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ABSTRACT
Background The interleukin- 1 (IL- 1) mediated systemic 
autoinflammatory diseases, including the cryopyrin- 
associated periodic syndromes (CAPS), tumour necrosis 
factor receptor- associated periodic syndrome (TRAPS), 
mevalonate kinase deficiency (MKD) and deficiency of 
the IL- 1 receptor antagonist (DIRA), belong to a group of 
rare immunodysregulatory diseases that primarily present 
in early childhood with variable multiorgan involvement. 
When untreated, patients with severe clinical phenotypes 
have a poor prognosis, and diagnosis and management 
of these patients can be challenging. However, approved 
treatments targeting the proinflammatory cytokine IL- 1 
have been life changing and have significantly improved 
patient outcomes.
Objective To establish evidence- based 
recommendations for diagnosis, treatment 
and monitoring of patients with IL- 1 mediated 
autoinflammatory diseases to standardise their 
management.
Methods A multinational, multidisciplinary task 
force consisting of physician experts, including 
rheumatologists, patients or caregivers and allied 
healthcare professionals, was established. Evidence 
synthesis, including systematic literature review and 
expert consensus (Delphi) via surveys, was conducted. 
Consensus methodology was used to formulate and vote 
on statements to guide optimal patient care.
Results The task force devised five overarching 
principles, 14 statements related to diagnosis, 10 on 
therapy, and nine focused on long- term monitoring that 
were evidence and/or consensus- based for patients with 
IL- 1 mediated diseases. An outline was developed for 

disease- specific monitoring of inflammation- induced 
organ damage progression and reported treatments of 
CAPS, TRAPS, MKD and DIRA.
Conclusion The 2021 EULAR/American College of 
Rheumatology points to consider represent state- of- 
the- art knowledge based on published data and expert 
opinion to guide diagnostic evaluation, treatment and 
monitoring of patients with CAPS, TRAPS, MKD and 
DIRA, and to standardise and improve care, quality of life 
and disease outcomes.

INTRODUCTION
Systemic autoinflammatory diseases (SAIDs) are a 
group of multisystem immunodysregulatory disor-
ders caused primarily by the dysfunction of the 
innate immune system.1 Currently, SAIDs comprise 
a wide range of disorders with systemic and organ- 
specific inflammation in the absence of infections or 
autoimmunity.2–6 In a subset of genetically defined 
SAIDs, the pathogenesis is driven by increased 
release or signaling of the proinflammatory cyto-
kine interleukin- 1 (IL- 1).2 7 8

The conditions addressed by this task force 
include the IL- 1 mediated SAIDs (monogenic 
forms) that are most frequently evaluated by 
rheumatologists, and which have US Food and 
Drug Administration/European Medicines Agency 
(FDA/EMA) approval for IL- 1 targeted thera-
pies. Cryopyrin- associated periodic syndromes 
(CAPS)9 10 or NLRP3- associated autoinflammatory 
diseases (NLRP3- AIDs)11 are the spectrum of rare 
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autosomal dominant autoinflammatory diseases caused by gain- 
of- function mutations in NLRP3,9 12–16 ranging from familial 
cold autoinflammatory syndrome (FCAS; mild NLRP3- AID 
phenotype), Muckle- Wells syndrome (MWS; moderate 
NLRP3- AID phenotype) to neonatal onset multisystem inflam-
matory disease /chronic infantile neurological cutaneous and 
articular (NOMID/CINCA; severe NLRP3- AID phenotype). 
The other IL- 1 mediated SAIDs included are, tumour necrosis 
factor receptor- associated periodic syndrome (TRAPS), an auto-
somal dominant disease caused by mutations in TNFRSF1A17 18 
encoding the tumour necrosis factor receptor type 1, and meva-
lonate kinase deficiency (MKD) caused by autosomal recessive 
loss- of- function mutations in the mevalonate kinase gene (MVK), 
resulting in a deficiency of mevalonate kinase enzyme.19–22 
Lastly, deficiency of IL- 1 receptor antagonist (DIRA) caused by 
biallelic deleterious loss- of- function mutations in the IL1RN 
gene encoding the IL- 1 receptor antagonist was addressed by 
the task force.2 The most common IL- 1 mediated autoinflam-
matory disease, familial Mediterranean fever, is not addressed, 
as EULAR- endorsed recommendations were published for this 
disease in 2016.23

IL- 1 mediated SAIDs are caused by chronic systemic and 
organ- specific inflammation, leading to progressive organ 
damage and dysfunction.24–27 Acute disease flares can be life- 
threatening and contribute to the high morbidity and mortality 
in untreated patients.17 28 29 In this rapidly evolving group of 
rare diseases, there is a need to harmonise care that reflects our 
current knowledge of genetics, diagnosis, treatment and moni-
toring for all patients globally.

The natural history of untreated patients with pathogenic 
mutations causing CAPS,10 30 31 TRAPS,18 MKD32 and DIRA2 
has been characterised in the literature and forms the basis 
for the guidance on monitoring disease progression and organ 
damage. Disease severity is dependent on the level of systemic 
and organ- specific inflammation. Risk factors associated with 
adverse outcomes include specific mutations, clinically severe 
phenotypes, frequent and severe inflammatory episodes and 
organ damage at the time of initial presentation.17 33–36 The life- 
changing positive impact of treatments targeting IL- 1 has been 
documented in patients with CAPS, TRAPS, MKD and DIRA. 
There is also mounting evidence for the benefits of mainte-
nance treatment to prevent the progression of organ damage, 
thus pointing to the importance of early diagnosis and initiating 
treatment early in life.33 34 37 38

An early and accurate genetic diagnosis allows for referral for 
genetic counselling, directs appropriate screening for potential 
complications, informs prognosis and improves our ability to 
define individual treatment goals and to tailor treatment deci-
sions.33–37 Most patients with CAPS, TRAPS, MKD and DIRA 
are managed by paediatricians and paediatric specialists, and 
with effective treatments, adolescents and young adults are now 
reaching adulthood with expectations of a normal life span. 
They now face new challenges with transitioning care to adult 
rheumatologists comfortable with the management of these 
patients. Furthermore, pregnancy and other subspecialty needs 
(ie, surgery) are often not addressed adequately in the context 
of IL- 1 mediated SAIDs. For some patients, the diagnosis may be 
delayed for decades, resulting in inadequate treatment and the 
development of permanent disabilities that may translate into 
special care needs.

The above considerations led to the convening of a task 
force that was charged with developing standardised guidance 
for diagnosis, treatment and long- term monitoring of patients 
with CAPS, TRAPS, MKD and DIRA that target paediatricians, 

internists and subspecialists (particularly rheumatologists). 
The statements were developed as a resource for physicians to 
facilitate management, for policy makers who have a role in 
authorising patients’ access to diagnostic tools and treatment 
options, as well as for patients and caregivers to provide knowl-
edge and allow for setting appropriate expectations. Finally, 
these guidelines aim to standardise the level of care with a goal 
of improving quality of life and disease outcomes worldwide.

METHODS
With approval granted by the EULAR and the American College 
of Rheumatology (ACR) executive committees, the IL- 1 medi-
ated autoinflammatory diseases task force was convened to 
develop guidance on diagnosis, treatment and monitoring of 
four different IL- 1 mediated SAIDs, including CAPS, TRAPS, 
MKD and DIRA. The task force was led by two conveners 
(ED and RG- M) and consisted of 19 paediatric and four adult 
rheumatologists, who were selected based on their expertise in 
the treatment and care of these patients. In addition, the task 
force included two healthcare professionals, three fellows, one 
patient representative from the Autoinflammatory Alliance and 
two methodologists. The 31 task force members were from 17 
centres in seven different countries from across Europe, the 
United States and Canada. EULAR39 and the (ACR) standardised 
operating procedures were followed during the project (see 
online supplemental methods). The first meeting was convened 
in August 2019 in Bethesda, Maryland, USA, to define the focus 
of the task force, which identified four IL- 1 mediated SAIDs 
to be included in this points to consider project. In line with 
the EULAR standardised operating procedures, the target audi-
ence was defined as healthcare professionals, policy makers, 
health insurance companies, patients and their caregivers. The 
group worked to determine the PICO (Population, Interven-
tion, Comparison, Outcome) questions related to diagnosis, 
monitoring and management of these diseases. Using the PICO 
questions defined during the first meeting, a systematic literature 
review was performed by three research fellows (MR, ZSA, DP) 
with support from a librarian (DH) and the senior methodolo-
gists (ED, DA) to identify relevant publications using PubMed, 
Embase and the Cochrane Library through August 2020.

Before the first consensus meeting, two surveys that included 
statements or items pertaining to diagnosis, treatment and long- 
term monitoring were distributed to all task force members via 
RedCap. The task force members were asked to indicate their 
agreement with each statement or item with yes or no. A free- 
text option was provided to capture every member’s comments 
or suggestions for modification; and a request was made to add 
items to be addressed, edited or altered. Consensus was achieved 
using the Delphi technique. Draft statements with 80% or higher 
agreement were retained. Comments and suggestions provided 
in the questionnaires were used to modify the draft statements 
and to add additional items. The revised and amended state-
ments were then sent through a second round of questionnaires. 
After the two rounds, the draft statements were revised to incor-
porate all suggestions and reviewed by the steering committee 
members. These draft statements were then included for discus-
sion at the consensus meetings.

Owing to the COVID- 19 pandemic, three consensus meetings 
were held online between September and November 2020. At 
the consensus meetings, statements that did not reach a greater 
than 80% consensus were discussed in a round robin discussion, 
reworded, amended and refined and were then voted on again. 
If a statement did not achieve ≥80% agreement after discussion, 

https://dx.doi.org/10.1136/annrheumdis-2021-221801
http://ard.bmj.com/


909Romano M, et al. Ann Rheum Dis 2022;81:907–921. doi:10.1136/annrheumdis-2021-221801

Recommendation

refinement and revoting, the statement was excluded. All 
statements that achieved ≥80% agreement were considered a 
final statement for inclusion in the final version of the points 
to consider. For each statement, the Oxford levels of evidence 
(LoE) and the grade of the recommendation (GoR) were 
assigned based on the systematic literature review by the fellows 
under the supervision of the methodologist.40 The final state-
ments annotated with the LoE and GoR were sent through an 
online survey to all task force members again; and each member 
was asked to provide their level of agreement (LoA) on a scale 
of 0 (absolutely disagree) to 10 (absolutely agree). The mean and 
SD of the LoA with each statement were calculated. The manu-
script was reviewed and approved by all task force members and 
the EULAR/ACR executive committees before submission to the 
journal.

RESULTS
Systematic literature review
The details for the literature search strategy and summary of 
results are described in the online supplemental material. Briefly, 
randomised controlled trials (RCTs), cohort studies, cross- 
sectional studies, case–control studies and case reports including 
more than three cases were included. Review articles, conference 
abstracts, book chapters, single case reports and articles written 
in a language other than English were excluded. For CAPS, of 
2041 references identified, 72 studies were selected for inclu-
sion. For TRAPS, of 1161 references identified, 47 studies were 
selected for inclusion. For MKD, of 1806 references identified, 
51 studies were selected for inclusion. For DIRA, of 557 refer-
ences identified, two studies were selected for inclusion. In total, 
from the 5565 references identified, 172 were included. After a 
group discussion that included the results of the systematic liter-
ature review, the consensus process was initiated.

Overarching principles
During the consensus meeting, seven overarching principles and 
55 candidate statements were discussed and voted on. The task 
force decided to merge two overarching principles. Owing to 
lack of agreement, the task force eliminated 26 statements (12 
referring to CAPS, 6 to TRAPS, 2 to MKD and 6 to DIRA). The 
task force agreed on a final set of five overarching principles 
(table 1) and 33 points to consider (tables 2–4).

CAPS, TRAPS, MKD and DIRA typically present with 
complex clinical features and phenotypes in the neonatal or 
early childhood period; these include features of systemic and 
organ- specific inflammation2 17 28 29 36 presenting with early 
onset of fever, abdominal pain, rash, musculoskeletal symptoms, 
neurologic manifestations and elevated biomarkers of systemic 
inflammation.17 35 41–45 The specific biomarkers of systemic 
inflammation included in this document are referred to as acute 
phase reactants and include: C- reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), serum amyloid A protein (SAA)46 
and S100 proteins, which in most patients correlate with disease 
activity.41 47 48 The first goal (overarching principle A) is to recog-
nise patients with potential monogenic IL- 1 mediated SAIDs and 
to establish a multidisciplinary team for diagnosis, treatment 
and long- term management. Delay in treatment initiation can 
result in rapidly progressive organ damage,24–27 morbidity and 
increased mortality.34 49 50 Overarching principle B outlines the 
need to initiate a clinical workup that assesses the extent of the 
inflammatory organ involvement and screens for treatment- 
related comorbidities, a process that often requires a multidisci-
plinary team of subspecialists.24 25 47 The third goal (overarching 

principle C) highlights the need for an accurate genetic diag-
nosis, which in many countries may be required to access the IL- 1 
blocking biological agents that prevent life- threatening compli-
cations,47 51 52 and facilitate access to supportive care.24 25 47

The goals of treatment (overarching principle D) are to rapidly 
control disease activity by suppressing systemic and organ 
inflammation. IL- 1 blockade has been FDA53–55 and EMA56 57 
approved for CAPS, TRAPS, MKD and DIRA.49 58 Rapid disease 

Table 1 Overarching principles for the diagnosis, treatment and 
monitoring of CAPS, TRAPS, MKD and DIRA

Overarching principles LoE GoR
LoA (0–10) 
mean±SD

A Patients with the IL- 1 mediated diseases 
CAPS, TRAPS, MKD and DIRA present 
with chronic or intermittent flares 
of systemic and organ inflammation 
that, if untreated, result in progressive 
organ damage, morbidity and increased 
mortality. A multidisciplinary team is 
required to diagnostically evaluate and 
manage patients with CAPS, TRAPS, MKD 
and DIRA, which includes evaluation of 
systemic inflammation, disease- associated 
complications and long- term treatment 
and management.

5 D 9.5±0.7

B Patients presenting with chronic or 
episodic flares of unexplained systemic 
inflammation (including elevations of CRP 
and ESR) and clinical features suggestive 
of CAPS, TRAPS, MKD and DIRA should 
receive a prompt diagnostic workup 
comprising:

 ► genetic testing
 ► clinical workup focusing on the 

extent of inflammatory organ 
involvement

 ► screening for disease and treatment- 
related comorbidities

5 D 9.8±0.6

C A genetic diagnosis for CAPS, TRAPS, MKD 
and DIRA is required which facilitates 
initiation of targeted treatments, genetic 
counselling, and informs prognosis. 
Genetic testing using a next- generation 
sequencing (NGS) platform should be 
used to diagnose CAPS, TRAPS, MKD and 
DIRA.

4 C 8.9±1.6

D The goal of treatment is to control clinical 
signs and symptoms and normalise 
laboratory biomarkers of systemic 
inflammation using a treat- to- target 
approach.

5 D 9.6±0.8

E Long- term monitoring goals should 
focus on:

 ► adequate treatment adjusted to 
the needs of the growing child and 
prevention of systemic and organ- 
specific inflammatory manifestations

 ► fostering of self- management skills 
and medical decision- making

 ► initiating a transition programme to 
adult specialist care in adolescent 
patients

5 D 9.6±0.9

Level of evidence (LoE): 1a: systematic review of randomised controlled trials (RCTs); 
1b: individual RCT; 2a: systematic review of cohort studies; 2b: individual cohort study 
(including low- quality RCT); 3a: systematic review of case–control studies; 3b: individual 
case–control study; 4: case- series (and poor- quality cohort and case–control studies); 5: 
expert opinion without explicit critical appraisal, or based on physiology, bench research or 
‘first principles’; Grade of recommendation (GoR): A: based on consistent level 1 studies; B: 
based on consistent level 2 or 3 studies or extrapolations from level 1 studies; C: based on 
level 4 studies or extrapolations from level 2 or 3 studies; D: based on level 5 studies or on 
troublingly inconsistent or inconclusive studies of any level.
CAPS, cryopyrin- associated periodic syndromes; CRP, C- reactive protein; DIRA, deficiency 
of the interleukin- 1 receptor antagonist; ESR, erythrocyte sedimentation rate; LoA, level of 
agreement; MKD, mevalonate kinase deficiency; TRAPS, tumour necrosis factor receptor- 
associated periodic syndrome.
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control using these agents is critical in preventing the develop-
ment of irreversible early inflammation- related organ damage, 
and minimising side effects from the use of other drugs that are 
ineffective and/or carry substantial toxicities.

There are currently no cures for these lifelong diseases. 
Overarching principle E outlines long- term monitoring goals 
that focus on evaluating disease activity, assessing and moni-
toring signs and symptoms of disease- specific organ inflamma-
tion, growth and development, and adjusting therapeutic doses 
according to growth, or control of symptoms and inflammation. 
Monitoring should be developmentally appropriate, include 
adjustments for adolescence,59 be tailored to accommodate 
cognitive (ie, learning and behavioural disorders) and physical 
disabilities (ie, bone deformities, hearing and vision loss)29 60 and 
prepare patients for transitioning to adult specialists. This tran-
sition can be challenging and lengthy and may put patients at 
risk of unfavourable outcomes. Therefore, the task force empha-
sised the need to include goals that foster self- management skills 
and medical decision- making (ie, including reproductive health) 
throughout the life of the patient.59 61

Focus on the diagnosis of IL-1 mediated SAIDs, including recognising 
clinical diagnostic and damage-related features of the respective 
diseases, genetic testing, disease-specific clinical and laboratory 
workup and initiation of early treatment: points to consider 1–14
Disease- specific clinical features of untreated CAPS, TRAPS, 
MKD and DIRA and the resulting organ damage have been char-
acterised in clinical descriptions of patient cohorts before anti- 
IL- 1 treatment was used.2 17 36 62 These signs and symptoms form 
the basis of evidence- based classification criteria for CAPS,48 
TRAPS and MKD41 and are listed in table 2—recommendations 
8 (CAPS), 10 (TRAPS), 11 (MKD) and 13 (DIRA), respectively. 
In combination with the molecular analyses, these features 
help physicians to recognise disease- specific characteristics and 
differentiate these conditions from clinically complex diseases 
that can present with overlapping inflammatory manifestations, 
including systemic juvenile idiopathic arthritis, adult- onset Still’s 
disease, neoplasms, infections and autoimmune disorders.63 64

Table 2 Points to consider for the diagnosis of CAPS, TRAPS, MKD 
and DIRA

LoE GoR
LoA (0–10) 
mean±SD

1 Patients with clinical symptoms of CAPS, TRAPS, 
MKD and DIRA who do not carry any of the 
disease- causing mutations described here should 
be referred to specialty/research centres to guide 
further workup and treatment.

5 D 9.4±1

Genetic workup

2 Genetic testing using an NGS platform, if 
available, should be used to make a genetic 
diagnosis.

 ► Sanger sequencing of targeted genes 
known to cause CAPS (NLRP3), TRAPS 
(TNFRSF1A), MKD (MVK) and DIRA (IL1RN) 
can be used if the clinical suspicion is 
strong or to validate NGS.

4 D 9.4±1.1

3 Deep sequencing in patients with CAPS and 
TRAPS may be needed to detect some somatic 
mutations that may not be identified by standard 
NGS or Sanger sequencing.

5 D 9.5±1.1

CAPS specific

4 Patients with low penetrance variants in NLRP3 
may present with clinical manifestations different 
from CAPS; their treatment response and 
prognosis may differ from ‘canonical’ CAPS.

2 B 9.4±1.2

TRAPS specific

5 Patients with low penetrance variants in 
TNFRSF1A (ie, R121Q (previously referred to: 
R92Q) may present with clinical manifestations 
different from TRAPS and their treatment 
response and prognosis may differ from 
‘canonical’ TRAPS.

2 B 9.5±1.2

DIRA specific

6 In patients with DIRA, Sanger sequencing, WES 
or WGS may not detect large deletions in IL1RN, 
thus complicating a genetic diagnosis.

 ► In cases with a high clinical suspicion of 
DIRA and negative Sanger sequencing 
or WES/WGS, chromosomal microarray 
analysis (CMA) is recommended to detect 
large deletions.

 ► The use of deletion- specific primers, in 
countries with founder variants that include 
large deletions, is recommended.

3 B 9.3±1.2

Clinical workup

7 The clinical workup of systemic inflammation 
should include CRP, ESR and CBC with 
differential; if available SAA and S100 proteins 
may be assessed.

