of a bDMARD or targeted synthetic 
DMARDs (tsDMARD) at the initiation of GC and csDMARDs; 

(4) GC initiation in other centres without sufficient previous 
clinical data.

Clinical assessments and data collection
The data of each eligible participant were collected from the 
timepoint of commencing GC treatment to December 2020. The 
collected data included (1) demographics: sex, age; (2) clinical 
features of RA: disease duration, titres of rheumatoid factor and 
anticyclic citrullinated peptides, tender joint counts and swollen 
joint counts, erythrocyte sedimentation rate (ESR), C reactive 
protein (CRP), patient’s global assessment (PGA), and evalua-
tor’s global assessment (EGA); (3) treatment details at each visit 
(GC; methotrexate (MTX); leflunomide (LEF); hydroxychloro-
quine (HCQ); sulfasalazine (SSZ); tripterygium wilfordii Hook 
F (TII)); non- steroidal anti- inflammatory drugs (NSAIDs)).

In this study, a patient who never received DMARDs or was 
on DMARDs treatment for less than 3 months at the initiation of 
GC was defined as a DMARD- naive patient. The level of disease 
activity at each visit was measured by disease activity score 
based on 28- joint count and ESR (DAS28- ESR),24 simplified 
disease activity index (SDAI),25 and clinical disease activity index 
(CDAI).26 When analysing disease activity at the point of GC 
discontinuation, the data retroactively closest to the discontinu-
ation day were used. The formula for calculating the composite 
disease activity scores with corresponding definitions of remis-
sion are as below:
1. DAS28-ESR=(0.56√[TJC28]+0.28√[SJC28]+ln[ESR]
+0.014×PGA)<2.6

2. SDAI=(TJC28+SJC28+CRP+PGA+EGA)≤3.3
3. CDAI=(TJC28+SJC28+PGA+EGA)≤2.8

Discontinuation of GC
The prescribed GC dosage was checked at each visit and 
converted to prednisolone (PSL) equivalent dose. The decision 
of tapering or discontinuing GC was made by treating rheuma-
tologists. Discontinuation of GC in a patient at discretion of 
treating physician during follow- up was regarded as GC discon-
tinuation. Adding of any b/tsDMARD for the purpose of facili-
tating GC tapering during follow- up was regarded as failure of 
GC discontinuation in the context of csDMARDs, and the data 
before b/tsDMARD initiation were analysed.

In this study, a patient who discontinued GC however with 
concomitant csDMARDs increment or new csDMARDs added 
after 3 months of GC initiation was defined as GC discon-
tinuation with csDMARDs added or csDMARDs increment. 
csDMARD combination was defined as taking more than one 
of MTX, LEF, HCQ, SSZ or TII. The relapse profile within 6 
months after GC withdrawal was also assessed. A patient was 
defined as flare in this study if one of the following criteria was 
satisfied within 6 months after GC withdrawal: (1) increase of 
DAS28 beyond 0.6027; (2) GC reinitiation; (3) adding or incre-
ment of any csDMARDs, b/tsDMARD; (4) rheumatologist’s 
judgement.

Statistical analysis
Patient characteristics were presented as mean (SD) or median 
and IQR depending on the level of resemblance to the normal 
distribution. Absolute and relative frequencies were reported for 
categorical variables. Remission rates were measured by afore-
mentioned definitions, reported as percentages with 95% CIs. 
The trends of PSL dose, disease activity and remission rate during 
the study period were analysed using generalised estimating 
equations with an unstructured working correlation matrix and 
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a robust estimation for the covariance matrix. The comparisons 
of clinical characteristics and treatment profiles for the patients 
who discontinued GC at the points of GC initiation and discon-
tinuation were performed by the non- parametric Wilcoxon 
signed rank sum test for paired skewed continuous variables and 
the McNemar χ2 test for paired categorical data. Comparisons 
between DMARD- naïve and DMARD- experienced patients 
were analysed by Student’s t- tests for normally distributed 
continuous variables, Mann- Whitney U tests for skewed contin-
uous variables, and χ2 tests for categorical variables. The cumu-
lative probability of GC discontinuation and median time to GC 
discontinuation was calculated by the Kaplan- Meier method. All 
the analyses were done by SPSS V.20.0. Microsoft Excel 2010, 
GraphPad Prism V.8.0 and R software were used to produce the 
graphs. The level of significance was set at a two- sided p value 
less than 0.05.

RESULTS
Patient characteristics at the initiation of GC
The enrolment flow chart is shown in online supplemental figure 
S1. In total, 207 consecutive patients contributing 2409 clinic 
visits were included with a low risk of selection bias (online 
supplemental table S1 and S2). The baseline characteristics of 
the 207 patients are presented in table 1. At the start of GC, 

the mean age (SD) of study participants was 55.9 (14.5) years 
with median (IQR) disease duration of 24 (8.5–96.0) months. 
Most patients were female and serological positive. Over half 
of participants (110/207) were DMARD naïve. At the initiation 
of GC, the majority of patients had moderate- to- high disease 
activity. The median (IQR) follow- up duration was 38.6 (20.7–
60.3) months.

Therapeutically, the top three initiating PSL daily doses were 
10 mg (100 patients), 5 mg (51 patients) and 15 mg (14 patients), 
with the median (IQR) dose of 10.0 (5.0–10.0) mg. MTX 
(75.4%), HCQ (55.6%) and LEF (53.1%) were most frequently 
prescribed concomitant csDMARDs. At baseline, csDMARD 
combination was applied in 81.1% of patients, and the first two 
double combination regimens were MTX plus HCQ and MTX 
plus LEF. Besides, 27 (13.0%) patients also received concomi-
tant NSAIDs at the start of GC.

Changes in PSL dose and disease activity in the entire cohort
Of the 207 patients, data on PSL dose (disease activity) at base-
line, months 3, 6, 12, 24, 36, 48, 60 and 72 were available in 
207 (207), 196 (189), 191 (185), 202 (195), 147 (148), 103 
(104), 77 (71), 49 (47) and 39 (32) patients. The median time 
interval between the timepoint of disease activity assessment and 
GC discontinuation was 0 day (IQR: 0–14).

Overall, the median PSL dose was significantly decreased 
duringtheobservationperiod(p<0.001;figure 1). The median 
PSL daily dose of 10 (5–10) mg at initiation was reduced to 
7.5 (5–10) mg at 3 months and 5.0 (2.5–10) mg at 6 months. 
In the subsequent follow- up period, the median dose was more 
slowly reduced to 5 (2.5–7.5) mg at 12 months, 2.5 (0–7.5) mg 
at 24 months, 2.5 (0–5.0) mg by 36 months and finally to 
0 (0–5.0) mg by 48 months (maintained to 72 months). 
Regarding the disease control, significant improvements were 
also witnessed in disease activity and remission/LDA rates, 
measured by DAS28- ESR, SDAI and CDAI during the first 
6 months (p<0.001; figure 2). In the subsequent follow- up 
period, disease activity and remission/LDA rate were relatively 
stable with marginal fluctuation.

Table 1 Demographics and clinical characteristics of the patients 
with RA

Characteristics of patients Whole cohort (n=207)

Basic characteristics

 Age at GC initiation (years) 55.9±14.5

 Female, % (n) 82.6% (171)

 Disease duration (months) 24.0 (8.5–96.0)

 DMARD naïve 53.1% (110)

 RF positive, % (n) 73.2% (55/205)

 Anti- CCP positive, % (n) 79.5% (151/190)

Baseline disease activity measures

 TJC28 4 (2–10)

 SJC28 3 (1–5)

 PGA, 0–10 cm 5 (3–6)

 EGA, 0–10 cm 4 (2–6)

 ESR, mm/hour 38 (17–60)

 CRP, mg/dL 1.30 (0.47–3.74)

 DAS28- ESR 4.76 (3.69–5.96)

 SDAI 18.7 (10.5–32.4)

 CDAI 16.0 (9.0–29.0)

Initial therapy paradigm

 MTX, % (n) 75.4% (156)

 LEF, % (n) 53.1% (110)

 HCQ, % (n) 55.6% (115)

 SSZ, % (n) 9.2% (19)

 TII, % (n) 13.0% (27)

 NSAIDs, % (n) 13.0% (27)

 DMARD combination, % (n) 81.1% (163)

 PSL equivalent dose, mg/day 10.0 (5.0–10.0)

Values are presented as mean (SD) or median (IQR), as applicable.
Anti- CCP, anti- cyclic citrullinated peptides; CDAI, clinical disease activity index; CRP, 
C reactive protein; DAS28, disease activity score based on 28- joint count; DMARDs, 
disease- modifying antirheumatic drugs; EGA, evaluator’s global assessment; ESR, 
erythrocyte sedimentation rate; HCQ, hydroxychloroquine; LEF, leflunomide; MTX, 
methotrexate; PGA, patient’s global assessment; PSL, prednisolone; RF, rheumatoid 
factor; SDAI, simplified disease activity index; SJC, swollen joint count; SSZ, 
sulfasalazine; TJC, tender joint count.

Figure 1 The changes in prednisone dose in patients with rheumatoid 
arthritis who started glucocorticoids with concomitant conventional 
synthetic disease modifying antirheumatic drugs during the follow- up 
period. Values are presented as median (IQRs). PSL, prednisolone.
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The frequency of GC discontinuation in the entire cohort
During a median (IQR) follow- up of 38.6 (20.7–60.3) months, 
124 out of 207 (59.9%) patients finally discontinued GC at the 
discretion of treating rheumatologists. Kaplan- Meier estimate of 
the probability of GC discontinuation after initiating GC with 
concomitant csDMARDs in our patients is presented in figure 3. 
The cumulative probability of GC discontinuation was 9.7% at 
6 months, 26.6% at year 1, 48.0% at year 2, 58.6% at year 3, 
and the calculated median time (IQR) to GC discontinuation 
was 27.0 (19.2–34.8) months. Among the 124 patients who 

discontinued GC, the median time (IQR) to GC withdrawal was 
13.6 (8.0–24.6) months. Additionally, the rates of GC discon-
tinuation stratified by follow- up duration showed a general 
ascending trend as observation period increases, however statis-
tically insignificant (online supplemental table S3). We also 
compared the frequency of GC discontinuation and time to GC 
discontinuation between the patients at initial visit before and 
after 2014, showing significantly higher and faster GC discon-
tinuation over time (before vs after 2014: 56.5% vs 64.1%; 36.0 
vs 20.0 months; online supplemental table S4 and figure S2).

The GC discontinuation in DMARD-naïve and DMARD-
experienced patients
Of the 207 patients, 110 were DMARD- naïve and 97 were 
DMARD- experienced. Their demographics and baseline clinical 
characteristics were roughly comparable (online supplemental 
table S5). During follow- up, 41 and 42 patients discontinued 
GC in DMARD- naïve and DMARD- experienced groups. In 
DMARD- naïve patients, the cumulative probabilities of GC 
discontinuation were 12.7%, 30.0%, 50.9% and 60.6% at month 
6, years 1, 2, and 3, with calculated median time to GC cessa-
tion of 24 months (online supplemental figure S3). In DMARD- 
experienced patients, the corresponding cumulative probabilities 
of GC discontinuation were 6.2%, 22.7%, 44.7%, 56.5%, with 
calculated median time to GC cessation of 32 months. No statis-
tical difference was detected between the two groups (long- rank: 
p=0.621), but seemingly faster GC discontinuation in DMARD- 
naïve patients (online supplemental figure S3). Additionally, we 
compared the GC discontinuation in DMARD- naïve patients 
with initial visit before 2014 and after 2014, similarly showing 
significantly higher and quicker GC discontinuation after 2014 
(before vs after 2014: 58.6% vs 67.3%; 38.0 vs 18.0 months; 
online supplemental table S4 and figure S4).

Moreover, we analysed the GC discontinuation between 77 
early patients (disease duration ≤1year) and 33 established

Figure 2 The changes in disease activity in patients with rheumatoid arthritis who started glucocorticoids with concomitant conventional synthetic 
disease- modifying antirheumatic drugs, measured by (A) DAS28, (B) SDAI, (C) CDAI, and the changes in the percentage of remission, as well as low, 
moderate and high disease activity measured by (D) DAS28, (E) SDAI, (F) CDAI, during the follow- up period. Values are presented as median (IQRs). 
CDAI, clinical disease activity index; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; DAS28, disease activity score based on 
28- joint count; SDAI, simplified disease activity index.

Figure 3 Kaplan- Meier curve with cumulative probability of 
glucocorticoids discontinuation in patients with rheumatoid arthritis 
who started glucocorticoids with concomitant csDMARDs during the 
follow- up period. csDMARDs, conventional synthetic disease- modifying 
antirheumatic drugs.
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patients in 110 DMARD- naïve patients. In early groups, the 
cumulative probabilities of GC discontinuation were 11.7%, 
29.9%, 53.3% and 63.5% at month 6, year 1, year 2, and year 
3, with calculated median time to GC cessation of 22 months. 
In the established groups, the corresponding cumulative prob-
abilities of GC discontinuation were 15.2%, 30.3%, 44.6% 
and 53.1%, with calculated median time to GC cessation of 34 
months (online supplemental figure S5).

The characteristics of patients who discontinued GC
Of the 124 patients who stopped GC, 28.2% (35/124) experi-
enced institution of new csDMARDs or concomitant csDMARDs 
increment after 3 months of GC start. The detailed informa-
tion on the prescribed regimens before csDMARDs added or 
csDMARDs increment is provided in figure 4A. The commonly 
added or increased csDMARDs during GC tapering were, in 
order, LEF (23%), HCQ (20%), TII (17%) and MTX (14%). 
The detailed information is provided in figure 4B.

For the 124 patients who discontinued GC, their median 
DAS28 was dramatically declined from 4.76 (3.67–5.95) at the 
point of GC initiation to 2.51 (1.69–3.39) at the point of GC 
withdrawal (p<0.001). The same trend was also observed in
SDAI (from 18.2 to 3.1), CDAI (from 16.0 to 3.0), and each 
individualcomponent(p<0.0001;table 2). Approximately half 
of 124 patients reached remission at the point of GC discon-
tinuation. The detailed changes in the proportions of achieving 
remission and LDA are presented in online supplemental figure 
S6. In terms of treatment paradigm, significant increase in HCQ 
usage(p<0.0001)anddecreaseinNSAIDsuse(p=0.002)were
observed at GC discontinuation compared with those at GC 
initiation (table 2). There was no significant finding for the 
remaining therapeutic patterns.

We further analysed the relapse profiles within 6 months 
after GC discontinuation. Among the 124 patients who stopped 
GC, relevant clinical data were available in 115 patients. Flare 
free within 6 months after GC withdrawal was observed in 91 
(79.1%) patients. The most common reasons judged for flare 

Table 2 The characteristics of 124 patients with RA who 
discontinued glucocorticoids at the points of glucocorticoids initiation 
and discontinuation

Characteristics GC initiation visit
GC discontinuation 
visit P value

Disease activity measures

 TJC28 4 (1–9) 0 (0–2) <0.0001

 SJC28 3 (1–6) 0 (0–1) <0.0001

 PGA, 0–10 cm 5 (3–6) 1 (1–3) <0.0001

 EGA, 0–10 cm 5 (3–6) 1 (0.5–2) <0.0001

 ESR, mm/hour 37 (17–62) 18 (8–29) <0.0001

 CRP, mg/dL 1.28 (0.46–4.11) 0.33 (0.20–0.77) <0.0001

 DAS28- ESR 4.76 (3.67–5.95) 2.51 (1.69–3.39) <0.0001

 SDAI 18.2 (10.8–31.8) 3.1 (1.8–9.0) <0.0001

 CDAI 16.0 (9.0–27.0) 3.0 (1.5–8.0) <0.0001

Treatment paradigm, % (n)

 MTX 78.2% (97) 78.2% (97) 1.00

 LEF 50.8% (63) 50.0% (62) 1.00

 HCQ 51.6% (64) 61.3% (76) <0.0001

 SSZ 10.5% (13) 11.3% (14) 1.00

 TII 12.1% (15) 11.3% (14) 1.00

 NSAIDs 8.9% (11) 2.4% (1) 0.002

 DMARDs 
combination

81.1% (99) 81.1% (99) 0.690

 Double 
combination

55.6% (69) 46.0% (57) 0.570

 Triple 
combination

24.2% (30) 31.5% (39) 0.495

CDAI, clinical disease activity index; CRP, C reactive protein; DAS28, disease activity 
score based on 28- joint assessment; DMARDs, disease- modifying antirheumatic 
drugs; EGA, evaluator’s global assessment; ESR, erythrocyte sedimentation 
rate; HCQ, hydroxychloroquine; LEF, leflunomide; MTX, methotrexate; NSAIDs, 
non- steroidal anti- inflammatory drugs; PGA, patient’s global assessment; SDAI, 
simplified disease activity index; SJC, swollen joint count; SSZ, sulfasalazine; TII, 
tripterygium wilfordii Hook F; TJC, tender joint count.

Figure 4 (A) The details of prescribed regimen before conventional synthetic disease- modifying antirheumatic drugs (csDMARDs) added or 
csDMARDs increment in 35 patients with rheumatoid arthritis (RA) who discontinued glucocorticoids with csDMARDs added or increment. (B) The 
details of csDMARDs added or increment in 35 patients with RA who discontinued glucocorticoids. (C) The reasons judged as flare within 6 months 
after glucocorticoids withdrawal in 24 patients with RA. MTX, methotrexate; LEF, leflunomide; HCQ, hydroxychloroquine; SSZ, sulfasalazine; TII, 
tripterygium wilfordii Hook F.
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was GC reinitiation (50%, 12/24) and increase of DAS28 over 
0.60 (25%, 6/24; figure 4C).

DISCUSSION
GC has been proven to improve disease activity, physical func-
tion and structural outcomes in RA,1–5 and recommended 
as bridging therapy for csDMARDs to exhibit their efficacy 
in current guidelines.2 7 8 Because of safety concerns on long- 
term exposure, even at low- dose, GC should be tapered and 
ultimately stopped, as rapidly as clinically feasible. In EULAR 
recommendations, the therapy is considered as failure if GC 
cannot be withdrawn within acceptable time frame, and adding 
a b/tsDMARD should be considered.2 7 Previous clinical investi-
gations have evaluated the feasibility of GC discontinuation by 
introducing the bDMARD or tofacitinib.27–32 For example, Inoue 
et al analysed 80 patients with RA taking a median PSL dose of 
5.0 (1.0–10.0) mg/day at bDMARDs initiation.31 Over a median 
follow- up of 33.1 months, 31.3% of participants discontinued 
GC. Recently, a pooled analysis of two multicentre, open- label 
studies with 1434 patients with RA receiving GC (mean dose 
of PSL 6.1 mg/day) and tofacitinib 5 mg or 10 mg two times a 
day showed only 22.2% patients discontinued GC by year 3.32 A 
very recent randomised controlled trial investigated continuing 
and tapering GC in patients with RA in LDA/remission with 
background therapy of tocilizumab.27 Patients continuing PSL at 
5 mg/day achieved safe and better disease control than tapering 
group, although only two- thirds of them were able to taper GC. 
So far, the trajectory and characteristics of GC cessation with 
concomitant csDMARDs before eliciting a b/tsDMARD remain 
completely unknown.

The present study first provided real- world evidence on the GC 
tapering and discontinuation in patients with RA commencing 
GC and concomitant csDMARDs therapy. Overall, the median 
PSL dose was reduced by 50% in the first 6 months, then more 
slowly in subsequent period and finally to zero by 48 months. 
The cumulative probabilities of GC discontinuation were 
26.6%, 48.0% and 58.6% at years 1, 2 and 3. The calculated 
median time to GC discontinuation of 27 months was dramati-
cally longer than the time frame recommended by EULAR (3–6 
months in 2016 and 3 months in 2019).2 7 A few reasons for the 
phenomena. First, GC has been pretty commonly prescribed in 
practice for decades, but few data to guide clinicians to taper 
GC in RA.14 15 Second, despite of tapering and discontinuing 
GC in RA has been proposed for years, only recently with the 
availability of more targeted DMARDs, more attention is paid to 
the cumulative evidence of long- term GC associated side effects. 
As shown in our cohort of patients with initial visit after 2014, 
compared with those before 2014, the frequency of GC discon-
tinuation was significantly increased (64.1% vs 56.5%) with 
significantly shortened time to GC discontinuation (20.0 vs 36.0 
months). These reflect the evolution of concepts of GC use in 
RA over time. Third, EULAR recommends to add a b/tsDMARD 
when GC cannot be discontinued within 3 months in patients 
receiving GC cotherapy with csDMARDs. Largely limited by 
enormous economic burden as well as high prevalence of tuber-
culosis and hepatitis in China, the prescription of b/tsDMARD 
was extremely low, from 4.0% to 9.1%.20 33–35 The low acces-
sibility to b/tsDMARD might be attributable to the longer time 
to GC discontinuation in the context of csDMARDs therapies 
in daily practice. The real- life long- term GC use, on the other 
hand, makes our study of complete dynamical trajectory of 
GC tapering and discontinuation in the context of csDMARDs 
therapy possible. Although there is a gap between real- world 

practice and current guidelines in GC discontinuation, we are 
delighted to see the gap is becoming narrow, with a significantly 
higher and faster GC discontinuation in more recent years. 
These results not only reflect the evolution of concepts of GC 
use in RA over time, but also confirm the feasibility to shorten 
the time to GC discontinuation, even within the recommended 
timeframe in guidelines, especially with better accessibility of 
targeted DMARDs. An evidence- based protocol for GC tapering 
and discontinuation is indeed required to guide clinicians to 
taper GC for patients with RA.

There are several advantages in the present study. First, all 
enrolled patients with RA received their first dose GC and 
concomitant csDMARDs at the initial visit. In this way, the 
actual and dynamical trajectory of GC and characteristic of GC 
discontinuation can be completely depicted. Second, the current 
study provides important information regarding the risk of RA 
relapse after GC withdrawal. This was scarcely discussed in 
previous reports. Strengths of this study also include the setting 
of real world.

We acknowledge several limitations in this study. First, the 
findings of a single- centre retrospective study may limit the 
external generalisability, though internal generalisability is 
greatest. Second, the sample size was relatively small. Neverthe-
less, no study elucidating the dynamical trajectory and charac-
teristics of GC discontinuation in patients with RA who start GC 
with concomitant csDMARDs was ever published before. The 
current study indeed adds important information to our under-
standing of GC discontinuation in RA. Last, the adverse events 
are not discussed. In the study, we focused on the dynamical 
trajectory of GC tapering and corresponding disease activity in 
patients with RA who started GC with concomitant csDMARDs.

CONCLUSIONS
GC is feasibly discontinued in real- life setting when disease 
activity is favourable, mostly without short- term flare, in 
patients who newly start GC with concomitant csDMARDs. 
But the withdrawal time is far from reaching the recommended 
time frame, suggesting the gap between real- world practice and 
current guidelines.
Acknowledgements The authors would like to thank all the patients and 
rheumatology nurses who contributed to our study. The authors also acknowledge 
the assistance of Dr Shiyu Xiao for his assistance in generating figure 3.

Contributors ZZ conceived of the study, participated in its design and 
coordination, and critically revised the manuscript. WX had full access to all of the 
data collection, analysis, interpretation and drafted the manuscript. HH, GL, Y- JH, YG, 
YW, X- rD, JZ, YG, LJ, XZ and ZS contributed to the process of data collection. All the 
authors listed have approved the enclosed manuscript.

Funding This work was supported by the National Natural Science Foundation of 
China (grant number: 81771740, 81801611, 81971524).

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study was approved by the Ethics Committee of Peking 
University First Hospital. The TARRA cohort was approved by the Institutional Review 
Board (IRB) of our hospital (IRB number 2014-785).

Provenance and peer review Not commissioned; externally peer reviewed.

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

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 

http://ard.bmj.com/


1003Xie W, et al. Ann Rheum Dis 2021;80:997–1003. doi:10.1136/annrheumdis-2021-220112

Rheumatoid arthritis

terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Wenhui Xie http:// orcid. org/ 0000- 0002- 3881- 0266
Hong Huang http:// orcid. org/ 0000- 0002- 1468- 1586
Juan Zhao http:// orcid. org/ 0000- 0002- 9547- 887X
Zhuoli Zhang http:// orcid. org/ 0000- 0001- 7219- 9141

REFERENCES
 1 Conn DL. The story behind the use of glucocorticoids in the treatment of rheumatoid 

arthritis. Semin Arthritis Rheum 2021;51:15–19.
 2 Smolen JS, Landewé RBM, Bijlsma JWJ, et al. EULAR recommendations for the 

management of rheumatoid arthritis with synthetic and biological disease- modifying 
antirheumatic drugs: 2019 update. Ann Rheum Dis 2020;79:685–99.

 3 Akdemir G, Heimans L, Bergstra SA, et al. Clinical and radiological outcomes of 5- year 
drug- free remission- steered treatment in patients with early arthritis: improved study. 
Ann Rheum Dis 2018;77:111–8.

 4 Stouten V, Westhovens R, Pazmino S, et al. Effectiveness of different combinations of 
DMARDs and glucocorticoid bridging in early rheumatoid arthritis: two- year results of 
CareRA. Rheumatology 2019;58:2284–94.

 5 Hetland ML, Haavardsholm EA, Rudin A, et al. Active conventional treatment 
and three different biological treatments in early rheumatoid arthritis: phase 
IV investigator initiated, randomised, observer blinded clinical trial. BMJ 
2020;371:m4328.

6 Santiago T, Voshaar M, de Wit M, et al. Patients’ and rheumatologists’ perspectives 
on the efficacy and safety of low- dose glucocorticoids in rheumatoid arthritis- an 
international survey within the GLORIA study. Rheumatology 2021;4:keaa785.

 7 Smolen JS, Landewé R, Bijlsma J, et al. EULAR recommendations for the management 
of rheumatoid arthritis with synthetic and biological disease- modifying antirheumatic 
drugs: 2016 update. Ann Rheum Dis 2017;76:960–77.

 8 Singh JA, Saag KG, Bridges SL, et al. 2015 American College of rheumatology 
guideline for the treatment of rheumatoid arthritis. Arthritis Rheumatol 
2016;68:1–26.

 9 Roubille C, Rincheval N, Dougados M, et al. Seven- Year tolerability profile of 
glucocorticoids use in early rheumatoid arthritis: data from the ESPOIR cohort. Ann 
Rheum Dis 2017;76:1797–802.

 10 Roubille C, Coffy A, Rincheval N, et al. Ten- Year analysis of the risk of severe outcomes 
related to low- dose glucocorticoids in early rheumatoid arthritis. Rheumatology 
2020;15:keaa850.

 11 Xie W, Yang X, Ji L, et al. Incident diabetes associated with hydroxychloroquine, 
methotrexate, biologics and glucocorticoids in rheumatoid arthritis: a systematic 
review and meta- analysis. Semin Arthritis Rheum 2020;50:598–607.

 12 George MD, Baker JF, Winthrop K, et al. Risk for Serious Infection With Low- Dose 
Glucocorticoids in Patients With Rheumatoid Arthritis : A Cohort Study. Ann Intern 
Med 2020;173:870–8.

 13 Abtahi S, Driessen JHM, Burden AM, et al. Concomitant use of oral glucocorticoids 
and proton pump inhibitors and risk of osteoporotic fractures among patients 
with rheumatoid arthritis: a population- based cohort study. Ann Rheum Dis 
2021;80:423–31.

 14 Wallace BI, Wallace DM, Waljee AK, et al. Evidence to support or guide glucocorticoid 
tapering in rheumatoid arthritis is lacking. Ann Rheum Dis 2019;78:1733–4.

 15 Volkmann ER, Rezai S, Tarp S, et al. We still don’t know how to taper glucocorticoids 
in rheumatoid arthritis, and we can do better. J Rheumatol 2013;40:1646–9.

 16 Xie W, Li G, Huang H, et al. How to define Boolean low disease activity in rheumatoid 
arthritis: experience from a large real- world cohort. Rheumatol Ther 2021;8:289–301.

 17 Ji L, Xie W, Li G, et al. Maintenance to target was associated with radiological 
outcomes in patients with rheumatoid arthritis: a real- world observational cohort 
study. Clin Rheumatol 2021;40:1307–15.

 18 Xie W, Li J, Zhang Z. The impact of different criteria sets on early remission and 
identifying its predictors in rheumatoid arthritis: results from an observational cohort 
(2009-2018). Clin Rheumatol 2020;39:381–9.

 19 Xie W, Li J, Zhang X, et al. Sustained clinical remission of rheumatoid arthritis and its 
predictive factors in an unselected adult Chinese population from 2009 to 2018. Int J 
Rheum Dis 2019;22:1670–8.

 20 Xie W, Li J, Zhang X, et al. Trends in the activity of rheumatoid arthritis as the 
consequence of treat- to- target strategy: eight- year data from 2009 to 2016. Clin Exp 
Rheumatol 2018;36:820–8.

 21 Zhang H, Zhang H, Gao D, et al. Overlapping Sjogren’s syndrome reduces the 
probability of reaching target in rheumatoid arthritis patients: a propensity score 
matched real- world cohort from 2009 to 2019. Arthritis Res Ther 2020;22:100.

 22 Arnett FC, Edworthy SM, Bloch DA, et al. The American rheumatism association 
1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum 
1988;31:315–24.

 23 Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid arthritis classification criteria: 
an American College of Rheumatology/European League against rheumatism 
collaborative initiative. Ann Rheum Dis 2010;69:1580–8.

 24 Fransen J, Creemers MCW, Van Riel PLCM. Remission in rheumatoid arthritis: 
agreement of the disease activity score (DAS28) with the Ara preliminary remission 
criteria. Rheumatology 2004;43:1252–5.

 25 Smolen JS, Breedveld FC, Schiff MH, et al. A simplified disease activity index for 
rheumatoid arthritis for use in clinical practice. Rheumatology 2003;42:244–57.

 26 Aletaha D, Nell VPK, Stamm T, et al. Acute phase reactants add little to composite 
disease activity indices for rheumatoid arthritis: validation of a clinical activity score. 
Arthritis Res Ther 2005;7:R796–806.

 27 Burmester GR, Buttgereit F, Bernasconi C, et al. Continuing versus tapering 
glucocorticoids after achievement of low disease activity or remission in rheumatoid 
arthritis (SEMIRA): a double- blind, multicentre, randomised controlled trial. Lancet 
2020;396:267–76.

 28 Hirata S, Kohno H, Watanabe H, et al. Tapering and discontinuation of oral 
glucocorticoids without deterioration of disease status in patients with rheumatoid 
arthritis under a stable treatment. Mod Rheumatol 2021;79:1–10.

 29 Alten R, Nüßlein H, Galeazzi M, et al. Decreased use of glucocorticoids in biological- 
experienced patients with rheumatoid arthritis who initiated intravenous abatacept: 
results from the 2- year ACTION study. RMD Open 2016;2:e000228.

 30 Shimizu Y, Tanaka E, Inoue E, et al. Reduction of methotrexate and glucocorticoids 
use after the introduction of biological disease- modifying anti- rheumatic drugs in 
patients with rheumatoid arthritis in daily practice based on the IORRA cohort. Mod 
Rheumatol 2018;28:461–7.

 31 Inoue M, Kanda H, Tateishi S, et al. Factors associated with discontinuation of 
glucocorticoids after starting biological disease- modifying antirheumatic drugs in 
rheumatoid arthritis patients. Mod Rheumatol 2020;30:58–63.

 32 Fleischmann R, Wollenhaupt J, Cohen S, et al. Effect of discontinuation or initiation 
of methotrexate or glucocorticoids on tofacitinib efficacy in patients with rheumatoid 
arthritis: a post hoc analysis. Rheumatol Ther 2018;5:203–14.

 33 Yu C, Li M, Duan X, et al. Chinese registry of rheumatoid arthritis (CREDIT): I. 
Introduction and prevalence of remission in Chinese patients with rheumatoid 
arthritis. Clin Exp Rheumatol 2018;36:836–40.

 34 Wang G- Y, Zhang S- L, Wang X- R, et al. Remission of rheumatoid arthritis and 
potential determinants: a national multi- center cross- sectional survey. Clin Rheumatol 
2015;34:221–30.

 35 Zhu H, Li R, Da Z, et al. Remission assessment of rheumatoid arthritis in daily practice 
in China: a cross- sectional observational study. Clin Rheumatol 2018;37:597–605.

http://orcid.org/0000-0002-3881-0266
http://orcid.org/0000-0002-1468-1586
http://orcid.org/0000-0002-9547-887X
http://orcid.org/0000-0001-7219-9141
http://dx.doi.org/10.1016/j.semarthrit.2020.09.016
http://dx.doi.org/10.1136/annrheumdis-2019-216655
http://dx.doi.org/10.1136/annrheumdis-2017-211375
http://dx.doi.org/10.1093/rheumatology/kez213
http://dx.doi.org/10.1136/bmj.m4328
http://dx.doi.org/10.1093/rheumatology/keaa785
http://dx.doi.org/10.1136/annrheumdis-2016-210715
http://dx.doi.org/10.1002/art.39480
http://dx.doi.org/10.1136/annrheumdis-2016-210135
http://dx.doi.org/10.1136/annrheumdis-2016-210135
http://dx.doi.org/10.1093/rheumatology/keaa850
http://dx.doi.org/10.1016/j.semarthrit.2020.04.005
http://dx.doi.org/10.7326/M20-1594
http://dx.doi.org/10.7326/M20-1594
http://dx.doi.org/10.1136/annrheumdis-2020-218758
http://dx.doi.org/10.1136/annrheumdis-2019-216009
http://dx.doi.org/10.3899/jrheum.130019
http://dx.doi.org/10.1007/s40744-020-00270-z
http://dx.doi.org/10.1007/s10067-020-05385-w
http://dx.doi.org/10.1007/s10067-019-04807-8
http://dx.doi.org/10.1111/1756-185X.13651
http://dx.doi.org/10.1111/1756-185X.13651
http://www.ncbi.nlm.nih.gov/pubmed/29533754
http://www.ncbi.nlm.nih.gov/pubmed/29533754
http://dx.doi.org/10.1186/s13075-020-02189-w
http://dx.doi.org/10.1002/art.1780310302
http://dx.doi.org/10.1136/ard.2010.138461
http://dx.doi.org/10.1093/rheumatology/keh297
http://dx.doi.org/10.1093/rheumatology/keg072
http://dx.doi.org/10.1186/ar1740
http://dx.doi.org/10.1016/S0140-6736(20)30636-X
http://dx.doi.org/10.1080/14397595.2020.1864914
http://dx.doi.org/10.1136/rmdopen-2015-000228
http://dx.doi.org/10.1080/14397595.2017.1369926
http://dx.doi.org/10.1080/14397595.2017.1369926
http://dx.doi.org/10.1080/14397595.2018.1553264
http://dx.doi.org/10.1007/s40744-018-0093-7
http://www.ncbi.nlm.nih.gov/pubmed/29600939
http://dx.doi.org/10.1007/s10067-014-2828-3
http://dx.doi.org/10.1007/s10067-017-3850-z
http://ard.bmj.com/


1004  Deodhar A, et al. Ann Rheum Dis 2021;80:1004–1013. doi:10.1136/annrheumdis-2020-219601

Spondyloarthritis

CLINICAL SCIENCE

Tofacitinib for the treatment of ankylosing spondylitis: 
a phase III, randomised, double- blind, placebo- 
controlled study
Atul Deodhar    ,1 Paula Sliwinska- Stanczyk,2 Huji Xu    ,3 Xenofon Baraliakos    ,4 
Lianne S Gensler,5 Dona Fleishaker,6 Lisy Wang,6 Joseph Wu,6 Sujatha Menon,6 
Cunshan Wang,6 Oluwaseyi Dina,7 Lara Fallon,8 Keith S Kanik,6 
Désirée van der Heijde    9

To cite: Deodhar A, 
Sliwinska- Stanczyk P, Xu H, 
et al. Ann Rheum Dis 
2021;80:1004–1013.

Handling editor Josef S 
Smolen

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2020- 219601).

For numbered affiliations see 
end of article.

Correspondence to
Professor Atul Deodhar, Division 
of Arthritis and Rheumatic 
Diseases, Oregon Health & 
Science University, 3181 SW 
Sam Jackson Park Road, 
Portland, OR 97239-3098, USA;  
 deodhara@ ohsu. edu

Some data reported in this 
manuscript were previously 
presented at the American 
College of Rheumatology 
(ACR) Convergence, 5–9 
November 2020 (Deodhar A, 
Sliwinska-Stanczyk P, Xu H, et al. 
Tofacitinib for the treatment of 
adult patients with ankylosing 
spondylitis: primary analysis 
of a phase 3, randomized, 
double- blind, placebo-controlled 
study. Arthritis Rheumatol 
2020;72(Suppl 10):L11).

Received 26 November 2020
Revised 11 March 2021
Accepted 16 March 2021
Published Online First 
27 April 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective To assess the efficacy/safety of tofacitinib 
in adult patients with active ankylosing spondylitis 
(AS).
Methods This phase III, randomised, double- blind, 
placebo- controlled study enrolled patients aged ≥18 
years diagnosed with active AS, meeting the modified 
New York criteria, with centrally read radiographs, 
and an inadequate response or intolerance to ≥2 
non- steroidal anti- inflammatory drugs. Patients were 
randomised 1:1 to receive tofacitinib 5 mg two times 
per day or placebo for 16 weeks. After week 16, all 
patients received open- label tofacitinib until week 
48. The primary and key secondary endpoints were
Assessment of SpondyloArthritis international Society 
≥20% improvement (ASAS20) and ≥40% improvement 
(ASAS40) responses, respectively, at week 16. Safety was 
assessed throughout.
Results 269 patients were randomised and treated: 
tofacitinib, n=133; placebo, n=136. At week 16, the 
ASAS20 response rate was significantly (p<0.0001) 
greater with tofacitinib (56.4%, 75 of 133) versus 
placebo (29.4%, 40 of 136), and the ASAS40 
response rate was significantly (p<0.0001) greater 
with tofacitinib (40.6%, 54 of 133) versus placebo 
(12.5%, 17 of 136). Up to week 16, with tofacitinib 
and placebo, respectively, 73 of 133 (54.9%) and 
70 of 136 (51.5%) patients had adverse events; 
2 of 133 (1.5%) and 1 of 136 (0.7%) had serious 
adverse events. Up to week 48, with tofacitinib, 3 
of 133 (2.3%) patients had adjudicated hepatic 
events, 3 of 133 (2.3%) had non- serious herpes 
zoster, and 1 of 133 (0.8%) had a serious infection; 
with placebo→tofacitinib, 2 (1.5%) patients had 
non- serious herpes zoster. There were no deaths, 
malignancies, major adverse cardiovascular events, 
thromboembolic events or opportunistic infections.
Conclusions In adults with active AS, tofacitinib 
demonstrated significantly greater efficacy versus 
placebo. No new potential safety risks were identified.
Trial registration number NCT03502616

INTRODUCTION
Ankylosing spondylitis (AS), also called radio-
graphic axial spondyloarthritis,1 is a chronic inflam-
matory disease of the axial skeleton that can result in 
serious impairment of spinal mobility and reduced 

quality of life.2–4 The incidence of AS is 0.4–15.0 
per 100 000 patient- years, varying by region.5

The Assessment of SpondyloArthritis interna-
tional Society (ASAS)/European League Against 
Rheumatism and American College of Rheuma-
tology/Spondylitis Association of America/Spon-
dyloarthritis Research and Treatment Network 
treatment guidelines recommend several pharma-
cological treatments for AS management as well as 
physical therapy.6 7 Non- steroidal anti- inflammatory 
drugs (NSAIDs) are recommended as first- line 
treatment, followed by biologic disease- modifying 

Key messages

What is already known about this subject?
 ► Tofacitinib is an oral Janus kinase inhibitor for 
the treatment of rheumatoid arthritis, psoriatic 
arthritis, ulcerative colitis and polyarticular 
course juvenile idiopathic arthritis.

 ► In a phase II, 16- week, randomised, placebo- 
controlled, dose- ranging study in adult patients 
with ankylosing spondylitis (NCT01786668), 
tofacitinib 5 mg and 10 mg two times per day 
demonstrated greater clinical efficacy versus 
placebo, with a safety profile consistent with 
that established in other indications.

What does this study add?
 ► This was the first phase III randomised,  
double- blind, placebo- controlled study of 
the efficacy and safety of tofacitinib in adult 
patients with active ankylosing spondylitis.

 ► Tofacitinib 5 mg two times per day 
demonstrated significantly greater efficacy 
versus placebo at week 16, with rapid and 
sustained clinical response, and no new 
potential safety risks identified up to week 48 
(end of study treatment).

How might this impact on clinical practice or 
future developments?

 ► If approved by regulatory agencies, tofacitinib 
could be one of a new class of drugs for use in 
ankylosing spondylitis, adding to the currently 
limited treatment options for this disease.
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antirheumatic drugs (bDMARDs), such as tumour necrosis 
factor inhibitors (TNFi).6 7

No evidence exists to support the efficacy of conventional 
synthetic disease- modifying antirheumatic drugs (csDMARDs) 
for treating purely axial disease.6 Therefore, treatment options 
are limited for patients with an inadequate response or intoler-
ance (IR) to NSAIDs. Furthermore, given that bDMARDs are 
administered parenterally, there is an unmet need for oral thera-
pies with alternative mechanisms of action to treat AS.

Tofacitinib is an oral Janus kinase (JAK) inhibitor that is being 
investigated for the treatment of adult patients with AS. JAK 
inhibitors directly bind to and modulate the intracellular cata-
lytic activity of JAKs, which are essential enzymes in signalling 
pathways that mediate cytokine signalling for many innate and 
adaptive immune responses underlying the complex pathogen-
esis of AS.8 9 Activation of these signalling pathways ultimately 
leads to the proliferation of inflammatory cells in articular and 
extramusculoskeletal locations, and of cell types associated with 
the hallmarks of AS such as joint destruction.9 Thus, inhibition 
of JAKs could suppress articular and extramusculoskeletal symp-
toms of AS.9

A favourable benefit–risk balance of tofacitinib treatment 
has been established in adults with rheumatoid arthritis,10 11  
psoriatic arthritis12 13 and ulcerative colitis,14 15 and in children 
with polyarticular course juvenile idiopathic arthritis.16

In a phase II, 16- week, randomised, placebo- controlled, dose- 
ranging study in patients with AS (NCT01786668), tofacitinib  
5 mg and 10 mg two times per day demonstrated greater efficacy 
versus placebo at week 12, with a safety profile consistent with 
that established in other indications.17 These results suggested 
that JAK inhibition could present a new mechanism of action 
for treating AS.

Here, we report the results of a phase III study of the efficacy 
and safety of tofacitinib in adult patients with active AS.

METHODS
Study design and participants
This phase III, randomised, double- blind, placebo- controlled 
study was conducted at 75 centres in 14 countries, from 7 June 
2018 through 20 August 2020. The study protocol is provided 
in the online supplemental material.

Eligible patients were aged ≥18 years, had a diagnosis of AS 
and fulfilled the modified New York criteria for AS, documented 
with central reading of the radiograph of the sacroiliac joints. 
Patients were required to have active disease at screening and 
baseline, defined as Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) score ≥4 and back pain score (BASDAI ques-
tion 2) ≥4, and an IR to ≥2 NSAIDs. Approximately 80% of 
the population were to be bDMARD- naïve, and approximately 
20% were to have an IR to ≤2 TNFi or to have prior bDMARD 
(TNFi or non- TNFi) use without IR. Exclusion criteria included 
current/prior treatment with targeted synthetic disease- 
modifying antirheumatic drugs (including JAK inhibitors) and 
current bDMARD treatment. Prior bDMARD treatment was 
permitted if discontinued for ≥4 weeks or ≥5 half- lives (which-
ever was longer) before randomisation.

Patients could continue the following (stable) background 
therapies: NSAIDs, methotrexate (≤25 mg/week), sulfasalazine 
(≤3 g/day) and oral corticosteroids (≤10 mg/day of prednisone 
or equivalent).

In the double- blind phase (weeks 0–16), patients were 
randomised 1:1 to receive tofacitinib 5 mg two times per day 
or placebo. In the open- label phase (weeks 16–48), all patients 

received open- label tofacitinib 5 mg two times per day. Patients 
who discontinued the study drug were expected to continue with 
all regularly scheduled visits for safety and efficacy assessments.

All patients were required to have a follow- up visit within  
28 (±7) days of week 48, unless they had discontinued study 
drug before week 40.

All patients provided written, informed consent.

Randomisation and masking
Randomisation was stratified by bDMARD treatment history: 
(1) bDMARD- naïve and (2) TNFi- IR or prior bDMARD use 
without IR. Allocation of patients to treatment arms was 
performed using an Interactive Response Technology system. 
The double- blind phase was masked to the patients, investigators 
and sponsor study team. The patients, investigators and sponsor 
study team remained blinded to the double- blind phase treat-
ment assignments for the duration of the study, until week 48 
database release.

Endpoints
The primary endpoint was ASAS20 response at week 16 
(≥20% and ≥1 unit improvement from baseline in ≥3 of 4 
components and no worsening of ≥20% and ≥1 unit in the 
remaining component). The key secondary endpoint was 
ASAS40 response at week 16 (≥40% and ≥2 units improve-
ment from baseline in ≥3 components and no worsening in the 
remaining component). The four ASAS components are Patient 
Global Assessment of Disease Activity (PtGA), patient assess-
ment of back pain (total back pain), Bath Ankylosing Spondylitis 
Functional Index (BASFI) and morning stiffness (inflamma-
tion), defined as the mean of questions 5 and 6 of the BASDAI. 
ASAS20/ASAS40 responses were also analysed over time through 
week 48.

Secondary efficacy endpoints analysed at week 16 included 
ASAS20/ASAS40 response rates stratified by bDMARD treat-
ment history, and change from baseline (∆) in Ankylosing Spon-
dylitis Quality of Life (ASQoL) and Short Form-36 Health Survey 
Version 2 Physical Component Summary (SF- 36v2 PCS) scores.

Secondary efficacy endpoints analysed at week 16 and over 
time up to week 48 included ∆Ankylosing Spondylitis Disease 
Activity Score (ASDAS) using high- sensitivity C- reactive  
protein (hsCRP), ∆hsCRP, ∆Bath Ankylosing Spondylitis 
Metrology Index (BASMI) linear method, ∆Functional Assess-
ment of Chronic Illness Therapy- Fatigue (FACIT- F) total 
score, ∆ASAS components, ASAS partial remission (scores ≤2 
for each of the four ASAS components), ASAS 5/6 response 
(≥20% improvement in ≥5 of 6 components: the four ASAS 
components, plus hsCRP and spinal mobility (lateral spinal 
flexion from the BASMI)), ASDAS clinically important improve-
ment (decrease from baseline of ≥1.1 in patients with baseline 
scores ≥1.736), ASDAS major improvement (decrease from 
baseline of ≥2.0 in patients with baseline scores ≥2.636), 
ASDAS low disease activity (LDA) (scores <2.1 (includes inac-
tive disease) in patients with baseline scores ≥2.1; post- hoc), 
ASDAS inactive disease (scores <1.3 in patients with baseline 
scores ≥1.3), ∆BASDAI, BASDAI50 response (≥50% improve-
ment from baseline score), ∆Maastricht Ankylosing Spondylitis 
Enthesitis Score (MASES) in patients with baseline scores >0,  
and ∆swollen joint count in 44 joints (SJC(44)) in patients with 
baseline counts >0.

Safety was monitored throughout the study, including adverse 
events (AEs), adverse events of special interest (AESIs), clinical 
laboratory abnormalities and laboratory values over time.

https://dx.doi.org/10.1136/annrheumdis-2020-219601
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Statistical analyses
The planned sample size was 120 per treatment arm, determined to 
yield around 89% power to detect a difference of ≥20% in ASAS20 
response rate at week 16 between tofacitinib and placebo at a two- 
sided significance level of 5%. This calculation assumed a 40% 
ASAS20 response rate for placebo.

The full analysis set and the safety analysis set included all patients 
who were randomised and received ≥1 dose of study drug. Efficacy 
analyses included only on- drug data collected while patients were on 
study treatment.

The reported data are based on two databases: for efficacy data 
up to week 16, data cut- off 19 December 2019, data snapshot 29 
January 2020; all other data are from the final week 48 analysis.

Statistical tests were conducted at the two- sided 5% (or equiv-
alently one- sided 2.5%) significance level for tofacitinib versus 
placebo. Four families of efficacy endpoints were tested in hierar-
chical sequences with a step- down approach to control for type I 
error. The first family, the global type I error- controlled endpoints 
at week 16, was tested in the following sequence: ASAS20 response, 
ASAS40 response, ∆ASDAS, ∆hsCRP, ∆ASQoL, ∆SF- 36v2 PCS score, 
∆BASMI and ∆FACIT- F total score. On meeting statistical signifi-
cance for ASAS20 response at week 16, the second family, ∆ASAS 
components at week 16, was tested in the following sequence: 
∆PtGA, ∆total back pain, ∆BASFI and ∆morning stiffness (inflamma-
tion). The third family, ASAS20 response over time, and the fourth 
family, ASAS40 response over time, were each tested in the following 
sequence: weeks 16, 12, 8, 4 and 2. In each family, statistical signifi-
cance could be declared only if the prior endpoint (or time point) in 
the sequence met the requirements for significance. Other secondary 
endpoints were not type I error- controlled.

Binary efficacy endpoints were assessed using normal approx-
imation adjusting for the stratification factor (bDMARD treat-
ment history: bDMARD- naïve vs TNFi- IR or prior bDMARD use 
without IR) derived from the clinical database, via the Cochran- 
Mantel- Haenszel approach. Missing response was considered as 
non- response.

For ∆ in continuous efficacy endpoints with repeated measures 
at multiple visits, a mixed model for repeated measures was used, 
which included fixed effects of treatment group, visit, treatment 
group by visit interaction, stratification factor derived from the clin-
ical database, stratification factor by visit interaction, baseline value, 
and baseline value by visit interaction. The model used a common 
unstructured variance–covariance matrix, without imputation for 
missing values. Absolute values were also summarised descriptively, 
without imputation for missing values.

For ∆ in continuous efficacy endpoints with only a single post-
baseline visit measure, an analysis of covariance model was used, 
which included fixed effects of treatment group, stratification factor 
derived from the clinical database and baseline value. Missing values 
were not imputed.

The lower limit of quantification (LLOQ) of the hsCRP 
assay was 0.2 mg/L. For hsCRP values <LLOQ, they were 
set to 0.199 mg/L in all efficacy and safety analyses except 
for the ASDAS- related endpoints, where values <2 mg/L 
were set post- hoc to 2 mg/L.18

Safety data were summarised descriptively using observed 
data.

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

RESULTS
Patients
Of 556 screened patients, 270 were randomised (figure 1). Of 
134 patients randomised to the tofacitinib arm, 133 patients 
were treated (1 patient was not treated and was excluded from 
the analyses). All 136 patients randomised to the placebo→ 
tofacitinib arm were treated. The demographics and baseline 
disease characteristics were generally similar between the treat-
ment arms (table 1).

Figure 1 Patient disposition. Data are from the week 48 final analysis. Patients receiving placebo in the double- blind phase advanced at week 16  
to tofacitinib 5 mg two times per day for the open- label phase. aOne additional patient was screened and was considered to be not eligible; this 
patient did not provide any demographic data and is therefore not included in the formal patient disposition. bDMARD, biologic disease- modifying 
antirheumatic drug; BID, two times per day.
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Efficacy at week 16 (end of double-blind phase)
The ASAS20 response rate was significantly (p<0.0001) 
greater with tofacitinib (56.4%, 75 of 133) versus placebo 
(29.4%, 40 of 136) at week 16 (primary endpoint; table 2). 
Similarly, the ASAS40 response rate was significantly 
(p<0.0001) greater with tofacitinib (40.6%, 54 of 133) 
versus placebo (12.5%, 17 of 136) at week 16 (key secondary 
endpoint; table 2). When stratified by bDMARD treatment 
history, ASAS20/ASAS40 response rates at week 16 remained 
numerically greater with tofacitinib versus placebo, and in 
both treatment groups response rates were numerically 
greater in patients who were bDMARD- naïve versus those 
with TNFi- IR or prior bDMARD use without IR (online 
supplemental figure S1).

Significant improvements with tofacitinib versus placebo were 
seen at week 16 in the other global type I error- controlled endpoints: 
∆ASDAS, ∆hsCRP, ∆ASQoL, ∆SF- 36v2 PCS score, ∆BASMI and 
∆FACIT- F total score (table 2). Furthermore, significant improve-
ments were seen with tofacitinib versus placebo at week 16 in the 
type I error- controlled ∆ASAS components (table 2).

Table 1 Demographics and baseline disease characteristics

Tofacitinib 5 mg two 
times per day (N=133)

Placebo
(N=136)

Male, n (%) 116 (87.2) 108 (79.4)

Age (years), mean (SD) 42.2 (11.9) 40.0 (11.1)

Race, n (%)

 White 107 (80.5) 106 (77.9)

 Asian 25 (18.8) 30 (22.1)

 Not reported 1 (0.8) 0

Region, n (%)

 North America* 16 (12.0) 11 (8.1)

 European Union† 51 (38.3) 55 (40.4)

 Asia‡ 23 (17.3) 30 (22.1)

 Rest of the world§ 43 (32.3) 40 (29.4)

BMI, mean (SD) 26.7 (5.7)¶ 26.3 (5.8)

Smoking status

 Never smoked 75 (56.4) 72 (52.9)

 Former smoker 24 (18.0) 19 (14.0)

 Current smoker 34 (25.6) 45 (33.1)

AS disease duration since symptoms 
(years), mean (SD)

14.2 (9.8) 12.9 (9.5)

AS disease duration since diagnosis 
(years), mean (SD)

8.9 (9.1) 6.8 (6.9)

History of uveitis, n (%) 22 (16.5) 20 (14.7)

Current diagnosis of uveitis with
history of uveitis, n (%)

6 (4.5) 5 (3.7)

History of psoriasis, n (%) 5 (3.8) 3 (2.2)

Current diagnosis of psoriasis with
history of psoriasis, n (%)

2 (1.5) 2 (1.5)

History of IBD, n (%) 1 (0.8) 2 (1.5)

Current diagnosis of IBD with
history of IBD, n (%)

1 (0.8) 1 (0.7)

History of peripheral arthritis, n (%) 21 (15.8) 25 (18.4)

Current diagnosis of peripheral 
arthritis with history of peripheral 
arthritis, n (%)

18 (13.5) 22 (16.2)

HLA- B27- positive, n (%) 117 (88.0) 118 (86.8)

hsCRP

 Mean mg/dL (SD) 1.64 (1.73) 1.80 (1.97)

 ≤5 mg/L, n (%) 41 (30.8) 33 (24.3)

 >5 mg/L, n (%) 92 (69.2) 103 (75.7)

ASDAS, mean (SD) 3.8 (0.8) 3.9 (0.8)

BASDAI (NRS 0–10),
mean (SD)

6.4 (1.5) 6.5 (1.4)

Morning stiffness (inflammation;
NRS 0–10),** mean (SD)

6.6 (1.9) 6.8 (1.9)

BASMI, mean (SD) 4.5 (1.7) 4.4 (1.8)

BASFI (NRS 0–10), mean (SD) 5.8 (2.3) 5.9 (2.1)

FACIT- F total score, mean (SD) 27.2 (10.7) 27.4 (9.3)

ASQoL, mean (SD) 11.6 (4.7) 11.3 (4.2)

SF- 36v2 PCS score, mean (SD) 33.5 (7.3) 33.1 (7.0)††

PtGA (NRS 0–10), mean (SD) 6.9 (1.8) 7.0 (1.7)

Total back pain (NRS 0–10), mean 
(SD)

6.9 (1.5) 6.9 (1.6)

Presence of enthesitis based on
MASES >0, n (%)

71 (53.4) 81 (59.6)

  MASES,‡‡ mean (SD) 3.7 (2.5) 3.6 (2.4)

Presence of swollen joints based on 
SJC(44) >0, n (%)

33 (24.8) 38 (27.9)

  SJC(44),§§ mean (SD) 3.4 (3.0) 4.1 (5.2)

Prior NSAID use, n (%) 133 (100.0) 135 (99.3)¶¶

Continued

Tofacitinib 5 mg two 
times per day (N=133)

Placebo
(N=136)

Prior bDMARD use, n (%)

 bDMARD- naïve 102 (76.7) 105 (77.2)

 TNFi- IR*** or prior bDMARD use 
without IR

31 (23.3) 31 (22.8)

 1 TNFi- IR 23 (17.3) 20 (14.7)

 2 TNFi- IR 6 (4.5) 10 (7.4)

 Prior bDMARD use without IR 2 (1.5) 1 (0.7)

Concomitant medication use on day 1, n (%)

 NSAIDs 106 (79.7) 108 (79.4)

 Oral corticosteroids 13 (9.8) 7 (5.1)

 csDMARDs 29 (21.8) 44 (32.4)

   Methotrexate 5 (3.8) 13 (9.6)

   Sulfasalazine 24 (18.0) 31 (22.8)

Data are from the week 48 final analysis.
*Canada and USA.
†Bulgaria, Czech Republic, France, Hungary and Poland.
‡China and South Korea.
§Australia, Russia, Turkey and Ukraine.
¶N1=132.
**Morning stiffness (inflammation) assessed as mean of questions 5 and 6 of the 
BASDAI.
††N1=135.
‡‡In patients with baseline MASES >0.
§§In patients with SJC(44) >0.
¶¶One patient did not take prior NSAIDs due to medical history.
***Patients designated as TNFi- IR must have had an IR to at least one, but not 
more than two, approved TNFi.
AS, ankylosing spondylitis; ASDAS, Ankylosing Spondylitis Disease Activity 
Score using hsCRP; ASQoL, Ankylosing Spondylitis Quality of Life; BASDAI, Bath 
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis 
Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; bDMARD, 
biologic disease- modifying antirheumatic drug; BMI, body mass index; csDMARD, 
conventional synthetic disease- modifying antirheumatic drug; FACIT- F, Functional 
Assessment of Chronic Illness Therapy- Fatigue; HLA- B27, human leucocyte 
antigen- B27; hsCRP, high- sensitivity C- reactive protein; IBD, inflammatory bowel 
disease; IR, inadequate response or intolerance; MASES, Maastricht Ankylosing 
Spondylitis Enthesitis Score; N, number of patients in safety analysis set; N1, 
number of patients with observation at visit; n, number of patients with the 
characteristic; NRS, Numerical Rating Scale; NSAID, non- steroidal anti- inflammatory 
drug; SF- 36v2 PCS, Short Form-36 Health Survey Version 2 Physical Component 
Summary; PtGA, Patient Global Assessment of Disease Activity; SJC(44), swollen 
joint count in 44 joints; TNFi, tumour necrosis factor inhibitor.

Table 1 Continued
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Efficacy was greater with tofacitinib versus placebo at week 16 in 
rates of ASAS partial remission, ASAS 5/6 response, ASDAS clinically 
important improvement, ASDAS major improvement, ASDAS LDA, 
ASDAS inactive disease and BASDAI50 response, and in ∆BASDAI 
(table 3). There was no difference at week 16 between tofacitinib 
versus placebo in ∆MASES or ∆SJC(44) (table 3).

Efficacy over time up to week 16 (end of double-blind phase) 
and up to week 48 (end of open-label phase)
Significant differences between tofacitinib and placebo were 
seen from week 2 (first post- baseline visit) in ASAS20 response 
and from week 4 in ASAS40 response up to week 16 (figure 2; 

type I error- controlled). In the open- label phase, ASAS20/
ASAS40 response rates remained stable over time up to week 
48 in the tofacitinib group; in the placebo→tofacitinib group, 
response rates increased between weeks 16 and 24, then 
remained stable up to week 48.

Throughout the double- blind phase, improvements in 
∆ASDAS, ∆hsCRP, ∆BASMI and ∆FACIT- F total score were 
greater with tofacitinib versus placebo (figure 3). During 
the open- label phase, these endpoints remained stable in the 
tofacitinib group and improved in the placebo→tofacitinib 
group between weeks 16 and 24, then remained stable up 
to week 48. Similar trends were seen in ∆ASAS components 

Table 2 Efficacy of tofacitinib 5 mg two times per day versus placebo at week 16: type I error- controlled primary and secondary endpoints†
Tofacitinib 5 mg two times per day (N=133) Placebo (N=136) p value

Global type I error- controlled endpoints at week 16, tested in the sequence below

 ASAS20 response,‡ n (%) 75 (56.4) 40 (29.4) <0.0001***§

 ASAS40 response,‡ n (%) 54 (40.6) 17 (12.5) <0.0001***§

 ∆ASDAS,¶ LSM (SE) (N1) −1.36 (0.07) (129) −0.39 (0.07) (131) <0.0001***§

 ∆hsCRP (mg/dL),¶ LSM (SE) (N1) −1.05 (0.10) (129) −0.09 (0.10) (131) <0.0001***§

 ∆ASQoL,** LSM (SE) (N1) −4.03 (0.40) (129) −2.01 (0.41) (130) 0.0001***§

 ∆SF- 36v2 PCS score,** LSM (SE) (N1) 6.69 (0.59) (129) 3.14 (0.59) (130) <0.0001***§

 ∆BASMI,¶ LSM (SE) (N1) −0.63 (0.06) (129) −0.11 (0.06) (131) <0.0001***§

 ∆FACIT- F total score,¶ LSM (SE) (N1) 6.54 (0.80) (129) 3.12 (0.79) (131) 0.0008***§

Type I error- controlled ∆ASAS components at week 16¶§§ tested in the sequence below

 ∆PtGA (NRS 0–10), LSM (SE) (N1) −2.47 (0.20) (129) −0.91 (0.20) (131) <0.0001***††

 ∆Total back pain (NRS 0–10), LSM (SE) (N1) −2.57 (0.19) (129) −0.96 (0.19) (131) <0.0001***††

 ∆BASFI (NRS 0–10), LSM (SE) (N1) −2.05 (0.17) (129) −0.82 (0.17) (131) <0.0001***††

 ∆Morning stiffness (inflammation, NRS 0–10),‡‡ LSM (SE) (N1) −2.69 (0.19) (129) −0.97 (0.19) (131) <0.0001***††

Data are from the week 16 analysis: data cut- off 19 December 2019; data snapshot 29 January 2020.
***p<0.001 for comparing tofacitinib 5 mg two times per day versus placebo.
†In each family of type I error- controlled endpoints, statistical significance could be declared only if the prior endpoint in the sequence met the requirements for significance (p≤0.05).
‡Normal approximation adjusting for the stratification factor (bDMARD treatment history: bDMARD- naïve versus TNFi- IR or prior bDMARD use without IR) derived from the clinical database via the Cochran- Mantel- Haenszel approach was used. 
Missing response was considered as non- response.
§p≤0.05 for comparing tofacitinib 5 mg two times per day versus placebo, according to the prespecified step- down testing procedure for global type I error control.
¶Mixed model for repeated measures included fixed effects of treatment group, visit, treatment group by visit interaction, stratification factor derived from the clinical database, stratification factor by visit interaction, baseline value, and baseline 
value by visit interaction. The model used a common unstructured variance–covariance matrix, without imputation for missing values.
**Analysis of covariance model included fixed effects of treatment group, stratification factor derived from the clinical database and baseline value. Missing values were not imputed.
††p≤0.05 for comparing tofacitinib 5 mg two times per day versus placebo, according to the prespecified step- down testing procedure for type I error control of ASAS components.
‡‡Morning stiffness (inflammation) assessed as mean of questions 5 and 6 of the BASDAI.
§§Endpoints were tested in sequence after ASAS20 response at week 16 met the requirements for significance (p≤0.05).
∆, change from baseline; ASAS20, ASAS ≥20% improvement; ASAS40, ASAS ≥40% improvement; ASAS, Assessment of SpondyloArthritis international Society; ASDAS, Ankylosing Spondylitis Disease Activity Score using hsCRP; ASQoL, Ankylosing 
Spondylitis Quality of Life; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; bDMARD, biologic disease- modifying antirheumatic 
drug; FACIT- F, Functional Assessment of Chronic Illness Therapy- Fatigue; hsCRP, high- sensitivity C- reactive protein; IR, inadequate response or intolerance; LSM, least squares mean; n, number of patients with response; N, number of patients in 
full analysis set; N1, number of patients with observation at week 16; NRS, Numerical Rating Scale; PtGA, Patient Global Assessment of Disease Activity; SF- 36v2, Short Form-36 Health Survey Version 2 Physical Component Summary; TNFi, tumour 
necrosis factor inhibitor.

Table 3 Efficacy of tofacitinib 5 mg two times per day versus placebo at week 16: secondary endpoints without type I error control
Tofacitinib 5 mg two times per day (N=133) Placebo (N=136)

ASAS partial remission rate,† n (%) 20 (15.0)*** 4 (2.9)

ASAS 5/6 response rate,† n (%) 58 (43.6)*** 10 (7.4)

ASDAS clinically important improvement response rate,†‡ n (%) (N1) 81 (61.4) (132)*** 26 (19.1) (136)

ASDAS major improvement response rate,†§ n (%) (N1) 37 (30.1) (123)*** 6 (4.7) (129)

ASDAS LDA rate,†¶ n (%) (N1) 51 (38.9) (131)*** 11 (8.1) (136)

ASDAS inactive disease rate,†** n (%) (N1) 9 (6.8) (133)** 0 (0.0) (136)

BASDAI50 response rate,† n (%) 57 (42.9)*** 24 (17.7)

∆BASDAI,†† LSM (SE) (N2) −2.55 (0.18) (129)*** −1.11 (0.17) (131)

∆MASES,††‡‡ LSM (SE) (N2) −1.94 (0.29) (70) −1.41 (0.27) (76)

∆SJC(44),††§§ LSM (SE) (N2) −3.35 (0.48) (33) −2.79 (0.47) (36)

Data are from the week 16 analysis: data cut- off 19 December 2019; data snapshot 29 January 2020.
**p<0.01, ***p<0.001 for comparing tofacitinib 5 mg two times per day versus placebo.
†Normal approximation adjusting for the stratification factor (bDMARD treatment history: bDMARD- naïve versus TNFi- IR or prior bDMARD use without IR) derived from the clinical database via the Cochran- Mantel- Haenszel approach was used. 
Missing response was considered as non- response.
‡Analysed in patients with baseline ASDAS ≥1.736.
§Analysed in patients with baseline ASDAS ≥2.636.
¶Analysed in patients with baseline ASDAS ≥2.1.
**Analysed in patients with baseline ASDAS ≥1.3.
††Mixed model for repeated measures included fixed effects of treatment group, visit, treatment group by visit interaction, stratification factor derived from the clinical database, stratification factor by visit interaction, baseline value, and baseline 
value by visit interaction. The model used a common unstructured variance- covariance matrix, without imputation for missing values.
‡‡Analysed in patients with baseline MASES >0.
§§Analysed in patients with baseline SJC(44) >0.
Δ, change from baseline; ASAS, Assessment of SpondyloArthritis international Society; ASDAS, Ankylosing Spondylitis Disease Activity Score using hsCRP; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; bDMARD, biologic disease- 
modifying antirheumatic drug; hsCRP, high- sensitivity C- reactive protein; IR, inadequate response or intolerance; LDA, low disease activity; LSM, least squares mean; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; N, number of patients 
in full analysis set; N1, number of patients who met the baseline ASDAS inclusion criterion for the analysis; N2, number of patients with observation at week 16; n, number of patients with response; SJC(44), swollen joint count based on 44 joints; 
TNFi, tumour necrosis factor inhibitor.
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(online supplemental figure S2); ASAS partial remission and 
ASAS 5/6 response (online supplemental figure S3); ASDAS 
clinically important improvement, major improvement, LDA 
and inactive disease (online supplemental figure S4); and 
∆BASDAI and BASDAI50 response (online supplemental 
figure S5). No difference in ∆MASES was observed between  
tofacitinib and placebo at week 16, but improvement was 
greater with tofacitinib versus placebo at weeks 4, 8 and 12 
(online supplemental figure S6A). In the double- blind phase, 
improvements in ∆SJC(44) were similar with tofacitinib and 
placebo and were maintained in the open- label phase in both 
groups (online supplemental figure S6B). Mean ASDAS, 
hsCRP, BASMI, FACIT- F total score, PtGA, total back pain, 
BASFI, morning stiffness (inflammation), BASDAI, MASES 
and SJC(44) over time supported these findings (online 
supplemental figure S7).

Safety
AEs and laboratory abnormalities are summarised in table 4. 
Rates of AEs, serious AEs, severe AEs, discontinuations of 
study drug due to AEs, and dose reductions or temporary 
discontinuations of study drug due to AEs were numeri-
cally higher with tofacitinib versus placebo and placebo→ 

tofacitinib up to week 16 (double- blind phase) and up to  
week 48 (double- blind and open- label phases), respectively.

With tofacitinib up to week 48, there were no deaths and no cases 
of malignancies (including non- melanoma skin cancer (NMSC)), 
major adverse cardiovascular events (MACE), thromboembolic 
events, gastrointestinal perforation, drug- induced liver injury (DILI), 
opportunistic infections or interstitial lung disease (ILD). Adjudicated 
hepatic events were reported in one (0.8%) patient up to week 16 
and three (2.3%) patients up to week 48; one was unlikely DILI and 
the other two were unrelated DILI—none met the criteria for poten-
tial Hy’s law or definite Hy’s law. There was one (0.8%) patient with 
a serious infection (meningitis) up to week 16 and up to week 48 
(same patient); this event did not meet the opportunistic infection 
criteria. Three (2.3%) patients had non- serious herpes zoster (HZ) 
up to week 48.

With placebo, there were no deaths or AESIs up to week 16. 
Up to week 48, two (1.5%) patients in the placebo→tofacitinib 
group had non- serious HZ.

In the tofacitinib group, uveitis was reported in one (0.8%) 
patient up to week 16 and two (1.5%) patients up to week 48; 
both had history of uveitis. There were no AEs of psoriasis or 
inflammatory bowel disease (IBD), regardless of history.