 ► Patients with longstanding untreated 
systemic inflammation need to be screened 
for the presence of amyloidosis.

5 D 9.7±0.6

CAPS specific

8 The following clinical features in the presence 
or absence of autosomal dominant inheritance 
should prompt consideration of a diagnostic 
workup of CAPS:

 ► urticaria- like rash
 ► cold/stress- triggered episodes
 ► sensorineural hearing loss
 ► chronic aseptic meningitis
 ► skeletal abnormalities

2 B 9.8±0.5

9 The initial diagnostic workup should include an 
audiogram and an ophthalmologic examination. 
Lumbar puncture and a head MRI should be 
performed if clinically indicated.

5 D 9.8±0.5

TRAPS specific

10 The following clinical features should prompt 
consideration of a diagnostic workup of TRAPS:

 ► long- lasting fever episodes
 ► migratory rash
 ► periorbital oedema
 ► myalgia
 ► a positive family history

2 B 9.8±0.5

MKD specific

11 The following clinical features should prompt 
consideration of a diagnostic workup of MKD:

 ► age at onset <1 year
 ► gastrointestinal symptoms
 ► painful lymph nodes
 ► aphthous stomatitis
 ► a history of triggers of the periodic fever 

attack (ie, postvaccination)
 ► a maculopapular rash

2 B 9.8±0.5

12 In patients with unexplained/undifferentiated 
inflammatory diseases, the presence of mevalonic 
acid in urine should prompt further diagnostic 
workup for MKD.

4 C 9.5±0.7

Continued

LoE GoR
LoA (0–10) 
mean±SD

DIRA specific

13 The following clinical features particularly 
if occurring sporadically, should prompt 
consideration of a diagnostic workup of DIRA:

 ► pustular psoriasis- like rashes
 ► osteomyelitis (ie, CRMO- like disease, rib 

flaring and cloaking of the femoral head, 
odontoid lesions/osteomyelitis)

 ► absence of bacterial osteomyelitis
 ► nail changes (ie, onychomadesis)

5 D 9.6±0.8

14 For patients with suspected DIRA, X- ray 
examinations of the chest and upper and lower 
limbs and/or MRI/CT to assess the spine, including 
odontoid, should be included in the diagnostic 
workup to assess the extent of the inflammatory 
bone involvement. A dermatology consultation 
and skin biopsy should be considered as the 
presence of neutrophilic dermatosis with 
exocytosis of neutrophils and subcorneal pustules 
is highly suggestive of DIRA.

5 D 9.7±0.8

Level of evidence (LoE): 1a: systematic review of randomised controlled trials (RCTs); 1b: individual RCT; 2a: systematic review of 
cohort studies; 2b: individual cohort study (including low- quality RCT); 3a: systematic review of case–control studies; 3b: individual 
case-–control study; 4: case- series (and poor- quality cohort and case-–control studies); 5: expert opinion without explicit critical 
appraisal, or based on physiology, bench research or ‘first principles’; Grade of recommendation (GoR): A: based on consistent level 1 
studies; B: based on consistent level 2 or 3 studies or extrapolations from level 1 studies; C: based on level 4 studies or extrapolations 
from level 2 or 3 studies; D: based on level 5 studies or on troublingly inconsistent or inconclusive studies of any level.
CAPS, cryopyrin- associated periodic syndromes; CBC, complete blood count; CRMO, chronic recurrent multifocal osteomyelitis; 
CRP, C- reactive protein; CT, computed tomography; DIRA, deficiency of the interleukin- 1 receptor antagonist; ESR, erythrocyte 
sedimentation rate; LoA, level of agreement; MKD, mevalonate kinase deficiency; MRI, magnetic resonance imaging; NGS, next- 
generation sequencing; SAA, serum amyloid A; TRAPS, tumour necrosis factor receptor associated periodic syndrome; WES, whole 
exome sequencing; WGS, whole genome sequencing.

Table 2 Continued
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Genetic workup: points to consider 2–6
Suggestive clinical features should trigger a genetic investigation, 
as genetic testing is a crucial component of an accurate diagnosis of 
CAPS, TRAPS, MKD and DIRA.41 65 Next- generation sequencing 
(NGS) platforms are now widely used and are replacing the 
Sanger sequencing “gene by gene” approach.51 52 66–68 NGS is 
therefore generally recommended.52 63 66 69 70 In certain condi-
tions, Sanger sequencing of a single gene may be cost- effective, 
such as in patients with a known familial disease or classic disease 
features. In some countries, Sanger sequencing may be the only 
modality of genetic testing available.52 71–73

CAPS and TRAPS are autosomal dominant diseases caused by 
gain- of- function mutations in NLRP3 and TNFRSF1A18 genes, 
respectively, and can be familial63 74 or caused by de novo muta-
tions. In CAPS, de novo mutations are most frequently found 
in patients with severe phenotypes.7 Somatic mutations in these 
patients may be undetected by standard coverage of NGS and 
may require deep sequencing, though this analysis may not be 
available to all providers.51 74–77 In contrast, MKD and DIRA are 
caused by recessive loss- of- function mutations in MVK78 79 and 
IL1RN2 genes, respectively. In patients with clinical symptoms 
suggestive of MKD or DIRA, Sanger sequencing, whole exome 
sequencing and whole genome sequencing may not detect large 
deletions.2 If appropriate, chromosomal microarray analysis by 
comparative genomic hybridization array or by single nucleo-
tide polymorphism array should be performed.2 For the genetic 
diagnosis of DIRA, PCR and sequencing using specific deletion 
breakpoint primers to screen reported IL1RN large deletions 
may aid the genetic evaluation in selected ethnic backgrounds 
(ie, Puerto Rico, Brazil, India).2 80 81 If a genetic diagnosis cannot 
be made following routine genetic workup, patients should be 

referred to a research centre of excellence with expertise in the 
molecular diagnosis of SAIDs.

One significant challenge is the interpretation of genetic 
results that have not been classified or validated as pathogenic 
mutations, including variants of uncertain significance, that 
is, variants that have not been described previously or studied 
functionally, or likely benign variants that may be present in the 
general population at a relatively high frequency and could be 
low- penetrance mutations with inconsistent clinical significance. 
Patients with these genetic findings may display distinct clinical 
and biologic phenotypes, and can include IL- 1β and non- IL- 1β-
mediated inflammatory pathway activation, which may have 
implications for their management, further emphasising the 
need for specialty care.

Clinical workup: points to consider 7–14
In IL- 1- mediated SAIDs patients, systemic inflammation typically 
accompanies clinical signs and symptoms, which can be episodic/
periodic or chronic/persisting.36 82 MKD, TRAPS and the mildest 
form of CAPS, known as FCAS, may in rare cases, present with 
intermittent episodes (flares of symptoms) separated by periods 
of perceived improvement.17 41 65 83–85 However, most patients 
except for patients with milder disease (ie, some patients with 
FCAS and TRAPS) have evidence of chronic subclinical inflam-
mation between episodes. Patients with more severe forms of 
CAPS such as MWS or NOMID/CINCA, or those with severe 
MKD with almost complete absence of the enzymatic activity 
of mevalonate kinase, or with DIRA, all present with chronic 
systemic inflammation that rarely spontaneously remits. In 
general, markers of systemic inflammation correlate with disease 
symptoms and risk of organ damage.75 86–88 Historically, CRP, 

Table 3 Points to consider for the treatment of CAPS, TRAPS, MKD and DIRA

LoE GoR
LoA (0–10) 
mean±SD

15 IL- 1 blocking therapy has become the preferred treatment and a therapeutic trial with IL- 1 blocking treatment may be 
started when a strong clinical suspicion of a diagnosis of CAPS, TRAPS, MKD or DIRA is entertained.

4 C 9.5±0.9

16 In the context of viral infections, including COVID- 19, IL- 1 blocking therapy should not be altered, as stopping treatment 
may lead to rebound inflammation.

4 C 9.5±0.8

CAPS specific

17 Treatment with IL- 1 blockers is recommended standard of care and currently includes anakinra,1 canakinumab2 and 
rilonacept.3

12
21
31

A
B
B

9.9±0.3

18 Anakinra may be the most effective anti- IL- 1 treatment for CNS disease. 2 B 9.6±0.8

19 Higher and more frequent dosing with IL- 1 blockers may be required to control disease activity in more severe cases and/
or younger children to prevent complications. Less frequent dosing may be appropriate for patients with milder disease.

1 B 9.8±0.5

TRAPS specific

20 Anti- IL- 1 drugs are more effective than traditional disease- modifying antirheumatic drugs (DMARDS) and other biologic 
DMARDS in achieving disease remission and preventing long- term complications.

4 C 9.6±0.9

MKD specific

21 In children with MKD, IL- 1 blocking therapy is generally required. In patients without chronic systemic inflammation, 
on- demand IL- 1 blockade should be attempted at the onset of flares.

4 C 9.4±1.0

22 If anti- IL- 1 is not effective or available, then anti- TNF agents should be considered. 3 B 9.3±0.9

23 Glucocorticoids on demand may be effective in treating acute flares; however, frequent or long- term use is limited by 
side effects.

2 B 9.3±1.0

DIRA specific

24 In patients with DIRA, treatment with agents that block both IL- 1α and IL- 1β is recommended and includes anakinra and 
rilonacept. Both have shown benefit in controlling disease flares and in preventing long- term complications.

4 C 9.6±0.8

Level of evidence (LoE): 1a: systematic review of randomised controlled trials (RCTs); 1b: individual RCT; 2a: systematic review of cohort studies; 2b: individual cohort study (including low- quality 
RCT); 3a: systematic review of case-–control studies; 3b: individual case-–control study; 4: case- series (and poor- quality cohort and case-–control studies); 5: expert opinion without explicit 
critical appraisal, or based on physiology, bench research or ‘first principles’; Grade of recommendation (GoR): A: based on consistent level 1 studies; B: based on consistent level 2 or 3 studies or 
extrapolations from level 1 studies; C: based on level 4 studies or extrapolations from level 2 or 3 studies; D: based on level 5 studies or on troublingly inconsistent or inconclusive studies of any 
level.
CAPS, cryopyrin- associated periodic syndromes; CNS, central nervous system; COVID- 19, coronavirus disease 2019; DIRA, deficiency of the interleukin- 1 receptor antagonist; IL- 1, interleukin- 1; LoA, 
level of agreement; MKD, mevalonate kinase deficiency; TNF, tumour necrosis factor; TRAPS, tumour necrosis factor receptor associated periodic syndrome.
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ESR and, if available, SAA46 have been used to assess systemic 
inflammation. Additionally, S100 proteins89 have been used by 
some investigators as sensitive markers in research settings. How 
to best use S100 protein markers for patient care, given increased 
clinical availability, remains under investigation. The diagnostic 
workup across all four diseases is broadly similar and can be 
synchronised. Typical signs and symptoms of active disease (ie, 
hepatosplenomegaly), organ inflammation and damage should 
prompt a diagnostic workup (tables 2 and 5).

The clinical presentation of the CAPS disease spectrum 
includes systemic inflammation and an urticaria- like rash with 
histologic features of a neutrophilic dermatosis involving eccrine 
glands, which is present in almost all patients.24 43 75 86 88 90–92 
Cold- induced flares often last less than 24 hours and are most 
often observed in patients at the mild end of the disease spec-
trum (FCAS).14 42 A negative localised cold challenge (ice cube 
test) differentiates FCAS from patients with cold urticaria.42 
Progressive sensorineural hearing loss is often seen in moderately 
(MWS) and severely (NOMID/CINCA) affected patients,24 29 60 75 
while neurologic findings (chronic aseptic meningitis, increased 
intracranial pressure, cognitive impairment)87 93 and skel-
etal abnormalities (distal femur overgrowth, frontal bossing) 
are typically seen in NOMID/CINCA.75 86 Ophthalmologic 
involvement can vary and most typically includes conjunctivitis, 
but keratitis, episcleritis and anterior and/or posterior uveitis 
have also been described. Increased intracranial pressure may 
cause papilloedema and subsequent optic disc atrophy. There-
fore, a slit lamp examination and retinal evaluation should be 
performed in all patients with CAPS at baseline.25 43 88 In patients 

with suspected neurologic involvement, brain imaging28 94 95 
and lumbar puncture may be needed to evaluate for elevated 
intracranial pressure or aseptic meningitis, while a specialised 
brain MRI scan can detect cochlear enhancement, cerebral 
atrophy and ventriculomegaly.87 96 Epiphysial bony overgrowth, 
commonly found around the knees, may be assessed by bone 
MRI or radiograph.25 26 92

TRAPS is characterised by episodes of fever lasting more than 
7 days, abdominal pain that can mimic an acute abdomen, variable 
chest pain and, rarely, testicular pain.17 41 70 Especially in adults, 
a subchronic disease course might be observed, with fatigue, 
diffuse limb pain and persistent elevation of acute phase reac-
tants.17 Periorbital oedema and myalgias might herald the onset 
of an attack. Typical findings of a flare include painful, migratory 
skin plaques with hazy edges that are erythematous, swollen and 
warm3 and predominantly affect the limbs. Suspected fasciitis 
may be imaged by MRI.97 There is now consensus that popula-
tion frequent variants of uncertain significance, such as R121Q 
(previously referred to as R92Q) should not be considered as 
pathogenic.17 45 98–103 Therefore, the interpretation of these vari-
ants should occur in the context of the inflammatory phenotype 
by an expert in the field if available.

Patients with MKD usually present in the first year of life5 104 
with recurrent episodes of fever lasting 4 to 6 days104, gastro-
intestinal symptoms (severe abdominal pain with vomiting and 
diarrhoea), cervical lymphadenopathy, aphthous stomatitis 
and/or skin rash (urticarial or maculopapular).32 64 84 105–110 
The most severe form of MKD namely mevalonic aciduria, 
presents with severe cognitive impairment, and patients can 

Table 4 Points to consider for the monitoring of CAPS, TRAPS, MKD and DIRA

LoE GoR
LoA (0–10) 
mean±SD

25 Disease activity and burden of disease should be monitored regularly depending on disease activity and 
severity, often requiring a multidisciplinary team.

 ► Symptom control can be monitored with validated tools that assess disease- specific symptoms, with 
patient- reported outcome and quality of life assessments and by recording missing school or work days.

 ► The frequency of the follow- up evaluations should be tailored to disease severity and clinical needs.

5 D 9.7±0.6

26 Growth and development of children should be monitored at each visit. 5 D 9.9±0.3

27 Systemic inflammation should be monitored by following up inflammatory markers, including peripheral 
neutrophilia, CRP and ESR. SAA and S100 protein may be used as inflammatory markers where available.

5 D 9.8±0.5

28 Systemic inflammation may predispose to the development of amyloidosis, and patients should be 
monitored for the development of amyloidosis by monitoring proteinuria and microalbuminuria.

5 D 9.8±0.5

29 Physicians should be aware of the increased risk of infections in patients with IL- 1 targeted therapy, 
including respiratory tract infections with Streptococcus pneumoniae and skin infections due to 
Staphylococci.

1 B 9.8±0.4

30 Patients should receive immunisations, in particular live- attenuated vaccines, in accordance with their 
regional policy, before beginning anti- IL- 1 targeted therapy when possible.

5 D 9.2±1.4

CAPS specific

31 Monitoring of organ damage should be established based on disease manifestations and can include 
monitoring of hearing loss, eye disease, aseptic meningitis, CNS disease and bone disease.

5 D 9.7±0.6

32 Patients with CNS and/or bone involvement should be assessed for developmental delay, the development 
of bone deformities and limb- length discrepancies

5 D 9.7±0.6

DIRA specific

33 Normalisation of acute phase reactants and absence of inflammatory skin and bone findings is required to 
determine the adequate dose of IL- 1 blocking treatment, and to monitor disease activity long term.

5 D 9.5±0.8

Level of evidence (LoE): 1a: systematic review of randomised controlled trials (RCTs); 1b: individual RCT; 2 a: systematic review of cohort studies; 2b: individual cohort study 
(including low- quality RCT); 3a: systematic review of case-–control studies; 3b: individual case-–control study; 4: case- series (and poor- quality cohort and case-–control studies); 
5: expert opinion without explicit critical appraisal, or based on physiology, bench research or ‘first principles’; grade of recommendation (GoR): A: based on consistent level 1 
studies; B: based on consistent level 2 or 3 studies or extrapolations from level 1 studies; C: based on level 4 studies or extrapolations from level 2 or 3 studies; D: based on level 
5 studies or on troublingly inconsistent or inconclusive studies of any level.
CAPS, cryopyrin- associated periodic syndromes; CNS, central nervous system; CRP, C- reactive protein; DIRA, deficiency of the IL- 1 receptor antagonist; ESR, erythrocyte 
sedimentation rate; IL- 1, interleukin- 1; LoA, level of agreement; MKD, mevalonate kinase deficiency; SAA, serum amyloid A; TRAPS, tumour necrosis factor receptor associated 
periodic syndrome.
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present with hyperinflammation leading to macrophage acti-
vation syndrome36 along with the clinical features described 
above.84 110 111 Febrile attacks triggered by vaccinations suggest a 
diagnosis of MKD.36 85 112–115

High levels of circulating immunoglobulin D that were 
described formerly and led to the name hyper IgD syndrome 
have low diagnostic sensitivity and specificity.82 105 116 117 
However, elevated urine mevalonate levels during disease flares, 
due to reduced MVK enzyme activity and accumulation of meva-
lonic acid, are more specific for MKD118 119 and can be used to 
aid in diagnosis.

Patients with DIRA present with early- onset pustular rashes 
that can be triggered by mechanical stress (pathergy), with sterile 
osteomyelitis, and nail changes (onychomadesis).2 120 Although 
the inflammatory markers are typically highly elevated, fever 
may be absent. Vertebral involvement can include odontoid 
osteomyelitis, resulting in destruction and neck instability, verte-
bral block formation and gibbus- like spinal changes that need to 
be screened for by MRI or CT.2 120 In contrast to patients with 
CAPS, TRAPS and MKD, patients with DIRA rarely present with 
flare- associated fever. In patients with presumed DIRA, a diag-
nostic workup includes assessing peripheral neutrophilia and 
elevated inflammatory markers, determining bone involvement 
(ie, X- ray or bone MRI) and genetic testing.2 120 The differential 
diagnosis for DIRA includes chronic recurrent multifocal osteo-
myelitis (CRMO),121 122 synovitis, acne, pustulosis, hyperostosis, 
osteitis (SAPHO)123 syndrome and pustular psoriasis.124 Genetic 
testing for monogenic defects with overlapping clinical features 
should include LPIN2, FGR, FBLIM1 for CRMO,125 126 CARD14 
for CARD14- mediated psoriasis (CAMPS),127 128 IL36RN for 
deficiency of IL- 36 receptor antagonist,127 128 AP1S3128 for other 
pustular psoriasis and MEFV for pyrin- associated autoinflamma-
tion with neutrophilic dermatosis.129

Focus on the treatment of IL-1 mediated diseases: points to consider 
15–24
Disease management involves a shared decision- making approach 
and a combination of pharmacologic and non- pharmacologic 
interventions. The current standard of care for patients with 
CAPS, TRAPS, MKD and DIRA is subcutaneous IL- 1 targeted 
biologic therapy when available.28 49 130–132 While the specific 
pharmacologic mechanisms, pharmacokinetics, disease indica-
tions and costs differ for each of the three available drugs, anak-
inra (Kineret), rilonacept (Arcalyst) and canakinumab (Ilaris), 
each blocks the effect of IL- 1β on the IL- 1 receptor and down-
stream signaling, resulting in improved symptom control, as well 
as reduced systemic and tissue/organ inflammation. Anakinra 
is a recombinant IL- 1 receptor antagonist with a short half- life 
that binds to the IL- 1 receptor and blocks both IL- 1α and IL- 1β 
signaling.95 133–135 Rilonacept is a recombinant fusion protein 
with a relatively longer half- life that binds to both IL- 1α and 
IL- 1β.130 136 137 Canakinumab is a human monoclonal antibody 
to IL- 1β with a long half- life.49 131 138 139 As expected for treat-
ment of rare disorders, case reports and small patient series have 
demonstrated the success of IL- 1 blockade across the spectrum 
of disease. The highest level of evidence, however, stems from 
pivotal studies including randomised studies in CAPS137 140 141 
(MWS and FCAS), in TRAPS and MKD,142 which have confirmed 
that rilonacept was effective in CAPS,137 and that canakinumab 
was efficacious in controlling and preventing flares in patients 
with CAPS140 and with MKD and TRAPS,142 respectively 
(table 3). The availability of these drugs varies significantly in 
different countries.