Figure 2 Efficacy of tofacitinib 5 mg two times per day versus placebo→tofacitinib 5 mg two times per daya over time up to week 48: (A) ASAS20 
responseb and (B) ASAS40 response.b Data up to week 16 are from the week 16 analysis: data cut- off 19 December 2019; data snapshot 29 January 
2020. Data for weeks 24–48 are from the week 48 final analysis. ***p<0.001 for comparing tofacitinib 5 mg two times per day versus placebo. 
†p≤0.05 for comparing tofacitinib 5 mg two times per day versus placebo, according to the prespecified step- down testing procedure for global type I 
error control. ‡p≤0.05 for comparing tofacitinib 5 mg two times per day versus placebo, according to the prespecified step- down testing procedure for 
type I error control of ASAS response over time. aPatients receiving placebo advanced to tofacitinib 5 mg two times per day at week 16 (dashed line). 
bUp to week 16, response rate was tested in hierarchical sequence to control for type I error: weeks 16, 12, 8, 4 and 2. Statistical significance could be 
declared only if the prior time points in the sequence met the requirements for significance (p≤0.05). After week 16, there was no type I error control. 
Normal approximation adjusting for the stratification factor (bDMARD treatment history: bDMARD- naïve vs TNFi- IR or prior bDMARD use without IR) 
derived from the clinical database via the Cochran- Mantel- Haenszel approach was used. Missing response was considered as non- response.  
ASAS, Assessment of SpondyloArthritis international Society; ASAS20, ASAS ≥20% improvement; ASAS40, ≥40% improvement; bDMARD, biologic 
disease- modifying antirheumatic drug; BID, two times per day; IR, inadequate response or intolerance; N, number of patients in full analysis set;  
TNFi, tumour necrosis factor inhibitor.
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Figure 3 Efficacy of tofacitinib 5 mg two times per day versus placebo→tofacitinib 5 mg two times per daya over time up to week 48: (A) ∆ASDAS,b 
(B) ∆hsCRP (mg/dL),b (C) ∆BASMIb and (D) ∆FACIT- F total score.b Data up to week 16 are from the week 16 analysis: data cut- off 19 December 
2019; data snapshot 29 January 2020. Data for weeks 24–48 are from the week 48 final analysis. ***p<0.001 for comparing tofacitinib 5 mg two 
times per day versus placebo. †p≤0.05 for comparing tofacitinib 5 mg two times per day versus placebo, according to the prespecified step- down 
testing procedure for global type I error control. aPatients receiving placebo advanced to tofacitinib 5 mg two times per day at week 16 (dashed 
line). bMixed model for repeated measures included fixed effects of treatment group, visit, treatment group by visit interaction, stratification factor 
(bDMARD treatment history: bDMARD- naïve vs TNFi- IR or prior bDMARD use without IR) derived from the clinical database, stratification factor by 
visit interaction, baseline value, and baseline value by visit interaction. The model used a common unstructured variance–covariance matrix, without 
imputation for missing values. Two separate models were used. In the analyses of results through the first 16 weeks, the data cut- off of 19 December 
2019 was used; the results through week 16 are from this model. In the analyses of the results through week 48 (including all post- baseline data 
through week 48), the week 48 final data were used; the results from week 24 through week 48 are from this model. ∆, change from baseline;  
ASDAS, Ankylosing Spondylitis Disease Activity Score using hsCRP; BASMI, Bath Ankylosing Spondylitis Metrology Index; bDMARD, biologic disease- 
modifying antirheumatic drug; BID, two times per day; FACIT- F, Functional Assessment of Chronic Illness Therapy- Fatigue; hsCRP, high- sensitivity 
C- reactive protein; IR, inadequate response or intolerance; LSM, least squares mean; N, number of patients in full analysis set; N1, number of patients 
with observation at visit; TNFi, tumour necrosis factor inhibitor.
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1011Deodhar A, et al. Ann Rheum Dis 2021;80:1004–1013. doi:10.1136/annrheumdis-2020-219601

Spondyloarthritis

In the placebo→tofacitinib group, uveitis was reported in 
three (2.2%) patients up to week 16 and four (2.9%) patients 
up to week 48 (one additional patient experienced uveitis after 
switching to tofacitinib), all with history of uveitis. Psoriasis was 
reported in one (0.7%) patient up to week 16 and up to week 48 
(same patient), who had history of psoriasis. There were no AEs 
of IBD, regardless of history.

Up to week 16 and up to week 48, a higher proportion of 
patients in the placebo→tofacitinib versus the tofacitinib group 
had laboratory values meeting the protocol criteria for moni-
toring. Up to week 48, two (1.5%) patients in the tofacitinib 
group and no patients in the placebo→tofacitinib group had 
laboratory values meeting protocol criteria for discontinuation 
of study drug.

Up to week 48, mean haemoglobin, lymphocytes, neutro-
phils, alanine aminotransferase, aspartate aminotransferase and 
cholesterol were stable over time; mean creatine kinase increased 
slightly over time (online supplemental figure S8).

There were no cases of COVID-19. However, due to the 
COVID-19 pandemic, there were some cases of protocol devi-
ation, discontinuation of study drug and withdrawal from the 
study (online supplemental table S1).

DISCUSSION
In this phase III study of tofacitinib 5 mg two times per day in 
patients with active AS, the ASAS20 response rate at week 16 
(the primary endpoint) was significantly greater with tofacitinib 
versus placebo. These findings were supported by secondary 

Table 4 Summary of safety up to week 16 and up to week 48

Patients with events, n (%)

Up to week 16
(double- blind phase)

Up to week 48
(double- blind and open- label phases)

Tofacitinib
5 mg two times per day
(N=133)

Placebo
(N=136)

Tofacitinib
5 mg two times per day
(N=133)

Placebo→ tofacitinib
5 mg two times per day
(N=136)

AEs 73 (54.9) 70 (51.5) 103 (77.4) 93 (68.4)

SAEs* 2 (1.5) 1 (0.7) 7 (5.3) 2 (1.5)

Severe AEs† 2 (1.5) 0 6 (4.5) 0

Discontinued study drug due to AEs 3 (2.3) 1 (0.7) 8 (6.0) 3 (2.2)

Reduced dose or temporarily discontinued study drug due to AEs 9 (6.8) 5 (3.7) 18 (13.5) 13 (9.6)

Deaths 0 0 0 0

Most common AEs by preferred term (>5% of any treatment group)

 Upper respiratory tract infection 14 (10.5) 10 (7.4) 21 (15.8) 18 (13.2)

 Nasopharyngitis 9 (6.8) 10 (7.4) 11 (8.3) 17 (12.5)

 Diarrhoea 6 (4.5) 5 (3.7) 10 (7.5) 8 (5.9)

 Arthralgia 1 (0.8) 8 (5.9) 2 (1.5) 9 (6.6)

 ALT increased 4 (3.0) 1 (0.7) 8 (6.0) 2 (1.5)

 Protein urine present 5 (3.8) 2 (1.5) 8 (6.0) 4 (2.9)

 Headache 2 (1.5) 3 (2.2) 5 (3.8) 7 (5.1)

 Abdominal pain upper 0 4 (2.9) 2 (1.5) 7 (5.1)

AESIs

 Malignancies (including NMSC)‡ 0 0 0 0

 MACE‡ 0 0 0 0

 Thromboembolic events (DVT, PE or ATE)‡ 0 0 0 0

 GI perforation‡ 0 0 0 0

 Hepatic events‡ 1 (0.8)§ 0 3 (2.3)¶ 0

 DILI‡ 0 0 0 0

 HZ (serious and non- serious) 0 0 3 (2.3)** 2 (1.5)**

 Opportunistic infections‡ 0 0 0 0

 Serious infections 1 (0.8)†† 0 1 (0.8)†† 0

 ILD‡ 0 0 0 0

Laboratory values meeting protocol criteria for monitoring‡‡ 0 6 (4.4) 7 (5.3) 10 (7.4)

 Haemoglobin drop >20 g/L below baseline 0 4 (2.9) 3 (2.3) 5 (3.7)

 Platelet count <100×109/L 0 1 (0.7) 0 1 (0.7)

 Serum creatinine increase >50% or increase 0.5 mg/dL over the average of screening 
and baseline values

0 0 4 (3.0) 3 (2.2)

 Creatine kinase >5×ULN 0 1 (0.7) 0 1 (0.7)

Laboratory values meeting protocol criteria for discontinuation of study drug§§ 1 (0.8) 0 2 (1.5) 0

 Two sequential AST or ALT elevations >5×ULN 1 (0.8) 0 2 (1.5) 0

Data are from the week 48 final analysis.
*SAEs were defined as any untoward medical occurrence at any dose that was life- threatening; resulted in hospitalisation, prolongation of existing hospitalisation, persistent or significant disability/incapacity, congenital anomaly/birth defect or 
death; or was considered to be an important medical event.
†Investigators used the adjectives mild, moderate or severe to describe the maximum intensity of the AE. Severe AEs were defined as those that interfered significantly with the patient’s usual function.
‡Adjudicated events.
§Two sequential AST or ALT ≥3×ULN; unrelated DILI; patient did not meet criteria for potential Hy’s law or definite Hy’s law.
¶One patient had two sequential AST or ALT ≥3×ULN, which was unrelated DILI; one patient had AST or ALT ≥5×ULN, which was unlikely DILI; one patient had cholecystitis and recurrence of gallstones, which was unrelated DILI. None of these 
patients met the criteria for potential Hy’s law nor definite Hy’s law.
**All cases were non- serious.
††Meningitis; did not meet opportunistic infection adjudication criteria.
‡‡Notably, no patients met the following protocol criteria for monitoring: absolute neutrophil count <1.2×109/L; absolute lymphocyte count <0.5×109/L.
§§Notably, no patients met the following protocol criteria for discontinuation of study drug: two sequential absolute neutrophil counts <1.0×109/L; two sequential absolute lymphocyte counts <0.5x109/L.
AE, adverse event; AESI, adverse event of special interest; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ATE, arterial thromboembolism; DILI, drug- induced liver injury; DVT, deep vein thrombosis; GI, gastrointestinal; HZ, herpes 
zoster; ILD, interstitial lung disease; N, number of patients in safety analysis set; n, number of patients with event; NMSC, non- melanoma skin cancer; MACE, major adverse cardiovascular events; PE, pulmonary embolism; SAE, serious adverse 
event; ULN, upper limit of normal.
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efficacy endpoints, which demonstrated significant improve-
ments with tofacitinib versus placebo in clinical measures and 
patient- reported outcomes relating to disease activity, mobility, 
function and health- related quality of life. Importantly, a rapid 
onset of clinical response (as early as week 2, the first post- 
baseline visit), including ASAS20 response, was seen in patients 
who received tofacitinib. Efficacy of tofacitinib was sustained up 
to the end of the open- label phase (week 48). In patients who 
advanced from placebo to tofacitinib at week 16, there was an 
improved clinical response between weeks 16 and 24, sustained 
up to week 48.

These efficacy findings are consistent with those from the 
phase II study of tofacitinib versus placebo in patients with AS.17 
Two other JAK inhibitors, upadacitinib and filgotinib, have been 
investigated in patients with AS, with efficacy findings similar to 
those for tofacitinib. In the phase II/III study SELECT- AXIS 1, 
the ASAS40 response rate at week 14 was significantly greater 
with upadacitinib 15 mg once daily versus placebo (48 of 93 
(52%) vs 24 of 94 (26%), p=0.0003; primary endpoint).19 In 
the phase II study TORTUGA, the mean (SD) ∆ASDAS at week 
12 was significantly greater with filgotinib 200 mg once daily 
versus placebo (−1.47 (1.04) vs −0.57 (0.82), p<0.0001; 
primary endpoint).20

In descriptive analyses in this phase III study of tofacitinib, 
ASAS20/ASAS40 response rates at week 16 remained numeri-
cally greater with tofacitinib versus placebo when stratified by 
bDMARD treatment history (bDMARD- naïve vs TNFi- IR or 
prior bDMARD use without IR); there was no statistical hypoth-
esis testing for these subgroup analyses, and the smaller sample 
size at each subgroup level would limit statistical testing due to 
type II error.

The analysis of SJC(44) was limited by the small number 
of patients included, hence potentially larger type II error: at 
baseline, 33 and 38 patients had SJC(44) >0 in the tofacitinib 
and placebo groups, respectively. Furthermore, in patients 
with baseline MASES >0 or SJC(44) >0, a numerically higher 
proportion of patients had baseline csDMARD use in the 
placebo group versus the tofacitinib group (data not shown), 
which may partially explain the response seen in the placebo 
group and the lack of difference between tofacitinib and 
placebo in SJC(44).

AEs were more frequent with tofacitinib versus placebo, consis-
tent with the phase II study of tofacitinib in patients with AS.17 
The safety profile of tofacitinib, including laboratory changes, in 
patients with AS in this study was consistent with the established 
safety profile of tofacitinib 5 mg two times per day across all 
clinical programmes.10–16 In patients receiving tofacitinib, there 
were no deaths and no reported cases of malignancies (including 
NMSC), thromboembolic events, MACE, gastrointestinal perfo-
ration, DILI, opportunistic infections or ILD. Up to week 48, 
in the tofacitinib group, three (2.3%) patients had adjudicated 
hepatic events (one unlikely DILI, the other two unrelated DILI; 
none met the criteria for potential Hy’s law or confirmed Hy’s 
law), three (2.3%) patients had non- serious HZ and one (0.8%) 
patient had a serious infection (meningitis). Up to week 48 in 
the placebo→tofacitinib group, two (1.5%) patients had non- 
serious HZ.

Limitations of the study must be considered. The study popu-
lation was relatively small. Additionally, the follow- up length of 
the study was relatively short to assess long- term efficacy and 
safety, including occurrence of AESIs. Furthermore, the study 
did not include image evaluation such as MRI improvement, 
which may need to be evaluated in future studies. In the phase II 
study of tofacitinib in patients with AS, significant improvements 

in MRI outcomes were observed for tofacitinib 5 mg two times 
per day versus placebo.17

Currently, the unmet need for treatment options is high in 
patients with AS, including a need for effective oral treatment 
options following NSAIDs and a need for additional mechanisms 
of action. If approved by regulatory agencies, tofacitinib could 
be one of a new class of drugs for use in AS, providing an addi-
tional treatment option for patients with this disease.

In conclusion, in this phase III study, patients with active 
AS and an IR to NSAIDs had a rapid, sustained and clinically 
meaningful response to tofacitinib 5 mg two times per day, with 
no new potential safety risks identified. This suggests a favour-
able benefit–risk balance in patients with active AS treated with 
tofacitinib.
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ABSTRACT
Objective To investigate the efficacy and safety 
of brodalumab, a fully human anti- interleukin-17 
receptor A monoclonal antibody, in patients with axial 
spondyloarthritis (axSpA).
Methods In a multicentre, placebo- controlled phase 
3 study (NCT02985983) conducted at 48 sites across 
Japan, Korea and Taiwan, patients with axSpA were 
randomised 1:1 to receive subcutaneous brodalumab 
210 mg (n=80) or placebo (n=79) at baseline, weeks 
1 and 2 and every 2 weeks thereafter, during the 
16- week double- blind period. The primary endpoint 
was the proportion of patients with Assessment of 
SpondyloArthritis International Society (ASAS) 40 
response at week 16. Secondary endpoints included 
the proportion of patients with ASAS 20 response and 
change in Ankylosing Spondylitis Disease Activity Score 
using C- reactive protein (ASDAS- CRP) at week 16 and 
safety.
Results ASAS 40 response rate (n/N; 95% CI) was 
43.8% (35/80; 32.7, 55.3) with brodalumab vs 24.1% 
(19/79; 15.1, 35.0) with placebo (rate difference, 19.7% 
(5.3, 34.1); p=0.018 by stratified Cochran- Mantel- 
Haenszel test). ASAS 20 response rate (n/N; 95% CI) was 
67.5% (54/80; 56.1, 77.6) vs 41.8% (33/79; 30.8, 53.4) 
and least squares mean change (95% CI) from baseline 
(brodalumab, 2.660; placebo, 2.716) in ASDAS- CRP was 
–1.127 (–1.322, –0.931) with brodalumab vs –0.672
(–0.872, –0.473) with placebo at week 16. Treatment- 
emergent adverse events were reported in 44 (55%) 
and 45 (57%) patients in the brodalumab and placebo 
groups, respectively.
Conclusion Brodalumab demonstrated a significant 
improvement at week 16 in patients with active axSpA. 
Safety of brodalumab was consistent with that reported 
in previous global/Japanese psoriasis studies.

INTRODUCTION
Axial spondyloarthritis (axSpA) is an inflamma-
tory disease characterised by chronic (≥3 months) 
back pain with an age at onset of <45 years and 
both articular and extra- articular clinical mani-
festations.1–3 Based on the Assessment of Spon-
dyloArthritis International Society (ASAS) 2009 
classification criteria,1 axSpA was proposed as a 
single entity with two subtypes: ankylosing spondy-
litis (AS; radiographic axSpA) and non- radiographic 
axSpA (nr- axSpA).

The worldwide prevalence of SpA is 0.1%–
1.4%,4 5 with an estimated pooled prevalence of 
0.2% in South- East Asia.6 AS affects 9–30 individ-
uals/10 000 general population.7 A 2018 epidemi-
ological survey reported ~3200 AS cases in Japan.8 
Overall, 54 857 (in 2010)9 and 27 419 (in 2015)10 
AS cases were identified from health insurance 
databases in Taiwan and Korea, respectively. The 
prevalence of nr- axSpA remains unreported.11

Interleukin (IL)-17 cytokines play a pathophysio-
logical role in axSpA.12 Clinical trials have demon-
strated the efficacy and safety of IL-17 inhibitors in 
the treatment of AS13–23 and nr- axSpA.24 Inhibition 
of IL- 17A and IL- 17F prevents inflammation and 
pathological and new bone formation.25 26 Broda-
lumab, a fully human anti- IL-17 receptor A (IL- 
17RA) monoclonal antibody, inhibits the activity 
of several other cytokines (IL- 17A/F, IL- 17C and 
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IL- 17E), including IL- 17A and IL- 17F, thus demonstrating a 
broader inflammation- blocking activity than other selective 
IL-17 inhibitors.27 Brodalumab 210 mg is approved for the treat-
ment of plaque psoriasis in North America, Canada, Europe,28 29 
Japan30 and other Asian countries. This phase 3 study aimed to 
evaluate the efficacy and safety of brodalumab in patients with 
active axSpA, including those with nr- axSpA. Here, we report 
the interim analysis efficacy and safety results of brodalumab vs 
placebo from the 16- week double- blind randomised period.

METHODS
Study design
This multicentre, randomised, placebo- controlled study, 
conducted at 48 sites across Japan (n=25), Korea (n=12) 
and Taiwan (n=11) from October 2016 to December 2019, 
comprised a 16- week double- blind period and a 52- week open- 
label extension period. An interim analysis was performed at 
week 16, following data cut- off, after all patients had completed 
their week 16 visit. Eligible patients were randomised 1:1 to 
receive subcutaneous brodalumab 210 mg (the dosage approved 
for psoriasis30) or placebo at baseline, weeks 1 and 2 and 
every 2 weeks thereafter. Use of analgesics, such as acetamin-
ophen and tramadol, and temporary dose increase or initia-
tion of non- steroidal anti- inflammatory drugs (NSAIDs) during 
disease flare- ups were permitted at the physicians’ discretion, 
except during 12 hours before a scheduled efficacy evaluation 
(excluding the screening test). NSAIDs were discontinued or 
their dose reduced upon flare- up resolution. Patients continuing 
conventional synthetic disease- modifying antirheumatic drugs 
(DMARDs) or oral corticosteroids started before study enrol-
ment maintained a stable dose during the 16- week study period.

Randomisation and masking
Patients were randomised to treatment groups in the order of 
enrolment using an interactive web response system (IWRS) by 
dynamic allocation and stratified based on baseline C- reactive 
protein (CRP) level (≥/<upper limit of normal (ULN)), region 
(Japan/Korea/Taiwan), disease subpopulations (AS/nr- axSpA) 
and informed consent (IC) for pharmacokinetic (PK) additional 
sampling (yes/no). Parexel International Inc. created a master 
randomisation list and allocated the study drug using the IWRS 
according to a prior written procedure. Investigators, patients’ 
assessors, other study site personnel and the sponsor’s represen-
tatives remained blinded until week 16, and the randomisation 
list was unblinded at the end of the double- blind period after all 
the patients had completed their week 16 visit.

All study participants provided written voluntary IC. The 
study was designed and sponsored by Kyowa Kirin and is regis-
tered at  ClinicalTrials. gov (NCT02985983) and conducted after 
consultation and in agreement with the Japanese regulatory 
authorities.

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

Patients
Eligible patients included adults (aged ≥18 years), diagnosed 
as having axSpA by rheumatologists, meeting the ASAS classi-
fication criteria for axSpA (online supplemental table S1).1 AS 
was diagnosed based on radiographic evidence of sacroiliitis 
grade ≥2 bilaterally or grade 3–4 unilaterally and ≥1 SpA 

Figure 1 Patient disposition. *Did not meet the study criteria for AS or nr- axSpA, as judged by the central image readers. †Failed to meet the 
inclusion criteria or met one of the exclusion criteria. AS, ankylosing spondylitis; axSpA, axial spondyloarthritis; nr- axSpA, non- radiographic axSpA.
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feature (excluding Crohn’s disease) by the ASAS classification 
criteria for axSpA.1 In the absence of radiographic evidence for 
AS, either of the following criteria was required to be met for a 
diagnosis of nr- axSpA: presence of inflammatory lesions of the 
sacroiliac joint on magnetic resonance imaging (MRI) of SpA 
Research Consortium of Canada level ≥2 and ≥1 SpA feature 
by the ASAS classification criteria for axSpA (excluding Crohn’s 

disease) OR human leucocyte antigen (HLA)- B27 positivity and 
≥2 SpA features by the ASAS classification criteria for axSpA 
(excluding Crohn’s disease), with one of these being elevated 
CRP >ULN (0.5 mg/dL) (online supplemental tables S1 and 
S2). Radiographic sacroiliitis and inflammatory lesions on MRI 
were read centrally by a single experienced reader. Other inclu-
sion criteria were Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) ≥4 (including a spinal pain score ≥4) and 
inadequate response to NSAID therapy of ≥3 months. Patients 
receiving prior therapy were included if the duration of conven-
tional synthetic DMARDs was ≥3 months before study drug 
initiation, with a stable dose for ≥4 weeks, or the duration of 
oral corticosteroids was ≥4 weeks before study drug initiation. 
Patients with complete ankylosis of the spine; history of Crohn’s 
disease; history/evidence of suicidal ideation (severity: 4 or 5)/
any suicidal behaviour based on the Columbia- Suicide Severity 
Rating Scale (C- SSRS), or severe depression based on the Patient 
Health Questionnaire-8 (PHQ-8); or previous biologic ther-
apies, including >1 anti- tumour necrosis factor (anti- TNF) or 
any anti- TNF within 4–10 weeks of study start or anti- IL-17 or 
anti- IL-12/IL-23 within 6 months were excluded from the study 
(online supplemental table S1).

Outcome measures
The primary endpoint was the proportion of patients with 
axSpA achieving an ASAS 40 response at week 16. Secondary 
endpoints included the proportion of patients with axSpA 
achieving ASAS 20, those with AS and nr- axSpA achieving ASAS 
40 at week 16, change from baseline in Ankylosing Spondy-
litis Disease Activity Score (ASDAS) using CRP (ASDAS- CRP) 
at week 16 and ASDAS- CRP response rate by disease improve-
ment and disease activity state. ASAS 20 response rate in the 
AS subpopulation was assessed post hoc. ASAS 40 response was 
defined as an improvement of ≥40% (≥20% for ASAS 20) and 
an absolute improvement of ≥2 units (≥1 unit for ASAS 20) 
(on a 10- unit scale) in ≥3 of the four main ASAS domains (ie, 
Patient Global Assessment (PGA) of axSpA, the average of total 
and nocturnal PGA of spinal pain, Bath Ankylosing Spondylitis 
Functional Index (BASFI) score and the mean of BASDAI Q5 
and Q6) and no worsening (by ≥20% and ≥1 unit for ASAS 20) 
in the remaining domains.

Treatment- emergent adverse events (TEAEs) were summarised 
by system organ class (SOC) and preferred term (PT) using the 
Medical Dictionary for Regulatory Activities (V.19.1). TEAEs 
identified or considered as potential risks were assessed as 
‘TEAEs of interest’ and labelled in the following six categories: 
neutrophil count decreased/serious infections/serious hypersen-
sitivity (identified risks) and malignancy/inflammatory bowel 
disease/suicide or self- injury- related events (potential risks) 
(online supplemental tables S3 and S4).

Exploratory endpoints included BASFI, BASDAI, Bath Anky-
losing Spondylitis Metrology Index (BASMI), AS Quality of Life 
Questionnaire (ASQoL), Short Form-36 (SF-36) Health Survey 
(version 2), enthesitis count, swollen joint count and PGA of 
spine pain and axSpA.

Subgroup analyses by prior anti- TNF therapy, HLA- B27 
status and CRP level at screening were performed for ASAS 40 
response rate at week 16.

Statistical analyses
At least 59 patients per treatment group were targeted for enrol-
ment to achieve a power of 90% with a two- sided 5% signifi-
cance level assuming an ASAS 40 response rate of 40.5% with 

Table 1 Patient demographics and other baseline characteristics 
(full analysis set)

Characteristic
Brodalumab 210 mg
N=80

Placebo
N=79

Sex, male—n (%) 66 (82.5) 61 (77.2)

Mean age (SD)—years 36.6 (11.4) 38.3 (10.8)

Mean BMI (SD)—kg/m2 25.1 (4.2) 25.4 (4.1)

Disease subpopulations— n (%)

 AS 63 (78.8) 62 (78.5)

 nr- axSpA 17 (21.3) 16 (20.3)

 Missing* 0 1 (1.3)

Disease duration of axSpA†—n 75 75

 Mean (SD)—years 7.1 (7.7) 6.5 (6.5)

  Range—years 0.1–33.9 0.1–26.8

Region—n (%)

 Japan 15 (18.8) 15 (19.0)

 Korea 22 (27.5) 22 (27.8)

 Taiwan 43 (53.8) 42 (53.2)

Spondyloarthritis features—n (%)

 Inflammatory back pain 79 (98.8) 79 (100.0)

 Arthritis 25 (31.3) 35 (44.3)

 Enthesitis (heel) 18 (22.5) 19 (24.1)

 Uveitis 16 (20.0) 11 (13.9)

 Dactylitis 2 (2.5) 4 (5.1)

 Psoriasis 6 (7.5) 5 (6.3)

 Good response to NSAIDs 25 (31.3) 31 (39.2)

 Family history of spondyloarthritis 21 (26.3) 31 (39.2)

 HLA- B27 positive 68 (85.0) 65 (82.3)

 Elevated CRP‡ 49 (61.3) 46 (58.2)

Prior anti- TNF therapy—n (%) 16 (20.0) 17 (21.5)

 Adalimumab 4 (5.0) 4 (5.1)

 Certolizumab pegol 4 (5.0) 3 (3.8)

 Etanercept 6 (7.5) 5 (6.3)

 Golimumab 0 2 (2.5)

 Infliximab 2 (2.5) 3 (3.8)

Prior anti- IL-12/23 therapy—n (%) 0 0

CRP level at screening, mean (SD)—mg/dL 1.22 (1.45) 1.15 (1.19)

ASDAS- CRP score, mean (SD) 2.660 (0.615) 2.716 (0.652)

BASFI score, mean (SD) 3.7 (2.3) 3.5 (2.5)

BASDAI score, mean (SD) 6.2 (1.4) 6.4 (1.6)

BASMI score, mean (SD) 2.3 (1.7) 2.9 (1.9)

*The patient was initially randomised to the nr- axSpA subgroup at enrolment based 
on HLA- B- positive results observed on flow cytometry analysis at a local laboratory. 
However, based on HLA- B- negative results identified later using PCR- SBT at the 
central lab, the patient was excluded from the nr- axSpA subpopulation.
†Time from diagnosis to study enrolment.
‡CRP above ULN (0.5 mg/dL).
AS, ankylosing spondylitis; ASDAS, Ankylosing Spondylitis Disease Activity Score; 
axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity 
Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing 
Spondylitis Metrology Index; BMI, body mass index; CRP, C- reactive protein; HLA, 
human leucocyte antigen; IL, interleukin; nr- axSpA, non- radiographic axSpA; NSAID, 
non- steroidal anti- inflammatory drug; PCR- SBT, PCR- sequenced based typing; TNF, 
tumour necrosis factor; ULN, upper limit of normal.
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brodalumab and 13.0% with placebo. The sample size was esti-
mated based on the clinically significant difference in ASAS 40 
response rate achieved in AS patients with secukinumab (~40%) 
and placebo (~12%) in the MEASURE 1 and MEASURE 2 
studies15 and that in nr- axSpA patients with anti- TNF agents 
(43%) and placebo (15%) in five clinical studies and the expected 
number of enrolled nr- axSpA patients (maximum possible: 30 
patients).4 This study was not powered to demonstrate treatment 
group differences by AS and nr- axSpA.

The full analysis set comprised all randomised patients associ-
ated with the assigned treatment excluding those who received 
no study drug or had no post- dosing efficacy data. The safety 
analysis set comprised all randomised patients associated with 
the assigned treatment excluding those who received no study 
drug.

Missing data at week 16 were imputed as no response for ASAS 
20/40 and baseline- observation- carried- forward (BOCF) for 
ASDAS- CRP. ASAS 40 response rate at week 16 was compared 
between brodalumab and placebo using the Cochran- Mantel- 
Haenszel test adjusted with all stratification factors used for 
randomisation, except IC for PK additional sampling.

For each treatment group, ASAS 20/40 was summarised by 
visit, and the point estimates and 95% CIs of ASAS 20/40 were 
calculated. The point estimate and 95% CI of ASDAS- CRP and 
the change from baseline at week 16 were calculated for each 
treatment group using an analysis of covariance model adjusted 
with the baseline ASDAS- CRP and all stratification factors used 
for randomisation, except IC for PK additional sampling. Data 
were analysed using SAS V.9.4.

RESULTS
Patients
Overall, 159 eligible patients with axSpA were randomised 
1:1 to receive brodalumab 210 mg (n=80) or placebo (n=79; 
figure 1). Of these, three in the brodalumab group and ten in the 
placebo group discontinued (figure 1), and 77 and 69, respec-
tively, completed the 16- week period. No patient met the exclu-
sion criteria based on the C- SSRS rating and/or PHQ-8 score.

The study population comprised mainly men (brodalumab: 
66 (82.5%); placebo: 61 (77.2%)) and patients with AS (broda-
lumab: 63 (78.8%); placebo: 62 (78.5%)). The mean age was 
36.6 years and 38.3 years in the brodalumab and placebo groups, 

Figure 2 Response rates (full analysis set). (A) ASAS 40 response rate in patients with axSpA. (B) ASAS 20 response rate in patients with axSpA. (C) 
ASAS 40 response rate in patients with AS vs nr- axSpA. (D) ASAS 40 response rate in patients with HLA- B27 positive vs HLA- B27 negative. (E) ASAS 
40 response rate in patients with CRP abnormal vs CRP normal. *Data are presented in online supplemental table S5. AS, ankylosing spondylitis; 
ASAS, Assessment of SpondyloArthritis International Society; axSpA, axial spondyloarthritis; CRP, C- reactive protein; HLA, human leucocyte antigen; 
nr- axSpA, non- radiographic axSpA; ULN, upper limit of normal.
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respectively. Approximately 20% of patients in each treatment 
group had received prior anti- TNF therapy (table 1).

Efficacy
The primary endpoint, ASAS 40 response at week 16 (95% CI; 
non- responder imputation (NRI)), was achieved in 35 patients 
with axSpA (43.8%; 32.7, 55.3) in the brodalumab group (rate 
difference, 19.7% (5.3, 34.1); p=0.018) vs 19 patients (24.1%; 
15.1, 35.0) in the placebo group (figure 2A and online supple-
mental table S5). The ASAS 20 response rate (95% CI; NRI) 
was higher with brodalumab (67.5%; 56.1, 77.6) vs placebo 
(41.8%; 30.8, 53.4) among patients with axSpA (figure 2B). 
Among subpopulations with AS and nr- axSpA (figure 2C and 
online supplemental table S5), the ASAS 40 response rate 
(95% CI; NRI) at week 16 was higher with brodalumab (AS: 
46.0%; 33.4, 59.1, nr- axSpA: 35.3%; 14.2, 61.7) vs placebo 
(AS: 25.8%; 15.5, 38.5, nr- axSpA: 18.8%; 4.0, 45.6). In the AS 
subpopulation, the ASAS 20 response rate (n/N; 95% CI; NRI) 
at week 16 was 69.8% (44/63; 57.0, 80.8) with brodalumab vs 
41.9% (26/62; 29.5, 55.2) with placebo. ASAS 40 response rate 
in the nr- axSpA subpopulation by MRI status is shown in online 
supplemental table S6.

Among anti- TNF- naïve patients, the ASAS 40 response rate 
was 45.3% (29/64) with brodalumab vs 25.8% (16/62) with 
placebo compared with 37.5% (6/16) vs 17.6% (3/17), respec-
tively, for anti- TNF- experienced patients at week 16 (data not 

shown). The ASAS 40 response rate at week 16 was higher 
in patients with HLA- B27 positivity than in those with HLA- 
B27 negativity (brodalumab, 45.6% (31/68) vs 33.3% (4/12); 
placebo, 24.6% (16/65) vs 21.4% (3/14); figure 2D and online 
supplemental table S5) and in those with CRP level ≥ULN vs 
CRP level <ULN (brodalumab, 52.0% (26/50) vs 30.0% (9/30); 
placebo, 28.3% (15/53) vs 15.4% (4/26)) (figure 2E and online 
supplemental table S5).

The least squares mean (LSM) (95% CI; BOCF) change 
from baseline in ASDAS- CRP was –1.127 (–1.322, –0.931) 
with brodalumab vs –0.672 (–0.872, –0.473) with placebo at 
week 16 (figure 3A), with an LSM difference (95% CI) in the 
change from baseline in ASDAS- CRP between the two groups 
of –0.454 (–0.689, –0.219). The proportion of patients with 
major and clinically important improvement at week 16 was 
15.0% (12/80) and 41.3% (33/80), respectively, with broda-
lumab vs 6.3% (5/79) and 25.3% (20/79), respectively, with 
placebo (figure 3B). At week 16, 48.8% (39/80) of patients had 
inactive disease and 27.5% (22/80) had low disease activity in 
the brodalumab group (figure 3C). Improvements from base-
line in BASFI, BASDAI, BASMI, enthesitis count, swollen joint 
count and PGA of spinal pain and axSpA at week 16 were 
slightly higher with brodalumab than with placebo (online 
supplemental table S7).

Figure 3 ASDAS- CRP (full analysis set). (A) Change in ASDAS- CRP score from baseline at each efficacy timepoint over 16 weeks. *Baseline- 
observation- carried- forward ASAS response at week 16. (B) ASDAS- CRP response rate by disease improvement. Disease improvement was defined 
as clinically important and major for change from baseline in the ASDAS- CRP score of ≥1.1 and ≥2.0, respectively. (C) ASDAS- CRP response rate by 
disease activity state in the brodalumab (left) and placebo (right) groups. Disease activity state was defined by ASDAS- CRP score as follows: score 
<1.3, inactive disease; 1.3 to <2.1, low disease activity; 2.1 to <3.5, high disease activity; and ≥3.5, very high disease activity. ASAS, Assessment of 
SpondyloArthritis International Society; ASDAS- CRP, Ankylosing Spondylitis Disease Activity Score using C- reactive protein; LS, least squares.
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Safety
Over 16 weeks, TEAEs were reported in 44 (55%) patients in 
the brodalumab group and 45 (57%) patients in the placebo 
group (table 2). No deaths were reported. The most commonly 
reported TEAEs by SOC in the brodalumab group were infec-
tions and infestations (n=18, 22.5%; placebo: n=15, 19.0%), 
gastrointestinal disorders (n=13, 16.3%; placebo: n=7, 8.9%) 
and investigations (n=7, 8.8%; placebo: n=1, 1.3%).

The most commonly reported TEAEs by PT in the broda-
lumab group were nasopharyngitis (10.0% (n=8); placebo: 
11.4% (n=9)) and alanine aminotransferase and aspartate 
aminotransferase increased (5% (n=4) each; placebo: 1.3% 
(n=1) each) (table 3). Ulcerative colitis, Crohn’s disease, candi-
diasis or uveitis were not reported in any patient. Of the seven 
(8.8%) patients in the brodalumab group reporting TEAEs of 
interest, three had mouth ulceration and one each had stoma-
titis, herpes zoster oticus, external ear cellulitis and leucopenia. 
Other serious TEAEs were reported in four (5.0%) patients 
in the brodalumab group, all of which resolved, and included 
malocclusion/ankle fracture/external ear cellulitis (all drug unre-
lated) and herpes zoster oticus (relationship with drug unknown) 
in one patient each. In the placebo group, one serious TEAE of 
back pain was reported. No patient reported suicidal ideation or 
suicidal behaviour.

DISCUSSION
In patients with AS and nr- axSpA, the efficacy and safety 
of selective IL-17 A and/or F blockade were demonstrated 

previously.13–24 However, this is the first study in patients with 
axSpA comprising subpopulations of both disease subtypes, AS 
and nr- axSpA, which reports the efficacy and safety of broda-
lumab, an IL- 17RA monoclonal antibody that inhibits multiple 
IL-17 cytokines.27 Over 16 weeks, the ASAS 40 response rate in 
patients with axSpA consistently improved with brodalumab and 
was significantly higher vs placebo at week 16.

ASAS 40/20 responses were observed as early as week 2 among 
patients treated with brodalumab; at week 16, 43.8%/67.5% 
of patients demonstrated ASAS 40/20 response. The ASAS 40 
response rate with brodalumab at week 16 was comparable in 
the subpopulations with AS (46.0%) and nr- axSpA (35.3%). 
Disease activity (as assessed by the ASDAS- CRP score) started 
improving as early as week 2 and consistently improved over 16 
weeks. At week 16, 76.3% of patients achieved inactive disease 
or low disease activity, and 41.3% of patients had major and/or 
clinically important improvement with brodalumab treatment. 
The incidence of TEAEs was similar between the placebo and 
brodalumab groups, with no new safety signals identified with 
brodalumab treatment over 16 weeks. Importantly, no TEAEs 
related to suicidal ideation or behaviour were reported, as 
cautioned in the brodalumab label.31

The ASAS 40/20 response rates observed in this study with 
brodalumab in patients with AS (46.0%/69.8%) were compa-
rable with those achieved at week 16 with secukinumab in 
previous studies in Asian (43.5%/69.6%)17 and Japanese 

Table 2 Safety summary (safety analysis set)

TEAE—n (%)
Brodalumab 210 mg
N=80

Placebo
N=79

Any TEAE 44 (55.0) 45 (57.0)

Deaths 0 0

 Other serious TEAEs* 4 (5.0) 1 (1.3)

  Other significant TEAEs† 4 (5.0) 3 (3.8)

Any drug- related TEAE 26 (32.5) 20 (25.3)

 Deaths 0 0

 Other serious TEAEs* 1 (1.3) 0

 Other significant TEAEs† 2 (2.5) 3 (3.8)

TEAEs of interest‡—n (%)

Any TEAE 7 (8.8) 2 (2.5)

Inflammatory bowel disease§ 4 (5.0) 2 (2.5)

 Mouth ulceration 3 (3.8) 1 (1.3)

  Stomatitis 1 (1.3) 1 (1.3)

Neutrophil count decreased 1 (1.3) 0

 Leucopenia 1 (1.3) 0

Serious infections 2 (2.5) 0

 Herpes zoster oticus 1 (1.3) 0

  External ear cellulitis 1 (1.3) 0

Suicide/self- injury- related events 0 0

Serious hypersensitivity 0 0

Malignancy 0 0

*Any serious TEAE other than death.
†Any non- serious TEAE leading to withdrawal of the study drug or dose suspension.
‡TEAEs identified or considered as potential risks were assessed as ‘TEAEs of 
interest’ and labelled in the following six categories: neutrophil count decreased/
serious infections/serious hypersensitivity (identified risks) and malignancy/
inflammatory bowel disease/suicide or self- injury- related events (potential risks) 
(online supplemental tables S3 and S4).
§Ulcerative colitis or Crohn’s disease was not reported in any patient.
TEAE, treatment- emergent adverse event.

Table 3 TEAEs by SOC and PT

TEAEs (any TEAE ≥2.5% in any treatment 
group)—n (%)

Brodalumab 210 mg
N=80

Placebo
N=79

Infections and infestations 18 (22.5) 15 (19.0)

 Nasopharyngitis 8 (10.0) 9 (11.4)

 Rhinitis 3 (3.8) 1 (1.3)

 Upper respiratory tract infection 2 (2.5) 5 (6.3)

Gastrointestinal disorders 13 (16.3) 7 (8.9)

 Diarrhoea 3 (3.8) 1 (1.3)

 Mouth ulceration 3 (3.8) 1 (1.3)

 Abdominal pain upper 2 (2.5) 0

 Vomiting 2 (2.5) 0

Investigations 7 (8.8) 1 (1.3)

 Alanine aminotransferase increased 4 (5.0) 1 (1.3)

 Aspartate aminotransferase increased 4 (5.0) 1 (1.3)

 Liver function test abnormal 2 (2.5) 0

Musculoskeletal and connective tissue 
disorders

6 (7.5) 6 (7.6)

  Back pain 0 2 (2.5)

Injury, poisoning and procedural 
complications

5 (6.3) 6 (7.6)

  Ligament sprain 1 (1.3) 2 (2.5)

Metabolism and nutrition disorders 4 (5.0) 2 (2.5)

Nervous system disorders 3 (3.8) 2 (2.5)

Skin and subcutaneous tissue disorders 3 (3.8) 5 (6.3)

  Pruritus 2 (2.5) 1 (1.3)

General disorders and administration site 
conditions

2 (2.5) 6 (7.6)

  Fatigue 1 (1.3) 2 (2.5)

Respiratory, thoracic and mediastinal 
disorders

2 (2.5) 3 (3.8)

Vascular disorders 2 (2.5) 2 (2.5)

 Hypertension 2 (2.5) 2 (2.5)

PT, preferred term; SOC, system organ class; TEAE, treatment- emergent adverse 
event.
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(46.7%/70.0%)19 populations with active AS. The improvement 
in ASDAS- CRP was also similar to that previously reported with 
secukinumab in the Asian population.17 Although the study 
populations were similar, comparison between studies should be 
undertaken with caution because the efficacy may be impacted 
by other patient characteristics, such as CRP levels and HLA- 
B27 positivity. ASAS 40/20 response rates of 38.8%/59.5% and 
35.9%/61.5% at week 16 with secukinumab with and without a 
loading dose, respectively,18 and 30%–46%/41%–72% at week 
12 with 16–320 mg doses of bimekizumab have been reported 
previously in global populations.20

In patients with nr- axSpA, the ASAS 40 response rate achieved 
at week 16 in the current study (35.3%) was comparable to that 
achieved in the global COAST- X study (35%–40%) at week 16 
with ixekizumab, an IL- 17A inhibitor.24

The global phase 3 studies, COAST- V in biological DMARD–
naïve21 and COAST- W in anti- TNF- experienced patients13 with 
AS, reported ASAS 40 response rates at 16 weeks of about 50% 
and 25%–30%, respectively, with two dose regimens of ixeki-
zumab. Subgroup analyses in our study demonstrated compa-
rable ASAS 40 response rates in anti- TNF- naïve (45.3%) and 
anti- TNF- experienced (37.5%) patients with brodalumab. 
The results from the global phase 3 study of secukinumab also 
suggested that prior anti- TNF use may not impact response with 
IL-17 inhibitors.18 High CRP levels and HLA- B27 positivity were 
previously reported as good predictors of response in patients 
with SpA/AS treated with anti- TNF agents.32–34 In this study as 
well, HLA- B27 positivity (vs negativity) and CRP levels ≥ULN 
(vs <ULN) were associated with higher ASAS 40 response rates 
in brodalumab- treated patients.

Improvement in BASDAI at week 16 (mean, –2.9) was 
comparable to that (LSM, –2.6) previously reported with 
secukinumab in the Asian population.17 Improvement in other 
measures, including patient- reported outcomes (PROs), in the 
present study was negligible vs placebo and lower for ASQoL 
and SF-36. A similar high placebo effect on subjective PROs was 
reported with secukinumab at 2 years in a global population18 
and was attributed to the growing awareness about the efficacy 
of this drug. However, the relatively long disease duration (7.1 
years) of the brodalumab group could also be a reason, where 
causes other than inflammation (such as non- physiological 
stress, chronic muscle imbalance) potentially contributed more 
to disease symptoms, leading to a disconnect between improve-
ment in objective and subjective signs, as reported previously.35 
The safety profile of brodalumab in the current study was 
similar to that reported in previous global and Japanese studies 
of psoriasis.36 37

Study limitations include limited generalisability of results 
since the study population was specific to Japan, Korea and 
Taiwan, where Kyowa Kirin has development/marketing 
rights; inability to assess statistical significance between disease 
subpopulations due to the small sample size of the nr- axSpA 
population; and unavailability of MRI outcomes until 16 
weeks. Further, the number of patients with AS exceeded the 
planned sample size of 90 because too many patients were 
screened due to the concern of not being able to reach the 
targeted sample size, arising from a high rate of screening 
failures initially. Moreover, the current results demonstrate 
the short- term efficacy and safety of brodalumab treatment in 
axSpA. The 52- week (weeks 16–68) results from the open- label 
extension of this study will further confirm the long- term effi-
cacy and safety of brodalumab.

In conclusion, this study demonstrated that brodalumab is a 
potential therapeutic option for patients with axSpA.

Author affiliations
1Department of Allergy, Immunology & Rheumatology, Chung Shan Medical 
University Hospital, Taichung, Taiwan
2Institute of Medicine, College of Medicine, Chung Shan Medical University, 
Taichung, Taiwan
3Graduate Institute of Integrated Medicine, China Medical University, Taichung, 
Taiwan
4Department of Medical Research, Taichung Veterans General Hospital, Taichung, 
Taiwan
5Department of Rheumatology, Hanyang University Hospital for Rheumatic Diseases, 
Seoul, The Republic of Korea
6Department of Nephrology and Rheumatology, Kyorin University School of Medicine, 
Tokyo, Japan
7Clinical Development Center, R&D Division, Kyowa Kirin Co, Ltd, Tokyo, Japan
8Development Department, Kyowa Kirin Korea Co., Ltd, Seoul, The Republic of Korea
9Department of Internal Medicine and Rheumatology, Juntendo University Koshigaya 
Hospital, Saitama, Japan

Correction notice This article has been corrected since it published Online First. 
The first author’s affiliations have been updated.

Acknowledgements Masayuki Takanuma of Kyowa Kirin analysed the data. 
Medical writing support was provided by Dr. Deepali Garg, MBBS, PGDHA, of Cactus 
Life Sciences (part of Cactus Communications) and was funded by Kyowa Kirin. These 
results were presented, in part, at the European Congress of Rheumatology (EULAR 
2019, 12–15 June) in Madrid, Spain. http:// scientific. sparx- ip. net/ archiveeular/? 
view= 1& c= a& searchfor= brodalumab& item= 2019OP0234.

Collaborators Kurisu Tada (Juntendo University Hospital, Japan); Mitsumasa 
Kishimoto (Kyorin University Hospital, Japan); Kou Katayama (Katayama Seikeigeka 
Rheumatism Clinic, Japan); Atsuo Taniguchi (Tokyo Women’s Medical University 
Hospital, Japan); Yohei Seto (Tokyo Women’s Medical University Yachiyo Medical 
Center, Japan); Mitsuhiro Morita (Fujita Health University Hospital, Japan); Kazuhiro 
Hatta (Tenri Hospital, Japan); Tetsuya Tomita (Osaka University Hospital, Japan); 
Nobuo Negoro (Osaka City University Hospital, Japan); Hitoshi Goto (Osaka City 
General Hospital, Japan); Shigeyoshi Tsuji (National Hospital Organization Osaka 
Minami Medical Center, Japan); Norikazu Murata (Yukioka Hospital, Japan); Kiyoshi 
Matsui (Hyogo College of Medicine, Japan); Masahiro Yamamura (Okayama 
Saiseikai General Hospital Outpatient Center, Japan); Hiroaki Dobashi (Kagawa 
University Hospital, Japan); Junichi Fukushi (Kyushu University Hospital, Japan); 
Satoshi Ikemura (Kyushu University Hospital, Japan); Akira Maeyama (Fukuoka 
University Hospital, Japan); Mitsuyo Kinjo (Okinawa Prefectural Chubu Hospital, 
Japan); Yukitaka Ueki (Sasebo Chuo Hospital, Japan); Eishi Uechi (Tomishiro Central 
Hospital, Japan); Tatsuya Atsumi (Hokkaido University Hospital, Japan); Hideto 
Kameda (Toho University Ohashi Medical Center, Japan); Yoshinori Taniguchi (Kochi 
Medical School Hospital, Japan); Sei Muraoka (Toho University Omori Medical Center, 
Japan); Masanobu Oishi (Chihaya Hospital, Japan); Seung Jae Hong (Kyung Hee 
University Hospital, Korea); Won Park (Inha University Hospital, Korea); Shin Seok 
Lee (Chonnam National University Hospital, Korea); Chang Hee Suh (Ajou University 
Hospital, Korea); Seong Wook Kang (Chungnam National University Hospital, Korea); 
Tae- Hwan Kim (Hanyang University Seoul Hospital, Korea); Jung Yoon Choe (Daegu 
Catholic University Medical Center, Korea); Ji Hyeon Ju (The Catholic University of 
Korea Seoul St. Mary’s Hospital, Korea); Jin Kyun Park (Seoul National University 
Hospital, Korea); Seung- Geun Lee (Pusan National University Hospital, Korea); Yun 
Jong Lee (Seoul National University Bundang Hospital, Korea); Sang- Heon Lee 
(Konkuk University Medical Center, Korea); Cheng Chung Wei (Chung Shan Medical 
University Hospital, Taiwan); Tien Tsai Cheng (Chang Gung Medical Foundation, 
Kaohsiung Chang Gung Memorial Hospital, Taiwan); Wen Chan Tsai (Kaohsiung 
Medical University Chung- Ho Memorial Hospital, Taiwan); Chung Ming Huang (China 
Medical University Hospital, Taiwan); Hsin Hua Chen (Taichung Veterans General 
Hospital, Taiwan); Der- Yuan Chen (Taichung Veterans General Hospital, Taiwan); 
Meng Yu Weng (National Cheng Kung University Hospital, Taiwan); Shue Fen Luo 
(Chang Gung Medical Foundation, LinKou Chang Gung Memorial Hospital, Taiwan); 
Kun Hung Chen (Cathay General Hospital, Taiwan); Ling Jung Yen (Kaohsiung 
Veterans General Hospital, Taiwan); Cheng Han Wu (National Taiwan University 
Hospital, Taiwan); Hsiang Cheng Chen (Tri- Service General Hospital, Taiwan).

Contributors JC- CW, T- HK and MK contributed to the collection and interpretation 
of data and review of the manuscript. SK contributed to the study design, study 
oversight, data interpretation and review of the manuscript. NO and HJ contributed 
to the study design, data interpretation and review of the manuscript.

Funding This study was funded by Kyowa Kirin.

Competing interests JC- CW reports grants from Kyowa Kirin for the work under 
consideration for publication; grants from AbbVie, BMS, Celgene and UCB Pharma; 
personal fees from TSH Taiwan; and grants and personal fees from Janssen, Novartis 
and Pfizer, outside the submitted work. T- HK reports grants from Kyowa Kirin for the 
work under consideration for publication. MK reports personal fees from Kyowa Kirin 
for the work under consideration for publication and personal fees from AbbVie, Eli 
Lilly, Celgene, Pfizer, Gilead, Janssen, UCB Pharma, Eisai, Novartis, Tanabe- Mitsubishi, 

http://scientific.sparx-ip.net/archiveeular/?view=1&c=a&searchfor=brodalumab&item=2019OP0234
http://scientific.sparx-ip.net/archiveeular/?view=1&c=a&searchfor=brodalumab&item=2019OP0234
http://ard.bmj.com/


1021Wei JC- C, et al. Ann Rheum Dis 2021;80:1014–1021. doi:10.1136/annrheumdis-2020-219406

Spondyloarthritis

Ayumi and Astellas, outside the submitted work. NO is an employee of Kyowa Kirin. 
HJ is an employee of Kyowa Kirin Korea. SK reports personal fees from Kyowa Kirin 
for the work under consideration for publication; personal fees from AbbVie GK, 
Bristol- Myers Squibb, Eisai, Janssen Pharmaceutical K.K., Mitsubishi Tanabe Pharma, 
Teijin Pharma, Novartis Pharma K.K., Eli Lilly Japan K.K. and Asahikasei Pharma, 
outside the submitted work.

Patient consent for publication Not required.

Ethics approval The study protocol was approved by the institutional review 
board or independent ethics committee at each study site.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
James Cheng- Chung Wei http:// orcid. org/ 0000- 0002- 1235- 0679
Tae- Hwan Kim http:// orcid. org/ 0000- 0002- 3542- 2276
Shigeto Kobayashi http:// orcid. org/ 0000- 0002- 1939- 3380

REFERENCES
 1 Rudwaleit M, van der Heijde D, Landewé R, et al. The development of Assessment of 

SpondyloArthritis international Society classification criteria for axial spondyloarthritis 
(part II): validation and final selection. Ann Rheum Dis 2009;68:777–83.

 2 Sieper J, Rudwaleit M, Baraliakos X, et al. The Assessment of SpondyloArthritis 
international Society (ASAS) handbook: a guide to assess spondyloarthritis. Ann 
Rheum Dis 2009;68 Suppl 2:ii1–44.

 3 van der Heijde D, Ramiro S, Landewé R, et al. 2016 update of the ASAS- EULAR 
management recommendations for axial spondyloarthritis. Ann Rheum Dis 
2017;76:978–91.

 4 Corbett M, Soares M, Jhuti G, et al. Tumour necrosis factor-α inhibitors for ankylosing 
spondylitis and non- radiographic axial spondyloarthritis: a systematic review and 
economic evaluation. Health Technol Assess 2016;20:1–334.

 5 López- Medina C, Moltó A. Update on the epidemiology, risk factors, and disease 
outcomes of axial spondyloarthritis. Best Pract Res Clin Rheumatol 2018;32:241–53.

 6 Stolwijk C, van Onna M, Boonen A, et al. Global prevalence of spondyloarthritis: a 
systematic review and meta- regression analysis. Arthritis Care Res 2016;68:1320–31.

 7 Wang R, Ward MM. Epidemiology of axial spondyloarthritis: an update. Curr Opin 
Rheumatol 2018;30:137–43.

 8 Ankylosing spondylitis (designated intractable disease 271). Japan Intractable 
Diseases Information Center. Available: http://www. nanbyou. or. jp/ entry/ 4847 
[Accessed 11 Sep 2019].

 9 Hsieh M- Y, Kuo C- F. FRI0428 Epidemiology of ankylosing spondylitis in Taiwan: a 
nationwide population study. Ann Rheum Dis 2016;75:590–1.

 10 Park J- S, Hong J- Y, Park Y- S, et al. Trends in the prevalence and incidence of ankylosing 
spondylitis in South Korea, 2010-2015 and estimated differences according to income 
status. Sci Rep 2018;8:7694.

 11 Bohn R, Cooney M, Deodhar A, et al. Incidence and prevalence of axial 
spondyloarthritis: methodologic challenges and gaps in the literature. Clin Exp 
Rheumatol 2018;36:263–74.

 12 Paine A, Ritchlin CT. Targeting the interleukin-23/17 axis in axial spondyloarthritis. 
Curr Opin Rheumatol 2016;28:359–67.

 13 Deodhar A, Poddubnyy D, Pacheco- Tena C, et al. Efficacy and safety of ixekizumab 
in the treatment of radiographic axial spondyloarthritis: sixteen- week results from 
a phase III randomized, double- blind, placebo- controlled trial in patients with prior 
inadequate response to or intolerance of tumor necrosis factor inhibitors. Arthritis 
Rheumatol 2019;71:599–611.

 14 Pavelka K, Kivitz A, Dokoupilova E, et al. Efficacy, safety, and tolerability of 
secukinumab in patients with active ankylosing spondylitis: a randomized, double- 
blind phase 3 study, MEASURE 3. Arthritis Res Ther 2017;19:285.

 15 Baeten D, Sieper J, Braun J, et al. Secukinumab, an interleukin- 17A inhibitor, in 
ankylosing spondylitis. N Engl J Med 2015;373:2534–48.

 16 Baraliakos X, Kivitz AJ, Deodhar AA, et al. Long- term effects of interleukin- 17A 
inhibition with secukinumab in active ankylosing spondylitis: 3- year efficacy and 
safety results from an extension of the phase 3 MEASURE 1 trial. Clin Exp Rheumatol 
2018;36:50–5.

 17 Wei JC- C, Baeten D, Sieper J, et al. Efficacy and safety of secukinumab in Asian 
patients with active ankylosing spondylitis: 52- week pooled results from two phase 3 
studies. Int J Rheum Dis 2017;20:589–96.

 18 Kivitz AJ, Wagner U, Dokoupilova E, et al. Efficacy and safety of secukinumab 150 mg 
with and without loading regimen in ankylosing spondylitis: 104- week results from 
MEASURE 4 study. Rheumatol Ther 2018;5:447–62.

 19 Kishimoto M, Taniguchi A, Fujishige A, et al. Efficacy and safety of secukinumab in 
Japanese patients with active ankylosing spondylitis: 24- week results from an open- 
label phase 3 study (MEASURE 2- J). Mod Rheumatol 2020;30:132–40.

 20 van der Heijde D, Gensler LS, Deodhar A, et al. Dual neutralisation of interleukin- 17A 
and interleukin- 17F with bimekizumab in patients with active ankylosing spondylitis: 
results from a 48- week phase IIb, randomised, double- blind, placebo- controlled, dose- 
ranging study. Ann Rheum Dis 2020;79:595–604.

 21 van der Heijde D, Wei JC- C, Dougados M, et al. Ixekizumab, an interleukin- 17A 
antagonist in the treatment of ankylosing spondylitis or radiographic axial 
spondyloarthritis in patients previously untreated with biological disease- 
modifying anti- rheumatic drugs (COAST- V): 16 week results of a phase 3 
randomised, double- blind, active- controlled and placebo- controlled trial. Lancet 
2018;392:2441–51.

 22 Baraliakos X, Braun J, Deodhar A, et al. Long- term efficacy and safety of secukinumab 
150 mg in ankylosing spondylitis: 5- year results from the phase III MEASURE 1 
extension study. RMD Open 2019;5:e001005.

 23 Pavelka K, Kivitz AJ, Dokoupilova E, et al. Secukinumab 150/300 mg provides 
sustained improvements in the signs and symptoms of active ankylosing spondylitis: 
3- year results from the phase 3 MEASURE 3 study. ACR Open Rheumatol 
2020;2:119–27.

 24 Deodhar A, van der Heijde D, Gensler LS, et al. Ixekizumab for patients with non- 
radiographic axial spondyloarthritis (COAST- X): a randomised, placebo- controlled trial. 
Lancet 2020;395:53–64.

 25 van Tok MN, van Duivenvoorde LM, Kramer I, et al. Interleukin- 17A inhibition 
diminishes inflammation and new bone formation in experimental spondyloarthritis. 
Arthritis Rheumatol 2019;71:612–25.

 26 Shah M, Maroof A, Gikas P, et al. Dual neutralisation of IL- 17F and IL- 17A with 
bimekizumab blocks inflammation- driven osteogenic differentiation of human 
periosteal cells. RMD Open 2020;6:e001306.

 27 Nirula A, Nilsen J, Klekotka P, et al. Effect of IL-17 receptor A blockade with 
brodalumab in inflammatory diseases. Rheumatology 2016;55:ii43–55.

 28 Foulkes AC, Warren RB. Brodalumab in psoriasis: evidence to date and clinical 
potential. Drugs Context 2019;8:212570

 29 CADTH common drug review: CADTH Canadian Drug Expert Committee 
Recommendation (Final), 2018. Available: https://www. cadth. ca/ sites/ default/ files/ 
cdr/ complete/ SR0547_ cdr_ complete_ Siliq_ June_ 22_ 18. pdf [Accessed 25 Oct 
2019].

 30 New drugs approved in FY 2016. Pharmaceuticals and Medical Devices Agency, 
Japan, 2016. Available: https://www. pmda. go. jp/ files/ 000229078. pdf [Accessed 12 
Sep 2019].

 31 SILIQ™ (brodalumab) injection, for subcutaneous use. Valeant Pharmaceuticals North 
America LLC, Bridgewater, NJ 08807, USA, 2017. Available: https://www. accessdata. 
fda. gov/ drugsatfda_ docs/ label/ 2017/ 761032lbl. pdf [Accessed 17 Sep 2019].

 32 Bisson- Vaivre A, Alcaix D, Zarnitsky C, et al. Efficacy of anti- TNF in patients with 
spondyloarthritis in absence of any imaging sign. Joint Bone Spine 2013;80:280–6.

 33 Polo Y La Borda J, Campos J, Sanz J, et al. Predictive clinical- genetic model of 
long- term non- response to tumor necrosis factor- alpha inhibitor therapy in 
spondyloarthritis. Int J Rheum Dis 2019;22:1529–37.

 34 Rudwaleit M, Claudepierre P, Wordsworth P, et al. Effectiveness, safety, and predictors 
of good clinical response in 1250 patients treated with adalimumab for active 
ankylosing spondylitis. J Rheumatol 2009;36:801–8.

 35 Weiß A, Song I- H, Haibel H, et al. Good correlation between changes in objective 
and subjective signs of inflammation in patients with short- but not long duration of 
axial spondyloarthritis treated with tumor necrosis factor- blockers. Arthritis Res Ther 
2014;16:R35.

 36 Nakagawa H, Niiro H, Ootaki K, et al. Brodalumab, a human anti- interleukin-17- 
receptor antibody in the treatment of Japanese patients with moderate- to- severe 
plaque psoriasis: efficacy and safety results from a phase II randomized controlled 
study. J Dermatol Sci 2016;81:44–52.

 37 Papp KA, Reich K, Paul C, et al. A prospective phase III, randomized, double- blind, 
placebo- controlled study of brodalumab in patients with moderate- to- severe plaque 
psoriasis. Br J Dermatol 2016;175:273–86.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1235-0679
http://orcid.org/0000-0002-3542-2276
http://orcid.org/0000-0002-1939-3380
http://dx.doi.org/10.1136/ard.2009.108233
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.1136/annrheumdis-2016-210770
http://dx.doi.org/10.3310/hta20090
http://dx.doi.org/10.1016/j.berh.2018.10.006
http://dx.doi.org/10.1002/acr.22831
http://dx.doi.org/10.1097/BOR.0000000000000475
http://dx.doi.org/10.1097/BOR.0000000000000475
http://www.nanbyou.or.jp/entry/4847
http://dx.doi.org/10.1136/annrheumdis-2016-eular.5595
http://dx.doi.org/10.1038/s41598-018-25933-4
http://www.ncbi.nlm.nih.gov/pubmed/29148402
http://www.ncbi.nlm.nih.gov/pubmed/29148402
http://dx.doi.org/10.1097/BOR.0000000000000301
http://dx.doi.org/10.1002/art.40753
http://dx.doi.org/10.1002/art.40753
http://dx.doi.org/10.1186/s13075-017-1490-y
http://dx.doi.org/10.1056/NEJMoa1505066
http://www.ncbi.nlm.nih.gov/pubmed/28516874
http://dx.doi.org/10.1111/1756-185X.13094
http://dx.doi.org/10.1007/s40744-018-0123-5
http://dx.doi.org/10.1080/14397595.2018.1538004
http://dx.doi.org/10.1136/annrheumdis-2020-216980
http://dx.doi.org/10.1016/S0140-6736(18)31946-9
http://dx.doi.org/10.1136/rmdopen-2019-001005
http://dx.doi.org/10.1002/acr2.11102
http://dx.doi.org/10.1016/S0140-6736(19)32971-X
http://dx.doi.org/10.1002/art.40770
http://dx.doi.org/10.1136/rmdopen-2020-001306
http://dx.doi.org/10.1093/rheumatology/kew346
http://dx.doi.org/10.7573/dic.212570
https://www.cadth.ca/sites/default/files/cdr/complete/SR0547_cdr_complete_Siliq_June_22_18.pdf
https://www.cadth.ca/sites/default/files/cdr/complete/SR0547_cdr_complete_Siliq_June_22_18.pdf
https://www.pmda.go.jp/files/000229078.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761032lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761032lbl.pdf
http://dx.doi.org/10.1016/j.jbspin.2012.08.003
http://dx.doi.org/10.1111/1756-185X.13607
http://dx.doi.org/10.3899/jrheum.081048
http://dx.doi.org/10.1186/ar4464
http://dx.doi.org/10.1016/j.jdermsci.2015.10.009
http://dx.doi.org/10.1111/bjd.14493
http://ard.bmj.com/


1022  Landewé RBM, et al. Ann Rheum Dis 2021;80:1022–1030. doi:10.1136/annrheumdis-2020-219717

Spondyloarthritis

CLINICAL SCIENCE

Continuing versus withdrawing ixekizumab treatment 
in patients with axial spondyloarthritis who achieved 
remission: efficacy and safety results from a placebo- 
controlled, randomised withdrawal study (COAST- Y)
Robert BM Landewé    ,1 Lianne S Gensler,2 Denis Poddubnyy    ,3 Proton Rahman,4 
Maja Hojnik,5 Xiaoqi Li,5 Soyi Liu Leage,5 David Adams,5 Hilde Carlier,5 
Filip Van den Bosch    ,6,7 on behalf of the COAST- Y study group

To cite: Landewé RBM, 
Gensler LS, Poddubnyy D, 
et al. Ann Rheum Dis 
2021;80:1022–1030.

Handling editor Josef S 
Smolen

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ annrheumdis- 
2020- 219717).

For numbered affiliations see 
end of article.

Correspondence to
Professor Robert BM Landewé, 
Department of Clinical 
Immunology and Rheumatology, 
Amsterdam Rheumatology and 
Immunology Center, Amsterdam, 
Noord- Holland, The 
Netherlands;  
 landewe@ rlandewe. nl

Received 14 December 2020
Revised 12 February 2021
Accepted 5 March 2021
Published Online First 
6 May 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objectives The objective of COAST- Y was to evaluate 
the effect of continuing versus withdrawing ixekizumab 
(IXE) in patients with axial spondyloarthritis (axSpA) who 
had achieved remission.
Methods COAST- Y is an ongoing, phase III, long- term 
extension study that included a double- blind, placebo 
(PBO)- controlled, randomised withdrawal- retreatment 
period (RWRP). Patients who completed the originating 
52- week COAST- V, COAST- W or COAST- X studies entered 
a 24- week lead- in period and continued either 80 mg 
IXE every 2 (Q2W) or 4 weeks (Q4W). Patients who 
achieved remission (an Ankylosing Spondylitis Disease 
Activity Score (ASDAS)<1.3 at least once at week 16 
or week 20, and <2.1 at both visits) were randomly 
assigned equally at week 24 to continue IXE Q4W, 
IXE Q2W or withdraw to PBO in a blinded fashion. 
The primary endpoint was the proportion of flare- free 
patients (flare: ASDAS≥2.1 at two consecutive visits or 
ASDAS>3.5 at any visit) after the 40- week RWRP, with 
time- to- flare as a major secondary endpoint.
Results Of 773 enrolled patients, 741 completed the 
24- week lead- in period and 155 entered the RWRP. Forty 
weeks after randomised withdrawal, 83.3% of patients 
in the combined IXE (85/102, p<0.001), IXE Q4W 
(40/48, p=0.003) and IXE Q2W (45/54, p=0.001) groups 
remained flare- free versus 54.7% in the PBO group 
(29/53). Continuing IXE significantly delayed time- to- 
flare versus PBO, with most patients remaining flare- free 
for up to 20 weeks after IXE withdrawal.
Conclusions Patients with axSpA who continued 
treatment with IXE were significantly less likely to flare 
and had significantly delayed time- to- flare compared 
with patients who withdrew to PBO.

INTRODUCTION
Axial spondyloarthritis (axSpA) is a chronic inflam-
matory disease that predominantly affects the axial 
skeleton.1 AxSpA is categorised as radiographic 
(r- axSpA, also known as ankylosing spondylitis) or 
non- radiographic (nr- axSpA) axSpA by the pres-
ence or absence of definite radiographic sacroiliitis, 
respectively.2 AxSpA carries a high disease burden 
and generally requires long- term therapy to main-
tain disease control.3 4

Biologic disease- modifying antirheumatic drugs 
(bDMARDs), such as tumour necrosis factor inhib-
itors (TNFi) and interleukin (IL)- 17A antagonists, 
are recommended for patients with persistently 
high disease activity refractory to, or intolerant 
of, conventional treatment with at least two non- 
steroidal anti- inflammatory drugs.4 Inactive disease/
remission or low disease activity has been proposed 
as a treatment target for axSpA.5 There is consider-
able interest in the durability of bDMARDs’ efficacy 
following withdrawal or dose reduction in patients 
who have achieved stable disease control. Previous 

Key messages

What is already known about this subject?
 ► Results from randomised withdrawal studies 
of tumour necrosis factor inhibitors (TNFi) in 
patients with axial spondyloarthritis (axSpA) 
suggest that discontinuation of TNFi leads to 
flare in most patients and continuous treatment 
may be important for maintaining disease 
control.

 ► However, no studies have evaluated the effect 
of continuing versus withdrawing an interleukin 
(IL)- 17A antagonist in patients with axSpA.

 ► Ixekizumab (IXE), a high- affinity monoclonal 
antibody that selectively targets IL- 17A, is an 
efficacious treatment for the management 
of axSpA, including radiographic and non- 
radiographic axSpA.

What does this study add?
 ► COAST- Y is the first study to compare the 
maintenance of disease control in patients 
with axSpA who continued versus those who 
withdrew an IL- 17A antagonist (IXE) after 
having achieved remission.

 ► In patients with axSpA, continuous IXE 
treatment was associated with a higher 
likelihood of maintaining optimal disease 
control compared with IXE withdrawal.

 ► A substantial proportion of patients remained 
flare- free through 40 weeks of IXE withdrawal 
and most patients remained flare- free for up to 
20 weeks of IXE withdrawal.
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randomised withdrawal studies of TNFi indicated that complete 
withdrawal of TNFi significantly increased the likelihood of 
flare.6–9 However, a reduced dosing frequency of certolizumab 
pegol resulted in maintenance of disease control with no signifi-
cantly greater chance of flare.6 In contrast, the maintenance of 
disease control following withdrawal of IL- 17A antagonists has 
not yet been evaluated.

Ixekizumab (IXE), a high- affinity monoclonal antibody that 
selectively targets IL- 17A, is approved for r- axSpA and nr- axSpA. 
In three phase III studies, IXE provided sustained improvements 
in the signs and symptoms of r- axSpA and nr- axSpA through 
52 weeks of treatment.10–13 The primary objective at week 64 
of the current extension study was to compare the maintenance 
of disease control in patients who continued IXE versus those 
who withdrew IXE following achievement of axSpA clinical 
remission.

METHODS
Patients
COAST- Y (NCT03129100) included participants from two 
originating studies in r- axSpA (COAST- V, NCT02696785; 
and COAST- W, NCT02696798) and one originating study in 
nr- axSpA (COAST- X, NCT02757352). Eligibility criteria for 
the originating studies are published.10 13 Patients eligible for 
COAST- Y must have completed the final week-52 visit in the 
originating study without permanently discontinuing investiga-
tional product. Patients with a significant uncontrolled safety 
concern that had developed during the originating study were 
excluded if the investigator considered it an unacceptable risk 
to the patient to continue investigational product. However, the 
investigational product could be resumed and the patient could 
be enrolled into COAST- Y if the patient recovered from the 
safety concern within 12 weeks of completing the originating 
study. Complete eligibility criteria are provided in the online 
supplemental appendix.

Study design
COAST- Y is an ongoing, 104- week, phase III, multicentre, long- 
term extension study that included an open- label lead- in period 
and a double- blind, placebo- controlled, randomised withdrawal- 
retreatment period (RWRP) (figure 1A). Patients entered a 
24- week lead- in period (weeks 0–24) and continued either 80 
mg IXE every 2 weeks (Q2W) or every 4 weeks (Q4W). Patients 
who completed COAST- X and who were receiving blinded 
placebo were assigned to IXE Q4W.

Patients completing the lead- in period entered a 40- week 
(weeks 24–64) extension period, which included the RWRP. 
At week 24, patients who achieved remission, defined as an 
Ankylosing Spondylitis Disease Activity Score (ASDAS) of <1.3 
at least once at week 16 or week 20 and <2.1 at both visits, 
were randomly assigned in equal proportions to continue IXE 

Q4W, continue IXE Q2W or withdraw to placebo. Specifically, 
patients in each treatment group (IXE Q4W or IXE Q2W) were 
randomised in a 2:1 ratio to continue their assigned IXE dosing 
regimen or to withdraw to placebo, respectively, resulting in 
an overall 1:1:1 randomisation ratio. Visits during the RWRP 
occurred every 4 weeks from week 24 to week 64.

Patients who experienced a flare (ASDAS≥2.1 at two consec-
utive visits or ASDAS>3.5 at any visit) were retreated at the 
next visit with the same IXE dosing regimen received during the 
lead- in period but in an open- label fashion, except for patients 
originally from COAST- X, who received blinded retreatment 
until the COAST- X week-52 database lock. Additional details 
on the study design are summarised in the online supplemental 
appendix.

Study participants provided written informed consent prior to 
starting study procedures.

Outcomes
The primary outcome at week 64 was the proportion of flare- 
free patients during the RWRP in the combined IXE group (Q4W 
and Q2W combined) versus the withdrawn to placebo group. 
Major secondary outcomes at week 64 included the proportion 
of flare- free patients in the IXE Q4W group versus withdrawn to 
placebo group and, in the combined IXE and IXE Q4W groups, 
the time- to- flare versus the withdrawn to placebo group.

Other secondary outcomes included the proportion of patients 
at week 64 who maintained response as measured by Assess-
ment of Spondyloarthritis International Society (ASAS) criteria, 
ASDAS and the Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI). Categorical outcomes included ASAS20, 
ASAS40, ASAS Partial Remission, ASAS 5/6, ASDAS inactive 
disease (ID), ASDAS low disease activity (LDA) and BASDAI 
50.14–19 Continuous outcomes included the mean change from 
baseline in ASDAS, BASDAI, Bath Ankylosing Spondylitis 
Functional Index (BASFI), high sensitivity C- reactive protein 
(CRP) in mg/L and the Medical Outcomes Study 36- Item Short 
Form Health Survey Physical Component Summary. Secondary 
outcomes also included the proportion of patients who achieved 
ASDAS LDA within 16 weeks of retreatment.

Post hoc assessments were conducted to evaluate predictors 
of flare during the RWRP. MRI of the sacroiliac joint and spine 
was conducted at week 24 for patients who qualified for the 
RWRP to evaluate residual inflammation on MRI as a predictive 
variable for flare. A post hoc assessment was also conducted to 
evaluate the proportion of patients who did not meet the ASAS 
definition of clinically important worsening (ASDAS worsening 
of ≥0.9) since week 24.20

Safety evaluations included laboratory tests, vital signs, phys-
ical examination findings and adverse events (AEs), including 
treatment- emergent AEs (TEAEs), serious AEs (SAEs) and AEs 
of special interest. Data associated with cerebrocardiovascular 
events or suspected inflammatory bowel disease were adju-
dicated by an external clinical events committee. Additional 
details regarding efficacy and safety outcomes are provided in 
the online supplemental appendix.

Statistical analysis
Efficacy analyses were conducted on the randomised withdrawal 
intent- to- treat (RW ITT) population, defined as all patients who 
achieved remission and entered the RWRP. Categorical efficacy 
variables were analysed using logistic regression with treatment 
group, geographic region and originating study as factors with 
non- responder imputation used for handling missing data. 

Key messages

How might this impact on clinical practice or future 
developments?

 ► The findings of COAST- Y show that continuous IXE treatment 
is important for the maintenance of optimal disease control.

 ► A substantial proportion of patients remained flare- free 
for a prolonged period following IXE withdrawal, which 
may be important in situations where temporary treatment 
interruption is necessary or preferred.
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Continuous efficacy variables were analysed using analysis of 
covariance with treatment, COAST- Y week-24 value, baseline 
(week 0 of the originating study) value, geographical region and 
originating study included in the model with modified baseline 
observation carried forward used for handling missing data. 
Type III sums of squares for the least squares means were used 
for treatment group comparisons of continuous variables. Base-
line for efficacy and health outcomes analyses was defined as the 
last available value before the first dose of study treatment from 
the originating study and, in most cases, was the value recorded 
at week 0 from the originating study.

The Kaplan- Meier product limit method was used to 
estimate the survival curves for time- to- flare and the log- 
rank test with strata of geographical region and originating 

study was used for treatment group comparisons. Flare- free 
patients who completed the treatment period were censored 
at the date of completion of the analysis period and patients 
who discontinued were censored at the date of the last dose 
or the date of the last attended visit in the treatment period 
(whichever was later).

Among patients who experienced a flare and were retreated 
with open- label IXE, the proportion of patients who achieved 
ASDAS LDA within 16 weeks after retreatment are reported 
using descriptive statistics. Post hoc analyses were conducted to 
evaluate potential predictors of flare. Due to a small number 
of patients experiencing flare with continuous IXE treatment, 
the two IXE treatment groups (IXE Q4W and IXE Q2W) were 
pooled into a combined IXE group. Additional details of analyses 
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Figure 1 COAST- Y study design (A) and patient flow diagram through week 64 of COAST- Y (B). Treatment groups from the originating studies 
indicate the assigned treatments at the final visit (week 52) of the originating studies. In addition, patient numbers from the originating studies 
include only those who entered the lead- in period of COAST- Y. The 33 patients receiving placebo at week 52 of the originating studies were from 
COAST- X. aPatients were eligible for entering the randomised withdrawal- retreatment period at week 24 if they achieved an Ankylosing Spondylitis 
Disease Activity Score (ASDAS) of <1.3 at least once during study visits at week 16 or week 20 and <2.1 at both visits. bA total of 157 patients met 
the remission criteria at week 20, but 2 patients discontinued prior to randomisation at week 24. cOne patient in the withdrawn to placebo group 
who experienced a flare and was retreated discontinued for reason of ‘subject decision’. IXE, ixekizumab; Q2W, every 2 weeks; Q4W, every 4 weeks.
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Table 1 Demographics and disease characteristics for patients in COAST- Y

Lead- in period (N=773) Randomised withdrawal- retreatment period (N=155)

All entered patients
N=773

Withdrawn to placebo
N=53

IXE Q4W
N=48

IXE Q2W
N=54

Combined IXE
N=102

Baseline demographics at week 0

Age (years) 43.2 (12.3) 38.5 (12.7) 36.5 (9.7) 38.4 (10.8) 37.5 (10.3)

Sex, n (%)

  Male 551 (71%) 38 (72%) 38 (79%) 40 (74%) 78 (76%)

Race, n (%)

 White 562 (73%) 35 (66%) 31 (65%) 31 (57%) 62 (61%)

 Asian 155 (20%) 13 (25%) 15 (31%) 15 (28%) 30 (29%)

 Other 54 (7%) 5 (9%) 2 (4%) 8 (15%) 10 (10%)

BMI (kg/m2) 27.5 (5.4) 25.5 (3.9) 25.9 (4.5) 25.9 (4.7) 25.9 (4.6)

axSpA symptom duration (years) 15.5 (10.3) 12.6 (9.6) 12.6 (7.5) 12.9 (8.6) 12.7 (8.0)

axSpA diagnosis duration (years) 8.3 (8.0) 6.6 (7.5) 7.1 (7.0) 7.6 (8.4) 7.4 (7.7)

HLA- B27 positive, n (%) 643 (84%) 45 (85%) 43 (90%) 49 (91%) 92 (90%)

csDMARDs use, n (%) 275 (36%) 21 (40%) 18 (38%) 24 (44%) 42 (41%)

NSAID use, n (%) 682 (88%) 50 (94%) 44 (92%) 51 (94%) 95 (93%)

Prior TNFi use, n (%)*

 0 537 (70%) 44 (83%) 39 (81%) 46 (85%) 85 (83%)

 1 158 (20%) 9 (17%) 3 (6%) 8 (15%) 11 (11%)

  2 78 (10%) 0 6 (13%) 0 6 (6%)

Originating study, n (%)

 COAST- V (r- axSpA, bDMARD- naïve) 291 (38%) 24 (45%) 25 (52%) 22 (41%) 47 (46%)

 COAST- W (r- axSpA, TNFi- experienced) 236 (31%) 9 (17%) 9 (19%) 8 (15%) 17 (17%)

 COAST- X (nr- axSpA, bDMARD- naïve) 246 (32%) 20 (38%) 14 (29%) 24 (44%) 38 (37%)

Disease characteristics at week 0

C- reactive protein (mg/L) 4.5 (6.1) 3.5 (8.8)† 2.9 (5.8) 2.1 (2.2) 2.5 (4.3)

 ≤5 mg/L, n (%) 548 (71%) 45 (85%) 43 (90%) 48 (89%) 91 (89%)

  >5 mg/L, n (%) 225 (29%) 8 (15%) 5 (10%) 6 (11%) 11 (11%)

ASDAS score 2.3 (0.9) 1.3 (0.5) 1.3 (0.6) 1.3 (0.5) 1.3 (0.5)

 ASDAS LDA (<2.1), n (%) 344 (45%) 48 (91%) 44 (92%) 52 (96%) 96 (94%)

 ASDAS ID (<1.3), n (%) 123 (16%) 36 (68%) 30 (63%) 31 (57%) 61 (60%)

BASDAI score 3.9 (2.3) 1.3 (1.1) 1.4 (1.1) 1.6 (1.2) 1.5 (1.1)

 BASDAI spinal pain‡ 4.2 (2.5) 1.5 (1.2) 1.7 (1.5) 1.7 (1.3) 1.7 (1.4)

  BASDAI morning stiffness§ 3.5 (2.4) 1.1 (1.1) 1.1 (1.1) 1.2 (1.3) 1.2 (1.2)

PatGA 4.1 (2.5) 1.6 (1.9) 1.6 (1.6) 1.6 (1.3) 1.6 (1.4)

BASFI score 3.8 (2.5) 1.1 (1.1) 1.2 (1.1) 1.2 (1.2) 1.2 (1.1)

BASMI score 3.5 (1.6) 2.7 (1.2) 2.7 (1.3) 2.7 (1.4) 2.7 (1.3)

Disease characteristics at week 24

C- reactive protein (mg/L) – 2.0 (2.4) 3.1 (4.0) 2.1 (1.8) 2.6 (3.1)

 ≤5 mg/L, n (%) – 46 (87%) 38 (79%) 49 (91%) 87 (85%)

 >5 mg/L, n (%) – 7 (13%) 10 (21%) 5 (9%) 15 (15%)

ASDAS score – 1.2 (0.5) 1.3 (0.5) 1.2 (0.4) 1.2 (0.5)

 ASDAS LDA (<2.1), n (%) – 50 (94%) 43 (90%) 54 (100%) 97 (95%)

  ASDAS ID (<1.3), n (%) – 37 (70%) 32 (67%) 34 (63%) 66 (65%)

BASDAI score – 1.2 (1.1) 1.2 (1.0) 1.3 (1.1) 1.2 (1.0)

BASDAI spinal pain† – 1.5 (1.7) 1.4 (1.5) 1.4 (1.2) 1.4 (1.4)

BASDAI morning stiffness‡ – 1.1 (1.3) 0.8 (1.0) 0.9 (0.9) 0.8 (0.9)

PatGA – 1.3 (1.4) 1.5 (1.4) 1.3 (1.2) 1.4 (1.3)

BASFI score – 1.1 (1.1) 1.2 (1.2) 1.0 (1.1) 1.1 (1.2)

BASMI score – 2.5 (1.3) 2.7 (1.3) 2.8 (1.4) 2.8 (1.3)

Data are presented as mean (SD), unless otherwise specified.
*Excludes adalimumab taken as study drug in COAST- V.
†One patient in the withdrawn to placebo group had a high CRP of 61.5 mg/L at week 0, resulting in an increased mean CRP for this treatment group (maximum CRP level was 32.3 for 
IXE Q4W and 12.3 for IXE Q2W).
‡BASDAI Question 2.
§Mean of BASDAI Questions 5 and 6.
ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis 
Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; bDMARD, biologic disease- modifying antirheumatic drug; BMI, body mass index; csDMARD, conventional 
synthetic disease- modifying antirheumatic drug; HLA- B27, human leucocyte antigen B27; IXE, ixekizumab; nr- axSpA, non- radiographic axial spondyloarthritis; NSAID, non- steroidal anti- 
inflammatory drug; PatGA, Patient Global Assessment of Disease Activity; Q2W, every 2 weeks; Q4W, every 4 weeks; r- axSpA, radiographic axial spondyloarthritis; TNFi, tumour necrosis 
factor inhibitor.
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of the flare population with retreatment and for predictors of 
flare are described in the online supplemental appendix.

Safety analyses were conducted on the randomised with-
drawal safety population, defined as all patients who were 
randomly assigned in the RWRP at week 24 and received at least 
one dose of study treatment after randomisation. Safety data 
are summarised from week 24 to week 64. Data after retreat-
ment due to flare were excluded. Baseline was defined as the 

last non- missing assessment prior to the first injection of study 
treatment in the RWRP.

Patient and public involvement
Patients were not involved in the design or conduct of the study, 
development of outcomes or dissemination of study results.

RESULTS
Patients
Of 773 enrolled patients, 741 completed the 24- week lead- in 
period and 155 entered the RWRP (figure 1B). At week 24, 
patients in the RW ITT population had received up to 76 weeks 
of treatment with IXE and 93.5% (145/155) had received at 
least 52 weeks of IXE treatment.

Baseline demographics and disease characteristics in the 
RW ITT population were well balanced across treatment arms 
(table 1). Mean (SD) age and symptom duration were 37.9 
(11.1) and 12.7 (8.6) years, respectively. Most (n=97, 63%) 
patients had r- axSpA and 37% (n=58) had nr- axSpA. Most 
patients (n=129, 83%) were bDMARD- naïve and 17% (n=26) 
had prior failure (inadequate response or intolerance) to one or 
two TNFi. Compared with the overall enrolled patient popula-
tion at week 0 of COAST- Y, patients in the RW ITT population 
had lower disease activity (CRP, ASDAS, BASDAI, and Patient 
Global Assessment of Disease Activity) and better function and 
mobility (BASFI and Bath Ankylosing Spondylitis Metrology 
Index) at week 24; patients in the RW ITT population were 
also more likely to be younger, bDMARD- naïve and had shorter 
symptom duration.

Maintenance of disease control when continuing versus 
withdrawing ixekizumab
The primary and all major secondary objectives were achieved at 
week 64. During the RWRP, 83.3% of patients (n=85, p<0.001) 
in the combined IXE treatment group (IXE Q4W: 83.3%, n=40, 
p=0.003; IXE Q2W 83.3%, n=45, p=0.001) remained flare- 
free versus 54.7% (n=29) in patients who withdrew to placebo 
(figure 2A, table 2). The proportion of flare- free patients was 
similar between patient subgroups with r- axSpA and nr- axSpA 
(figure 2B). The proportion of flare- free rates in additional 
patient subgroups are presented in online supplemental table 1.

Continuing IXE treatment significantly delayed time- to- 
flare versus withdrawal to placebo for the combined IXE 
(p<0.001), IXE Q4W (p=0.004) and IXE Q2W (p<0.001) 
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Figure 2 (A) Proportion of flare- free patients through week 64. P 
value vs withdrawn to placebo: *p<0.05, †p<0.01, ‡p<0.001. (B) 
Proportion of flare- free patients at week 64 in patient subgroups with 
radiographic axial spondyloarthritis (r- axSpA) and non- radiographic 
axial spondyloarthritis (nr- axSpA).

Table 2 Summary of efficacy outcomes at week 64 in the randomised withdrawal intent- to- treat population
Withdrawn 
to placebo
N=53

IXE Q4W
N=48

IXE Q2W
N=54

Combined IXE
N=102

Response
n (%)

Response
n (%)

Difference vs placebo
(95% CI)

P value vs 
placebo

Response
n (%)

Difference vs placebo
(95% CI)

P value vs 
placebo

Response
n (%)

Difference vs placebo
(95% CI)

P value vs 
placebo

Flare- free patients* 29 (54.7%) 40 (83.3%) 28.6%(11.6% to 45.7%) 0.003 45 (83.3%) 28.6% (11.9% to 45.3%) 0.001 85 (83.3%) 28.6% (13.4% to 43.8%) <0.001

Patients without 
clinically important 
worsening (ASDAS 
worsening ≥0.9 per 
ASAS definition)†

16 (30.2%) 35 (72.9%) 42.7% (25.1% to 60.4%) <0.001 40 (74.1%) 43.9% (26.9% to 60.9%) <0.001 75 (73.5%) 43.3% (28.3% to 58.4%) <0.001

ASDAS

 ASDAS LDA (<2.1) 24 (45.3%) 40 (83.3%) 38.1% (21.0% to 55.1%) <0.001 44 (81.5%) 36.2% (19.3% to 53.1%) <0.001 84 (82.4%) 37.1% (21.8% to 52.4%) <0.001

 ASDAS ID (<1.3) 13 (24.5%) 29 (60.4%) 35.9% (17.8% to 53.9%) <0.001 29 (53.7%) 29.2% (11.5% to 46.8%) 0.003 58 (56.9%) 32.3% (17.3% to 47.4%) <0.001

*Flare was defined as an ASDAS≥2.1 at two consecutive visits or an ASDAS>3.5 at any visit.
†Assessment of ASDAS worsening of ≥0.9 was conducted as a post hoc analysis and was not the prespecified definition of flare nor a criterion for retreatment after flare. Six patients (IXE Q4W: n=4, IXE Q2W: n=1, and 
withdrawn to placebo: n=1) were censored due to retreatment after meeting the prespecified definition of flare. As a result, response is slightly underestimated using non- responder imputation.
ASAS, Assessment of Spondyloarthritis International Society criteria; ASDAS, Ankylosing Spondylitis Disease Activity Score; ID, inactive disease; IXE, ixekizumab; LDA, low disease activity; Q2W, every 2 weeks; Q4W, every 
4 weeks.

https://dx.doi.org/10.1136/annrheumdis-2020-219717
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groups (figure 3). Separation between the continuous IXE and 
withdrawn to placebo groups first occurred 20 weeks after with-
drawal from IXE treatment.

In post hoc analyses, the proportion of patients who did not 
experience a clinically important worsening (ASDAS worsening 
≥0.9) since week 24 was significantly greater in the IXE groups 
versus patients who withdrew to placebo (table 2).

Predictors of flare
Post hoc analysis for the pooled RW ITT population was 
conducted to identify patient characteristics associated with flare, 
which are presented in online supplemental tables 2-4. Multivar-
iate model analysis identified IXE withdrawal, non- normal body 
mass index (BMI) (non- normal BMI: <18.5 or ≥25 kg/m2), 
antidrug antibody positive status at any time between week 0 of 
the originating study and week 24 of COAST- Y, higher CRP level 
at baseline of the originating study, and larger ASDAS area under 
the curve as being associated with flare (online supplemental 
table 3). In addition, when the interaction of treatment by the 
potential predictors of flare was examined, IXE withdrawal, 
non- normal BMI and higher CRP at baseline of the originating 
study were identified as predictors of flare (online supplemental 
table 4). A significant interaction of IXE withdrawal by BASDAI 
pain score at week 24 was identified, indicating that higher 
BASDAI pain score at week 24 was significantly associated with 
flare in patients who continued IXE treatment; this association 
was not significant in patients who withdrew to placebo.

Efficacy following retreatment with ixekizumab
The mean (SD) ASDAS at the time of flare was 2.9 (1.1) for 
IXE Q4W, 2.8 (0.6) for IXE Q2W and 3.5 (0.9) for patients 
who withdrew to placebo. In addition, a greater proportion of 
patients who withdrew to placebo (48%) had ASDAS very high 
disease activity (>3.5) than patients who continued IXE treat-
ment (IXE Q4W: 29%, IXE Q2W: 17%) (online supplemental 
table 5). Among patients who flared and received at least 16 
weeks of retreatment with open- label IXE, ASDAS LDA and 
ASDAS ID were recaptured within 16 weeks of retreatment for 
93% (n=14/15) and 44% (n=8/18) of those who had with-
drawn to placebo, respectively; 50% (n=2/4) of those who had 
continued IXE recaptured ASDAS LDA and 30% (3/10) recap-
tured ASDAS ID within 16 weeks of retreatment.

Safety
TEAEs were reported in 42.6% (IXE Q4W), 44.4% (IXE Q2W) 
and 52.8% (withdrawn to placebo) of patients (table 3). Two 
patients (IXE Q2W) discontinued the study due to AEs. SAEs 
were reported in two (4.3%) patients in the IXE Q4W group 
(benign ovarian germ cell teratoma and compression fracture), 
two (3.7%) patients in the IXE Q2W group (chronic tonsillitis 
and myelopathy in one patient and Clostridium difficile colitis in 
another) and one (1.9%) patient who withdrew to placebo (soft 
tissue inflammation). Only one SAE (C. difficile colitis) resulted 
in discontinuation. There were no deaths and no reports of 
reactivation of tuberculosis, inflammatory bowel disease, major 
adverse cardiovascular events (MACEs) or malignancy.

DISCUSSION
Continued IXE treatment resulted in significantly lower occur-
rence of flare and significantly delayed time- to- flare versus 
treatment withdrawal among patients with axSpA who achieved 
remission with IXE treatment. Most patients remained flare- free 
for as long as 20 weeks after IXE withdrawal. Flare- free response 
was similar between IXE regimens and between patients with 
r- axSpA and nr- axSpA.

Large randomised withdrawal studies have evaluated the 
effects of withdrawal or tapering of TNFi in patients with axSpA, 
including the ABILITY-3 study of adalimumab and the C- OP-
TIMISE study of certolizumab pegol.6–9 COAST- Y is the first 
study to assess the effects of withdrawal of an IL- 17A antago-
nist in patients who achieved axSpA remission. There are several 
differences in the study design and patient populations between 
COAST- Y, ABILITY-3 and C- OPTIMISE. COAST- Y included 
both bDMARD- naïve and TNFi- experienced patients across the 
axSpA spectrum with a long (12.7 years) mean symptom dura-
tion. ABILITY-3 only enrolled bDMARD- naïve patients with 
nr- axSpA and a mean symptom duration of 6.7 years, whereas 
C- OPTIMISE enrolled patients across the axSpA spectrum with 
a short (3.1–3.8 years) mean symptom duration.6 7 At the time 
of randomised withdrawal, patients in COAST- Y had up to 76 
weeks of treatment versus 28 weeks in ABILITY-3 and 48 weeks 
in C- OPTIMISE. Additional differences include the length of the 
randomised withdrawal periods, eligibility criteria for entry into 
the RWRP and definitions for flares.
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Figure 3 Time- to- flare. P value vs withdrawn to placebo: †p<0.01, ‡p<0.001. IXE, ixekizumab; Q2W, every 2 weeks; Q4W, every 4 weeks.
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The above methodological differences limit the comparison 
of results across studies; however, there are several notable 
similarities and differences in results. ABILITY-3 and C- OP-
TIMISE showed that complete withdrawal of adalimumab or 
certolizumab pegol, respectively, led to significantly more flares 
compared with continuous treatment.6 7 Similarly, COAST- Y 
results suggest continuous treatment with IXE is important to 
maintain optimal disease control. The proportion of flare- free 
patients continuing IXE in COAST- Y (83.3%, all treatment 
groups) was similar to those seen for the certolizumab pegol 200 
mg Q2W (83.7%) and 200 mg Q4W (79.0%) dosing regimens 
from C- OPTIMISE.6 In ABILITY-3, a slightly lower proportion 
of patients (70.0%) remained flare- free.7

Interestingly, 54.7% of patients who withdrew to placebo 
in COAST- Y remained flare- free during the RWRP, which was 
greater than observed in ABILITY-3 (47%) and C- OPTIMISE 
(20.2%). The first separation between the withdrawn to placebo 
and IXE groups in time- to- flare was observed at approximately 
20 weeks after withdrawal from IXE in COAST- Y, whereas first 
separation occurred earlier in ABILITY-3 (12 weeks) and C- OP-
TIMISE (8 weeks).

Identifying predictors of flare is important to help clinicians 
better understand the risk of flare for patients following treat-
ment interruption. Post hoc analyses identified multiple char-
acteristics associated with flare including ASDAS area under the 
curve, suggesting that patients with less well- controlled disease 
over time may have been more likely to flare than those who 
had stable disease control. In addition, withdrawal of IXE, 

a higher baseline CRP and non- normal BMI (which in most 
cases was ≥25 kg/m2) were identified as being associated with 
flare. Higher BASDAI pain score at week 24 was also associ-
ated with flare in patients who continued IXE treatment, but not 
in patients who withdrew to placebo. It is difficult to compare 
predictors between COAST- Y, ABILITY-3 and C- OPTIMISE 
given differences in sample size and methodology used to iden-
tify predictors.

Among patients who flared and received at least 16 weeks 
of retreatment with open- label IXE, 93% in the withdrawal 
to placebo group and 50% of those who continued IXE treat-
ment recaptured ASDAS LDA within 16 weeks of retreatment. 
These findings are consistent with findings with TNFi, as most 
patients who flared were able to recapture disease control with 
retreatment.6 7 However, the number of patients who flared and 
received retreatment during the first 40 weeks of the RWRP was 
limited. Longer- term data from this ongoing study (with up to 
80 weeks of randomised withdrawal) will likely provide addi-
tional information regarding response to retreatment with IXE, 
as well as predictors of flare.

There were no new or unexpected safety concerns during the 
RWRP of COAST- Y. TEAEs were typically mild or moderate 
in severity and SAEs were reported in five (3.2%) patients 
equally spread across arms. One SAE in the IXE Q2W arm 
led to discontinuation. There were no deaths and no TEAEs of 
opportunistic infections, reactivation of tuberculosis, Candida 
infections, positively adjudicated IBD, MACE or malignancies 
reported.

Table 3 Summary of safety in the randomised withdrawal safety population* (weeks 24–64)

Withdrawn to placebo
N=53

IXE Q4W
N=47

IXE Q2W
N=54

Combined IXE
N=101

TEAE 28 (52.8%) 20 (42.6%) 24 (44.4%) 44 (43.6%)

 Mild 14 (26.4%) 13 (27.7%) 11 (20.4%) 24 (23.8%)

 Moderate 9 (17.0%) 4 (8.5%) 13 (24.1%) 17 (16.8%)

 Severe 5 (9.4%) 3 (6.4%) 0 3 (3.0%)

Serious AE 1 (1.9%) 2 (4.3%) 2 (3.7%) 4 (4.0%)

Discontinuation due to AE 0 0 2 (3.7%) 2 (2.0%)

Death 0 0 0 0

TEAEs of special interest

Infections 18 (34.0%) 8 (17.0%) 13 (24.1%) 21 (20.8%)

 Serious infections 0 0 2 (3.7%) 2 (2.0%)

 Opportunistic infections 0 0 0 0

 Candidiasis 0 0 0 0

Injection- site reactions 0 1 (2.1%) 3 (5.6%) 4 (4.0%)

IBD (adjudicated)† 0 0 0 0

Anterior uveitis 3 (5.7%) 2 (4.2%) 3 (5.6%) 5 (4.9%)

Allergic reactions/hypersensitivities‡ 3 (5.7%) 0 2 (3.7%) 2 (2.0%)

Cytopenia 0 1 (2.1) 0 1 (1.0%)

Hepatic events 2 (3.8%) 2 (4.3%) 1 (1.9%) 3 (3.0%)

Adjudicated cerebrocardiovascular events 1 (1.9%) 0 0 0

  MACE 0 0 0 0

Malignancies 0 0 0 0

Depression 0 1 (2.1%) 0 1 (1.0%)

Data are presented as n (%).
*Includes all randomly assigned patients who entered the randomised withdrawal- retreatment period and received at least one dose of study treatment after randomisation in 
the randomised withdrawal- retreatment period. Data after retreatment were excluded.
†Includes adjudicated Crohn’s disease and ulcerative colitis. Events of suspected IBD were confirmed by adjudication by an external clinical events committee with expertise in 
IBD. EPIdemiologique des Maladies de l’Appareil Digestif (EPIMAD) criteria for adjudication of suspected IBD define ‘probable’ and ‘definite’ classifications as confirmed cases.
‡No anaphylaxis was reported.
AE, adverse event; IBD, inflammatory bowel disease; IXE, ixekizumab; MACE, major adverse cardiovascular event; Q2W, every 2 weeks; Q4W, every 4 weeks; TEAE, treatment- 
emergent adverse event.
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COAST- Y provides the first randomised withdrawal data 
in axSpA for an IL- 17A antagonist. The RWRP of COAST- Y 
included patients across the axSpA spectrum with and without 
prior TNFi failure and with symptom duration ranging from 1.9 
to 44.7 years (mean of 12.7 years). Eligibility criteria for entry 
into the RWRP and the definition for flare used in COAST- Y 
are consistent with the current recommended treatment goals 
of achieving inactive disease, or at least low disease activity, 
in patients with axSpA.5 COAST- Y is the first randomised- 
withdrawal study in axSpA to include an assessment of clinically 
important worsening in disease activity, as defined by ASAS 
as an increase in ASDAS of ≥0.9 point.20 However, clinically 
important worsening in disease activity was not the prespeci-
fied flare definition in COAST- Y and thus was not a criterion for 
retreatment after flare. An additional strength of COAST- Y was 
the long period of active treatment of up to 76 weeks prior to 
randomised withdrawal (93.5% of patients had ≥52 weeks of 
IXE treatment), which reflects long- term sustained treatment in 
clinical practice before clinicians may consider treatment with-
drawal for patients with stable disease control. A limitation of 
COAST- Y is that the study did not assess the effect of tapering 
treatment.

Continuing IXE treatment resulted in significantly fewer flares 
and significantly delayed time- to- flare compared with patients 
who withdrew treatment. Interestingly, 54.7% of patients who 
withdrew to placebo remained flare- free for up to 40 weeks 
of treatment withdrawal, with most patients remaining flare- 
free for up to 20 weeks of withdrawal from IXE. In addition, 
patients who withdrew to placebo appeared to have greater 
disease activity at the time of flare than those who continued 
IXE treatment. Among those patients who did flare, most recap-
tured an acceptable level of disease control within 16 weeks of 
retreatment.

Overall, these findings suggest that continuous IXE treatment 
is important to maintain long- term disease control for most 
patients. However, the long durability of treatment response 
following withdrawal of IXE suggests that temporary treat-
ment interruption, such as during infection or prior to surgical 
procedures, is unlikely to result in flare for most patients. These 
results are important for clinicians when making treatment deci-
sions regarding treatment interruption and optimising long- term 
management of axSpA.
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ABSTRACT
Objectives Sjögren’s syndrome (SS) is an autoimmune 
sialadenitis with unknown aetiology. Although 
extensive research implicated an abnormal immune 
response associated with lymphocytes, an initiating 
event mediated by salivary gland epithelial cell (SGEC) 
abnormalities causing activation is poorly characterised. 
Transcriptome studies have suggested alternations in 
lysosomal function are associated with SS, but a cause 
and effect linkage has not been established. In this 
study, we demonstrated that altered lysosome activity in 
SGECs by expression of lysosome- associated membrane 
protein 3 (LAMP3) can initiate an autoimmune response 
with autoantibody production and salivary dysfunction 
similar to SS.
Methods Retroductal cannulation of the submandibular 
salivary glands with an adeno- associated virus serotype 
2 vector encoding LAMP3 was used to establish a model 
system. Pilocarpine- stimulated salivary flow and the 
presence of autoantibodies were assessed at several time 
points post- cannulation. Salivary glands from the mice 
were evaluated using RNAseq and histologically.
Results Following LAMP3 expression, saliva flow was 
significantly decreased and serum anti- Ro/SSA and La/
SSB antibodies could be detected in the treated mice. 
Mechanistically, LAMP3 expression increased apoptosis 
in SGECs and decreased protein expression related to 
saliva secretion. Analysis of RNAseq data suggested 
altered lysosomal function in the transduced SGECs, and 
that the cellular changes can chemoattract immune cells 
into the salivary glands. Immune cells were activated 
via toll- like receptors by damage- associated molecular 
patterns released from LAMP3- expressing SGECs.
Conclusions These results show a critical role for 
lysosomal trafficking in the development of SS and 
establish a causal relationship between LAMP3 
misexpression and the development of SS.

INTRODUCTION
Sjögren’s syndrome (SS) is an autoimmune disease 
that primarily affects salivary and lacrimal glands. 
The disease is characterised by dry mouth and/
or eye symptoms, lymphocytic infiltration of the 
affected glands, and the presence of autoantibodies, 
such as anti- Ro/SSA and anti- La/SSB antibodies. 
Although excessive immune activation by type I 
interferon (IFN) signalling pathway is thought to 

play an important role in pathogenesis of SS, the 
aetiology of the disease is unclear.1 Genome- wide 
association studies identified IRF5 and STAT4 as 
susceptibility genes of SS. These genes are involved 
in IFN production and downstream signalling 
following stimulation of the IFN receptor.2–5 Tran-
scriptome studies of minor salivary gland biopsies 
and peripheral blood mononuclear cells identified 
additional IFN signature genes that were increased 
in patients with SS.6–9

Many cellular proteins are reported to be regu-
lated by IFN expression include those associated 
with lysosomal function. Lysosome- associated 
membrane protein 3 (LAMP3) is a membrane glyco-
protein predominantly localised in lysosomes that 
is reported to be induced by IFN.10 In aggregated 
microarray studies, increased expression of LAMP3 
is detected in the salivary glands of patients with 
SS compared with control glands.11 However, its 
causal relationship to the development of SS- asso-
ciated symptoms is not clear. Functionally, LAMP3 
is unique among the LAMP protein members and is 
specifically expressed in mature dendritic cells and 
associated with translocation of the major histo-
compatibility complex class II molecules to the cell 
surface for antigen presentation.12 Confocal immu-
nofluorescence imaging showed that LAMP3 was 

Key messages

What is already known about this subject?
 ► Lysosome- associated membrane protein 3 
(LAMP3) is ectopically expressed in salivary 
gland epithelial cells (SGECs) of patients with 
Sjögren’s syndrome (SS).

 ► LAMP3 overexpression promotes apoptosis and 
autoantigen release of SGECs in vitro.

What does this study add?
 ► LAMP3 expression in SGECs is directly involved 
in the development of SS- like phenotype in vivo.

How might this impact on clinical practice or 
future developments?

 ► The causal relationship between LAMP3 
misexpression and SS provides us a novel target 
for interventions in the treatment of SS.
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ectopically expressed in salivary gland epithelial cells (SGECs) 
as well as in infiltration cells in patients with SS.11 Transfec-
tion of LAMP3 expression plasmid into SGEC- driven cell lines 
increased caspase- dependent apoptosis and promoted the release 
of intracellular SSA and SSB autoantigens via extracellular vesi-
cles.11 These in vitro studies suggested LAMP3 expression in 
SGECs could contribute to the induction of salivary dysfunction 
and autoantibody production.

The lysosome is a membrane- bound organelle that contains 
hydrolytic enzymes to degrade many kinds of biomolecules, 
and has various cellular functions, such as energy metabolism, 
plasma membrane repair and protein secretion, by ingesting 
and dissolving cell debris, other damaged organelles or foreign 
substances that have entered the cell.13 Nevertheless, lysosomes 
have the potential to be harmful to cells if their contained 
proteases are released to the cytoplasm. The translocation of 
lysosomal proteases is induced by several cell stresses, and can 
trigger a cascade of apoptotic pathways.14

It is thought that excessive and inappropriate cell death may 
contribute to the initiation of autoimmunity through the release 
and ineffective clearance of intracellular antigens.15 It has been 
reported that enhanced apoptosis in SGECs can trigger an 
SS- like autoimmune disease in mice.16 In addition, the relation-
ship between cell death and autoantibody production has been 
well studied in antineutrophil cytoplasmic antibodies (ANCA)- 
associated vasculitis. Neutrophil extracellular traps (NETs) are 
complexes of chromosomal DNA, histones and granule proteins 
released by neutrophils to bind and kill extracellular patho-
gens.17 The components can be autoantigens when excessive 
NETs are formed by abnormal neutrophil activation, leading to 
ANCA production.18 Similarly, LAMP3- induced cell death might 
trigger autoantibody production via inappropriate autoantigen 
release and activation of immune cells.

To investigate the pathophysiological role of LAMP3 expres-
sion in SS, we established a mouse model with LAMP3 over-
expressed locally in the submandibular glands following 

Figure 1 Ectopic expression of LAMP3 in salivary gland induces a Sjögren’s syndrome- like salivary dysfunction and autoantibody production in mice. 
(A) Immunoblotting of HEK 293T cell lysate 48 hours after transfection with AAV2- LAMP3 or AAV2- empty plasmids. (B) Immunofluorescent images 
(4× magnification) in murine submandibular glands 2 months after transduction with AAV2- LAMP3 or AAV2- GFP. (C) Body weight and pilocarpine- 
stimulated salivary flow per body weight in 20 min in AAV2- LAMP3 treated mice (N=20) and control AAV2- GFP treated mice (N=10). (D) Serum anti- 
Ro/SS- A and anti- La/SS- B antibodies were measured in AAV2- GFP treated mice (N=7), 2 months after transduction with AAV2- LAMP3 (N=4) and 6 
months after AAV2- LAMP3 (N=7). Values are shown as the mean±SD. *p<0.05, **p<0.01, ***p<0.001, t- test with Bonferroni’s correction. LAMP3, 
lysosome- associated membrane protein 3.
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retroductal cannulation with an adeno- associated virus serotype 
2 (AAV2) vector encoding LAMP3. The mice develop an SS- like 
phenotype with progressive salivary hypofunction and anti- Ro/
SSA and La/SSB antibody production. Mechanistically, LAMP3 
expression increased apoptosis in SGECs as monitored by trans-
ferase dUTP nick end labelling (TUNEL) assays and decreased 
protein expression related to saliva secretion. Activated immune 
cells were chemoattracted into the salivary glands through 
the cellular changes in SGECs induced by LAMP3. This study 
demonstrated a causal link between the development of SS and 
LAMP3 misexpression, incorrect expression associated with 
alteration of a phenotype.

MATERIALS AND METHODS
Detailed explanation of each procedure was described in online 
supplemental file.

Briefly, AAV2 vectors encoding LAMP3 (AAV2- LAMP3) 
were delivered into both submandibular glands of female 
6–8- week- old C57BL/6 mice (1011 particles/mouse in 100 µL) by 
retrograde ductal instillation. The same amount of AAV2 vector 
encoding green fluorescent protein (AAV2- GFP) was cannulated 
in control mice. Pilocarpine- stimulated salivary flow and the 
presence of serum autoantibodies were assessed at several time 
points post- cannulation. Submandibular glands were evaluated 
using RNAseq and histologically.

In vitro, LAMP3 expression or empty plasmids were trans-
fected into immortalised acinar and ductal cells derived from 
normal human salivary glands,19 or SGEC- driven cell lines. 
Protein expression was assessed by western blotting and immu-
nofluorescence. Human monocytic cell line THP-1 cells were 
treated with supernatant from LAMP3- transfected cells or 
empty- transfected cells, and transcriptional change was eval-
uated using quantitative real- time reverse transcription PCR 
(qRT- PCR).

RESULTS
LAMP3 is increased in expression with disease onset in non-
obese diabetic mice
The non- obese diabetic (NOD) mouse is a well characterised 
model of spontaneous onset of an SS- like phenotype in female 
mice at approximately 16 weeks of age independent of the 
occurrence of loss of glycaemic control.20 21 Comparison of 
transcriptome data between patients and this model has shown 
conservation of phenotype associated patterns of gene expres-
sion.22 Investigation of LAMP3 expression revealed similar 
levels of LAMP3 protein in salivary glands from 8- week- old 
NOD mice compared with C57BL/6 mice. By 20 weeks, LAMP3 
expression had increased in the NOD mice compared with the 
controls (online supplemental S- Figure 1), suggesting as with the 

Figure 2 Transduction with AAV2- LAMP3 vector induces apoptosis in murine salivary gland epithelial cells. (A) Representative submandibular gland 
specimens with terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL) from mice 2 months post- cannulation with AAV2- LAMP3 
(N=6) or AAV2- GFP (N=12). Brown staining indicates apoptotic cells. (B) The number of TUNEL positive (apoptotic) cells were quantified. Values are 
shown as the mean±SD. **p<0.01, t- test. (C) Correlation between the number of TUNEL positive (apoptotic) cells and LAMP3 expression area in 
submandibular gland specimens. Dots shows the result from each murine specimen. LAMP3, lysosome- associated membrane protein 3.
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patients, LAMP3 expression is associated with disease progres-
sion in this mouse model.

AAV2-LAMP3 induces hyposalivation and autoantibodies in 
mice
To establish a causal relationship between LAMP3 expres-
sion and the development of SS- associated pathology, LAMP3 
expression was initiated in the salivary glands of healthy 
C57BL/6 mice by retroductal cannulation of the submandibular 
glands using AAV2 vectors to facilitate gene expression. AAV2 
vectors were chosen because of their ability to direct long- term 
expression following localised delivery to the salivary glands of 
mice, with minimal host response to the vector.22 Initial exper-
iments demonstrated that western blotting of HEK 293T cells 
transfected with AAV2- LAMP3 plasmids showed expression of a 
44 kDa protein corresponding to the reported molecular weight 

of LAMP312 (figure 1A). Confocal immunofluorescence imaging 
of AAV2- LAMP3 vector cannulated mice showed extensive and 
sustained expression of LAMP3 in the murine submandibular 
glands 2 months post- cannulation, which appeared as a puncta 
pattern in the salivary tissue similar to previously reports.23 
Close inspection revealed that AAV2- LAMP3 expressed protein 
was predominantly localised to salivary epithelial cells, consis-
tent with the tropism of AAV2 in the submandibular salivary 
gland24 25 (figure 1B). GFP expression was confirmed in the 
submandibular glands of AAV2- GFP cannulated mice (online 
supplemental S- Figure 2).

The effects of LAMP3 were assessed overtime between 1 and 
6 months post- cannulation. Expression of LAMP3 in the sali-
vary glands did not appear to have an overt effect on feeding by 
the mice as there was no significant differences in body weight 
between AAV2- LAMP3 treated mice (LAMP3 mice) and control 

Figure 3 Lysosomal and immune activation is induced in submandibular glands of AAV2- LAMP3 mice 6 months after transduction. (A) The scatter 
plot lists significantly upregulated KEGG pathways in AAV2- LAMP3 mice 6 months post- cannulation (N=5) compared with 2 months post- cannulation 
(N=5). (B) The heat map showing the relative expression of the signature genes for the indicated functions or cell types in submandibular glands from 
AAV2- LAMP3 mice 2 months (2M) and 6 months (6M) post- cannulation. DC, dendritic cell; MΦ, macrophage; NK, natural killer; Neut., neutrophil.
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mice (figure 1C). Pilocarpine- stimulated salivary flow in LAMP3 
mice and controls was tested at several time points following 
cannulation. This analysis over time showed that saliva flow did 
not change significantly 1- month post- cannulation (6.8 µL/g vs 
7.3 µL/g, p=0.51), but was markedly decreased by 2 months 
post- cannulation (5.1 µL/g vs 6.7 µL/g, p<0.01) and continued 
to decrease 6 months post- cannulation (3.2 µL/g vs 5.7 µL/g, 
p<0.001) in LAMP3 mice compared with controls (figure 1C). 
Anti- Ro/SSA and anti- La/SSB antibodies were detected in sera 
from LAMP3 mice 6 months post- cannulation (figure 1D), 
consistent with that LAMP3 expression was associated with 
serum anti- Ro/SSA and/or anti- La/SSB in patients with SS, and 
that in vitro LAMP3 expression promoted the accumulation and 
release of SSA and SSB autoantigens.11 These findings suggest 
that LAMP3 expression in vivo can stimulate an SS- like pheno-
type in mice.

LAMP3 induces apoptosis of SGECs in mice
Previous work reported that transfection of LAMP3 expres-
sion plasmids into SGEC derived cells grown in culture induced 
apoptosis.11 To investigate if LAMP3 expression causes apop-
tosis of SGECs in vivo, salivary gland tissue from LAMP3 and 
control mice were assayed by TUNEL staining and imaged using 
light microscopy. Apoptotic TUNEL positive cells were abun-
dant in acini and ducts of the salivary glands of the LAMP3 mice 
(figure 2A). The number of the apoptotic cells were significantly 
increased in the LAMP3 mice compared with control mice 
(15.1/mm2 vs 4.2/mm2, p<0.01, figure 2B). Furthermore, the 
number of apoptotic cells had a significant positive correlation 
with LAMP3 expression in the murine submandibular specimens 
(r=0.86, p<0.01, figure 2C). These findings demonstrate that 
LAMP3 expression increased apoptosis in SGECs in vivo.

Figure 4 Immune cell infiltration increases in submandibular glands of AAV2- LAMP3 mice 6 months after transduction. (A) Representative H&E 
staining of submandibular glands from AAV2- LAMP3 mice 2 months (2M) and 6 months (6M) post- cannulation. Black arrows indicate lymphatic 
infiltration. Salivary gland size and infiltration area were quantified in AAV2- GFP treated mice 2M (N=6) and 6M (N=6) post- cannulation and AAV2- 
LAMP3 treated mice 2M (N=10) and 6M (N=17) post- cannulation. Values are shown as the mean±SD. *p<0.05, t- test with Welch’s correction. (B) 
Representative immunofluorescent images (40× magnification) in murine submandibular glands 6M post- cannulation with AAV2- LAMP3. LAMP3, 
lysosome- associated membrane protein 3.
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Lysosomal and immune pathways were activated in LAMP3 
mice
To clarify the molecular mechanism associated with the devel-
opment of an SS- like phenotype in the LAMP3 mice, RNA 
was collected from the submandibular glands of AAV2- LAMP3 
cannulated mice at 2 months and 6 months post- cannulation and 
used for RNAseq and bioinformatics analysis. A total of 1063 
differentially expressed genes were identified between the two 
groups (701 genes were upregulated, and 362 downregulated 
at 6 months). Analysis using DAVID Bioinformatics Resources 
6.8 identified the differentially expressed genes were enriched 
in lysosome, endocytosis, phagocytosis, chemokine signalling, 
natural killer cell mediated cytotoxicity, antigen processing/
presentation, leucocyte migration, adhesion and T/B- cell 
receptor signalling pathways. These enrichment pathways were 
related to innate and adaptive immunity (figure 3A).

At 6 months post- cannulation of AAV2- LAMP3, genes asso-
ciated with lysosomal membrane proteins, adaptor proteins and 
proteases were upregulated compared with the 2 months time 
point, suggesting that LAMP3 alters lysosomal function in the 
transduced SGECs. One interpretation of the RNAseq data 
is that apoptosis observed in the SGECs lead to macrophage 
activation to remove the apoptotic cells, supported by upreg-
ulation of the genes associated with phagocytosis- promoting 
receptors and antigen presentation in LAMP3 mice 6 months 
post- cannulation. The interaction between apoptotic SGECs and 
macrophages is considered to be critical to initiate autoimmunity. 
Subsequently, upregulated chemokine signalling, cell migration 
and adhesion molecules would attract lymphocyte in salivary 
gland tissues. Antigen presenting cells (APCs), T- cells and B- cell 
related genes were increased in the submandibular glands of 
LAMP3 mice at 6 months post- cannulation, reflecting cellular 
infiltration (figure 3B). Additional analysis of the RNAseq data 
of the immune infiltrate within salivary glands of LAMP3 mice 
suggested that Th1 and Th17 were the dominant T- cell subtypes 
as some of their signature genes were significantly upregulated 
including Tbx-21, Jak1, Stat3/4 and Ccr5/6 (online supplemental 
S- Figure 3). Taken together these data suggest LAMP3 expres-
sion in SGECs activate immune cells in a time dependent manner.

In agreement with the increase immune activation suggested 
by the analysis of the RNAseq data, H&E staining of slides 
identified clusters of lymphocytic infiltration in submandibular 

gland specimens from LAMP3 mice 6 months post- cannulation 
(figure 4A). The lymphocytic infiltration area was not signifi-
cantly correlated with serum autoantibodies or saliva flow 
(online supplemental S- Figure 4). Murine submandibular glands 
were visualised by immunofluorescences using CD3, CD19, 
CD11b and CD68 antibodies, confirming the infiltration of 
T- cells, B- cells and APCs including CD68+ macrophages in the 
tissues (figure 4B). These positive signals were abundantly found 
in the LAMP3 mice 6 months post- cannulation compared with 
those 2 months post- cannulation (online supplemental S- Figure 
5). T- cells were dominant (58%) among the infiltration cells, 
followed by B- cells (29%) and APCs (13%).

Taken together, the bioinformatics analysis supports a hypoth-
esis that LAMP3 expression in SGECs can be stimulatory to 
monocytes/macrophages as an initiator of autoimmunity. To test 
the hypothesis, THP-1 cells were treated in vitro with super-
natant from LAMP3- transfected salivary gland acinar cells or 
ductal cells and stimulation was monitored by qRT- PCR for 
changes in cytokine production. Treatment of THP-1 cells with 
the supernatant stimulated a significant increase in the transcrip-
tion of TNFα compared with control treated THP-1 cells. The 
increased expression of TNFα in THP-1 cells was independent 
of apoptosis in acinar or ductal cells as treatment with the pan- 
caspase inhibitor Z- VAD did not inhibit the increase in TNFα 
expression (figure 5A). In contrast, the increase in TNFα expres-
sion was inhibited in THP-1 cells by treatment with toll- like 
receptor (TLR) 1/2 antagonist (CUCPT22) or TLR 4 antagonist 
(TAK242) (figure 5B, online supplemental S- Figure 6). These 
TLRs recognise damage- associated molecular patterns released 
from the cells. Previous in vitro study showed that LAMP3 
expression promoted the release of SSA and SSB autoantigens 
from SGEC- driven cell lines,11 which could be recognised and be 
processed by activated macrophages in salivary glands, leading 
to antibody production against the autoantigens.

LAMP3 degrades functional proteins and contributes to 
salivary hypofunction in mice
Despite the increase of apoptosis in the salivary glands of LAMP3 
mice, overall atrophy or destruction of the gland structure was 
not seen at either 2 or 6 months post- cannulation (figure 4A). 
There was also no significant difference in gene expression 

Figure 5 Culture supernatant from LAMP3- expressing epithelial cells activates THP-1 cells. (A) Acinar and ductal cells were transfected with LAMP3 
expression or empty plasmids ± Z- VAD (20 µM). (B) THP-1 cells were stimulated with the culture supernatant collected from LAMP3- transfected 
cells 96 hours after transfection ± CUCPT22 (20 µM) or TAK242 (40 µM). Transcript changes in THP-1 cells were evaluated 20 hours after stimulation. 
Values are shown as the mean±SEM from independent three experiments. *p<0.05, **p<0.01, t- test with Bonferroni’s correction. LAMP3, lysosome- 
associated membrane protein 3.
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associated with the progressive decrease in saliva secretion 
observed between 2 and 6 months in the RNAseq data from the 
LAMP3 treated mice (online supplemental S- Figure 7). Further 
analysis of the RNAseq data suggested that LAMP3 might 
promote the degradation of proteins at post- transcriptional level 
through altered lysosomal and endocytic activities (figure 3). 
To further investigate the salivary hypofunction associated with 
salivary gland targeted LAMP3 expression, slides from the mice 
were compared for expression of membrane proteins related 
to salivary gland function. Na- K- Cl cotransporter-1 (NKCC1) 
and aquaporin 5 (AQP5) are common markers of SGECs and 
their expression are closely linked to changes in salivary gland 
activity.26 27 Immunofluorescent imaging showed decreased 
expression of NKCC1 (figure 6A) and AQP5 (online supple-
mental S- Figure 8A) proteins in submandibular glands of LAMP3 
mice compared with control mice cannulated with a vector 

encoding GFP. Expression of NKCC1 (figure 6B) and AQP5 
(online supplemental S- Figure 8B) was significantly decreased in 
LAMP3 mice 6 months after transduction compared with GFP 
control mice and 2 months LAMP3 mice. Overall the decrease 
in expression of NKCC1 and AQP5 as measured by area was 
negatively correlated with LAMP3 expression and was posi-
tively correlated with saliva flow (figure 6C and online supple-
mental S- Figure 8C, respectively). In contrast, transcript levels of 
Scl12a2 (encoding NKCC1, figure 6D) and Aqp5 (online supple-
mental S- Figure 8D) genes measured by qRT- PCR in the subman-
dibular gland tissues were similar in GFP control mice, 2 months 
and 6 months LAMP3 mice. Western blotting of cell lysate from 
LAMP3 transfected cells showed decrease expression of NKCC1 
(figure 6E) and AQP5 (online supplemental S- Figure 8E) when 
normalised to β-actin compared with control transfected cells. 
Finally, immunocytochemistry staining showed decreased 

Figure 6 LAMP3 expression decreases NKCC1 expression in salivary gland epithelial cells. (A) Immunofluorescence images in murine 
submandibular glands (40× magnification) from mice treated with AAV2- LAMP3 or AAV2- GFP. (B) Expression area of NKCC1 was quantified in 
AAV2- GFP treated mice (N=4) and AAV2- LAMP3 treated mice 2 months (2M) post- cannulation (N=8) and 6 months (6M) post- cannulation (N=7). 
(C) Correlation between the NKCC1 and LAMP3 expression in submandibular gland specimens, or saliva flow. (D) Transcript change of Scl12a2 gene 
in submandibular gland tissues from AAV2- GFP treated mice (N=6) and AAV2- LAMP3 treated mice 2M (N=5) and 6M (N=9) post- cannulation. 
(E) Western blotting with indicated antibodies using acinar or ductal cell lysate 72 hours post- transfection with LAMP3 or empty plasmids. (F) 
Immunofluorescence images (40× magnification) of A253 cells 48 hours after transfection with LAMP3 or empty plasmids. Representative images 
from three independent experiments. Values are shown as the mean±SD. *p<0.05, **p<0.01, t- test with Bonferroni’s correction. LAMP3, lysosome- 
associated membrane protein 3; NKCC1, Na- K- Cl cotransporter-1.
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fluorescence intensity of NKCC1 protein on the cell membrane 
and formation of endocytic vesicles including NKCC1 (white 
arrow heads) in LAMP3- transfected cells (figure 6F). Taken 
together these data suggest a physiological mechanism involved 
in the decreased salivary gland secretion associated with LAMP3 
expression, which is caused by increased membrane turnover 
and endocytic lysosomal activity of the SGECs resulting in 
degradation of membrane proteins critical for saliva secretion.

DISCUSSION
Increased IFN signalling is well established as a component of 
the pathogenesis associated with SS, but little is known regarding 
the effect of IFN on epithelial cells and its causal association 
with salivary gland hypofunction and the induction of autoim-
munity. We recently identified by aggregated microarray anal-
ysis that LAMP3, an IFN inducible protein, is upregulated in 
patients with SS. Further analysis identified an association 
between LAMP3 expression levels and autoantibody positivity 
in patients. In vitro studies suggested that LAMP3 could induce 
apoptosis and the accumulation and release of SS- associated 
autoantigens via extracellular vesicles.11 In this study, we have 
extended these findings and demonstrated that overexpression 
of LAMP3 in vivo can induce an SS- like phenotype in mice. 
Analysis of RNAseq data suggested that LAMP3 expression 
resulted in altered lysosome activity and immune cell activa-
tion. In vivo LAMP3 expression induced apoptosis of SGECs, 
immune infiltration in the glands and degradation of membrane 
proteins associated with saliva secretion. In vitro studies suggest 
that LAMP3 expression in SGECs can trigger activation of 
monocytes/macrophages (figure 7).

A number of mouse models of SS have been reported.28 Intra-
peritoneal injections of SSA/Ro antigen induce immune activa-
tion and an SS- like phenotype in mice.29 30 Other models show 
that expression of nterleukin (IL)-12,31 IL-1432 or IL- 17A33 34 
can induce an SS- like disease profile in transgenic mice through 
T- cell and B- cell activation and differentiation. T- cell- targeted 
deletion of stromal interaction molecule 1 and 2 in T- cells stim-
ulated spontaneous and severe SS- like autoimmune disease in 
mice.35 Together, these models support an association between 
the development of SS and dysregulation of the immune system. 
Our data from the LAMP3 overexpression mouse suggests that 
the lysosomal changes in SGECs could be responsible for the 
initiation of autoimmunity. Another model system is NOD mice 
that spontaneously develop SS- like autoimmune exocrinopathy 
as well as type I diabetes.20 We found that LAMP3 expression 
was also increased in NOD mice with age. Lysosomal dysfunc-
tion is involved in various diseases including cancer,36 Alzhei-
mer’s disease37 and Parkinson’s disease.38 Our data suggest that 
lysosomal proteins and function also has an important role in SS.

It is still unclear the mechanism that results in the increased 
LAMP3 expression in the SGECs of patients with SS. Consid-
ering that LAMP3 is an IFN- inducible gene, environmental 
factors like viral infection39 40 and genetic susceptibility, such 
as IRF5 and STAT4 polymorphisms,2–5 might trigger LAMP3 
misexpression. These considerations suggest that inhibition of 
the IFN pathways might be a possible intervention to prevent the 
increased LAMP3 expression in the salivary glands. In support of 
this intervention, recent work demonstrated that JAK inhibitors 
can ameliorated SS- like manifestations in NOD mice through 
downregulating IFN pathways.41 Future studies are needed to 
clarify the pathological connection between IFN signalling and 
LAMP3 misexpression in patients with SS.

In conclusion, this study shows that LAMP3 expression in 
SGECs can induce an SS- like phenotype. The development of 
disease in this mouse model has distinct phases with the induc-
tion of apoptosis preceding salivary hypofunction, followed by 
progressive levels of immune activation, ultimately leading to the 
development of autoimmunity. Further investigations are needed 
to understand the context of the release of autoantigens from 
the cell and if additional cellular or lysosomal components are 
necessary for the induction of autoimmunity. Taken together, the 
present results demonstrate a critical role for salivary epithelial 
lysosomes in the development of SS and provide a new model 
for studies of targeted therapeutic interventions in SS.
Acknowledgements Assistance with this project was provided by the NIDCR/
NIDCD Genomics and Computational Biology Core: ZIC DC000086, NIDCR Imaging 
Core: ZIC DE000750-01, Veterinary Resources Core: ZIC DE000740-05. This work 
used the computational resources of the NIH HPC Biowulf cluster (http:// hpc. nih. 
gov). Grant support from the JSPS Research Fellowship for Japanese Biomedical and 
Behavioral Researchers at NIH; Takeda Science Foundation Research Fellowship; 
Mochida Memorial Foundation for Medical and Pharmaceutical Research Fellowship; 
Japan Rheumatism Foundation Research Fellowship.

Contributors HN, TT, BMW, MN, TA and JAC participated in the conception and 
design of the experiments. HN, TT, TJFP, YJ, HY, PP, SAA, S- IJ, CG, CYZ, WDS, BMW 
and NH performed the experiments and data analysis. HN and JAC wrote the 
manuscript, which was revised by all authors.

Funding This work was funded by the Intramural Research Programme of NIDCR, 
NIH (1ZIADE000695).

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study was approved by Animal Ethics Committee of the 
National Institute of Dental and Craniofacial Research. All procedures involving live 
animals were approved based on institutional guidelines and standard operating 
procedures following the NIH Guide for the Care and Use of Laboratory Animals 
(approval number: 18-863).

Figure 7 Graphical abstract. Lysosome- associated membrane protein 
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followed by retroductal cannulation with an AAV2- LAMP3 vector 
induces salivary dysfunction, immune cell infiltration and autoantibody 
production in mice. Mechanistically, LAMP3 misexpression altered 
lysosomal function in the transduced SGECs, increased apoptosis, 
promoted the release of intracellular autoantigens and decreased 
protein expression related to saliva secretion, such as Na- K- Cl 
cotransporter-1 (NKCC1) and aquaporin 5 (AQP5). Immune cells were 
activated via toll- like receptors (TLRs) by damage- associated molecular 
patterns (DAMPs) released from SGECs.

http://hpc.nih.gov
http://hpc.nih.gov
http://ard.bmj.com/


1039Nakamura H, et al. Ann Rheum Dis 2021;80:1031–1039. doi:10.1136/annrheumdis-2020-219649

Sjögren’s syndrome

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. All 
data relevant to the study are included in the article or uploaded as supplementary 
information. Data are available from the corresponding author upon request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Hiroyuki Nakamura http:// orcid. org/ 0000- 0003- 2149- 7573
Blake M Warner http:// orcid. org/ 0000- 0002- 4961- 018X

REFERENCES
 1 Odani T, Chiorini JA. Targeting primary Sjögren’s syndrome. Mod Rheumatol 

2019;29:70–86.
 2 Taylor KE, Wong Q, Levine DM, et al. Genome- Wide association analysis reveals 

genetic heterogeneity of Sjögren’s syndrome according to ancestry. Arthritis 
Rheumatol 2017;69:1294–305.

 3 Cruz- Tapias P, Rojas- Villarraga A, Maier- Moore S, et al. HLA and Sjogren’s syndrome 
susceptibility. A meta- analysis of worldwide studies. Autoimmun Rev 2012;11:281–7.

 4 Lessard CJ, Li H, Adrianto I, et al. Variants at multiple loci implicated in both innate 
and adaptive immune responses are associated with Sjogren’s syndrome. Nat Genet 
2013;45:1284–92.

 5 Li Y, Zhang K, Chen H, et al. A genome- wide association study in Han Chinese 
identifies a susceptibility locus for primary Sjogren’s syndrome at 7q11.23. Nat Genet 
2013;45:1361–5.

 6 Hjelmervik TOR, Petersen K, Jonassen I, et al. Gene expression profiling of minor 
salivary glands clearly distinguishes primary Sjögren’s syndrome patients from healthy 
control subjects. Arthritis Rheum 2005;52:1534–44.

 7 Wakamatsu E, Nakamura Y, Matsumoto I, et al. DNA microarray analysis of labial 
salivary glands of patients with Sjogren’s syndrome. Ann Rheum Dis 2007;66:844–5.

 8 Inamo J, Suzuki K, Takeshita M, et al. Identification of novel genes associated with 
dysregulation of B cells in patients with primary Sjögren’s syndrome. Arthritis Res Ther 
2020;22:153.

 9 Björk A, Richardsdotter Andersson E, Imgenberg- Kreuz J, et al. Protein and DNA 
methylation- based scores as surrogate markers for interferon system activation in 
patients with primary Sjögren’s syndrome. RMD Open 2020;6:e000995.

 10 Irudayam JI, Contreras D, Spurka L, et al. Characterization of type I interferon pathway 
during hepatic differentiation of human pluripotent stem cells and hepatitis C virus 
infection. Stem Cell Res 2015;15:354–64.

 11 Tanaka T, Warner BM, Odani T, et al. LAMP3 induces apoptosis and autoantigen 
release in Sjögren’s syndrome patients. Sci Rep 2020;10:15169.

 12 de Saint- Vis B, Vincent J, Vandenabeele S, et al. A novel lysosome- associated 
membrane glycoprotein, DC- LAMP, induced upon DC maturation, is transiently 
expressed in MHC class II compartment. Immunity 1998;9:325–36.

 13 Saftig P, Klumperman J. Lysosome biogenesis and lysosomal membrane proteins: 
trafficking meets function. Nat Rev Mol Cell Biol 2009;10:623–35.

 14 Noguchi M, Hirata N, Tanaka T, et al. Autophagy as a modulator of cell death 
machinery. Cell Death Dis 2020;11:517.

 15 Suurmond J, Diamond B. Autoantibodies in systemic autoimmune diseases: specificity 
and pathogenicity. J Clin Invest 2015;125:2194–202.

 16 Okuma A, Hoshino K, Ohba T, et al. Enhanced apoptosis by disruption of the 
STAT3- IκB-ζ signaling pathway in epithelial cells induces Sjögren’s syndrome- like 
autoimmune disease. Immunity 2013;38:450–60.

 17 Nakazawa D, Shida H, Tomaru U, et al. Enhanced formation and disordered regulation 
of NETs in myeloperoxidase- ANCA- associated microscopic polyangiitis. J Am Soc 
Nephrol 2014;25:990–7.

 18 Nakazawa D, Masuda S, Tomaru U, et al. Pathogenesis and therapeutic interventions 
for ANCA- associated vasculitis. Nat Rev Rheumatol 2019;15:91–101.

 19 Azuma M, Tamatani T, Kasai Y, et al. Immortalization of normal human salivary 
gland cells with duct-, myoepithelial-, acinar-, or squamous phenotype 
by transfection with SV40 ori- mutant deoxyribonucleic acid. Lab Invest 
1993;69:24–42.

 20 Lodde BM, Mineshiba F, Kok MR, et al. NOD mouse model for Sjögren’s syndrome: 
lack of longitudinal stability. Oral Dis 2006;12:566–72.

 21 Vosters JL, Yin H, Roescher N, et al. Local expression of tumor necrosis factor- receptor 
1:immunoglobulin G can induce salivary gland dysfunction in a murine model of 
Sjögren’s syndrome. Arthritis Res Ther 2009;11:R189.

 22 Yin H, Cabrera- Perez J, Lai Z, et al. Association of bone morphogenetic protein 6 with 
exocrine gland dysfunction in patients with Sjögren’s syndrome and in mice. Arthritis 
Rheum 2013;65:3228–38.

 23 Nagelkerke A, Mujcic H, Bussink J, et al. Hypoxic regulation and prognostic value of 
LAMP3 expression in breast cancer. Cancer 2011;117:3670–81.

 24 Braddon VR, Chiorini JA, Wang S, et al. Adenoassociated virus- mediated transfer of a 
functional water channel into salivary epithelial cells in vitro and in vivo. Hum Gene 
Ther 1998;9:2777–85.

 25 Voutetakis A, Kok MR, Zheng C, et al. Reengineered salivary glands are stable 
endogenous bioreactors for systemic gene therapeutics. Proc Natl Acad Sci U S A 
2004;101:3053–8.

 26 Koumangoye R, Bastarache L, Delpire E. NKCC1: newly found as a human disease- 
causing ion transporter. Function 2021;2:zqaa028.

 27 Lai Z, Yin H, Cabrera- Pérez J, et al. Aquaporin gene therapy corrects Sjögren’s 
syndrome phenotype in mice. Proc Natl Acad Sci U S A 2016;113:5694–9.

 28 Chiorini JA, Cihakova D, Ouellette CE, et al. Sjögren syndrome: advances in the 
pathogenesis from animal models. J Autoimmun 2009;33:190–6.

 29 Scofield RH, Asfa S, Obeso D, et al. Immunization with short peptides from 
the 60- kDa Ro antigen recapitulates the serological and pathological findings 
as well as the salivary gland dysfunction of Sjogren’s syndrome. J Immunol 
2005;175:8409–14.

 30 Yin H, Vosters JL, Roescher N, et al. Location of immunization and interferon-γ are 
central to induction of salivary gland dysfunction in Ro60 peptide immunized model 
of Sjögren’s syndrome. PLoS One 2011;6:e18003.

 31 Vosters JL, Landek- Salgado MA, Yin H, et al. Interleukin-12 induces salivary gland 
dysfunction in transgenic mice, providing a new model of Sjögren’s syndrome. Arthritis 
Rheum 2009;60:3633–41.

 32 Shen L, Suresh L, Li H, et al. IL-14 alpha, the nexus for primary Sjögren’s disease in 
mice and humans. Clin Immunol 2009;130:304–12.

 33 Nguyen CQ, Yin H, Lee BH, et al. Pathogenic effect of interleukin- 17A in induction of 
Sjögren’s syndrome- like disease using adenovirus- mediated gene transfer. Arthritis 
Res Ther 2010;12:R220.

 34 Nguyen CQ, Yin H, Lee BH, et al. IL17: potential therapeutic target in Sjögren’s 
syndrome using adenovirus- mediated gene transfer. Lab Invest 2011;91:54–62.

 35 Cheng KT, Alevizos I, Liu X, et al. STIM1 and STIM2 protein deficiency in T lymphocytes 
underlies development of the exocrine gland autoimmune disease, Sjogren’s 
syndrome. Proc Natl Acad Sci U S A 2012;109:14544–9.

 36 Groth- Pedersen L, Ostenfeld MS, Høyer- Hansen M, et al. Vincristine induces dramatic 
lysosomal changes and sensitizes cancer cells to lysosome- destabilizing siramesine. 
Cancer Res 2007;67:2217–25.

 37 Lee J- H, Yu WH, Kumar A, et al. Lysosomal proteolysis and autophagy require 
presenilin 1 and are disrupted by Alzheimer- related PS1 mutations. Cell 
2010;141:1146–58.

 38 Dehay B, Bové J, Rodríguez- Muela N, et al. Pathogenic lysosomal depletion in 
Parkinson’s disease. J Neurosci 2010;30:12535–44.

 39 Weller ML, Gardener MR, Bogus ZC, et al. Hepatitis Delta Virus Detected in Salivary 
Glands of Sjögren’s Syndrome Patients and Recapitulates a Sjögren’s Syndrome- Like 
Phenotype in Vivo. Pathog Immun 2016;1:12–40.

 40 Fleck M, Kern ER, Zhou T, et al. Murine cytomegalovirus induces a Sjögren’s syndrome- 
like disease in C57Bl/6- lpr/lpr mice. Arthritis Rheum 1998;41:2175–84.