Aims of treatment are early control of disease activity, preven-
tion of disease and treatment- related damage and optimal 
health- related quality of life.58 142 The ultimate goal of a treat- 
to- target approach is complete remission.37 In the absence of a 

Table 5 Disease specific monitoring of CAPS, TRAPS, MKD and 
DIRA*
For all diseases, systemic inflammation needs to be monitored

A. Monitoring of systemic inflammation in all diseases Frequency

ESR, CRP, CBC+differential (granulocytosis), S100 proteins and 
SAA where available, hepatosplenomegaly, lymphadenopathy, 
fatigue

Each visit

Urinalysis to monitor proteinuria (AA amyloidosis) Every 6–12 months

Monitor growth, BMD, sexual development Each visit as 
indicated

B. Monitoring of disease- specific symptoms* and patient- related outcomes

CAPS Fever, rash (urticaria- like), progressive hearing loss, headaches, 
early morning nausea and vomiting, musculoskeletal symptoms, 
conjunctivitis, cognitive development (severe disease)

Each visit

TRAPS Fever, rash (migratory), periorbital oedema, pain (abdomen, chest, 
testicular), myalgia

Each visit

MKD Periodic fever attacks (including triggered sequencing), rash 
(urticarial or maculopapular), gastrointestinal symptoms 
(abdominal pain, diarrhoea, vomiting), cervical lymphadenopathy, 
aphthous stomatitis, cognitive impairment in severe cases

Each visit

DIRA Pustular psoriasis- like rashes (pathergy), musculoskeletal (bone) 
pain (caused by osteomyelitis), nail changes

Each visit

Patient- related 
outcomes 
for all four 
diseases

QoL, PGA, PPGA, missing school/work days Each visit

C. Monitoring of organ manifestations/damage†

CAPS

Amyloidosis Urinalysis Each visit

Hearing 
loss (S)

Audiogram 3–6 months until 
stable then every 
6–12 months

Eye disease (S) Ophthalmologic examination (vision, retina evaluation and slit 
lamp examination)

6–12 months

CNS disease 
(S)

Lumbar puncture, head MRI (with special evaluation of cochlea, 
cerebral atrophy and ventriculomegaly)

12–36 months 
depending on 
symptoms

Bone deformity 
(S)

Bone MRI, scanogram to monitor limb length, epiphysial 
overgrowth

12–36 months 
depending on 
symptoms

TRAPS

Amyloidosis Urinalysis Each visit

Bone deformity 
(S)

Bone MRI, X- ray examination 12–36 months 
depending on 
symptoms

MKD

Amyloidosis Urinalysis Each visit

Eye disease (S) Ophthalmologic examination As needed

Neurologic 
involvement 
(S)

Neuropsychological testing As needed

DIRA

Spinal 
and bone 
deformities (S)

Neck, spine MRI (vertebral osteomyelitis), bone X- ray/MRI, 
corrective surgery or spinal fusion

As needed

D. Monitoring of treatment- related complications (interleukin-1 blocking 
treatments)

Infections Clinical history, skin infections, other infections Each visit

Laboratory 
work

CBC+differential, LFTs, urinalysis, renal function, lipid profile Each visit

*The following instruments can be used for symptom monitoring: autoinflammatory diseases activity index (AIDAI), 
for damage assessment the Autoinflammatory Disease Damage Index (ADDI), for quality of life (QoL), physician 
global assessment (PGA), patient’s/parent’s global assessment (PPGA) (S) may require subspecialty care.
†The following instruments can be used for symptom monitoring: autoinflammatory diseases activity index (AIDAI), 
for damage assessment the Autoinflammatory Disease Damage Index (ADDI), for quality of life (QoL), physician 
global assessment (PGA), patient’s/parent’s global assessment (PPGA).
‡S) denotes may require subspecialty care.
BMD, bone mineral density; CAPS, cryopyrin- associated periodic syndromes; CBC, complete blood count; CNS, 
central nervous system; COVID- 19, coronavirus disease 2019; CRP, C- reactive protein; CRP, C- reactive protein; 
DIRA, deficiency of the interleukin- 1 receptor antagonist; ESR, erythrocyte sedimentation rate; ESR, erythrocyte 
sedimentation rate; LFT, liver function test; MKD, mevalonate kinase deficiency; MRI, magnetic resonance imaging; 
SAA, serum amyloid A; TRAPS, tumour necrosis factor receptor- associated periodic syndrome.

http://ard.bmj.com/


914 Romano M, et al. Ann Rheum Dis 2022;81:907–921. doi:10.1136/annrheumdis-2021-221801

Recommendation

consensus definition of remission or minimal disease activity for 
these diseases, remission has been defined for clinical studies 
and clinical monitoring as an absence of clinical symptoms and 
normal inflammatory markers. The instruments used to measure 
disease activity include daily symptom diary scores28 95 or Auto-
inflammatory Diseases Activity Index (AIDAI),143 and a physician 
global assessment (PGA) and patient–parent global assessment 
(PPGA). The most commonly used inflammatory marker is CRP 
(also known as high sensitivity or cardio CRP in some countries), 
with levels of less than 5 mg/L or 10 mg/L indicating adequate 
control of inflammation.95 120 142 Minimal disease activity has 
been suggested as an alternative target if remission cannot be 
achieved. Definitions of remission and minimal disease activity 
and their validations are on the research agenda for autoinflam-
matory diseases.142 143

Treat- to- target strategies aiming for low disease activity 
assessed by clinical symptoms and normalisation of serum 
markers of systemic inflammation are effective and used in the 
treatment of patients with IL- 1 mediated SAIDs to find individu-
alised and optimal dosing regimens for each patient and disease.37 
IL- 1 blocking therapies control inflammation in the absence 
of glucocorticoids.134 142 144 Treatment can delay or prevent 
development or progression of organ damage in patients with 
moderate or even severe disease activity.60 95 145 Management 
by a multidisciplinary team that includes subspecialists results 
in better disease control in patients with CAPS.37 To achieve 
and maintain optimal disease control, IL- 1 targeted therapies 
need to be administered continuously in most patients, and the 
dose and/or frequency of administration should be adjusted for 
control of disease activity, normalisation of markers of systemic 

inflammation and for weight gain and appropriate development 
in the growing patient.

Medication dose adjustments for weight gain and growth and 
higher mg/kg doses to optimise treatment responses should be 
individualised for each patient.37 95 Some patients with CAPS 
may require more frequent or higher doses of these medicines 
than that approved by FDA or EMA (table 6), such as dosing 
of canakinumab more often than the approved frequency of 
every 8 weeks, if patients have not achieved remission.34 37 141 
On- demand regimens may be used in selected patients with 
MKD, TRAPS and FCAS who have very mild disease and/
or episodic disease manifestations and who maintain normal 
inflammatory markers in between episodes.146 147 Patients with 
severe disease manifestations, such as those with NOMID/
CINCA, may require frequent adjustments and higher doses 
than patients with less severe diseases (table 6).37 95 141 There is 
a potential clinical advantage of using anakinra for patients with 
severe CAPS, especially for those with neurologic disease.148 149 
Patients with NLRP3 variants that have not been validated as 
pathogenic (ie, V198M, R488K, Q703K) may respond to IL- 1 
blockade, and specific recommendations have previously been 
published.150 151 To improve symptom control, non- steroidal 
anti- inflammatory drugs may be efficacious when used together 
with IL- 1 targeted therapy. Ongoing efficacy and a beneficial 
long- term safety profile have been demonstrated for the long- 
term use of all three IL- 1 blockers (anakinra, rilonacept and 
canakinumab) in CAPS, although direct comparative studies are 
lacking.44 49 130 134 136–139 152–157

A large body of evidence suggests that IL- 1 inhibitors should 
be considered as the preferred treatment for TRAPS.100 Although 

Table 6 Treatments based on FDA, EMA* or expert panel consensus

Disease Treatment Recommended dosing based on FDA, EMA or task force consensus FDA EMA LoE

CAPS (NLRP3- AID)

FCAS Canakinumab PD: 2–8 mg/kg/q8w
AD: >40 kg, 150–600 mg/q8w

+ + 1B

Rilonacept PD: LD 4.4 mg/kg/q1w and MD 2.2 mg/kg/q1w
AD: LD 320 mg/q1w and MD 160 mg/q1w

+ – 1B

Anakinra 1–2 mg/kg/day – + 4C

MWS Canakinumab† PD: 2–8 mg/kg/q8w†
AD: >40 kg, 150–600 mg/q8w

+ + 1B

Rilonacept PD: LD 4.4 mg/kg/q1w and MD 2.2 mg/kg/q1w
AD: LD 320 mg/q1w and MD 160 mg/q1w

+ – 1B

Anakinra 1–8 mg/kg/day – + 2B

NOMID/CINCA Anakinra 1–8 mg/kg/day + + 2A

Canakinumab‡ PD: 2–8 mg/kg/q4w‡
AD: >40 kg, 150–600 mg/q4w

– + 4C

TRAPS Canakinumab PD: 2–4 mg/kg/q4w
AD: >40 kg, 150–300 mg/q4w

+ + 1B

MKD Canakinumab PD: 2–4 mg/kg/q4w
AD: >40 kg, 150–300 mg/q4w

+ + 1B

DIRA Anakinra 1–8 mg/kg/day + – 4C

Rilonacept PD: 4.4 mg/kg/q1w
AD: LD 320 mg/q1w and MD 320 mg/q1w

+ – 4C

Level of evidence (LoE): 1a: systematic review of randomised controlled trials (RCTs); 1b: individual RCT; 2a: systematic review of cohort studies; 2b: individual cohort study (including low- quality 
RCT); 3a: systematic review of case-–control studies; 3b: individual case-–control study; 4: case series (and poor- quality cohort and case-–control studies); 5: expert opinion without explicit critical 
appraisal, or based on physiology, bench research or ‘first principles’.
*Drug approvals, dosages may vary between different countries and local regulations should be followed in the respective countries.53–57

†Canakinumab is approved by the FDA and EMA for the treatment of CAPS at the same dosing regimens for FCAS and MWS; however, some patients with MWS may require more frequent dosing 
according to the expert panel.
‡Although canakinumab was approved by the EMA for the treatment of CAPS at the same dosing regimens for all three disease severity phenotypes (which also includes patients with NOMID/
CINCA), the study submitted for approval only included five patients with NOMID/CINCA and a subanalysis in patients with NOMID/CINCA was not performed. The dosing frequency required for 
patients with NOMID is typically every 4 weeks. We therefore added the panel’s recommendation as 4C in the dosing table.149 153 174

AD, adult dosage; CAPS, cryopyrin- associated periodic syndromes; CINCA, chronic infantile neurologic cutaneous articular syndrome; DIRA, deficiency of the interleukin- 1 receptor antagonist; EMA, 
European Medicines Agency; FCAS, familial cold autoinflammatory syndrome; FDA, US Food and Drug Administration; LD, loading dose; MD, maintenance dose; MKD, mevalonate kinase deficiency; 
MWS, Muckle- Wells syndrome; NOMID, neonatal onset multisystem inflammatory disease; PD, paediatric dosage; TRAPS, tumour necrosis factor receptor associated periodic syndrome.
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anakinra was the first IL- 1 blocker successfully used in patients 
with TRAPS in small series and observational registries,100 131 145 158 
the long- acting anti- IL- 1β monoclonal antibody, canakinumab 
is currently the only IL- 1 blocker that the FDA and EMA have 
approved for the treatment of patients with TRAPS54 57(table 6). 
Individual patients with TRAPS may respond to treatment with 
short- term glucocorticoids or etanercept; however, responses 
often wane and patients should be monitored for increased 
disease activity.45 100 159 Patients with TNFRSF1A variants that 
are not classified as pathogenic (ie, D41E, I57S, P75L, R121Q, 
N145S (previously referred to as: D12E, I28E, P46L, R92Q, 
N116S, respectively)) do not have TRAPS; however, they may 
still have signs of clinical autoinflammation requiring treatment 
with colchicine or biologic therapies.100

Anakinra and canakinumab have been used in children with 
MKD with success, but only canakinumab has been evaluated in a 
randomised study and approved by the FDA and EMA.54 57 142 146 
Some patients with MKD with milder disease phenotypes, char-
acterised by occasional attacks separated by symptom- free 
periods, can be managed with on- demand treatment.146 Gluco-
corticoids may also be beneficial during flares, but their extended 
use is limited by adverse effects.146 The panel suggested the use 
of IL- 1 blockade, but noted that treatment could be switched to 
anti- tumour necrosis factor (anti- TNF) agents, if IL- 1 blockade 
is not available or is ineffective.146

Anakinra and rilonacept both block IL- 1α and IL- 1β and 
should be used for patients with DIRA.2 80 81 120 The FDA 
recently approved both anakinra and rilonacept for treatment 
of DIRA.53 55 Blocking IL- 1α may be necessary to completely 
block bone inflammation, as observed in a patient who devel-
oped osteitis during treatment with canakinumab, which only 
blocks IL- 1β.121 While anakinra has been used initially in all 
patients with DIRA to achieve disease control, rilonacept can be 
used to maintain remission.120 Doses of IL- 1 blocking therapies 
required for disease control in patients with DIRA have typically 
been lower than those required in patients with severe CAPS- 
NOMID/CINCA. Long- term sustained and complete remission 
is an achievable goal of treatment for patients with DIRA.

For all IL- 1 mediated SAIDs, individualised dose adjustments 
of IL- 1 blocking agents may be necessary in young patients 
or in those with severe disease. In infants and preschool- aged 
children, twice daily dosing of anakinra may be required for 
control of disease activity. This is probably due to the higher 
liver blood flow, which increases the hepatic clearance of drugs 
owing to the larger ratio of liver to total body mass in children 
than in adults.160 Some older patients with severe and difficult 
to control disease, including central nervous system disease, may 
also achieve improved disease control with twice daily dosing. 
While canakinumab is approved by the EMA for CAPS- NOMID/
CINCA at a frequency of every 8 weeks, supporting evidence 
suggests that this may be inadequate, so the consensus of experts 
recommends more frequent dosing up to every 4 weeks for 
these severely affected patients based on clinical experience and 
numerous reports.34 37 141 This is consistent with dose frequency 
for other SAIDs, and with EMA- provided consumer medical 
information for patients with inadequate responses.57

Focus on monitoring of IL-1 mediated SAIDs: CAPS, TRAPS, MKD and 
DIRA: points to consider 25–33
Ongoing management includes adjustment of pharmacologic 
therapy, monitoring of disease activity, development of disease- 
related complications and recognition of drug toxicity. Addi-
tionally, individual focus on the needs of the growing child, 

adolescent, adult or even elderly should include age- appropriate 
and developmentally appropriate measures that foster self- 
management skills, encourage shared medical decision- making, 
address reproductive health issues, and facilitate timely and 
effective transition to adult medical care47 161 162 (table 4).

Appropriate management of patients with IL- 1 mediated 
SAIDs necessitates a multidisciplinary team of local primary care 
givers working together with experienced physicians, rheuma-
tologists and other specialists on a case- by- case basis that can 
include, but is not limited to, immunologists, ophthalmologists, 
otolaryngologists, nephrologists, neurologists and genetic coun-
sellors, as well as physiotherapists, occupational therapists and 
psychosocial specialists.47 161 163 The management of patients, 
particularly those with cognitive (ie, learning and behavioural 
disorders) and those with physical disabilities (ie, bone defor-
mities, hearing and vision loss),29 60 is complex. The physical, 
mental, psychosocial health and social functioning of entire 
families should be considered. Individualised support services, 
including, but not limited to, psychosocial support, genetic coun-
selling, cognitive and learning support, school accommodations 
and occupational therapy and physiotherapy, may be needed to 
manage these challenges.110 161 163 164 Some adult patients may 
have increased difficulties due to their disease and chronic organ 
involvement that may require accommodations for work, or 
other aspects of their daily life.

Long- term monitoring requires age- appropriate dose adjust-
ment of IL- 1 blocking treatment to maintain control of systemic 
and organ- specific inflammatory manifestations, and of labora-
tory markers.49 130 134 135 139 157 Systemic inflammation should be 
monitored by following up inflammatory markers, which include 
peripheral neutrophilia,165 CRP and ESR. SAA and S100 protein 
may be used as inflammatory markers where available.45 131

Chronic systemic inflammation can have significant effects 
on growth and development, and ongoing inflammation may 
predispose to AA amyloidosis.27 Patients with IL- 1 mediated 
SAIDs need continuous and developmentally appropriate care 
during and beyond adolescence. However, up to half of adoles-
cent patients are not appropriately transferred to adult specialist 
care owing to general lack of transition readiness, inadequately 
robust quality indicators and insufficient understanding of the 
needs of adolescents. This population is therefore at particular 
risk of unfavourable outcomes.59 61 Relevant for this group are 
complications related to amyloidosis, hearing loss and vision 
loss. Although AA amyloidosis has become less common with 
the early initiation of anti- IL- 1 targeted treatment, adults who 
have had longstanding uncontrolled disease should be closely 
monitored.49 100 140 The task force recommended that protein-
uria should be evaluated every 6 months in all patients with IL- 1 
mediated SAIDs, particularly in patients with a positive family 
history of amyloidosis as they may have other factors, including 
genetic variants contributing to the development of amyloidosis 
(ie, SAA1 variants).

Disease- specific monitoring plans that take into account the 
different disease manifestations in CAPS, TRAPS, MKD and 
DIRA are outlined in table 4. Hearing loss, central nervous 
system disease, bone deformities, renal failure due to amyloi-
dosis and visual loss are the most severe organ manifestations 
in patients with CAPS.62 In patients with TRAPS the disease 
may progress from longer- lasting episodes of fever, migra-
tory and painful rash, to a more chronic disease course with 
persistent inflammation in the absence of the typical fever 
episodes, which may still represent an important risk factor 
for the development of AA amyloidosis,27 and are an indica-
tion for long- term treatment with biological disease- modifying 
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antirheumatic drugs.131 145 Rare MKD- associated manifesta-
tions include retinitis pigmentosa and hearing loss. There-
fore, ophthalmologic evaluations and audiograms should 
be included as clinically indicated.32 35 36 118 Secondary 
hemophagocytosis in the context of infections has been 
reported and should be considered in the situation of severe 
disease flares in MKD.35 36 82 For all IL- 1- mediated SAIDs, 
appropriate monitoring aims to limit or prevent complica-
tions of inflammation and disease- associated damage through 
ongoing individualised treatment, while encouraging the best 
possible quality of life for patients and families.161

Beyond objective laboratory measurements, patient- 
reported outcomes and disease assessment tools can be 
helpful in the monitoring of disease symptoms. Patient- or 
physician- reported outcomes110 166 167 can include measures 
of health- related quality of life,47 168 169 disease activity143 
(ie, Auto- inflammatory Diseases Activity Index (AIDAI) for 
CAPS, TRAPS and MKD),100 143 154 166 169 170 global assessment 
scales for physicians and patients/parents142 (PGA, PPGA) 
and assessment of disease- related organ damage167 (ie, Auto- 
inflammatory Diseases Damage Index (ADDI)) that are listed 
in table 5. Questions about performance at school and work 
place and recording missing school/work days help assess the 
burden of disease and guide revisions to the treatment plan.163

The safety profile for IL- 1 blocking treatment has gener-
ally been favourable. However, monitoring for infection, 
particularly respiratory tract infections with Streptococcus 
pneumoniae and skin infections due to Staphylococcus, is 
recommended.142 Even though in some conditions, such as 
MKD, vaccination may lead to a disease flare, patients should 
be vaccinated in accordance with regional recommenda-
tions.171 This includes pneumococcal vaccines, including the 
polysaccharide vaccine (Pneumovax) in patients with CAPS, 
as benefits generally outweigh the potential risks of local and 
systemic reactions.49 172 Patients who are receiving, or plan-
ning to initiate, anti- IL- 1 targeted therapy should receive 
pneumococcal vaccinations. While it is preferable to admin-
ister vaccines before starting treatment, it is also accept-
able to do so during treatment.49 Preliminary data suggest 
that an adequate antibody response to vaccines occurs in 
patients receiving canakinumab.49 Whether vaccines against 
COVID- 19 have the potential to provoke disease flares is 
unknown; theoretical concerns about disease flare in IL- 1 
mediated SAIDs caused by RNA vaccines exist. However, 
there are currently insufficient data to make recommenda-
tions regarding COVID- 19 vaccines.