 41 Lee J, Lee J, Kwok S- K, et al. JAK-1 inhibition suppresses interferon- induced BAFF 
production in human salivary gland: potential therapeutic strategy for primary 
Sjögren’s syndrome. Arthritis Rheumatol 2018;70:2057–66.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2149-7573
http://orcid.org/0000-0002-4961-018X
http://dx.doi.org/10.1080/14397595.2018.1546268
http://dx.doi.org/10.1002/art.40040
http://dx.doi.org/10.1002/art.40040
http://dx.doi.org/10.1016/j.autrev.2011.10.002
http://dx.doi.org/10.1038/ng.2792
http://dx.doi.org/10.1038/ng.2779
http://dx.doi.org/10.1002/art.21006
http://dx.doi.org/10.1136/ard.2006.063370
http://dx.doi.org/10.1186/s13075-020-02248-2
http://dx.doi.org/10.1136/rmdopen-2019-000995
http://dx.doi.org/10.1016/j.scr.2015.08.003
http://dx.doi.org/10.1038/s41598-020-71669-5
http://dx.doi.org/10.1016/S1074-7613(00)80615-9
http://dx.doi.org/10.1038/nrm2745
http://dx.doi.org/10.1038/s41419-020-2724-5
http://dx.doi.org/10.1172/JCI78084
http://dx.doi.org/10.1016/j.immuni.2012.11.016
http://dx.doi.org/10.1681/ASN.2013060606
http://dx.doi.org/10.1681/ASN.2013060606
http://dx.doi.org/10.1038/s41584-018-0145-y
http://www.ncbi.nlm.nih.gov/pubmed/7687310
http://dx.doi.org/10.1111/j.1601-0825.2006.01241.x
http://dx.doi.org/10.1186/ar2888
http://dx.doi.org/10.1002/art.38123
http://dx.doi.org/10.1002/art.38123
http://dx.doi.org/10.1002/cncr.25938
http://dx.doi.org/10.1089/hum.1998.9.18-2777
http://dx.doi.org/10.1089/hum.1998.9.18-2777
http://dx.doi.org/10.1073/pnas.0400136101
http://dx.doi.org/10.1093/function/zqaa028
http://dx.doi.org/10.1073/pnas.1601992113
http://dx.doi.org/10.1016/j.jaut.2009.09.009
http://dx.doi.org/10.4049/jimmunol.175.12.8409
http://dx.doi.org/10.1371/journal.pone.0018003
http://dx.doi.org/10.1002/art.24980
http://dx.doi.org/10.1002/art.24980
http://dx.doi.org/10.1016/j.clim.2008.10.006
http://dx.doi.org/10.1186/ar3207
http://dx.doi.org/10.1186/ar3207
http://dx.doi.org/10.1038/labinvest.2010.164
http://dx.doi.org/10.1073/pnas.1207354109
http://dx.doi.org/10.1158/0008-5472.CAN-06-3520
http://dx.doi.org/10.1016/j.cell.2010.05.008
http://dx.doi.org/10.1523/JNEUROSCI.1920-10.2010
http://dx.doi.org/10.20411/pai.v1i1.72
http://dx.doi.org/10.1002/1529-0131(199812)41:12<2175::AID-ART12>3.0.CO;2-I
http://dx.doi.org/10.1002/art.40589
http://ard.bmj.com/


1040  Acosta- Herrera M, et al. Ann Rheum Dis 2021;80:1040–1047. doi:10.1136/annrheumdis-2021-219884

Systemic sclerosis

TRANSLATIONAL SCIENCE

Comprehensive analysis of the major 
histocompatibility complex in systemic sclerosis 
identifies differential HLA associations by clinical and 
serological subtypes
Marialbert Acosta- Herrera    ,1 Martin Kerick,1 Elena Lopéz- Isac,1 
Shervin Assassi    ,2 Lorenzo Beretta    ,3 Carmen Pilar Simeón- Aznar,4 
Norberto Ortego- Centeno,5 International SSc Group, Susanna M Proudman,6 
Australian Scleroderma Interest Group (ASIG), Nicolas Hunzelmann,7 
Gianluca Moroncini,8 Jeska K de Vries- Bouwstra,9 Gisela Orozco,10,11 
Anne Barton    ,10,11 Ariane L Herrick,12 Chikashi Terao,13 Yannick Allanore,14 
Matthew A Brown    ,15 Timothy RDJ Radstake,16 Carmen Fonseca,17 
Christopher P Denton,17 Maureen D Mayes,2 Javier Martin    1

To cite: Acosta- Herrera M, 
Kerick M, Lopéz- Isac E, 
et al. Ann Rheum Dis 
2021;80:1040–1047.

Handling editor Josef S 
Smolen

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2021- 219884).

For numbered affiliations see 
end of article.

Correspondence to
Dr Marialbert Acosta- Herrera, 
Institute of Parasitology and 
Biomedicine López- Neyra, CSIC, 
Granada, Andalucía, Spain;  
 m. acostaherrera@ ipb. csic. es

Received 11 January 2021
Revised 4 March 2021
Accepted 8 March 2021
Published Online First 
1 April 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective The greatest genetic effect reported 
for systemic sclerosis (SSc) lies in the major 
histocompatibility complex (MHC) locus. Leveraging 
the largest SSc genome- wide association study, we 
aimed to fine- map this region to identify novel human 
leucocyte antigen (HLA) genetic variants associated with 
SSc susceptibility and its main clinical and serological 
subtypes.
Methods 9095 patients with SSc and 17 584 controls 
genome- wide genotyped were used to impute and test 
single- nucleotide polymorphisms (SNPs) across the 
MHC, classical HLA alleles and their composite amino 
acid residues. Additionally, patients were stratified 
according to their clinical and serological status, namely, 
limited cutaneous systemic sclerosis (lcSSc), diffuse 
cutaneous systemic sclerosis (dcSSc), anticentromere 
(ACA), antitopoisomerase (ATA) and anti- RNApolIII 
autoantibodies (ARA).
Results Sequential conditional analyses showed nine 
SNPs, nine classical alleles and seven amino acids 
that modelled the observed associations with SSc. 
This confirmed previously reported associations with 
HLA- DRB1*11:04 and HLA- DPB1*13:01, and revealed 
a novel association of HLA- B*08:01. Stratified analyses 
showed specific associations of HLA- DQA1*02:01 with 
lcSSc, and an exclusive association of HLA- DQA1*05:01 
with dcSSc. Similarly, private associations were detected 
in HLA- DRB1*08:01 and confirmed the previously 
reported association of HLA- DRB1*07:01 with ACA- 
positive patients, as opposed to the HLA- DPA1*02:01 
and HLA- DQB1*03:01 alleles associated with ATA 
presentation.
Conclusions This study confirms the contribution 
of HLA class II and reveals a novel association of HLA 
class I with SSc, suggesting novel pathways of disease 
pathogenesis. Furthermore, we describe specific HLA 
associations with SSc clinical and serological subtypes 
that could serve as biomarkers of disease severity and 
progression.

INTRODUCTION
Genetic variation within the major histocompat-
ibility complex (MHC) has been associated with 
many human conditions, particularly autoimmune 
and infectious diseases or those with a central immu-
nological component.1 2 Systemic sclerosis (SSc) or 
scleroderma is a rare systemic immune- mediated 

Key messages

What is already known about this subject?
 ► The major histocompatibility complex is the 
genomic region shown to have the greatest 
genetic effect in several autoimmune diseases 
such as systemic sclerosis (SSc).

What does this study add?
 ► Taking advantage of the largest genetic study in 
SSc, we conducted an extensive fine- mapping 
of the region by assessing single nucleotide 
polymorphisms, human leucocyte antigen (HLA) 
classical alleles and polymorphic amino acid 
residues associated with SSc.

 ► We have confirmed the strong contribution of 
HLA class II in SSc susceptibility and showed 
for the first time the independent association 
of HLA class I, suggesting novel pathways of 
disease pathogenesis.

 ► We have identified specific associations in the 
different clinical forms of the disease, as well as 
private associations regarding autoantibodies 
presentation.

How might this impact on clinical practice or 
future developments?

 ► These findings may improve our knowledge of 
disease onset and progression, as well as assist 
in the identification of biomarkers that allow 
early and specific interventions.
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inflammatory disease (IMID), with a broad spectrum of clinical 
forms, affecting primarily connective tissues.3 It is characterised 
by an immunological disturbance leading to the production of 
autoantibodies, vascular damage, and widespread fibrosis of the 
skin and internal organs.3–5 Regarding the clinical characteris-
tics of the disease, patients with SSc are classified depending 
on the extent of the dermal fibrosis as either limited cutaneous 
systemic sclerosis (lcSSc) and diffuse cutaneous systemic sclerosis 
(dcSSc).3 5 6 Further classifications are performed according to 
the immunological dysregulation and the mutually exclusive 
production of autoantibodies in anticentromere (ACA), antito-
poisomerase (ATA) and anti- RNA polymerase III (ARA) anti-
bodies.3 6

SSc is a complex disease, in which the contributions of envi-
ronmental and genetic factors are crucial for disease onset 
and progression.7–9 Several genome- wide association studies 
(GWASs) and Immunochip analyses have shed light into this 
genetic component.10–12 Interestingly, a recent GWAS in SSc 
confirmed that the greatest genetic contribution to the disease 
described thus far comes from the human leucocyte antigen 
(HLA) region.13 Genetic variations in the HLA system may 
determine their binding affinity for specific antigens and their 
presentation to antigen- presenting cells, leading to the activa-
tion of autoreactive T- helper and B cells and the production of 
autoantibodies.14 These genetic variations are detected in sero-
positive IMIDs, and several of them have been described to be 
shared among them.15 16 HLA fine- mapping studies have been 
carried out successfully in several IMIDs, including rheuma-
toid arthritis (RA),17 systemic lupus erythematosus (SLE)18 and 
myositis,19 among others, and have been proven useful in identi-
fying the strongest genetic risk factors in autoimmune diseases.2 
In SSc previous assessments identified polymorphic amino acid 
positions and single- nucleotide polymorphisms (SNPs) that 
modelled the observed associations in populations of Euro-
pean descent,11 12 and a recent study in African and European 
confirmed an African ancestry- predominant allele and a transan-
cestry association with individuals of European ancestry.20 21

Taking the aforementioned into consideration and leveraging 
the enhanced power provided by the most recent GWAS in SSc, 
we conducted a broad analysis of the MHC region to evaluate 
SNPs, classical HLA alleles and their polymorphic amino acid 
positions, with SSc and its clinical and serological subpheno-
types. We also functionally explored the associated variants, 
finding evidence of colocalisation with expression quantitative 
trait loci (eQTLs).

MATERIALS AND METHODS
Study population
This study included genome- wide genotyped data from 9846 
patients with SSc and 18 333 healthy individuals from the same 
source population.13 The patients fulfilled the 2013 American 
College of Rheumatology/the European League Against Rheu-
matism classification criteria or the criteria proposed by LeRoy 
and Medsger for early SSc.22 23 In addition, patients were strati-
fied by the main clinical classifications (lcSSc or dcSSc) and main 
autoantibody status (ACA, ATA or ARA). Details of the cohorts, 
genotyping methods and quality control (QC) for genotyped 
data are described elsewhere.13

SNP and HLA imputation
After genotyping QC, SNPs, classical HLA alleles and amino acid 
variants, were all imputed for each case–control dataset sepa-
rately in the extended MHC region in chromosome 6.24 The 

SNP2HLA25 software was used for imputation using a reference 
panel consisting of 5225 European individuals in the Type 1 
Diabetes Genetic Consortium,26 containing data of 8961 vari-
ants across the MHC region, and two and four digit- resolution 
allelic identities of the HLA class I (HLA- A, HLA- B and HLA- C) 
and II genes (HLA- DPA1, HLA- DPB1, HLA- DQA1, HLA- DQB1 
and HLA- DRB1) as well as their amino acid make- up. Imputed 
data were also filtered for 95% success call rate for alleles 
and amino acids, deviation from Hardy- Weinberg equilibrium 
(HWE) considering a p- value of <0.001 for SNPs in controls 
and 95% total call rate for individuals. The total numbers of 
imputed variants per case–control set are specified in online 
supplemental table 1.

Statistical analysis
Association analyses were performed with PLINK27 using 
logistic regressions in each of the 14 independent datasets, 
including sex and the five first principal components (PCs) as 
covariates. Briefly, PC analysis was performed using ~1 00 000 
quality- filtered independent SNPs outside the MHC region using 
PLINK and GCTA64. Outliers were identified and removed as 
described elsewhere.13 We tested SNPs, classical HLA alleles and 
all possible combinations of amino acid residues per position. 
Inverse variance fixed effects meta- analysis was conducted with 
PLINK to evaluate the consistency of effects across studies. The 
genome- wide significance was established at a p-value≤5×10−8.

Considering the main clinical SSc subtypes and serological 
classifications, stratification of cases was performed following 
the same procedure as for the global analysis and comparisons 
were made with the control group and intracases, namely, dcSSc 
with lcSSc, and ATA with ACA (patients without available data 
or positive for both autoantibodies were excluded from the anal-
ysis). Only classical alleles whose results outperformed those 
from the global analysis and that were significantly associated in 
both comparisons were declared as private.

To identify independent signals within the region, sequential 
conditional association analyses were performed with the soft-
ware GCTA- COJO19 28 29 using the summary statistics from the 
meta- analysis (global and stratified by clinical and serological 
subtypes) and separately for each variant type (SNPs, alleles,and 
amino acids). The Manhattan plot was obtained with an in- house 
R script. The Protein Data Bank entries 3pdo, 1a1m, 3lqz and 
2bvp were used to produce the 3D models of the HLA molecules 
with the UCSF Chimaera software.30

Functional assessment of associated variants
In order to assign a biological meaning of our association results 
at the SNP level, we performed a colocalisation analysis using 
COLOC31 and the Genotype- Tissue Expression (GTEx) project 
release V.8 (dbGaP Accession phs000424.v8.p2). Colocalisation 
analysis evaluates if two independent studies at the same locus 
consistently share a causal variant; if so, the probability of a 
causal association increases.

RESULTS
A total of 9095 patients with SSc and 17 584 healthy individ-
uals fulfilled the QCs and 8339 variants were meta- analysed, 
including SNPs, classical alleles and amino acid positions 
within the MHC region (online supplemental table 1), iden-
tifying 1273 reaching the genome- wide level of significance 
(figure 1).
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SNP and HLA associations
Within this region, the global meta- analysis yielded 1082 signifi-
cantly associated SNPs, from which nine were independent and 
modelled the observed SNPs associations in the region (table 1) 
after the sequential conditional analysis. The most associated 
signal corresponded to a protective synonymous coding SNP 
in the HLA- DQA1 gene (rs1048372, OR=0.70, 95% CI 0.67 
to 0.73, p value=1.29×10−63). In addition, another synon-
ymous coding SNP in the same gene was independently asso-
ciated with SSc (rs1142338, OR=1.86, 95% CI 1.67 to 2.07, 
p value=3.16×10−12) and a truncating SNP mapping in the 

HLA- DPB1 gene (rs1126511, OR=1.21, 95% CI 1.16 to 1.27, 
pvalue=2.37×10−25). All the remaining SNPs were non- coding 
intronic/intergenic, potentially involved in the regulation of 
gene expression. Given the complex linkage disequilibrium (LD) 
structure in the region, we assessed the relationship among the 
associated variants, and rs2844532 and rs17500468 were not in 
LD with any classical alleles and amino acid residues (figure 2).

In the global meta- analysis and regarding the classical alleles, 
a total of 21 four- digit classical alleles were significantly asso-
ciated with SSc at the genome- wide level with strong signals 
within the HLA class II. The strongest association observed 

Figure 1 Association signals for systemic sclerosis in the human leucocyte antigen region. The −log10 of the meta- analysis p values are plotted 
against their chromosomal position. The red line represents the genome- wide level of significance (p value=5×10−08). The size of the diamond 
indicates the degree of linkage disequilibrium with the strongest association from the meta- analysis (rs1048372).

Table 1 Independent association results from the global analysis comparing scleroderma and controls after the sequential conditional analysis

Gene Variation BP N OR (95% CI) P value Conditioned P value

HLA- DQA1 rs1048372T* 32 642 659 14 0.70 (0.67 to 0.73) 1.29E-63 –

HLA- DRB5/HLA- DQA1 rs482044G 32 608 287 14 0.73 (0.70 to 0.76) 7.09E-50 1.10E-35

HLA- DPB1 rs1126511T* 33 080 689 14 1.21 (1.16 to 1.27) 2.01E-16 2.37E-25

COL11A2 rs9469378C 33 191 887 14 1.44 (1.31 to 1.58) 8.02E-14 2.16E-14

HLA- DQA1 rs1142338T* 32 641 545 14 1.86 (1.67 to 2.07) 3.12E-29 3.16E-12

HLA- B/MICA rs2844532G 2 685 662 14 0.77 (0.73 to 0.81) 2.11E-23 1.54E-11

HLA- DQA2 rs17500468G 32 743 401 14 1.36 (1.28 to 1.43) 1.10E-27 3.64E-10

MICA/MICB rs3094228G 31 462 150 14 1.29 (1.23 to 1.36) 1.30E-26 5.42E-09

BTNL2/HLA- DRA rs9268515C 32 411 518 14 1.08 (1.03 to 1.14) 3.01E-03 1.76E-09

HLA- DRB1 DRB1*11:04 32 584 287 13 2.11 (1.92 to 2.31) 2.52E-56 –

HLA- DQB1 DQB1*02:02 32 663 284 14 0.56 (0.51 to 0.60) 5.79E-51 3.84E-45

HLA- DPB1 DPB1*13:01 33 081 591 14 2.05 (1.82 to 2.31) 6.10E-32 9.77E-30

HLA- DQA1 DQA1*04:01 32 640 529 14 1.86 (1.67 to 2.07) 3.12E-29 2.97E-28

HLA- DRB1 DRB1*13:01 32 584 287 14 0.68 (0.62 to 0.75) 2.15E-16 3.00E-14

HLA- B B*08:01 31 355 516 14 1.22 (1.15 to 1.30) 1.29E-10 1.79E-12

HLA- DQB1 DQB1*05:01 32 663 284 14 1.20 (1.14 to 1.27) 3.25E-10 1.33E-12

HLA- DPB1 DPB1*03:01 33 081 591 14 1.19 (1.12 to 1.27) 3.15E-08 4.81E-08

HLA- DPB1 DPB1*06:01 33 081 591 13 1.47 (1.27 to 1.70) 2.19E-07 2.15E-08

HLA- DRB1 AA Ile67 32 584 192 14 0.70 (0.67 to 0.73) 1.70E-63 –

HLA- DPB1 AA Ile76 33 080 885 14 1.74 (1.56 to 1.93) 1.73E-23 3.70E-29

HLA- DRB1 AA Tyr60 32 584 213 14 0.65 (0.62 to 0.69) 3.50E-52 7.03E-22

HLA- DQA1 AA Thr69 32 641 502 14 1.85 (1.66 to 2.05) 1.65E-30 1.90E-19

HLA- DRB1 AA Ala58 32 584 219 14 1.46 (1.37 to 1.55) 2.88E-33 2.56E-14

HLA- DPB1 AA Leu11 33 080 690 14 1.21 (1.16 to 1.27) 2.01E-16 1.65E-11

BP position based on build hg38.
Sequential conditional association analyses were performed separately for each variant type.
*Coding single- nucleotide polymorphisms: rs1126511 (SNP_DPB1_33156444), rs1142338 (SNP_DQA1_32717300) and rs1048372 (SNP_DQA1_32718414).
BP, base pair; N, number of cohorts where the variant was meta- analysed.
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was with HLA- DRB1*11:04 (OR=2.11, 95% CI 1.92 to 2.31, 
p value=2.52×10−56). After sequential conditional analysis 
controlling for the effect of the most associated HLA alleles, 
seven additional class II genes were independently associated, 
including three HLA- DPB1, two HLA- DQB1, one HLA- DQA1 
and one HLA- DRB1 alleles (table 1). Interestingly, here we 
describe for the first time the independent association with SSc 
of an HLA class I conferring risk, which belongs to the clas-
sical allele HLA- B*08:01 (OR=1.22, 95% CI 1.15 to 1.30, p 
value=1.79×10−12) (table 1). The HLA- DRB1*13:01, HLA- 
DQB1*05:01 and the HLA- DPB1*06:01 were independent 
(r2<0.2) from the other variants irrespective of their nature 
(amino acid residues and SNPs) (figure 2).

Moreover, we performed amino acid analysis with a total of 
170 polymorphic amino acid residues significantly associated in 
the global SSc meta- analysis. The most significant amino acid 
residue associated with SSc was the Ile67 of the HLA- DRβ1 
(OR=0.70, 95% CI 0.67 to 0.73, p value=1.70×10−63). A 
summary of the independent associations after the stepwise 
conditional model is shown in table 1 and online supplemental 
figure S1A–C. All the associated amino acid residues were in 
moderate to high LD (0.4<r2<0.8) with the reported classical 
alleles and SNPs (online supplemental table 2).

Functional annotation of associated SNPs
To functionally characterise the associations from the meta- 
analysis and their proxies (r2≥0.8)attheSNPlevel,theywere
tested against the eQTLs from the 49 tissues contained in GTEx 
by a colocalisation approach.31 We identified 70 SNPs affecting 
the expression of 82 eGenes with a posterior probability of 80% 
in 40 tissues (online supplemental table 3). Then, we further 
assessed their overlap with the independent variants or any 
proxies and identified five of them affecting the expression of 
11 eGenes in relevant cells and tissues involved in the disease, 

including lymphocytes, fibroblasts, colon and oesophagus, 
among others (table 2).

Clinically restricted subphenotype analysis
The numbers of patients in each subgroup are summarised in 
online supplemental table 4. Given that previous studies reported 
genetic differential susceptibility to SSc depending on its 
subtype,12 13 32 we performed stratified analyses comparing with 
the control group and the results are summarised in the online 
supplemental tables 5‒9. For lcSSc, a total of six classical alleles 
were identified as independently associated (table 3 and online 
supplemental table 5). Among them, HLA- DQA1*02:01 was 
only associated with lcSSc (OR=0.54, p value=5.23×10−51), 
and this was further confirmed when compared with the 
patients with dcSSc (OR=0.71, p value=2.08×10−8; online 
supplemental table 10). Regarding dcSSc, four classical alleles 
were independently associated with this subphenotype when 
compared with the healthy individuals (table 3 and online 
supplemental table 6). HLA- DQA1*05:01 was exclusively asso-
ciated with dcSSc (OR=1.49, pvalue=1.59×10−11). This was 
confirmed when comparing these patients with patients with 
lcSSc (OR=1.30, p value=1.76×10−11) (online supplemental 
table 10).

Serologically restricted analysis
Taking into account the serologically restricted subphenotypes, 
we conducted different analyses to compare ACA, ATA and ARA 
positive cases and controls in this locus. In the case of ACA, 
HLA- DRB1*08:01(OR=3.18,pvalue=4.00×10−64) and HLA- 
DRB1*07:01 (OR=0.36,p value=1.84×10−45) were the clas-
sical alleles independently and exclusively associated with the 
presence of this autoantibody (online supplemental table 7), 
and this was verified when comparing with the ATA- positive 
patients (OR=2.17, p value=1.42×10−10 and OR=0.42, p 
value=3.85×10−27, respectively) (table 3 and online supple-
mental table 10). Concerning the analysis in the ATA subgroup, 
two classical alleles, namely, HLA- DPA1*02:01 and HLA- 
DQB1*03:01 were significantly and exclusively associated with 
thisphenotype(OR=1.87,pvalue=2.93×10−19 and OR=1.86, 
p value=7.00×10−19, respectively) (online supplemental table 
8), which was confirmed in the intracases comparison (OR=2.41, 
p value=1.09×10−40and OR=1.67, p value=1.73×10−22, 
respectively) (table 3). Regarding the ARA- positive analysis, only 
HLA- DRB1*11:04 was significantly associated with the presence 
of this autoantibody (online supplemental table 9).

Given the known correlation between the subphenotypes 
and the autoantibodies,3 it is worth noting the overlap of 
HLA- DRB1*08:01 as associated with lcSSc (OR=2.18, p 
value=8.07×10−29) and with ACA- positive patients (OR=3.18, 
pvalue=4.00×10−64); however, this association was no longer 
significant for lcSSc when compared with dcSSc (OR=1.49, p 
value=3.43×10−5) (online supplemental tables 5 and 7).

DISCUSSION
Leveraging the largest genetic study conducted in SSc, we 
performed a comprehensive analysis of the MHC locus by fine- 
mapping approaches involving SNPs and imputed four- digit 
classical HLA alleles and their amino acid residues. Our results 
showed strong evidence for the substantial contribution of the 
HLA class II region in the pathophysiology of SSc, with strong 
associations with HLA- DRB1*11:04, HLA- DQB1*02:02 and 
HLA- DPB1*13:01 alleles. Furthermore, we revealed for the first 
time the genome- wide significant association of a class I HLA 

Figure 2 LD among the independent variants. Circos plot depicting 
the LD relationship among the SNPs, four- digit classical HLA alleles and 
HLA amino acid residues independently associated from the sequential 
conditional analysis. HLA, human leucocyte antigen; LD, linkage 
disequilibrium; SNP, single- nucleotide polymorphism.
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gene, the HLA- B*08:01. In addition, we identified associated 
amino acid residues in several HLA type II genes, mapping in the 
peptide binding pocket and non- coding variants involved in gene 
expression regulation. Importantly, the stratified analysis showed 
HLA- DQA1*02:01 as associated with the lcSSc subtype, in 
contrast to HLA- DQA1*05:01 that was private for dcSSc. Like-
wise, the serological stratification also showed exclusive associ-
ations; for instance, HLA- DRB1*08:01 and HLA- DRB1*07:01 
alleles were significantly associated in ACA- positive patients 
unlike in the ATA- positive patients, where associations with the 
HLA- DPA1*02:01 and HLA- DQB1*03:01 alleles were detected. 
In ARA- positive patients only HLA- DRB1*11:04 was signifi-
cantly associated with this autoantibody presentation.

In the global analysis, three of the most associated alleles in 
the model, that is, HLA- DRB1*11:04, HLA- DQB1*02:02 and 
HLA- DPB1*13:01, have been previously reported as associated 
with SSc in different populations,21 33–36 confirming them as 
robustly associated with the disease. In addition, the risk allele 
rs17500468*G, which is an intronic variant mapping in the 
HLA- DQA2 gene, was previously reported in an Immunochip 
study11 and is in tight LD (D’=1.0) with rs2857130 identified 
in a further Immunochip,12 validating its association in Euro-
pean population.11 The current study revealed the genome- wide 
significant association of HLA- B*08:01. Other autoimmune 

diseases such as RA, SLE, myositis, Sjögren’s syndrome (SjS) 
and primary sclerosing cholangitis17 37 38 with strong HLA class 
II associations, have also shown HLA class I associations, as 
described here for SSc. A haplotypic block containing this allele 
was previously nominally associated in Mexican patients with 
SSc.35 These HLA- B*08 associations have been attributed to 
the long ancestral 8.1 haplotype, supporting a common genetic 
background in autoimmunity.16 39–41 This allele is in high LD 
(r2=0.998) with the amino acid residue Asp9 located in the 
peptide binding groove of HLA- B, with a potential functional 
impact on antigen presentation.17

The association with SSc of independent signals in HLA 
classes I and II may suggest novel mechanisms for disease patho-
genesis, including the involvement of not only CD4+ but also 
CD8+ T cells.2 42 Interestingly, genes associated with CD8+ 
T- cell biology have been reported to be deregulated in skin biop-
sies of active SSc lesions, and these cells have been described to 
produce proinflammatory cytokines, contributing to the over-
production of collagen by fibroblasts and excessive fibrosis.43 
A recent report by Maehara et al assessed T- cell infiltrates in 
the skin of early dcSSc and showed that CD4+ cytotoxic T 
cells and CD8+ T cells are responsible for these infiltrates and 
induce apoptotic death of endothelial cells, contributing to the 
vasculopathy and fibrotic environment observed in SSc.44 45 

Table 2 Colocalisation analysis for the independently associated SNPs

SNP Association P value eGENE Tissue GTEx P value

rs482044 1.10E-35 TNXA Oesophagus (mucosa) 8.46E-05

STK19P Kidney cortex 7.10E-07

HLA- DRB1 Adipose (visceral) 1.70E-18

Brain 3.50E-16

Cardiac ventricle 1.20E-22

Liver 1.50E-06

HLA- DRB6 Brain 3.92E-21

BRD2 Nerve (tibial) 1.05E-04

rs1126511 (SNP_DPB1_33156444) 2.37E-25 HLA- DPA2 Brain 4.46E-07

LEMD2 Colon transverse 1.04E-04

rs9469378 1.16E-14 RING1 Adipose (subcutaneous) 2.70E-05

Cultured fibroblasts 2.20E-06

Oesophagus (muscularis) 1.30E-05

Skin 5.50E-06

ITPR3 Oesophagus (mucosa) 7.87E-06

rs1142338 (SNP_DQA1_32717300)* 3.16E-12 C2 Transformed lymphocytes 6.03E-08

rs3094228 5.42E-09 DDR1 Oesophagus (muscularis) 3.85E-05

eGENE is the gene modulated by SNP.
*Colocalisation was found for the proxy of rs1142338 (SNP_DQA1_32717300), the rs4713586 (r2=0.95).
GTEx, Genotype- Tissue Expression; SNP, single- nucleotide polymorphism.

Table 3 Summary of the independent association results from the stratified analysis

Gene Alleles OR* P value* Conditioned P value Phenotype OR† Intracase P value†

HLA- DQA1 DQA1*02:01 0.54 5.23E-51 NA‡ lcSSc 0.71 2.08E-08

HLA- DQA1 DQA1*05:01 1.49 1.16E-30 1.59E-11 dcSSc 1.30 1.76E-11

HLA- DRB1 DRB1*08:01 3.18 9.73E-57 4.00E-64 ACA 2.17 1.42E-10

HLA- DRB1 DRB1*07:01 0.36 1.17E-63 1.84E-45 ACA 0.42 3.85E-27

HLA- DPA1 DPA1*02:01 1.87 7.91E-43 2.93E-19 ATA 2.41 1.09E-40

HLA- DQB1 DQB1*03:01 1.86 7.11E-47 7.00E-19 ATA 1.67 1.73E-22

*Association effect and p value compared with the control group.
†Association effect and p value in the intracase comparisons (dcSSc with lcSSc and ATA with ACA).
‡Not available as it was the most significant allele in the sequential conditional model.
ACA, anticentromere; ATA, antitopoisomerase; dcSSc, diffuse cutaneous systemic sclerosis; lcSSc, limited cutaneous systemic sclerosis.
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Functional maturation defects have been detected in regulatory 
CD8+ lymphocytes from an ex vivo model of SSc46 and differ-
ential regulatory programmes of IFN- associated genes in CD4+ 
and CD8+ T cells have been shown to lead to elevated serum 
interferon levels in patients with SSc .47 Taken altogether, further 
studies on the contribution of CD8+ T cells in SSc may bear 
great therapeutic value, due to either its connection with the 
development of fibrosis or the assessment of the subpopulation 
of regulatory CD8+ cells in these patients.

Given that most of the independent SNPs in the global analysis 
mapped in non- coding regions of the genome, we performed 
a colocalisation study to assess if the associated variants were 
modulating gene expression. Our data showed immunity- related 
genes such as HLA- DRB1, HLA- DRB6, HLA- DPA2 and the 
complement gene C2 as eGENES regulated by the associated 
variants (table 2). Specifically, the risk allele of rs4713586 is 
correlated with an increased expression of the C2 gene in trans-
formed lymphocytes. This gene was previously associated with 
SLE48 and psoriasis.49 Interestingly, genetic variations on the 
complement genes have been recently described to contribute 
to the sex- biased susceptibility in highly related diseases like SLE 
and SjS,50 and may be further explored in SSc. This could be seen 
as a limitation of our study because the reference panel used here 
does not allow the imputation of these structural variations.

One potential application of genetic studies is the identification 
of variants associated with clinical and serological subtypes to 
assist in patient stratification, and potentially to anticipate their 
progression and to propose specific therapeutic interventions. 
The determination of classical HLA alleles is routine in immu-
nology laboratories for autoimmune diseases such as coeliac 
disease, ankylosing spondylitis and type 1 diabetes, and could 
be extended to others like SSc. To this aim, our stratified anal-
ysis showed that HLA- DQA1*02:01 was significantly associated 
with lcSSc, while HLA- DQA1*05:01 was exclusively associated 
with dcSSc. Regarding the serological stratifications, HLA- 
DRB1*08:01 and HLA- DRB1*07:01 were associated with ACA 
positive patients, further confirming associations reported in 
previous candidate gene GWAS, and Immunochip studies.11 12 51 
In the ATA- positive SSc subgroup, HLA- DPA1*02:01 and HLA- 
DQB1*03:01 showed exclusive and significant associations, and 
the latter was also reported in an Immunochip study.11

It is worth noting that the private associations were stronger 
when stratifying by the clinical and serological group of patients, 
despite the considerable loss of statistical power (online supple-
mental table 10). These results highlight the importance of 
analysing homogeneous groups of patients, reducing the loss of 
power due to phenotypical heterogeneity.52 As expected, these 
alleles were significantly different even when comparing the 
group of patients among them and not with the control group, 
reinforcing the idea that they are present in specific clinical and 
serological subtypes of patients. Overall, the risk alleles iden-
tified thus far bear modest effects and a better understanding 
of the genetic structure of the disease will include interactions 
between several risk factors. Further studies warrant the simulta-
neous qualitative and quantitative assessments of allele- specific 
expression of the genes in order to detect context- specific regu-
latory effects.53 54 Genotyping equivalent SNPs to the associated 
HLA alleles may also be of clinical utility, as SNP genotyping 
is straightforward and cost- efficient and has been proven to be 
very valuable to infer classical alleles for this and other rheu-
matic diseases.21 55 56

In summary, our extensive study of the HLA genes has 
confirmed and revealed novel associations with SSc suscepti-
bility, highlighting for the first time the involvement of HLA class 

I genes in the pathogenesis of the disease. In addition, our data 
points to specific allelic associations that may serve as molecular 
biomarkers of clinical disease and serological subphenotypes. 
This evidence may eventually lead to early interventions that 
are crucial to avoid the devastating effects of the disease, and 
to develop specific and effective therapeutic options for patients 
with SSc.
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ABSTRACT
Objective X- linked inhibitor of apoptosis protein (XIAP) 
is a multifunctional protein with important functions 
in apoptosis, cellular differentiation and cytoskeletal 
organisation and is emerging as potential target for the 
treatment of various cancers. The aim of the current study 
was to investigate the role of XIAP in the pathogenesis 
of systemic sclerosis (SSc).
Methods The expression of XIAP in human skin 
samples of patients with SSc and chronic graft versus 
host disease (cGvHD) and healthy individuals was 
analysed by quantitative PCR, immunofluorescence 
(IF) and western blot. XIAP was inactivated by siRNA- 
mediated knockdown and pharmacological inhibition. 
The effects of XIAP inactivation were analysed in cultured 
fibroblasts and in the fibrosis models bleomycin- induced 
and topoisomerase- I- (topoI)- induced fibrosis and in 
Wnt10b- transgenic mice.
Results The expression of XIAP, but not of other 
inhibitor of apoptosis protein family members, was 
increased in fibroblasts in SSc and sclerodermatous 
cGvHD. Transforming growth factor beta (TGF-β) induced 
the expression of XIAP in a SMAD3- dependent manner. 
Inactivation of XIAP reduced WNT- induced fibroblast 
activation and collagen release. Inhibition of XIAP also 
ameliorated fibrosis induced by bleomycin, topoI and 
overexpression of Wnt10b in well- tolerated doses. The 
profibrotic effects of XIAP were mediated via WNT/β-
catenin signalling. Inactivation of XIAP reduces binding 
of β-catenin to TCF to in a TLE- dependent manner to 
block WNT/β-catenin- dependent transcription.
Conclusions Our data characterise XIAP as a novel 
link between two core pathways of fibrosis. XIAP is 
overexpressed in SSc and cGvHD in a TGF-β/SMAD3- 
dependent manner and in turn amplifies the profibrotic 
effects of WNT/β-catenin signalling on fibroblasts via 
transducin- like enhancer of split 3. Targeted inactivation 
of XIAP inhibits the aberrant activation of fibroblasts in 
murine models of SSc.

INTRODUCTION
Systemic sclerosis (SSc) is a chronic fibrosing 
connective tissue disorder that affects the skin 
and internal organs. A central hallmark of SSc is 
the uncontrolled and persistent activation of fibro-
blasts, which results in the release of excessive 

amounts of extracellular matrix.1–3 Consequently, 
failure of the affected organ is common and causes 
high morbidity and mortality.4 Myofibroblasts are 
key effectors of pathological tissue remodelling and 
tissue fibrosis. In normal wound healing, myofi-
broblasts occur transiently to promote repair.5 In 
contrast, myofibroblasts persist in the pathological 
context of fibrotic diseases such as SSc1 6 and main-
tain continuous tissue remodelling.6–9 Although 
the mechanisms of aberrant fibroblast activation in 
fibrotic disease are incompletely understood, trans-
forming growth factor beta (TGF-β) signalling and 
WNT/β-catenin signalling have emerged as core 
pathways of fibrotic tissue remodelling: activation 

Key messages

What is already known about this subject?
 ► Transforming growth factor beta (TGF-β) 
signalling or WNT/β-catenin signalling are core 
pathways of fibrosis in systemic sclerosis (SSc); 
however, the mechanisms of their regulation 
and their interplay are incompletely understood.

 ► X- linked inhibitor of apoptosis protein (XIAP) is 
an emerging molecular target for the treatment 
of cancer; however, its role in the pathogenesis 
of SSc or other rheumatological diseases has 
not been studied so far.

What does this study add?
 ► We characterise XIAP as a novel mediator of a 
profibrotic feed- forward loop of TGF-β and WNT 
signalling in SSc.

 ► Inhibition of XIAP ameliorates fibroblast 
activation in vitro and reduces skin fibrosis in 
fibrosis models in vivo, and therapeutic effects 
of XIAP inhibition can be traced to transducin- 
like enhancer of split 3- mediated inhibition of 
WNT signalling rather than the induction of 
apoptosis.

How might this impact on clinical practice or 
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pathways of fibroblast activation in SSc.
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of both TGF-β signalling and WNT/β-catenin signalling is a 
common denominator of fibrotic diseases.8 10–12 This simulta-
neous activation of TGF-β and WNT/β-catenin signalling may 
be maintained by extensive crosstalk with mutual feed- forward 
activation between the two pathways.8 9 However, the molec-
ular mechanisms underlying this crosstalk are incompletely 
understood. The aberrant activation of TGF-β signalling and 
WNT/β-catenin signalling has direct pathogenic implications as 
both pathways have been shown to be sufficient and required for 
the development of fibrosis in preclinical models.8–10 13–21 Thus, 
both pathways are interesting candidates for the development 
of targeted antifibrotic therapies. However, direct inhibition of 
TGF-β or WNT signalling at the level of its ligands or receptors 
is potentially complicated by dose- limiting adverse events, such 
as the formation of keratoakanthomas, vascular complications 
and exacerbation of autoimmunity and inflammation on inhi-
bition of TGF-β signalling and depletion of stem cells on inac-
tivation of WNT/β-catenin signalling.8 17 22–24 Thus, alternative 
approaches with inhibition at a different molecular level may be 
required to target TGF-β or WNT signalling in fibrotic diseases. 
Interference with the mutual feed- forward activation of TGF-β 
or WNT signalling might be a promising approach, as it would 
simultaneously target the aberrant activation of both pathways 
while maintaining physiological TGF-β or WNT signalling that 
are required for tissue homeostasis.

X- linked inhibitor of apoptosis protein (XIAP) is a member of 
the inhibitor of apoptosis protein (IAP) family in humans. IAP 
proteins are implicated in the regulation of various cellular func-
tions beyond apoptosis, including differentiation, motility and 
migration.25 While the expression of some IAPs including mela-
noma- IAP (ml- IAP) or neuronal apoptosis inhibitory protein is 
restricted to few cell types, XIAP and cellular IAP1 and 2 (cIAP1/
cIAP2) are broadly expressed.26 XIAP was first described as an 
inhibitor of the caspases 3, 7 and 9.27 However, the affinity of 
XIAP for caspases appeared to be low, suggesting that XIAP 
may exert other functions.28 Indeed, XIAP turned out to be an 
important regulator of other central cellular processes such as 
the polymerisation of microfilaments.29–31 Of note, targeted 
inhibition of XIAP seems to be well tolerated: inhibition of XIAP 
with small- molecule inhibitors was not limited by adverse effects 
in murine models26 32; XIAP knockout mice do not show macro-
scopic or histological aberrations33; and inhibition of XIAP with 
an antisense oligonucleotide was also well tolerated in phase I/II 
trials in human.34 35

In the current study, we evaluated the role of XIAP in the 
pathogenesis of fibrosis.

MATERIALS AND METHODS
This section is published online in the online supplemental files.

Figure 1 XIAP is overexpressed in fibrotic disease compared with healthy fibroblasts. (A) Immunofluorescence staining for XIAP together with the 
fibroblast marker P4Hβ in fibrotic skin of patients with stable and prog. SSc and in skin sections of healthy humans (n=7 per group). Representative 
images are shown at 200- fold magnification together with quantification of XIAP- positive fibroblasts. (B) Immunofluorescence staining of XIAP 
and P4Hβ in fibrotic skin of patients with scl- cGvHD and matched skin sections from healthy humans (n=5 per group). Representative images are 
shown at 200- fold magnification along with quantification of XIAP- positive fibroblasts. (C) mRNA and protein levels of XIAP in cultured fibroblasts 
of patients with SSc with progressive disease and controls. Representative western blots and quantification of expression levels are shown (n=7 
per group). mRNA levels of XIAP in cultured fibroblasts as analysed by qPCR (n=7 per group). (D) mRNA levels of cIAP1 and cIAP2 in fibroblasts 
isolated from the skin of patients with progressive SSc compared with healthy controls (n=8 per group). Data presented as median with IQR. 
*P<0.05, **P<0.01, ***P<0.001. cIAP1, cellular IAP 1; cIAP2, cellular IAP 2; DAPI, 4′,6- diamidin-2- phenylindol; GAPDH, glycerinaldehyd-3- phosphat- 
dehydrogenase; ns, not significant; P4Hβ, prolyl-4 hydroxylase-β; prog. SSc, progressive systemic sclerosis; qPCR, quantitative PCR; scl- cGvHD, 
sclerodermatous graft versus host disease; SSc, systemic sclerosis; XIAP, X- linked inhibitor of apoptosis protein
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RESULTS
Expression of XIAP is upregulated in SSc
We first analysed the expression of XIAP in skin biopsies of 
patients with SSc and healthy controls. The mRNA levels of 
XIAP were significantly increased in fibrotic skin of patients with 
SSc compared with matched healthy individuals with particu-
larly high levels in patients with progressive, diffuse cutaneous 
systemic sclerosis (dcSSc) (figure 1C). To further characterise 
XIAP positive cells, we performed costainings with the fibro-
blast marker prolyl-4- hydroxylase, the endothelial cell marker 
CD31 and the leucocyte marker CD45. The expression of XIAP 
was most pronounced in dermal fibroblasts (figure 1A). In addi-
tion to fibroblasts, XIAP staining was also observed in endo-
thelial cells, but the differences in expression between patients 
with SSc and healthy individuals were less pronounced than in 
fibroblasts (online supplemental figure 1A). In contrast, only 
weak XIAP staining was detectable in leucocytes (online supple-
mental figure 1B). As fibroblasts demonstrated intense staining 
and most pronounced differences in expression levels, we aimed 
to characterise the expression of XIAP in this cell type in more 
detail: the levels of XIAP were increased in cultured fibroblasts 
of patients with dcSSc compared with fibroblasts of healthy indi-
viduals (figure 1C). Interestingly, the numbers of XIAP- positive 
fibroblasts were also upregulated in fibrotic skin of patients with 

sclerodermatous chronic graft versus host disease (scl- cGvHD) 
(figure 1B), indicating a general role of XIAP in skin fibrosis.

We next analysed the expression patterns of two other IAP 
family members, cIAP1/cIAP2. In contrast to XIAP, the expres-
sion cIAP1 and cIAP2 was not increased but rather decreased in 
fibroblasts of patients with SSc (figure 1D). These observations 
suggest that XIAP is the predominant IAP deregulated in dermal 
fibroblasts.

We also observed a pronounced upregulation of XIAP in 
murine SSc models. The XIAP levels and the number of XIAP 
positive fibroblasts were increased in the skin of bleomycin- 
challenged mice,36 in mice with scl- cGvHD, in mice immunised 
with recombinant topoisomerase I (topoI) antigen (topoI mice) 
and in WNT10btg mice (online supplemental figure 2). We also 
observed an increased number of XIAP- positive fibroblasts in the 
lungs of topoI mice compared with controls. In addition, around 
20% of the CD45- positive cells also stained positive for XIAP in 
topoI and in control mice (online supplemental figure 3).

TGF-β induces XIAP in SSc
Given the consistent upregulation of XIAP in skin fibrosis, 
we hypothesised that a core profibrotic pathway may drive 
its induction. Thus, we analysed potential effects of TGF-β 

Figure 2 TGF-β induces the expression of XIAP protein in vitro and in vivo in a Smad3- dependent manner. (A) Incubation with recombinant TGF-β 
induces the expression of XIAP protein in a time- dependent manner (n=5 with technical triplicates for each time point). Representative western 
blots are shown. (B) Increased number of XIAP- positive mesenchymal cells in TBRact mice (mice characterized by the expression of a constitutively 
active TGFβ-receptor I in fibroblasts) compared with control mice (n=6 per group). Representative images are shown at 200- fold magnification 
along with quantification of XIAP- positive fibroblasts. Increased expression of XIAP in skin samples of TBRact mice compared with LacZ control mice 
as demonstrated by western blot (n=6 per group). Representative western blots are shown. (C) Cotreatment with SD208 prevents the upregulation 
of XIAP in bleomycin- challenged mice. Representative images are shown at 200- fold magnification (n=5 per group). (D) TGF-β induces XIAP in a 
SMAD3- dependent manner as demonstrated by knockdown of SMAD3 with siRNA in human fibroblasts (n=4 per group). Data are presented as 
median with IQR. *P<0.05, **P<0.01, ***P<0.001. DAPI, 4′,6- diamidin-2- phenylindol; GAPDH, glycerinaldehyd-3- phosphat- dehydrogenase; TBRact, 
TGF-β receptor I activation induced fibrosis; TGF-β, transforming growth factor beta; Vim, vimentin; XIAP, X- linked inhibitor of apoptosis protein.
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on XIAP expression. Stimulation of dermal fibroblasts with 
recombinant TGF-β increased the mRNA and protein levels of 
XIAP with maximal effects after 6 and 12 hours, respectively 
(figure 2A). Activation of TGF-β signalling by overexpression 
of a constitutively active TGF-β receptor type I also induced 
the expression of XIAP and increased the number of XIAP- 
positive fibroblasts in murine skin (figure 2B). In contrast, 
selective inhibition of TGF-β signalling by treatment with the 
TBRI inhibitor SD-208 prevented the upregulation of XIAP 
in bleomycin- induced skin fibrosis (figure 2C). To decipher 
the intracellular signalling cascade by which TGF-β induces 
XIAP, we targeted SMAD signalling by siRNA. SMAD3 knock-
down prevented the induction of XIAP by TGF-β (figure 2D), 
demonstrating a TGF-β/SMAD- dependent regulation.

Inactivation of XIAP inhibits WNT-induced and TGF-β-induced 
fibroblast activation
To investigate the functional role of XIAP in fibroblasts, 
we inhibited XIAP using embelin, a well- established small- 
molecule inhibitor of XIAP.37–41

Inhibition of XIAP ameliorated WNT- induced fibroblast- 
to- myofibroblast transition with reduced expression of 
α-smooth muscle actin (αSMA) and impaired stress fiber 

formation (figure 3A). Embelin also decreased the induc-
tion of COL1A1 mRNA and of collagen protein by WNT 
(figure 3B).

We demonstrated that TGF-β induces the expression of 
XIAP in fibroblasts. Moreover, TGF-β signalling is capable of 
activating WNT/β-catenin signalling in fibrotic diseases.8–10 16 
We therefore aimed to investigate whether the induction of 
XIAP by TGF-β may contribute to the activating effects of 
TGF-β on fibroblasts. Indeed, incubation with embelin or 
knockdown of XIAP with siRNA reduced TGF-β-induced 
fibroblast- to- myofibroblast transition with impaired induction 
of αSMA, decreased formation of stress fibres and reduced 
expression of collagen (figure 3C and online supplemental 
figure 4). These results highlight that inhibition of XIAP 
can block WNT- induced and TGF-β-induced fibroblast- to- 
myofibroblast transition.

Of note, toxic effects on fibroblasts were not observed with 
antifibrotic concentrations of embelin as shown by unaltered 
metabolic activity in MTT assays (online supplemental figure 
5A). Moreover, antifibrotic concentrations of embelin did 
not increase the number of annexinV- positive or propidium–
iodide- positive fibroblasts as standard readouts for apoptosis 
and necrosis (online supplemental figure 5B).

Figure 3 Inhibition of XIAP reduces fibroblast activation. (A) Inhibition of XIAP reduces the formation of stress fibres and αSMA expression on 
stimulation with recombinant WNT1 (n=5). (B) Treatment with embelin reduces WNT1 induced expression of COL1A1 and secretion of soluble 
collagen (n=5). (C) Inhibition of XIAP reduces the formation of stress fibres and αSMA expression on stimulation with TGF-β (n=7). Reduction of 
TGF-β-induced secretion of α-smooth muscle actin (αSMA) protein as demonstrated by western blot (n=6). Data are presented as median with IQR. 
*P<0.05, **P<0.01, ***P<0.001. TGF-β, transforming growth factor beta; XIAP, X- linked inhibitor of apoptosis protein.
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XIAP fosters WNT/β-catenin signalling to promote fibroblast 
activation
We next aimed to unravel the molecular mechanisms under-
lying the regulatory effects of XIAP on fibroblast activation. 
We and others demonstrated previously that the activation 
of WNT/β-catenin signalling is a central driver of fibroblast 
activation and tissue fibrosis.8 10 13 15 16 As TGF-β can activate 
WNT/β-catenin signalling in fibroblasts, a XIAP- dependent regu-
lation of WNT/β-catenin signalling would also explain the inhib-
itory effects of XIAP on TGF-β-induced fibroblast activation.

We first analysed the effects of XIAP inhibition on WNT3A- 
induced and LiCl (a common stimulator of WNT/β-catenin 
signalling)- induced transcriptional activity in HEK293 cells 
stably transfected with a TOP/FOPflash reporter system. Inhi-
bition of XIAP almost completely prevented WNT3a- induced 
and LiCl- induced TOPflash activation, demonstrating profound 
inhibition of WNT/β-catenin- dependent, lymphoid- enhancer- 
binding factor (LEF)/TCF- dependent transcriptional activity 
(figure 4A). Consistently, XIAP inhibition ameliorated the 
WNT- induced expression of the WNT/β-catenin target gene 
AXIN2 in cultured fibroblasts (figure 4B) and in WNT10btg 
mice (figure 4C). To confirm the regulation of WNT/β-catenin 
signalling by XIAP in vivo, we used Axin2- CreER/tdtomato 
mice, which express the orange fluorescent protein tdtomato 
in cells with active WNT/β-catenin signalling on prechallenge 
with tamoxifen. Costaining with vimentin demonstrated that the 
number of fibroblasts with active WNT/β-catenin signalling was 
significantly increased in Axin- 2Cre/tdtomato mice challenged 
with bleomycin as compared with littermates injected with NaCl 
(online supplemental figure 6). Treatment with embelin reduced 

the number of tdtomato- positive fibroblasts, confirming that 
XIAP is a key regulator of WNT/β-catenin signalling in fibrotic 
tissues.

Next, we aimed to analyse at which level XIAP regulates 
WNT/β-catenin signalling. We first analysed whether XIAP 
regulates WNT/β-catenin signalling by modulating the nuclear 
translocation of β-catenin. WNT stimulation strongly induced 
the nuclear translocation of β-catenin as shown by fluorescence 
microcopy. However, inhibition of XIAP did not reduce the 
nuclear translocation of β-catenin (online supplemental figure 
7A). We obtained similar results by western blot analyses with 
fractionated nuclear and cytoplasmatic lysates (online supple-
mental figure 7B). Based on these observations, we concluded 
that XIAP might regulate WNT/β-catenin- dependent transcrip-
tion by modulation of the recruitment of transcriptional cofac-
tors. Thus, we screened for binding of XIAP to nuclear regulators 
of WNT/β-catenin signalling by coimmunoprecipitation. Using 
immunoprecipitation of transducin- like enhancer of split 3 
(TLE3) and subsequent western blot for XIAP, we observed 
increased interaction of XIAP with TLE3 in LiCl stimulated 
fibroblasts. Treatment with embelin reduced the interaction of 
XIAP with TLE3 (figure 4D). TLE inhibits WNT- induced tran-
scription as its binding to TCF/LEF prevents the assembly of the 
β-catenin/TCF/LEF transcriptional complex.42 Using immuno-
precipitation of TCF and subsequent western blot for β-catenin 
as a complementary approach (figure 4E), we demonstrate that 
inhibition of XIAP reduced the WNT- induced binding of β-cat-
enin to TCF. The proposed mechanism by which XIAP regulates 
WNT/β-catenin signalling is summarised in online supplemental 
figure 8.

Figure 4 XIAP regulates the activation of canonical WNT signalling. (A) Inhibition of XIAP reduces the activation of β-catenin- dependent 
transcription induced by LiCl or WNT3a as demonstrated by TOP flash reporter assay (n=6 per group). (B,C) Inhibition of XIAP reduces the expression 
of the WNT target gene AXIN2 in vitro (B) and in vivo in WNT10btg mice (C) (B: n=5/group, C: n=10 per group). (D) XIAP interacts with TLE3 in the 
nucleus as demonstrated by coimmunoprecipitation of nuclear lysates for TLE3 and western blot for XIAP: stimulation with LiCl promoted interaction 
of XIAP with TLE3. Inhibition of XIAP with embelin reduces this interaction. Quantification of western blots (n=3) is shown as bar graph. (F) Inhibition 
of XIAP reduces the LiCl- induced interaction of β-catenin with TCF in the nucleus as demonstrated by coimmunoprecipitation of nuclear lysates for 
TCF and western blot for β-catenin. Representative immunoblots (n=3) are shown. Data are presented as median with IQR. *P<0.05, **P<0.01, 
***P<0.001. TLE3, transducin- like enhancer of split 3; XIAP, X- linked inhibitor of apoptosis protein.
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Pharmacological inhibition of XIAP exerts antifibrotic effects
We next investigated whether targeted inhibition of XIAP 
may ameliorate WNT- induced fibrosis in vivo. We employed 
Wnt10btg mice, which are characterised by excessive skin 
fibrosis.10 43 44 Treatment of Wnt10btg mice with embelin in 
doses of 8 mg/kg two times per day intraperitoneally was well 
tolerated without clinical or histological evidence of toxicity 
and strongly ameliorated dermal fibrosis in Wnt10btg mice 
(figure 5A). Embelin- treated Wnt10btg mice demonstrated 
significant reductions in dermal thickening, in hydroxyproline 
content and in myofibroblast counts as compared with vehicle- 
treated Wnt10btg mice (figure 5A,B).

We next aimed to evaluate the antifibrotic effects of embelin 
in other murine models of fibrosis. Embelin also ameliorated 
bleomycin- induced dermal fibrosis with decreased dermal thick-
ening, hydroxyproline content and myofibroblast counts as 
compared with vehicle- treated mice (figure 5C,D).

To analyse the effects of XIAP inhibition in a mouse model 
with systemic fibrotic manifestations, we employed the model 
of topoI- induced skin and lung fibrosis (topoI mice). XIAP inhi-
bition reduced topoI- induced dermal thickening, deposition of 
collagen and myofibroblast counts (figure 6A,B). In addition, 
treatment with embelin ameliorated topoI- induced pulmonary 
fibrosis with reduced Ashcroft scores, lower hydroxyproline 
content and decreased collagen- covered area (figure 6C,D). We 
did not observe an effect of embelin on the formation of anti- 
Topo1 antibodies in injected mice (online supplemental figure 
9), indicating that embelin does not interfere with antibody 
formation and disease initiation, but with subsequent fibroblast 
activation in this model.

Of note, pharmacological inhibition of XIAP did not result 
in induction of apoptosis in mesenchymal cells or in endothelial 
cells (which were the cell types with the highest expression levels 
of XIAP) as demonstrated by TUNEL (TdT- mediated dUTP- 
biotin nick end labeling) staining (online supplemental figures 
10 and 11). Moreover, co- treatment with embelin in addition 
to treatment with different doses of staurosporin did not further 
enhance staurosporin- induced apoptosis compared with stauros-
porin alone (online supplemental figure 12).

DISCUSSION
Our study characterises XIAP as a positive regulator of the 
crosstalk between two core pathways of fibrosis, TGF-β and 
WNT/β-catenin signalling. We demonstrate that the expres-
sion of XIAP is upregulated in patients with SSc as well as with 
scl- cGvHD and in murine models with increased expression of 
XIAP and elevated numbers of XIAP- positive fibroblasts. We 
provide multiple lines of evidence that the induction of XIAP 
is mediated by TGF-β signalling. Recombinant TGF-β induces 
XIAP on the mRNA and protein level and overexpression of 
a constitutively active TGF-β receptor I induced XIAP expres-
sion in murine skin. Selective inhibition of TGF-β-signalling 
prevented the upregulation of XIAP in experimental fibrosis. 
Moreover, inactivation of SMAD3, a classical downstream medi-
ator of TGF-β prevents the induction of XIAP. In addition to 
TGF-β, other growth factors such as fibroblast- growth factors or 
endothelin, which are known for their extensive crosstalk with 
TGF-β, or the severely hypoxic environment in fibrotic SSc skin, 
may contribute to the upregulation of XIAP in SSc.45–47

Figure 5 Inhibition of XIAP ameliorates skin fibrosis in Wnt10btg mice and in bleomycin- induced skin fibrosis. (A,B) Wnt10btg mice: (A) 
representative images of trichrome- stained skin sections for each group of mice are shown at 200- fold magnification (n=7 per group); (B) 
quantification of dermal thickening as bar graph (n=7 per group). Reduced differentiation of myofibroblasts and reduced dermal hydroxyproline 
content on treatment of mice with embelin (n=7 per group). (C,D) Bleomycin- induced skin fibrosis: (C) representative images of trichrome- stained skin 
sections for each group of mice are shown at 200- fold magnification (n=7 per group); (D) quantification of dermal thickening as bar graph (n=7 per 
group). Reduced differentiation of myofibroblasts and reduced dermal hydroxyproline content on treatment of mice with embelin (n=7 per group). 
Results are presented as fold change compared with controls. Data are presented as median with IQR. *P<0.05, **P<0.01, ***P<0.001. XIAP, X- 
linked inhibitor of apoptosis protein.
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We characterise XIAP as a central regulator of WNT/β-catenin 
signalling in fibroblasts and demonstrated that targeted inactiva-
tion of XIAP potently inhibits WNT/β-catenin signalling. Inhibi-
tion of XIAP reduces WNT/β-catenin dependent transcription 
as shown by TOP/FOP reporter assays and by the analysis of 
WNT/β-catenin target genes in vitro and in vivo. Moreover, 
inhibition of XIAP inhibits the activation of Axin2- dependent 
fluorescence signal in a WNT/β-catenin reporter mouse model. 
Mechanistically, XIAP binds to the WNT repressor TLE3. 
Binding of XIAP promotes dissociation of TLE3 from TCF, thus 
enabling interaction of TCF with β-catenin and thus transcrip-
tion of canonical WNT target genes. Inhibition of XIAP restores 
the TLE3- mediated inhibition and reduces binding of β-catenin 
to TCF/LEF in cultured fibroblasts. Thus, targeting of XIAP 
restores TLE3- mediated inhibition of canonical WNT signal-
ling and might be a novel approach to interfere with aberrant 
WNT/β-catenin signalling in fibrosis (online supplemental figure 
7).

The regulatory effects of XIAP on WNT/β-catenin signalling 
suggest that XIAP may be a potential target for anti- fibrotic ther-
apies. Indeed, the activating effects of XIAP on WNT/β-catenin 
signalling directly translate into stimulatory effects on fibroblasts. 
We demonstrate that knockdown of XIAP in cultured fibro-
blasts or pharmacological inactivation of XIAP prevents WNT- 
induced differentiation of resting fibroblast into myofibroblasts 
and reduces the stimulatory effect of WNT/β-catenin signalling 
collagen release. Inhibition of XIAP also exerts potent anti- fibrotic 
effects in murine models of SSc. Inactivation of XIAP inhibits 
bleomycin- induced dermal fibrosis as a model of inflammation- 
driven, ROS- mediated fibrosis, but also demonstrates potent 
anti- fibrotic effects on dermal and pulmonary fibrosis in topoI- 
induced fibrosis as a model of autoimmune- mediated fibrosis. 
Moreover, XIAP- inhibition ameliorated fibrosis in WNT10btg 

mice as a model of inflammation- independent skin fibrosis. 
Targeting of XIAP may not only ameliorate skin fibrosis, but 
also other fibrotic organ manifestations, as increased levels of 
XIAP have also been described in heart or lungs during remodel-
ling.48–50 Targeting XIAP may thus be effective in different stages 
and different subpopulation of patients with SSc with different 
organ manifestations. However, considering the complex patho-
genesis and the heterogeneity of SSc, further in vivo studies are 
required to validate these findings.

Moreover, treatment with embelin did not only prevent 
fibrosis, but induced regression of pre- established fibrosis. When 
treatment with embelin was initiated after fibrosis had already 
been established, inhibition of XIAP did not only prevent further 
progression of fibrosis, but induces regression of fibrosis to 
below- pre- treatment levels in WNT10b tg mice. These findings 
may have translational implications. The critical role of XIAP 
in various types of cancer prompted the development of selec-
tive XIAP inhibitors.26 Of note, inhibition of XIAP with small- 
molecule inhibitors such as TPI-1396–34 was well- tolerated in 
preclinical models.26 Moreover, XIAP knockout mice do not 
show macroscopic or histological signs of toxicities.33 Consistent 
with these findings, the XIAP inhibitor embelin, which serves as 
a lead compound for the development of new XIAP inhibitors, 
exerted anti- fibrotic effects in three different murine models 
of SSc in well- tolerated doses in our study. Finally, inhibition 
of XIAP with anti- sense oligonucleotides was well tolerated in 
phase I/II trials in human.26 34

We focused on the role of XIAP in fibroblast activation. 
However, XIAP is also expressed in endothelial cells of patients 
with SSc as demonstrated by immunohistochemistry in our study. 
Apoptosis of microvascular endothelial cells is a key feature 
of SSc. Given the role in apoptosis, we were thus concerned 
whether inhibition of XIAP may aggravate endothelial cell 

Figure 6 Inhibition of XIAP ameliorates topoI- induced skin and lung fibrosis. (A,B) Dermal fibrosis: (A) representative images of trichrome- stained 
skin sections for each group of mice are shown at 200- fold magnification (n=7 per group); (B) quantification of dermal thickening as bar graph (n=7 
per group). Reduced differentiation of myofibroblasts and reduced dermal hydroxyproline content on treatment of mice with embelin (n=7 per group). 
Results are presented as fold change compared with controls. (C,D) Pulmonary fibrosis: (C) representative images of Sirius red- stained lung sections 
for each group of mice are shown at 200- fold magnification (n=7 per group); (D) quantification of the fibrotic area is shown as bar graph (n=7 per 
group). Reduced topoI- induced pulmonary hydroxyproline content on treatment of mice with embelin (n=7 per group). Ashcroft scores. Data are 
presented as median with IQR. *P<0.05, **P<0.01, ***P<0.001. topoI, topoisomerase I; XIAP, X- linked inhibitor of apoptosis protein.
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damage. However, we did not observe clinical or histolog-
ical features consistent with endothelial cell apoptosis in our 
different mouse models. Moreover, TUNEL staining did not 
demonstrate changes in the levels of apoptotic endothelial cells 
in antifibrotic doses of embelin. Our findings are consistent with 
previous reports, which did not report endothelial cell damage 
on knockdown of XIAP with siRNA.37 Although those results 
are reassuring, potential effects of XIAP inhibition on endothe-
lial cells deserve careful attention in further studies.

In summary, we characterise XIAP as a novel integrator of 
TGF-β and WNT/β-catenin signalling. XIAP is upregulated 
in SSc in a TGF-β-dependent manner and in turn promotes 
WNT/β-catenin signalling to drive fibroblast activation and 
tissue fibrosis. Targeted inactivation of XIAP reduces fibro-
blast activation and ameliorates experimental fibrosis in several 
complementary models. Given the encouraging results from 
cancer trials, XIAP might be a potential molecular target for the 
treatment of SSc.

Author affiliations
1Department of Internal Medicine 3–Rheumatology and Immunology, Friedrich- 
Alexander- University Erlangen- Nürnberg (FAU), Universitätsklinikum Erlangen, 
Erlangen, Bayern, Germany
2Department of Rheumatology and Immunology, Xiangya Hospital Central South 
University, Changsha, China
3Interdisciplinary Centre for Clinical Research, University Hospital Erlangen, FAU- 
Erlangen- Nuremberg, Universitätsklinikum Erlangen, Erlangen, Bayern, Germany
4Department of Neuropathology, Universitätsklinikum Erlangen, Erlangen, Bayern, 
Germany
5Institute for Clinical Immunology University of Erlangen- Nuremberg, 
Universitätsklinikum Erlangen, Erlangen, Bayern, Germany
6Department of Dermatology and Allergology, HELIOS Sankt Elisabeth Klinik 
Oberhausen, Oberhausen, Nordrhein- Westfalen, Germany
7Klinik für Dermatologie, Venerologie und Allergologie, Universitätsklinikum Leipzig, 
Leipzig, Sachsen, Germany

Acknowledgements We thank Professor Dirk Mielenz and Wolfgang Espach, 
Vladislav Federchenkov, Lena Summa, Regina Kleinlein and Katja Dreißigacker for 
excellent technical assistance.

Contributors CB, LH and JHWD designed the study; CB, LH, SCF, BM, AB, CD, HZ, 
AZ, XZ, AS, C- WC, AHG, AEM, DC, TT- M, SR, RC, AB, AK and MZ acquired the data; 
CB, JHWD, LH, CD, GS and JHWD interpreted the data; CB; LH, SCF, BM, JHW and GS 
prepared the manuscript.

Funding Grants DI 1537/7–1, DI 1537/8–1, DI 1537/9–1 and −2, DI 1537/11–1, 
DI 1537/12–1, DI 1537/13–1, DI 1537/14–1, DI 1537/17–1, RA 2506/3–1, BE 
7036/2–1 and ZH 809/1–1 of the German Research Foundation, SFB CRC1181 
(project C01) and SFB TR221/project number 324 392 634 (B04) of the German 
Research Foundation, grants A64 and A79 of the IZKF in Erlangen, grant 2013.056.1 
of the Wilhelm- Sander- Foundation, grants 2014_A47 and 2014_A184 of the Else- 
Kröner- Fresenius- Foundation, grant 14-12-17-1- Bergmann of the ELAN- Foundation 
Erlangen, Clinician Scientist Programme Erlangen (Advanced Module Christina 
Bergmann), Research award 2017 of the German Scleroderma Foundation (Deutsche 
Stiftung Sklerodermie) and a Career Support Award of Medicine of the Ernst Jung 
Foundation.

Competing interests JHWD has consultancy relationships and/or has received 
research funding from Anamar, Active Biotech, Array Biopharma, ARXX, aTyr, BMS, 
Bayer Pharma, Boehringer Ingelheim, Celgene, Galapagos, GSK, Inventiva, Novartis, 
Sanofi- Aventis, RedX and UCB; personal fees from Actelion, Anamar, ARXX, Pharma, 
Boehringer Ingelheim, Celgene, Galapagos, GSK, Inventiva, JB Therapeutics and UCB, 
outside the submitted work, and is stock owner of 4D Science.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data are available upon reasonable request from 
the corresponding author with the publication.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 

terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Christina Bergmann http:// orcid. org/ 0000- 0001- 5257- 9171
Clara Dees http:// orcid. org/ 0000- 0001- 5443- 0602
Honglin Zhu http:// orcid. org/ 0000- 0001- 8724- 2835
Alexandru Emil Matei http:// orcid. org/ 0000- 0003- 1248- 3145
Simon Rauber http:// orcid. org/ 0000- 0001- 8306- 9334
Aline Bozec http:// orcid. org/ 0000- 0001- 8174- 2118
Georg Schett http:// orcid. org/ 0000- 0001- 8740- 9615
Jörg H W Distler http:// orcid. org/ 0000- 0001- 7408- 9333

REFERENCES
 1 Abraham DJ, Krieg T, Distler J, et al. Overview of pathogenesis of systemic sclerosis. 

Rheumatology 2009;48 Suppl 3:iii3–7.
2 Gabrielli A, Avvedimento EV, Krieg T. Scleroderma. N Engl J Med 

2009;360:1989–2003.
 3 Garrett SM, Baker Frost D, Feghali- Bostwick C. The mighty fibroblast and its utility in 

scleroderma research. J Scleroderma Relat Disord 2017;2:100–7.
 4 Nikpour M, Baron M. Mortality in systemic sclerosis: lessons learned from 

population- based and observational cohort studies. Curr Opin Rheumatol 
2014;26:131–7.

 5 Darby IA, Laverdet B, Bonté F, et al. Fibroblasts and myofibroblasts in wound healing. 
Clin Cosmet Investig Dermatol 2014;7:301–11.

 6 Varga J, Abraham D. Systemic sclerosis: a prototypic multisystem fibrotic disorder. J 
Clin Invest 2007;117:557–67.

 7 Distler JHW, Feghali- Bostwick C, Soare A, et al. Review: frontiers of antifibrotic therapy 
in systemic sclerosis. Arthritis Rheumatol 2017;69:257–67.

 8 Bergmann C, Distler JHW. Canonical Wnt signaling in systemic sclerosis. Lab Invest 
2016;96:151–5.

 9 Beyer C, Distler JHW. Morphogen pathways in systemic sclerosis. Curr Rheumatol Rep 
2013;15:299.

 10 Akhmetshina A, Palumbo K, Dees C, et al. Activation of canonical Wnt signalling is 
required for TGF-β-mediated fibrosis. Nat Commun 2012;3:735.

 11 Denton CP, Khanna D. Systemic sclerosis. Lancet 2017;390:1685–99.
 12 Bas E, Anwar MR, Van De Water TR. Tgf β-1 and Wnt signaling pathways 

collaboration associated with cochlear implantation Trauma-Induced fibrosis. Anat Rec 
2020;303:608–18.

 13 Beyer C, Schramm A, Akhmetshina A, et al. β-catenin is a central mediator of pro- 
fibrotic Wnt signaling in systemic sclerosis. Ann Rheum Dis 2012;71:761–7.

 14 Chen C- W, Beyer C, Liu J, et al. Pharmacological inhibition of porcupine induces 
regression of experimental skin fibrosis by targeting Wnt signalling. Ann Rheum Dis 
2017;76:773–8.

 15 Bergmann C, Akhmetshina A, Dees C, et al. Inhibition of glycogen synthase kinase 3β 
induces dermal fibrosis by activation of the canonical Wnt pathway. Ann Rheum Dis 
2011;70:2191–8.

 16 Wei J, Fang F, Lam AP, et al. Wnt/β-catenin signaling is hyperactivated in systemic 
sclerosis and induces Smad- dependent fibrotic responses in mesenchymal cells. 
Arthritis Rheum 2012;64:2734–45.

 17 Györfi AH, Matei A- E, Distler JHW. Targeting TGF-β signaling for the treatment of 
fibrosis. Matrix Biol 2018;68-69:8–27.

 18 Zhang Y, Pötter S, Chen C- W, et al. Poly(ADP- ribose) polymerase-1 regulates fibroblast 
activation in systemic sclerosis. Ann Rheum Dis 2018;77:744–51.

 19 Matei A- E, Beyer C, Györfi A- H, et al. Protein kinases G are essential downstream 
mediators of the antifibrotic effects of sGC stimulators. Ann Rheum Dis 2018;77:459.

 20 Chakraborty D, Šumová B, Mallano T, et al. Activation of STAT3 integrates common 
profibrotic pathways to promote fibroblast activation and tissue fibrosis. Nat Commun 
2017;8:1130.

 21 Zhang Y, Liang R, Chen C- W, et al. Jak1- Dependent transphosphorylation of JAK2 
limits the antifibrotic effects of selective JAK2 inhibitors on long- term treatment. Ann 
Rheum Dis 2017;76:1467–75.

 22 Lacouture ME, Morris JC, Lawrence DP, et al. Cutaneous keratoacanthomas/squamous 
cell carcinomas associated with neutralization of transforming growth factor β by 
the monoclonal antibody fresolimumab (GC1008). Cancer Immunol Immunother 
2015;64:437–46.

 23 Goudie DR, D’Alessandro M, Merriman B, et al. Multiple self- healing squamous 
epithelioma is caused by a disease- specific spectrum of mutations in TGFBR1. Nat 
Genet 2011;43:365–9.

 24 Pinto D, Gregorieff A, Begthel H, et al. Canonical Wnt signals are essential for 
homeostasis of the intestinal epithelium. Genes Dev 2003;17:1709–13.

 25 Fulda S. Regulation of cell migration, invasion and metastasis by IAP proteins and 
their antagonists. Oncogene 2014;33:671–6.

 26 Fulda S, Vucic D. Targeting IAP proteins for therapeutic intervention in cancer. Nat Rev 
Drug Discov 2012;11:109–24.

 27 Holcik M, Korneluk RG. Xiap, the guardian angel. Nat Rev Mol Cell Biol 
2001;2:550–6.

http://orcid.org/0000-0001-5257-9171
http://orcid.org/0000-0001-5443-0602
http://orcid.org/0000-0001-8724-2835
http://orcid.org/0000-0003-1248-3145
http://orcid.org/0000-0001-8306-9334
http://orcid.org/0000-0001-8174-2118
http://orcid.org/0000-0001-8740-9615
http://orcid.org/0000-0001-7408-9333
http://dx.doi.org/10.1093/rheumatology/ken481
http://dx.doi.org/10.1056/NEJMra0806188
http://dx.doi.org/10.5301/jsrd.5000240
http://dx.doi.org/10.1097/BOR.0000000000000027
http://dx.doi.org/10.2147/CCID.S50046
http://dx.doi.org/10.1172/JCI31139
http://dx.doi.org/10.1172/JCI31139
http://dx.doi.org/10.1002/art.39865
http://dx.doi.org/10.1038/labinvest.2015.154
http://dx.doi.org/10.1007/s11926-012-0299-6
http://dx.doi.org/10.1038/ncomms1734
http://dx.doi.org/10.1016/S0140-6736(17)30933-9
http://dx.doi.org/10.1002/ar.24064
http://dx.doi.org/10.1136/annrheumdis-2011-200568
http://dx.doi.org/10.1136/annrheumdis-2016-210294
http://dx.doi.org/10.1136/ard.2010.147140
http://dx.doi.org/10.1002/art.34424
http://dx.doi.org/10.1016/j.matbio.2017.12.016
http://dx.doi.org/10.1136/annrheumdis-2017-212265
http://dx.doi.org/10.1136/annrheumdis-2017-212489
http://dx.doi.org/10.1038/s41467-017-01236-6
http://dx.doi.org/10.1136/annrheumdis-2016-210911
http://dx.doi.org/10.1136/annrheumdis-2016-210911
http://dx.doi.org/10.1007/s00262-015-1653-0
http://dx.doi.org/10.1038/ng.780
http://dx.doi.org/10.1038/ng.780
http://dx.doi.org/10.1101/gad.267103
http://dx.doi.org/10.1038/onc.2013.63
http://dx.doi.org/10.1038/nrd3627
http://dx.doi.org/10.1038/nrd3627
http://dx.doi.org/10.1038/35080103
http://ard.bmj.com/


1056 Bergmann C, et al. Ann Rheum Dis 2021;80:1048–1056. doi:10.1136/annrheumdis-2020-219822

Systemic sclerosis

 28 Goncharov T, Hedayati S, Mulvihill MM, et al. Disruption of XIAP- RIP2 association 
blocks NOD2- mediated inflammatory signaling. Mol Cell 2018;69:551–65.

 29 Liu J, Zhang D, Luo W, et al. E3 ligase activity of XIAP ring domain is required for 
XIAP- mediated cancer cell migration, but not for its RhoGDI binding activity. PLoS 
One 2012;7:e35682.

 30 Liu J, Zhang D, Luo W, et al. X- linked inhibitor of apoptosis protein (XIAP) mediates 
cancer cell motility via Rho GDP dissociation inhibitor (RhoGDI)- dependent regulation 
of the cytoskeleton. J Biol Chem 2011;286:15630–40.

 31 Oberoi- Khanuja TK, Murali A, Rajalingam K. Iaps on the move: role of inhibitors of 
apoptosis proteins in cell migration. Cell Death Dis 2013;4:e784.

 32 Vogler M, Walczak H, Stadel D, et al. Small molecule XIAP inhibitors enhance 
TRAIL- induced apoptosis and antitumor activity in preclinical models of pancreatic 
carcinoma. Cancer Res 2009;69:2425–34.

 33 Harlin H, Reffey SB, Duckett CS, et al. Characterization of XIAP- deficient mice. Mol Cell 
Biol 2001;21:3604–8.

 34 Schimmer AD, Estey EH, Borthakur G, et al. Phase I/II trial of AEG35156 X- linked 
inhibitor of apoptosis protein antisense oligonucleotide combined with idarubicin and 
cytarabine in patients with relapsed or primary refractory acute myeloid leukemia. J 
Clin Oncol 2009;27:4741–6.

 35 Dean E, Jodrell D, Connolly K, et al. Phase I trial of AEG35156 administered as a 
7- day and 3- day continuous intravenous infusion in patients with advanced refractory 
cancer. J Clin Oncol 2009;27:1660–6.

 36 Beyer C, Schett G, Distler O, et al. Animal models of systemic sclerosis: prospects and 
limitations. Arthritis Rheum 2010;62:2831–44.

 37 Coutelle O, Hornig- Do H- T, Witt A, et al. Embelin inhibits endothelial mitochondrial 
respiration and impairs neoangiogenesis during tumor growth and wound healing. 
EMBO Mol Med 2014;6:624–39.

 38 Nikolovska- Coleska Z, Xu L, Hu Z, et al. Discovery of embelin as a cell- permeable, 
small- molecular weight inhibitor of XIAP through structure- based computational 
screening of a traditional herbal medicine three- dimensional structure database. J 
Med Chem 2004;47:2430–40.

 39 Yang S, Li S- S, Yang X- M, et al. Embelin prevents LMP1- induced TRAIL resistance via 
inhibition of XIAP in nasopharyngeal carcinoma cells. Oncol Lett 2016;11:4167–76.

 40 Prabhu KS, Achkar IW, Kuttikrishnan S, et al. Embelin: a benzoquinone possesses 
therapeutic potential for the treatment of human cancer. Future Med Chem 
2018;10:961–76.

 41 Wang D- G, Sun Y- B, Ye F, et al. Anti- Tumor activity of the X- linked inhibitor of 
apoptosis (XIAP) inhibitor embelin in gastric cancer cells. Mol Cell Biochem 
2014;386:143–52.

 42 Kokabu S, Sato T, Ohte S, et al. Expression of TLE3 by bone marrow stromal cells is 
regulated by canonical Wnt signaling. FEBS Lett 2014;588:614–9.

 43 Longo KA, Wright WS, Kang S, et al. Wnt10B inhibits development of white and 
brown adipose tissues. J Biol Chem 2004;279:35503–9.

 44 Wei J, Melichian D, Komura K, et al. Canonical Wnt signaling induces skin fibrosis and 
subcutaneous lipoatrophy: a novel mouse model for scleroderma? Arthritis Rheum 
2011;63:1707–17.

 45 Pardo OE, Wellbrock C, Khanzada UK, et al. Fgf-2 protects small cell lung cancer cells 
from apoptosis through a complex involving PKCepsilon, B- Raf and S6K2. Embo J 
2006;25:3078–88.

 46 Ajayi IO, Sisson TH, Higgins PDR, et al. X- Linked inhibitor of apoptosis regulates 
lung fibroblast resistance to Fas- mediated apoptosis. Am J Respir Cell Mol Biol 
2013;49:86–95.

 47 Russell JC, Whiting H, Szuflita N, et al. Nuclear translocation of X- linked inhibitor 
of apoptosis (XIAP) determines cell fate after hypoxia ischemia in neonatal brain. J 
Neurochem 2008;106:1357–70.

 48 Zheng W, Shang X, Zhang C, et al. The effects of carvedilol on cardiac function 
and the AKT/XIAP signaling pathway in diabetic cardiomyopathy rats. Cardiology 
2017;136:204–11.

 49 Seki K, Sanada S, Kudinova AY, et al. Interleukin-33 prevents apoptosis and improves 
survival after experimental myocardial infarction through ST2 signaling. Circ Heart Fail 
2009;2:684–91.

 50 Bai L, Bernard K, Tang X, et al. Glutaminolysis epigenetically regulates antiapoptotic 
gene expression in idiopathic pulmonary fibrosis fibroblasts. Am J Respir Cell Mol Biol 
2019;60:49–57.

http://dx.doi.org/10.1016/j.molcel.2018.01.016
http://dx.doi.org/10.1371/journal.pone.0035682
http://dx.doi.org/10.1371/journal.pone.0035682
http://dx.doi.org/10.1074/jbc.M110.176982
http://dx.doi.org/10.1038/cddis.2013.311
http://dx.doi.org/10.1158/0008-5472.CAN-08-2436
http://dx.doi.org/10.1128/MCB.21.10.3604-3608.2001
http://dx.doi.org/10.1128/MCB.21.10.3604-3608.2001
http://dx.doi.org/10.1200/JCO.2009.21.8172
http://dx.doi.org/10.1200/JCO.2009.21.8172
http://dx.doi.org/10.1200/JCO.2008.19.5677
http://dx.doi.org/10.1002/art.27647
http://dx.doi.org/10.1002/emmm.201303016
http://dx.doi.org/10.1021/jm030420+
http://dx.doi.org/10.1021/jm030420+
http://dx.doi.org/10.3892/ol.2016.4522
http://dx.doi.org/10.4155/fmc-2017-0198
http://dx.doi.org/10.1007/s11010-013-1853-x
http://dx.doi.org/10.1016/j.febslet.2013.12.031
http://dx.doi.org/10.1074/jbc.M402937200
http://dx.doi.org/10.1002/art.30312
http://dx.doi.org/10.1038/sj.emboj.7601198
http://dx.doi.org/10.1165/rcmb.2012-0224OC
http://dx.doi.org/10.1111/j.1471-4159.2008.05482.x
http://dx.doi.org/10.1111/j.1471-4159.2008.05482.x
http://dx.doi.org/10.1159/000450825
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.873240
http://dx.doi.org/10.1165/rcmb.2018-0180OC
http://ard.bmj.com/


1057Tsuchida N, et al. Ann Rheum Dis 2021;80:1057–1061. doi:10.1136/annrheumdis-2021-220089

Autoinflammatory disorders

TRANSLATIONAL SCIENCE

Pathogenic UBA1 variants associated with VEXAS 
syndrome in Japanese patients with 
relapsing polychondritis
Naomi Tsuchida    ,1,2 Yosuke Kunishita    ,1 Yuri Uchiyama    ,2,3 Yohei Kirino    ,1 
Makiko Enaka,4 Yukie Yamaguchi    ,5 Masataka Taguri    ,6 Shoji Yamanaka,7 
Kaoru Takase- Minegishi    ,1 Ryusuke Yoshimi    ,1 Satoshi Fujii,4,7 
Hideaki Nakajima    ,1 Naomichi Matsumoto    2

To cite: Tsuchida N, 
Kunishita Y, Uchiyama Y, 
et al. Ann Rheum Dis 
2021;80:1057–1061.

Handling editor Josef S 
Smolen

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ annrheumdis- 
2021- 220089).

For numbered affiliations see 
end of article.

Correspondence to
Dr Yohei Kirino, Department of 
Stem Cell and Immune 
Regulation, Yokohama City 
University Graduate School of 
Medicine, Yokohama 236-0004, 
Japan;  
 kirino@ yokohama- cu. ac. jp

NT and YKcontributed equally.

Received 4 February 2021
Revised 18 March 2021
Accepted 19 March 2021
Published Online First 
31 March 2021

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

ABSTRACT
Objectives To determine clinical and genetic features 
of individuals with relapsing polychondritis (RP) likely 
caused by pathogenic somatic variants in ubiquitin- like 
modifier activating enzyme 1 (UBA1).
Methods Fourteen patients with RP who met the 
Damiani and Levine criteria were recruited (12 men, 2 
women; median onset age (IQR) 72.1 years (67.1–78.0)). 
Sanger sequencing of UBA1 was performed using 
genomic DNA from peripheral blood leukocytes or bone 
marrow tissue. Droplet digital PCR (ddPCR) and peptide 
nucleic acid (PNA)- clamping PCR were used to detect 
low- prevalence somatic variants. Clinical features of the 
patients were investigated retrospectively.
Results UBA1 was examined in 13 of the 14 patients; 
73% (8/11) of the male patients had somatic UBA1 
variants (c.121A>C, c.121A>G or c.122T>C resulting 
in p.Met41Leu, p.Met41Val or p.Met41Thr, respectively). 
All the variant- positive patients had systemic symptoms, 
including a significantly high prevalence of skin lesions. 
ddPCR detected low prevalence (0.14%) of somatic 
variant (c.121A>C) in one female patient, which was 
subsequently confirmed by PNA- clamping PCR.
Conclusions Genetic screening for pathogenic UBA1 
variants should be considered in patients with RP, 
especially male patients with skin lesions. The somatic 
variant in UBA1 in the female patient is the first to be 
reported.

INTRODUCTION
Relapsing polychondritis (RP) is a rare, systemic, 
idiopathic inflammatory disease that affects the 
cartilage of ear, nose, and trachea, as well as skin, 
eyes and joints.1–3 Patients with RP typically show 
middle- age onset and the sex ratio is close to 1.2–4 
Subgroups of patients with RP have different clin-
ical phenotypes, and men, cardiac abnormalities 
and myelodysplastic syndrome are clinically asso-
ciated with poor prognosis.4–6 The chronic inflam-
mation of RP is often intractable, difficult to keep 
in remission and its treatment is empirical and 
non- standardised.1–3 RP is considered as an immu-
nological disease and antibodies to type II collagen 
have been detected in some patients.7 Genetic 
factors, such as HLA- DR4, HLA- DRB1*16:02, 
HLA- DQB1*05:02 and HLA- B*67:01, have 

been associated with RP.2 3 8 The rarity of RP has 
hampered exhaustive investigation to reveal its 
pathogenesis.

Recently, pathogenic somatic variants in the 
ubiquitin- like modifier activating enzyme 1 gene 
(UBA1) clustered at p.Met41 in a severe adult- 
onset autoinflammatory disease named vacuoles, 
E1 enzyme, X- linked, autoinflammatory, somatic 
(VEXAS) syndrome were detected using a genotype- 
first approach.9 Patients with VEXAS have a wide 
range of phenotypes, including chondritis, rashes 
and haematological abnormalities. Some patients 
with VEXAS were diagnosed as having giant 
cell arteritis or polyarteritis nodosa, suggesting 
that VEXAS may include heterogeneous clinical 

Key messages

What is already known about this subject?
 ► Pathogenic somatic variants in the ubiquitin- 
like modifier activating enzyme 1 gene (UBA1) 
were discovered in individuals with systemic 
inflammation of cartilage, skin and blood 
vessels accompanied by haematological 
abnormalities, named VEXAS (vacuoles, E1 
enzyme, X- linked, autoinflammatory, somatic) 
syndrome, affecting only male patients.

What does this study add?
 ► The clinically oriented phenotype- first approach 
used in this study of 14 Japanese individuals 
with relapsing polychondritis (RP) and 
subsequent genetic screening revealed that 
73% (8/11) of the male patients with RP had 
p.Met41 variants in UBA1 and the key feature
of these patients was skin involvement.

 ► Two highly sensitive PCR methods identified 
a low- prevalence somatic variant in UBA1 in 
a female patient, the first time that such a 
pathogenic variant has been found in a female 
patient with RP.

How might this impact on clinical practice or 
future developments?

 ► Genetic screening for UBA1 should be 
considered in patients with RP, especially in 
males with skin lesions.
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conditions.9–11 Because VEXAS is a newly identified disease, 
patients with VEXAS should be examined to fully reveal the 
clinical spectrum. In this study, we focused on patients with RP 
because 60% of patients with VEXAS were reported to have an 
RP phenotype.9 We report detailed genetic and clinical features 
of Japanese patients with RP with UBA1 variants in a single- 
centre cohort recruited from two hospitals.

METHODS
Study subjects
We retrospectively examined clinical records of patients suspected 
of having RP between 2011 and 2020 at Yokohama City Univer-
sity Hospital and Yokohama Minami Kyousai Hospital. Sixteen 
patients with RP (labelled RP01–16) were recruited, but two 
were excluded (RP06 and RP09) because they did not meet the 
classification criteria.12–14

Genetic screening
Sanger sequencing, exome sequencing, droplet digital PCR 
(ddPCR) and peptide nucleic acid (PNA)- clamping PCR were 
used for genetic screening. ddPCR, exome sequencing and 
data analysis were performed as described previously.15 16 
Methods for DNA extraction, ddPCR, exome sequencing, 
PNA- clamping PCR and measurement of anti- type II collagen 
antibody are provided in online supplemental methods and 
the primers and probes used in this study are listed in online 
supplemental table S1.

Statistical analysis
Categorical variables were analysed using the χ2 test and exact 
unconditional z- pooled test (https:// www4. stat. ncsu. edu/~ 
boos/ exact/).17 18 Continuous variables were examined using 
the Mann- Whitney U test. A p value<0.0028 (=0.05/18) was 
considered statistically significant using Bonferroni’s corrected p 
value for multiple testing (N=18).

RESULTS
Clinical features of patients with RP in this study
Fourteen patients with RP who fulfilled the classification criteria 
were included in the analysis. The patient screening process is 
illustrated in online supplemental figure S1. The clinical features 
of the 14 patients are summarised in table 1. The onset ages were 
high (median (IQR), 72.1 years (67.1–78.6)), and 86% (12/14) 
of the patients were male. Among the patients, 86% (12/14), 
36% (5/14) and 50% (7/14) presented with auricular, nasal or 
respiratory tract chondritis, respectively, and the pathological 
findings showed cartilage inflammation compatible with RP 
in 12 of the 13 patients who had a cartilage biopsy (figure 1 
and online supplemental figure S3, table 1). Five of the seven 
patients with a chest CT abnormality had subjective symptoms 
such as hoarseness or dyspnoea; the other two were asymptom-
atic. Other clinical features included high fever (57%, 8/14), skin 
erythema (57%, 8/14), myelodysplasia (43%, 6/14) and scleritis 
(36%, 5/14) (figure 1 and online supplemental figure S2, table 1 
and online supplemental table S2). Bone marrow aspiration 
revealed vacuoles in the myeloid and erythroid precursor cells 
in seven of the eight patients who received aspiration (figure 1 
and online supplemental figure S4, table 1 and online supple-
mental table S2). Detailed clinical courses for these patients are 
described in the online supplemental results.

Identification of somatic variants in UBA1 by Sanger 
sequencing
Genomic DNA (gDNA) was available from 13 of the 14 
patients. Sanger sequencing targeting previously reported UBA1 

variants9–11 revealed that 8 of the 11 male patients had somatic 
variants in UBA1 (NM_ 003334.3): c.121A>C, p.Met41Leu in 
three patients (RP01, RP11 and RP16), c.121A>G, p.Met41Val 
in two patients (RP03 and RP04) and c.122T>C, p.Met41Thr 
in three patients (RP05, RP13 and RP15) (table 1 and online 
supplemental figure S5). Exome sequencing of the gDNA from 
RP01 showed 74.2% variant allele frequency of p.Met41Leu 
(17 wild- type and 49 variant alleles). No other genetic variants 
associated with autoinflammatory diseases were identified (data 
not shown), but the exome sequencing was performed only for 
RP01.

On the basis of these results, we compared UBA1 p.Met41 
variant- positive and variant- negative patients with RP. The 
variant- positive patients had significantly more skin involve-
ment and tended to have higher incidences of myelodysplastic 
syndrome than the variant- negative patients (online supple-
mental table S3). Although haematological abnormalities were 
common in the variant- positive patients, one male patient with 
macrocytic anaemia (RP07) had no bone marrow vacuoles and 
was negative for the UBA1 variants (table 1 and online supple-
mental table S2). There was no difference between the variant- 
positive and variant- negative groups for the positive anti- type II 
collagen antibody (online supplemental table S3).

Variant detection by ddPCR
The detection limit of somatic variants is 15%–20% of allele 
ratios by Sanger sequencing;19 therefore, low- prevalence mosaic 
variants can be easily overlooked. The ddPCR confirmed the 
pathogenic variants in seven patients with variant fractional abun-
dances (equivalent to allele frequencies) of 72.1% (c.121A>C, 
RP01), 24.7% (c.121A>G, RP03), 91.5% (c.121A>G, RP04), 
75.7% (c.121A>C, RP11), 22.4% (c.122T>C, RP13), 68.8% 
(c.122T>C, RP15) and 87.1% (c.121A>C, RP16), and four 
of the five variant- negative patients by Sanger sequencing 
were negative for any of the three p.Met41 variants detected 
by ddPCR (online supplemental table S4). Notably, one female 
patient with RP (RP10) had a fractional abundance of 0.14% 
of c.121A>C, p.Met41Leu (figure 2A and online supplemental 
table S4). The detection limit of ddPCR was confirmed using 
serial dilutions of the gDNA of a variant- positive patient (RP01, 
UBA1 c.121A>C, 72.1% variant fractional abundance) with 
control gDNA to obtain variant allele ratios of 5.0%, 1.0%, 
0.5%, 0.1%, 0.05% and 0.01%, which confirmed that ddPCR 
reliably detect variant allele ratios of >0.10% (predicted 21.8 
copies) when 66 ng of gDNA was applied per well (figure 2B and 
online supplemental table S5).

Variant screening by PNA-clamping PCR
To further validate the low- prevalence somatic variant in UBA1 
in the female patient with RP, we conducted PCRs with a PNA 
probe that hybridised to the wild- type UBA1 p.Met41 allele 
(c.121A or c.122T based on the Sanger sequencing) and specifi-
cally amplified only pathogenic variant alleles. Thus, any of the 
three known UBA1 p.Met41 variants were amplified, whereas 
the wild- type alleles were not amplified (figure 2C). The low- 
prevalence UBA1 variant that was detected by ddPCR in the 
female patient (RP10) showed weak but positive amplification 
by PNA- clamping PCR, validating the presence of the variant 
allele.

DISCUSSION
In this study, three known pathogenic UBA1 variants were iden-
tified in 9 of the 13 patients (69%) with RP. In particular, 73% 

https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://www4.stat.ncsu.edu/~boos/exact/
https://www4.stat.ncsu.edu/~boos/exact/
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
https://dx.doi.org/10.1136/annrheumdis-2021-220089
http://ard.bmj.com/


1059Tsuchida N, et al. Ann Rheum Dis 2021;80:1057–1061. doi:10.1136/annrheumdis-2021-220089

Autoinflammatory disorders

Ta
bl

e 
1 

Cl
in

ic
al

 fe
at

ur
es

 o
f t

he
 1

4 
pa

tie
nt

s 
w

ith
 re

la
ps

in
g 

po
ly

ch
on

dr
iti

s 
an

d 
U

BA
1 

va
ria

nt
s 

de
te

ct
ed

 b
y 

Sa
ng

er
 s

eq
ue

nc
in

g

Pa
ti

en
t 

ID
RP

01
RP

02
RP

03
RP

04
RP

05
RP

07
RP

08
RP

10
RP

11
RP

12
RP

13
RP

14
RP

15
RP

16

Se
x 

(M
, m

al
e:

 F,
 

fe
m

al
e)

M
*

F*
M

*
M

*
M

*
M

M
F

M
M

M
M

M
M

Ag
e 

of
 o

ns
et

 
(y

ea
rs

)
78

.6
93

.1
81

.1
68

.7
71

.3
84

.2
72

.8
43

.2
78

.5
70

.3
66

.3
59

.9
73

.5
66

.6

U
BA

1 
va

ria
nt

s 
p.

M
et

41
 

by
 S

an
ge

r 
se

qu
en

ci
ng

c.
12

1A
>

C:
 

p.
M

et
41

Le
u

−
c.

12
1A

>
G

: 
p.

M
et

41
Va

l
c.

12
1A

>
G

: 
p.

M
et

41
Va

l
c.

12
2T

>
C:

 
p.

M
et

41
Th

r
−

−
−

c.
12

1A
>

C:
 

p.
M

et
41

Le
u

N
A

c.
12

2T
>

C:
 

p.
M

et
41

Th
r

−
c.

12
2T

>
C:

 
p.

M
et

41
Th

r
c.

12
1A

>
C:

 
p.

M
et

41
Le

u

Cl
in

ic
al

 fi
nd

in
gs

Fe
ve

r
+

−
−

+
+

+
−

+
−

−
+

−
+

+

Sk
in

 in
vo

lv
em

en
t

+
−

−
+

+
−

−
−

+
+

+
−

+
+

Ch
on

dr
iti

s
A†

, N
, R

N,
 R

†
A,

 R
†

A†
, R

‡
A†

, R
‡

A†
A†

N
†,

 R
A†

A,
 N

A,
 N

A†
, R

A†
A†

Po
ly

ar
th

rit
is

−
−

−
+

−
−

+
−

+
−

−
−

+
−

O
cu

la
r 

in
fla

m
m

at
io

n
−

−
−

+
−

−
+

−
−

+
+

+
−

+

Au
di

o-
 ve

st
ib

ul
ar

 
da

m
ag

e
−

−
−

−
−

−
−

−
−

−
+

−
−

−

M
ac

ro
cy

tic
 

an
ae

m
ia

+
−

−
+

+
+

−
−

+
+

+
−

+
+

Bo
ne

 m
ar

ro
w

 
va

cu
ol

es
+

N
A

N
A

+
+

−
N

A
N

A
+

+
N

A
N

A
+

+

O
th

er
s

M
DS

−
−

M
DS

, I
P, 

en
do

ca
rd

iti
s

M
DS

, D
VT

, 
Sw

ee
t's

 
sy

nd
ro

m
e

−
−

−
M

DS
M

DS
Pe

rit
on

iti
s, 

pe
ric

ar
di

tis
, 

m
en

in
gi

tis

−
−

Ar
te

rit
is,

 M
DS

, 
DV

T

An
ti-

 ty
pe

 II
 

co
lla

ge
n 

an
tib

od
y

+
N

A
−

−
N

A
−

−
+

+
N

A
−

+
+

N
A

Di
ag

no
st

ic
 c

rit
er

ia
 

of
 R

P

M
cA

da
m

 e
t a

l12
3/

6
2/

6
2/

6
3/

6
1/

6
1/

6
2/

6
2/

6
2/

6
3/

6
4/

6
3/

6
1/

6
2/

6

Da
m

ia
ni

 e
t a

l13
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s
Ye

s

M
ic

he
t e

t a
l14

Ye
s

Ye
s

Ye
s

N
o

N
o

N
o

N
o

Ye
s

N
o

Ye
s

Ye
s

Ye
s

Ye
s

N
o

Tr
ea

tm
en

t
PS

L
PS

L,
 c

ol
ch

ic
in

e
PS

L,
 A

ZP
, 

co
lc

hi
ci

ne
PS

L,
 M

TX
, C

yA
PS

L,
 A

ZP
, M

TX
, 

M
ZB

, E
TN

PS
L

PS
L,

 IV
Ig

, 
M

TX
, I

FX
, 

co
lc

hi
ci

ne

PS
L,

 M
TX

,T
AC

, 
TC

Z
PS

L,
 A

ZP
, C

yA
PS

L
PS

L,
 T

CZ
, 

co
lc

hi
ci

ne
PS

L,
 P

O
CY

PS
L,

 T
CZ

PS
L,

 A
ZP

, T
CZ

, 
co

lc
hi

ci
ne

*D
ec

ea
se

d.
†C

on
fir

m
ed

 b
y 

bi
op

sy
.

‡C
on

fir
m

ed
 b

y 
au

to
ps

y.
A,

 a
ur

ic
ul

ar
; A

ZP
, a

za
th

io
pr

in
e;

 C
yA

, c
yc

lo
sp

or
in

e;
 D

VT
, d

ee
p 

ve
in

 th
ro

m
bo

si
s; 

ET
N,

 e
ta

ne
rc

ep
t; 

IF
X,

 in
fli

xi
m

ab
; I

P, 
in

te
rs

tit
ia

l p
ne

um
on

ia
; I

VI
g,

 in
tr

av
en

ou
s 

im
m

un
og

lo
bu

lin
; M

DS
, m

ye
lo

dy
sp

la
st

ic
 s

yn
dr

om
e;

 M
TX

, m
et

ho
tr

ex
at

e;
 M

ZB
, m

iz
or

ib
in

e;
 N

, 
na

sa
l; 

N
A,

 n
ot

 a
va

ila
bl

e;
 P

O
CY

, o
ra

l c
yc

lo
ph

os
ph

am
id

e;
 P

SL
, p

re
dn

is
ol

on
e;

 R
, r

es
pi

ra
to

ry
 tr

ac
t; 

RP
, r

el
ap

si
ng

 p
ol

yc
ho

nd
rit

is
; T

AC
, t

ac
ro

lim
us

; T
CZ

, t
oc

ili
zu

m
ab

; U
BA

1,
 u

bi
qu

iti
n-

 lik
e 

m
od

ifi
er

 a
ct

iv
at

in
g 

en
zy

m
e 

1.

http://ard.bmj.com/


1060 Tsuchida N, et al. Ann Rheum Dis 2021;80:1057–1061. doi:10.1136/annrheumdis-2021-220089

Autoinflammatory disorders

(8/11) of the male patients with RP had the UBA1 p.Met41 
variants. A gDNA sample for male patient RP12 was unavail-
able, so the presence of pathogenic UBA1 variants could not 
be determined; however, bone marrow tissue from this patient 
showed evidence of vacuoles, which indicated possible VEXAS 
(online supplemental figure S4). Genetic screening by Sanger 
sequencing of UBA1 in male patients with RP may be possible, 
given the high detection rate of UBA1 variants. Moreover, 
we showed that ddPCR and PNA- clamping PCR could detect 
low- prevalence somatic variants with high sensitivity, although 
such low- prevalence UBA1 variants need careful evaluation. In 
patient RP15, we conducted ddPCR of gDNA extracted from 
both peripheral blood leukocytes and bone marrow fluid and 
obtained positive results for both (online supplemental table S4). 
An integrated approach using Sanger sequencing, ddPCR and 
PNA- clamping PCR is important for detecting variant alleles 
with widely variable frequencies in different tissues at different 
disease stages in RP.

In UBA1 variant- negative patients, pathogenic variants may 
be found in the UBA gene family and other genes involved in 
ubiquitination, inflammatory signalling and protein folding and 
degradation.20 Deep sequencing of these genes may reveal their 
somatic variants.

Clinically diagnosed RP may consist of subgroups with 
different contributions of innate and acquired immunity. 

Detection of pathogenic UBA1 variants may be important for 
subgrouping RP to find the appropriate and effective therapeutic 
interventions.

There are some limitations in this study. Our patients with RP 
were elderly and male dominant, so were not a representative RP 
cohort.4–6 Further, the pathogenic impact of the extremely low- 
prevalence variant is uncertain, especially in the female patient. 
Therefore, larger cohorts of many patients with UBA1 variants 
are essential to confirm our results.

In conclusion, given the high prevalence of somatic variants in 
UBA1, UBA1 screening should be considered in patients with RP, 
especially in male patients with skin involvement.
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ABSTRACT
Objective The FORWARD (FGF-18 Osteoarthritis 
Randomized Trial with Administration of Repeated Doses) 
trial assessed efficacy and safety of the potential disease- 
modifying osteoarthritis drug (DMOAD) sprifermin in 
patients with knee osteoarthritis. Here, we report 5- year 
efficacy and safety results.
Methods Patients were randomised to intra- articular 
sprifermin 100 µg or 30 µg every 6 months (q6mo) or 12 
months, or placebo, for 18 months. The primary analysis 
was at year 2, with follow- up at years 3, 4 and 5. 
Additional post hoc exploratory analyses were conducted 
in patients with baseline minimum radiographic joint 
space width 1.5–3.5 mm and Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) 
pain 40–90, a subgroup at risk (SAR) of progression.
Results 378 (69%) patients completed the 5- 
year follow- up. A significant dose- response in total 
femorotibial joint cartilage thickness with sprifermin 
(trend test, p<0.001) and a 0.05 mm mean difference 
with sprifermin 100 µg q6mo versus placebo (95% CI 
0.00 to 0.10; p=0.015) were sustained to year 5. 
WOMAC pain scores improved ~50% from baseline in 
all groups. No patient in the 100 µg q6mo group had 
replacement of the treated knee. 96%–98% of patients 
receiving sprifermin and 98% placebo reported adverse 
events, most were mild or moderate and deemed 
unrelated to treatment. Adverse event- related study 
withdrawals were <10%. Differentiation in WOMAC pain 
between sprifermin 100 µg q6mo and placebo in the SAR 
(n=161) at year 3 was maintained to year 5 (−10.08; 
95% CI −25.68 to 5.53).
Conclusion In the longest DMOAD trial reported 
to date, sprifermin maintained long- term structural 
modification of articular cartilage over 3.5 years post- 
treatment. Potential translation to clinical benefit was 
observed in the SAR.
Trial registration number NCT01919164

INTRODUCTION
Current therapies for osteoarthritis (OA) focus 
on reducing pain, improving physical function 
and patient’s quality of life.1 2 There is an urgent 
need for disease- modifying osteoarthritis drugs 
(DMOADs) that improve symptoms and inhibit 

structural disease progression.3 4 Many DMOAD 
trials have had limited success or yielded negative 
results, with the heterogeneous nature of OA and 
insufficient trial follow- up times being potential 
contributors.5 6

Key messages

What is already known about this subject?
 ► Sprifermin is a potential disease- modifying 
osteoarthritis drug that was shown to increase 
articular cartilage thickness compared with 
placebo in patients with knee osteoarthritis at 
the primary endpoint (year 2) of the FORWARD 
trial and was well tolerated. Structural 
benefits with sprifermin were observed in a 
subgroup at risk (SAR) of progression, who 
also demonstrated improvements in pain over 
placebo at year 3 follow- up.

What does this study add?
 ► Here we show that long- term structural 
modification of articular cartilage was 
maintained with sprifermin versus placebo over 
a 3.5- year to 4- year post- treatment period. 
Similar maintenance of structural improvements 
over this time was seen in the SAR, and 
clinically relevant improvement in pain over 
placebo in this subgroup was also sustained up 
to year 5 follow- up.

 ► There were no target knee replacements in the 
highest dose group of sprifermin over 5 years 
and no new safety signals.

How might this impact on clinical practice or 
future developments?

 ► These findings confirm the long- term structural 
benefit of intra- articular sprifermin treatment, 
with potential long- term clinical benefit and 
disease modification for knee osteoarthritis and 
no safety concerns.

 ► Long- term follow- up in disease- modifying 
osteoarthritis drug trials may be required 
to ensure that translation of structural 
modification to clinical benefit is seen.

http://www.eular.org/
http://ard.bmj.com/
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Preservation of cartilage integrity is widely considered a highly 
important goal for a DMOAD.7 Sprifermin is a recombinant 
human fibroblast growth factor 18 that has cartilage regenerative 
properties and is under investigation as a potential DMOAD for 
knee OA.8–11 No measurable systemic effects or safety concerns 
were associated with sprifermin in phase I and Ib studies.12 13

FORWARD (FGF-18 Osteoarthritis Randomized Trial with 
Administration of Repeated Doses) was a 5- year, randomised 
clinical trial that evaluated the efficacy and safety of sprifermin 
among 549 patients with symptomatic radiographic knee OA.14 
FORWARD was designed with total femorotibial joint (TFTJ) 
cartilage thickness change as the primary structural endpoint at 
year 2, and change in Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) scores over the same 
period was a secondary endpoint. Follow- up continued up to 
year 5. The 2- year and 3- year data were reported recently: dose- 
dependent modification of TFTJ cartilage thickness with spri-
fermin was demonstrated at years 2 and 3, and a mean difference 
of 0.05 mm in TFTJ cartilage thickness between the highest spri-
fermin dose (100 µg every 6 months (q6mo); 0.03 mm gain) and 
placebo (0.02 mm loss) was observed.14 WOMAC total scores 
improved by around 50% in all cohorts but did not differ signifi-
cantly between sprifermin and placebo.14

Previous studies have revealed that including patients with 
at least moderate pain at baseline enables greater differenti-
ation of a pain response to treatment.7 In addition, inclusion 
of patients with advanced disease (eg, low radiographic joint 
space width (JSW)) may enhance the ability to observe disease 
progression15 and detect translation of structural modification 
to clinical benefit.16 Exploratory post hoc analyses were there-
fore conducted in a so- called ‘subgroup at risk’ (SAR) of patients 
in FORWARD, with narrower medial or lateral minimum JSW 
(mJSW) and higher WOMAC pain than the overall study popu-
lation at baseline (n=161).16 SAR placebo- treated patients had 
more rapid structural progression compared with the overall 
study population, whereas net TFTJ cartilage modification with 
sprifermin versus placebo was similar.16 Importantly, in the SAR, 
differentiation in WOMAC pain score change between placebo 
and the highest sprifermin dose was observed at year 3.16

Here, we report the long- term structural and symptomatic 
efficacy and safety of sprifermin in the overall FORWARD study 
population and SAR up to year 5, that is 3.5 (for the q6mo 
groups) or 4 years (for the q12mo groups) after the last spri-
fermin treatment.

PATIENTS AND METHODS
Study design and outcomes
FORWARD was a randomised, double- blind, dose- finding, 
placebo- controlled trial. The study design was reported 
previously.14 Patients at 10 centres in seven countries were 
randomised 1:1:1:1:1 to receive intra- articular sprifermin 100 
or 30 µg q6mo, 100 or 30 µg q12mo or placebo. Sprifermin was 
administered in cycles consisting of three injections over three 
consecutive weeks, q6mo (0, 6, 12, 18 months) or q12mo (0 and 
12 months, with placebo at months 6 and 18) over an 18- month 
period (online supplemental figure S1).

FORWARD consisted of a primary 2- year analysis period, with 
an extended 3- year observation period. The primary endpoint 
was change in TFTJ cartilage thickness in the target knee at year 
2, based on quantitative MRI (qMRI, see online supplemental 
materials). Secondary endpoints included change from base-
line in WOMAC scores (0–100, where 0 represents no symp-
toms), mJSW in the medial and lateral compartments assessed 

by fixed- flexion radiography, cartilage thickness in medial and 
lateral femorotibial compartments (MFTC and LFTC) by qMRI, 
and the incidence and nature of adverse events (AEs) over 2 
years. WOMAC assessments, which referenced the last 48 hours, 
were performed after a pain medication washout of at least 5 
half- lives.

Exploratory follow- up for all efficacy and safety endpoints 
was performed at years 3, 4 and 5. A change in WOMAC pain by 
≥10 (of 100) was described as a clinically relevant pain improve-
ment to be perceived by an individual.17 The incidence of knee 
replacements (KRs) in the treated knee was a key exploratory 
endpoint, added post hoc to the year 5 analyses.

The SAR included all patients with baseline medial or lateral 
mJSW of 1.5–3.5 mm and a WOMAC pain score of 40–90. Post 
hoc exploratory analyses were conducted in the SAR, including 
structural (qMRI- based cartilage thickness and radiographic 
mJSW), symptomatic (WOMAC scores) and safety endpoints up 
to year 5.

See online supplemental materials for details on statistical 
analyses.

Study participants
Patients aged 40–85 years with symptomatic radiographic 
primary femorotibial knee OA, Kellgren- Lawrence Grade (KLG) 
2 or 3, medial mJSW ≥2.5 mm in the target knee and a history 
of OA- related pain for 6 months (needing pain medication 
most days or scoring 4–9 on question A1 of the WOMAC pain 
index after pain medication washout at screening) were eligible. 
Exclusion criteria included secondary knee OA, malalignment 
>5° (based on the anatomic axis angle on weight- bearing radio-
graphs),18 clinical signs of inflammation in the target knee, 
planned surgery within 2 years and corticosteroids or hyaluronic 
acid administration to either knee 6 months before screening. All 
patients gave written informed consent.

RESULTS
Patient disposition
Of the 549 patients randomised (intention to treat (ITT)), 494 
(90%) were included in the modified ITT (mITT) analysis, 474 
(86%) completed treatment and the primary 2- year observation 
period and 442 (81%) and 378 (69%) completed the 3- year and 
5- year extended follow- up periods, respectively. At baseline, 
161 patients (29%) met the criteria for the SAR (figure 1). The 
most common reasons for discontinuation were ‘withdrawal of 
consent’ (n=63), followed by ‘other’ (n=52) and ‘adverse event’ 
(n=24).

The patients were 40–84 years old, with 69% being female 
(online supplemental table S1). Baseline characteristics, including 
age, sex, body mass index (BMI), mJSW and WOMAC pain were 
well balanced between study arms. The age, sex, race and BMI of 
patients in the ITT population and SAR were similar. The SAR, 
by definition of inclusion, had more severe disease than the ITT 
population, with a higher proportion of KLG 3 radiographic 
status (53% vs 31%).

Structural endpoints
The dose- dependent increase in TFTJ cartilage thickness by 
qMRI with sprifermin relative to placebo detected at year 2 was 
preserved to year 5 (trend test, p<0.001; figure 2A). In addition, 
the significant 0.05 mm adjusted mean increase in TFTJ cartilage 
thickness change between sprifermin 100 µg q6mo and placebo 
at year 2 was sustained to year 5 (0.049 mm; 95% CI 0.00 to 
0.10; p=0.015; figure 2B). Differences to placebo observed for 

https://dx.doi.org/10.1136/annrheumdis-2020-219181
https://dx.doi.org/10.1136/annrheumdis-2020-219181
https://dx.doi.org/10.1136/annrheumdis-2020-219181
https://dx.doi.org/10.1136/annrheumdis-2020-219181
https://dx.doi.org/10.1136/annrheumdis-2020-219181
http://ard.bmj.com/
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sprifermin 30 µg q6mo, 100 µg q12mo or 30 µg q12mo at year 
5 were not statistically significant. Results for the SAR at year 
5 were consistent with the mITT population, with an adjusted 
mean difference between the highest sprifermin dose and placebo 
of 0.06 mm (95% CI −0.02 to 0.14; p=0.129; figure 2C).

The adjusted mean difference in cartilage thickness change 
in the MFTC for the highest sprifermin dose compared with 
placebo was also maintained at approximately 0.05 mm at 
each timepoint from years 2–5, although not statistically 
significant after year 3 (95% CI −0.01 to 0.12; p=0.078 at 
year 5; figure 3A). The dose- effect of sprifermin on carti-
lage thickness change in the LFTC was preserved from years 
2 to 5 (trend test, p<0.05). The two highest sprifermin dose 
groups maintained an adjusted mean increase of 0.04 mm 
in LFTC compared with placebo to year 5 (100 µg q12mo: 
95% CI 0.00 to 0.09; p=0.03; 100 µg q6mo: 95% CI 0.00 to 
0.09; p=0.028; figure 3B). Results for the SAR at year 5 were 
consistent with the mITT population, with a mean difference 
between the sprifermin 100 µg q6mo and placebo groups of 
0.04 mm (95% CI −0.05 to 0.12) and 0.06 mm (95% CI −0.03 
to 0.14) in cartilage thickness change in MFTC and LFTC, 
respectively (figure 3C and D).

No effect of sprifermin on change from baseline in medial 
mJSW was observed at year 2 or up to year 5 (online supple-
mental figure S2A, table S2). Yet, a dose response was observed 
for lateral mJSW at each timepoint (p<0.05 at years 2–5). An 
adjusted mean difference in lateral mJSW change with spri-
fermin versus placebo of approximately 0.2 mm for the 100 µg 
groups was consistently observed over time, but not statis-
tically significant at year 5 (100 µg q12mo: 95% CI −0.09 
to 0.52; p=0.176; 100 µg q6mo: 95% CI −0.09 to 0.54; 
p=0.167; online supplemental figure S2B, table S2). For the 
SAR, a mean difference of 0.16 mm (95% CI −0.31 to 0.62) 
and −0.03 mm (95% CI −0.48 to 0.42) between the highest 
sprifermin dose and placebo for medial and lateral mJSW, 
respectively, was observed at year 5 (online supplemental 
figure S2C,D).

Symptomatic endpoints
The approximately 20- point (50%) improvement from baseline 
in WOMAC pain subscore at year 2 was maintained to year 5 
in all cohorts, including placebo (dose response: p=0.673; 
figure 4A, online supplemental table S3). There was no differ-
entiation in WOMAC pain between any sprifermin dose and 
placebo at year 5 in the ITT cohort; the adjusted mean differ-
ence for sprifermin 100 µg q6mo versus placebo was −1.06 (CI 
−9.10 to 6.99; p=0.990). These results were consistent with 
WOMAC total scores and WOMAC function subscale scores, 
which also improved by approximately 20 points (50%) from 
baseline to year 5 in all groups (online supplemental figure S3A, 
table S3). The adjusted mean difference in WOMAC total for 
sprifermin 100 µg q6mo versus placebo was −1.29 (CI −9.01 
to 6.43).

However, post hoc analysis of the SAR identified a significant 
dose- dependent improvement in WOMAC pain at year 3 that 
persisted to year 5 (dose response: p=0.046; figure 4B). Further, 
a clinically meaningful numerical difference in WOMAC pain 
scores between sprifermin 100 µg q6mo and placebo at year 3 
(adjusted mean −8.58; 95% CI −22.22 to 5.06) was sustained 
to year 5 (adjusted mean −10.08; 95% CI −25.68 to 5.53). In 
addition, the estimated mean difference in total WOMAC for 
the SAR between sprifermin 100 µg q6mo and placebo was clini-
cally significant and persisted to year 5 (−9.50; 95% CI −23.52 
to 4.53; online supplemental figure S3B).

Safety
The number of patients who reported AEs over 5 years was 
similar between the sprifermin groups (96%–98%) and placebo 
(98%; table 1). AEs were mostly mild or moderate in severity 
and 79% were deemed unrelated to treatment. Local AEs in the 
target knee were reported by 49%–51% sprifermin patients and 
49% with placebo (table 1). The greatest number of local related 
AEs were classified as musculoskeletal and soft tissue disorders, 
the most common being arthralgia; reported by 9%–13% of 

Figure 1 Patient disposition. One patient was randomised to placebo but received sprifermin 30 µg at visit 7 and one patient was randomised to 
sprifermin 30 µg q12mo but received 100 µg at visit 3; these patients were included in the 30 µg q12mo and 100 µg q12mo groups, respectively, for 
the SAF analysis set. ITT, intention to treat; mITT, modified intention to treat; N, total number; n, subgroup sample size; q6mo, every 6 months; q12mo, 
every 12 months; SAF, safety; SAR, subgroup at risk.
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patients receiving sprifermin and 9% receiving placebo. No new 
systemic or local safety concerns were identified.

A total of 181 patients (33%) reported serious AEs (SAEs). 
The incidence of SAEs was similar between the sprifermin 
(29%–38%) and placebo (36%) groups, and none were consid-
ered treatment related by investigators. The most common SAEs 
were OA and arthralgia. Withdrawals due to AEs were <10% in 
all treatment groups. The majority of these were musculoskeletal 
and soft tissue disorders. One patient in the placebo group died 
due to gastric cancer approximately 5 months after the last dose; 
this was not considered treatment related.

Safety results for the SAR were similar to the ITT population 
(table 1); there was no obvious difference between the sprifermin 

and placebo groups and approximately 80% of AEs were unre-
lated to treatment. There were more SAEs in the placebo (53%) 
than in the sprifermin groups (31%–37%) for patients in the SAR.

By the end of year 5, a total of 15 patients had partial or total KR 
of the treated joint (table 1). In the ITT population, the incidence 
of partial or total KRs in the treated joint was less than 5% in all 
groups including placebo (n=4, 4.6%), with the exception of the 
sprifermin 30 µg q6mo group (n=5, 5.4%). No patient in the spri-
fermin 100 µg q6mo group had replacement of the treated knee.

DISCUSSION
DMOADs that not only alleviate symptoms but also modify 
structure are an important and unmet clinical need for knee 

Figure 2 Change in TFTJ cartilage thickness up to year 5. (A) Absolute change from baseline in TFTJ cartilage thickness (mm) and (B) difference from 
placebo in TFTJ cartilage thickness (mm) for the mITT population (n=494). (C) Absolute change from baseline in TFTJ cartilage thickness (mm) and 
(D) difference from placebo in TFTJ cartilage thickness (mm) for the SAR (n=161). Means and 95% CIs shown. *p<0.05, **p<0.005, ***p<0.001. BL, 
baseline; mITT, modified intention to treat; q6mo, every 6 months; q12mo, every 12 months; SAR, subgroup at risk; TFTJ, total femorotibial joint.
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OA. Sufficient follow- up in DMOAD trials may be necessary to 
demonstrate that the structural benefit of a DMOAD is main-
tained and that structure modification eventually translates 
into clinical benefit. FORWARD is the longest DMOAD study 
reported to date. The results of the current analyses show that 
the efficacy of sprifermin, as measured by both the dose- effect 
and the mean difference versus placebo in TFTJ cartilage thick-
ness at year 2, was maintained up to year 5, that is, for at least 
3.5 years post- active treatment. These findings suggest that 
intra- articular sprifermin has a sustained effect on articular carti-
lage modification in patients with knee OA, with no detectable 
systemic exposure or new safety signals observed up to Year 5.

Evaluation of the type of cartilage gained with sprifermin by 
biopsy was not possible in FORWARD due to ethical consider-
ations. Preclinical studies in rat models of OA indicated that spri-
fermin induces the proliferation of hyaline cartilage- producing 
articular chondrocytes, hyaline extracellular matrix synthesis 
and cartilage repair.8 10 11 Importantly, the cartilage gained with 
sprifermin treatment up to year 2 did not decline at a faster 
rate after the end of treatment than the natural cartilage in the 
placebo group, indicating robust quality and mechanical proper-
ties with similar resilience to natural cartilage.

Statistically significant cartilage modification was observed in 
the LFTC with sprifermin and while the 0.05 mm net increase in 

Figure 3 Change in MFTC and LFTC cartilage thickness up to year 5. Difference from placebo in cartilage thickness (mm) in the (A) MFTC and 
(B) LFTC for the mITT population (n=494). Absolute change from baseline in (C) MFTC and (D) LFTC cartilage thickness (mm) for the SAR (n=161). 
Means and 95% CIs shown. *p<0.05, **p<0.005, ***p<0.001. BL, baseline; LFTC, lateral femorotibial compartment; MFTC, medial femorotibial 
compartment; mITT, modified intention to treat; q6mo, every 6 months; q12mo, every 12 months; SAR, subgroup at risk; TFTJ, total femorotibial joint.
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MFTC thickness with sprifermin versus placebo was maintained 
to year 5, it was not statistically significant. Since the majority 
of patients in the study had medial disease, less weight load in 
the lateral compartment (off- loading the joint) may have allowed 
for a more pronounced effect by sprifermin in the LFTC. Impor-
tantly, the medial compartment responded to sprifermin despite 
continuous weight load.

A large decrease in WOMAC pain of approximately 50% was 
observed in all groups, including placebo, and maintained up 
to year 5. These observations suggest that the contextual effect 
of intra- articular injection that is known to impact WOMAC 
outcome in knee OA trials19 is maintained over long periods. 
This is in line with a meta- analysis of 32 randomised trials that 
showed intra- articular saline injections to significantly improve 
short- term and long- term knee pain.20 There was high variation 

in WOMAC pain and no statistical differentiation between 
the highest sprifermin dose and placebo was observed in the 
ITT cohort at year 5 or previous timepoints. FORWARD was 
designed to assess structural modification, not symptoms, and as 
such pain medication was not modified or restricted throughout 
the study. This may have contributed to the lack of symptomatic 
differentiation between sprifermin and placebo.

Post hoc analyses identified a subgroup of patients with 
narrower mJSW (<3.5 mm) and non- acceptable OA- related 
knee pain (>40) at baseline: the SAR.16 Interestingly, net struc-
tural improvement in cartilage thickness relative to placebo was 
similar in the SAR and overall study population, although the 
SAR encountered more rapid cartilage loss compared with the 
latter. This is an important finding, as it is often presumed that 
DMOADs would be ineffective in patients with more severe 

Figure 4 Change from baseline in WOMAC pain scores up to year 5 in the (A) ITT population (n=549) and (B) SAR (n=161). Means and 95% CIs 
shown. Δajd., adjusted mean difference (95% CI) to placebo at year 5; BL, baseline; ITT, intention to treat; q6mo, every 6 months; q12mo, every 12 
months; SAR, subgroup at risk; WOMAC, Western Ontaria and McMaster Universities Osetoarthritis Index.
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disease at baseline and in those with faster structural progres-
sion. The current results, however, demonstrate that structural 
modification by sprifermin is at least as strong in more severe 
OA as in milder OA.

The overall study population was relatively heterogeneous 
due to the inclusion criteria allowing a population with 
diverse levels of baseline pain and structural status. A shift 
in pain reporting between screening (WOMAC sub- question 
A1) and baseline (sub- questions A1–A5) was observed, and a 
relatively high proportion of patients (32%) had a baseline 
WOMAC pain score of <40. Such heterogeneous cohorts 
may be less likely to differentiate DMOAD responses on 
pain from placebo due to a floor effect that contributes to 
lower average scores across the study population.16 Patients 
were selected with different amounts of cartilage thickness 
at baseline in order to maximise the likelihood of observing 
structural changes. As a result, many patients (38%) had a 
baseline medial mJSW of >4.0 mm that approached the JSW 
of healthy individuals. It is likely that more time is required 
for these patients to show translation of structural improve-
ment to symptomatic benefit versus placebo.

Importantly, and in contrast with the full ITT cohort, the 
potential clinically meaningful improvements in pain with 
the highest sprifermin dose versus placebo observed at year 
3 were sustained to year 5 in the SAR. The pain benefit of 
sprifermin in this subgroup required 2–3 years to become 
clinically relevant, in line with the hypothesis that this occurs 
subsequent to structural modification of cartilage thickness. 
These results are plausible, as patients with less mJSW, lower 
cartilage thickness and more pain at baseline are more likely 
to symptomatically benefit from cartilage structural modi-
fication than those with only mild disease. The findings 
also show that relatively long observation intervals may be 
required to demonstrate the translation of structural modifi-
cation into symptomatic benefit.

The limitations of this study include that the year 5 anal-
yses were exploratory, and the SAR was identified post hoc 
and included a modest proportion of patients. Conclusions 
regarding sprifermin’s symptomatic effects are limited by the 
lack of control/modification of analgesic medication during 
the study (as per protocol) and the enrolment of patients with 
limited pain at baseline. No techniques were applied to iden-
tify valid pain reporters or limit the placebo effect on pain. 
Rescue medications and changes in physical activity were not 

analysed, which could have helped put into context the lack 
of separation in symptomatic endpoints between the spri-
fermin and placebo groups. Finally, MRI reading approaches 
regarding blinding to the sequence of image acquisition 
differed between time points, although differences between 
sprifermin- treated and placebo- treated patients at each time 
point were unaffected by this.

In conclusion, these findings suggest potential long- lasting 
cartilage structural modification with sprifermin treatment 
among patients with knee OA. Symptomatic improvements 
with sprifermin versus placebo were observed in an SAR of 
structural and symptomatic progression. The FORWARD 
trial had the longest follow- up time for DMOAD efficacy 
using quantitative imaging and provides an exemplar for 
the feasibility of long- term OA trials. Enrichment of patient 
populations with higher likelihood of structural and symp-
tomatic progression may increase the chance of successful 
DMOAD development.
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100 µg 
q6mo n=33
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AEs, adverse events; ITT, intention to treat; KRs, knee replacements; q6mo, every 6 months; q12mo, every 12 months; SAEs, serious adverse events; SAR, subgroup at risk.
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ABSTRACT
Objectives To determine how gene expression profiles 
in osteoarthritis joint tissues relate to patient phenotypes 
and whether molecular subtypes can be reproducibly 
captured by a molecular classification algorithm.
Methods We analysed RNA sequencing data from 
cartilage and synovium in 113 osteoarthritis patients, 
applying unsupervised clustering and Multi- Omics Factor 
Analysis to characterise transcriptional profiles. We 
tested the association of the molecularly defined patient 
subgroups with clinical characteristics from electronic 
health records.
Results We detected two patient subgroups in low- 
grade cartilage (showing no/minimal degeneration, 
cartilage normal/softening only), with differences 
associated with inflammation, extracellular matrix- 
related and cell adhesion pathways. The high- 
inflammation subgroup was associated with female 
sex (OR 4.12, p=0.0024) and prescription of proton 
pump inhibitors (OR 4.21, p=0.0040). We identified 
two independent patient subgroupings in osteoarthritis 
synovium: one related to inflammation and the other to 
extracellular matrix and cell adhesion processes. A seven- 
gene classifier including MMP13, APOD, MMP2, MMP1, 
CYTL1, IL6 and C15orf48 recapitulated the main axis of 
molecular heterogeneity in low- grade knee osteoarthritis 
cartilage (correlation ρ=−0.88, p<10−10) and was 
reproducible in an independent patient cohort (ρ=−0.85, 
p<10−10).
Conclusions These data support the reproducible 
stratification of osteoarthritis patients by molecular 
subtype and the exploration of new avenues for tailored 
treatments.

INTRODUCTION
Our understanding of the molecular mechanisms 
that underlie the observed epidemiological and 
clinical heterogeneity in osteoarthritis (OA) is 
incomplete. The accessibility of primary disease 
tissues at the point of joint replacement surgery 
provides the opportunity to stratify patients based 
on tissue- specific molecular profiles. Such stratifi-
cation may help provide mechanistic insights into 
the molecular processes underlying the disease and 
subsequently develop novel tailored treatments. 
By examining expression profiles in cartilage, two 
previous studies in small cohorts have identified 
two subgroups of patients: microarray data from 
23 patients suggested subgroups with gene expres-
sion differences related to inflammatory response, 

leucocyte activation, regulation of cytokine produc-
tion and chemokine activity1; RNA sequencing data 
from 44 patients also suggested two subgroups, but 
with differences related to oxidative stress, innate- 
immune responses, Wnt signalling and chemokine 
signalling rather than classical inflammation.2

Several questions emerge from these studies: 
Do molecular profiles in different disease- relevant 
tissues define the same patient subgroups? Is the 
molecular subgrouping associated with any clin-
ical characteristics? Is the molecular subgrouping 

Key messages

What is already known about this subject?
 ► Osteoarthritis (OA) is a disease with both 
clinical and molecular heterogeneity.

 ► However, it remains unclear whether 
molecular subgroupings of patients vary 
between joint tissue types, how they relate 
to clinical characteristics and whether they 
can be reproducibly captured by a molecular 
classification algorithm.

What does this study add?
 ► We carried out the first in- depth 
characterisation of molecular heterogeneity 
using patient synovium and cartilage in the 
largest cohort to date.

 ► We detected two patient subgroups based on 
low- grade (largely intact) OA cartilage, which 
were associated with sex and proton pump 
inhibitor prescription. Patient subgroups in 
synovium were associated with inflammation 
and, separately, extracellular matrix and cell 
adhesion, and were independent of the low- 
grade OA cartilage subgroups.

 ► A seven- gene classifier reproducibly 
recapitulated both the discrete assignment of 
knee low- grade OA cartilage subgroups and the 
main continuous spectrum of variation within 
the tissue.

How might this impact on clinical practice or 
future developments?

 ► These data demonstrate that molecular 
tissue profile in OA is associated with patient 
clinical characteristics, that this profile can be 
characterised using a limited panel of genes, 
and support the case for precision medicine 
approaches in OA.
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truly categorical or better reflected by a continuous spectrum 
of variation? Can a molecular classification algorithm repro-
ducibly recapitulate both categorical subgrouping and the main 
continuous spectrum of variation? Here, we examine these ques-
tions through genome- wide transcriptional profiling of multiple 
primary patient tissues (low- grade OA cartilage, high- grade OA 
cartilage and synovium), integrating information from electronic 
health records, and substantially increasing the cohort size and 
hence power (doubling the size of the discovery sample and 
almost tripling the total number of patients with genome- wide 
data compared with past studies).

MATERIAL AND METHODS
Patients
We analysed tissue samples from 113 patients undergoing total 
joint replacement surgery (table 1). All patients gave informed 
written consent prior to participation (online supplemental 
methods). Matched low- grade and high- grade OA cartilage 
samples (ie, largely intact vs degraded tissue, respectively; see 
online supplemental methods) were collected from each patient 
and synovial lining samples from 90 knee OA patients (table 1). 
All cartilage samples were collected from weight- bearing areas 
of the joint, ensuring that any differences observed between 
low- grade and high- grade OA cartilage reflected disease severity 
rather than differential mechanical loading. Cartilage scoring, 
isolation of chondrocytes and synoviocytes, and RNA extraction 
are described in online supplemental methods.

For knee OA patients, we obtained clinical characteristics and 
prescribed drugs from the electronic patient records (online 
supplemental methods).

RNA sequencing
Multiplexed libraries were sequenced on the Illumina HiSeq 
2000 or HiSeq 4000 (75bp paired- end reads). After quality 
control, we applied salmon 0.8.2,3 and tximport4 to obtain 
gene- level scaled transcripts per million estimates (online supple-
mental methods).

Molecular subgroups
We applied limma- voom5 to remove heteroscedasticity from gene 
expression data, permuted Surrogate Variable Analysis (pSVA)6 
to remove technical variation and explicitly regressed out effects 
of known sample collection and sequencing batches. We then 
applied ConsensusClusterPlus7 to identify discrete molecularly 
defined subgroups (‘clusters’) of patients, with a sensitivity anal-
ysis to verify that clustering was similar when restricting to knee 
OA patients only (online supplemental text). We tested differen-
tial gene expression between clusters using limma,8 and applied 
SPIA9 and GOseq10 to identify associated biological processes 
(online supplemental methods).

Associations between molecular clusters and clinical 
characteristics
We tested for association between cluster assignment and clin-
ical characteristics using a generalised linear model and applied 
a Bonferroni multiple- testing correction for the effective number 
of tests (p<0.0047, online supplemental methods). As sensitivity 
analyses, we successively added the following covariates to the 
models: sex, age, OA joint, body mass index (online supple-
mental methods).

In-depth characterisation of molecular heterogeneity
To test for patient heterogeneity using a method that can detect 
both discrete clustering and a continuous spectrum of variation, 
we used Multi- Omics Factor Analysis (MOFA).11 We investi-
gated the correspondence between the discrete clusters and the 
continuous spectrum of variation identified by the MOFA and 
carried out extensive sensitivity analyses to verify robustness of 
the MOFA results (online supplemental methods).

Low-grade OA cartilage classifier
We used the 'Prediction analysis for microarrays for R' (PAMR)12 
package to construct a classifier which used a smaller subset of 
genes to recapitulate the main axis of molecular heterogeneity in 
knee low- grade OA cartilage (online supplemental methods). We 
validated the classifier using an independent publicly- available 
dataset from 60 knee OA patients2 (table 1, online supplemental 
methods).

RESULTS
After quality checks, we analysed transcriptomic profiles of 259 
tissue samples from 106 patients (table 1).

Do molecular profiles in different tissues define the same 
patient subgroups?
Using consensus clustering, we identified two robust patient clus-
ters in synovium, each of which further formed two subclusters 
(figure 1A). We also identified two robust patient clusters within 
low- grade, but not high- grade OA, cartilage (figure 1B, online 
supplemental figure 1). Cartilage clustering was independent of 
the synovium clusters (Fisher’s p>0.66), and not associated with 
patient cohort nor with sequencing batches (χ2 test, p>0.96).

Signalling Pathway Impact Analysis9 showed that the differ-
ences between the two synovium patient clusters relate to 
inflammation, while differences between the sub- clusters relate 
to the extracellular matrix and to cell adhesion (figure 1C,D, 
online supplemental figure 2, table 1 and text). The differences 
between low- grade OA cartilage clusters were also strongly asso-
ciated with inflammation, extracellular matrix- related and cell 
adhesion pathways (figure 1E, online supplemental table 1).

Table 1 Characteristics of patients in discovery and validation cohorts

Variable Discovery total Discovery cohort 1 Discovery cohort 2 Discovery cohort 3 Discovery cohort 4 Validation

No of patients (after QC) 113 (106) 12 (11) 20 (17) 11 (10) 70 (68) 60 (60)

Osteoarthritis joint Knee or hip Knee Knee Hip Knee Knee

Low- grade OA cartilage samples after QC 87 11 16 10 50 60

High- grade OA cartilage samples after QC 95 10 16 10 59 –

Synovium samples after QC 77 – 16 – 61 –

Females, n (%) after QC 63 (59) 2 (19) 12 (71) 8 (73) 41 (60) 27 (45)

Age, average years (range) after QC 69 (38–88) 69 (50–88) 70 (54–79) 61 (44–88) 70 (38–84) 72 (63–85)

OA, osteoarthritis; QC, quality control.
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Figure 1 Distinct molecularly defined patient clusters identified in low- grade OA cartilage and synovium tissue. (A) Two clusters of patients based 
on consensus clustering of synovium RNA data. Each cluster formed two subclusters, with one outlier sample. (B) Two clusters of patients based 
on consensus clustering of low- grade OA cartilage RNA data. (C) Gene expression differences between synovium clusters show several significant 
(false discovery rate <5%) associations related to inflammation and osteoclast differentiation using Signalling Pathway Impact Analysis (SPIA). Here 
and below, P: p values based on enrichment of genes; perturbation of the pathway based on gene log- fold differences; or combining enrichment 
and perturbation. The associations shown are robust across several gene- level differential expression cut- offs (online supplemental table 1). (D) 
Gene expression differences between the synovium subclusters within each cluster show similar pathway associations, including to ECM–receptor 
interaction and focal adhesion pathways. (E) Gene expression differences between low- grade OA cartilage clusters show significant associations 
with inflammation and osteoclast differentiation pathways. (F) An analysis of low- grade OA cartilage samples using MOFA identifies a continuous 
spectrum of variation between samples, which corresponds to the identified clusters. Samples with intermediate MOFA factor 1 scores have lower 
Silhouette scores, showing more uncertainty in cluster assignment. For synovium, see online supplemental figure 3. ECM, extracellular matrix; FDR, 
false discovery rate; MOFA, Multi- Omics Factor Analysis; OA, osteoarthritis.
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Is the molecular subgrouping associated with clinical 
characteristics?
We found that women were more likely to be members of the 
cartilage cluster characterised by higher inflammation (OR=4.12, 
p=0.0024; online supplemental table 2 and text). Patients in the 
high- inflammation cluster were also more likely to be prescribed 
proton pump inhibitors (PPIs; OR=4.21, p=0.0040; online 
supplemental text). We did not detect significant associations 
between synovium clustering and clinical characteristics (online 
supplemental table 2 and text).

Is the molecular clustering categorical or continuous?
MOFA11 identified continuous axes of variation within synovium 
and low- grade OA cartilage tissue that correspond strongly with 
cluster assignment (figure 1F, online supplemental figures 3 
and 4, online supplementary text). In low- grade OA cartilage, 
the first MOFA factor (ie, the main axis of variation) explained 
28% of variation in gene expression levels; the gene expression 
weights for this first factor and the log- fold- differences between 
clusters had very high correlation (Pearson correlation r=0.91, 
p<10−15; online supplemental figure 4). These findings were 
also recapitulated in synovium (r 0.83–0.96 for gene weights for 
the first two MOFA factors and the log- fold- differences between 
synovium clusters and subclusters; online supplemental figure 
4). This suggests that the variation within these tissues is better 
represented as a continuous spectrum.

We verified robustness of the MOFA results using extensive 
sensitivity analyses (including restricting analysis to knee OA 
patients only or explicitly regressing out age and sex effects; 
online supplemental text).

Can a classifier reproducibly recapitulate both categorical 
clustering and the main axis of variation?
We used a soft- thresholding centroid- based method, PAMR,12 to 
construct a tool that can recapitulate the clustering and main axis 
of heterogeneity in low- grade OA cartilage. As clinical and research 
applications would likely differ between OA joints, we restricted the 

analysis to patients with knee OA. The resulting tool predicts prob-
abilities of knee low- grade OA cartilage cluster assignment based on 
the expression levels of seven genes (figure 2A, online supplemental 
figure 5, Data availability): MMP1, MMP2 and MMP13, which are 
involved in cartilage degradation13; IL6, a proinflammatory cyto-
kine; CYTL1, a cytokine- like gene, loss of which has been found to 
augment cartilage destruction in surgical OA mouse models14; APOD, 
a component of high- density lipoprotein found to be strongly upreg-
ulated by retinoic acid,15 which is in turn regulated by ALDH1A2,16 
an OA risk locus17 18 and C15orf48, of currently unknown function. 
Notably, the probabilities for cluster assignment generated by the 
classifier captured the main continuous spectrum of variation in this 
tissue (Spearman’s correlation ρ=−0.88, p<10−10; figure 2B). We 
validated the seven- gene classifier in an independent gene expression 
dataset of low- grade OA cartilage samples from 60 knee OA patients 
undergoing joint replacement surgery.2 The posterior probabilities 
for cluster assignment had good correspondence to the main contin-
uous spectrum of variation in the validation samples, supporting the 
predictive potential of the seven- gene classifier (ρ=−0.85, p<10−10; 
figure 2C).

We also found that the seven- gene classifier had improved 
generalisability compared with a classifier developed in previous 
work2: the majority of genes in the previously developed clas-
sifier showed either discordant expression differences between 
the clusters in our larger dataset or high false discovery rates 
(>30%; online supplemental table 3 and text).

DISCUSSION
Our findings indicate that molecular heterogeneity in OA carti-
lage and synovium is associated with similar biological processes 
(including inflammation), but molecularly defined patient clus-
ters differ between tissues, potentially reflecting differences in 
tissue- specific dominant disease processes.

The clustering in low- grade OA cartilage agrees with two 
previous smaller studies.1 2

We also identified an association between the cartilage high-
inflammation cluster and female sex, which is consistent with the 

Figure 2 Clustering and main axis of variation within knee low- grade OA cartilage can be recapitulated using a seven- gene classifier. (A) PAMR 
scores for each gene in the seven- gene knee OA classifier (the difference between the standardised centroids of the two clusters) and the differential 
expression of the genes between the two low- grade OA cartilage clusters. See online supplemental figure 5 for classifier performance. (B) The PAMR 
posterior probabilities for cluster assignment are highly correlated with MOFA factor 1 scores for knee low- grade OA cartilage samples, capturing 
the main continuous spectrum of variation between samples. Inset: Spearman correlation, p<10−10. (C) In an independent set of 60 low- grade OA 
cartilage samples from 60 knee OA patients, the posterior probabilities for cluster assignment from the seven- gene classifier are well correlated with 
the continuous spectrum of variation in these samples, as quantified by the first MOFA factor in an ab initio analysis. Inset: Spearman’s correlation, 
p<10−10. IL, interleukin; MOFA, Multi- Omics Factor Analysis; OA, osteoarthritis.

https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
https://dx.doi.org/10.1136/annrheumdis-2020-219760
http://ard.bmj.com/


1074 Steinberg J, et al. Ann Rheum Dis 2021;80:1070–1074. doi:10.1136/annrheumdis-2020-219760

Osteoarthritis

disproportionate increase in the incidence of OA in women after 
the menopause. This association might be explained by the lower 
concentration of oestrogen and androgens (which have established 
anti- inflammatory effects) in postmenopausal women.19 20 We spec-
ulate that our observed association between the high- inflammation 
cluster and PPI use could be explained by over the counter use of 
non- steroidal anti- inflammatory drugs for which PPIs are commonly 
coprescribed. We did not see discrete subgrouping in high- grade OA 
cartilage, perhaps indicating that there is less clear variation in molec-
ular profiles in cartilage with advanced degeneration.