Data on IL- 1 treatment in pregnancy is limited.100 162 173 
In women with IL- 1 mediated SAIDs who require biolog-
ical treatment and are considering pregnancy, a benefit- risk 
discussion should be held before conception, including the 
risk of untreated disease to mother and fetus compared with 
the risk of continuing biologic agents. At present, regulatory 
advice and clinical case series reports support the use of anak-
inra rather than any other anti- IL- 1 agent in pregnancy.100

CONCLUSION
In recent years, we have learnt more about the phenotypic 
breadth and pathogenesis of IL- 1 mediated SAIDs, which has 
led to a more efficient diagnosis and better treatment and 
monitoring of these diseases. An improved understanding of 
the pathogenesis and presentation of patients with IL- 1 medi-
ated SAIDs, along with the development of effective treat-
ments, has dramatically improved our ability to diagnose 

and treat patients. As formalised training in the diagnosis 
and management of IL- 1 mediated SAIDs is variable, many 
physicians, including rheumatologists, lack the knowledge to 
optimally manage these patients. The task force aims to raise 
awareness and assist both specialists and primary healthcare 
providers in managing patients with IL- 1 mediated SAIDs. 
The panel has also highlighted the distinguishing clinical 
features of CAPS, TRAPS, MKD and DIRA in the suggested 
recommendations. These points for consideration attempt to 
address the unmet needs for guidance based on a EULAR and 
ACR consensus process for diagnosing, managing and treating 
CAPS, TRAPS, MKD and DIRA.

The task force included specialists with broad expertise 
in managing patients with IL- 1 mediated autoinflammatory 
diseases, representing different countries, disease interests 
and practice environments. Owing to the rarity of these disor-
ders, statements have been developed based on low level of 
evidence and on expert opinion, which will probably require 
revisions as new knowledge is generated. Multicentre collab-
orative efforts, prospective registries and randomised trials 
will help to define optimal treatment strategies to relieve 
patient symptoms and to further improve long- term clinical 
outcomes. The panel also suggests areas for future research 
(box 1).
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Eleonora Reicher life coincided with the emergence 
of rheumatology as a separate medical specialty. 
She was one of the most prominent founders of this 
specialty in Europe, and almost all current rheuma-
tologists of Poland as well as other countries are 
subsequent generations of doctors coming from the 
school of Eleonora Reicher.

Eleonora Reicher was born on 29 September 
1884 in Warsaw as a daughter of Bernard Reicher, a 
co- owner of the shoe and ribbon factory and his wife 
Eleonora née Wolfowicz. Warsaw at those days was 
a provincial town of so- called the Vistula Country, 
that is, the Polish lands under Russian partition. 
She was born to Jewish family but was sent to a 
private catholic school in Warsaw. She graduated of 
the school in 1900. Her father was going to raise 
her to be a wife and mother. She decided to receive 
baptism in 1903 in order to release from the father’s 
plans for her future live. According to the Napo-
leon Code that was applicable law in the part of 
Poland under the partition of Russian Empire, the 
baptism established her new legal status. Thanks to 
that, Eleonora Reicher was able to decide about her 
further fate by herself.1 She inherited some fortune 
from her grandparents and in the same year (1903), 
she went to Fribourg. There after completion of a 
preparatory course, she graduated in 1906 as baca-
lauré at es lettres. Later she was studied medicine 
at the University of Paris (1906–1907) and Bern 
(1907–1909 and 1912–1914) as well as biology in 
Bern (1909–1912). In 1912, Eleonora Reicher got 
a title of philosophy doctor in biology in Bern after 
presentation of the thesis ‘Ueber das Haftorgan 
von Gobius fluviatilis’ (On the adhesive organ of 
Monkey goby). She completed medical education in 
1914 but she did not sit for the final examinations 
due to outbreak of the First World War. The war 
began when she was at home in Warsaw. During the 
war Eleonora Reicher worked as a medical doctor 
at a rear of the front in Mogielnica near Grojec 
(1914–1916), and was involved in organisation of 
the typhoid hospitals. At the beginning of 1917, 
she returned to Bern and was granted the medical 
diploma. Later, she was an assistant (1917–1920) 
at the university hospital in Bern under Hermann 
Sahli, a famous internist who discovered hemoglo-
binometer. On 1 May 1920, Eleonora Reicher was 
awarded PhD in medicine after presentation of the 
thesis ‘Ueber das Blutbild bei Influenza’ (On the 
blood picture in influenza).

After completing medical education, Eleonora 
Reicher returned to Poland. The country was 
independent but still involved in wars. It was time 
of the Polish- Soviet war, and Eleonora Reicher for 
a few months was a physician in a rank of officer 

at the Women’s Volunteer Legion in Warsaw. In 
independent Poland, she was an assistant (1921–
1927) in the Department of Internal Medicine 
of the Warsaw University under Anthony Gluz-
inski2 and later under Witold Orłowski,3 the very 
famous internists in history of Polish medicine. 
Later, she was associated with the University Out- 
Patient Clinic for Physical Education and Sport 
Medicine. She was a medical consultant to the 
construction of the Central Institute for Phys-
ical Education in Warsaw (opened in 1929) and 
was faculty member of the Institute. Interest in 
physical education and sport medicine directed 
Eleonora Reicher to a relatively new separate 
specialty, rheumatology. She founded the first 
rheumatologic outpatient clinical in Warsaw 
and headed it from 1932 to 1939. In 1933, she 
completed the habilitation thesis (thesis for the 
post of associate professor) on effects of physical 
exercises in healthy and morbid human beings. As 
a dozent (associate professor), she was lecturing 
rheumatology in graduation and postgradua-
tion education at the School of Medicine of the 
Warsaw University. Earlier, she was a lecturer in 
rheumatology during the annual summer post-
gradual course for doctors in Ciechocinek Spa 
(since 1928). Since 1921, she closely collabo-
rated with the House for Blind Children of the 
Fransciscan Sisters of the Cross in Laski near 
Warsaw. She also established a small publishing 
house and published some religious books. Some 
of the books were authored by Eleonora Reicher. 
She also translated the prayers of saint Thomas 
Aquinas into Polish.1

Eleonora Reicher was a cofounder of the Polish 
Society for Rheumatology. The society was estab-
lished on the base the Polish Committee Against 
Rheumatism (founded in December 1928 as the 
Polish representation to La Ligue Internationale 
Contre le Rhumatisme), and transformed to 
the Polish Society to Fight Against Rheumatism 
(Polskie Towarzystwo Zwalczania Gośćca) on 15 
February 1930. Later in 1952, the society was 
renamed the Polish Society for Rheumatology. 
She was elected the secretary general of the 
society (1932–1939), and took part in Interna-
tional Congress of Rheumatology in 1932 (Paris) 
and 1934 (Moscow).4

During the Nazi attack on Poland and outbreak of 
the Second World War, Eleonora Reicher was working 
as a doctor. As a Jew the Nazi occupant authorities 
dismissed her from a hospital employment, and she 
had to go into hiding. Eleonora Reicher was living in 
the Convent of Franciscan Sisters in Laski. Eleonora 
Reicher contributed to the Polish underground 
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resistance movement, mostly in secret education of military nurses 
for guerrilla. Her pseudonym in underground activity was ‘Barbara’. 
She was also active in the underground Council to Aid Jews (Żegota). 
During the Warsaw Uprising, she was a physician in an insurgents’ 
hospital. After capitulation of the uprising, she was hiding at the 
presbytery of the Catholic church in Warsaw Ochota.

After the war, Eleonora Reicher almost solely devoted 
herself to rheumatology. In 1945, she was appointed to the 
post of chairman of the Rheumatology Section of the Medical 
Council in the Ministry of Health, and was an associated 
professor and professor (since 21 October 1947) at the 
Warsaw University. She opened the first outpatient clinic of 
rheumatology in her private apartment in ruined Warsaw. Due 
to her efforts, the Institute of Rheumatology was founded in 
Warsaw on 1 January 1948. Eleonora Reicher was appointed 
to the post of director of the Institute and was on this post 
until 30 April 1961. Initially, the institute was located in an 
old hospital (former the Child Jesus Hospital), and later a new 
building was constructed. As the director of the Institute, she 
founded and supervised a nationwide network of rheumato-
logic clinics and hospital wards. In 1957, Eleonora Reicher 
was elected the president of the Polish Society for Rheuma-
tology, and chaired the society until 1962.

Eleonora Reicher represented Poland at numerous meet-
ings and on behalf of the Polish Society for Rheumatology 
took part in the Congress in Copenhagen (4 September 1947) 
when the EULAR was founded by a group of national soci-
eties, and the Polish Society for Rheumatology was one of 
them. She published the first handbook of rheumatology 
in Polish (Warsaw 1960, second edition 1965) as well as a 
few other books, including ‘Current advances in rheuma-
toid arthritis’ (in Polish, Warsaw 1951). She authored more 
than 60 research papers, contributed to a few handbooks of 
internal medicine.5–7 In 1936, she was invited to be coauthor 
of the international handbook of rheumatology, the book was 
not completed due to the war outbreak. She was a member of 
the editorial board of the Polish Archives of Internal Medi-
cine. After the war, she founded and was editor- in- chief of 
the journals Postępy Reumatologii (Advances in Rheuma-
tology 1954–1957), Reumatologia Polska (Polish Rheuma-
tology 1959–1962). Later, Eleonora Reicher contributed to 
foundation of Reumatologia (Rheumatology). The last journal 
appears in print since 1963.8 9

Research achievements of Eleonora Reicher are substantial. 
Before the Second World War she was interested in patho-
physiology of physical exercises and therapy of chronic arthri-
tides. After the war, her interest was focusing on various fields 
of rheumatology, including rheumatoid arthritis, so- called 
collagen diseases, especially differential diagnosis of lupus 
erythematosus and similar disorders. In 1950, she described a 
new axial subset of ankylosing spondylitis. A few years later, 
she described a new disorders akin to mixed connective tissue 
disease, and there are suggestions that it was one of the first 
reports of this nosological entity.10

Eleonora Reicher was elected to the post of honorary 
member of the Polish Society for Rheumatology as well as 
national societies of Holland, Italy, Sweden, Turkey, USA, 
and Yugoslavia. She was awarded with the State Award of the 
Republic of Poland (1951) as well as she was granted a few 
state orders and distinctions.

Last years of her life, she spent in her beloved House for 
Blind Children of the Franciscan Sisters in Laski. Eleonora 
Reicher died on 12 March 1973 in Warsaw, and according to 
her will was buried at the cemetery in Laski. She is remembered 

as a very well educated, talented elegant and hard- working 
woman. She had a thorough medical and biological training, 
and was also familiar with literature and art. She painted 
pictures herself and wrote works on philosophical topics. 
She was a great organiser and knew how to work well with 
other people. As a doctor, she was extremely dedicated to her 
patients.

Institute of Rheumatology in Warsaw that was founded 
and designed due to efforts of Eleonora Reicher currently is 
named The Professor Eleonora Reicher National Institute of 
Geriatrics, Rheumatology and Rehabilitation in Warsaw.11 12

This section of Annals of Rheumatic Diseases is titled 
‘Heroes and Pillars’. Heroes are those who have been 
fighting for recognition of new diseases, pathophysiolog-
ical, diagnostic and therapeutic concepts or methods. The 
pillars are those who established and supported the hospi-
tals, university departments, laboratories and associations. 
There is no doubt that Eleonora Reicher is one of the basic 
pillars of European rheumatology, and new generations of 
rheumatologists in Poland owe a lot to Eleonora Reicher 
(figure 1).
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Figure 1 Eleonora Reicher, about 1935 (collection of the Central 
Medical Library in Warsaw, with permission).
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ABSTRACT
Background Low- dose glucocorticoid (GC) therapy is 
widely used in rheumatoid arthritis (RA) but the balance 
of benefit and harm is still unclear.
Methods The GLORIA (Glucocorticoid LOw- dose 
in RheumatoId Arthritis) pragmatic double- blind 
randomised trial compared 2 years of prednisolone, 5 
mg/day, to placebo in patients aged 65+ with active 
RA. We allowed all cotreatments except long- term 
open label GC and minimised exclusion criteria, 
tailored to seniors. Benefit outcomes included disease 
activity (disease activity score; DAS28, coprimary) 
and joint damage (Sharp/van der Heijde, secondary). 
The other coprimary outcome was harm, expressed 
as the proportion of patients with ≥1 adverse event 
(AE) of special interest. Such events comprised serious 
events, GC- specific events and those causing study 
discontinuation. Longitudinal models analysed the 
data, with one- sided testing and 95% confidence 
limits (95% CL).
Results We randomised 451 patients with 
established RA and mean 2.1 comorbidities, age 72, 
disease duration 11 years and DAS28 4.5. 79% were 
on disease- modifying treatment, including 14% on 
biologics. 63% prednisolone versus 61% placebo 
patients completed the trial. Discontinuations were 
for AE (both, 14%), active disease (3 vs 4%) and 
for other (including covid pandemic- related disease) 
reasons (19 vs 21%); mean time in study was 19 
months. Disease activity was 0.37 points lower on 
prednisolone (95% CL 0.23, p<0.0001); joint damage 
progression was 1.7 points lower (95% CL 0.7, 
p=0.003). 60% versus 49% of patients experienced 
the harm outcome, adjusted relative risk 1.24 (95% 
CL 1.04, p=0.02), with the largest contrast in (mostly 
non- severe) infections. Other GC- specific events were 
rare.
Conclusion Add- on low- dose prednisolone has 
beneficial long- term effects in senior patients with 
established RA, with a trade- off of 24% increase in 
patients with mostly non- severe AE; this suggests a 
favourable balance of benefit and harm.
Trial registration number NCT02585258.

INTRODUCTION
Rheumatoid arthritis (RA) is a systemic inflam-
matory disease characterised by pain, progressive 
disability and premature death. Both RA and its 
treatment cause comorbidity. Current treatment 
strategies have considerably improved the prognosis 

Summary box

What is already known about this subject?
⇒ Trials on glucocorticoids (GC) in rheumatoid

arthritis (RA) are rare, and few have been 
performed according to current quality 
standards. Almost all showed benefit, and none 
has noted substantial risks.

⇒ In contrast, observational studies consistently
show (strongly) increased risks of GC treatment. 
However, such findings are hard to interpret 
and most likely biased through confounding 
by indication (channelling bias, preferentially 
treating more severely diseased patients with 
GC). If strong, such confounding cannot be 
corrected by statistical techniques.

What does this study add?
⇒ The GLORIA trial is a large, pragmatic trial

of 2 years of add- on prednisolone (5 mg/d) 
or placebo in patients with established RA 
aged 65+, performed according to the highest 
quality standards. In general, it provides strong 
evidence of benefit of GC on disease activity 
and slowing of joint damage progression, which 
is novel for established RA at this low dose.

⇒ The trade- off was an increase in the proportion
of patients with at least one adverse event of 
special interest (from 49% to 60%), mostly mild 
to moderate infections requiring treatment. 
This is most likely the upper limit of harm to be 
expected at this dose and treatment duration 
for patients treated by rheumatologists, 
and much lower than the estimates from 
observational studies.
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but come with safety issues and often high costs. In addition, 
many patients still have a smouldering progressive disease.1

Glucocorticoids (GC) were introduced in the 1950s, and 
chronic low- dose treatment is common in RA, but the balance 
between benefit and harm is still unclear, especially for chronic 
low- dose therapy. Meta- analyses show that GC therapy reduces 
disease activity and slows joint damage progression,2 3 so the 
debate mostly focuses on harm.4 Most experts agree that long- 
term GC therapy is harmful, and existing guidelines suggest 
to avoid or use GC only as ‘bridging’ therapy; however, such 
opinions are based on observational studies with high potential 
for bias.5 The limited data from trials (mostly in early RA) do 
not support strong claims of harm,6 but their generalisability 
is questioned. Pragmatic trials to overcome this7 have not been 
attempted. This lack of information results in a wide range of 
usage patterns,8 but overall, a high prevalence of chronic use.9 10

RA prevalence increases with age, peaking at age 70,11 so we 
can expect more RA in ageing populations. Seniors have the 
highest risk for treatment–associated harm, given comorbidity 
and its treatment.12 Regrettably, seniors are under- represented 
or even excluded from clinical trials that provide the evidence 
base for treatment of RA.13

In the 2- year pragmatic, placebo- controlled GLORIA (Gluco-
corticoid LOw- dose in RheumatoId Arthritis) trial, we assessed 
the effectiveness and safety of prednisolone 5 mg/day added to 
standard of care in senior patients with RA.

METHODS
GLORIA is an investigator- initiated, randomised, double- blind, 
placebo- controlled, multicentre pragmatic trial, performed in 
28 clinical centres in seven EU countries, approved by country- 
specific regulatory bodies and medical ethical committees and 
executed in accordance with Good Clinical Practice and the 
Declaration of Helsinki. An independent Contract Research 
Organisation monitored the data. The first author prepared the 
manuscript; all authors vouch for the accuracy and completeness 
of the data and for the fidelity of the trial to the protocol.

Our pragmatic design approached routine standard of care 
and was tailored to senior patients: minimal eligibility criteria, 
routine assessments and procedures and minimal limitations on 
concurrent antirheumatic treatment. For full details (including 
published protocol14 and the statistical analysis plan, see online 
supplementary appendices).

Participants
Eligible patients aged 65 or above had RA15 16 with more 
than minimal disease activity, that is, with a 28- joint disease 
activity score (DAS2817 ≥2.60 (after protocol amendment; 
initially ≥3.20)). Exclusion criteria focused on uncontrolled 
conditions that might be adversely affected by GC therapy, 
current GC therapy and conditions with an absolute indica-
tion or contraindication for GC therapy. All patients provided 
written informed consent.

Procedures
We randomised patients (1:1) to receive prednisolone 5 mg/day 
or placebo for 2 years. A web- based case record form allocated 
treatment based on minimisation,18 stratified for prior use of GC, 
modification of antirheumatic treatment at baseline and centre. 
Opaque capsules contained one prednisolone or placebo tablet; 
patients, care providers and assessors were blinded to allocation. 
Success of blinding was not assessed. Throughout the 2- year 
trial period, all patients received standard of care antirheumatic 
treatment, enhanced by the trial procedures and allowing most 
modifications (for limitations, see below). As part of this, we 
advised calcium 500 mg/vitamin D3 800 IU supplementation in 
all patients.

With exception of chronic oral GC, we allowed all cotreat-
ment (and changes) for RA, including disease- modifying anti-
rheumatic drugs (DMARDs), non- steroidal anti- inflammatory 
drugs and short- term GC for flares and comorbidity within 
protocol- defined limits. Patients exceeding these limits but not 
placed on chronic GC therapy could remain in the trial. To 
emulate a short- term placebo- controlled trial, we requested 
(but did not mandate) stable antirheumatic therapy in the first 
3 months; if deemed unavoidable, we requested to change treat-
ment at baseline.

We measured medication adherence through counts of 
returned capsules, as electronic cap monitoring proved unreli-
able,19 and defined good adherence as ≥80% capsule intake.20 
Outcomes requiring physical examination and routine blood 
sampling were assessed at baseline, 3, 6, 12, 18 and 24 months; 
patients reported outcomes at these times and additionally 
through telephone interviews at 9, 15 and 21 months. Imaging 
was performed at baseline and at 24 months.

Outcomes
The primary outcome for benefit was DAS28; for harm, the 
co- primary outcome was the total number of patients experi-
encing at least one adverse event (AE) of special interest (AESI). 
AESI included serious AE (SAE) according to the Good Clinical 
Practice definition, and the following (‘other AESI’):
► any AE (except worsening of disease) leading to

discontinuation.
► Myocardial infarction, cerebrovascular or peripheral arterial

vascular event.
► Newly occurring: hypertension, diabetes, infection, cataract,

glaucoma requiring treatment.
► Symptomatic bone fracture.

We recorded and coded21 AE at every patient contact until 
3 months from discontinuation or start of tapering and adjudi-
cated all potential AESI on the blinded data.

Joint damage progression (radiographs of hands and forefeet) 
and bone health were secondary outcomes. We used the mean 
joint damage score22 of two assessors independently assessing 
radiographs with known sequence. The intraclass correlation 
coefficient (two- way mixed, average) at baseline was 0.90. Bone 
health comprised the number of patients with at least one inci-
dent fracture on vertebral form analysis (dual X- ray absorptiom-
etry (DEXA)) or the consensus of two assessors independently 
scoring lateral thoracic and lumbar radiographs with known 
sequence).23 In addition, DEXA assessed bone loss of lumbar 
spine and total hip.