Our MOFA results further confirmed that the main axis of vari-
ation was related to inflammation in both synovium and cartilage. 
The seven- gene classifier generated using PAMR was able to place 
knee OA patients along the inflammatory endotype axis of variation 
and confirmed that such classification reflects continuous variation 
rather than categorical clustering, with validation in independent 
data. This finding has implications for the development of thera-
peutic strategies for OA, providing empirical evidence that responses 
might be expected to be heterogeneous along an axis of variation, 
rather than discrete. However, further study will be required to 
determine to what extent the inflammation axis is present in earlier 
disease stages, is stable across time or differs with disease activity, 
which cartilage scoring system is best suited to detect this axis, and 
whether the classifier can be applied to or modified for peripheral 
tissue (eg, saliva or blood). We anticipate that, looking ahead, this 
approach could underpin tailored therapy development and help 
improve patient care.
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ABSTRACT
Objectives Increasing evidence suggests that 
inflammatory mechanisms play a key role in chronic 
tendon disease. After observing T cell signatures in 
human tendinopathy, we explored the interaction 
between T cells and tendon stromal cells or tenocytes to 
define their functional contribution to tissue remodelling 
and inflammation amplification and hence disease 
perpetuation.
Methods T cells were quantified and characterised 
in healthy and tendinopathic tissues by flow cytometry 
(FACS), imaging mass cytometry (IMC) and single cell 
RNA- seq. Tenocyte activation induced by conditioned 
media from primary damaged tendon or interleukin-
1β was evaluated by qPCR. The role of tenocytes in 
regulating T cell migration was interrogated in a standard 
transwell membrane system. T cell activation (cell surface 
markers by FACS and cytokine release by ELISA) and 
changes in gene expression in tenocytes (qPCR) were 
assessed in cocultures of T cells and explanted tenocytes.
Results Significant quantitative differences were 
observed in healthy compared with tendinopathic 
tissues. IMC showed T cells in close proximity to 
tenocytes, suggesting tenocyte–T cell interactions. On 
activation, tenocytes upregulated inflammatory cytokines, 
chemokines and adhesion molecules implicated in 
T cell recruitment and activation. Conditioned media 
from activated tenocytes induced T cell migration and 
coculture of tenocytes with T cells resulted in reciprocal 
activation of T cells. In turn, these activated T cells 
upregulated production of inflammatory mediators in 
tenocytes, while increasing the pathogenic collagen 3/
collagen 1 ratio.
Conclusions Interaction between T cells and tenocytes 
induces the expression of inflammatory cytokines/
chemokines in tenocytes, alters collagen composition 
favouring collagen 3 and self- amplifies T cell activation 
via an auto- regulatory feedback loop. Selectively 
targeting this adaptive/stromal interface may provide 
novel translational strategies in the management of 
human tendon disorders.

INTRODUCTION
Tendinopathy is the broad term encompassing 
multifactorial tendon disorders clinically char-
acterised by the presence of pain and functional 
limitation.1 Achilles, patellar and rotator cuff 
tendinopathies as well as epicondylitis are exam-
ples of this prevalent pathology that is responsible 
for up to 30% of general practice musculoskeletal 

consultations2 costing European Union healthcare 
systems in excess of €800 million annually.3

The paucity of effective treatments in tendon 
disorders partially reflects lack of understanding 
of its pathogenesis.4 Historically considered a 
degenerative pathology and therefore termed 
‘tendinosis’, research conducted during the last 
decade has revealed the presence of immune cells 
(mast cells, macrophages, T cells)5–12 and inflam-
matory cytokines (interleukin (IL)-6, IL-15, IL-17, 
IL-18, IL-33, tumour necrosis factor alpha (TNF-
α))10 11 13 14 in tendinopathic tissues. Recognition of 
this inflammatory component has important clinical 
implications, as these pathways provide therapeutic 
potential that may avoid chronicity and long- term 
complications such as pain and tendon ruptures.

During the inflammatory process there is crosstalk 
between the stromal compartment and infiltrating 
immune cells that can determine the fate of tissue 
in terms of repair or degeneration. In particular, 

Key messages

What is already known about this subject?
 ► Tendinopathy is a complex multi- faceted tendon 
pathology commonly associated with overuse. 
The potential roles of immune cells acting 
on resident tenocytes remain the source of 
some controversy while understanding these 
interactions on tendon homoeostasis is crucial 
in designing future targeted therapies.

What does this study add?
 ► Our study shows the spatial relationship of 
T cells and tenocytes in tendinopathy, an 
upregulation of inflammatory cytokines, 
chemokines and adhesion molecules in 
activated tenocytes after tendon damage, 
the effect of tenocytes on T- cell migration 
and activation and finally the impact of these 
activated T cells on the stromal compartment 
in the tendon, with the maintenance of an 
inflammatory response and changes in collagen 
3/collagen 1 ratio.

How might this impact on clinical practice or 
future developments?

 ► Selectively targeting T cells in tendinopathy 
provides scope for novel translational strategies 
in the management of tendon disorders.
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the relationship between T cells and stroma has been intensively 
studied in other rheumatic and musculoskeletal diseases, such 
as rheumatoid arthritis (RA). Chemokines involved in T cell 
recruitment are present in synovial tissues and synovial fluid 
from patients with RA15 and synovial fibroblast subsets promote 
T cell survival,16–19 activation17 20 and induce interferon (IFN)-γ, 
IL-17 and TNF-α production.20 21 In turn, T cells have reciprocal 
effects on synovial fibroblasts through upregulation of ICAM-1, 
IL-6, IL-8, IL-15, IL-18, MMP1, MMP3, PGE2, TNF-α and 
VCAM-1 in the later.17 20–23 These pathways support persistence 
of the inflammatory infiltrate, hence chronicity. However, few 
data exist regarding the relationship between tendon stromal 
cells, also known as tenocytes, and T cells and its role in the 
development of chronicity in tendinopathy.

The development of tendon inflammation focused in areas 
where tendons attach to bones, also known as enthesitis, is char-
acteristic of spondyloarthritis (SpA).24 Mechanical stress in these 
areas has been proposed as a trigger for the development of an 
inflammatory response that further extends into the synovial 
compartment. Although the presence of T cells has been observed 
at the enthesis,25 less is known about which is the relationship 
between T cells and tenocytes and its role in the development 
and perpetuation of a chronic inflammatory response in SpA.

We hypothesise that the cross- talk between tenocytes and 
T cells may play a role in the development of chronicity in 
tendon inflammation through its effect on sustaining an immune 
response by promoting migration and activation of immune 
cells and importantly, through changes collagen 3, which has 
an impact in tendon biomechanics. Herein, we analysed the 
effect of tenocytes on migration and activation of T cells and 
in turn the reciprocal effect of activated T cells on tenocytes. 
We describe a hitherto unrecognised self- amplificatory feedback 
loop in human tendon disease.

METHODS
Tissue collection and preparation
Supraspinatus and subscapularis tendon samples were collected 
from patients with rotator cuff tears undergoing shoulder 
surgery for flow cytometry (FACS) analysis, mass cytometry 
imaging and single cell RNA- sequencing. Standardised patient 
demographics were obtained preoperatively and included age, 
sex, duration of shoulder symptoms experienced by the patient 
and the number of subacromial steroid injections (table 1). 
Patients who received two steroid injections had symptoms >6 
months and had not had an injection at least 3 months prior to 

surgery. Samples of the subscapularis tendon were also collected 
from the same patients. Patients were only included if there was 
no clinically detectable evidence of subscapularis tendinopathy 
on a preoperative MRI scan as determined by a musculoskeletal 
radiologist or macroscopic damage to the subscapularis tendon 
at the time of arthroscopy as determined by the senior author 
(NLM)—by these criteria they represented a preclinical cohort. 
In this cohort, all patients fulfilled the following criteria1: a 
history of shoulder pain and dysfunction,2 no previous surgery 
on the affected shoulder,3 no radiographic sign of fracture of 
the shoulder and4 no history of RA or osteoarthritis. Hamstring 
tendons obtained at the time of routine anterior cruciate liga-
ment (ACL) reconstruction were employed as an independent 
control group. Healthy human tenocytes were explanted from 
hamstring tendon of patients undergoing ACL reconstruction. 
Cells were maintained at 37°C in a humidified atmosphere of 
5% CO2 for up to 28 days and then subcultured and trypsinised 
at subconfluency, using cells with less than four passages.

Immunophenotype of tendinopathic tissue
Tendon tissue was digested in 0.15 mg/mL Liberase TM (Sigma- 
Aldrich) in 10 mL RPMI, kept in constant rotation at 37°C for a 
maximum of 2 hours. Digested tissue was then filtered, and cells 
were stained with the following antibodies: anti- CD45 BV510 
and anti- CD3 FITC, anti- CD19 APC, anti- CD64 APC- Cy7 and 
anti- CD117 PE (Biolegend). Samples were run on an LSRII flow 
cytometer (BD Biosciences) and results analysed with FlowJo 
software. Cells were initially gated on the forward and side 
scatter (online supplemental figure 1A), following identifica-
tion of singlet cells, immune cells were gated on CD45+ events. 
Subsequently, macrophages (CD64+) and (CD3+) T Cells were 
identified, the negative population of both markers was then 
used to identify B cells (CD19+) and mast cells (CD117+). The 
number of events of each population was quantified and used 
to calculate the percentage of immune cells (CD45+) from the 
whole singlet cell population and the percentage of each immune 
cell population from the CD45+ immune cell subset (online 
supplemental figure 1B).

Histology and imaging mass cytometry
Samples were stained with H&E for determination of the 
degree of tendinopathy as assessed by a modified version of the 
Bonar score (grade 4=marked tendinopathy, grade 3=advanced 
tendinopathy, grade 2=moderate degeneration, grade 1=mild 

Table 1 Patient demographics for by imaging mass cytometry (IMC),flow cytometry (FACS) and single cell RNA- seq (scRNASeq)

Experiment Tissue Patients (n) Mean age in years (range) Sex (M:F)

Mean duration of 
symptoms in months 
(range)

Mean number of 
steroid injections

IMC Supraspinatus tendinopathy
(established tendinopathy)

5 58.6 (49–62) 2:03 6.4 (2–12) 1.3

FACS Supraspinatus tendinopathy
(established tendinopathy)

14 56.4 (39–65) 8:06 6.8 (3–11) 1.2

Subscapularis
Tendinopathy
(early tendinopathy)

9 59.2 (46–63) 5:04 8.3 (4–13) 1.1

Control tendon
hamstrings tendon)

4 21.5 (19–25) 3:01 – –

scRNASeq Supraspinatus tendinopathy
(established tendinopathy)

4 62 (58–68) 2:02 6.2 (2–12) 1

Control tendon
(hamstrings tendon)

5 25 (21–28) 3:02 – –

https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
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degeneration, grade 0=normal tendon). This included the 
presence or absence of oedema and degeneration together with 
the degree of fibroblast cellularity and chondroid metaplasia. 
Examples of H&E staining used in imaging mass cytometry 
(IMC) are provided in online supplemental figure 2A. Tissues 
were immediately fixed in 4% formalin for 4–6 hours and then 
embedded in paraffin. Sections were cut to 5 µM thickness 
using a Leica- LM microtome (Leica Microsystems, Germany) 
and placed onto Superfrost Ultra Plus glass slides (Gerhald 
Menzel, Germany). Samples were stained with the following 
antibodies: anti- human CD4 (EPR6855)—156Gd, anti- human 
CD68 (KP1)—159Tb, anti- human CD8a anti- human collagen 
type I (Polyclonal)—169Tm, anti- human CD3 (Polyclonal, 
C- Terminal)—170Er, anti- histone 3 (D1H2)—176Yb (all Flui-
digm UK), using the IMC Staining Protocol for FFPE Sections 
from the manufacturer. Briefly, slides were baked for 2 hours 
at 60°C and then dewaxed in fresh xylene for 20 min followed 
by hydrating in descending grades of ethanol (100%, 95%, 
80%, 70%), 5 min each. They were washed in MAXpar water 
(Fluidigm) and then placed into preheated antigen retrieval 
solution (pH9) (Agilent) and incubated for 30 min at 96°C. 
Slides were cooled and washed in Maxpar water and Maxpar 
PBS (Fluidigm) twice and blocked for 45 min with 3% BSA 
(Sigma- Aldrich), following staining with antibodies previously 
mentioned in 3%BSA overnight. After that slides were washed 
in Maxpar PBS and then Maxpar water prior to drying. Sections 
were then ablated on Hyperion Imaging System (Fluidigm) for 
analysis. Data were exported to MCD viewer (Fluidigm) and 
images converted to allow cell segmentation using Cell Profiler 
and Ilastik (Broad Institute). HistoCat (BodenMiller) and 
IMACytE (Leiden) was used for unsupervised clustering of cells 
(PhenoGraph function) and neighbouring cells were defined as 
those within four pixels.

Single-cell RNA-seq
Single- cell suspensions of cells were derived from freshly 
digested tendon biopsies following surgical excision, as previ-
ously described.26 Live cells were sorted using a FACS ARIA 
III. Isolated cells (13 561 cells from healthy and 38 040 cells
from supraspinatus tendon tissue) were lysed and then RNA was 
reverse- transcribed and converted to cDNA libraries for RNA- 
seq analysis using a Chromium Controller and Chromium Single 
Cell 3′ v2 Reagent kit (10x Genomics) following the manufac-
turer’s protocol. Pooled libraries were used for sequencing on 
a HiSeq 4000 (Illumina) to a depth of ~30 000 reads per cell. 
Alignment of reads to the genome and generation of gene counts 
per cell were performed by Cell Ranger software (10x Genomics). 
4080 cells from healthy and 22 004 cells from supraspinatus 
tendon tissue were sequenced. Quality control was performed 
on each sample and poor- quality cells were removed on the basis 
of number of genes expressed (<200), of unique molecular iden-
tifiers and percentage of mitochondrial reads mapped (>5%). 
Following this quality check (QC), we normalised and scaled the 
data using Seurat Package (Satija Lab) for all the cells (health 
k=3040, supraspinatus k=19 084). Then principal components 
analysis and high- quality cells were clustered using a graph- 
based routine implemented in Seurat R package and its inte-
gration method for multiple samples (Satija Lab). All cells from 
the tissue were clustered (online supplemental figure 1C), and 
immune cells were computationally isolated for further analysis 
(online supplemental figure 1D).

Stimulation of tenocytes
Healthy hamstring tendon tissue from ACL reconstructions was 
cut in small pieces with a scalpel and transferred into flasks with 
complete RPMI (RPMI media supplemented with 10% FBS, 
penicillin 100 IU/mL, streptomycin 100 µg/mL), which were 
placed in an incubator at 37°C, 5% CO2. After 24 hours, 1 mL 
of this conditioned media obtained from damaging the tendon 
was stored at −20°C until use. Tenocytes were seeded into 24 
well tissue culture plates (25 000 cells/well) and left to rest for 72 
hours at 37°C, 5% CO2. On day 3, media was replaced with fresh 
complete RPMI and cells were stimulated with 1 ng/mL IL-1β 
(Biolegend) or conditioned media from damaged tendon tissue. 
After 4 hours, media was removed and 300μL of cell lysis buffer 
(Life Technologies) was added to each well. Cell lysates were 
stored at −20°C for subsequent assessment of RNA expression.

Cell migration
In order to generate conditioned media from tenocytes to induce 
migration of T cells, tenocytes were stimulated as previously 
indicated with IL-1β for 4 hours and then washed twice with 
PBS. Cells were then kept in fresh complete RPMI media for 18 
hours, when media was collected and stored at −20°C.

Peripheral blood mononuclear cells (PBMCs) were obtained 
from healthy donors’ buffy coats from the Scottish National 
Transfusion Centre after centrifugation with a density gradient 
(Ficoll- Paque PLUS, GE Healthcare) and CD3+ cells were 
isolated using negative selection (Stemcell Technologies, Canada). 
T cells were pre- activated overnight with antibodies against 
CD3 (aCD3, 1 µg/mL, Biolegend) and CD28 (aCD28, 2 µg/mL, 
Biolegend). A transwell membrane system (5 µM, Corning) was 
used to assess the migration of 0.5×106 T cells per well placed 
in the upper chamber. Conditioned media from tenocytes was 
diluted to 80% in complete RPMI. After 4 hours, cells migrating 
to the lower chamber were counted with a haemocytometer and 
stained for FACS analysis.

Coculture of tenocytes and T cells
25 000 tenocytes were cocultured with 250 000 T cells (1:10 
ratio) obtained after CD3 positive selection (Miltenyi Biotec, 
Germany) from buffy coats, comparing direct contact between 
tenocytes and T cells with the effect of soluble factors in cocul-
tures in which a transwell membrane (0.4 µM, Corning) was 
used to keep both populations apart. After 48 hours, T cells were 
removed and stained for analysis of the activation marker CD69 
by FACS. Supernatants were stored for quantification of IFN-γ 
by ELISA (Invitrogen, California, USA). Tenocytes were washed 
twice with PBS in order to remove T cells and then lysed for 
analysis of gene expression.

Assessment of T cell activation by FACS
Surface expression of CD69 in T cells was used as a marker of 
T cell activation. T cells obtained from coculture experiments 
were transferred to 5 mL polystyrene tubes and washed with 
PBS. Viability staining was performed with efluor 506 viability 
dye (Thermo Fisher) for 15 min at 4°C in the dark. After one 
wash with FACS buffer (PBS+2% FBS), cells were stained for 30 
min at 4°C in the dark with the following antibodies: anti- CD3 
Pacific Blue, anti- CD4 PE- Cy7, anti- CD8 APC- Cy7, anti- CD69 
APC (Biolegend). After incubation, cells were washed once more 
and fixed with Cell Fix (Becton Dickinson) for 20 min at room 
temperature. Samples were run in an LSRII flow cytometer (BD 
Biosciences) and results analysed with FlowJo software.

https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
http://ard.bmj.com/
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Assessment of gene expression
Cells were placed in lysis buffer containing 1% of β-mercap-
toethanol and a column system was used for RNA isolation 
according to manufacturer’s instructions (Life Technologies). 
Quantification and quality assessment of RNA was performed 
by spectrophotometry (Nanodrop 2000, Invitrogen, California, 
USA), cDNA was prepared with High Capacity cDNA reverse 
transcription kit (Invitrogen) and diluted 1 in 5 using RNase- 
free water. Real time PCR was performed in duplicate for each 
sample using SYBR green Master mix (Applied Biosystems, Cali-
fornia, USA) and results were normalised using 18S as house-
keeping gene. Primers (Integrated Technologies, Belgium) are 
listed in table 2.

Statistical analysis
Data are showed as mean±SEM. Normality of samples was 
assessed using Shapiro- Wilks, D’Agostino and Pearson or 
Kolmogorov- Smirnov tests, depending on the sample size, as 
provided by GraphPad Prism software. In tenocyte stimula-
tions, statistical analysis was performed using paired Student’s 
t- test or Wilcoxon matched- pairs signed rank test depending 
on normality. Friedman test with Dunn’s multiple comparison 
test was used for percentage of migration and one- way analysis 
of variance (ANOVA) and Dunnett’s multiple comparison test 
for CD4 and CD8 data in migration experiments; in both cases 
taking media condition as control. For coculture experiments 
CD69 analysis was performed also with one- way ANOVA but 
Tukey’s multiple comparisons test to allow comparison between 
all groups and for IFN-γ analysis Friedman’s test with Dunn’s 
multiple comparisons test due to lack of normality of data. 
Finally, for analysis of gene expression in cocultures, two- way 
ANOVA with Sidak’s multiple comparisons test was used. In all 
analyses p<0.05 was considered statistically significant.

RESULTS
Transcriptomic analysis and spatial distribution of T cells in 
tendinopathic tissue
First, we assessed the presence on T cells in tendinopathy. Torn 
supraspinatus (late tendinopathy) or intact subscapularis (early 

tendinopathy) biopsies from patients with rotator cuff tears were 
analysed by FACS. CD45+ immune cells were more frequent 
in late tendinopathy (16.34%±4.23 %, mean±SEM) compared 
with control healthy tendon (3.18%±1.03%, mean±SEM) 
(figure 1A). As previously described myeloid (CD64+) were the 
predominant immune cell in tendinopathic tissue (online supple-
mental figure 1B). Interestingly, T cells were present in healthy 
tendon, and this population increased in tendinopathic tissues 
(figure 1A) suggesting the potential for an adaptive response 
throughout the spectrum of tendon disease.

Accordingly, we employed IMC to map the geographical 
location of immune cells in tendinopathic tissues (figure 1B and 
online supplemental figure 2B). Spatially there was no consistent 
evidence of immune cell (T cells CD3+ or macrophages CD68+) 
clustering in tendinopathic tissue. Both CD3+ and CD68+ cells 
were primarily interspersed adjacent to tenocytes (Col1high) in 
tendinopathic tissue suggesting tendon immune cell interactions. 
Further neighbourhood analysis of this data demonstrated that 
both T cells and macrophages were present around Col1a posi-
tive cells (online supplemental figure 2C).

The presence of T cells in tendon tissue was also assessed by 
single cell RNA- sequencing from healthy and tendinopathic 
tendon. Once again, T cells were detected in both healthy and 
diseased tendon (figure 1C and online supplemental figure 1D). 
The proportion of T cells in the total immune compartment 
of tendinopathic tissues (12.23%) was greater than in normal 
tendon (7.93%) (figure 1C). Furthermore, T cells from tend-
inopathic tissue had greater expression of a number of genes 
associated with T cell activation such as CXCR3, CCL5, LGALS1 
(Galectin-1), IL2RG, CD74, CD52 and IL-3227–31 (figure 1D). 
We also observed genes associated with residency (increase in 
TGFB1, NR4A1, PRDM1 and decrease of KLF2)32 in T cells 
from healthy tendon and active proliferation (MKI67, PTTG1) 
in diseased tissue (online supplemental figure 3).

Taken together, these data demonstrate the presence of T 
cells in normal tendon with greater proportion present in tend-
inopathy associated with an overall inflammatory response in 
damaged tendon which may be due to proliferation, migration 
or a combination of both.

Activated tenocytes upregulate inflammatory cytokines and 
chemokines involved in T cell recruitment
Damaged human tendon explants represent an ideal model to 
explore the pathways whereby tendinopathic pathogenesis may 
be perpetuated. Accordingly, conditioned media obtained from 
exogenously damaged healthy hamstring tendon was used to 
stimulate healthy primary tenocytes (figure 2A). After 4 hours, 
we observed upregulation in gene expression of inflammatory 
cytokines (IL1B, IL6), chemokines (IL8, CCL2 and CCL5) and 
adhesion molecules (ICAM1) involved in the recruitment of 
immune cells (figure 2B). The same effect was observed after 
activation of tenocytes with IL-1β, which also enhanced the 
transcription of chemokines capable of T cell recruitment, such 
as CCL533 (figure 2C). Thus, the presence of tendon damage 
is able to activate adjacent tenocytes, rendering primary human 
tenocytes permissive to T cell recruitment and activation.

Tenocytes induce T cell migration
We next interrogated the effect of activated tenocytes on T cell 
migration using a transwell system. As in vivo activation of T cells 
preferentially takes place in regional lymph nodes before subse-
quent migration into tissue, T cells were preactivated overnight 
with anti- CD3 and anti- CD28 antibodies and then loaded on top 

Table 2 Table of primers

Gene Primers

18S 5′-GTA ACC CGT TGA ACC CCA TT-3′ (F)
5′-CCA TCC AAT CGG TAG TAG CG-3′ (R)

IL1B 5′-CAC CTG TAC GAT CAC TGA ACT G-3′ (F)
5′-AAC ACC ACT TGT TGC TCC ATA-3′ (R)

IL6 5′-CAC TCA CCT CTT CAG AAC GAA T-3′ (F)
5′-GCT GCT TTC ACA CAT GTT ACT C-3′ (R)

IL8 5′-GTG CAT AAA GAC ATA CTC CAA ACC-3′ (F)
5′-GCT TTA CAA TAA TTT CTG TGT TGG C-3′ (R)

CCL2 5′-CTC AGC CAG ATG CAA TCA ATG-3′ (F)
5′-TGC TGC TGG TGA TTC TTC TAT-3′ (R)

CCL5 5′-GCT GCT TTG CCT ACA TTG C-3′ (F)
5′-CTT TCG GGT GAC AAA GAC GA-3′ (R)

CXCL10 5′-CAC GTG TTG AGA TCA TTG CTA C-3′ (F)
5′-CCT TGC TAA CTG CTT TCA GTA AAT-3′ (R)

ICAM1 5′-AGC TTC TCC TGC TCT GCA A-3′ (F)
5′-GGG CCA TAC AGG ACA CGA A-3′ (R)

COX2 5′-CAA ATT GCT GGC AGG GTT G-3′ (F)
5′-GGT CAA TGG AAG CCT GTG ATA-3′ (R)

COL1A 5′-CAA TGC TGC CCT TTC TGC TCC-3′ (F)
5′-CAC TTG GGT GTT TGA GCA TTG-3′ (R)

COL3A 5′-TAT CGA ACA CGC AAG GCT GTG-3′ (F)
5′-GGC CAA CGT CCA CAC CAA ATT-3′ (R)

https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
https://dx.doi.org/10.1136/annrheumdis-2020-219335
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of a transwell membrane, while conditioned media from teno-
cytes with or without previous activation with IL-1β was placed 
below the membrane (figure 3A). After 4 hours, the number of 
migrated T cells was counted (figure 3B) and the proportion of 
CD4+ and CD8+ cells analysed by FACS (figure 3C). Superna-
tants from tenocytes, particularly after activation, promoted the 
migration of T cells as shown by an increase in the percentage 
of migration (negative control 15.45±1.35, conditioned media 
from resting tenocytes 19.07±1.68, conditioned media from 
activated tenocytes 24.3±2.13, data expressed as media±SEM, 
negative control vs activated tenocytes p=0.003) without pref-
erential recruitment of CD4+ or CD8+ cell subset proportions. 
This supports the notion that after tissue damage, tenocytes 
produce chemokines that recruit polyclonal T cells into tendon.

Direct contact of tenocytes with T cells results in further 
activation of T cells
To assess if tenocytes can further amplify the inflammatory 
response, we interrogated their ability to maintain a T cell 
activation state. T cells isolated from PBMCs were cocultured 
with healthy explanted tenocytes with or without a transwell 
membrane, the latter to assess the requirement for cell–cell 
membrane interactions (figure 4A). We used two methods for 
isolation of T cells from peripheral blood, negative or positive 
selection. We also tested the contribution of antigen presenting 
cells (APC) to the system by adding aCD28. After 48 hours, T 
cells were harvested and CD69 expression and IFN-γ production 
were used to assess T cell activation. We observed that coculture 
of T cells with tenocytes lead to significant increase in activation 

Figure 1 Presence of T cells in tendinopathy. (A) Flow cytometry analysis showing percentage of immune cells (CD45+) and proportion of CD3+ 
cells in healthy, subscapularis (early tendinopathy) or supraspinatus (late tendinopathy) tendon tissues, n>4, *p≤0.05. (B) Imaging mass cytometry 
images obtained from analysis of representative supraspinatus tendon sections. Small squares show magnification of the area where T cells and 
tenocytes interact (white arrow). (C) UMAP of immune cells from tendon tissue following single cell sequencing data from five normal tendons 
(k=1110) versus four supraspinatus tendons (k=2568). Bar graph shows the percentage of myeloid and T cell populations from total immune cells. (D) 
Dot plot displaying expression of genes associated with T cell activation from the T cell population in the tendon.

http://ard.bmj.com/
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of T cells as assessed by increased CD69 expression and IFN-γ 
release, especially when T cells were isolated by positive selec-
tion (figure 4 and online supplemental figure 4A). This effect 
primarily required cell contact between T cells and tenocytes, 
since it was substantially reduced by transwell cell separation 
(mean percentage CD69+ cells±SEM; direct contact T cells 
12.94±1.2, T cells with aCD28 38.45±2.3, T cells with aCD28 

and tenocytes 90.51±0.83 versus transwell system T cells 
18.74±2.11, T cells with aCD28 59.39±2.888, T cells with 
aCD28 and tenocytes 61.63±1.036). Interestingly, this required 
the presence of anti- CD28, as in its absence IFN-γ levels were 
undetectable (online supplemental figure 5). This observation 
may suggest that T cells preactivated in the lymph node by APC 
such as dendritic cells migrate to the damaged tendon tissue 

Figure 2 Tenocytes in the context of damage upregulate inflammatory cytokines, chemokines and adhesion molecules. (A) For the obtention of 
conditioned media from damaged tendon, healthy tendon tissue was cut and transferred into a cell culture flask with complete RPMI for 24 hours. 
One millilitre of this conditioned media containing products from damaged tissue was then stored and used to stimulate healthy tenocytes. (B) 
Changes in gene expression of tenocytes from two different healthy tendons after 4- hour stimulation with four different explant conditioned media, 
graphs show mean±SEM. Statistical analysis comparing mean values of explant stimulation in each tenocyte with unstimulated using paired t- test. 
(C) Healthy tenocytes were stimulated with interleukin-1β for 4 hours (n=5). Statistical analysis using paired t- test or Wilcoxon matched- pairs signed 
rank test depending on normality. Graphs show 2−ΔCt after normalisation with the house- keeping gene 18S and fold change in gene expression is 
relative to unstimulated. *p≤0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001.

https://dx.doi.org/10.1136/annrheumdis-2020-219335
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where they are further activated after the contact with tenocytes 
or alternatively are activated by CD80+ or CD86+ myeloid 
cells in the tendon.

Activated T cells induce the expression of inflammatory 
cytokines and chemokines in tenocytes
We finally interrogated the reciprocal effect that infiltrating T 
cells may exert on the stromal compartment by analysing changes 
in gene expression of tenocytes cocultured with activated T cells. 
After coculture with T cells, we observed an upregulation of 
inflammatory mediators (IL-6, COX2) and chemokines (IL-8, 
CCL2, CCL5, CXCL10) (figure 5A) compared with tenocytes 
alone. This was particularly evident following direct contact 
between tenocytes and T cells. Exceptions were CCL2 and 
CXCL10 that were equally upregulated in the presence of the 
transwell membrane. Coculture of tenocytes and T cells also 
modulated collagen production, increasing the COL3/COL1 
ratio. This effect on the stroma required T cells to be activated, 
as negative selection of lymphocytes from PBMCs resulted in 
less activation of T cells when cocultured with tenocytes and no 
effect on the gene expression of tenocytes (online supplemental 
figure 4B).

DISCUSSION
Emerging evidence supports the role that stromal cell functions 
extend beyond the maintenance of tissue architecture, playing 
a key role in choreographing immune responses and thereby 
defining disease persistence.34 In line with this concept, we 
hypothesised that the interaction between tenocytes and the 
infiltrating population of immune cells could shape the outcome 
of the inflammatory response in tendinopathy, leading to resolu-
tion or chronicity. Our results demonstrate that in the context of 
tendon damage, tenocytes upregulate genes involved in inflam-
mation and T cell recruitment and are able to induce migration 
of activated T cells in vitro. Direct contact of T cells with teno-
cytes resulted in further activation of these T cells, that in turn 
upregulated the expression of inflammatory cytokines, chemo-
kines and favoured collagen 3 over collagen 1 in the stromal 
compartment, creating a feedback loop that may contribute to 
the establishment of a chronic inflammatory response(figure 6).

Whereas some studies have failed in the past to demonstrate 
the presence of an inflammatory infiltrate in tendinopathic 
tissues by immunohistochemistry,35–39 we and others have 
previously reported the presence of T cells and other immune 
cells.8 In the present study we confirmed the presence of T cells 

Figure 3 Conditioned media (CM) from activated tenocytes promotes the migration of T cells. (A) T cells were preactivated overnight with anti- CD3 
(1 µg/mL) and anti- CD28 (2 µg/mL) antibodies. A transwell membrane system was then used to assess the migratory effect of CM from tenocytes with 
or without previous activation with interleukin-1β on these activated T cells. (B) Percentage of T cells that migrate through the transwell system after 
4 hours. (C) Assessment of CD4+ and CD8+ populations (percentage from total cells that migrate and absolute number of cells) on the migratory 
fraction by flow cytometry. Data are shown as mean±SEM. Results from two independent experiments with a total of five different tenocyte 
conditioned media. Statistical analysis using one- way analysis of variance (ANOVA) and Dunnett’s multiple comparison test for CD4 and CD8 data and 
Friedman test with Dunn’s multiple comparison test for percentage of migration; in both cases taking media condition as control; *p≤0.05, **p≤0.01, 
***p≤0.001, ****p≤0.0001.

https://dx.doi.org/10.1136/annrheumdis-2020-219335
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in tendinopathy by FACS analysis and single- cell RNA seq of 
tendon supraspinatus samples from patients with rotator cuff 
tears undergoing surgery. Our results support the recent observa-
tion by Kendal et al of the presence of T cells in chronic tendon 
disease tissue by CITE- seq.12 IMC allowed us to assess the infil-
tration of T cells, both CD4+ and CD8+, supporting the idea 
of tenocyte–T cell interactions in vivo. Our results could also 
have implications in other rheumatic disorders such as SpA. In 
psoriatic arthritis for example, damage or mechanical stress in 
the tendon has been proposed as the starting point in the devel-
opment of local inflammation at enthesial sites (attachments 
of tendons, ligaments and capsules to bones) or enthesitis, that 
further evolves to joint inflammation or synovitis through what 
has been referred as ‘synovio- enthesal complex’.40 Recently, 
Watad et al reported the presence of T cells in healthy enthe-
seal tissue,25 supporting our finding of a population of T cells 
in healthy tendon tissue. Understanding which factors govern 
the interaction of T cells with the tendon stroma could help 

to develop targeted therapies to avoid a chronic inflammatory 
response.

In order to model the microenvironment that may be present 
in tendinopathy, we stimulated healthy tenocytes in vitro with 
conditioned media obtained from tissue explants in which 
tissue has been previously disrupted, therefore containing a 
milieu of inflammatory mediators and cell debris mimicking 
damaged tendon. Stimulation of tenocytes with this condi-
tioned media or IL-1β, a cytokine involved in sterile inflam-
mation, resulted in an upregulation of inflammatory cytokines 
and chemokines. Stolk et al,41 using conditioned media from 
anti- CD3 and anti- CD28 stimulated PBMC cultures, observed 
an upregulation of adhesion (ICAM-1, VCAM-1) and HLA 
molecules (HLA- ABC, HLA- DR) and IL-6 and when stimu-
lated with IL-1β, tenocytes increased their production of IL-6, 
IL-8 and CCL2. Together, these results support the role of 
tenocytes as sensors of damage and their ability to participate 
in the inflammatory response.

Figure 4 Direct contact of T cells with tenocytes further increases T cell activation. (A) Two different systems were used to coculture tenocytes 
and T cells (1:10 ratio) for 48 hours; in direct cocultures tenocytes and T cells were in the same well in contact with each other, whereas on the 
transwell system a membrane was placed between both populations. T cell activation was assessed by CD69 expression by flow cytometry (FACS) 
and interferon (IFN)-γ production in supernatants by ELISA in both direct (B) and transwell (C) cocultures. Histograms show CD69 expression in 
unstimulated T cells (grey line), T cells with anti- CD28 (black line) and T cells with anti- CD28 cocultured with tenocytes (dotted line). Results from 
four independent experiments, each one with a different healthy T cell donor. A total of six different healthy control tenocytes were used. IFN-γ was 
quantified in two of the experiments. Graphs show data as mean±SEM, statistical analysis using one- way analysis of variance (ANOVA) and Tukey’s 
multiple comparisons test or FACS data and Friedman’s test with Dunn’s multiple comparisons test for IFN-γ due to lack of normal distribution, 
*p≤0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001.
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This inflammatory response that takes place after damage 
usually resolves as infiltrating cells are cleared through induc-
tion of apoptosis and phagocytosis by macrophages whereas on 
the other side chronicity is characterised by the persistence of 
immune cells. Growing evidence supports the role of an acti-
vated or pathogenic stroma in the maintenance of this inflamma-
tory infiltrate and the development of chronic inflammation,42 
with inflamed tissue expressing inflammatory cytokines, chemo-
kines and adhesion molecules that can lead to migration, reten-
tion and survival of leukocytes. After activation in lymph nodes 
by APC, T cells upregulate CCR5 and CXCR3 allowing them to 
enter inflamed tissues.43 In our system we observed that teno-
cytes were able to upregulate chemokines involved in T cell 
recruitment such as CCL5 and CXCL10, that are known ligands 
of CCR5 and CXCR3, and induce T cell migration, particularly 
when previously activated with IL-1β. Coculture of tenocytes 

with T cells resulted in activation of T cells, which notably was 
contact dependant. To our knowledge this is the first study to 
investigate the direct interaction between tenocytes and T cells. 
Previous published work has demonstrated that coculture of 
macrophages with tenocytes results in an increased IL-6, IL-8 
and MCP-1 and CD80 expression on macrophages41 and in this 
case cell contact was not required. In our experiments, cytokines 
(IL-1β, TNF-α, IL-15) or adhesion molecules such as LFA-1 in 
T cells and ICAM-1 on tenocytes could have a key role in these 
cellular interactions.44 45

Once activated, T cells also had an effect on tenocytes, with the 
upregulation of IL-6, IL-8, COX2, CCL2, CCL5 and CXCL10 
in tenocytes. Of interest, this effect was observed when T cells 
were fully activated. This requirement of T cell activation has 
already been described, as membranes from T cells previously 
activated with leukophytohaemagglutinin and phorbol myristate 

Figure 5 Differential effect of activated T cells on tenocytes. (A) Changes in gene expression of tenocytes after coculture with T cells+anti- CD28 for 
48 hours with or without the presence of a transwell membrane to prevent cell contact. Graphs show mean±SEM of 2−ΔCt values after normalisation 
with the house- keeping gene 18S. (B) Ratio between 2−ΔCt values of COL3 and COL1. Results from three independent experiments involving three 
different T cell donors and four different tenocyte donors. Statistical analysis using two- way analysis of variance (ANOVA) with Sidak’s multiple 
comparisons test, *p≤0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001.
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acetate were able to induce MMP-1 and PGE2 production in 
dermal and synovial fibroblasts46 and type II collagen stimulated 
T cells induced the production of IL-17, TNF-α and IL-18 while 
cocultured with RA synovial fibroblasts.21 Of note, the pres-
ence of T cells increased collagen 3 proportion, which is one of 
the pathological features of tendinopathy and that results in a 
tendon with inferior biomechanics.1

There are limitations inherent in our study. Age- related 
changes within the tendon samples could contribute to the 
degenerative picture and inflammatory cell expression seen in 
late tendinopathy. However, the lack of degenerative changes 
on MRI and arthroscopic examinations suggests that the differ-
ences are truly at the cellular level as suggested by our previous 
work.14 Being an in vitro study, we are analysing the interaction 
between tenocytes and T cells, excluding other factors such as 
matrix proteins or other immune cells that could also modulate 
this relationship and the inflammatory process. Accordingly, in 
our system T cell activation in coculture with tenocytes required 
the presence of anti- CD28 that in vivo could be provided by 
other cells such as dendritic cells. Also, we need to take into 
consideration the effect of an allogenic response in our coculture 
experiments, although we did not observe differences regarding 
tenocyte cell death. Further mechanistic investigation in an in 
vivo tendon injury model could further address the relevance of 
the adaptive immune response in tendon pathogenesis.

CONCLUSION
Our study establishes a previously unrecognised relationship 
between T cells and stromal cells in human tendon disease. This 

interaction results in the upregulation of inflammatory cytokines, 
chemokines and adhesion molecules in activated tenocytes and is 
also associated with changes in collagen composition, supporting 
the concept that the adaptive immune response plays a crucial 
role in a biomechanically associated disease such as tendinop-
athy. Therefore, selectively targeting T cell signalling in disease 
provides scope for novel translational strategies in the manage-
ment of tendon disorders and other enthesial pathologies.
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Figure 6 Proposed mechanism of T cell activation after tendon damage. Mechanical stress in the tendon, directly or through the release of 
endogenous damage- associated molecular patterns (DAMPs) would result in the activation of tenocytes. Once activated, they would produce 
inflammatory cytokines, chemokines and upregulate adhesion molecules in their surface in order to initiate an immune response to repair the tendon 
damage. In parallel, antigen presenting cells such as dendritic cells would become activated locally and migrate to the lymph node where they will 
activate T cells that would migrate to the injured tissue guided by a gradient of chemokines produced after tendon damage. The contact between 
tenocytes and T cells would further activate these T cells, which in turn amplificate the inflammatory response and promote changes in tendon matrix. 
IL, interleukin; TLR, toll like receptor.

http://ard.bmj.com/


1085Garcia- Melchor E, et al. Ann Rheum Dis 2021;80:1075–1085. doi:10.1136/annrheumdis-2020-219335

Miscellaneous

Data availability statement Data are available upon reasonable request. EGM 
has access to all the data and data are available upon request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Emma Garcia- Melchor http:// orcid. org/ 0000- 0003- 2974- 302X
Giacomo Cafaro http:// orcid. org/ 0000- 0003- 1774- 1916
Lucy MacDonald http:// orcid. org/ 0000- 0001- 7727- 3873
Moeed Akbar http:// orcid. org/ 0000- 0002- 6923- 4724
Neal L Millar http:// orcid. org/ 0000- 0001- 9251- 9907

REFERENCES
 1 Millar NL, Murrell GAC, McInnes IB. Inflammatory mechanisms in tendinopathy - 

towards translation. Nat Rev Rheumatol 2017;13:110–22.
 2 Albers IS, Zwerver J, Diercks RL, et al. Incidence and prevalence of lower extremity 

tendinopathy in a Dutch general practice population: a cross sectional study. BMC 
Musculoskelet Disord 2016;17:4–9.

 3 Hopkins C, Fu S- C, Chua E, et al. Critical review on the socio- economic impact of 
tendinopathy. Asia Pac J Sports Med Arthrosc Rehabil Technol 2016;4:9–20.

 4 Xu Y, Murrell GAC. The basic science of tendinopathy. Clin Orthop Relat Res 
2008;466:1528–38.

 5 Gotoh M, Hamada K, Yamakawa H, et al. Significance of granulation tissue in torn 
supraspinatus insertions: an immunohistochemical study with antibodies against 
interleukin-1 beta, cathepsin D, and matrix metalloprotease-1. J Orthop Res 
1997;15:33–9.

 6 Matthews TJW, Hand GC, Rees JL, et al. Pathology of the torn rotator cuff tendon. 
reduction in potential for repair as tear size increases. J Bone Joint Surg Br 
2006;88:489–95.

 7 Scott A, Lian Ø, Bahr R, et al. Increased mast cell numbers in human patellar 
tendinosis: correlation with symptom duration and vascular hyperplasia. Br J Sports 
Med 2008;42:753–7.

 8 Millar NL, Hueber AJ, Reilly JH, et al. Inflammation is present in early human 
tendinopathy. Am J Sports Med 2010;38:2085–91.

 9 Kragsnaes MS, Fredberg U, Stribolt K, et al. Stereological quantification of immune- 
competent cells in baseline biopsy specimens from Achilles tendons: results from 
patients with chronic tendinopathy followed for more than 4 years. Am J Sports Med 
2014;42:2435–45.

 10 Millar NL, Akbar M, Campbell AL, et al. Il- 17A mediates inflammatory and tissue 
remodelling events in early human tendinopathy. Sci Rep 2016;6:1–11.

 11 Dakin SG, Martinez FO, Yapp C, et al. Inflammation activation and resolution in 
human tendon disease. Sci Transl Med 2015;7:1–14.

 12 Kendal AR, Layton T, Al- Mossawi H, et al. Multi- Omic single cell analysis resolves 
novel stromal cell populations in healthy and diseased human tendon. Sci Rep 
2020;10:13939.

 13 Millar NL, Wei AQ, Molloy TJ, et al. Cytokines and apoptosis in supraspinatus 
tendinopathy. J Bone Joint Surg Br 2009;91:417–24.

 14 Millar NL, Gilchrist DS, Akbar M, et al. MicroRNA29a regulates IL-33- mediated tissue 
remodelling in tendon disease. Nat Commun 2015;6:1–13.

 15 Iwamoto T, Okamoto H, Toyama Y, et al. Molecular aspects of rheumatoid arthritis: 
chemokines in the joints of patients. Febs J 2008;275:4448–55.

 16 Jones S, Horwood N, Cope A, et al. The antiproliferative effect of mesenchymal 
stem cells is a fundamental property shared by all stromal cells. J Immunol 
2007;179:2824–31.

 17 Tykocinski L- O, Lauffer AM, Bohnen A, et al. Synovial fibroblasts selectively suppress 
Th1 cell responses through IDO1- Mediated tryptophan catabolism. J Immunol 
2017;198:3109–17.

 18 Scott S, Pandolfi F, Kurnick JT. Fibroblasts mediate T cell survival: a proposed 
mechanism for retention of primed T cells. J Exp Med 1990;172:1873–6.

 19 Salmon M, Scheel- Toellner D, Huissoon AP, et al. Inhibition of T cell apoptosis in the 
rheumatoid synovium. J Clin Invest 1997;99:439–46.

 20 Miranda- Carús M- E, Balsa A, Benito- Miguel M, et al. Il-15 and the initiation of cell 
contact- dependent synovial fibroblast- T lymphocyte cross- talk in rheumatoid arthritis: 
effect of methotrexate. J Immunol 2004;173:1463–76.

 21 La CM, Yoon CH, Hwang SY. Effector function of type II collagen- stimulated T cells 
from rheumatoid arthritis patients: cross- talk between T cells and synovial fibroblasts. 
Arthritis Rheum 2004;50:776–84.

 22 Bombara MR, Webb DL, Conrad P, et al. Cell contact between T cells and synovial 
fibroblasts causes induction of adhesion molecules and cytokines. J Leukoc Biol 
1993;54:399–406.

 23 Shingu M, Hashimoto M, Ezaki I, et al. Effect of cytokine- induced soluble ICAM-1 
from human synovial cells on synovial cell- lymphocyte adhesion. Clin Exp Immunol 
1994;98:46–51.

 24 Schett G, Lories RJ, D’Agostino M- A, et al. Enthesitis: from pathophysiology to 
treatment. Nat Rev Rheumatol 2017;13:731–41.

 25 Watad A, Rowe H, Russell T, et al. Normal human enthesis harbours conventional 
CD4+ and CD8+ T cells with regulatory features and inducible IL- 17A and TNF 
expression. Ann Rheum Dis 2020;79:1044–54.

 26 Akbar M, Garcia- Melchor E, Chilaka S, et al. Attenuation of Dupuytren’s fibrosis via 
targeting of the STAT1 modulated IL- 13Rα1 response. 

 27 Groom JR, Luster AD. Cxcr3 in T cell function. Exp Cell Res 2011;317:620–31.
 28 Molon B, Gri G, Bettella M, et al. T cell costimulation by chemokine receptors. Nat 

Immunol 2005;6:465–71.
 29 Cedeno- Laurent F, Dimitroff CJ. Galectin-1 research in T cell immunity: past, present 

and future. Clin Immunol 2012;142:107–16.
 30 Rowan WC, Hale G, Tite JP, et al. Cross- Linking of the CAMPATH-1 antigen (CD52) 

triggers activation of normal human T lymphocytes. Int Immunol 1995;7:69–77.
 31 Dinarello CA, Kim S- H. Il-32, a novel cytokine with a possible role in disease. Ann 

Rheum Dis 2006;65 Suppl 3:iii61–4.
 32 Mackay LK, Kallies A. Transcriptional regulation of tissue- resident lymphocytes. Trends 

Immunol 2017;38:94–103.
 33 Desmetz C, Lin Y- L, Mettling C, et al. The strength of the chemotactic response to a 

CCR5 binding chemokine is determined by the level of cell surface CCR5 density. 
Immunology 2006;119:551–61.

 34 Dakin SG, Coles M, Sherlock JP, et al. Pathogenic stromal cells as therapeutic targets 
in joint inflammation. Nat Rev Rheumatol 2018;14:714–26.

 35 Hashimoto T, Nobuhara K, Hamada T. Pathologic evidence of degeneration as a 
primary cause of rotator cuff tear. Clin Orthop Relat Res 2003;415:111–20.

 36 Kannus P, Józsa L. Histopathological changes preceding spontaneous rupture 
of a tendon. A controlled study of 891 patients. J Bone Joint Surg Am 
1991;73:1507–25.

 37 Khan KM, Cook JL, Bonar F, et al. Histopathology of common tendinopathies. update 
and implications for clinical management. Sports Med 1999;27:393–408.

 38 Maffulli N, Wong J, Almekinders LC. Types and epidemiology of tendinopathy. Clin 
Sports Med 2003;22:675–92.

 39 Uhthoff HK, Sano H. Pathology of failure of the rotator cuff tendon. Orthop Clin North 
Am 1997;28:31–41.

 40 Watad A, Cuthbert RJ, Amital H, et al. Enthesitis: much more than focal insertion point 
inflammation. Curr Rheumatol Rep 2018;20:41.

 41 Stolk M, Klatte- Schulz F, Schmock A, et al. New insights into tenocyte- immune cell 
interplay in an in vitro model of inflammation. Sci Rep 2017;7:1–14.

 42 Buckley CD. Why does chronic inflammation persist: an unexpected role for 
fibroblasts. Immunol Lett 2011;138:12–14.

 43 Buckley CD, Pilling D, Lord JM, et al. Fibroblasts regulate the switch from acute 
resolving to chronic persistent inflammation. Trends Immunol 2001;22:199–204.

 44 Ospelt C. Synovial fibroblasts in 2017. RMD Open 2017;3:1–10.
 45 McInnes IB, Leung BP, Liew FY. Cell- Cell interactions in synovitis. interactions between 

T cells and B cells in rheumatoid arthritis. Arthritis Res 2000;2:374–63.
 46 Burger D, Rezzonico R, Li JM, et al. Imbalance between interstitial collagenase 

and tissue inhibitor of metalloproteinases 1 in synoviocytes and fibroblasts upon 
direct contact with stimulated T lymphocytes: involvement of membrane- associated 
cytokines. Arthritis Rheum 1998;41:1748–59.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-2974-302X
http://orcid.org/0000-0003-1774-1916
http://orcid.org/0000-0001-7727-3873
http://orcid.org/0000-0002-6923-4724
http://orcid.org/0000-0001-9251-9907
http://dx.doi.org/10.1038/nrrheum.2016.213
http://dx.doi.org/10.1186/s12891-016-0885-2
http://dx.doi.org/10.1186/s12891-016-0885-2
http://dx.doi.org/10.1016/j.asmart.2016.01.002
http://dx.doi.org/10.1007/s11999-008-0286-4
http://dx.doi.org/10.1002/jor.1100150106
http://dx.doi.org/10.1302/0301-620X.88B4.16845
http://dx.doi.org/10.1136/bjsm.2007.040212
http://dx.doi.org/10.1136/bjsm.2007.040212
http://dx.doi.org/10.1177/0363546510372613
http://dx.doi.org/10.1177/0363546514542329
http://dx.doi.org/10.1038/srep27149
http://dx.doi.org/10.1126/scitranslmed.aac4269
http://dx.doi.org/10.1038/s41598-020-70786-5
http://dx.doi.org/10.1302/0301-620X.91B3.21652
http://dx.doi.org/10.1038/ncomms7774
http://dx.doi.org/10.1111/j.1742-4658.2008.06580.x
http://dx.doi.org/10.4049/jimmunol.179.5.2824
http://dx.doi.org/10.4049/jimmunol.1600600
http://dx.doi.org/10.1084/jem.172.6.1873
http://dx.doi.org/10.1172/JCI119178
http://dx.doi.org/10.4049/jimmunol.173.2.1463
http://dx.doi.org/10.1002/jlb.54.5.399
http://dx.doi.org/10.1111/j.1365-2249.1994.tb06605.x
http://dx.doi.org/10.1038/nrrheum.2017.188
http://dx.doi.org/10.1136/annrheumdis-2020-217309
http://dx.doi.org/10.1016/j.yexcr.2010.12.017
http://dx.doi.org/10.1038/ni1191
http://dx.doi.org/10.1038/ni1191
http://dx.doi.org/10.1016/j.clim.2011.09.011
http://dx.doi.org/10.1093/intimm/7.1.69
http://dx.doi.org/10.1136/ard.2006.058511
http://dx.doi.org/10.1136/ard.2006.058511
http://dx.doi.org/10.1016/j.it.2016.11.004
http://dx.doi.org/10.1016/j.it.2016.11.004
http://dx.doi.org/10.1111/j.1365-2567.2006.02470.x
http://dx.doi.org/10.1038/s41584-018-0112-7
http://dx.doi.org/10.1097/01.blo.0000092974.12414.22
http://dx.doi.org/10.2106/00004623-199173100-00009
http://dx.doi.org/10.2165/00007256-199927060-00004
http://dx.doi.org/10.1016/S0278-5919(03)00004-8
http://dx.doi.org/10.1016/S0278-5919(03)00004-8
http://dx.doi.org/10.1016/S0030-5898(05)70262-5
http://dx.doi.org/10.1016/S0030-5898(05)70262-5
http://dx.doi.org/10.1007/s11926-018-0751-3
http://dx.doi.org/10.1038/s41598-017-09875-x
http://dx.doi.org/10.1016/j.imlet.2011.02.010
http://dx.doi.org/10.1016/S1471-4906(01)01863-4
http://dx.doi.org/10.1136/rmdopen-2017-000471
http://dx.doi.org/10.1186/ar115
http://dx.doi.org/10.1002/1529-0131(199810)41:10<1748::AID-ART7>3.0.CO;2-3
http://ard.bmj.com/


1086  Bower H, et al. Ann Rheum Dis 2021;80:1086–1093. doi:10.1136/annrheumdis-2021-219845

Epidemiology

EPIDEMIOLOGICAL SCIENCE

Impact of the COVID-19 pandemic on morbidity and 
mortality in patients with inflammatory joint diseases 
and in the general population: a nationwide Swedish 
cohort study
Hannah Bower,1 Thomas Frisell    ,1 Daniela Di Giuseppe,1 Bénédicte Delcoigne,1 
Gerd- Marie Ahlenius,2 Eva Baecklund,3 Katerina Chatzidionysiou    ,1 Nils Feltelius,4 
Helena Forsblad- d’Elia,5 Alf Kastbom    ,6 Lars Klareskog    ,1 Elisabet Lindqvist,7 
Ulf Lindström    ,5 Carl Turesson    ,8 Christopher Sjöwall    ,6 Johan Askling    ,1 
The ARTIS Study Group

To cite: Bower H, 
Frisell T, Di Giuseppe D, 
et al. Ann Rheum Dis 
2021;80:1086–1093.

Handling editor Josef S 
Smolen

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2021- 219845).

For numbered affiliations see 
end of article.

Correspondence to
Hannah Bower, Clinical 
Epidemiology Division, 
Karolinska Institutet, 171 76 
Stockholm, Sweden;  
 hannah. bower@ ki. se

HB and TF are shared authors.

Received 4 January 2021
Revised 10 February 2021
Accepted 10 February 2021
Published Online First 
23 February 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objectives To estimate absolute and relative risks 
for all- cause mortality and for severe COVID-19 in 
inflammatory joint diseases (IJDs) and with antirheumatic 
therapies.
Methods Through Swedish nationwide multiregister 
linkages, we selected all adult patients with rheumatoid 
arthritis (RA, n=53 455 in March 2020), other IJDs (here: 
spondyloarthropathies, psoriatic arthritis and juvenile 
idiopathic arthritis, n=57 112), their antirheumatic drug 
use, and individually matched population referents. We 
compared annual all- cause mortality March–September 
2015 through 2020 within and across cohorts, and 
assessed absolute and relative risks for hospitalisation, 
admission to intensive care and death due to COVID-19 
March–September 2020, using Cox regression.
Results During March–September 2020, the absolute 
all- cause mortality in RA and in other IJDs was higher 
than 2015–2019, but relative risks versus the general 
population (around 2 and 1.5) remained similar during 
2020 compared with 2015–2019. Among patients 
with IJD, the risks of hospitalisation (0.5% vs 0.3% in 
their population referents), admission to intensive care 
(0.04% vs 0.03%) and death (0.10% vs 0.07%) due 
to COVID-19 were low. Antirheumatic drugs were not 
associated with increased risk of serious COVID-19 
outcomes, although for certain drugs, precision was 
limited.
Conclusions Risks of severe COVID-19- related 
outcomes were increased among patients with IJDs, 
but risk increases were also seen for non- COVID-19 
morbidity. Overall absolute and excess risks are low 
and the level of risk increases are largely proportionate 
to those in the general population, and explained by 
comorbidities. With possible exceptions, antirheumatic 
drugs do not have a major impact on these risks.

INTRODUCTION
The SARS- CoV-2 pandemic has raised concerns 
regarding its impact in individuals with chronic 
inflammatory joint diseases (IJDs) such as rheuma-
toid arthritis (RA), with a morbidity and mortality 
pattern already higher than in the general 

population,1–3 and with treatments (disease- 
modifying antirheumatic drugs, DMARDs) on the 
one hand linked with increased risks for serious 
infections, and on the other hand suggested to 

Key messages

What is already known about this subject?
 ► The impact of COVID-19 on morbidity and 
mortality among patients with rheumatoid 
arthritis and other inflammatory joint diseases 
(IJDs) is not completely understood. Since 
many of the available studies have internally 
compared characteristics among patients with 
different rheumatic diseases and COVID-19, 
absolute risks and how they relate (excess and 
relative risks) to the corresponding risks in 
the general population remain unknown, but 
are necessary for risk communication. For the 
same reason, the impact of disease- modifying 
antirheumatic drugs remains incompletely 
understood.

What does this study add?
 ► During the first period (March–September) 
of the COVID-19 pandemic in 2020, the 
increased all- cause mortality in all patients 
with rheumatoid arthritis and other IJDs was 
largely proportionate to that in the general 
population (relative risks around 2 and 1.5, 
respectively, that were not higher during 2020 
than during 2015–2019), and largely explained 
by comorbidities.

 ► During March–September 2020, the average 
absolute risks for hospitalisation listing 
COVID-19 (0.5%), admission to intensive care 
due to COVID-19 (0.04%) and death due to 
COVID-19 (0.1%) in patients with IJDs were 
low, although higher than in the general 
population, corresponding to excess risks in the 
order of 0.2, 0.01 and 0.03 per 100 patients, 
respectively).

 ► With the possible exception of rituximab and 
JAK inhibitors, antirheumatic treatment does 
not appear to have a major impact on the risk 
of severe COVID-19.
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exert beneficial effects on severe COVID-19.4 5 These concerns 
have led to considerable challenges in clinical practice and for 
patient counselling.

Commendable efforts to address these questions have been 
carried out.6–16 Local patient cohorts have been followed up 
through surveys,7 local/regional hospital databases have been 
queried,8 9 and the COVID-19 Global Rheumatology Alli-
ance has established a repository of COVID-19 cases among 
patients with rheumatic diseases.10 While providing prelimi-
nary evidence, interpretation of these results is not straightfor-
ward.17 Studies based on questionnaires may miss fatal cases. 
Hospital queries may miss cases dying out of hospital. Case 
repositories based on active reporting suffer from unknown 
selection processes, and lack of external comparators make 
it impossible to assess absolute risks, let alone put these into 
context, for example, to COVID-19- related risks in individ-
uals without rheumatic disease, or to risks in individuals with 
rheumatic disease but not COVID-19.

Through a COVID-19- specific update to a multiregister 
linkage by the Anti- Rheumatic Therapy in Sweden group, 
see for example,18 we are able to address several of these 
outstanding issues by evaluating morbidity and mortality 
related to COVID-19 in nationwide, unselected cohorts of 
practically all patients with IJD, and individually matched 
general population referents, followed through a system of 
virtually complete national registers.

Our study has the following aims: (1) To assess whether the 
mortality among patients with IJDs, per se as well as compared 
with that of the general population, was different during the 
first period of the COVID-19 pandemic in 2020 compared 
with 2015–2019, (2) To assess absolute, excess and relative 
risks of COVID-19- related outcomes among patients with IJD 
compared with the general population, and (3) In relation to 
specific DMARDs.

SUBJECTS AND METHODS
Setting
Swedish healthcare is universally available to all residents. 
Patients with IJDs treated with DMARDs are managed by 
rheumatologists, mainly through hospital- based clinics. The 
COVID-19 pandemic had reached Sweden by March 2020, 
and by September 2020 resulted in 5000 deaths (online supple-
mental figure 1); one of the higher mortality rates per 100 000 
inhabitants in Europe and the USA.19 General recommendations 
(not legally binding) urged social distancing when possible, in 
particular for risk groups and those aged above 70 years. There 
have been no specific recommendations for patients with IJDs.

Patient and public involvement
This study was designed in response to frequent questions asked 
by patients with IJD, but did not contain any active patient or 
public involvement.

Data sources
We updated a previously described linkage between several 
national Swedish registers: the Swedish Rheumatology Quality 
Register (SRQ), The Patient Register, the Prescribed Drug 
Register, the Cause of Death Register and the Population 
Register, with data until September 2020, and added data on 
admission to intensive care units (ICUs) through linkage to the 
Intensive Care Quality Register (online supplemental table 1).

Study population
We used previously devised algorithms based on data from the 
Rheumatology Quality Register, International Classification of 
Diseases 10th Revision (ICD-10) codes in the Patient Register, 
and anatomical therapeutic chemical (ATC) codes in the 
Prescribed Drug Register (online supplemental table 2) to iden-
tify two open cohorts of individuals above 18 years; all prev-
alent RA March 2015 through September 2020 (n alive on 1 
March 2020=53 455), and other IJDs (here: psoriatic arthritis, 
ankylosing spondylitis, other spondyloarthropathies, or juvenile 
idiopathic arthritis, n alive on 1 March 2020=57 112).18 20 Each 
unique individual was matched on year of birth, sex and region 
of domicile (Sweden is organised in 21 regions) to five randomly 
selected population subjects (n alive 1 March 2020=484 277) 
from the Swedish Population Register, required to be alive and 
free from IJD at the time their index individual qualified into 
his/her cohort.

DMARD treatments
Among the individuals with IJD, and based on treatment data in 
the Rheumatology Quality Register and dispensing of DMARDs 
from the Prescribed Drug Register, we created DMARD cohorts 
defined by the treatment status 1 March 2020. We identified 
33 296 individuals on active treatment with a conventional 
synthetic (cs) DMARD (methotrexate, sulfasalazine, antimalar-
ials, leflunomide, or azathioprine, excluding those on biologic 
(b) or targeted synthetic (ts) DMARD), and 28 336 subjects on 
active treatment with any b/tsDMARD, defined as abatacept 
(n=1324), janus kinase inhibitors (JAKi) (baricitinib or tofaci-
tinib, n=1725, baricitinib being the most common), rituximab 
(n=2180), tumour necrosis factor inhibitors (TNFi) adalim-
umab, certolizumab pegol, etanercept, golimumab or infliximab, 
n=22 070) and tocilizumab (n=1037). As only 2% changed 
their DMARD status between March and September 2020, we 
did not update the DMARD status over time.

Outcomes
We defined the following five outcomes: death from any cause 
(based on death notifications from the Tax agency), death from 
COVID-19 (based on main and contributory causes of death 
recorded on death certificates March until September 2020), 
hospitalisation for any cause and due to COVID-19 (data from 
the Patient Register), and admission to intensive care due to 
COVID-19 (the Intensive Care Register).

Covariates
The register linkage provided data on age, sex, region of domi-
cile, characteristics of the IJD including disease activity score-28 
(DAS28) and disease duration, concomitant csDMARD and 
steroid use, the prevalence of specific comorbid conditions 
including history of hospitalisations, educational level, country 
of birth and civil status at cohort entry (see online supplemental 
table 4 for definitions). All covariates were updated over time to 

Key messages

How might this impact on clinical practice or future 
developments?

 ► Our risk estimates may be used for patient counselling, and 
suggest that for COVID-19, the general health status matters 
more than a diagnosis of inflammatory joint disease per se, or 
its treatment. Signals for rituximab and JAK inhibitors call for 
replication.

https://dx.doi.org/10.1136/annrheumdis-2021-219845
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reflect status at start of follow- up, in each analysis. No imputa-
tion of missing data was performed.

Statistics
To assess whether the absolute all- cause mortality during March–
September 2020 in each cohort differed compared with the corre-
sponding time periods 2015–2019, we defined annual cohorts of 
all prevalent individuals with IJD, and of their matched popula-
tion comparator subjects, on 1 March, and followed these until 
September each year, emigration or death. Within each cohort 
(RA, other IJD, population referents), we calculated weekly 
crude mortality rates as the number of deaths divided by person 
time for each year, and weekly excess mortality as the difference 
between the mortality during 2020 and the corresponding aver-
ages 2015–2019. We used Cox regression to estimate relative 
risks (expressed as HRs) comparing individuals with IJD to the 
general population March–September each year 2015 through 
2020. We calculated unadjusted HRs (age, sex and region of 
domicile were accommodated through matching) as well as HRs 
adjusted for comorbidities, healthcare resource utilisation and 
socioeconomy; see tables 2 and 3 and online supplemental table 
4 for details. We tested whether the mortality rate was higher 
in 2020 than during 2015–2019 by inclusion of an interaction 
term between indicator variables for year 2020, and for patients 
with IJD.

In each cohort, we next calculated absolute risks for hospital-
isation, admission to intensive care and death due to COVID-19, 
defined as the ratio of the number of incident events 1 March 
through 1 September 2020 and the number of individuals at 

risk in each cohort 1 March 2020. We calculated excess risks 
(IJD vs the general population) as the difference in risk between 
the IJD and its population comparator cohort, and relative risks 
via unadjusted and adjusted Cox models as described above. To 
contextualise the COVID-19- related outcomes, we also assessed 
all- cause death and hospitalisation.

To investigate the association between DMARDs and each of 
the outcomes, we first estimated propensity scores for the prob-
ability of belonging to each DMARD group, separately for RA, 
other IJDs and all IJDs combined (online supplemental methods, 
online supplemental tables 8–10 and online supplemental figures 
2–4). We then fitted inverse probability of treatment- weighted 
Cox regressions, additionally adjusted for use of oral gluco-
corticosteroids and csDMARD combinations (whether with 
csDMARD or b/tsDMARD). We abstained from calculating HRs 
for comparisons based on fewer than five events. The online 
supplemental materials describe a post hoc analysis of patients 
treated with sulfasalazine. We used Stata V.16.1 and SAS V.9.4.

RESULTS
All-cause mortality in IJDs and their matched general 
population subjects March–September 2020 and 2015–2019
Between 1 March and 1 September 2020 (55 336 person- years), 
1310 (1.2%) of the 110 567 individuals with IJD died (968 
(1.8%) with RA, and 342 (0.6%) with other IJDs), (tables 1–3). 
Figure 1 describes the weekly mortality rate in each IJD cohort 
and in their general population comparator cohorts during this 
period, and the average mortality rate in the corresponding 

Table 1 Characteristics of adult Swedish residents with rheumatoid arthritis (RA) and other inflammatory joint diseases (IJDs, defined as 
ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic arthritis) in Sweden, 1 March 2020, and their matched 
general population comparator subjects

RA Other IJD All IJDs combined
Matched general population 
referents*

Individuals* 53 455 57 112 110 567 484 277

Age, median (IQR) 69 (57 to 77) 55 (43 to 67) 62 (49 to 73) 60 (47 to 71)

Women 73% 51% 62% 62%

Years since diagnosis, median (IQR) 10 (5 to 16) 10 (5 to 15) 10 (5 to 16) –

Comorbidities

History of cancer 4% 3% 3% 3%

History of diabetes 14% 11% 12% 10%

History of heart failure 4% 2% 3% 2%

History of ischaemic heart disease 7% 4% 6% 3%

History of infections 7% 4% 5% 2%

History of lung diseases 11% 6% 9% 4%

History of kidney failure 4% 2% 3% 1%

History of stroke 4% 2% 3% 2%

History of joint surgery 18% 8% 12% 5%

History of venous thromboembolism 1.3% 0.7% 1.0% 0.5%

Highest achieved education

<9 years 16% 6% 11% 9%

9–12 years 56% 60% 58% 55%

12+ years 28% 34% 31% 36%

Civil status: married 50% 48% 49% 48%

Born in Sweden 87% 90% 89% 84%

Hospitalisation: days past year, median (IQR), among 
hospitalised

5 (3 to 12) 4 (2 to 9) 5 (3 to 11) 4 (2 to 8)

Hospitalisation: days past 10 years to 1 year, median 
(IQR), among hospitalised

8 (4 to 21) 6 (3 to 14) 7 (3 to 17) 5 (3 to 11)

*Individually matched to each individual with an IJD, that is, to the column ‘All IJDs combined‘. Note that full variable definitions are presented in online supplemental table 4.

https://dx.doi.org/10.1136/annrheumdis-2021-219845
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https://dx.doi.org/10.1136/annrheumdis-2021-219845
https://dx.doi.org/10.1136/annrheumdis-2021-219845
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cohorts 2015 through 2019. In all cohorts, the mortality during 
2020 was higher than during previous years. Figure 2 displays 
the excess mortality during 2020 (compared with the average 
in the same cohort 2015 through 2019). By mid- April 2020 
(the peak of the period under study) the RA cohort had a more 
pronounced excess mortality than that observed in the general 
population.

Table 2 describes unadjusted and adjusted annual HRs of 
all- cause mortality in the IJD cohorts compared with general 
population comparators March until September (here: through 
August 18) each year 2015 through 2020. Unadjusted models 
demonstrated an increased mortality among individuals with RA 
(eg, HR 2020 = 1.99, 95% CI 1.84 to 2.16), and other IJD (eg, 
HR 2020 = 1.52, 95% CI 1.34 to 1.73). Importantly, the HRs 
for 2020 were not different from those of 2015 through 2019. 
Within each calendar year, once adjusted for comorbid condi-
tions and socioeconomy, most of the increased mortality in RA 
(adjusted HR 2020 = 1.18, 95% CI 1.09 to 1.28), and all of 
the increased mortality in other IJD (adjusted HR 2020 = 0.96, 
95% CI 0.84 to 1.09) disappeared.

Risks, excess risks and relative risks for COVID-19-related 
and other outcomes among individuals with IJD and in the 
general population March–September 2020
Among all individuals with IJD, the risk for hospitalisation 
because of COVID-19 during March through September 2020 
was 0.5% (vs 0.3% in their general population referents), 0.04% 
(vs 0.03%) for admission to ICD due to COVID-19 and 0.10% 
(vs 0.07%) for death from COVID-19. For comparison, the 

absolute risk for hospitalisations for any cause was 8.1% (vs 
5.0%) and the risk for death from any cause was 1.2% (vs 0.6%, 
table 3).