Statistical procedures
For harm, we expected a base rate of 20%,24 and 800 patients 
would yield 80% power to detect an increase to 27.5%, 

Summary box

How might this impact on clinical practice or future 
developments?
⇒ Results are immediately applicable to clinical practice and

suggest add- on low- dose prednisolone has substantial long- 
term effects in senior patients with RA patients on optimum 
treatment, with a favourable balance of benefit and harm.
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relative risk 1.38. Slow recruitment and higher rates prompted 
a blinded interim analysis that suggested 450 patients would 
detect similar relative risks and a risk difference of 11%, 
with sufficient power to detect benefit, as suggested by the 
CAPRA2 (Circadian Administration of Prednisone in Rheu-
matoid Arthritis) study.25

The safety population (for harm) comprised patients who 
took at least one capsule of study medication; the modified 
intention- to- treat population (for benefit) comprised patients 
in the safety population with at least one baseline and one 
follow- up assessment. To quantify early response after 3 
months, we determined a ‘per- protocol’ population on the 
blinded data set: patients on stable antirheumatic treatment 
with complete data, at least 80% adherence, and no protocol 
violations in the first 3 months.

Before the analysis, we first addressed incomplete DAS28 
data by imputation from adjacent values if only patient 
global assessment was missing, otherwise with single 

imputation by chained equations if DAS28- CRP or infor-
mation from the Rapid- 3 questionnaire was available. The 
mixed model analysis subsequently addressed data missing 
at random; to reduce complexity, time was treated as fixed 
factor. As sensitivity analysis, non- responder imputation 
addressed non- random missingness: patients completing the 
trial with DAS28 improvement less than 0.6, and patients 
with GC- related protocol violations or premature discontin-
uation were classified non- responder. For joint damage, we 
added a complete- case analysis and one that linearly extrap-
olated end point values from baseline, given disease duration 
and zero damage at disease initiation. Continuous remote 
and onsite checks against source data minimised missingness 
for harm.

We expected increased benefit and harm, so we applied 
a limited number of one- sided tests (p<0.05) to reject null 
hypotheses at maximum power. Furthermore, we predefined 
trial success, trade- off or failure on the basis of the primary 

Figure 1 Description of analysis populations and patient disposition. For the early response analysis, extra criteria were applied as listed. ITT, 
intention to treat; PP, per protocol.

http://ard.bmj.com/
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outcomes and damage progression (see statistical analysis 
plan).

For benefit, we designed mixed effects models adjusted 
for stratification factors. For disease activity, the main model 
estimated the mean effect of treatment over 2 years with 

possible time–treatment interactions as secondary analysis. 
For joint damage, the model did not converge, so we used 
linear regression, excluding the (non- significant) effect of site. 
For harm, we used generalised estimating equations to better 
estimate relative risks and their variance. We tested the three 
(correlated) bone health measures after Benjamini- Hochberg 
adjustment.26

We did not restrict concurrent antirheumatic treatment, so 
we expected confounding and loss of contrast due to (1) more 
treatment intensification in the placebo group for active disease 
or AEs and (2) more tapering in the prednisolone group for 
inactive disease. In the blinded data set, we looked for the first 
occurrence of such a lasting change in antirheumatic treatment 
between months 3 and 15 of the trial, in patients remaining in 
the trial for at least 3 months thereafter. Two separate Z- tests 
analysed the differences in proportions between the groups; as 
uncorrelated occurrences, these were tested at a Bonferroni- 
adjusted threshold26 of (one- sided) p<0.025.

R- software (V.4.0.2; gee_4.13–20, mice_3.11.0, lme4_1.1–26, 
lmerTest_3.1–3. 2021) performed the main analyses, and IBM 
SPSS statistics V.26 and Microsoft Excel (2016) the descriptives. 
The trial was registered at  clinicaltrials. gov.

As noted above and previously reported,27 initial recruitment 
was slow, many patients proved ineligible due to low disease 
activity or current GC use. In addition, recruitment and reten-
tion of seniors proved challenging, an experience shared with 
other EU projects focused on this population. Network meetings 
organised as part of the GLORIA project have resulted in recom-
mendations to improve this situation.28 We adjusted eligibility 
(see online supplementary appendix), sample size and added 
recruiting centres, but initiatives from our international patient 
panel to enhance recruitment and retention were hampered or 
prohibited by strict and varying ethical guidelines across coun-
tries. The COVID- 19 pandemic compromised collection of 
important end point data.

RESULTS
Between 27 June 2016 and 31 December 2018, we entered 451 
patients in The Netherlands (286), Italy (60), Rumania (56) and 
49 in Portugal, Hungary, Germany and Slovakia (figure 1). Two 
patients never started study medication; five discontinued the 
study before the first follow- up assessment; 63% prednisolone 
and 61% placebo patients completed the 2- year trial. Discon-
tinuations were similar in both groups: for AE (both 14%) and 
active disease (3 v 4%); the remainder mostly for ‘trial fatigue’ 
(ie, reasons related to the trial but not to the study medication) 
and COVID- related access issues (19 v 21%). Mean time on 
study drug was 19 (SD 8) months (online supplemental figure 1).

The groups were well balanced at baseline (table 1, online 
supplemental table 1). Patients were mean 72 years, predomi-
nantly women, with established severe disease; mean DAS28 was 
4.5. Most patients received treatment for RA and for multiple, 
often cardiovascular comorbidities: overall, a median of seven 
different drugs (table 1). During the trial, good adherence was 
found in 89% of prednisolone and 88% of placebo patients. At 
baseline, 61 patients changed DMARD treatment, and 26 during 
the first 3 months; a total of 60 v 67 patients had one or more 
changes postrandomisation.

Benefit outcomes
The coprimary and secondary end points of benefit were met. In 
both groups, disease activity declined in the first 3 months, stabi-
lising at 1 year. Over 2 years, prednisolone resulted in mean 0.37 

Table 1 Key baseline characteristics of included patients 
(safety population)

Prednisolone 
(n=224)

Placebo
(n=225)

General

Age: mean (SD; max) 72.5 (5.3; 87) 72.6 (5.4; 85)

BMI 27.2 (4.5) 27.2 (4.4)

 Obese (BMI ≥30; %) 24 23

Female, n (%) 160 (71) 156 (69)

RA

 Disease duration 10.8 (10.4) 10.4 (10.2)

 DAS28* 4.43 (1.04) 4.60 (1.05)

RF/anti- CCP, n (%)

 Both – 57 (25) 45 (20)

 Anti- CCP + 119 (53) 134 (60)

Specific history, n (%)

 Infections 41 (18) 47 (21)

 Osteoporosis 56 (25) 61 (27)

 Baseline DEXA T- score <–2.5 25 (11) 38 (17)

 Prevalent spine fractures† 68 (32) 78 (36)

Antirheumatic therapy

Previous

 GC use 105 (47) 104 (46)

Ongoing

 DMARD 169 (75) 187 (83)

 MTX 127 (57) 153 (68)

 Biologic 36 (16) 29 (13)

 Anti- TNF 26 (12) 20 (9)

 Monotherapy 8 (4) 8 (4)

 NSAID 57 (25) 54 (24)

Actual baseline change therapy‡ 28 (13) 33 (15)

 Start biologic 3 5

 Stop biologic 0 1

Comorbidities (count/patient)

 All (including history), mean (SD)  
median (q1–q3; max)

3.3 (3.9) 3.1 (3.3)

6 (4- 9; 21) 5 (3- 8; 26)

 Active, mean (SD)  
median (q1–q3; max)

2.2 (2.8) 2.0 (2.9)

4 (2- 6; 14) 3 (2- 5; 15)

Medication (all indications)

 Total number of drugs/pt, mean 7.0 7.1

 median (range) 7 (0 -17) 7 (1- 19)

Data are reported as mean (SD) unless otherwise reported.
For further details, see online supplemental table 1.
*Five prednisolone and six placebo patients were included but found to have a 
DAS28 <2.60 at baseline. They were retained in the study and in the ITT analysis.
†Not all patients had vertebral form analysis, see table 5.
‡50 pts (25 in each group) were stratified into the change at baseline stratum, 
but only 42 of those actually changed therapy (18 pred, 24 placebo); of these, 2 
versus 5 started, and one placebo patient stopped biologic therapy. In addition, 19 
patients (10 v 9) changed therapy but were erroneously not stratified as such. Of 
these, 1 pred patientt started biologic therapy.
aCCP, anti- cyclic citrullinated peptide; BMI, body mass index; Ca/D, calcium + 
vitamin D supplement; DAS28, Disease Activity Score 28 joints; DEXA, dual X- ray 
absorptiometry; DMARD, disease- modifying antirheumatic drug; GC, glucocorticoid; 
NSAID, nonsteroidal anti- inflammatory drug; q1- q3, inner quartiles; RF, rheumatoid 
factor; TNF, tumour necrosis factor.
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lower DAS28 than placebo (95% (CL) 0.23, p<0.0001; figure 2). 
Of the three stratification factors, only change of treatment at 
baseline significantly affected disease activity, adding 0.57 to 
the decrease in disease activity (95% CL 0.35). Secondary anal-
yses suggested a larger effect of prednisolone initially, especially 
evident in the per- protocol population at 3 months (figure 2, 
table 2), and a smaller effect later on (figure 2). The pattern of 
benefit of prednisolone on disease activity was consistent across 
core set measures, response indices and achievement of minimal 

disease and remission (figure 2, tables 2 and 3, online supple-
mental table 2). In non- responder imputation, the numerical 
difference between the groups was no longer statistically signifi-
cant (prednisolone 47%, placebo 40% responders, p=0.08).

At baseline, most patients had evidence of joint damage (table 3). 
Progression was significantly lower in the prednisolone group, 
confirmed by one of the two sensitivity analyses (complete case 
analysis, table 3), and numerically by the distribution of patients 
with negative or zero progression versus those with any or clinically 

Figure 2 Better response in disease activity on prednisolone compared with placebo. Left: long- term change in disease activity estimated in 
primary model, model with time- treatment interactions, and as observed (unadjusted), with numbers of patients with available data. Right: short- term 
response at 3 months in the per- protocol population, according to EULAR and ACR criteria, and for minimal disease activity state (DAS28 <2.60) and 
Boolean remission. The time–treatment interaction terms for 3, 18 and 24 months were statistically significant. The grey area depicts the one- sided 
95% confidence bound for the difference between groups at each time point. Error bars depict one half of the two- sided 95% CI for the group means. 
ACR, American College of Rheumatology; DAS28, Disease Activity Score 28 joints; EULAR, European League Against Rheumatism.
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relevant progression. None of the stratification factors was signifi-
cant in this analysis.

We found significant evidence for confounding due to cointer-
ventions: in the prespecified period, a total of 80 patients changed 
antirheumatic (DMARD excluding GC) treatment: for active 
disease, 30 prednisolone versus 48 placebo patients, and for AE 1 
patient in each group (test for sum of patients with changes: one- 
sided p=0.02). This includes eight patients in each group who 
started or changed treatment with a biologic DMARD. In contrast, 
29 prednisolone versus 18 placebo patients tapered treatment as 
a consequence of inactive disease (one- sided p=0.04, not signifi-
cant at predefined threshold of 0.025). In addition, the number of 
patients receiving short- term GC for RA and the total number of 
administrations were somewhat greater in the placebo group, and 
placebo patients received such GC on average more than 3 months 
earlier (online supplemental table 3).

Harm outcomes
The coprimary end point of harm was met. Overall, 60% pred-
nisolone versus 49% placebo patients experienced the harm 

outcome (adjusted relative risk 1.24, 95% CL 1.04, p=0.02; 
table 4); none of the stratification factors proved significant. 
Three respective two patients died. Most SAEs were classified as 
severe because of hospital admission, most ‘other AESI’ because 
they required treatment, or because the event was associated 
with study discontinuation (regardless of severity). The increase 
in AE was most marked for infections (table 4, online supple-
mental table 4). One prednisolone patient developed COVID- 19 
pneumonia. Non- serious infections were rated as mild (41%) or 
moderate (56%) without clear differences between the groups. 
Discontinuations for AE were relatively rare and similar between 
groups. A minority of patients experienced the majority of AE 
(figure 3).

At baseline, about one- third of patients had osteoporosis 
(history or imaging) but only 13% were treated with antiresorp-
tive drugs (table 1). Cotreatment with calcium and vitamin D 
was instituted in 81% of patients. During the trial symptomatic 
and asymptomatic fractures occurred at slightly higher rates in 
the prednisolone group, but the rate of new compression frac-
tures was not significantly different: prednisolone, 19% versus 

Table 2 Prednisolone is more effective than placebo: short- term (3 month) effects on disease activity in the per protocol population*

Prednisolone (n=156) Placebo (n=148)

Baseline Change Baseline Change Difference

DAS28

 Model† 4.40 (1.04) –1.32 (1.06) 4.46 (0.99) –0.76 (1.12) –0.62(–0.44)‡

 Unadjusted 4.40 (1.04) –1.36 (1.14) 4.46 (0.99) –0.73 (1.21)

DAS components unadjusted

 ESR 28.5 (20.2) –7.4 (15.9) 28.4 (20.7) –2.2 (12.8) –5.2

 Tender joint count 4.9 (4.4) –2.7 (3.6) 5.5 (4.7) –2.1 (5.0) –0.6

 Swollen joint count 2.9 (3.3) –2.1 (3.2) 3.3 (3.5) –1.6 (3.2) –0.5

 Patient global ass. 5.6 (2.4) –1.7 (2.8) 5.2 (2.2) –0.6 (2.5) –1.1

Other core set

 Pain 5.4 (2.5) –1.7 (2.7) 5.1 (2.3) –0.7 (2.5) –1

 Fatigue 5.1 (2.6) –0.8 (2.4) 4.8 (2.8) –0.4 (2.2) –0.4

 Physician global ass. 4.4 (2.0) –2.0 (2.2) 4.5 (2.0) –1.5 (2.2) –0.5

 HAQ 1.2 (0.7) –0.2 (0.5) 1.1 (0.7) 0.0 (0.4) –0.2

 CRP (mg/L) 9.1 (13.4) –3.5 (13.6) 10.1 (13.8) –2.1 (11.9) –1.4

 SDAI 18.7 (8.7) –8.7 (7.9) 19.5 (9.4) –6.2 (9.2) –2.5

 CDAI 17.7 (8.6) –8.4 (7.5) 18.5 (9.2) –6.1 (9.0) –2.3

Response §

 EULAR NNT

 Good 63 (41) 22 (15) 41 3.8

 Moderate 48 (31) 47 (33) –1

 None 43 (28) 75 (52) –14

 ACR§

 20 53 (36) 33 (24) 12 8.3

 50 30 (20) 13 (9) 17 9.2

 70 12 (8) 2 (1) 12 14.9

State

 Minimal disease 57 (37) 20 (14) 37 4.3

 Boolean remission 5 (3.2) 1 (0.7) 4 40

Mean (SD) unless indicated otherwise.
Minimal disease activity: defined as DAS28 <2.60.
Remission: Boolean definition according to ACR- EULAR criteria. 45

* Only DAS28 change estimate is based on the primary analysis model. Other results are unadjusted.
† Model does not offer change estimates, these are calculated from the point estimates and provided as reference for the observed/unadjusted DAS28 data.
‡Difference estimate: mean [1–sided 95% confidence bound]. P value for difference in change:<0.0001.
§ Count (%).
ACR, American College of Rheumatology; CDAI, clinical disease activity index; CRP, C reactive protein; DAS28, Disease Activity Score 28 joints; ESR, erythrocyte sedimentation 
rate; EULAR, European League Against Rheumatism; HAQ, Health Assessment Questionnaire; NNT, number needed to treat; SDAI, simple disease activity index.

https://dx.doi.org/10.1136/annrheumdis-2021-221957
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placebo 15%, adjusted relative risk 1.27 (95% CL 0.88; table 5). 
Over 2 years, spine bone density decreased by about 1% in pred-
nisolone, but increased by 3% in placebo patients, resulting in a 
significant difference; hip bone density did not change (table 5).

Other GC- specific AESI was rare without relevant differences 
(table 4) and reports of worsening of pre- existent disease were 
infrequent (data not shown). Complaints of ecchymosis, haema-
toma and skin atrophy occurred predominantly in the pred-
nisolone group (28 v 3 AE). Weight gain was rare, and adrenal 
insufficiency was not reported. Unblinding occurred only once 
(GC stress schedule for elective surgery); a stress schedule was 
given for only two SAEs. One patient in each group underwent 
joint replacement surgery.

DISCUSSION
In patients with RA aged 65+ on standard care that allowed 
treatment optimisation, add- on low- dose prednisolone had 
beneficial long- term effects on disease activity and damage 
progression. The trade- off was an 11% increase in the number 
of patients with at least one AESI. Among events traditionally 
associated with GC, the increase comprised mostly mild to 
moderate infections requiring treatment. Although of concern, 
these should be interpreted in the light of the high- risk trial 
population, resembling patients in clinical practice. We suggest 
that our results constitute a benchmark for the upper limit of 

harm to be expected with this dose and duration. However, this 
assumes care by rheumatologists as given in this trial.

This trial is the first large pragmatic trial of GC added to 
standard of care in RA, the first large treatment trial in senior 
patients with RA, and one of the first to study and demon-
strate long- term effects of GC on disease activity and damage 
progression in established RA, especially at the low dose of 5 
mg/d (or equivalent) continued for 2 years.3 29 The mean DAS28 
difference of 0.37 may appear modest, but our 3- month results 
point to more substantial benefit, and results were consistent 
across core set measures. In secondary analyses the second 
year contrast appeared smaller as physicians were allowed to 
continuously optimise treatment, confounding the comparison. 
Our early results resemble those of earlier studies,2 especially 
the CAPRA- 2 trial (5 mg/day of modified release prednisolone 
vs placebo).25 They align with a recent double- blind trial on 
tapering of low- dose GC in patients with minimal disease on 
stable treatment with tocilizumab: tapering caused flares, docu-
menting the value of GC on disease stability even in patients on 
biologics.30 Use of biologics was relatively rare in our study, most 
likely reflecting cautious physicians, and senior patients’ dislike 
of self- administered parenteral therapy. We do not think avail-
ability of expensive treatment played a major role: although still 
an issue in several of the participating countries, these countries 
contributed less than 20% of patients.

Table 3 Prednisolone is more effective than placebo: long- term effects on disease activity state and damage 
(24 months, modified ITT population)

Prednisolone (n=221) Placebo (n=223)

Disease activity state† D uring study D uring study NNT

Patients with at least one occurrence of:

 Minimal disease activity 62 (44) 35 (26) 5.6

 Lasting ≥ 6 months 64 (29) 39 (17) 8.3

 Remission 25 (17) 20 (15) 50

 Lasting ≥ 6 months 15 (7) 12 (5) 33

Damage baseline change baseline change difference in change ‡ p

n 200 132 206 125

T otal score

 Mean (SD) 20.0 (34.6) 0.3 (1.0) 17.2 (33.4) 1.9 (6.4) 1.7 (0.7) 0.003

 Median (Q1; Q3) 7 (2; 20) 0 (0; 0) 6 (2; 15) 0 (0; 1)

 (Min; max) (0; 196) (–4; 4) (0; 276) (–1; 64)

E rosions

 Mean (SD) 8.6 (17.7) 0.1 (0.6) 7.3 (17.7) 0.7 (1.9)

 Median 3 0 2 0

J oint space narrowing

 Mean (SD) 11.5 (18.2) 0.2 (0.7) 9.9 (16.5) 1.2 (5.0)

 Median 4 0 5 0

Patients with no damage 21 (11) 21 (10)

P rogression (total score)

 Negative 14 (11) 2 (2)

 Zero 88 (67) 84 (67)

 1- 4 point/year 30 (23) 27 (22)

 ≥5/year 0 (0) 12 (10)

Sensitivity analyses:
Model on complete cases (n=257):        difference 1.70 (0.78), p=0.001;
Linear imputation from baseline given disease duration: difference 0.69 (–0.32), p=0.13.
* Count (%) unless otherwise indicated. Due to rounding errors, % may not add up to 100.
† Minimal disease activity: defined as DAS28 <2.60. Remission: Boolean definition according to ACR- EULAR (European League Against Rheumatism- American College of 
Rheumatology) criteria.45

‡ Model estimate: mean, one- sided 95% confidence bound.
DAS28, Disease Activity Score 28 joints; ITT, intention to treat; NNT, number needed to treat.
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Despite widespread use, trials of GC are relatively rare, and 
few have been performed according to current quality standards. 
Most have studied smaller groups of patients with early RA with 
higher doses, usually for shorter periods, and mostly focused on 
benefits; almost all showed benefit, and none noted substantial 
risks of GC treatment. In addition, these trials and their exten-
sions do show that many early patients with RA initially treated 
with GC are able to stop such treatment.31–33

Our findings contrast with risks found in observational 
studies.34 However, observational studies are hard to interpret 
and often biased through confounding by indication (channel-
ling bias): that is, preferentially treating more severely diseased 
patients with GC, then comparing their outcome with that of 
less severe patients not on GC. The bias increases with duration 
of follow- up and, if strong, cannot be adequately corrected by 
techniques such as propensity score matching.5 35 Paradoxically, 

the widespread perception of risk does not translate into action 
when GC is administered: many studies have shown that GC- as-
sociated comorbidity is often inadequately addressed.36 37 Even 
in our trial population, many patients with a diagnosis of osteo-
porosis were inadequately treated (table 1).