The unadjusted HRs for each of these outcomes were all 
elevated (with the exception of HRs for admission to intensive 
care due to COVID-19 in other IJDs) with somewhat higher 
HRs for the COVID-19- specific outcomes than for hospitalisa-
tion or for death from any cause in the RA cohort. Adjustment 
for comorbidities and socioeconomy lowered the associations 
between IJD and the COVID-19- related outcomes, though less 
clearly so for admission to intensive care (table 3).

COVID-19-related and other outcomes in relation to DMARDs
Online supplemental tables 5–7 display characteristics of the 
DMARD cohorts. Before weighting, there were differences 
across the DMARD cohorts. Online supplemental table 8–10 
display the level of balancing achieved through the weighting, 
expressed as standardised mean differences. After weighting, all 
standardised mean differences were below 0.2.

Using csDMARDs as reference (see table 4 for crude risks and 
HRs), we noted no risk increase with b/tsDMARDs for hospi-
talisation listing COVID-19 (HR=1.08, 95% CI 0.73 to 1.58), 
admission to intensive care due to COVID-19 (HR=1.74, 95% 
CI 0.63 to 4.84) or death from COVID-19 (HR=1.26, 95% CI 
0.60 to 2.64), nor for hospitalisation for any cause. When we 
assessed HRs for the above outcomes by individual b/tsDMARD 
(using csDMARD as reference) we noted no signal of increased 
risks with TNFi, abatacept and tocilizumab, but for several 
assessments the numbers of events were small. For rituximab, 

Table 2 All- cause mortality March–September each year 2015 through 2020 among Swedish residents with rheumatoid arthritis (RA), other 
inflammatory joint diseases (IJDs, defined as ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic arthritis), 
compared with their general population comparator subjects through HRs from Cox regression

Condition Year

N deaths in the 
inflammatory joint disease 
cohort‡ HR model 1* HR model 2†

P for interaction 2020 
versus 2015–2019

All

2015 1077 1.99 (1.85 to 2.14) 1.13 (1.04 to 1.21)

2016 995 1.81 (1.68 to 1.95) 1.00 (0.92 to 1.08)

2017 1088 1.90 (1.77 to 2.04) 1.12 (1.04 to 1.20)

2018 1127 1.84 (1.72 to 1.98) 1.08 (1.00 to 1.16)

2019 1097 1.90 (1.77 to 2.04) 1.14 (1.06 to 1.23)

2020 1247 1.88 (1.76 to 2.01) 1.12 (1.04 to 1.20) 0.57

RA

2015 813 2.10 (1.93 to 2.28) 1.21 (1.11 to 1.32)

2016 756 1.93 (1.77 to 2.10) 1.07 (0.98 to 1.17)

2017 821 2.00 (1.84 to 2.18) 1.19 (1.09 to 1.29)

2018 833 1.94 (1.78 to 2.10) 1.13 (1.04 to 1.23)

2019 817 2.04 (1.88 to 2.22) 1.23 (1.13 to 1.34)

2020 925 1.99 (1.84 to 2.16) 1.18 (1.09 to 1.28) 0.80

Other IJD

2015 264 1.61 (1.40 to 1.85) 0.94 (0.82 to 1.09)

2016 239 1.41 (1.22 to 1.63) 0.83 (0.71 to 0.96)

2017 267 1.53 (1.34 to 1.76) 0.96 (0.84 to 1.11)

2018 294 1.52 (1.33 to 1.73) 0.94 (0.82 to 1.08)

2019 280 1.50 (1.31 to 1.71) 0.96 (0.83 to 1.10)

2020 322 1.52 (1.34 to 1.73) 0.96 (0.84 to 1.09) 0.66

*Cox model, matched for age, sex and geographical region.
†Cox model additionally adjusted for history of cancer, heart failure, ischaemic heart disease, infections, lung disease, kidney failure, stroke, joint surgery, venous 
thromboembolism, region of domicile, education, civil status, country of birth and time hospitalised in days (previous 10 years, and previous 1 year).
‡Note that follow- up in this table ends 18 August, which is why numbers and HRs differ slightly compared with all other analyses of all- cause mortality in which follow- up ends 
1 September.
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we noted increased risks for death from COVID-19 (HR=3.20, 
95% CI 1.19 to 8.57) and for death from any cause (HR=2.52, 
95% CI 1.56 to 4.07). For JAKi, we noted increased risk for 
hospitalisation due to COVID-19 (HR=2.72, 95% CI 1.14 
to 6.47) and death (HR=10.03, 95% CI 2.35 to 42.76) from 
COVID-19, both of which were higher than the HRs for hospi-
talisation and death from any cause.

In post hoc analysis contrasting patients on sulfasalazine 
monotherapy to patients on any other csDMARD therapy, we 

noted increased point estimates for hospitalisation and admis-
sion to ICU due to COVID-19 (details in online supplemental 
material).

DISCUSSION
We covered excess mortality and COVID-19- related outcomes 
among practically all patients with RA or other IJDs during the 
first period of the COVID-19 pandemic in the entire country of 

Table 3 Absolute and relative risks for COVID-19- related events and other outcomes in Swedish residents with rheumatoid arthritis (RA), and 
other inflammatory joint diseases (IJDs, defined as ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic 
arthritis) compared with matched general population comparator subjects 1 March through September 2020

Condition Outcome
N events (risk, %) in 
the IJD cohort

N events (risk, %) in 
the general population

Crude excess risk 
per 100 patients* HR model 1† HR model 2‡

All

Hospitalisation, all causes 8971 (8.1%) 24 273 (5.0%) 3.1 1.65 (1.61 to 1.69) 1.18 (1.15 to 1.21)

Hospitalisation, COVID-19 581 (0.5%) 1443 (0.3%) 0.2 1.77 (1.61 to 1.95) 1.32 (1.19 to 1.46)

Admission to ICU, COVID-19 45 (0.04%) 162 (0.03%) 0.01 1.22 (0.88 to 1.70) 1.17 (0.82 to 1.66)

Death, all causes 1310 (1.2%) 3036 (0.6%) 0.6 1.90 (1.78 to 2.02) 1.13 (1.05 to 1.21)

Death, COVID-19 161 (0.10%) 338 (0.07%) 0.03 2.09 (1.73 to 2.52) 1.18 (0.97 to 1.44)

RA

Hospitalisation, all causes 5275 (9.9%) 13 072 (5.9%) 4.0 1.71 (1.66 to 1.77) 1.21 (1.17 to 1.25)

Hospitalisation, COVID-19 379 (0.7%) 784 (0.4%) 0.3 2.02 (1.78 to 2.28) 1.40 (1.23 to 1.60)

Admission to ICU, COVID-19 31 (0.06%) 79 (0.04%) 0.02 1.63 (1.08 to 2.48) 1.53 (0.98 to 2.40)

Death, all causes 968 (1.8%) 2026 (0.9%) 0.9 1.99 (1.85 to 2.15) 1.18 (1.09 to 1.28)

Death, COVID-19 134 (0.30%) 245 (0.11%) 0.19 2.28 (1.85 to 2.81) 1.27 (1.02 to 1.59)

Other IJD

Hospitalisation, all causes 3696 (6.5%) 11 201 (4.3%) 2.2 1.54 (1.48 to 1.59) 1.16 (1.11 to 1.20)

Hospitalisation, COVID-19 202 (0.4%) 659 (0.3%) 0.1 1.41 (1.20 to 1.65) 1.20 (1.02 to 1.41)

Admission to ICU, COVID-19 14 (0.02%) 83 (0.03%) −0.01 0.78 (0.44 to 1.37) 0.76 (0.43 to 1.37)

Death, all causes 342 (0.6%) 1010 (0.4%) 0.2 1.56 (1.38 to 1.76)‡ 0.98 (0.86 to 1.12)

Death, COVID-19 27 (0.05%) 93 (0.04%) 0.01 1.34 (0.87 to 2.05) 0.83 (0.54 to 1.28)

*Defined as the difference between the risk in the inflammatory joint disease cohort and that in its matched population comparator cohort.
†Cox model unadjusted, matched for age, sex and geographical region; general population comparators are the reference.
‡Cox model additionally adjusted for history of cancer, diabetes, heart failure, ischaemic heart disease, infections, lung disease, kidney failure, stroke, joint surgery, venous thromboembolism, 
country of birth, highest educational achievement, civil status, region, number of days in hospital (in previous 1 year and 10 years).
ICU, intensive care unit.

Figure 1 All- cause mortality in adult Swedish residents with rheumatoid arthritis (RA) or other inflammatory joint diseases (IJDs, defined as 
ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic arthritis), and among individually matched general 
population subjects, during 1 March until September 2020 compared with the corresponding average mortality during the same seasons 2015 
through 2019.
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Sweden. We made the following observations: (1) During the 
first period of the pandemic, patients with IJDs had approxi-
mately 1.5–2 times higher mortality from any cause than the 
general population. (2) In relative terms, this increase was not 
higher than during previous years, and could almost entirely 
be explained by comorbidities and socioeconomic factors. (3) 
In absolute terms, the risks for admission to hospital due to 
COVID-19 (0.5%, an additional 0.2 per 100 persons compared 
with the general population), to intensive care due to COVID-19 
(0.04%, an additional 0.01 per 100 persons) and for death due to 
COVID-19 (0.10%, an additional 0.03 per 100 persons) among 
patients with IJDs were low. (4) The increased relative risks were 
not specific to COVID-19- related outcomes but present also for 
hospitalisations and deaths due to any cause. (5) Patients treated 
with b/tsDMARDs were, on average, not at higher risk for 
COVID-19- related outcomes than those on csDMARDs. (6) We 
noted increased risks for rituximab and for JAKi for COVID-19 
outcomes, based on a limited number of events.

Taking differences in study design and the comparisons made 
(if any) in previous reports on COVID-19, our results add to the 
emerging picture that a diagnosis of chronic IJDs per se does not 
seem to increase the risk of serious COVID-19- related outcomes, 
but that age and comorbidities are strong risk factors for these 
outcomes.6 9–13 This is not to say that IJDs themselves do not 
increase mortality—our study population comprised unselected 
patients with a mean disease duration around a decade. Many 
comorbidities and socioeconomic characteristics may thus have 
occurred as a consequence of the IJD. For the outcome admis-
sion to intensive care, adjustment had less effect on the HRs 
suggesting that other triaging may have been at play.

Our results extend previous findings on COVID-19 by 
anchoring them both to risks in individuals with IJD pre- 
COVID-19, to risks (excess and relative) versus the general 
population, and to risks not specifically from COVID-19. Impor-
tantly, our results indicate that during March–September of the 
pandemic 2020, the increase in all- cause mortality and the risks 
for COVID-19- related outcomes in patients with IJD remained 
largely proportional to those in the general population. Our 

results have important implications for patient counselling in that 
they suggest that (1) The absolute risk of death from COVID-19 
among individuals with IJD between March and September was 
in the order of 1 in a 1000, (2) The additional risk in individ-
uals with IJD compared with the general population was in the 
order of 3 per 10000, and (3) In a given individual with RA 
or another IJD, the health status seems much more important 
than the IJD diagnosis per se, both for overall mortality and for 
COVID-19- outcomes.

Previous reports have generally not suggested particular risks 
with TNFi or other cytokine inhibitors, at least when used 
in monotherapy,6 8 and even suggested a protective effect of 
TNFi.10 Our results suggest that csDMARDs, TNFi, abatacept 
and tocilizumab are neutral in terms of risks for serious COVID-
19- outcomes. Baricitinib has been reported to exert beneficial 

Figure 2 Difference (excess or deficit) in all- cause mortality for 
Swedish residents with rheumatoid arthritis (RA), other inflammatory 
joint diseases (IJDs, defined as ankylosing spondylitis, psoriatic arthritis, 
other spondyloarthropathies and juvenile idiopathic arthritis) and in 
their individually matched general population cohorts 1 March until 
September 2020, estimated as the difference between the mortality 
in each cohort 2020 compared with the average mortality in the same 
cohort during the same seasons 2015 through 2019.

Table 4 Occurrence and relative risks of COVID-19- related events 
and other outcomes in individuals with chronic inflammatory joint 
diseases (rheumatoid arthritis, ankylosing spondylitis, psoriatic 
arthritis, other spondyloarthropathies and juvenile idiopathic 
arthritis), 1 March through September 2020, according to DMARD 
treatment status 1 March

Outcome Cohort N events
Crude 
risk (%) HR (95% CI)*

Hospitalisation, 
all causes

csDMARD 2805 8.4 1 (ref)

TNFi 1288 5.8 0.99 (0.89 to 1.10)

Abatacept 115 8.7 0.94 (0.69 to 1.26)

Tocilizumab 79 7.6 0.92 (0.64 to 1.33)

Rituximab 272 12.5 1.25 (1.02 to 1.53)

JAKi 146 8.5 0.93 (0.67 to 1.27)

All b/tsDMARDs 1900 6.7 0.99 (0.90 to 1.10)

Hospitalisation 
due to 
COVID-19

csDMARD 207 0.6 1 (ref)

TNFi 67 0.3 1.05 (0.67 to 1.64)

Abatacept 5 0.4 0.49 (0.15 to 1.59)

Tocilizumab 4 0.4 –

Rituximab 24 1.1 1.03 (0.58 to 1.81)

JAKi 18 1.0 2.72 (1.14 to 6.47)

All b/tsDMARDs 118 0.4 1.08 (0.73 to 1.58)

Admission 
to intensive 
care due to 
COVID-19

csDMARD 21 0.1 1 (ref)

TNFi 8 0.0 2.05 (0.70 to 6.06)

Abatacept 1 0.1 –

Tocilizumab 0 0.0 –

Rituximab 2 0.1 –

JAKi 1 0.1 –

All b/tsDMARDs 12 0.0 1.74 (0.63 to 4.84)

All- cause death csDMARD 412 1.2 1 (ref)

TNFi 73 0.3 0.71 (0.49 to 1.03)

Abatacept 16 1.2 1.12 (0.50 to 2.48)

Tocilizumab 7 0.7 1.11 (0.41 to 3.02)

Rituximab 43 2.0 2.52 (1.56 to 4.07)

JAKi 16 0.9 1.30 (0.52 to 3.26)

All b/tsDMARDs 155 0.5 0.91 (0.67 to 1.24)

Death due to 
COVID-19

csDMARD 52 0.2 1 (ref)

TNFi 7 0.0 1.03 (0.40 to 2.61)

Abatacept 1 0.1 –

Tocilizumab 2 0.2 –

Rituximab 9 0.4 3.20 (1.19 to 8.57)

JAKi 5 0.3 10.03 (2.35 to 42.76)

All b/tsDMARDs 24 0.1 1.26 (0.60 to 2.64)

*HR from propensity score- weighted Cox regression, adjusted for oral steroids and 
csDMARD co- medication. Separate models for individual drugs and for all b/tsDMARDs.
b/tsDMARD, biologic/targeted synthetic DMARD; csDMARD, conventional synthetic DMARD; 
DMARD, disease modifying antirheumatic drug.
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effects when used against COVID-19.21 While our results for 
JAKi are in seeming disagreement, they were based on small 
numbers and we cannot refute residual confounding. For ritux-
imab, for which there is also substantial clinical channelling, the 
increased risks were not specific to COVID-19. Similar signals 
for rituximab have been observed in reports on bDMARDs and 
risks for other infections.22 In either case, these results call for 
verification. An association between sulfasalazine and severe 
COVID-19 was recently reported.23 Our post hoc analysis did 
not unequivocally confirm or reject this signal (online supple-
mental analysis). Because of the intimate correlation between 
disease activity and lack of alternative treatment options, and 
since we did not have prospective information on glucocorticoid 
dosing or disease activity from start of follow- up nor at the time 
point of any COVID-19 infection, we adjusted for but abstained 
from assessing risks specifically in relation to glucocorticoids.

Our study has limitations. We assessed risks for outcomes of 
known COVID-19 cases, but similar to most previous studies 
could not study risks for acquiring SARS- CoV-2 infection in the 
first place. While we had the possibility to compare risks between 
patients with IJDs to age- matched, sex- matched and domicile- 
matched general population referents, all risks presented repre-
sent averages across age and sex and are as such not directly 
applicable to individual patients. In the assessment of risks with 
individual DMARDs, we used a propensity score weighting 
approach to accommodate confounding by indication. For this, 
we included a wide array of covariates from several different 
domains and achieved good balance, but we cannot exclude 
residual confounding, and lack reliable data on several known 
COVID-19 risk factors such as body mass index and hyperten-
sion. We defined DMARD exposure on the basis of active treat-
ment at the beginning of the study period, but can only speculate 
about patient- initiated discontinuations or dose reductions 
related to fear of COVID-19. Our results should therefore be 
viewed as an ‘intention to treat’ approach. Finally, while many 
of our results had good precision, some estimates were based on 
small numbers.

Our study has several strengths. Our study population encom-
passed virtually all DMARD- treated patients with RA, and other 
IJDs in the country and throughout the entire first period of 
the pandemic, thereby minimising bias due to patient selection. 
We could prospectively follow- up each individual through regis-
ters of high quality, with outcome information assigned inde-
pendently of the IJD. This design enabled the estimation of 
absolute risks and of the corresponding relative risks comparing 
both within patients with inflammatory disease and versus the 
general population, rather than, for example, a restriction to 
internal comparisons within patients with rheumatic disease and 
COVID-19.10

In conclusion, the increased risks of hospitalisation and death 
due to COVID-19 among patients with IJDs largely mirror those 
in the general population, at least in relative terms. In absolute 
terms, risks and excess risks are low. csDMARDs, TNF inhib-
itors, abatacept and tocilizumab as used in clinical practice 
appear safe, but signals for rituximab and JAKis require veri-
fication to determine whether these are specific to COVID-19 
or reflective of channelling. Finally, in demonstrating that the 
overall mortality in unselected patients with IJDs remains mark-
edly elevated compared with the general population, also in 
the absence of COVID-19, our study serves as a reminder of a 
remaining large unmet need.
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Table 1 Proportion (n, %) of articles with and without patient 
research partner involvement

Articles with patient 
research partner 
involvement (n=11, %)

Articles with no patient 
research partner 
involvement (n=611, %)

Geographical region

 North America (n=228) 1, 0.4 227, 99.6

 Europe (n=282) 10, 3.5 272, 96.5

 Other (n=112) 0, 0 112, 100

Funding source

 Not industry- funded (n=237) 8, 3.4 229, 96.6

 Industry funded/investigator initiated 
(n=101)

3, 3.0 98, 97.0

  Industry funded/industry initiated (n=284) 0, 0 284, 100

Intervention

 Pharmacological (n=504) 6, 1.2 498, 98.8

 Non- pharmacological (n=118) 5, 4.2 113, 95.8

Disease category

 Ankylosing spondylitis (n=43) 0, 0 43, 100

 Crystal arthritis (n=28) 1, 4 27, 96

 Osteoarthritis (n=113) 3, 2.7 110, 97.3

 Miscellaneous rheumatic disease (n=14) 0, 0 14, 100

 Paediatric rheumatology (n=15) 0, 0 15, 100

 Pain syndromes (n=18) 0, 0 18, 100

 Psoriatic arthritis (n=60) 0, 0 60, 100

 Rheumatoid arthritis (n=231) 5, 2.2 226, 97.8

 Systemic lupus erythematous (n=36) 0, 0 36, 100

 Systemic sclerosis/scleroderma (n=24) 1, 4 23, 96

 Vasculitis (n=18) 0, 0 18, 100

 Not disease specific (n=12) 1, 8 11, 92

 Other connective tissue diseases (n=10) 0, 0 10, 100

Journal (2019 Impact factor)

 Annals of the Rheumatic Disease (16.102) 
(n=154)

5, 3.2 149, 96.8

 Arthritis and Rheumatology (9.586) (n=83) 0, 0 83, 100

 Rheumatology (5.606) (n=55) 1, 2 54, 98

 Seminars in Arthritis and Rheumatism 
(4.751) (n=8)

0, 0 8, 100

 Osteoarthritis and Cartilage (4.793) (n=49) 2, 4 47, 96

 Arthritis Research and Therapy (4.103) 
(n=79)

0, 0 79, 100

 Arthritis Care and Research (4.056) (n=69) 2, 3 67, 97

 Joint Bone Spine (3.741) (n=7) 1, 14 6, 86

 Journal of Rheumatology (3.350) (n=47) 0, 0 47, 100

 New England Journal of Medicine (74.699) 
(n=11)

0, 0 11, 100

 The Lancet (60.392) (n=32) 0, 0 32, 100

 Journal of the American Medical Association 
(45.540) (n=10)

0, 0 10, 100

 The British Medical Journal (30.223) (n=1) 0, 0 1, 100

 Annals of Internal Medicine (21.317) (n=13) 0, 0 13, 100

 JAMA Internal Medicine (18.652) (n=4) 0, 0 4, 100

Year of publication

 2016 (n=124) 1, 0.8 123, 99.2

 2017 (n=132) 2, 1.5 130, 98.5

 2018 (n=144) 2, 1.4 142, 98.6

 2019 (n=117) 0, 0 117, 100

 2020 (n=105) 6, 5.7 99, 94.3

Patient research partner involvement in 
rheumatology clinical trials: analysis of journal 
articles 2016–2020

In 2011, Ann Rheum Dis published the European League Against 
Rheumatism (EULAR) recommendations for the inclusion of 
patient representatives in scientific projects.1 Patient research 
partners were defined as ‘persons with a relevant disease who 
operate as active research team members’.1 The document 
strongly recommended participation of patient research part-
ners in clinical research projects, and stated that ‘participation 
of patient research partners should be considered in all phases of 
the project’. Involvement of at least two patient research partners 
was recommended.1 It is unknown to what extent these recom-
mendations have been integrated into the design and conduct 
of rheumatology clinical research since publication a decade 
ago. This study aimed to determine the involvement of patient 
research partners in rheumatology clinical trials published in the 
last 5 years.

We analysed all original articles reporting clinical trials 
published between January 2016 and December 2020 in rheuma-
tology journals with Thomas Reuter’s Impact Factors >3.0 and 
rheumatology clinical trials in general medical journals with 
Impact Factors >15.0. All included trials prospectively assigned 
human participants to health- related interventions to evaluate 
the effects on health outcomes. Descriptive statistics were used 
to report the proportion of articles with patient research partner 
involvement, the proportion of articles with patient authors, 
and patient research partner involvement at each stage of the 
research cycle according to the UK National Institute for Health 
Research INVOLVE framework: identifying and prioritising; 
commissioning; designing and managing; undertaking; dissem-
inating; implementing and evaluating impact.2

Of the 622 clinical trials, 11 (1.8%) reported involvement of 
patient research partners in either the text of the manuscript 
(n=3) or under a specific ‘Patient Research Partner Involve-
ment’ section within the methods or declarations sections (n=8) 
(table 1). Most of the trials reporting patient research partner 
involvement were from Europe and published in 2020. Patient 
research partner involvement was not reported in any industry- 
initiated trials, or in rheumatology trials published in general 
medical journals. Patient research partners were mostly involved 
in the trial design and/or management (n=10). Patient involve-
ment in identifying and dissemination stages was uncommon 
(n=1 and n=3 trials, respectively). No trials reported patient 
involvement in the commissioning or undertaking stages. Nine 
trials involved at least two patient research partners, and one 
trial reported that the patient research partner was a coauthor.

There were 24 trials with a specific ‘Patient Research Partner 
Involvement’ declaration section; of these, eight (33%) reported 
patient research partner involvement. Additionally, some authors 
misinterpreted the meaning of patient research partner involve-
ment and reported statements in these declarations relating 
to patients as research participants. However, there were two 
exemplary trials, both reporting the involvement of at least two 
research partners, with details provided in supplementary text 
on their involvement throughout the research process.3 4

In summary, patient research partner involvement in rheu-
matology clinical trials is rarely reported. It is possible that the 
number of trials reporting patient research partner involvement 
does not reflect the true number with patient collaboration. 

However, for journals that require a ‘Patient Research Partner 
Involvement’ declaration (including BMJ Journals in recent 
years), the majority of articles reported no patient research 
partner involvement.

The 2011 EULAR recommendations for inclusion of patient 
representatives in scientific projects highlighted the benefits of 
collaboration with patients research partners, including improved 
representation of patients’ needs, preventing a mismatch 

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


1096 Ann Rheum Dis August 2021 Vol 80 No 8

Letters

between patient priorities and scientific focus, increasing oppor-
tunities for funding, dissemination and implementation, and 
empowering patients.1 A decade after these recommendations 
were published, reporting of patient research partner involve-
ment in rheumatology clinical trials remains rare. Our data high-
light the need for involvement of patient research partners in all 
rheumatology clinical trial programmes, consistent reporting of 
these collaborations in publications, and for journals to require 
reporting of patient research partner involvement.
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Onset of rheumatoid arthritis after COVID-19: 
coincidence or connected?

COVID-19, caused by SARS- CoV-2, can lead to severe inflamma-
tion and has been suggested to induce autoimmune phenomena. 
Multiple studies have reported autoantibodies in patients with 
COVID-19, particularly anti- cardiolipin, anti-β2- glycoprotein 
I and antinuclear antibodies.1 2 Anti- citrullinated protein anti-
bodies (ACPA) and flaring of rheumatoid arthritis (RA) after 
SARS- Cov-2 infection have also been described.1 3 However, it 
is unclear how often ACPA occur after COVID-19 and whether 
they differ from ACPA normally found in patients with RA .

We have therefore performed a detailed investigation into 
ACPA positivity after COVID-19. To determine the seroprev-
alence of ACPA after COVID-19, ACPA was measured using 
routine tests or in- house ELISA in 61 patients visiting the post- 
COVID-19 outpatient clinic of the Leiden University Medical 
Center 5 weeks after hospitalisation. None of the patients tested 
positive for ACPA, except two patients previously diagnosed 
with ACPA- positive RA. Thus, we could not observe an increase 
in ACPA positivity after COVID-19.

Furthermore, we identified five patients across various Dutch 
rheumatology clinics presenting with polyarthritis compatible with 
RA after SARS- CoV-2 infection. To study the impact of COVID-19 
on disease presentation, we closely examined their clinical pheno-
type and autoantibody characteristics (online supplemental 
table S1). All had suffered from moderate- to- severe COVID-19. 
On average, joint complaints started 6.6 weeks after infection, 
although two patients reported symptoms before infection. Four 
of five patients fulfilled the American College of Rheumatology 
2010 criteria for RA. Three patients were phenotypically very 
similar to regular patients with new- onset RA. Patient 3 had a 
history of seronegative RA and had been in disease- modifying 
anti- rheumatic drug- free remission for 5 years. She flared 6 weeks 
after SARS- CoV-2 infection. Patient 2 had a remarkably different 
presentation. He was admitted with acute polyarthritis and high 
inflammatory markers 6 weeks after COVID-19. Pneumonia with 
reactive polyarthritis or septic polyarthritis was considered and 
treatment was started accordingly. The level of ACPA was low 
positive. The patient died unexpectedly after 2 days, and autopsy 
revealed dilating myocarditis of unclear underlying cause. No caus-
ative pathogen, or compelling evidence of autoimmunity, could be 
identified.

Previous studies have shown that patients with RA are most 
often either seronegative or triple- positive for rheumatoid factor, 
ACPA and anti- carbamylated protein antibodies. ACPA IgM and 
IgA are most frequently found within patients positive for ACPA 
IgG.4 Autoantibody measurements on sera of patients with 
post- COVID-19 polyarthritis using in- house ELISAs4 revealed 
patterns very similar to RA (figure 1A), with two patients being 
completely seronegative and three patients positive for a range 
of autoantibodies at presentation. Sera prior to presentation to 
the rheumatologist are not available.

A unique feature of ACPA IgG in patients with RA is that they 
harbour glycans not only in their Fc- part, but also in their vari-
able domains (V- domains).5 We analysed the ACPA IgG V- domain 
glycosylation profiles of the above- mentioned three ACPA- positive 
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Figure 1 (A) Auto- antibody measurements using in- house ELISAs: RF, 
ACPA and anti- CarP isotype levels per patient. White—seronegative, 
gradient light to dark blue—low to highest levels, normalised against 
the maximum detection limit of ELISA per antibody isotype. (B) 
Percentage of variable domain glycosylation (mean, SD). Average 
value of duplicates plotted. V- domain glycosylation in ACPA IgG after 
COVID-19 is significantly increased compared with total IgG (p<0.05; 
Mann- Whitney U test), no significant difference between ACPA IgG 
V- domain glycosylation after COVID-19 and regular RA (disease 
characteristics in online supplemental table S1). (C) Percentage of 
specific glycan traits of all ACPA IgG V- domain glycans (mean, SD). 
Average value of duplicates plotted. Glycan trait G2FS2 without 
bisecting N- acetylglucosamine is significantly increased, while G2FBS1, 
a glycan trait with bisecting N- acetylglucosamine, is significantly 
decreased after COVID-19 (p<0.05; Mann- Whitney U test). Blue 
square—N- acetylglucosamine (B when bisecting), green circle—
mannose, red triangle—fucose (F), yellow circle—galactose (G), purple 
diamond—sialic acid (S). ACPA, anti- citrullinated protein antibody; anti- 
CarP, anti- carbamylated protein antibody; RA, rheumatoid arthritis; RF, 
rheumatoid factor.

post- COVID-19 polyarthritis patients and established RA patients 
(online supplemental table S1) using ultra- high- performance liquid 
chromatography.5 In all post- COVID-19 samples, the percentage of 
ACPA V- domain glycosylation was increased compared with total 
IgG (figure 1B), similar to regular RA. Inflammatory conditions, 
among which COVID-19, can induce changes in the composition 
of antibody Fc- glycans.6 A detailed examination of the specific 
ACPA IgG V- domain glycan traits revealed a significant decrease 
in bisecting N- acetylglucosamine- containing moieties (G2FBS1, 
G2FBS2) after COVID-19 (figure 1C), comparable to patterns 
described for total IgG Fc- glycosylation after COVID-19.6 The 
biological causes and consequences of these glycosylation changes 
currently remain unclear.

Limitations of this study include the small sample size and limited 
follow- up duration after COVID-19. Although autoantibody 
responses can develop rapidly after (SARS- Cov-2) infections, repli-
cation in a larger cohort with a longer follow- up would be valu-
able. Furthermore, part of the samples were measured on in- house 
instead of commercial tests. However, the characteristics of these 
assays appear very comparable based on previous experience.

In conclusion, we found that the seroprevalence of ACPA is not 
increased after COVID-19 infection and that patients presenting 
with polyarthritis after COVID-19 resemble regular patients 
with RA, both regarding clinical phenotype and autoantibody 

characteristics. Based on these data, it appears that RA after 
COVID-19 may be coincidence rather than connected.
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Table 1 Demographic and clinical characteristics of study 
participants, stratified by immune response to the first dose of SARS- 
CoV-2 mRNA vaccine

Overall
(n=123)

Detectable 
antibody (n=91)

Undetectable 
antibody (n=32) P value*

Age, median (IQR) 50 (41, 61) 46 (37, 61) 57 (43, 68) 0.06

Female sex, n (%) 117 (95) 87 (96) 30 (94) 0.7

Non- white, n (%) 12 (10) 11 (12) 1 (3) 0.2

Diagnosis, n (%)

 Inflammatory 
arthritis†

34 (28) 29 (32) 5 (16) 0.5

 Systemic lupus 
erythematous

24 (20) 16 (18) 8 (25)

 Sjogren’s syndrome 16 (13) 12 (13) 4 (12)

 Myositis 7 (6) 4 (4) 3 (9)

 Vasculitis 2 (2) 1 (1) 1 (3)

 Overlap connective 
tissue disease‡

35 (29) 25 (27) 10 (31)

 Other 5 (4) 4 (4) 1 (3)

Therapy, n (%)

 None 34 (28) 28 (31) 6 (19) 0.5

 Non- biologic 
DMARD§

23 (19) 16 (18) 7 (22)

 Biologic DMARD¶ 17 (14) 11 (12) 6 (19)

 Corticosteroid 
monotherapy**

4 (3) 4 (4) 0 (0)

 Combination 
therapy

45 (37) 32 (35) 13 (41)

*Comparing the detectable antibody group with the undetectable antibody group.
†Rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, reactive arthritis and inflammatory 
bowel disease- associated arthritis.
‡Overlap connective tissue disease denotes a combination of two or more of the above conditions, also 
includes systemic sclerosis.
§Azathioprine, hydroxychloroquine, leflunomide, methotrexate, mycophenolate, sulfasalazine and 
tacrolimus.
¶Adalimumab, certolizumab, etanercept, infliximab, tocilizumab, ustekinumab, ixekizumab, belimumab, 
rituximab, tofacitinib and abatacept.
**Prednisone and prednisone equivalents.
DMARD, disease- modifying antirheumatic drug; mRNA, messenger RNA.

Table 2 Participant immunomodulatory therapy,* stratified by 
humoral immune response to the first dose of SARS- CoV-2 mRNA 
vaccine

Detectable 
antibody
(n=91)

Undetectable 
antibody
(n=32) P value

Medication, n (%)

Non- biologic

 Azathioprine 9 (10) 4 (12) 0.7

 Hydroxychloroquine 27 (30) 10 (31) 0.9

 Mycophenolate† 3 (3) 8 (25) 0.001

 Sulfasalazine 4 (4) 1 (3) 0.9

 Tacrolimus 0 (0) 2 (6) 0.07

 Leflunomide 2 (2) 2 (6) 0.3

 Methotrexate 10 (11) 3 (9) 0.9

Biologic

 Abatacept 3 (3) 3 (9) 0.5

 Belimumab 5 (5) 5 (16) 0.1

 Interleukin inhibitor‡ 6 (7) 0 (0) 0.3

 Rituximab 2 (2) 4 (12) 0.04

 TNF inhibitor§ 16 (18) 1 (3) 0.07

 Tofacitinib 2 (2) 1 (3) 0.9

*Since participants could report more than one medication, the total N in this table 
is greater than the stated cohort size.
†Mycophenolic acid or mycophenolate mofetil.
‡Interleukin inhibitors: tocilizumab, ustekinumab and ixekizumab.
§TNF inhibitors: adalimumab certolizumab, etanercept and infliximab.
mRNA, messenger RNA; TNF, tumour necrosis factor.
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Antibody response to a single dose of SARS- 
CoV-2 mRNA vaccine in patients with rheumatic 
and musculoskeletal diseases

The immune response to SARS- CoV-2 messenger RNA 
(mRNA) vaccines in patients with rheumatic and musculo-
skeletal diseases (RMD) is undefined because these individ-
uals were largely excluded from phase I–III studies. To better 
understand the immune response to vaccination in this patient 
population, we studied the antibody response in patients with 
RMD who completed the first dose of SARS- CoV-2 mRNA 
vaccination.

Participants with RMD across the USA were recruited to 
participate in this prospective cohort via social media. Those 
with prior SARS- CoV-2 were excluded. We collected demo-
graphics, RMD diagnoses and immunomodulatory regimens 
and tested for SARS- CoV-2 antibodies at baseline and prior 
to the second vaccine dose. Antibody testing was conducted 
on the semiquantitative Roche Elecsys anti- SARS- CoV-2 S 
enzyme immunoassay (EIA) which tests for antibodies against 
the receptor- binding domain (RBD) of the SARS- CoV-2 spike 
protein.1 We evaluated the association between demographic/
clinical characteristics and positive antibody response using 
Fisher’s exact test and Wilcoxon rank- sum test.

We studied 123 participants who received their first 
SARS- CoV-2 vaccination dose between 8 January 2021 and 
12 February 2021; 52% underwent BNT162b2, and 48% 
underwent mRNA-1273 (table 1). The most common reported 
RMD diagnoses were inflammatory arthritis (28%), systemic 
lupus erythematosus (SLE) (20%), Sjogren’s syndrome (13%) 
and overlap connective tissue diseases(29%). Whereas 28% 
reported not taking immunomodulatory agents, the remainder 
reported regimens including non- biologic disease- modifying 
antirheumatic drugs (DMARDs) (19%), biologic DMARDs 
(14%) and combination therapy (37%).

At a median (IQR) of 22 (18-26) days after the first vaccine 
dose, 74% (binomial exact 95% CI, 65% to 81%) had a 
detectable anti- RBD antibody response (online supplemental 
table 1). Younger participants appeared more likely to develop 
an antibody response (p=0.06). No differences were detected 
between disease groups or overall immunomodulatory therapy 
categories. However, those on regimens including mycophe-
nolate or rituximab were less likely to develop an antibody 
response (p=0.001 and p=0.04, respectively) (table 2). Nearly 
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all patients (94%) on anti- tumour necrosis factor (TNF) inhib-
itor therapy had detectable antibodies.

In this study of the immune response to the first dose of 
the SARS- CoV-2 mRNA vaccine in patients with RMD, 
the majority of participants developed detectable anti- 
SARS- CoV-2 RBD antibodies; however, patients on regimens 
including mycophenolate or rituximab were less likely to 
develop an antibody response. Overall, there were no major 
differences by diagnosis or being on immunomodulatory 
therapy (versus not being on therapy), though consistent with 
prior studies younger patients were more likely to develop 
antibody responses. Nearly all patients on anti- TNF therapy 
developed detectable antibody. These associations warrant 
further investigation.

Rituximab and methotrexate have been shown to reduce 
humoral responses to influenza and pneumococcal vaccines.2 3 
We found that patients on rituximab were less likely to develop 
antibody response, yet methotrexate did not negatively impact 
antibody development. In addition, we found that patients on 
mycophenolate were less likely to develop antibody response 
to mRNA vaccination, consistent with observed experience of 
SARS- CoV-2 mRNA vaccination in the solid organ transplant 
population4 and reduced response to human papillomavirus 
vaccination in patients with SLE.5

Limitations of this study include a small, non- randomised 
sample; limited information on immunomodulatory dosage 
and timing; lack of serial measurements; and use of an EIA 
designed to detect antibody response after natural infection. 
Furthermore, these are data on the first- dose response to a 
two- dose series.

Nearly half of the patients with RMD have expressed 
hesitancy or unwillingness to receive a SARS- CoV-2 mRNA 
vaccine due to a paucity of data6; however, this report can 
provide reassurance to patients and their providers. We did, 
however, observe that certain lymphocyte- modulating thera-
pies were associated with poorer humoral vaccine response; 
potential exploratory strategies to increase immunogenicity in 
this subgroup may involve adjustment in immunomodulatory 
therapy, dosage or timing around vaccination.
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Figure 1 Local site and systemic adverse reactions in patients with 
rheumatic and musculoskeletal diseases within the first week following 
the first dose of the SARS- CoV-2 vaccination. Mild: does not interfere 
with activity, moderate: some interference with activity, severe: 
prevents daily activity.  Severe,  Moderate,  Mild, 
BNT162b2,  mRNA-1273.

Safety of the first dose of mRNA SARS- 
CoV-2 vaccines in patients with rheumatic and 
musculoskeletal diseases

The safety of the SARS- CoV-2 mRNA vaccines in patients with 
rheumatic and musculoskeletal diseases (RMD) on immunomod-
ulatory therapy is unknown because these individuals were largely 
excluded from the vaccine trials. The levels of systemic reactoge-
nicity reported with SARS- CoV-2 mRNA vaccines to date have 
raised concern for a more serious adverse event profile in patients 
with underlying immune dysregulation. There is currently no direct 
evidence about mRNA vaccine safety in patients with RMD and 
current guidance is based on expert opinion.1 Concerns relating 
to the side effect profile of the SARS- CoV-2 mRNA vaccines have 
been identified as a primary concern of patients resulting in vaccine 
hesitancy.2 To assess tolerability and peri- vaccination reactoge-
nicity in this patient population, we studied a sample of patients 
with RMD on immunomodulatory therapy who underwent early 
vaccination. 

Patients with RMD who received the SARS- COV-2 mRNA 
vaccine between 17 December 2020 and 11 February 2021 
were recruited to participate in this observational cohort study 
by invitation on social media. Information on demographics, 
diagnoses and therapeutic regimens was collected. Participants 
completed an online questionnaire detailing any reactions expe-
rienced within the first week following the first vaccine dose.

We studied 325 participants with RMD, of whom 51% received 
Pfizer/BioNTech and 49% received Moderna vaccine. Median 
(IQR) age was 43 (34–54) years; 96% were female, 89% were 
white and 9% were Hispanic/Latino. The most common diagnoses 
were inflammatory arthritis (38%), systemic lupus erythematous 
(28%) and overlap connective tissue disease (19%). Immunomod-
ulatory regimens included non- biologic disease modifying anti-
rheumatic drugs (44%), biologic therapy (19%) and combination 
therapy (37%).

Local symptoms including pain, swelling and erythema were 
reported by 89%. Systemic symptoms were reported by 69%. 
Fatigue was the most commonly reported systemic event, with 
7.4% of participants reporting severe fatigue. A detailed categori-
sation of reactogenicity, in comparison to reported events in the 

large- scale randomised trials, is noted in figure 1.3 4 There was one 
case of PCR- confirmed SARS- CoV-2 and one diagnosis of periph-
eral neuropathy during follow- up. There were no allergic reactions 
requiring epinephrine, and 3% reported developing a new infec-
tion requiring treatment.

This study represents the first available data on the safety 
and reactogenicity of mRNA COVID-19 vaccines in a dedi-
cated population of patients with RMD on immunomodula-
tory therapy. In general, local and systemic adverse events were 
consistent with expected vaccine reactogenicity, mainly mild and 
similar in frequency to those reported in the vaccine trials.3 4 
Systemic reactions such as fatigue, headache and myalgia were 
common, while gastrointestinal adverse events were less 
common. The rate of systemic events was slightly higher than 
reported in solid organ transplant recipients on immunosuppres-
sion who underwent early vaccination.5

Strengths of this study include a national sample and novel, 
early data to inform major concerns among patients and their 
providers. Limitations include a relatively small, non- randomised 
sample, lack of longer- term safety data and a less granular ascer-
tainment of side effects than the original trials. The majority of 
participants were female and white which may limit generalis-
ability. Furthermore, most participants were less than 55 years of 
age, which likely impacted our findings given the known increased 
reactogenicity in this age group. The time course of this study did 
not allow for assessment of disease flares following vaccination and 
long- term follow- up is vital to further explore the safety profile of 
the vaccine. Additional study is warranted to examine the efficacy 
of SARS- CoV-2 mRNA vaccines in patients with RMD, particu-
larly given concerns that response to vaccination may be attenu-
ated in individuals on immunomodulatory therapy.6

In this sample of patients with RMD vaccinated against 
SARS- CoV-2, we observed expected transient local and systemic 
reactions that were typically mild. There were no allergic reac-
tions requiring epinephrine. The most common adverse events 
were injection site pain and fatigue. These early, reassuring 
results may ameliorate concern among patients and provide 
guidance for rheumatology providers in critical discussions 
regarding vaccine hesitancy or refusal.
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Table 1 Characteristics of inpatients with SLE in France with and without COVID-19 infection between March and October 2020

SLe/COVID-19−

n=9644

SLe/COVID-19+

P value*
Good outcome
n=1070

Poor outcome
n=341

Age, years (mean±SD) 52.1±17.2 55.8±18.7 61.5±17.6 <0.0001

Male gender, n (%) 1 561 (16 .2) 171 (16.0) 96 (28.2) <0.0001

Chronic kidney disease, n (%) 1 312 (13.6) 184 (17.2) 108 (31.7) <0.0001

Diabetes, n (%) 1 251 (13.0) 173 (16.2) 72 (21.1) 0.03

High blood pressure, n (%) 3 404 (35.3) 480 (44.9) 215 (63.0) <0.0001

Obesity, n (%) 1 811 (18.8) 240 (22.4) 86 (25.2) 0.29

Chronic pulmonary disease, n (%) 1 275 (13.2) 240 (22.4) 102 (29.9) 0.005

Cardiovascular event history, n (%) 2 050 (21.3) 291 (27.2) 140 (41.0) <0.0001

Lupus nephritis history, n (%) 1 271 (13.2) 158 (14.8) 77 (22.6) 0.0007

Sjögren syndrome, n (%) 1 088 (11.3) 124 (11.6) 38 (11.1) 0.8

Antiphospholipid syndrome, n (%) 803 (8.3) 107 (10.0) 44 (12.9) 0.13

Solid organ transplantation, n(%)† 212 (2.2) 22 (2.1) 14 (4.1) 0.04

*Level of significance for the difference between SLE/COVID-19+ with good outcome versus SLE/COVID-19+ with poor outcome. Student’s t- test was performed for quantitative variables and Χ2

test was used for categorical variables.
†Solid organ transplantation during the last 10 years.
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SARS- CoV-2 infection among inpatients with 
systemic lupus erythematosus in France: a 
nationwide epidemiological study

Since the global emergence of SARS- CoV-2 at the end of 2019, 
a special concern has raised regarding patients with rheumatic 
and inflammatory diseases, such as systemic lupus erythematosus 
(SLE).1 Indeed, many treated patients with SLE are immunocom-
promised and often suffer from chronic kidney or cardiovascular 
diseases.2 Recently, anti- interferon antibodies have been impli-
cated in severe SARS- CoV-2 infection3 while it has been known 
for decades that patients with SLE may produce such autoanti-
bodies.4 Although available data from short SLE series are reas-
suring,5 6 large- scale nationwide studies are still needed to assess 
the risk of developing severe SARS- CoV-2 infection in SLE.

We therefore used the French healthcare database system 
called ‘Programme de Médicalisation des Systèmes d’Informa-
tion’—which contains hospitalisation data of all inpatients in 
France—to analyse the population with SLE that had at least 
one stay in a French hospital between March and 30 October 
2020 (online supplemental material). On this population, we 
compared inpatients with SLE with or without SARS- CoV-2 
infection (SLE/COVID-19+, SLE/COVID-19−). Among SLE/
COVID-19+ inpatients, we distinguished patients with poor 
outcome after SARS- CoV-2 infection and patients with good 
outcome after COVID-19. We defined poor outcome as admis-
sion to intensive care unit (ICU) or death. We also compared the 
in- hospital mortality associated with SARS- CoV-2 infection in 
SLE and in the total population in France.

Based on the 10th International Classification of Diseases 
‘M32’ and ‘L93’ diagnosis code, we identified 11 055 patients 
with SLE who had at least one stay in a French hospital between 
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1 March and 31 October 2020 (online supplemental material 
S1). Among them, 1411 (12.8%) also had a COVID-19 diagnosis 
code. Characteristics of SLE/COVID-19+ and SLE/COVID-
19− patients are given in table 1. These 1411 SLE/COVID-19+ 
patients experienced 1721 inpatient hospital stays during the 
period of study.

Among these SLE/COVID-19+ inpatient hospital stays, 293 
(17%) took place in ICU. The mean Simplified Acute Physi-
ology Score II at admission was 35.4±16.8. In ICU, 78 (26.7%) 
and 71 (24.7%) SLE/COVID-19+ patients required invasive or 
non- invasive mechanical ventilation, respectively. Overall, 134 
(9.5%) patients with SLE admitted for COVID-19 died. The 
in- hospital mortality rate was almost four times higher in SLE/
COVID-19+ as compared with SLE/COVID-19− inpatients 
admitted during the same period (9.5% vs 2.4%, p<0.001). 
Interestingly, while the overall mortality rate was lower in SLE/
COVID-19+ inpatients as compared with the total popula-
tion admitted for SARS- CoV-2 infection in France during the 
same period (9.5% vs 15.7%, p<0.0001), the mortality rate at 
a younger age tended to be higher in patients with SLE. The 
difference failed however to reach statistical significance (online 
supplemental material S2).

Our study based on a comprehensive nationwide database 
confirms that inpatients with SLE are more likely to develop 
severe SARS- CoV-2 infection when they have comorbidities 
already identified as risk factors of severe infection in the general 
population, such as older age, male gender and hypertension.1 
Poor outcome was associated with chronic kidney disease (CKD) 
status thus confirming that CKD increases the risk for severe 
infection in SLE and is a major predictor of mortality and 
morbidity in these patients.2 Since we only included hospitalised 
patients, excluding asymptomatic or mild forms of COVID-19, 
our results cannot be applied to all patients with lupus.

Given the importance of male sex as a poor prognosis factor 
of COVID-19, the lower mortality rate observed among inpa-
tient population with SLE may be explained by an unbalanced 
sex ratio (F/M 8.5:1.5). On the other hand, the mortality of SLE/
COVID-19+ patients seemed higher in the youngest patients as 
compared with the general population with SARS- CoV-2 infec-
tion. Because lupus activity and the need for immunosuppres-
sive drugs decline with age, the higher mortality rate observed in 
younger patients, as compared with the one observed in general 
population, suggests that SLE disease may impact COVID-19 
outcome.

Arthur Mageau    ,1,2,3,4 Geoffrey Aldebert,5 Damien Van Gysel,4,6 
Thomas Papo,1,2,4 Jean- François Timsit,3,4,7 Karim Sacre    1,2,4

1Médecine Interne, Hôpital Bichat, AP- HP, Paris, France
2Centre de Recherche sur l’Inflammation, Laboratoire d’Excellence Inflamex, INSERM 
UMR 1149, CNRS ERL8252, Paris, France
3Infection, Antimicrobials, Modeling, Evolution (IAME), INSERM UMR 1137, Paris, 
France
4Faculté de Médecine site Bichat, Université de Paris, Paris, France
5Etalab, French task force for Open Data, Paris, France
6Département d’Information Médicale, Hôpital Bichat, AP- HP, Paris, France
7Réanimation Médicale et Infectieuse, Hôpital Bichat, AP- HP, Paris, France

Correspondence to Dr Arthur Mageau, Service de Médecine Interne, Hôpital 
Bichat- Claude Bernard, APHP, Paris, France;  arthur. mageau@ inserm. fr

Handling editor Josef S Smolen

Contributors AM designed and conducted the analysis and wrote the manuscript. 
GA, DvG and TP were involved in the project development and edited the 
manuscript. KS and J- FT directed the project and wrote the manuscript.

Funding PhD fellowship support for AM was provided by Agence Nationale pour la 
recherche (no: ANR-19- CE17-0029).

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement French hospital data for COVID19 are available at 
https://www. data. gouv. fr/ fr/ datasets/ donnees- hospitalieres- relatives- a- lepidemie- de- 
covid- 19/.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 
non- commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

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

 ► Additional material is published online only. To view please visit the journal 
online (http:// dx. doi. org/ 10. 1136/ annrheumdis- 2021- 220010).

To cite Mageau A, Aldebert G, Van Gysel D, et al. Ann Rheum Dis 
2021;80:1101–1102.

Received 27 January 2021
Revised 2 March 2021
Accepted 3 March 2021
Published Online First 16 March 2021

Ann Rheum Dis 2021;80:1101–1102. doi:10.1136/annrheumdis-2021-220010

ORCID iDs
Arthur Mageau http:// orcid. org/ 0000- 0002- 2995- 767X
Karim Sacre http:// orcid. org/ 0000- 0002- 6544- 234X

ReFeReNCeS
 1 FAI2R /SFR/SNFMI/SOFREMIP/CRI/IMIDIATE consortium and contributors. Severity of 

COVID-19 and survival in patients with rheumatic and inflammatory diseases: data 
from the French RMD COVID-19 cohort of 694 patients. Ann Rheum Dis 2021;80:527–
38.

 2 Mageau A, Sacré K, Perozziello A, et al. Septic shock among patients with systemic 
lupus erythematosus: short and long- term outcome. Analysis of a French nationwide 
database. J Infect 2019;78:432–8.

 3 Bastard P, Rosen LB, Zhang Q, et al. Autoantibodies against type I IFNs in patients with 
life- threatening COVID-19. Science2020;370:eabd4585–370..

 4 Gupta S, Nakabo S, Chu J, et al. Association between anti- interferon- alpha 
autoantibodies and COVID-19 in systemic lupus erythematosus. medRxiv 2020. doi:10.
1101/2020.10.29.20222000. [Epub ahead of print: 03 Nov 2020].

 5 Mathian A, Mahevas M, Rohmer J, et al. Clinical course of coronavirus disease 2019 
(COVID-19) in a series of 17 patients with systemic lupus erythematosus under long- 
term treatment with hydroxychloroquine. Ann Rheum Dis 2020;79:837–9.

 6 Ramirez GA, Gerosa M, Beretta L, et al. COVID-19 in systemic lupus erythematosus: 
data from a survey on 417 patients. Semin Arthritis Rheum 2020;50:1150–7.

 

 

http://ard.bmj.com/


1102 Ann Rheum Dis August 2021 Vol 80 No 8

Letters

 

 

 

 

 

 

     

 

 

 

 
 

 

 

            
 

 

 

 

 
  

  
 

  .

Second COVID-19 infection in a patient with 
granulomatosis with polyangiitis on rituximab

INTRODUCTION
Observational data suggest there may be an association between 
rituximab and severe COVID-19 outcomes.1–3 Anti- CD20 thera-
pies impair humoral response, theoretically increasing the risk of 
prolonged SARS- CoV-2 infection and shedding, as well as subse-
quent reinfection. Here, we report a patient with granulomatosis 
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Figure 1 Timeline of COVID-19 symptoms, testing and relevant drugs: 
Timeline shown from 28 August 2020 until 6 January 2021. After the 
infection on 6 October, COVID-19 symptoms completely recovered 
with the exception of ongoing fatigue. SARS- CoV-2 testing includes 
positive rapid antigen assay on 8 October, negative rapid molecular test 
(Abbott ID NOW) on 22 November, positive rapid molecular test (BioFire 
FilmArray) on 27 November and a negative IgG test on 6 January.

with polyangiitis (GPA) being treated with rituximab who 
appears to have developed recurrent SARS- CoV-2 infections in 
the setting of high- risk employment and on recovery ultimately 
had no detectable SARS- CoV-2 IgG antibodies. This case high-
lights a potential risk of rituximab in patients with rheumatic 
disease, which will become especially relevant as rituximab may 
impair the immunogenicity of SARS- CoV-2 vaccines.

CASe
A woman in her 30s with a history of limited GPA on ritux-
imab developed COVID-19 twice (figure 1). GPA manifestations 
have included erosive sinusitis, otitis, saddle nose deformity and 
orbital pseudotumour. She started rituximab in February 2019. 
The most recent dose of rituximab 1000 mg was given on 28 
September 2020. On 14 August, a disease flare was treated with 
a 3- week prednisone taper, which completed approximately 4 
weeks before COVID-19 infection. She works in an assisted 
living facility with ongoing staff and resident COVID-19 cases.

On 6 October, she developed pharyngitis, myalgia, fatigue, 
anosomia, dysgeusia and a mild cough. She was afebrile and her 
oxygenation was 99% on room air. A rapid SARS- CoV-2 antigen 
immunoassay on 8 October was positive. Over the next 2 weeks, 
she fully recovered except for residual fatigue. After a 2- week 
quarantine, she returned to work.

On 17 November, she developed severe cough, deep lung 
pain, fever of 40.5°C and shortness of breath. Respiratory symp-
toms were significantly more severe than her initial infection. 
On 22 November, a rapid SARS- CoV-2 test (Abbott ID NOW) 
was negative. A chest X- ray showed bilateral groundglass opac-
ities. Symptoms progressively worsened, and on 27 November 
a rapid SARS- CoV-2 test (BioFire FilmArray) was positive. Her 
oxygen saturation was 94% on room air. She was treated with a 
single infusion of bamlanivimab (monoclonal antibody targeting 
SARS- CoV-2). Over the next several weeks, her symptoms grad-
ually improved. COVID-19 IgG levels checked on 6 January 
2021 (>1 month after bamlanivimab) were negative.

DISCUSSION
Her near- complete recovery after her initial infection, time 
course, ongoing high- risk employment, negative rapid test at 
the beginning of her second symptom onset and the ultimate 
lack of COVID-19 IgG led us to suspect that these were two 
separate infections, in which she developed insufficient immune 
response due to rituximab. However, it is also possible this 
represented a single prolonged infection with a period of asymp-
tomatic disease. To our knowledge, only one case has previ-
ously reported a rituximab- treated patient developing a second 

SARS- CoV-2 infection; that patient also received cytarabine and 
dasatinib for acute lymphoblastic leukaemia, and the authors 
suspected reactivation.4

Limitations in our report include the lack of sequencing 
data (samples had been discarded) and the reliance on rapid 
SARS- CoV-2 testing. However, rapid tests are typically highly 
specific.5 GPA flare was considered as a cause of her illness; 
however, the positive SARS- CoV-2 tests and improvement 
without immunosuppression argue against this. Corticosteroids 
are a known risk factor for severe COVID-196; however, she had 
not taken prednisone in the approximately 4 weeks preceding 
initial infection. It is not known whether bamlanivimab impacts 
SARS- CoV-2 IgG development.

Anti- CD20 therapies prevent the formation of protective 
antibodies, leading to increased risk of reinfection or reactiva-
tion with SARS- CoV-2. This has implications for SARS- CoV-2 
vaccination, which may not be as effective in rituximab- treated 
patients. Clinicians using rituximab may consider delaying ritux-
imab to allow for vaccination,7 although in life- threatening 
diseases this is not always possible. Finally, further studies are 
necessary to determine the exact effect of anti- CD20 therapies 
on SARS- CoV-2 vaccines and whether delayed dosing improves 
vaccine immunogenicity.
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New 2019 SLE EULAR/ACR classification criteria 
are valuable for distinguishing patients with SLE 
from patients with pSS

The new 2019 SLE European League Against Rheuma-
tism/American College of Rheumatology (EULAR/ACR) clas-
sification criteria for systemic lupus erythematosus (SLE) have 
been recently published.1 These criteria have been developed 
to find a better equilibrium between specificity and sensitivity 
compared with the previous criteria (SLE ACR-19972 and SLE 
Systemic Lupus International Collaborating Clinics (SLICC)3). 
Even if these criteria have been built for classification, they 
could be useful in clinical practice in patients with a suspicion 
of systemic autoimmune disease (AID) to differentiate patients 
with SLE from patients with another systemic AID, such as 
primary Sjögren’s syndrome (pSS), scleroderma or myositis. 
SLE and pSS share biological and clinical similarities. In 

clinical practice, it is frequently difficult to differentiate these 
two diseases. Moreover, SLE and Sjögren’s syndrome (SS) 
may overlap. The aim of this study was to explore the utility 
of the 2019 SLE EULAR/ACR criteria compared with the 
SLE ACR-19972 and SLE SLICC3 criteria for differentiating 
patients with SLE from patients with pSS or with an overlap 
between SLE and SS in clinical practice.

This retrospective study was performed in the Department 
of Rheumatology, Hopitaux Universitaires Paris Sud, a French 
reference centre for rare systemic AID. The biological, immu-
nological and clinical data were collected at diagnosis or at the 
first visit at the centre. We included three different groups of 
patients:

 ► Forty- nine patients with SLE (both inpatients and outpa-
tients followed in the Department of Rheumatology) based 
on the diagnosis made by the clinician, with exclusion of 
patients with an association with another connective tissue 
disease.

Correspondence

Table 1 Patient characteristics
Characteristics SLE pSS Overlap P value

General features Mean age at diagnosis, years (SD) 33 (11.88) 54 (13.96) 41 (16.43) p < 10-4

Female, n (%) 40 (81.6) 49 (100) 26 (100) p = 0.001

SLEDAI,6 mean (SD) 11.32 (7.20)
–

– 6.5 (5.34) 0.002

Mean ESSDAI,5 mean (SD) x 5.55 (3.28) 9.65 (5.43) p = 0.001

Mean disease duration, years (SD) 14.2 (8.8) 14.4 (6.5) 14 (5) p = 0.748

Clinical features Fever, n (%) 9 (18.37) 1 (2.04) 3 (11.53) p = 0.003

Photosensitivity, n (%) 9 (18.37) 2 (4.08) 4 (15.38) p = 0.082

Acute/subacute lupus, n (%) 22 (44.90) 0 (0) 4 (15.38) p < 10-4

Chronic lupus, n (%) 8 (16.32) 0 (0) 0 (0) p = 0.001

Oral ulcerations, n (%) 6 (12.24) 2 (4.08) 0 (0) p = 0.083

Non- scarring alopecia, n (%) 7 (14.29) 0 (0) 2 (7.69) p = 0.024

Pleurisy, n (%) 7 (14.29) 0 (0) 0 (0) p = 0.003

Pericarditis, n (%) 4 (8.16) 0 (0) 1 (3.84) p = 0.121

Adenomegalies, n (%) 10 (20.40) 3 (6.12) 5 (19.23) p = 0.099

Myalgias, n (%) 4 (8.16) 14 (28.57) 5 (19.23) p = 0.034

Arthralgias, n (%) 45 (91.84) 41 (83.67) 19 (73.08) p = 0.097

Synovitis, n (%) 26 (53.06) 3 (6.12) 8 (30.77) p < 10-4

Cough, n (%) 0 (0) 12 (24.49) 9 (34.61) p = 0.0001

Biological features Leukopenia*, n (%) 9 (18.36) 3 (6.12) 4 (23.07) p = 0.178

Lymphopenia†, n (%) 16 (32.65) 7 (14.29) 13 (50) p = 0.004

Mean CRP, mg/L (SD) 13.68 (28.13) 9.32 (13.98) 7.66 (15.22) p = 0.0004

Immunological features ANA >1/80 IIF **, n (%) 48 (97.96) 36 (73.47) 25 (96.15) p = 0.003

Anti- DNA, n (%) 44 (89.80) 0 (0) 26 (100) p < 10-4

Anti- Sm, n (%) 19 (38.77) 0 (0) 7 (26.92) p < 10-4

RF positivity, n (%) 1 (2.04) 17 (34.69) 11 (42.30) p = 0.001

APL, n (%) 20 (40.82) 7 (14.28) 7 (26.92) p = 0.013

Hypocomplementaemia C3 ‡, n (%) 13 (26.53) 0 (0) 3 (11.54) p < 10-4

Hypocomplementaemia C4§, n (%) 24 (48.98) 9 (18.36) 9 (34.6) p = 0.006

Hypergammaglobulinaemia ¶, n (%) 18 (58.06) 21 (43.75) 22 (88.46) p = 0.0002

Mean serum gammaglobulin level, g/L (SD) 15.4 (5.44) 14.3 (6.44) 19.1 (6.58) p = 0.002

Renal features Significant glomerular proteinuria, n (%) 17 (34.69) 0 (0) 1 (3.85) <10−4

Sets of criteria SLE ACR-1997, n (%) 38 (77.6) 1 (2.1) 10 (38.5) p < 10-4

SLE SLICC, n (%) 48 (97.9) 4 (8.3) 20 (76.9) p < 10-4

2019 SLE EULAR/ACR, n (%) 48 (97.9) 2 (4.2) 22 (84.6) p < 10-4

pSS ACR/EULAR 2016, n (%) 0 (0) 49 (100) 26 (100) p=1.000

Significant glomerular proteinuria was defined by daily proteinuria ≥1 g/day.
*Leucopenia was defined by leucocyte count <4 x109/L
†Lymphopaenia was defined by lymphocyte count <1x109/L.
‡Hypocomplementaemia C3 was defined by seric C3 fraction level ≤0.5 g/L.
§Hypocomplementaemia C4 was defined by seric C4 fraction level ≤0.15 g/L.
¶Hypergammaglobulinaemia was defined by serum gammaglobulin level >13.5 g/L.
ACR, American College of Rheumatology; ANA, antinuclear antibodies;APL, antiphospholipid; CRP, C reactive protein; ESSDAI, EULAR Sjögren’s syndrome Disease Activity Index;EULAR, European League Against 
Rheumatism; IFF, indirect immunofluorescence assay; pSS, primary Sjögren’s syndrome; RF, rheumatoid factor ; SLE, systemic lupus erythematosus; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SLICC, 
Systemic Lupus International Collaborating Clinics.
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 ► Forty- nine patients with pSS randomly chosen from the 
Paris Sud database and compared in a 1:1 ratio with the SLE 
group. All patients with pSS fulfilled the pSS ACR/EULAR 
2016 criteria.4 We excluded patients with an association 
with another connective tissue disease.

 ► Twenty- six patients with SLE/SS overlap based on clinical 
diagnosis. This last group was made of 13 patients diagnosed 
with SLE but also presenting objective signs of associated 
Sjögren’s syndrome, including positive minor salivary glands 
biopsy (Focus Score ≥1), and/or objective sicca syndrome 
defined by a salivary flow <0.10 mL/min or a Schirmer 
test <5 mm at 5 min (n=13), and 13 patients diagnosed 
with Sjögren’s syndrome, but associated with anti- DNA 
antibodies.

The characteristics of the patients are presented in table 1. 
Disease duration was equal between the three groups, and was 
around 14 years in each arm. Three sets of lupus criteria (SLE 
ACR-1997, SLE SLICC and 2019 SLE EULAR/ACR criteria) 
were tested in each group of patients. The 2019 SLE EULAR/
ACR criteria were met in 97.9% of patients with SLE and in only 
4.2% of patients with pSS. Thus this new set of criteria for SLE 
offered the best equilibrium between specificity and sensitivity 
compared with the older criteria and was able to discriminate 
patients with SLE and pSS in clinical practice.

Interestingly, patients from the overlap group fulfilled both the 
criteria for SLE and SS, confirming the mixed presentation and the 
capacity of the criteria to detect the overlap. The comparison of the 
three groups showed that some clinical and biological manifestations 
helped to differentiate the two conditions. Actually, skin involve-
ment, serositis, synovitis, glomerular involvement, lymphopaenia 
and systemic inflammation were more frequent in SLE. Conversely, 
cough, myalgia and rheumatoid factor positivity at diagnosis were 
more frequent in pSS. Systematic assessment of sicca symptoms is 
easy and might help to differentiate the two conditions. Interest-
ingly, patients with overlap syndrome were likely to present with a 
more systemic disease than patients with pSS alone as assessed by 
the EULAR Sjögren’s Syndrome Disease Activity Index.5

To sum up, this study shows that the new 2019 SLE EULAR/ACR 
criteria for SLE can be useful in clinical practice helping to differ-
entiate between SLE and pSS and detecting overlap presentations.
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Response to: ‘New 2019 SLE EULAR/ACR 
classification criteria are valuable for 
distinguishing patients with SLE from patients 
with pSS’ by Assan et al

In addressing the differential classification of systemic lupus 
erythematosus (SLE) and primary Sjögren’s syndrome (pSS), 
Dr Florence Assan and colleagues1 focus on an important and 
frequently challenging issue.

Distinguishing between SLE and pSS has been a theme from 
the very beginning of the European League Against Rheuma-
tism/American College of Rheumatology (EULAR/ACR) classifi-
cation criteria project. For example, the similarities to pSS led to 
antibodies against Ro/SS- A or La/SS- B being neither of positive 
nor of negative predictive value for SLE in the early SLE cohort.1 
In the SLE patient survey, among those who answered this ques-
tion, 42% reported anti- Ro and 27% anti- La positive.2

Accordingly, the pSS population was important in testing 
the SLE classification criteria. Of the non- SLE patients in the 
combined derivation and validation cohorts, 242 (22%) had 
a diagnosis of pSS.3 4 It is therefore not unexpected, but reas-
suring, to see that Dr Assan and colleagues find a sensitivity of 
98% and a specificity of 96% for the EULAR/AR criteria when 
directly tested against a pSS population.5

The French group goes one important step further in 
addressing patients with SLE/pSS overlap situations, which is a 
group that has not yet been tested with the EULAR/ACR criteria. 
In their overlap group of 26 patients, they still find 85% sensi-
tivity for the EULAR/ACR criteria, as compared with 77% for 
the Systemic Lupus International Collaborating Clinics (SLICC) 
and 39% for the ACR criteria.5 This suggests classification of 
SLE is possible in patients with an overlap syndrome.

Indeed, the possibility to correctly classify SLE in overlap situ-
ations was seen as important in EULAR/ACR criteria develop-
ment. The general attribution rule of the criteria, that items are 
not scored if there is a more likely cause other than SLE,6 was in 
part devised in response to this idea, which prohibited excluding 
other diseases, such as pSS. To the best of our knowledge, the 
study by Drs Assan, Seror, Mariette and Nocturne is the first test 
of this concept, and we fully agree with them that their study 
shows the EULAR/ACR criteria to be useful for classification in 
overlap presentations.
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Role of ANA testing in the classification of 
patients with systemic lupus erythematosus

The recent publication1 2 of the European League Against Rheu-
matism (EULAR)/American College of Rheumatology (ACR) 
criteria for the classification for systemic lupus erythematosus 
(SLE) provides an important reason to continue the dialogue on 
testing for antinuclear antibodies (ANA) that has appeared in 
Annals of the Rheumatic Diseases (ARD). Following our article 
on the variability of immunofluorescence assays (IFA) for testing 
ANA in SLE,3 the journal published a series of very interesting 
and informative letters addressing our findings and reporting 
on other experience in ANA testing.4–12 These letters have been 
important in alerting the field to the challenges in ANA testing 
and the variety of assay approaches, including solid phase assays 
(SPA), that are currently available for determining the serological 
status of patients.

While our focus was the clinical trial setting, our results are 
also relevant to the new classification criteria.1 2 These criteria 
differ from previous classification systems in the positioning of 
a positive ANA. Whereas a positive ANA represented one crite-
rion in the ACR and Systemic Lupus International Collaborating 
Clinics criteria,13 14 in the new EULAR/ACR criteria, a positive 
ANA is necessary for classification; if this criterion is met, other 
manifestations receive varying numbers of points to determine 
classification. Such a positioning implies that SLE is always ANA 
positive, that a negative ANA can effectively rule out SLE and 
that conventional ANA testing can reliably make this determi-
nation. We do not believe that these contentions are supported 
by the available data and have previously commented on this 
issue.15

In the initial version of the EULAR/ACR criteria, an IFA was 
specified as the assay for ANA assessment based on a compre-
hensive review of the literature16 indicating that frequency of 
ANA positivity in SLE is very high (97.8% with a CI of 96.8% to 
98.5%). Much higher values for ANA negativity (4.9%–22.3%) 
in SLE with different kits were reported in our study in ARD. 
A subsequent study of patients enrolled in a trial of anti- IL-6 
showed ANA negativity ranging from 0.6% to 27.6%, depending 
on the kit.17 The frequency of ANA negativity was also high in 
the phase 2 belimumab trial.18

In the final version of the criteria just published, however, the 
requirement for a positive ANA by IFA was changed to allow, ‘a 
solid phase ANA screening immunoassay with at least equivalent 
performance…’ to the IFA as an alternative. The change in assays 
for ANA assessment is very reasonable given the limited access 
to the IFA in many practice settings; indeed, availability of the 
IFA may dwindle further since testing laboratories have a prefer-
ence for high throughput and automated systems and, pending 
the refinement of digitised systems for computer reading of IFA 
results, SPA are likely to be commonly used.19

Differences between IFA and SPA are many and, just as IFA 
kits can produce variable results, so too can SPA. Furthermore, 
an individual serum can be positive in the IFA and negative in 
an SPA and vice versa. This situation is not surprising given the 
construction of the SPA (eg, use of a limited number of cloned 
or purified proteins) as well as the uncertain representation of 
certain autoantigens in the IFA (eg, Ro).19 To us, the key issue 
in determining assays for ANA testing for classification does 
not relate to the relative merits of the IFA versus SPA. Rather, 
the issue relates to assay validation and the manner in which 
equivalent performance is determined. It is our opinion that 
including ANA in the classification criteria without designating 

the sensitivity and specificity of available assays (either IFA or 
SPA) in the context of the intended use could lead to significant 
patient misclassification.