Comparing our results to non- GC treatment is challenging, 
because no head- to- head trials have been performed, and most 
trials study new agents before market approval. Included patients 
are younger, healthier, with higher RA disease activity; the placebo 
arm is short lived, with escape to active treatment after 3–6 months, 
and trial duration rarely exceeds 1 year. Nevertheless, our results 
on early response and overall damage progression resemble those 
seen in biologics trials.38 39 Also, several biologic arms show higher 
rates of discontinuations for side effects, where our prednisolone 
rates were similar to placebo.38 For harm, a better (but still indi-
rect) comparison may come from long- term extension studies, given 

Table 4 More AESI in prednisolone patients; safety population

Prednisolone (n=224) Placebo (n=225)

Number of patients with at least one AESI * 134 (60%) 111 (49%)

 SAE only 25 25

 Other AESI only 79 65

 SAE and other AESI 30 21

By organ class (per 100 person- years) † SAE Other
AESI

SAE Other
AESI

 Cardiac disorders‡ 1.7 0.0 2.2 0.0

 Eye disorders 0.0 3.1 0.6 2.0

 Gastrointestinal disorders 1.7 1.7 0.6 2.0

 Infections and infestations§ 7.3 35.0 4.5 25.6

 Injury, poisoning and procedural complications 0.8 4.0 1.7 2.2

 Neoplasms benign, malignant and unspecified (incl cysts and polyps)¶ 2.5 1.1 2.0 0.3

 Nervous system disorders 2.0 0.0 2.5 0.3

 Respiratory, thoracic and mediastinal disorders 2.0 2.5 0.8 0.6

 Other 4.5 2.3 2.8 1.4

Total 23 55 18 39

By protocol- defined category

 Infection 26 124 16 91

 Urinary tract 4 49 4 29

 Pneumonia 2 17 2 13

 Other 20 58 10 49

 Cardiovascular‡ 8 2 6 0

 Symptomatic fracture** 2 11 4 6

 New onset

 Hypertension 1 4 0 7

 Diabetes mellitus 0 2†† 0 1††

 Cataract 0 7 2‡‡ 6

 Glaucoma 0 1 0 3

 Other§§ 43 43 35 26

Total 80 194 63 140

* Adjusted relative risk: 1.24, one- sided 95% bound 1.04, one- sided p: 0.02; number needed to harm: 9.5.
† In case of multiple organ class codings, the most important class was chosen from the description of the event.
‡ Two deaths in placebo group on treatment (atrioventricular block, cardiac insufficiency). The protocol- defined category ‘Cardiovascular’ comprised myocardial infarction, 
cerebrovascular event, peripheral arterial vascular event.
§One death in prednisolone group on treatment (septic shock); another case excluded that occurred outside the assessment window of 3 months. This patient with septicemia 
was discharged alive and later reported (and initially included) as death with unknown date. Date of death was retrieved after database closure and found to be 5 months after 
discontinuation. The death of this patient was not counted in the primary analysis.
¶Two deaths in prednisolone group (both, stage 4 pulmonary carcinoma; 1 respectively 2.5 months after premature discontinuation).
**See also table 5, bone health.
†† One patient in each group had a history of hyperglycemia.
‡‡ One patient admitted twice for cataract surgery, thus both classified as SAE.
§§ ‘Other’ SAE: events in other organ classes. ‘Other’ other AESI: non- serious AE outside of the above predefined categories, but associated with premature discontinuation.
AESI, adverse event of special interest; comprises serious adverse events (SAE) and 'other AESI'.
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the duration of our trial. For example, pooled data of trial patients 
continuing certolizumab showed worse rates of AE, SAE and espe-
cially infection compared with our active treatment group.40 The 
recently published ORAL surveillance study compared tofacitinib 
and adalimumab in patients aged 50+ with one cardiovascular 
risk factor41: tofacitinib did not meet noninferiority criteria, with 
substantially increased rates (20%–60%) of death, cardiovascular 
events, thromboembolism, infection, and cancer. Regarding infec-
tion, observational studies of biologics also show increased infec-
tions in aged patients.42 So, with cautious interpretation because 
of the indirect comparisons, our harm results suggest that the risks 
of low- dose GC are not of special concern but should be viewed 
through the same lens as those of other DMARDs.

Strengths of this study include its sample size, focus on older 
patients seen in routine care, detailed documentation of AE 
and its initiation by investigators. The missing data at study 
end, mostly caused by the COVID- 19 crisis, are a weakness, 
and necessitate caution in interpretation. For efficacy, we have 
confidence in our model approach, and our results are in line 
with the literature. For safety, the high rates of events in both 
groups over the observation period make it unlikely that the risk 
estimate would be substantially different in a more complete 
data set. The pragmatic design is both strength and weakness: 
results are immediately applicable to the target population, but 
long- term treatment benefits were probably underestimated 
due to confounding. We assume but did not test the success of 

Figure 3 Patients with multiple adverse events (AE) have a major impact on the total number of events in both treatment groups. Infection events 
in top panels, all AE in bottom panels. Left panels show the distribution of patients by number of events/patient. This shows most patients experience 
no or only a few events. Right panels plot bivariate cumulative distributions of patients by AE. The numbers next to the series indicate the maximum 
number of events of the population at that point. The right panels show the impact of multiple events: for example, in the top right panel, 75% of 
patients (with 0 or 1 infection) contribute only 25% of all infections. Another example, in the bottom right panel, read in reverse, 50% of patients 
(with 2 respectively 3 or more events) contribute almost 90% of all AE. To facilitate interpretation, grey vertical bars indicate 10% on the vertical 
scale.
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blinding. In theory, detectable effects of the active drug might 
especially inflate patient- reported outcomes. However, response 
was by no means guaranteed, placebo response was substantial, 
patients could also receive (open label) cotreatment, and the 
treatment contrast was seen across all measures. Other potential 
weaknesses include one- sided testing (but results are also signif-
icant on two- sided testing), and lack of power to detect small, 
but possibly relevant differences in any of the areas of concern. 
Two years is not long for a chronic disease, but longer trials are 
hardly feasible in this population. Also, effects of confounding 
cointerventions (including short- term GC use) would increas-
ingly hamper interpretation. Longer term observational studies 
could still be of use, if they feature prospective high- quality data 
collection (including detailed documentation of disease activity 
over time, dose over time, the motivation for a certain dose and 
dose changes) and analyses with several prespecified models.

In current practice, many patients with RA are chronically 
treated with low- dose GC,9 in direct contradiction with guide-
lines that prescribe only short- term ‘bridge’ therapy in view of the 
perceived long- term adverse effects.43 44 Our study adds substan-
tial evidence to support practice rather than guidelines: add- on 
chronic prednisolone at 5 mg/day for up to 2 years is effective 
and not particularly dangerous compared with alternatives. With 
proper monitoring, prevention and treatment of harmful effects, 
especially infections and bone loss, titrating around this level 
will allow optimum suppression of disease activity.

In conclusion, add- on low- dose prednisolone has long- term 
effects in senior patients with RA on optimum treatment, with a 
favourable balance of benefit and harm.
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ABSTRACT
Objective To investigate the success rate of 
glucocorticoid (GC) discontinuation during follow- up in 
observational cohorts and clinical trials using temporary 
GC as part of initial therapy (’bridging’) in newly 
diagnosed patients with rheumatoid arthritis (RA).
Methods Systematic literature searches were 
conducted to identify observational cohorts and clinical 
trials including patients with RA treated with initial GC 
bridging therapy, defined as discontinuation of GC within 
1 year. Patient percentages still using GC were considered 
the reverse of successful discontinuation. Random effects 
meta- analyses were performed stratified by time point.
Results The scoping literature search for observational 
cohort studies could not identify studies answering 
the research question. The literature search for clinical 
trials identified 7160 abstracts, resulting in 10 included 
studies, with varying type and dose of GC and varying 
tapering schedules, of which 4 reported sufficient data 
on GC discontinuation or use after the bridging phase. 
The pooled proportion of patients who were still or again 
using GC was 22% (95% CI 8% to 37%, based on four 
trials) at 12 months and 10% at 24 months (95% CI 
−1 to 22, based on two trials). Heterogeneity was 
substantial (I²≥65%).
Conclusion The success rate of GC discontinuation 
after bridging as part of initial treatment of RA has 
been described in a limited number of studies. Reports 
on observational cohorts did not answer the research 
question. In clinical trials, protocolised discontinuation 
was mostly successful, although 22% of the patients 
who started GC bridging therapy still or again used GC 
at 12 months, and 10% at 24 months.

INTRODUCTION
Glucocorticoids (GC) are widely used for the initial 
treatment of rheumatoid arthritis (RA), to induce 
rapid suppression of inflammation and clinical 
symptoms, thereby limiting radiographic damage 
progression.1–3 It has been repeatedly shown in 
clinical trials that in newly diagnosed patients with 
RA, adding GC to initial treatment with conven-
tional synthetic (cs)DMARD(s) is more effective 
than csDMARD treatment alone.4–9 Due to the fast 
acting mechanism of GC, treatment with GC leads 
to rapid clinical improvement, before DMARD 

treatment is fully effective.4 10 However, there are 
concerns that GC use in the long term is associated 
with a dose and duration dependent risk of serious 
side effects, including among others cardiovascular 
disease, infections and increased mortality.11–17 
Therefore, international guidelines have recom-
mended to start GC when initiating a csDMARD, 
but to discontinue treatment with GC as rapidly 
as clinically feasible, preferably within 3 months.18 
This is often called ‘bridging therapy’. Data from 
current daily practice cohorts show that in accor-
dance with these recommendations, GC are indeed 
started in the majority of patients.19 20 Recently, 
concerns have been expressed that in many patients 
it may be difficult to discontinue GC.21 This could 
lead to longer- term use of GC than is generally 
recommended, and thereby to an increased risk of 
serious side effects. However, it is still uncertain to 
what extent this continued use occurs, in routine 
practice or in clinical trials that assign GC unbiased 
and include protocolised GC tapering. We system-
atically reviewed the literature to investigate in how 
many patients the intended GC discontinuation 
was successful (success rate), in both observational 
cohorts reflecting real- world data and in clinical 
trials with selected patients where GC were used 
as (part of) the initial therapy in newly diagnosed 
patients with RA.

METHODS
This systematic literature review (SLR) and meta- 
analysis consists of two parts (observational cohorts 
and clinical trials) and was conducted in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA) guidelines.22 
While the cohort part was designed to provide an 
overview of real- world data in a scoping way, the 
trial part was designed as an in- depth systematic 
review. Neither patients nor public representatives 
were involved in design, conduct, reporting or 
dissemination of this project.

SLR of observational cohorts
A scoping systematic literature search was 
conducted by AP and FB in MEDLINE to find 

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0001-8036-950X
http://orcid.org/0000-0003-2534-550X
http://orcid.org/0000-0002-0340-3580
http://orcid.org/0000-0002-4302-8877
http://orcid.org/0000-0002-0577-6620
http://orcid.org/0000-0002-6685-8873
http://orcid.org/0000-0002-3432-3073
http://orcid.org/0000-0001-7033-7520
http://orcid.org/0000-0002-7136-5248
http://dx.doi.org/10.1136/annrheumdis-2022-222338
http://dx.doi.org/10.1136/annrheumdis-2022-222338
http://dx.doi.org/10.1136/annrheumdis-2022-222338
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2022-222338&domain=pdf&date_stamp=2022-06-01
http://ard.bmj.com/


938 van Ouwerkerk L, et al. Ann Rheum Dis 2022;81:937–943. doi:10.1136/annrheumdis-2022-222338

Review

articles published from 2005 onwards investigating observa-
tional cohorts reporting on early or methotrexate (MTX)- naive 
patients with RA starting or using GC at baseline. The objec-
tive of this scoping literature search was to evaluate how many 
people use GC in observational cohorts and at which dose and 
to see how this proportion and dose changes over time. The year 
2005 was chosen as the lower bound of publication year because 
we did not want to confound our analysis by including older 
studies with fewer treatment options than today. Since observa-
tional cohorts in general have a higher generalisability, we aimed 
for a specific search strategy. Cohort studies could be included if 
the proportion of patients who started GC at baseline and were 
still taking GC over time were reported. Also, to be eligible for 
inclusion, these outcomes had to be reported at, at least two pre- 
specified time points (baseline, 3, 6, 9, 12 and/or 24 months). For 
the complete search strategy, see online supplemental appendix 
I. Articles were screened by one experienced researcher (AP).

SLR of clinical trials
A systematic literature search was conducted in MEDLINE, 
Embase, Web of Science, the Cochrane Library, Emcare and 
Academic Search Premier to identify clinical trials investigating 
newly diagnosed DMARD naïve patients with RA treated with 
initial GC bridging with at least 12 months follow- up. It was 
required that initial bridging therapy was tapered within the 
first 6 months after start of GC and discontinued within 1 year 
after initiation. The search included three components: “rheu-
matoid arthritis”, “glucocorticoids” and “randomized controlled 
trial” (for the complete search strategy, see online supplemental 
appendix I). We aimed for a sensitive search including meeting 
abstracts, to ensure the inclusion of all available trials. Studies 
were excluded if GC were given only as intra- articular injections, 
or if no full text was available. From the included abstracts, the 
full text was analysed, and the same decision rule was used to 
exclude articles. For this in- and exclusion process of articles the 
programme Rayyan was used.23

Heterogeneity of the finally included studies was assessed 
based on predefined items. These items describe patient char-
acteristics and details about treatment protocols (online supple-
mental table 1). Studies were furthermore assessed to extract the 
following information (if available): proportion of GC use and/
or rates of GC discontinuation at 1, 3, 6, 12, 18 and 24 months, 
number of episodes of GC use (intra- articular and intramuscular 
included) after the induction scheme, number of cumulative GC 
injections at 4, 12 and 24 months, maintenance dose (before 
tapering) of GC after induction scheme, proportion of flares 
after discontinuation of GC, mean or median duration of GC 
use after restart, Disease Activity Score (DAS) (28) at 12 and 
24 months in patients who stopped GC and in patients who 
did not stop GC, proportion of patients with DMARD adap-
tation after GC discontinuation and DMARD dose in patients 
who stopped GC and in patients who did not stop GC. Studies 
that did not report an outcome of interest were not included in 
the analyses for that outcome. Data collection was conducted 
by three researchers (LvO, ISN and SAB) for four included arti-
cles as a training set, the remaining articles were assessed sepa-
rately. In case of at least three available studies per outcome, a 
meta- analysis with random effects using a restricted maximum- 
likelihood estimation for proportions was performed using R 
V.4.1.0 software with package metafor. To stabilise variances 
in case of proportions close to or at the 0 or 100 margins, the 
Double Arcsine transformation was used.24 We used I2 as an 
effect estimate to describe the proportion of variability caused 

by heterogeneity (and not random error) between the included 
trials. Standard errors were obtained from proportions using the 
recommendations provided by the Cochrane Handbook.25

The Cochrane risk of bias (RoB) tool 2 was used to assess 
the quality of the included studies.26 The RoB assessment was 
conducted by two researchers (LvO and ISN) for four included 
articles as a training set, the remaining articles were assessed 
separately and discussed afterwards with an adjudicator (SAB) 
in case of doubt.

RESULTS
Observational cohorts
Eleven cohorts were identified that evaluated GC use over time. 
However, none of them were included in this SLR as not all 
patients in the cohorts started GC at baseline and no separate 
results were reported for the patients who did (online supple-
mental figure 1). One study that was published in 2021 did 
fit our research question regarding the use of GC as bridging 
therapy, but only reported cumulative probabilities over time. 
In the early DMARD naïve patients with RA, the cumulative 
probability of GC discontinuation was 29.9% at 12 months and 
53.5% at 24 months.27

Clinical trials: study selection
The literature search for clinical trials identified 7160 abstracts 
(online supplemental figure 2) on the 9th of February 2021. 
Based on reviewing the first 100 abstracts which were randomly 
selected, we found a 97% interobserver agreement (IOA) between 
the three researchers (LvO, ISN and SAB). The remaining 
abstracts were screened separately by the researchers. A total of 
350 abstracts were included for full text analysis, of which first 
a random selection of 10 full texts were reviewed together by 
two researchers (ISN and LvO), whereby an IOA of 70% was 
obtained. After a final meeting to resolve any remaining disagree-
ments the remaining full texts were reviewed separately by the 
researchers, resulting in inclusion of 10 unique studies (table 1). 
During all stages of the review, weekly meetings were scheduled 
to discuss any uncertainties. One additional clinical trial partly 
met the inclusion criteria, since it included patients with ‘very 
early arthritis’, of which a substantial part fulfilled the ACR/
EULAR 2010 classification criteria for RA.28 29 Unfortunately, 
despite repeated attempts we did not obtain specific data for the 
patient group fulfilling the inclusion criteria of our review, and 
therefore, the study was omitted from final inclusion.

RoB assessment
The overall RoB was high in 9/10 included studies, mostly 
because of not having complete blinding (online supplemental 
tables 2 and 3 for complete RoB assessment results). Out of 
10, 7 trials did have a blinded outcome assessor for the assess-
ment of joint involvement. However, the DAS, which was an 
important outcome measure in most studies, also includes a 
patient reported component. In 3/7 trials with a blinded assessor, 
patients were not blinded to the intervention while they were 
part of the outcome assessment. This might have influenced the 
results.

Assessment of heterogeneity
A complete overview of the patient and study characteristics is 
given in online supplemental table 1. The majority of included 
studies were about patients who fulfilled the American College 
of Rheumatology (ACR)/European Alliance of Associations for 
Rheumatology (EULAR) 2010 criteria (6/10 studies) or the ACR 

https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
https://dx.doi.org/10.1136/annrheumdis-2022-222338
http://ard.bmj.com/


939van Ouwerkerk L, et al. Ann Rheum Dis 2022;81:937–943. doi:10.1136/annrheumdis-2022-222338

Review

1987 criteria (3/10 studies). One study included patients based 
on a clinical diagnosis only.30 Mean or median symptom dura-
tion was reported in 9/10 studies and was in all studies less than 
1 year. One study did not report symptom duration at baseline 
but only mean RA duration at baseline which was 4.7 months in 
the prednisone group.31 At baseline, a mean DAS was reported 
in all trials: 4/10 reported a DAS (based on Erythrocyte Sedimen-
tation Rate (ESR) or C- reactive protein (CRP)), 4/10 a DAS28 
(based on ESR or CRP) and 2/10 reported both a DAS and a 
DAS28. The reported mean DAS28 at baseline ranged from 5.2 
to 6.2. The reported mean baseline DAS ranged from 3.3 to 4.4.

All trials started with MTX at baseline next to GC, which in 
4/10 trials was combined with sulfasalazine (SSZ), in 2/10 trials 
with SSZ and hydroxychloroquine (HCQ) and in 1/10 trials with 
leflunomide. In all trials except two, all patients were randomised 
to different treatment arms at baseline.32 The ARCTIC trial was 
conducted to evaluate if including ultrasound information was 
beneficial in treatment decisions. This was done in two treat-
ment arms, both treated equally with MTX and prednisone, 
but one arm was tightly controlled using ultrasound, while 
the other was controlled with a conventional treat to target 
approach based on clinical assessment of disease activity.32 In 
the IMPROVED study, all patients first received MTX and pred-
nisolone bridging. Patients were subsequently randomised into 
two different treatment arms if they were not in remission at 
4 months, or tapered treatment if they were in remission.33 In 
one study GC were given as a single intravenous injection at 
baseline.34 In the other nine studies GC treatment consisted of 
oral or intramuscular (im) ‘bridging therapy’, with an initial dose 
ranging between 10 and 60 mg/day (oral)5 30–33 35–38 and 80 or 
120 mg once (im).30 If the initial oral dose was high, 30 or 60 mg/
day, this was followed by rapid tapering to 5 or 7.5 mg/day as 
maintenance dose, (table 1). In 4/10 studies, the initial dose was 
lower, and GC were tapered to 2.5 mg/day (1/4 studies), to 5 mg/
day (2/4) or directly to 0 (1/4).