ANA assays are, in general, validated for testing of 
autoantibody- related rheumatic diseases (AARD), such as SLE, 
progressive systemic sclerosis and Sjogren’s syndrome. While 
these conditions are frequently ANA positive, determination of 
specific autoantibodies, such as anti- Ro, anti- La or anti- SCL70, 
is usually much more informative than the ANA. Furthermore, 
whereas validation of particular kits may involve testing of large 
numbers of sera from patients with different conditions, the 
nature of the patient populations studied may impact on the 
results since disease duration and prior treatment can poten-
tially affect ANA positivity. We believe that our findings on 
ANA negativity in SLE,3 17 as well as the belimumab study,18 
are important and may represent the natural history of SLE (or 
effects of treatment) as it evolves into a stage that can be termed 
post- autoimmunity.

Given the importance of ANA testing in the new classification 
criteria, we believe that it is essential to determine the actual 
frequency of ANA positivity in patients with SLE assessing kits 
currently used by testing laboratories. Optimally, such validation 
should be performed with sera from patients with SLE at various 
stages of the disease and involve direct comparisons between 
different kits with the same set of sera to establish equivalent 
performance. For validation purposes, reliance on published 
results may not be adequate in view of potential differences in 
the patient populations in different studies. Furthermore, we 
believe that it is important to have a wide representation of racial 
and ethnic groups in view of data that certain ANA responses 
occur more commonly in populations such as African–American 
or Afro- Caribbean.20

The new criteria for SLE are a major innovation and we 
applaud the Steering Committee for organising and conducting 
such a detailed, thoughtful and evidence- based international 
enterprise. While we agree that a positive ANA should be an 
important and possibly essential criterion, unfortunately, the 
field lacks a gold standard for ANA determination with either 
the IFA or SPA. In fact, we do not know how often SLE is truly 
ANA negative since it depends on the assay. In this regard, it is 
possible that one assay may not suffice for this purpose and that a 
combination of different IFA and SPA kits may work best.4 7 9 12 21

SLE is a complicated and heterogeneous disease whose correct 
classification is critical for patient management and scientific 
study. The new EULAR/ACR criteria provide a valuable frame-
work. Further research is, therefore, critical at this time to vali-
date assays not for the detection of ANA in AARD but rather for 
the specific setting of SLE classification.
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Response to: ‘Role of ANA testing in the 
classification of patients with systemic lupus 
erythematosus’ by Pisetsky et al

In their letter,1 Drs Pisetsky, Spencer, Rovin and Lipsky very 
appropriately continue a highly relevant discussion on anti- 
nuclear antibody (ANA) testing. As Pisetsky et al point out, we 
had originally intended to specify ANA positivity on Hep-2 
immunofluorescent testing, but grappled with the reality that 
increasingly other types of ANA testing are employed. Thus, 
the European League Against Rheumatism (EULAR)/Amer-
ican College of Rheumatology (ACR) SLE classification criteria 
steering committee discussed the issues made transparent by Dr 
Pisetsky et al,2 and we think that we have come to a solution 
that is feasible: the EULAR/ACR criteria allow for other posi-
tive ANA tests in addition to HEp-2 immunofluorescence.3 4 We 
agree that more research needs to be performed, both to under-
stand the natural history of ANA positivity over time in SLE and 
to compare the performance characteristics of different assays.

ANA are still a useful concept, particularly for guiding physi-
cians who are not experts on connective tissue diseases, and the 
strength of ANA lies in the sensitivity, not specificity of the test, 
in sharp contrast to anti- Sm antibodies, for example.5 Accord-
ingly, the position as entry criterion appears appropriate, and 
reflective of their routine role as a screening test.3–5 Allowing 
for other tests and taking historical ANA into account improves 
sensitivity.

While we have had very low percentages of persistently ANA 
negative patients in our cohorts,3 4 6 classifying this rather small 
subset of patients remains a research issue.3 4 To include the 
subset of ANA negative patients into trials or studies may dilute 
findings. There is no doubt that such patients exist, and this 
has been openly discussed in our criteria manuscript.3 4 Impor-
tantly, however, we maintain that classification criteria are not 
diagnostic criteria—diagnosis remains within the judgement of 
appropriately trained healthcare professionals.

Rather than submitting to suboptimal test results, we also think 
that it is time to stand up for high quality testing with an appro-
priate feedback system based on the clinical accuracy of individual 
test results. Cheap, suboptimal tests may have costly and potentially 
even dangerous consequences, leading to unnecessary investigations 
as well as to delayed therapy. These issues may outweigh the higher 
convenience for laboratories and the resulting lower testing cost, but 
have not been greatly appreciated.

We fully agree with Dr Pisetsky and colleagues that more 
research on test systems is essential, and hope that our criteria 
will give this debate more visibility. We also think that immu-
nological testing without rheumatologists providing direct feed-
back on ill- fitting results deprives the healthcare system of a 
highly valuable safety catch. Rheumatologists worldwide need 
to be very clear that the accuracy of immunological tests is essen-
tial, for diagnosis as well as for classification.
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Do the 2019 EULAR/ACR SLE classification 
criteria close the door on certain groups of 
SLE patients?

The release of the 2019 EULAR/ACR classification criteria of 
SLE would be considered a landmark work in developing inter-
national consensus on SLE classification criteria.1 However, 
there are some concerns regarding the new criteria. First of all, 
the criteria did not include clinical manifestations sometimes 
could occur as initial symptoms in SLE patients. If a patient 
comes to a rheumatologist with the only presentation, such as 
repeated vascular thrombosis, mesenteric vasculitis or unex-
plained liver injury and positive results for both antinuclear anti-
bodies and antibodies to the double- stranded DNA, would they 
be classified as SLE? With the increasing understanding of the 
aetiology and pathogenesis of SLE and the continuous develop-
ment of the testing technique, the updated classification criteria 
of SLE included complement proteins and more antibodies.1–4 
However, the clinical domains of the criteria were not substan-
tially updated. Besides, the non- SLE populations used for the 
derivation and validation cohorts were mainly other rheumatic 
disorders and infection except malignancies. Malignancies, espe-
cially haematological tumours, could sometimes mimic SLE- like 
symptoms, and misdiagnosis would delay the treatments, which 
were contributing to a growing quandary for clinical decision- 
making. It would be more practicable if patients with malignan-
cies such as lymphoma were included in the non- SLE groups 
during the derivation and validation process. What is more, it 
would be interesting if the authors could show the performance 
of the criteria in different age groups, sex and ethnicity as the 
authors pointed out that the derivation and validation cohorts 
were from limited populations and needed to be further vali-
dated among different groups.
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Response to: ‘Do the 2019 EULAR/ACR SLE 
classification criteria close the door on certain 
groups of SLE patients?’ by Chi et al

In their letter, Dr Chi and colleagues1 express two concerns 
regarding the new European League Against Rheumatism/Amer-
ican College of Rheumatology (EULAR/ACR) classification 
criteria. On the one hand, they correctly remark that patients 
with uncommon, isolated organ manifestations may be more 
difficult to classify with any set of classification criteria. On the 
other hand, they caution against mistaking malignancies for 
systemic lupus erythematosus (SLE).

The first sensitivity- related issue is certainly correct. However, 
it is important to reiterate that the new EULAR/ACR criteria 
are classification criteria. Our manuscript explicitly states that 
they should not be used as diagnostic criteria and that diagnosis 
remains with the appropriately trained physician.2 3 In order for 
a criteria set to remain feasible, that is, not to contain hundreds 
of items, uncommon isolated manifestations or laboratory tests 
cannot be accounted for. We had a focus on early symptoms,4 
where only fever qualified as sufficiently performing for clas-
sification in early disease to be added to the criteria list. Still, 
it is important to be aware of non- criteria organ manifestations 
to fully understand the complexity of SLE, and we thank our 
colleagues for bringing this up. As SLE is a highly heterogeneous 
disease, there are probably hundreds of rare SLE manifestations 
that are not included in the new criteria set, yet, the new criteria 
still have excellent sensitivity when compared with prior criteria 
sets.

For the second specificity- related issue, it is also important to 
distinguish classification from diagnosis. In addition, this gives 
us the opportunity to reiterate two important features of the new 
criteria1 2 that should limit the risk of classifying patients with 
malignancies as patients with SLE. One, most of the malignan-
cies that are mimicking SLE features are haematological. In this 
regard, going back to domains and counting the highest ranking 
item in each domain only is an advantage. This step, which 
followed an in- depth evaluation of associations between SLE 
items,5 will prevent counting several changes in blood counts.

Even more important is the general attribution rule of the new 
criteria: items are only to be counted for SLE, if there is no more 
likely alternative explanation.2 3 This approach requires both 
clinical understanding and diligence but should also safeguard 
against misclassifying malignancies.
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Titre- specific positive predictive value of 
antinuclear antibody patterns

Damoiseaux et al recently presented the ICAP perspective on the 
clinical relevance of antinuclear antibody (ANA) patterns.1 The 
authors acknowledge that in addition to the antibody pattern, the 
antibody titre (level) is clinically important as well. Indeed, the 
probability of identifying anti‐dsDNA and antibodies to extract-
able nuclear antigens increases with increasing ANA titres.2 
Overall, the higher the antibody level, the higher the probability 
of an ANA- associated systemic rheumatic disease (AASRD).3–5

There are only few studies that demonstrate the association of 
a particular ANA pattern and titre with AASRDs or other ANA- 
associated diseases. We previously studied the titre- dependent 
clinical association of rare ANA patterns.6 We here demonstrate 
how the positive predictive value (PPV) for an AASRD (including 
systemic lupus erythematosus (SLE), Sjögren’s syndrome (SjS), 
systemic sclerosis (SSc), idiopathic inflammatory myopathy 
(IIM), mixed connective tissue disease and undifferentiated 
connective tissue disease (UCTD)) depends on the combination 
of antibody pattern and titre.

We evaluated the pattern- specific and titre- specific associ-
ation of ANA for AASRDs, cutaneous lupus erythematosus 
(CLE), autoimmune hepatitis (AIH) and juvenile idiopathic 
arthritis (JIA) on (1) 9851 unique consecutive patients tested for 
ANA by HEp-2000 (ImmunoConcepts) (for description of the 
population, see Willems et al5) in a university hospital setting 
(University Hospitals Leuven, Belgium) and on (2) 529 unique 
consecutive patients tested for ANA by automated indirect 
immunofluorescence (IFA) (NOVAView) on human epithelial 
(HEp-2) cells from INOVA in the rheumatology department of 
a secondary hospital setting (OLV hospital Aalst, Belgium). The 
patients have been clinically defined by the respective classifica-
tion criteria for each AASRD (as described in Willems et al5) or 
by expert clinical diagnosis (for patients who did not fulfil the 
classification criteria).

The analysis was performed for the most prevalent ANA 
patterns (speckled, homogeneous, nucleolar and centromere) 
and only monospecific nuclear patterns were included, except 
for the nucleolar and SSA pattern (ie, characteristic staining of 
the SSA- transfected cells in the Hep-2000 substrate) for which 
we also included combinations with other nuclear patterns. 
Samples with cytoplasmic patterns were excluded. EliA CTD 
Screen (which detects antibodies to dsDNA, Sm, SSA Ro60 
and 52, SSB, CENPB, Scl-70, Mi-2, RNA- Pol III, PM/Scl, Jo-1, 
PCNA, Rib- P, U1- RNP, fibrillarin) (Thermo Fisher Scientific, 
Germany) was performed on an ImmunoCAP 250 Instrument 
(Phadia, Germany) and anti- dsDNA assay by Farr (Trinity 
Biotech, Ireland) were performed on all samples in the first 
cohort. For the second cohort (OLV hospital Aalst), only the 
speckled pattern was included for analysis, because of a lack of 
sufficient samples for other monospecific patterns in this specific 
study cohort. The titre- specific and pattern- specific PPV for 
AASRDs, CLE, AIH and JIA are presented in table 1.

For all patterns, the titre- specific PPV for AASRD was low for 
titre 1:80 (≤4%) and increased with increasing antibody titres. For 
AIH, CLE and JIA, PPVs were low for all patterns at any titre.

The highest PPV for AASRD was found for the centromere 
pattern, with a PPV of 29%, 42%, 77% and 82% for a titre of 
1:160, 1:320, 1:640 and 1:1280, respectively. The association was 
mainly with SSc. A subset of patients with a diagnosis of SjS or 
with a diagnosis of SLE also had a centromere pattern. These asso-
ciations were previously noted and mentioned by ICAP [1 (online 

supplemental data)].7 Of note, even at a high 1:1280 titre, the PPV 
for SSc was not 100% but 76%, making a centromere pattern at 
a high- titre highly suggestive but not pathognomonic for definite 
SSc in our population. Ninety- three per cent of patients with a 
centromere pattern had a positive CTD Screen: all of these were 
positive for anti- CENP (online supplementary table 1).

The PPV of the characteristic SSA pattern (including combi-
nations with other nuclear patterns) on the Hep-2000 substrate 
was high for AASRDs (47%). The association was mainly with 
SLE and SjS. Ninety- eight per cent of patients with a monospe-
cific SSA pattern had a positive CTD Screen: all were positive for 
anti- Ro60, demonstrating the effectiveness of SSA- transfected 
cells in identifying patients with anti- Ro60. ICAP might consider 
to include SSA- transfected cells in their nomenclature, given the 
high clinical association with AASRD. Of note, SSA antibodies 
were found in a subset of patients with AIH.

The PPV of the speckled pattern for AASRD was 13%, 39%, 
32%, and 71% for a titre of 1:160, 1:320, 1:640 and 1:1280, 
respectively. The speckled pattern was observed in all AASRDs 
and in CLE, JIA and AIH. U1- RNP and Ro60 were the main 
detected underlying antigens. In the setting of a secondary 
hospital (online supplementary table 2), the speckled pattern 
(excluding dense fine speckled) was mainly found at low titres, 
with a low PPV for AASRD (4% for titre 1:80).

The PPV of the nucleolar pattern (including combinations 
with other nuclear patterns) for AASRD was 19%, 31% and 
61% for a titre of 1:160, 1:320 and 1:1280, respectively. The 
association was mainly with SSc, but also with SLE and IIM. A 
nucleolar pattern in SLE has been reported previously and has 
been mentioned by ICAP [1 (supplemental data)].8 Some patients 
with AIH had a nucleolar pattern as well. The CTD Screen, 
which includes the nucleolar antigens fibrillarin and PM- Scl, was 
only positive in 8.8% of patients with a monospecific nucleolar 
pattern (online supplementary table 1).

The PPV of the homogeneous pattern for AASRD was 6%, 
9% (11%), 29% (32%) and 39% (40%) for a titre of 1:160, 
1:320, 1:640 and 1:1280, respectively. The values in paren-
theses represent PPVs after exclusion of anti- DFS70 reactivity 
(see next paragraph). The association was mainly with SLE, but 
also with SSc. The homogeneous pattern was present in several 
patients with AIH, CLE or JIA. In patients with JIA, the homo-
geneous pattern (next to some patients with a speckled pattern) 
was the most prevalent pattern, but titres were low. It should 
be recognised that a homogeneous pattern can be found in a 
wide variety of other (non- AASRD) conditions. Consequently, 
the PPV of a homogeneous pattern was rather low. For example, 
the PPV of a homogeneous pattern with titre 1:640 for SLE 
was only 21%. Fifteen per cent of samples with a monospecific 
homogeneous pattern had a positive anti- dsDNA Farr assay 
and only 11% a positive CTD Screen. Some of these samples 
with a positive CTD Screen had detectable anti- Scl-70 autoanti-
bodies. ICAP appreciated that autoantibodies to topoisomerase I 
(formerly Scl-70) may be reported as nuclear homogeneous, but 
more recently proposed the TOPOI- like pattern.

As we did not morphologically distinguish the DFS70 pattern 
from the homogeneous pattern in the first cohort (University 
Hospitals Leuven), all homogeneous/DFS70 patterns with titre 
≥1:320 that tested negative for dsDNA antibodies by Farr assay 
and negative for antibodies to extractable nuclear antigens by CTD 
Screen (n=93) were tested for anti- DFS70 antibodies. Thirty- seven 
per cent of these samples were anti- DFS70 positive. Of these, one 
patient had a diagnosis of possible SLE (but did not fulfil the clas-
sification criteria) and one patient had UCTD. Overall, exclusion 
of anti- DFS70- positive samples had a limited effect on PPV (online 
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supplementary table 3). Anti- DFS70 was also measured in a 
random selection of 20 samples with a homogeneous pattern with 
titre 1:160. Anti- DFS70 antibodies were found in 2/20 samples, 
among which was a sample from a patient with AIH (titre 1:160). 
Anti- DFS70 antibodies have been detected in sera with high ANA 
titres,9 a condition we also observed.

The CTD Screen was positive in 93% and 98% of samples 
with a monospecific centromere pattern and characteristic SSA 
pattern, respectively, but in only 6%, 11% and 18% of samples 
with a monospecific nucleolar, homogeneous and speckled 
pattern, respectively (online supplementary table 1). Overall, the 
CTD positivity rate was higher in samples with a high IFA anti-
body titre compared with samples with a low antibody titre. In 
samples with a negative CTD screen, higher titres were still asso-
ciated with higher PPVs in samples with a monospecific nucle-
olar or speckled pattern (online supplementary table 4).

In conclusion, an integrated interpretation of the pattern and 
the titre allows a better appreciation of the clinical relevance of the 
HEp-2 IFA test. Recognising that the PPV for a particular disease 
is titre- specific and pattern- specific allows the physician to put the 
results of an individual patient in a real- life context and avoid over- 
diagnosis based on the HEp-2 IFA results. The low titre- specific 
PPVs underscore the need for confirmatory antigen- specific immu-
noassays in all cases. Combining HEp-2 IFA with solid phase assays 
adds clinical value.10 11 Standardisation of the nomenclature of 
patterns and further harmonisation of the IFA test, including esti-
mation of antibody levels and combinations with specific assays, will 
contribute to a better interpretation of ANA testing.
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Response to ‘Titre- specific positive predictive 
value of anti- nuclear antibody patterns’ by 
Vulsteke et al

Recently, a review on the clinical relevance of human epithe-
lial (HEp)-2 indirect immunofluorescence assay (IIFA) patterns 
was published by the International Consensus on ANA Patterns 
(ICAP) consortium.1 The clinical relevance was primarily defined 
within the context of the clinical manifestations, that is, the 
suspected disease, and included recommendations for follow- up 
or reflex testing. It is anticipated that if a solid- phase test identi-
fies the disease- specific target autoantigen, the clinical relevance 
can be further refined. The analyses by Vulsteke et al2 elegantly 
illustrate that the positive predictive value (PPV) of the HEp-2 
IIFA pattern can be further improved by taking into account the 
titre of the respective patterns. Given the value and importance 
of the large dataset (n=9851) obtained in this routine labora-
tory practice without any selection, except for studying only 
monospecific nuclear patterns, and the extensive analyses, it is 
unfortunate that the results have been condensed into a letter. 
In addition to the patient cohort from the University Hospitals 
Leuven, a smaller cohort (n=529) was analysed. In this second 
cohort from the OLV Hospital Aalst, sera with a nuclear speckled 
pattern (n=88) were included; only four sera were obtained from 
patients with a systemic autoimmune rheumatic disease (SARD). 
Evidently, only the large dataset warranted reliable associations 
between the combination of HEp-2 IIFA pattern and titre on the 
one hand and the final diagnosis on the other.

With respect to the ICAP consensus on the clinical relevance 
of HEp-2 IIFA patterns, there are three deviations from this 
consensus as reported in the study of Vulsteke et al. First, the 
genetically modified HEp-2000 substrate was used, whereas 
this substrate is currently not included in the ICAP consensus 
for reasons summarised in a recent ICAP correspondence.3 As 
stated in this correspondence, the ICAP decision to exclude the 
HEp-2000 substrate might be reconsidered, although a previous 
study observed that some patterns are not readily recognised 
in this cell line.4 Importantly, the SS- A/Ro60 pattern observed 
on the transfected HEp-2 cell line will reduce the PPV of the 
fine speckled pattern (AC-4) with anti- SS- A/Ro60 antibody- 
associated diseases. Indeed, the SS- A/Ro60 pattern was frequently 
observed in systemic lupus erythematosus (SLE; n=22), 
Sjögren’s syndrome (SjS; n=27) and cutaneous lupus erythema-
tosus (n=9). Second, only four nuclear patterns were included in 
the report: homogeneous (AC-1), centromere (AC-3), speckled 
(AC-4/AC-5) and nucleolar (AC-8/AC-9/AC-10). This simplified 
pattern classification likely will result in lower PPVs than would 
be achieved with full pattern classification. For instance, when 
using the HEp-2 substrate, the SS- A/Ro60 reactivity could be 
attributed to the AC-4 pattern, while U1- RNP reactivity could 
be attributed to the AC-5 pattern. By combining both patterns, 
U1- RNP reactivity would reduce the PPV for SjS, while SS- A/
Ro60 reactivity would reduce the PPV for mixed- connective 
tissue disease. Although currently not included in the ICAP clas-
sification, Luis Andrade recently presented observations on the 
HEp-2 substrate that suggested further differentiation within the 
AC-4 pattern grouping, distinguishing two AC-4 pattern variants 
with distinct association with anti- SS- A/Ro60 antibodies (14th 
Dresden Symposium on Autoantibodies). Another limitation 
of the restricted pattern assignment in the study of Vulsteke et 
al2 is the exclusion of the cytoplasmic patterns as it would have 
been interesting to see how the titre contributes to the clinical 

interpretation of the cytoplasmic speckled patterns (AC-18, 
AC-19 and AC-20). In particular, the antisynthetase antibodies 
reveal only low to moderate titres. Third, the nuclear dense fine 
speckled pattern (AC-2) is only partially integrated in the study 
of Vulsteke et al. Similar to the HEp-2000 substrate, also the 
dense fine speckled pattern has been the topic of a recent ICAP 
correspondence.5 Importantly, the clinical relevance of the dense 
fine speckled pattern is defined by the correct recognition of the 
HEp-2 IIFA pattern, which is prone to interobserver variability,6 7 
in combination with confirmation for being monoreactive with 
DFS70. In the study of Vulsteke et al,2 the dense fine speckled 
pattern was not identified as such but was primarily included 
in the homogeneous pattern (AC-1) and was retrospectively 
evaluated by analysing all sera with the homogeneous pattern 
with a titre of ≥1/320 (n=163) and negative for anti- dsDNA 
antibodies and/or the connective tissue disease (CTD) screen 
(n=93) for anti- DFS70 antibodies. About 20% of the sera with a 
medium- titre/high- titre homogeneous pattern (n=35) appeared 
to be monospecific for DFS70. Thirty- three of the respective 
patients did not have a SARD. Although Vulsteke et al2 clearly 
illustrate that exclusion of samples with a suspected dense fine 
speckled pattern may not have a strong effect on the PPV, this 
pattern appears to have a high negative predictive value (NPV) 
for SARD (94%). As recognised by the authors, this in particular 
holds for sera with medium/high HEp-2 IIFA titres8 9 and there-
fore draws into question the overall conclusion that high titres 
are better associated with SARD. The observed high NPV for 
SARD, however, is clinically relevant because the HEp-2 IIFA is 
often used to exclude the diagnosis of SARD, in particular, SLE 
and systemic sclerosis (SSc). These observations indicate that the 
nuclear dense fine speckled pattern, therefore, may extend the 
NPV of the HEp-2 IIFA beyond the so- called ‘negative’ result.

A second issue that may be worthy of discussion is whether the 
titre is the driving factor for the increased PPV of the included 
HEp-2000 IIFA patterns. The authors acknowledge that the 
level of the autoantibodies is associated with increased proba-
bility of a final diagnosis within the spectrum of SARD, but also 
that there is an association with specific autoantibodies in the 
reflex testing. In the study of Vulsteke et al,2 the highest PPVs for 
SARD were observed for the centromere pattern (AC-3) and the 
SS- A/Ro60 pattern on the the HEp-2000 substrate. Although the 
titres observed may be different for distinct IIFA patterns, both 
the centromere and SS- A/Ro60 patterns typically present with 
high titres and reveal specific autoantibodies in reflex testing, 
that is, 93% and 98%, respectively, as in the study of Vulsteke 
et al.2 The authors tried to tackle this enigma by examining if 
the increased PPV was also observed in sera that tested nega-
tive in the Farr assay and CTD screen (supplemental data). The 
prevalence of such conditions was somewhat higher for speckled 
and nucleolar patterns, and included patients with SLE, SSc and 
idiopathic inflammatory myopathies. Therefore, it can be specu-
lated that these samples are reactive with Ku or TIF1γ (speckled 
pattern) or with NOR90 or Th/To (nucleolar pattern); none of 
these antigens were included in the CTD screen. Altogether, it 
remains to be established if the titre is the driving force or a 
contributing factor in the increased diagnostic value for indi-
vidual patterns.

In conclusion, the study of Vulsteke et al2 illustrates that the 
clinical relevance of HEp-2 IIFA patterns can be improved by 
including the titre in the calculation of the PPV for SARD. Taking 
into account that PPV and NPV are parameters dependent on 
the prevalence of the disease and that this may differ between 
geographical areas, the conclusion that combining HEp-2 IIFA 
pattern and titre will increase the PPV can be generalised, but this 
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does not necessarily hold for the values calculated in the patient 
cohort from Belgium. Here, we argue that the PPV can even 
be further increased, as well as the NPV in case of the nuclear 
dense fine speckled pattern (AC-2), by considering the full ICAP 
HEp-2 IIFA pattern classification. Eventually, we fully agree 
with the statement that confirmatory antigen- specific immuno-
assays are mandatory in all cases, preferentially by taking into 
account the diagnostic suspicion at the time of presentation, the 
centromere pattern (AC-3) being the only possible exception.
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Circulating regulatory T cells were absolutely 
decreased in dermatomyositis/polymyositis 
patients and restored by low- dose IL-2

We note with interest and express our principle agreement with 
the views put forward by Professor Rosenzwajg M1 in the recent 
Editorial ‘Immunological and clinical effects of low- dose inter-
leukin-2 across 11 autoimmune diseases in a single, open clinical 
trial’ published in Annals of the Rheumatic Diseases. The authors 
conclude that any autoimmune or inflammatory disease denotes 
a regulatory T cells (Tregs) insufficiency, which is restored by 
low-dose interleukin (IL)−2 ((1 million IU/day) for 5 days,
followed by fortnightly injections for 6 months) selectively and 
safely activate and expand Tregs in 11 autoimmune diseases. 
This study is important and deserves a practical value. In our 
study, the absolute changes of peripheral lymphocyte subpopu-
lations and CD4+ T subsets, especially Tregs, and the safety and 
efficacyoflow-doseIL-2indermatomyositis(DM)/polymyositis
(PM), which are idiopathic inflammatory myopathies and not 
shown in the above article, are shared with the readers.
Inourstudy, total147patientswithPM/DMwereenrolled

and 128 gender- matched and age- matched healthy adults were 

participated as controls from February 2016 to October 2018. 
The absolute numbers of T, B, natural killer (NK), CD4+ T, 
CD8+ T, Th1, Th2, Th17 and Tregs in peripheral blood of 
these individuals were detected by flow cytometry combined 
with standard absolute counting beads.2PatientswithDM/PM,
regardless of new onset (no prior treatment) or treatment with 
immunosuppressants, had significantly lower absolute numbers 
of Tregs as well as T, B, NK, CD4+ T, CD8+ T, Th1, Th2 and 
Th17 than healthy controls (figure 1a,b), which were signifi-
cantly correlated with disease activity. There were no any signif-
icant differences in the numbers of above subsets between new 
PM/DMandtreatedPM/DM(figure 1c–f), indicating that those 
decreases in the subsets are associated directly with the patho-
genesisofPMand/orDMratherthanhigh-doseglucocorticoids
or immunosuppressive agents.3 Reduced Tregs should fail to 
prevent autoimmunity and control inflammation, contributing 
to the pathogenesis of DM/PM patients. Furthermore, these
reductions could be aggravated by conventional therapies, espe-
cially immunosuppressive agents, to increase patients’ risk of 
malignancies and infection.3–5

Total 116 patients in non- IL-2 group were given only conven-
tional treatments while 31 patients in IL-2 group were not only 
given conventional treatments but also injected subcutaneously 

Correspondence

Figure 1 Absolute numbers of peripheral lymphocyte subsets between healthy controls and patients were assessed by flow cytometry using one- 
platform method. (a) PM (n=39)/DM (n=108) patients had lower levels of T, B, NK, CD4+ T and CD8+ T in PB compared with those of healthy controls 
(n=128). (b) The levels of Th1, Th2, Th17 and Tregs in PB were significantly decreased in patients with PM/DM. (c–f) There were no significant changes 
of the absolute numbers of T, B, CD4+ T, CD8+ T, NK, Th1, Th2, Th17 and Tregs in PB between new patients (PM, n=22 or DM, n=53) and treated 
patients (PM, n=17 or DM, n=55). Data were presented as mean±SD and statistical analysis was determined by two- tailed unpaired t- test. *p<0.05, 
**p<0.01, ***p<0.001. DM,dermatomyositis; PB, peripheral blood; PM, polymyositis; Tregs, regulatory Tcells.
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human IL-2 (aldesleukin) at 0.50Million IU/day for a 5-day
course. After IL-2 administration, the absolute numbers of Tregs 
increased dramatically about fourfolds (figure 2b). Besides, other 
cells, such as T, B, CD4+ T, CD8+ T, Th1, Th2 and Th17, were 
also increased mildly to modestly as compared with those before 
treatment (figure 2a,b). The treatment of short- term and low- 
dose IL-2 led to a better remission, indicated by a decrease in 

disease indicators (VAS, ESR, CK, CK- MB, LDH and HBDH) 
compared with conventional therapy only (figure 2c–h).

Notably, low- dose IL-2 treatment reduced muscle tissue inflam-
mation through specific Treg expansion and activation to balance 
Teff cells. In addition, other study showed that the treatment can 
reduce the secretion of chemokines by fibroblasts and thus reduce 
the migration of peripheral lymphocytes that can further cause 

Figure 2 Efficacy of short- term and low- dose IL-2 treatment in regulating levels of peripheral lymphocyte subsets and reducing disease activity. 
(a) Absolute numbers of lymphocytes, including T, B, CD4+ T and CD8+ T cells in patients were significantly increased after treatment. (b) Absolute 
numbers of CD4+ T subsets, especially Tregs, were significantly increased in patients after treatment. (c–h) VAS, ESR, CK, CK- MB, LDH and HBDH in all 
patients were significantly lower than those before treatment. After treatment, VAS in IL-2 group decreased more obviously, while the other indexes 
of IL-2 group had a trend towards lower values without statistical significance compared with non- IL-2 group. Two- tailed unpaired t- test was used to 
compare the disease activity measures between IL-2 (red) and control groups (blue). *p<0.05, **p<0.01, ***p<0.001. CK,creatine kinase; CK- MB, 
creatine kinase MB; ESR, erythrocyte sedimentation rate;HBDH, hydroxybutyric dehydrogenase; IL, interleukin; LDH, lactate dehydrogenase;Tregs, 
regulatory T cells; VAS, visual analogue scale/score.
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muscle damage and creating a loop,6 which may be one of the 
reasons for the increase in peripheral lymphocyte subsets and effi-
cacyofIL-2inDM/PMpatients.

In conclusion, our study showed first that there was a decrease 
in absolute numbers of peripheral Tregs in PM/DM patients
with or without immunosuppression treatment. Low- dose IL-2, 
synergising with conventional therapy, can markedly increase the 
number of Tregs, as well as other lymphocytes to some degree, and 
maintaintheimmunologicbalance,whichmayhelpforDM/PM
patients’ symptom remission without over- treatment and evaluated 
side effect and enhance the ability to resist infection. Our study on 
DM/PMthatwasnotstatedinthestudyofRosenzwajgMrecon-
firmed the involvement of Treg dysfunction in the pathogenesis of 
autoimmune diseases, which can be restored by low- doses IL-2.
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Response to: ‘Circulating regulatory T cells were 
absolutelydecreased in dermatomyositis/
polymyositispatients and restored by low- dose 
IL-2’ by Zhang et al

In this issue, Zhang et al report that a short course of low- dose IL-2 
improved patients with polymyositis or dermatomyositis. This adds 
to the list of diseases for which efficacy of low- dose IL-2 has been 
reported.1 This is in line with the main activity of low- dose IL-2, the 
stimulation and expansion of regulatory T cells (Tregs).1 Tregs are 
key to maintaining immune homeostasis. They control inflammation 
and the activation of effector T cells with autoimmune potential.2 
Their depletion immediately unleashes major activation of effector 
T cells leading to fatal inflammation and the attack of otherwise 
healthy tissues, leading to multiorgan autoimmunity.3 This observa-
tion indicates that, at homeostasis, there is a balance between Tregs 
and effector T cells that prevents severe inflammation and auto-
immunity. This, in turn, teaches us that any chronic breach of this 
homeostasis, that is, an autoimmune condition, inherently signals 
Treg insufficiency.1 Such Treg insufficiency does not imply a Treg 
deficiency, but reflects the inability of Tregs to perform properly in 
their milieu, which comprises the interaction of various molecular 
and cellular factors including the number and activation state of 
effector T cells and the cytokine profile. Given these observations, 
it would appear that the stimulation of Tregs could have therapeutic 
potential in almost all inflammatory and autoimmune settings. This 
is well supported by reports of the clinical efficacy of IL-2 in over 
30 experimental inflammatory and autoimmune diseases in mice.1

In this regard, we recently reported the ‘universal’ biological effects of 
low- dose IL-2 across 11 distinct autoimmune diseases4 assessed in a single 
‘basket’ trial, a design that is common in oncology in which one targeted 
therapy is evaluated in multiple diseases. We treated patients with diseases 
that have quite different pathophysiologies, from the most autoimmune 
to the most inflammatory on the autoimmune- autoinflammatory disease 
continuum.5 In this open trial, clinical efficacy was a secondary criterion 
and showed a significant mean improvement of patients as assessed by a 
common score. Altogether, with the reports of other groups including 
Zhang et al in this issue, indication of the efficacy of low- dose IL-2 has 
been reported in over 20 different diseases.

However, it should be stressed that none of these observations have yet 
been obtained in trials designed to demonstrate efficacy, that is, double- 
blind, randomised, placebo- controlled trials. Such trials are underway, 
and some are even completed. Their results will be presented soon at 
a meeting entirely dedicated to the understanding of the biology and 
therapeutic potential of IL-2 (https://www. il- 2- 2019. com). Pending 
such results, we can already draw important lessons from the published 
findings.

As the pathophysiology of autoimmune diseases varies greatly, with 
some being linked to an IL-2 deficiency and others to specific dysregula-
tion of inflammatory pathways, it should be recognised that the potential 
therapeutic role of IL-2 may vary considerably according to the setting. 
For example, we foresee that low- dose IL-2 could be the first- line stand- 
alone drug for the prevention of type 1 diabetes, which is the result of 
years of chronic Treg insufficiency during which the diabetogenic T 
cells attack the beta cells.6 It was recently shown that the onset of type 
1 diabetes in at- risk patients can be delayed by acting on the effector 
response with an anti- CD3 antibody.7 However, this effect would be diffi-
cult to prolong due to frequent antidrug antibodies and some side effects. 
This would not be the case for IL-2 and we foresee that IL-2 alone could 
be a first- line treatment in this indication.

In contrast, in many indications, IL-2 could be a second- line or even 
an adjunct treatment in combination therapies. We foresee that this could 
be the case for highly inflammatory settings in which the inflammation 
would have to be cooled down before IL-2 could reach full efficacy, and 

also possibly in combination treatments that will allow the use of lower 
doses of the primary drug.

Finally, it should not be forgotten that Tregs not only have anti- 
inflammatory and anti- autoimmunity activities but also contribute 
to tissue regeneration.8 Examples include muscle, for which robust 
observations show that Tregs contribute to muscle regeneration 
through amphiregulin production,9 and IL-2 led to improvement of 
wound healing.10 This could explain some of the efficacy observed 
by Zhang et al in myositis, but also opens up the potential use of low- 
dose IL-2 in settings not often thought about, like myocardial healing 
after infarction in which Tregs play a major role.11

In conclusion, IL-2 is a new class of immunoregulatory drug 
with an excellent safety profile that should be added to the growing 
arsenal for single- drug or combination therapy of autoimmune and 
inflammatory diseases, not to mention transplantation, allergy and 
tissue regeneration.
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Standardisation of myositis- specific antibodies: 
where are we today?

With interest we read the recent article by Espinosa- Ortega et 
al1 comparing a line immunoassay (LIA) and immunoprecipi-
tation (IP) for the detection of autoantibodies associated with 
idiopathic inflammatory myopathies (IIM). Historically, most of 
the clinical associations of myositis specific antibodies (MSAs) 
and myositis associated antibodies (MAAs) have been estab-
lished using IP. Consequently, it is important to compare newer 
technologies such as LIA and dot blots (DB) to IP, which does 
not imply that IP is correct in all instances or that IP should be 
regarded as the ‘gold standard’.

In a recent study that compared LIA and IP, poor agreement 
was found for several MSAs.2 In the letter by Espinosa- Ortega 
et al, the authors made a similar analysis, comparing IP and LIA 
in a cohort of 110 patients with IIM. For the LIA, the study 
also included controls (n=60). A strength of the study is the use 
of both protein and RNA IP performed in a reference centre 
for IP. In the interest of assay evaluation and standardisation, 
it is valuable to provide data showing a more statistics- based 
approach for method comparison. Due to the rarity of several of 
the MSAs, large cohorts with thousands of patients are needed 
to carefully validate the positive agreement between methods. 
The small number of positive samples results in large 95% CIs 
(table 1), which makes it difficult to draw true conclusions from 
the results. For example, in the article of Espinosa- Ortega et al, 
the 95% CI derived from Kappa statistics for anti- TIF1γ ranged 
from 0.29 (poor) to 0.83 (excellent). Table 1 summarises the 

results obtained by Espinosa- Ortega et al1, Cavazzana et al.2 and 
Mahler et al. 4

In addition, several interesting observations merit further 
discussion. First, the observation that anti- Mi-2 antibodies do 
not reflect the known clinical phenotype with skin involve-
ment is interesting and might be related to the assay used. In 
two recent studies it has been demonstrated that the prevalence 
of anti- Mi-2 antibodies in polymyositis might be assay depen-
dent.3 4 Second, for TIF1γ it is important to specify how posi-
tivity by IP is defined. The original description of anti- TIF1γ with 
IP reported a double band (p140/p155), corresponding to TIF1α 
(140 kDa) and TIF1γ (155 kDa). Some laboratories might report 
both, as based on IP, or only anti- TIF1γ, as based on either the 
155 kDa IP band or a secondary test. Most commercial in- vitro 
diagnostic assays, including LIAs, detect only anti- TIF1γ, which 
might result in different results. While anti- TIF1γ is associated 
with cancer, anti- TIF1α co- occurs with anti- TIF1γ and anti- Mi-2 
autoantibodies.5 As a matter of fact, about 80% of patients with 
anti- Mi-2 antibodies also express anti- TIF1α autoantibodies.5 In 
these patients the clinical phenotype matches the co- occurring 
MSA, rather than having a separate phenotype. In this context, 
it should be noted that there is a large variation in anti- TIF1γ 
reactivity between different LIA methods, with, for example, the 
Euroimmun LIA detecting more anti- TIF1γ reactivity than the 
Alphadia DB.6

Espinosa- Ortega et al emphasise the importance of anti- TIF1γ 
due to its association with cancer; however, other markers such as 
anti- MDA5 autoantibodies are equally important due to the associ-
ation with rapidly progressive interstitial lung disease. In addition, 

Correspondence

Table 1 Agreement between LIA and IP derived from three studies

Espinosa- Ortega et al Cavazzana et al Mahler et al Combined

Interpretation (kappa)MSA
DP/IP/LP/DN
Kappa (95% CI)

Jo-1 11/1/7/91
0.69 (0.50 to 0.89)

3/5/7/42
0.21 (−0.11 to 0.52)

NA 14/6/14/133
0.52 (0.33 to 0.70)

Minimal–Moderate

TIF1y 1/2/0/107
0.56 (0.29 to 0.83)

4/0/2/51
0.78 (0.49 to 1.00)

11/4/4/138
0.71 (0.51 to 0.90)

16/6/6/296
0.71 (0.55 to 0.86)

Weak–Strong

SRP 3/1/0/106
0.85 (0.57 to 1.00)

0/3/7/47
−0.08 (−0.15 to −0.01)

14/1/8/134
0.73 (0.56 to 0.89)

17/5/15/287
0.60 (0.44 to 0.76)

Weak–Moderate

MDA5 1/2/0/107
0.49 (−0.12 to 1.00)

3/1/2/51
0.64 (0.26 to 1.00)

14/1/5/137
0.80 (0.65 to 0.96)

18/4/7/295
0.75 (0.61 to 0.89)

Moderate–Strong

PM/Scl 2/3/1/104
0.48 (0.05 to 0.92)

NA
NA

NA
NA

2/3/1/104
0.48 (0.05 to 0.92)

NA

Ku 3/0/1/106
0.86 (0.57 to 1.00)

NA
NA

NA
NA

3/0/1/106
0.86 (0.57 to 1.00)

NA

SAE 3/0/1/106
0.86 (0.57 to 1.00)

0/2/1/54
−0.02 (−0.06 to 0.01)

15/0/3/139
0.90 (0.79 to 1.00)

18/2/5/299
0.83 (0.70 to 0.95)

Moderate–Almost 
perfect

NXP2 0/0/2/108
0.00

5/3/2/47
−0.62 (0.31 to 0.92)

13/2/0/142
0.92 (0.81 to 1.00)

18/5/4/297
0.79 (0.65 to 0.92)

Moderate–Almost 
perfect

Mi-2 2/0/6/102
0.38 (0.00 to 0.76)

3/0/5/49
0.51 (0.45 to 0.87)

12/3/9/133
0.62 (0.43 to 0.82)

17/3/20/284
0.56 (0.41 to 0.72)

Weak–Moderate

EJ 0/0/0/110
NA

1/2/0/54
0.49 (−0.11 to 1.00)

7/3/1/146
0.76 (0.54 to 0.99)

8/5/1/310
0.72 (0.50 to 0.93)

Weak–Almost perfect

OJ 0/1/0/109
0.00

0/2/0/55
0.00

NA 0/3/0/164
NA

NA

PL-7 0/0/0/110
NA

0/0/2/55
0.00

12/3/0/142
0.88 (0.74 to 1.00)

12/3/2/307
0.82 (0.67 to 0.97)

Moderate–Almost 
perfect

PL-12 0/0/1/109
0.00

0/0/3/54
0.00

14/1/5/137
0.80 (0.65 to 0.96)

14/1/9/300
0.72 (0.56 to 0.89)

Weak–Strong

95% CIs were reconstructed based on the given prevalence.

DN, double negative; DP, double positive; IP, Immunoprecipitation positive; LP, line immunoassay positive; MSA, myositis specific antibody.
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the consequences for false positive or false negative results can be 
different depending on the autoantibody (see table 2).

Similar to a previous study reporting variability between blot 
assays for anti- Jo-1 antibodies,6 the current letter also reports 
higher than expected variability for anti- Jo-1 antibodies which 
is related to the known limitation of IP for the detection of anti- 
Jo-1 antibodies, due to the relatively thin uncharacteristic band 
in IP (in contrast to other aminoacyl- tRNA synthetases) and to 
the co- migration with the IgG heavy chain.7

IP analysis of RNA components to confirm the presence of 
tRNA is helpful; however, it does not reveal the tRNA iden-
tity; it only indicates IP of ‘some’ tRNA and cannot distinguish 
between histidyl- tRNA and other tRNAs. Practically, if a band 
corresponding to a~50 kD protein is observed on IP, and tRNA 
by RNA analysis is present, it is reasonable to report anti- Jo-1 
antibody positivity.7 Seven out of 18 anti- Jo-1 positive samples, 
as detected by LIA were negative by IP. Three of them tested 
positive by a fluorescence enzyme immunoassay (FEIA), one 
borderline and one negative. It appears that IP misses true posi-
tive anti- Jo-1 samples that are detected by LIA and FEIA. This 
last observation is in line with the concept that IP should not be 
regarded as a gold standard in all instances. Although known 
and used for decades, IP is by no means standardised across 
different laboratories which can lead to significant variability. 
Consequently, site to site comparison studies for IP are needed, 
followed by a standardisation approach.

As pointed out above, the rarity of several of the MSAs requires 
large cohorts with thousands of patients in order to carefully 
validate agreement (especially positive per cent agreement) 
between methods. A viable and more realistic approach is to 
select positive samples from clinically well- characterised patients 

and complement those with also well characterised controls and 
test this cohort with various methods and platforms, including 
IP and LIA. Although this introduces a biassed inclusion crite-
rion, it might provide more meaningful data. Along those lines, 
a close collaboration between clinicians, patient groups, research 
networks and kit manufacturers are mandatory to make serum 
samples available for validation, calibration and quality control. 
An alternative approach for calibration and quality control is 
the generation of human or humanised monoclonal antibodies. 
Standardisation is imperative for the consideration of addi-
tional MSAs (in addition to anti- Jo-1) as part of future classi-
fication criteria for IIM.8–10 To conclude, we thank the authors 
for conducting this study and encourage future studies with 
larger patient cohorts (such as MyoNet/EuroMyositis), ideally 
including different novel methods for the detection of MSA next 
to IP.11
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Table 2 Overview of myositis specific antibodies and contribution to clinical decisions.

MSA Criticality/comment Relevance/criticality

HMGCoA reductase The presence of anti- HMGCR antibodies predicts poor response to corticosteroid and 
immunosuppressant therapy. This anticipation is relevant for the clinician.

Relevant, not critical; however, false negative might lead 
to omission of biopsy

TIF1y Strong association with malignancy in elderly patients. Extensive screening for malignancy 
is necessary prior to treatment of IIM.

Critical, false negative result might lead to delayed 
diagnosis of cancer

SRP Associated with severe treatment resistant myopathy, leading to long term 
immunosuppressive therapy The presence of SRP antibodies predicts poor response 
to corticosteroid and immunosuppressant therapy. This anticipation is relevant for the 
clinician.

Relevant, not critical; however, false negative might lead 
to omission of biopsy

MDA5 Positive result should trigger screening for ILD and if confirmed more aggressive treatment 
and clinical vigilance

Critical, False negative result may lead to less intensive 
(respiratory) monitoring with a delay

PM/Scl In general, associated with a milder disease course Not critical, low relevance

Ku Often associated with SLE and/or SSc. Requires monitoring and treatment to coexisting 
SLE and/or SSc, especially when other antibodies are present (eg, anti- dsDNA).12

Relevant, not critical

SAE Severe cutaneous disease that classically precede DM with severe dysphagia and systemic 
symptoms.

Relevant, not critical

NXP2 Juvenile DM, diffused calcinosis. Cancer associated DM triggers consideration for 
screening for concurrent malignancy prior to treatment initiation.

Critical, similar to TIF1y, however, less pronounced

Mi-2 In general, associated with a milder disease course. If present without other MSA, 
reassures relatively mild disease phenotype.

Relevant, not critical; false positive can lead to a wrong 
perception of milder disease (no monitoring for ILD)

Jo-1, EJ, OJ, PL-7, PL-12 Positive result triggers the clinician to screen for ILD and to prospectively follow- up 
pulmonary function; often requires long- term immunosuppressive treatment

 ► Predicts better therapeutic response to rituximab13

 ► Influences patient management when pulmonologists identify these antibodies in 
patients with unexplained ILD

 ► Consider immunosuppressant strategies
 ► Follow- up for appearance of extra- pulmonary manifestations of the antisynthetase 

syndrome14

Relevant, not critical; False negative results might have 
a negative effect on optimal therapy choice in severe 
myositis (more arguments for rituximab) and patients 
with unexplained ILD (as single manifestation) might 
experience delay in diagnosis.

DM, dermatomyositis; IIM, idiopathic inflammatory myopathies; ILD, interstitial lung disease; MSA, myositis specific antibodies; SLE, systemic lupus erythematosus; SSc, systemic 
sclerosis.
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What is the starting dose of steroid prescribed 
by rheumatologist in the management of 
polymyalgia rheumatica?

Corticosteroids are the standard treatment prescribed in the 
management of polymyalgia rheumatica (PMR); due to the lack of 
quality studies, there is, however, a great variability in the initial 
dose prescribed.1 The European League Against Rheumatism/
American College of Rheumatology (EULAR/ACR) recommenda-
tions, published in 2015, have proposed starting treatment with 
an initial dose of between 12.5 and 25 mg prednisone equiva-
lent daily.2 The present study sought to further define the initial 
dose of corticosteroids prescribed by rheumatologists working in 
private practices or in university hospital and to compare it to the 
EULAR/ACR recommendations.

A cross- sectional study was conducted among rheumatologists 
of the Auvergne region. For each patient with PMR seen at consul-
tation, rheumatologists were invited to collect the following data: 
length of time since diagnosis of PMR; starting dose of corticoste-
roid prescribed; weight, age and sex of the patient. Both univariate 
(correlation coefficient, Student’s t- test, and χ2 test) and multivar-
iate analyses (linear regression) were performed using Stata soft-
ware (version 13, StataCorp, College Station). For ethics purposes, 
the study was approved by the CNIL (French Data Protection 
Authority) (dossier no. 16.292).

Overall, 138 patient records were received, 97 of which from 
15 rheumatologists working outside of the rheumatology depart-
ment and 41 from the rheumatology department. The records 
concerned 63 men and 75 women, aged 73.4±8.5 years old. The 
mean length of time since diagnosis of PMR was 2.5±3.1 years; the 
starting daily dose of corticosteroids prescribed was 19.2±7.7 mg. 
This dose did not differ for the patients whether they were seen 
at the rheumatology department (19.9±10.8 mg) or outside of the 
rheumatology department (18.9±6.1 mg). The dose was revealed 
inferior to 12.5 mg in three patients (2.2%) and superior to 25 mg 
in 16 patients (11.9%) (figure 1). In univariate analyses, the dose 
was not correlated to patient age (r=−0.01; p=0.92), weight 
(r=0.10; p=0.28), in or outside of the rheumatology department, 
but was correlated to the length of time since diagnosis (r=0.22; 
p=0.01). Following multivariate analyses, the correlation to the 
length of time since diagnosis remained significant (p=0.009). The 
mean corticosteroid dose was 20.8±9.5 mg before 2016 (prior to 
the EULAR/ACR recommendations) and 17.5±5.5 mg after 2016 
(p=0.02). Following 2016, fewer patients received an initial dose 

that was inferior or superior to that of the recommendations (6/73 
(8%) vs 13/62 (21%); p=0.03)

The corticosteroid dose prescribed is comparable to that 
of a PMR cohort followed- up in the USA (16±7.1 mg).3 In a 
population- based study conducted in the UK, 75% of patients 
received a dose of between 8 and 21 mg.4 These results cannot be 
unreservedly extrapolated to PMR cases managed by all rheuma-
tologists and above all by family physicians.

ConClusion
The starting dose of corticosteroids prescribed by the rheumatol-
ogists of the Auvergne region is perfectly in line with the EULAR/
ACR recommendations in 86% of cases and in 92% of cases since 
the 2015 publication of the recommendations.
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Figure 1 Initial dose of corticosteroids prescribed to patients suffering 
from polymyalgia rheumatica.
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Diabetes mellitus in ankylosing spondylitis

Ankylosing spondylitis is a systemic inflammatory disease which always 
influences the spine joints. The association between ankylosing spondylitis 
and multiple systemic comorbidities has been well assessed.1 2 Recently, 
one meta- analysis conducted by Mathieu et al published in Annals of the 
Rheumatic Diseases reported that persons with ankylosing spondylitis 
were significantly associated with increased risks of myocardial infarction 
and stroke when compared with controls (risk ratio=1.44 for myocardial 
infarction, and risk ratio=1.37 for stroke).3 Mathieu et al’s research is well 
performed and informative to the readers.

Diabetes mellitus is a well- established risk factor for myocardial infarc-
tion and stroke. One cross- sectional study reported that 13.64% of persons 
with ankylosing spondylitis had diabetes mellitus.4 We make a rational 
hypothesis that diabetes mellitus could be involved in the association 
between ankylosing spondylitis and myocardial infarction and stroke. In 
order to add updated concepts to support the findings of Mathieu et al’s 
research, a preliminary nationwide cohort study was conducted to examine 
whether there is a link between ankylosing spondylitis and diabetes mellitus 
by using the 2005–2012 database of the Taiwan National Health Insurance 
Program with 23 million persons living in Taiwan.5 6 Persons ages 20–84 
years who had a new diagnosis of ankylosing spondylitis were assigned as 
the ankylosing spondylitis group based on International Classification of 
Diseases, Ninth Revision code (ICD-9 code 720.0). For every person with 
ankylosing spondylitis, four sex- matched and age- matched persons without 
a diagnosis of ankylosing spondylitis were selected as the non- ankylosing 
spondylitis group. The main outcome was a new diagnosis of diabetes 
mellitus (ICD-9 code 250). Table 1 illustrated that at the end of the cohort 
study, the overall incidence of diabetes mellitus was 1.21- fold higher in the 
ankylosing spondylitis group than in the non- ankylosing spondylitis group 
(1.43 vs 1.19 per 100 person- years, 95% CI 1.02 to 1.43, p=0.025). As 
stratified by sex, the incidences of diabetes mellitus were all higher in the 
ankylosing spondylitis group than in the non- ankylosing spondylitis group, 
but only the male group reached statistical significance (p=0.033).

In this preliminary study, persons with ankylosing spondylitis had a 
higher incidence of diabetes mellitus when compared with those without 
ankylosing spondylitis. Although the underlying mechanism regarding the 
association between ankylosing spondylitis and diabetes mellitus is beyond 
the scope of this study, surveillance bias contributing to a positive asso-
ciation cannot be ruled out. That is, persons with ankylosing spondylitis 
might receive frequent clinical care, such as periodically checking blood 
glucose. Then, diabetes mellitus, which usually cannot be early identified 
among persons without ankylosing spondylitis, is incidentally identified 
among those persons with ankylosing spondylitis. We suggest that more 
well- constructed studies are needed to determine whether there is a causal 
relationship between ankylosing spondylitis and diabetes mellitus.

Many unhealthy lifestyle habits have been found to be associated with 
increased risk of diabetes mellitus, including unhealthy dietary pattern, 
decreased physical activity, sedentary lifestyle, and smoking.7 8 From a 
view of preventive medicine, we suggest that physicians who take care of 
persons with ankylosing spondylitis should consider aggressive modifica-
tion of unhealthy lifestyle habits to reduce the risk of diabetes mellitus. 
Then, these persons might have a chance to further reduce the risks of 
myocardial infarction and stroke.
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Table 1 Incidence of diabetes mellitus between ankylosing spondylitis group and non- ankylosing spondylitis group

Variable

Ankylosing spondylitis Non- ankylosing spondylitis

N Event Person- years Incidence N Event Person- years Incidence Incidence rate ratio (95% CI)* P value

All 2757 164 11 447 1.43 11 028 972 81 955 1.19 1.21 (1.02 to 1.43) 0.025

Sex

 Male 1633 99 6890 1.44 6532 552 48 496 1.14 1.26 (1.02 to 1.56) 0.033

 Female 1124 65 4557 1.43 4496 420 33 459 1.26 1.14 (0.88 to 1.48) 0.338

Incidence: per 100 person- years.
*Incidence rate ratio: ankylosing spondylitis versus non- ankylosing spondylitis (95% CI).
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Response to: ‘Diabetes mellitus in ankylosing 
spondylitis’ by Liao et al

We would like to thank Liao and colleagues for their attention to 
our study1 and for the results of their nationwide cohort study 
reporting a higher incidence of diabetes mellitus in ankylosing 
spondylitis (AS).2

In our study, we did not assess the cardiovascular risk profile 
or evaluate the incidence of diabetes mellitus among AS patients. 
We completely agree that there might be a relationship between 
a higher incidence of diabetes and the increased risk of cardio-
vascular events found in AS patients. Assessment of AS patients 
should include examination for the presence of diabetes mellitus. 
As stated by Liao and colleagues, additional studies are needed 
to draw strong conclusions regarding the association between 
diabetes and AS.
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Association between ankylosing spondylitis and 
venous thromboembolism

Ankylosing spondylitis is a type of arthritis that commonly 
affects the joints of the spine. The relationship between anky-
losing spondylitis and other diseases has been extensively 
explored.1 2 Recently, a cohort study in Canada conducted by 
Aviña- Zubieta et al published in Annals of Rheumatic Diseases 
disclosed that people with ankylosing spondylitis were at higher 
risk of venous thromboembolism compared with people without 
ankylosing spondylitis (HR 1.53, 95% CI 1.16 to 2.01).3 Aviña- 
Zubieta et al’s study is well performed and is informative to the 
researchers. Some of my views are shared with the readers as 
follows. First, the overall incidence of venous thromboembolism 
was 2.03- fold higher in people with ankylosing spondylitis than 
in those people without ankylosing spondylitis in Aviña- Zubieta 
et al’s study (1.56 vs 0.77 per 1000 person- years).3 The attrib-
utable risk associated with ankylosing spondylitis was 0.79 per 
1000 person- years; that is, removal of ankylosing spondylitis can 
diminish approximately eight cases of venous thromboembolism 
per 10 000 person- years of follow- up. Second, another cohort 
study in the Republic of Korea disclosed that the overall inci-
dence of new onset of atrial fibrillation was 1.54- fold higher in 
people with ankylosing spondylitis than in those without anky-
losing spondylitis (2.32 vs 1.51 per 1000 person- years).4 The 
attributable risk associated with ankylosing spondylitis was 0.81 
per 1000 person- years; that is, removal of ankylosing spondylitis 
can diminish approximately eight cases of new onset of atrial 
fibrillation per 10 000 person- years of follow- up. According to 
the above measurement, ankylosing spondylitis seems to have 
a similar impact on the risks of venous thromboembolism and 
new onset of atrial fibrillation. Third, the evidence disclosed 
that people with ankylosing spondylitis who underwent tumour 
necrosis factor inhibitor therapy had a higher risk of new onset 
of atrial fibrillation (HR 1.60, 95% CI 1.02 to 2.39),4 but 
Aviña- Zubieta et al’s study did not disclose such data. I agree 
with Aviña- Zubieta et al’s comments that future investigation 
is needed to clarify the effects of ankylosing spondylitis treat-
ment on the risk of venous thromboembolism. Fourth, anky-
losing spondylitis cannot be prevented and is less likely to be 
eradicated. Currently, the guidelines for stroke prevention in 
people with atrial fibrillation have been established.5 In addi-
tion, it is important to recognise people who have risk factors 
for venous thromboembolism, including those having cancer, 
major surgery, major trauma- like fractures and long- term immo-
bilisation.6 Clinicians who participate in the long- time care of 
people with ankylosing spondylitis should take into consider-
ation the above risk factors when considering the risk of venous 

thromboembolism. If necessary, pharmacological prophylaxis 
for venous thromboembolism should be initiated in these high- 
risk people.
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Risk of gout flares after vaccination

Gout is a common inflammatory joint disease worldwide, in part 
because the global prevalence of gout was rising.1 The direct 
relationship between the elevated levels of uric acid and gout 
attack is well- recognised. Several risk factors for gout attack are 
found, including dietary factors, medications and comorbidi-
ties.2 Recently, a case- crossover study conducted by Yokose et 
al published in Annals of the Rheumatic Diseases revealed that 
vaccination in the prior 2 days was associated with a twofold 
increased odds of gout attack when compared with no vaccine 
periods (adjusted OR 1.99; 95% CI 1.01 to 3.89).3 Some 
points not shown in the original article are discussed. In order 
to examine this issue in a different population, a preliminary 
population- based cohort study was conducted using the 2005–
2012 database of the Taiwan National Health Insurance Program 
with 23 million people living in Taiwan.4 People ≥65 years old 
who had ever received an influenza vaccine were assigned as 
the vaccination group. People ≥65 years who never received an 
influenza vaccine were assigned as the non- vaccination group. In 
order to reduce the biassed results, people who ever had a diag-
nosis of gout before influenza vaccination were excluded from 
the study. The main outcome was a new episode of gout attack. 
Table 1 revealed that there was no significant difference of the 
incidence of gout attack between the vaccination group and the 
non- vaccination group (0.05 vs 0.05 per 1000 person- days; 95% 
CI 0.73 to 1.57, p=0.735). As stratified by sex and follow- up 
time, there was no significant difference of the incidence of gout 
attack between the vaccination group and the non- vaccination 
group. The universal vaccination for trivalent influenza has 
been initiated in people ≥65 years in Taiwan since 1998.5 In 
addition, the prevalence of gout was high among people ≥65 
years in Taiwan (5% for men and 2.4% for women).6 To date, 
no systemic analysis investigated the association between influ-
enza vaccine and gout attack. This is the reason why we focus on 
people ≥65 years. People receiving an influenza vaccine would 
be recorded in the database. Therefore, the vaccination group 
and non- vaccination group are less likely to be misclassified. 
Gout attack developing >30 days after vaccination is less likely 
to be related to the impact of an influenza vaccine. This is the 
reason why we focus on the development of gout attack within 
30 days after vaccination. In this present study based on a real- 
world database, influenza vaccination was not associated with 
the risk of gout attack when compared with non- vaccination. At 
least, older people do not need to worry about the development 

of gout attack after influenza vaccination. Finally, we appreciate 
that Yokose et al’s study is well- conducted and provides a clear 
message that needs to be communicated to the readers.
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Table 1 Incidence of new episode of gout attack between influenza vaccination group and non- vaccination group among people ≥65 years old in 
2005–2012

Variable

Influenza vaccination Non- vaccination

N Event Person- days Incidence N Event Person- days Incidence Incidence rate ratio (95% CI)* P value

All 24 894 40 744 578 0.05 49 788 75 1 491 767 0.05 1.07 (0.73 to 1.57) 0.735

Sex

 Male 10 940 20 327 189 0.06 22 287 41 667 517 0.06 1.00 (0.58 to 1.70) 0.986

 Female 13 954 20 417 389 0.05 27 501 34 824 250 0.04 1.16 (0.67 to 2.02) 0.595

Follow- up time (days)

 <7 32 14 127 110.24 35 22 136 161.76 0.68 (0.35 to 1.33) 0.262

 7–14 35 12 355 33.80 29 20 282 70.92 0.48 (0.23 to 0.97) 0.042

 14–30 24 827 14 744 096 0.02 49 724 33 1 491 349 0.02 0.85 (0.46 to 1.59) 0.611

Incidence: per 1000 person- days.
*Incidence rate ratio: influenza vaccination versus non- vaccination (95% CI).
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‘DESIRABLE’ or not?

We read with great interest the recently published study ‘Effects of 
the anti- RANKL antibody denosumab on joint structural damage 
in patients with rheumatoid arthritis treated with conventional 
synthetic disease modifying antirheumatic drugs (DESIRABLE 
study): a randomised, double- blind, placebo- controlled phase 3 
trial’ by Takeuchi et al.1 This trial has shown a beneficial effect of 
denosumab in reducing radiographic progression (modified total 
Sharp score) and erosions in patients of rheumatoid arthritis 
(RA), in two dosing regimens, that is, 60 mg subcutaneous 6 
monthly and 3 monthly.

However, there are some concerns. While there has been a 
significant reduction in erosion score over 12 months, the above 
study failed to demonstrate any beneficial effect of denosumab 
on joint space narrowing.1 Radiographic scores are surrogates 
for reflecting disability and functional limitation, and thus any 
reduction in these is the gold- standard for ‘disease- modification’ 
in RA. But, it is the joint space narrowing which is a better 
predictor of function than erosions.2 In that regard, it is notable 
that there was no improvement in function per se measured by 
health assessment questionnaire - disabaility index (HAQ- DI) in 
this study. Also, at the end of 12 months of therapy, no difference 
was seen in ACR20/50/70 response. Thus, the benefit in erosions 
may not translate into clinically meaningful improvement.

Denosumab is proven to have a beneficial effect on RA- as-
sociated osteoporosis.3 This effect was also evident on lumbar 
spine bone mineral density in ‘DESIRABLE’ trial.1 However, 
denosumab has been associated with rebound osteoporosis and 
increased risk of multiple fractures after withdrawal when used 
in osteoporosis.4 Whether a similar effect would also occur on 
erosions remains to be seen.

Finally, patients with RA are at a 10% increased risk for devel-
opment of malignancies than the general population.5 A previous 
study found that malignancies in patients treated with denos-
umab were higher, though were not statistically significant.6 In 
the ‘DESIRABLE’ study, three patients in the denosumab groups 
developed malignancies and two developed interstitial lung 
disease.1 Though there was no statistically significant difference 
between the treatment and placebo groups, the study was not 
adequately powered to study adverse effects. A longer follow- up 
is needed to ensure the safety of denosumab.

To conclude, in the absence of clinical improvement and lack 
of long- term safety data, it would be still early to consider deno-
sumab for a non- osteoporotic indication, such as reducing RA 
erosion scores.

Nupoor Acharya    ,1 Arghya Chattopadhyay    ,2 Varun Dhir2

1Internal Medicine (Rheumatology Unit), Postgraduate Institute of Medical Education 
& Research, Chandigarh, India
2Internal Medicine (Rheumatology Unit), Postgraduate Institute of Medical Education 
& Research, Chandigarh, India

Correspondence to Dr Varun Dhir, Internal Medicine (Rheumatology Unit), 
Postgraduate Institute of Medical Education & Research, Chandigarh 160012, India;  
 varundhir@ gmail. com

Handling editor Josef S Smolen

Contributors NA, AC and VD: are responsible for conceptualisation, drafting and 
revising, final approval and are accountable for the work

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; internally peer reviewed.

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

To cite Acharya N, Chattopadhyay A, Dhir V. Ann Rheum Dis 2021;80:e138.

Received 29 August 2019
Accepted 1 September 2019
Published Online First 6 September 2019

Ann Rheum Dis 2021;80:e138. doi:10.1136/annrheumdis-2019-216236

ORCID iDs
Nupoor Acharya http:// orcid. org/ 0000- 0002- 2651- 0864
Arghya Chattopadhyay http:// orcid. org/ 0000- 0003- 3917- 1977

RefeRences
 1 Takeuchi T, Tanaka Y, Soen S, et al. Effects of the anti- RANKL antibody denosumab on 

joint structural damage in patients with rheumatoid arthritis treated with conventional 
synthetic disease- modifying antirheumatic drugs (desirable study): a randomised, 
double- blind, placebo- controlled phase 3 trial. Ann Rheum Dis 2019;78:899–907.

 2 Navarro- Compán V, Landewé R, Provan SA, et al. Relationship between types of 
radiographic damage and disability in patients with rheumatoid arthritis in the 
EURIDISS cohort: a longitudinal study. Rheumatology 2015;54:83–90.

 3 Nakamura Y, Suzuki T, Kato H. Denosumab significantly improves bone mineral density 
with or without bisphosphonate pre- treatment in osteoporosis with rheumatoid 
arthritis : Denosumab improves bone mineral density in osteoporosis with rheumatoid 
arthritis. Arch Osteoporos 2017;12:80.

 4 Tsourdi E, Langdahl B, Cohen- Solal M, et al. Discontinuation of Denosumab therapy 
for osteoporosis: a systematic review and position statement by ECTS. Bone 
2017;105:11–17.

 5 Simon TA, Thompson A, Gandhi KK, et al. Incidence of malignancy in adult patients 
with rheumatoid arthritis: a meta- analysis. Arthritis Res Ther 2015;17.

 6 Saag KG, Wagman RB, Geusens P, et al. Denosumab versus risedronate in 
glucocorticoid- induced osteoporosis: a multicentre, randomised, double- blind, 
active- controlled, double- dummy, non- inferiority study. Lancet Diabetes Endocrinol 
2018;6:445–54.

Correspondence

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-2651-0864
http://orcid.org/0000-0003-3917-1977
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2019-216236&domain=pdf&date_stamp=2021-06-24
http://orcid.org/0000-0002-2651-0864
http://orcid.org/0000-0003-3917-1977
http://dx.doi.org/10.1136/annrheumdis-2018-214827
http://dx.doi.org/10.1093/rheumatology/keu284
http://dx.doi.org/10.1007/s11657-017-0371-y
http://dx.doi.org/10.1016/j.bone.2017.08.003
http://dx.doi.org/10.1186/s13075-015-0728-9
http://dx.doi.org/10.1016/S2213-8587(18)30075-5
http://ard.bmj.com/


1 of 1Ann Rheum Dis 2021;80:e139. doi:10.1136/annrheumdis-2017-211351ret

Miscellaneous

Retraction: Dominant B cell receptor clones in peripheral blood 
predict onset of arthritis in individuals at risk for 
rheumatoid arthritis

Paul Peter Tak, Marieke Doorenspleet, Marjolein de Hair, Paul Klarenbeek, Marian van 
Beers- Tas, Antoine van Kampen, Dirk Jan van Schaardenburg, Danielle Gerlag, Frank Baas, 
Niek de Vries.

This article has been retracted.

The editors of Ann Rheum Dis have been notified by Professor Paul Peter Tak and Professor 
Niek de Vries of the Amsterdam University Medical Center, Amsterdam, The Netherlands that 
they and the other authors of the above article wish to retract the paper.

The authors state:

During follow- up studies to advance our insights into the role of B cell clones during the 
earliest stage of rheumatoid arthritis (RA), we observed that we could not detect some of the 
clones that we previously described in subjects at risk of developing RA. After subsequent 
review of the original data published in Ann Rheum Dis 2017;76(11):1924–1930, we detected 
errors in assignment of clinical data to sequencing data. As a result, we cannot support the 
conclusions of the article anymore and we wish to retract the publication. Further investiga-
tion into the source of the error is ongoing. We communicate our sincere apologies.

Related publications affecting this retraction:
 ► Tak PP, M.E. Doorenspleet, M.J.H. de Hair, P.L. et al. Dominant B- cell receptor clones in 

peripheral blood predict onset of arthritis in individuals at risk for rheumatoid arthritis 
[Abstract 08.21]. European Workshop for Rheumatology Research March fourth 2017, 
Athens, Greece. Ann Rheum Dis 2017; 76 (Suppl 1); A83. https:// ard. bmj. com/ content/ 
76/ Suppl_ 1/ A83.2

 ► Tak PP, Doorenspleet ME, de Hair M, et al. Dominant B- Cell Receptor Clones in Periph-
eral Blood Predict Onset of Arthritis in Individuals at Risk for Rheumatoid Arthritis 
[abstract OP0173]. EULAR 2017, Madrid, Spain. Ann Rheum Dis 2017; 76 (Suppl 2):124.

 ► Musters A, van Beers- Tas MH, Doorenspleet ME, et al. Dominant B cell receptor clones in 
peripheral blood predict onset of arthritis in individuals at risk for Rheumatoid Arthritis – 
a validation cohort. Abstract OP0204. Ann Rheum Dis, volume 77 Suppl 2, 2018, A151.

Further information may be available from the authors.
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