GC use as indication of unsuccessful protocolised GC 
discontinuation
Only 4/10 studies reported rates of patients who still or again 
used GC after the GC induction phase, either only at 12 months 
(4/4) or also at 24 (2/4) months follow- up (table 2). The data 
reported in table 2 are proportions of active participants still or 
again on GC (either at 12 or at 24 months). The proportion of 
patients still using GC ranged from 0% to 60% at 12 months 
and from 0% to 28% at 24 months. The 0% use of GC at 12 
and 24 months was reported in arm 2 of the IMPROVED study. 
After 4 months open- label treatment with MTX and prednisone, 
patients in the IMPROVED study who were not in remission 
were randomised into arm 1 (MTX, HCQ, SSZ and prednisone) 
or arm 2 (MTX and adalimumab). This switch to adalimumab 
appeared to prevent further prednisone use. In other trials in 
which biological (b) DMARDs were part of the treatment 
protocol, bDMARDs were either prescribed at a later stage and 
in addition to GC,32 34 36 or the difference in GC use between 
patients who remained on GC and patients who switched to 
a bDMARD were not reported.30 Other outcome measures 
(eg, cumulative or average GC dose, number of GC episodes) 
were reported in <3 studies and were therefore not pooled 
(online supplemental table 4). Hence, a meta- analysis was only 
performed on proportions of patients with GC use at 12 and 24 
months. The I2 for these studies was 99% at 12 months and 98% 
at 24 months. The pooled proportion of GC use was 22% (95% 
CI 8% to 37%) at 12 months and 10% (95% CI −1 to 22) at 24 
months (figure 1A,B).

DISCUSSION
This SLR and meta- analysis included clinical trials about patients 
with early RA, in which GC were used as part of the initial treat-
ment and tapering (within 6 months) and discontinuation (within 
year 1) were protocolised. The proportion of patients still using 

Table 1 Overview of included clinical trials

Study (publication year) Type of GC Initial GC dose Tapering schedule
Included in 
meta- analysis

COBRA (1997)5 Prednisolone 60 mg/day In 7 weeks to 7.5 mg/day. Stop after 28 weeks* No

BeSt (2005)35 Prednisone 60 mg/day In 7 weeks to 7.5 mg/day. Stop in 8 weeks after week 28 if DAS 
persistently ≤2.4

Yes

IDEA (2014)34 Methylprednisolone 250 mg iv once N.A. No

COBRA- light (2015)36 Prednisolone arm 1 60 mg/day arm 2 
30 mg/day

arm 1: in 7 weeks to 7.5 mg/day arm 2: in 9 weeks to 7.5 mg/day
Stop after 32 weeks if DAS <1.6

Yes

IMPROVED (2014)33 Prednisone 60 mg/day In 7 weeks to 7.5 mg/day. Stop after 20 weeks if DAS <1.6 at 4 
months

Yes

ARCTIC (2016)32 Prednisolone 15 mg/day In 7 weeks to 0 mg/day if DAS <1.6 and no swollen joints present No

tREACH (2013)30 Arm 1: methylprednisolone 
or kenacort arm 2 and 3: 
prednisone

arm 1: 120 mg or 80 mg im 
once (single dose) arm 2 
and3: 15 mg/day

In 10 weeks to 0 mg/day* No

CareRA (2017)
 ► COBRA Classic
 ► COBRA Slim
 ► COBRA Avant garde37

Prednisone
 ► 60 mg/day
 ► 30 mg/day
 ► 30 mg/day

 ► in 7 weeks to 7.5 mg/day, further tapered from week 28 and stop 
after 34 weeks

 ► in 6 weeks to 5 mg/day, further tapered from week 28 and stop 
after 34 weeks

 ► in 6 weeks to 5 mg/day, further tapered from week 28 and stop 
after 34 weeks

All if DAS28 (CRP) ≤3.2.

Yes

Hua et al (2020)31 Prednisone 10 mg/day Tapering after 4 months to 5 mg/day, stop after 6 months* No

NORD- STAR (2020)
- arm 1 A (oral 
prednisolone)38

Prednisolone 20 mg/day In 9 weeks to 5 mg/day. Stop after 9 months* No

*GC tapered and stopped according to protocol, not depending on DAS.
CRP, C- reactive protein ; DAS, Disease Activity Score; GC, glucocorticoid; im, intramuscular; iv, intravenous; mg, milligram; N.A, not applicable.
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GC were analysed and interpreted as the opposite of the propor-
tion of patients who successfully discontinued GC, as (successful) 
discontinuation rates were mostly lacking. Our meta- analysis 
results of the clinical trials showed that at 12 months, 22% of the 
patients still or again used GC and after 24 months 10%. In the 
included clinical trials few data was available on GC dose over 
time. No useful data could be extracted from the observational 
cohorts, since in all of the identified cohorts it either remained 
unclear which proportion of the patients that used GC during 
follow- up, also used GC from baseline as bridging therapy or the 
desired outcome measure was not reported. We could therefore 
not perform a meta- analysis of the observational cohorts.

In the 2021 ACR RA treatment guidelines for DMARD naïve 
patients with with moderate- to- high disease activity, concerns 
are expressed about the risk of side effects of GC that outweigh 
their benefits. Due to these concerns, a conditional recommen-
dation based on expert opinion was included against the use 
of short- term GC therapy next to a csDMARD.21 Since these 

potential side effects of GC are related to duration of GC use, 
the success rate of tapering and discontinuing GC after their use 
as bridging therapy is important. Each of the included clinical 
trials that used GC as bridging therapy included tapering and 
discontinuation of GC in their treatment protocols, although 
at different time points and after different GC dosages. In our 
meta- analysis of clinical trial data 22% of the patients were still 
or again using GC after 1 year, which would indicate that the vast 
majority had in fact discontinued GC before that time. However, 
no data were reported regarding the proportion of patients who 
were able to successfully discontinue their GC within the recom-
mended 3 months after initiation, as the bridging scheme was 
longer than 3 months in almost all studies (9/10).18 21 The study 
that did stop GC bridging within the recommended 3 months 
(tREACH study) did not report data about GC use in their publi-
cations.30 Whether there were differences in safety outcomes, 
associated with the protocolised (or actual) duration and dose 
of bridging GC, was beyond the scope of this review. In general 
the safety risks are dependent on the duration of GC use and 
cumulative dose over time, but also on the baseline risk of the 
patients and the other factors (comorbidities, severity of disease 
and other DMARDs), which in clinical trials may be different 
than in ‘real life’ cohorts. However, despite the well- known 
dose- dependent risk associated with long- term GC exposure, 
less is known about the benefit–risk ratio of using a low dose of 
GC for 1 to 2 years. A meta- analysis of randomised trials investi-
gating the safety of GC treatment (up to 10 mg/day) in RA over 
more than 1 year found only limited GC toxicity and argued 
that the benefit–risk ratio is favourable.39 The EULAR task force 
concluded in their viewpoint on long- term GC treatment that 
for dosages between 5 mg and 10 mg a day, the harm depends 
on patient specific characteristics.40 More recent observational 
data from the CorEvitas RA registry showed that initiating GC 
is associated with increased cardiovascular events at daily doses 
≥5 mg and increased cumulative dose and duration.41 Discontin-
uation may appear the safest option, but this presents the risk of 
a disease flare, by itself a risk for cardiovascular events.42 43 So 
far we cannot predict who can discontinue GC and who cannot.

Numerous studies have shown the importance of early and 
adequate suppression of disease activity in early RA to achieve 
improved long- term outcomes.44–47 Randomised clinical trials 
have shown that GC can be useful as bridging treatment until 
slower- acting csDMARDs such as MTX may exert their effect, 
to ensure early suppression of disease activity, improvement 
of physical functioning, prevention of irreversible damage and 
reducing chronic non- steroidal anti- inflammatory drugs (NSAID) 
and other analgesic use.5 6 8 48 Therefore, withholding GC to 
early patients with RA and starting MTX as monotherapy could 

Table 2 Glucocorticoid use after the induction phase in clinical 
trials*

N (at baseline)†
% GC use 12 
months

% GC use 24 
months

COBRA light arm 
COBRA light

81 60‡ –

COBRA light arm 
COBRA classic

81 60‡ –

IMPROVED early 
remission

387 24.8 10.2

IMPROVED arm 1 83 17.3 4.0

IMPROVED arm 2 78 0 0

BeSt arm 3 131 43.2 27.6

CareRA arm COBRA 
classic

98 7.8 –

CareRA arm COBRA 
slim

98 4.5 –

CareRA arm COBRA 
avant garde

93 4.7 –

CareRA arm COBRA 
slim (low risk)

43 5.3 –

*Data reported per treatment arm of the four included clinical trials which have 
data on GC use after the induction phase published. Reported here: percentages 
use over time (no discontinuation rates were reported, except for COBRA light at 
12 months). For tapering protocols see table 1.
†number of patients shown at baseline, at which treatment was initiated.
‡COBRA light only reported an approximation of the percentage of patients who 
could taper prednisone to zero in week 26 and 39, which we recalculated to a 
percentage of patients still using GC for comparison with the other trials.
GC, glucocorticoids; N, number.

Figure 1 Proportions of trial participants using glucocorticoid (GC) at 12 months (A) and 24 months (B) after initial GC treatment in clinical trials. 
CareRA COBRA ag=CareRA COBRA avant garde; CareRA slim (low)=low- risk group; IMPROVED early rem=IMPROVED early remission.
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result in missing the ‘window of opportunity’ to achieve long- 
term favourable treatment outcomes, including an unnecessary 
delay in preventing possible damage during the period MTX is 
not active.49 As alternative to initial GC bridging therapy, rapidly 
acting bDMARDs can be equally effective. However, cost–utility 
analyses generally show a favourable picture for GC bridging, 
as the initial drug costs of bDMARDs are not compensated by 
the significantly higher retention of work productivity.50 Nowa-
days, in most markets the costs of bDMARDs have decreased 
and they could reach a level in the near future where the costs do 
compensate the work productivity retention, making them more 
favourable. In patients without classical poor prognostic factors, 
the CareRA study showed cost- effectiveness for MTX plus GC 
bridging therapy compared with MTX monotherapy.51

Despite the study protocols aimed at GC discontinuation, our 
results do show that still 20% of the patients had either never 
stopped or restarted these GC before the end of year 1. Only in 
arm 2 of the IMPROVED study 100% of patients successfully 
discontinued GC. This suggests that GC discontinuation is at 
least partly dependent on a planned order in treatment steps, 
as only in IMPROVED arm 2 it was stipulated that in case of 
lack or loss of DAS remission, a bDMARD had to be started and 
that continuation or restart of GC was not allowed. In the other 
IMPROVED arms, the protocol required GC discontinuation if 
remission was reached but allowed for reintroduction (once) if 
at any point disease activity increased again. It is noteworthy that 
most of the included trials in this SLR did not plan to discontinue 
GC within the internationally recommended 3 months. This 
may be based on clinical experience or the results of previous 
trials, in particular the COBRA study, which set a benchmark 
for rapid suppression of disease activity with a tapered high 
dose of prednisone continued for 28 weeks. Subsequent studies 
may have tried to establish if similar success may be achieved 
with less GC compared with the ‘established’ schemes but based 
on the currently available data it is impossible to say whether 
these studies have been too cautious, potentially delaying the 
implementation of more rapid GC discontinuation. Besides 
identifying a lack of randomised controlled studies specifically 
comparing various GC bridging strategies, our literature search 
also shows there is a need for a protocol for GC tapering and for 
data on discontinuation of initial GC bridging therapy in daily 
practice. Various cohort studies have reported on prolonged GC 
use,19 20 52 although not always started as initial treatment. These 
reports suggest that many patients with RA use GC in the course 
of their illness and often long term. Why patients do not always 
discontinue GC within 3 months is unclear.

To our knowledge, this is the first systematic review including 
both observational cohorts and clinical trials regarding the 
ability to discontinue GC after initial GC bridging therapy in 
newly diagnosed patients with RA. Despite an extensive search, 
we found that few published data were available concerning 
the predefined outcomes of interest. However, figures about 
GC use over time in the 5 years follow- up papers of CareRA 
and IMPROVED suggest that almost all patients are able to 
discontinue their GC in the end,46 47 although specific details 
are lacking. No observational studies identified by the scoping 
literature search directly answered our research question. Some 
studies might have been missed by the specific search strategy, 
but we don’t expect a higher yield of a broader search. The only 
observational cohort study that did address GC discontinuation 
after initial bridging therapy reported cumulative probabili-
ties over time instead of proportions, which makes it hard to 
compare to the clinical trial results. For pragmatic reasons, we 
decided to double screen a random selection of 100 abstracts by 

all researchers. This is less than the 10% from the total number 
of identified abstracts which is recommended by the WHO. This 
could have resulted in bias. However, since agreement was high 
(97%) and weekly meetings were organised to discuss any doubts 
with an adjudicator, we consider this risk to be limited. Among 
the included trials in this SLR, there was substantial variation in 
initial GC doses and tapering schedules and few direct compari-
sons therein. Due to the lack of available data and the heteroge-
neity in study designs and GC administration route, the random 
effects meta- analysis could not be performed for all studies and 
predetermined outcome measures. We were only able to analyse 
proportions of patients using GC at 12 and 24 months in the 
meta- analysis, and only based on 4 of the included studies. For 
instance, very little information was reported on the GC dose 
after initial bridging therapy. Only the CareRA trial reported 
a low average daily dose of 4.9 mg/day for the total popula-
tion during the first year of follow- up including GC use in 
the protocolised induction phase.53 In this study, we aimed to 
assess successful discontinuation of GC. However, most studies 
reported proportions of patients still using GC instead of rates 
of successful discontinuation. For our analysis, we assumed that 
the rate of successful discontinuation equals 100% minus the 
rate of patients still using GC. This lack of detail is due to the 
fact that none of the included trials were originally designed for 
the research question of this SLR. Although the reported clinical 
trials have the advantage of non- selective prescription of GC and 
a protocolised tapering and stopping schedule of GC, they do 
not have the same level of evidence as a randomised controlled 
trial on the comparison of various protocolised GC discontinu-
ation schedules vs for example protocolised (very) low- dose GC 
continuation. Such a trial would also provide more reliable data 
on (long- term) safety aspects of different tapering schedules. 
Another limitation is the high risk of bias in almost all (9/10) 
clinical trials included in this review, which was mainly due to a 
lack of blinding of patients. But as GC discontinuation was not 
the primary outcome of any of the included studies, the influ-
ence of bias on the outcomes of interest of this review is likely 
to be low.

In conclusion, the currently available observational cohort 
studies provide very few data on the success of GC discon-
tinuation after their use as initial bridging therapy. In clinical 
trials, where all patients started GC bridging therapy at base-
line, discontinuation of GC was successful in the majority of 
patients with RA within 1 year, as, 22% after 1 year and 10% 
after 2 years were reported to still or again use GC. More data on 
GC discontinuation success rates and success factors from RCTs 
comparing GC (cumulative) dosages and daily practice cohorts 
are necessary to identify the optimal GC bridging scheme with 
the optimal benefit–risk ratio in clinical practice, potentially for 
various disease and patient profiles.
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ABSTRACT
Objectives Ixekizumab, a high- affinity monoclonal 
antibody that selectively targets interleukin 17A (IL- 
17A), has shown significant efficacy in the treatment of 
psoriatic arthritis (PsA) and sustained long- term clinical 
response without unexpected new safety outcome for 
an IL- 17A inhibitor. Here, we report the updated safety 
profile of ixekizumab up to 3 years in patients with PsA.
Methods This is an integrated safety analysis from 
four clinical trials in patients with PsA who received 
at least one dose of ixekizumab. Treatment- emergent 
adverse events (TEAEs) and selected adverse events 
(AEs) exposure- adjusted incidence rates (EAIRs) per 100 
patient- years up to 3 years of exposure are reported.
Results A total of 1401 patients with a cumulative 
ixekizumab exposure of 2247.7 patient- years were 
included in this analysis. The EAIR of patients with 
≥1 TEAE was 50.3 per 100 patient- years and most 
TEAEs were mild to moderate in severity. Serious AEs 
were reported by 134 patients (EAIR=6.0). The most 
reported TEAEs were nasopharyngitis (EAIR=9.0) and 
upper respiratory tract infection (EAIR=8.3). Infections 
in general and injection site reactions were the most 
common TEAEs; the incidence rates of serious cases were 
low (EAIR ≤1.2). The EAIRs of malignancies (EAIR=0.7), 
inflammatory bowel disease (EAIR=0.1) including 
ulcerative colitis and Crohn’s disease, depression 
(EAIR=1.6), and major adverse cerebro- cardiovascular 
events (EAIR=0.5) were low. As assessed, based on year 
of exposure, incidence rates were decreasing or constant 
over time.
Conclusions In this analysis, the overall safety profile 
and tolerability of ixekizumab are consistent with the 
known safety profile in patients with PsA. No new or 
unexpected safety events were detected.
Trial registration number NCT01695239, 
NCT02349295, NCT02584855, NCT03151551.

INTRODUCTION
Psoriatic arthritis (PsA) is a heterogeneous inflam-
matory disease associated with cardiovascular, 
psychological and metabolic comorbidities.1–4 
Current pharmacological management of PsA 
includes non- steroidal anti- inflammatory drugs and 
conventional synthetic disease- modifying antirheu-
matic drugs. Recently, the Group for Research and 
Assessment of Psoriasis and Psoriatic Arthritis has 
recommended the use of interleukin 17 (IL- 17) 
inhibitors, tumour necrosis factor inhibitors and 
Janus kinase inhibitors as treatment options for 

all patients with PsA. Use of IL- 12/23 inhibitors, 
IL- 23 inhibitors or phosphodiesterase- 4 inhibitors 
is considered when certain domains are involved.5

Ixekizumab is a high- affinity monoclonal anti-
body that selectively targets the IL- 17A cytokine 
and is approved for treatment of moderate- to- 
severe plaque psoriasis in adults and children who 
are at least 6 years of age, active PsA, active anky-
losing spondylitis and active non- radiographic axial 
spondyloarthritis.6–9 The safety profile of ixeki-
zumab 80 mg every 2 weeks or 4 weeks in patients 
with PsA has been previously published.10–13

In this analysis, we report the safety profile of 
ixekizumab for the PsA SPIRIT programme. In this 
report, we further evaluate the exposure- adjusted 
incidence rate (EAIR), outcomes and medical 
history of patients with active PsA who experienced 
selected adverse events (AEs) of interest.

METHODS
Patients and study design
Patient data were integrated from four randomised 
controlled clinical trials of ixekizumab in 
patients with active PsA, including SPIRIT- P1 
(NCT01695239), SPIRIT- P2 (NCT02349295), 

Key messages

What is already known about this subject?
⇒ Ixekizumab is a high- affinity monoclonal

antibody that selectively targets interleukin 
17A and has shown significant efficacy in the 
treatment of active psoriatic arthritis (PsA).

What does this study add?
⇒ This study includes a large safety analysis

(N=1401; cumulative exposure=2247.7 patient- 
years) across four clinical trials with up to 3 
years of ixekizumab treatment for PsA.

⇒ In this report, the exposure- adjusted incidence
rate of serious adverse event was 6.0 per 100 
patient- years.

⇒ In patients with active PsA, safety data reinforce
the known safety profile of ixekizumab.

How might this impact on clinical practice or 
future developments?
⇒ This analysis provides clinically meaningful

evidence of the overall safety profile of 
ixekizumab in patients with active PsA.
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SPIRIT- P3 (NCT02584855) and SPIRIT- H2H (NCT03151551). 
Eligibility criteria have been previously described.14–17 Briefly, 
patients were required to have active PsA that met the classifi-
cation criteria for PsA with at least 3 of 68 tender and at least 3 
of 66 swollen joints, and active psoriatic skin lesions or a docu-
mented history of psoriasis. Patients were excluded if they had 
active Crohn’s disease or active ulcerative colitis or if they had 
any condition that would pose an unacceptable risk to the patient 
or otherwise confound the results of the respective studies. 
Detailed study designs have been previously published.14–17 A 
summary is presented in online supplemental materials.

Outcomes
All AEs were classified according to the Medical Dictionary 
for Regulatory Activities version 22.1. A treatment- emergent 
adverse event (TEAE) was an event that first occurred or wors-
ened in severity after baseline and on or before the last day of the 
treatment period. Selected AEs of interest included infections, 
injection site reactions (ISRs), allergic reactions/hypersensitivity, 
malignancies including non- melanoma skin cancer (NMSC) and 
malignancies excluding NMSC, inflammatory bowel disease 
(IBD) including Crohn’s disease ulcerative colitis and IBD unclas-
sified, depression, suicidal behaviour/self- injury, cytopaenia, and 
major adverse cerebro- cardiovascular event (MACE). MACE 
and IBD event analyses were executed by externally adjudicated 
analysis. According to Registre Epidemiologique des Maladies 
de l’Appareil Digestif criteria, IBD events classified as ‘prob-
able’ and ‘definite’ per external adjudication were considered 
confirmed and reported. The IBD adjudication programme 
was developed and executed retrospectively for SPIRIT- P1, 
SPIRIT- P2 and SPIRIT- P3, and prospectively for SPIRIT- H2H. 
Depression was measured using the 16- item Quick Inventory of 
Depressive Symptomatology - Self- Report. Suicidal ideation was 
measured using the Columbia Suicide Rating Scale. Opportu-
nistic infections (OIs) were reported according to the consensus 
recommendations for infections.18 Latent tuberculosis infection 
was identified by either latent tuberculosis preferred term or a 

positive result on any of the following annual tests: tuberculin 
skin test, interferon- gamma release assay or Mycobacterium 
tuberculosis complex test. Patients who tested positive for latent 
tuberculosis at screening could be rescreened and enrolled after 
receiving at least 4 weeks of appropriate therapy and having 
no evidence of hepatotoxicity (alanine transaminase (ALT)/al-
anine transaminase (AST) remained ≤2 times the upper limit 
of normal (ULN)). ISRs (broad term) included the following 
preferred terms: ISR, injection site (IS) erythema, IS pain, IS 
swelling, IS pruritus, IS hypersensitivity, IS bruising, IS rash, IS 
haematoma, IS induration, IS papule, IS urticaria, IS mass, IS 
warmth, IS discolouration, IS inflammation and IS oedema.

Table 1 Baseline demographics and disease characteristics

Characteristics Integrated IXE PsA
N=1401

Age, years, mean (SD) 49.1 (11.9)

Sex, n (%)

 Male 679 (48.5)

 Female 722 (51.5)

Race, n (%)

 White 1278 (91.3)

 Other 122 (8.7)

BMI, kg/m2, mean (SD) 30.0 (6.9)

Duration of symptoms, years, mean (SD) 9.4 (8.6)

Previous PsA systemic therapy, n (%)

 Never used 290 (20.7)

 Non- biologic 1040 (74.2)

 Biologic 338 (24.1)

Medical history, n (%)

 Herpes zoster 19 (1.4)

 Candida infections 4 (0.3)

 Latent tuberculosis 35 (2.5)

 Inflammatory bowel disease 14 (1.0)

BMI, body mass index; IXE, ixekizumab; N, number of patients in the analysis 
population; n, number of patients in each category; PsA, psoriatic arthritis.

Table 2 Summary of safety

Integrated IXE PsA
N=1401

Total patient- years of exposure 2247.7

Mean exposure (days) 586.4

Median exposure (days) 504.5

Range of exposure (days), min–max 8–1219

n (%) EAIR 95% CI

Death 6 (0.4) 0.3 0.1 to 0.6

AE leading to discontinuation (including 
death)

115 (8.2) 5.1 4.3 to 6.1

SAE* 134 (9.6) 6.0 5.0 to 7.1

 Injection site reactions (broad term) 1 (0.1) 0.0 0.0 to 0.3

 Allergic reactions/hypersensitivities 2 (0.1) 0.1 0.0 to 0.4

 Malignancies 7 (0.5) 0.3 0.1 to 0.7

   NMSC 0 0.0 0.0 to 0.4

 Malignancies excluding NMSC 7 (0.5) 0.3 0.1 to 0.7

 Inflammatory bowel disease† 2 (0.1) 0.1 0.0 to 0.4

 Depression‡ 1 (0.1) 0.0 0.0 to 0.3

 Suicidal behaviour/self- injury 0 0.0 0.0 to 0.4

 MACE† 12 (0.9) 0.5 0.3 to 0.9

 Cytopaenia§ 0 0.0 0.0 to 0.4

TEAE¶ 1131 (80.7) 50.3 47.5 to 53.3

 Mild 461 (32.9) 20.5 18.7 to 22.5

 Moderate 556 (39.7) 24.7 22.8 to 26.9

 Severe 114 (8.1) 5.1 4.2 to 6.1

Most common TEAEs**

 Nasopharyngitis 202 (14.4) 9.0 7.8 to 10.3

 Upper respiratory tract infection 186 (13.3) 8.3 7.2 to 9.6

 Injection site reaction†† 156 (11.1) 6.9 5.9 to 8.1

 Bronchitis 91 (6.5) 4.0 3.3 to 5.0

 Sinusitis 77 (5.5) 3.4 2.7 to 4.3

*Data collection for the clinical trial database does not specify when events became 
serious and therefore the numbers shown may represent more serious events than 
what actually occurred during the treatment period.
†Data represent adjudicated cases.
‡Broad, according to Standardised MedDRA Queries (SMQ) or sub- SMQ 
classification.
§Broad, according to SMQ classification.
¶Patients with multiple occurrences of the same event are counted under the 
highest severity.
**Defined as frequency of TEAE ≥5%.
††Narrow term.
AE, adverse event; EAIR, exposure- adjusted incidence rate per 100 patient- years; 
IXE, ixekizumab; MACE, major adverse cerebro- cardiovascular event; min–max, 
minimum–maximum; N, number of patients in the analysis population; n, number 
of patients in each category; NMSC, non- melanoma skin cancer; PsA, psoriatic 
arthritis; SAE, serious adverse event; SMQ, Standardised MedDRA Queries; TEAE, 
treatment- emergent adverse event.
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Statistical analysis
Safety analyses were based on all randomised patients who 
received at least one dose of the study drug (pooled data from 
patients at 80 mg every 4 weeks and every 2 weeks); a post- hoc 
safety analysis of the two ixekizumab regimens (every 2 weeks 
and every 4 weeks) was also conducted. Total exposure was 
calculated by summarising the duration of ixekizumab expo-
sure (in days) for all patients divided by 365.25 and expressed 
in total patient- years (PY). All safety events were reported by 
number and percentage of patients with AEs and EAIRs per 100 
PY (95% CI). All EAIRs were calculated as divided total number 
of patients who experienced the TEAE for each preferred term 
by the sum of all patients’ time (in 100 years) of exposure during 
the treatment period. The entire time on study during the treat-
ment period was used. The current analysis includes data from 
initiation of the studies to 19 March 2020 cut- off.

Patient and public involvement
Patients and the public were not involved in the design or 
conduct of the study, development of outcomes or dissemination 
of study results.

RESULTS
Demographic and baseline characteristics
A total of 1401 patients were included in this analysis (table 1). 
The mean age was 49.1 years and half of the cohort were female 
(51.5%). Most patients in this analysis were white (91.3%), 
and the mean body mass index was 30.0 kg/m2 (±6.9 SD). The 
mean duration of PsA symptoms was 9.4 years (±8.6). Previous 
exposure to systemic therapy with non- biologic and biologic 
disease- modifying antirheumatic drugs was observed in 74.2% 
and 24.1% of patients, respectively.

Exposure and general safety
The cumulative ixekizumab exposure from four studies was 
2247.7 PY and included data up to 3 years; the mean exposure 
was 586.4 days (19.3 months), ranging from 8 to 1219 days 
(table 2).

Overall, TEAEs occurred in 80.7% (50.3 per 100 PY) of 
patients (table 2). Most TEAEs were mild (32.9%) or moderate 
(39.7%). The most frequently reported TEAEs (≥5%) were 
nasopharyngitis, upper respiratory tract infection, ISR (narrow 
term), bronchitis and sinusitis. Serious adverse events (SAEs) 
occurred in 9.6% (EAIR=6.0) of patients. A total of 134 patients 
reported an SAE (9.6%); 123 cases led to hospitalisation (8.8%, 
EAIR=5.5), 3 events were life- threatening (0.2%, EAIR=0.1), 

2 events led to disability (0.1%, EAIR=0.1) and 6 were fatal 
(0.4%, EAIR=0.3). The causes of death were cardiovascular 
event (n=2), metastatic renal cell carcinoma (n=1), cerebrovas-
cular accident (n=1), pneumonia (n=1) and drowning (n=1). 
Overall, discontinuation from the study drug due to AEs was 
reported by 8.2% (EAIR=5.1) of patients. Among patients who 
discontinued, 1.4% were due to latent tuberculosis, followed by 
0.4% of ISR (narrow term) and pneumonia (0.2%). There were 
four reported cases of pregnancy during ixekizumab exposure 
(online supplemental table 1).

TEAEs were more common during the first year of ixekizumab 
exposure (EAIR=87.0) and decreased over time (EAIR=67.3 
in the third year of exposure) (figure 1). EAIRs for SAEs and 
discontinuations remained consistent over time.

Infections
Infections were reported by 54.2% of patients (EAIR=33.8) 
(table 3). Most cases of infections were mild (29.6%) or moderate 
(23.3%). The most common types of infections (EAIR >2.0) 
were nasopharyngitis, upper respiratory tract infection, bron-
chitis, sinusitis, urinary tract infection and pharyngitis (table 3).

The frequency of serious infections was low (2.0%, EAIR=1.2) 
(table 3). A total of 28 patients with serious infections were 
reported (total of 33 events). Most serious infections were fully 
recovered or resolved (n=27, 81.8%), three patients recovered 
with sequelae (9.1%), one patient was recovering or resolving 
(3.0%), one patient did not recover (3.0%), and the outcome 
was fatal in one patient (3.0%). The EAIRs of serious infections 
were relatively stable for each of the 1- year periods (range 0.9 
to 1.5) (figure 2A).

Overall, the frequency of OIs was low (2.9%, EAIR=1.8) 
(table 3). A total of 40 participants reported OIs, which were 
mainly oral (n=16) and oesophageal (n=2) candidiasis, oral 
fungal infection (n=6), localised herpes zoster (n=16) and one 
case of hepatitis B reactivation. The case of hepatitis B reactiva-
tion occurred in a 47- year- old white patient with concomitant use 
of sulfasalazine. On annual tuberculosis testing, 35 patients who 
were originally negative at entry in the trials had a positive test 
(2.5%, EAIR=1.6); positive tuberculosis test led to discontinu-
ation for 10 patients according to protocols. The 25 remaining 
patients who did not discontinue the study received treatment 
for latent tuberculosis infection prior to resuming the study 
drug. Most new cases of latent tuberculosis occurred in patients 
from countries at high risk of tuberculosis (online supplemental 
table 2; WHO list).19 No cases of latent tuberculosis resulted in 

Figure 1 Exposure- adjusted incidence rate of (A) TEAEs, (B) SAEs and (C) discontinuation due to AEs (exposure safety populations). The data points 
on the graph are the EAIR (95% CI)/100 patient- years at successive year intervals from year 0 to year 3. The CIs for the EAIR are from the likelihood 
ratio test of treatment effect from the Poisson regression model. AE, adverse event; EAIR, exposure- adjusted incidence rate; IR, incidence rate; PY, 
patient- years; SAE, serious adverse events; TEAE, treatment- emergent adverse event.

https://dx.doi.org/10.1136/annrheumdis-2021-222027
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death, and there were no existing latent cases that presented any 
sign of active tuberculosis disease.

Candida infections were reported by 3.2% (EAIR=2.0) of 
patients (table 3). All cases of Candida infection were localised; 
most were mild (34 of 45) to moderate (10 of 45) in severity, 
except one case of oesophageal candidiasis which was consid-
ered severe. The patient who reported severe oesophageal candi-
diasis did not discontinue the study drug due to this AE. No 
cases of systemic candidiasis were reported in patients receiving 
ixekizumab. Serious Candida infections occurred in three 
patients (two cases of oesophageal candidiasis, one case of oral 
candidiasis), which all recovered or resolved. Each of these three 
patients only had one event of Candida infection.

Frequencies of viral infections were low (table 3). Viral upper 
respiratory tract infections were reported by 1.8% of patients 
(EAIR=1.1), viral respiratory tract infections occurred in 0.6% 
of patients (EAIR=0.4) and influenza was reported in 2.7% 
of patients (EAIR=1.7). No cases of viral infection led to trial 
discontinuation.

ISRs and hypersensitivity/allergic reactions
Overall, TEAEs of ISRs were relatively common and occurred in 
18.6% of patients (EAIR=11.6) (table 4). ISRs were mainly mild 
(14.8%) to moderate (3.4%) in severity. Severe cases were rare 
(0.4%) and one serious case was reported which was an event 
of injection site rash (table 2). ISRs were the cause of discontin-
uation of the study drug for nine patients. The most common 
types of ISRs were ISR (preferred term; 11.1%), injection site 
erythema (4.3%) and injection site pain (1.6%). The mean time 
from start of treatment to first occurrence of ISR events was 59 
days (±108.2). The incidence of new events of ISRs decreased 
over time from an EAIR of 21.3 in the first year period to 2.3 
between years 2 and 3 (figure 2B).

Overall, 7.3% (EAIR=4.5) of patients reported an event 
of allergic reaction or hypersensitivity (table 4). The most 
frequently reported events were rash (1.4%, EAIR=0.8), eczema 
(1.1%, EAIR=0.7), drug hypersensitivity (0.7%, EAIR=0.4) and 
allergic rhinitis (0.7%, EAIR=0.4). TEAEs of allergic reaction 
or hypersensitivity were more frequently reported after 1 day 
of injection and before the next injection. All reported events 
were mild (4.1%) to moderate (3.1%) in severity except for 
one severe case. Most cases were non- serious; two serious cases 
were identified (one case of angio- oedema and one case of bron-
chospasm) and both have recovered or resolved (table 2). No 
cases of anaphylaxis were confirmed after medical reviews. Also, 
available data do not support any association between immuno-
genicity and TEAEs.

Malignancies
In this study, malignancies were reported by a total of 15 patients 
(1.1%, EAIR=0.7), which included 8 patients (0.6%, EAIR=0.4) 
with NMSC and 7 patients (0.5%, EAIR=0.3) with malignancies 
other than NMSC (table 4). Overall, seven cases were serious: 
one event was fatal, three events recovered, two did not recover 
and one recovering (table 2). TEAE of malignancy was the cause 
of discontinuation of the study drug for eight patients (seven 
of these patients had a serious event of malignancy). The mean 
time from start of the treatment to onset of malignancy was 
509.8 days. NMSC cases all occurred in white patients 50 years 
old or older and most cases were localised on the face. One of 
the patients also presented melanoma. Malignancies other than 
NMSC occurred in patients over 52 years old at diagnosis and 
included prostate cancer (n=1), breast cancer (n=2), gastroin-
testinal stromal tumours (n=1), thyroid carcinoma (n=1) and 
metastatic renal cell cancer (n=1) in a female with history of 
smoking. EAIRs were evenly distributed over time (figure 2C).

Inflammatory bowel disease
A total of three patients (0.2%, EAIR=0.1) had IBD confirmed 
per adjudication as Crohn’s disease (n=2, EAIR=0.1) or ulcer-
ative colitis (n=1, EAIR=0.0) (table 4). None of these patients 
had medical history of IBD. One patient was a 55- year- old white 
man who reported five TEAEs of IBD, which were all adjudi-
cated as ulcerative colitis: four were mild or moderate and one 
was severe. All these events recovered or resolved except the 
last event with an unknown outcome. Time from ixekizumab 

Table 3 Summary of infections

Integrated IXE PsA
N=1401

n (%) EAIR 95% CI

Infections 759 (54.2) 33.8 31.4 to 36.3

 Mild 415 (29.6) 18.5 16.8 to 20.3

 Moderate 326 (23.3) 14.5 13.0 to 16.2

 Severe 18 (1.3) 0.8 0.5 to 1.3

Most common infections*

 Nasopharyngitis 202 (14.4) 9.0 7.8 to 10.3

 Upper respiratory tract infection 186 (13.3) 8.3 7.2 to 9.6

 Bronchitis 91 (6.5) 4.0 3.3 to 5.0

 Sinusitis 77 (5.5) 3.4 2.7 to 4.3

 Urinary tract infection 69 (4.9) 3.1 2.4 to 3.9

 Pharyngitis 54 (3.9) 2.4 1.8 to 3.1

Serious infections 28 (2.0) 1.2 0.9 to 1.8

Opportunistic infections 40 (2.9) 1.8 1.3 to 2.4

 Oral candidiasis 16 (1.1) 0.7 0.4 to 1.2

 Oral fungal infection† 6 (0.4) 0.3 0.1 to 0.6

 Oesophageal candidiasis‡ 2 (0.1) 0.1 0.0 to 0.4

 Herpes zoster 16 (1.1) 0.7 0.4 to 1.2

 Hepatitis B virus reactivation 1 (0.1) 0.0 0.0 to 0.3

Latent tuberculosis§ 35 (2.5) 1.6 1.1 to 2.2

Candida infections 45 (3.2) 2.0 1.5 to 2.7

 Oral candidiasis¶ 22 (1.6) 1.0 0.6 to 1.5

 Vulvovaginal candidiasis** 13 (1.8) 1.1 0.7 to 2.0

 Skin candidiasis 5 (0.4) 0.2 0.1 to 0.5

 Genital candidiasis 3 (0.2) 0.1 0.0 to 0.4

 Oesophageal candidiasis‡ 2 (0.1) 0.1 0.0 to 0.4

 Nail candidiasis 1 (0.1) 0.0 0.0 to 0.3

 Systemic candidiasis 0 (0.0) 0.0 0.0 to 0.4

Viral infections

 Viral upper respiratory tract infections 25 (1.8) 1.1 0.8 to 1.6

 Viral respiratory tract infections 9 (0.6) 0.4 0.2 to 0.8

 Influenza 38 (2.7) 1.7 1.2 to 2.3

A patient could present more than one event.
*Defined as EAIR of TEAE >2.0.
†As reported by investigator.
‡Data included one case considered severe and one case considered moderate.
§Data include cases of latent tuberculosis, interferon- gamma release assay positive, 
tuberculin test positive and Mycobacterium tuberculosis complex test positive.
¶Oral candidiasis infection includes oral candidiasis and oral fungal infection.
**Denominator adjusted due to gender- specific event for women: n=722, patient- 
years=1142.2 (pooled IXE).
EAIR, exposure- adjusted incidence rate per 100 patient- year; IXE, ixekizumab; 
n, number of patients in each category; N, number of patients in the analysis 
population; PsA, psoriatic arthritis; TEAE, treatment- emergent adverse event.
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exposure to onset of the first IBD events was 351 days, with 
four subsequent events. Another patient was a 28- year- old white 
woman who had one event categorised as moderate IBD (adjudi-
cated as Crohn’s disease) and did not recover and led to discon-
tinuation of the study drug. This patient reported IBD at 183 
days after exposure to ixekizumab. The last patient, a 64- year- old 
white woman, experienced a moderate IBD event (adjudicated 
as Crohn’s disease) that was resolving or recovering at the time 
of the data lock. This IBD event was reported at 113 days after 
ixekizumab exposure. Among the three confirmed cases, two 
were serious (0.1%, EAIR=0.1) (table 2). As assessed in expo-
sure period analyses, the incidence of IBD was low (EAIR ≤0.6) 
and stable over time (figure 2D).

Depression and suicidal behaviour/self-injury
A total of 37 patients (2.6%, EAIR=1.6) reported a TEAE of 
depression (broad term) (table 4). The most common subcate-
gories of depression were depression (n=25, 1.8%), depressed 
mood (n=6, 0.4%) and adjustment disorder with depressed 
mood (n=2, 0.1%). One case of suicidal ideation was reported 
which led to discontinuation of the study drug, with the outcome 
unknown at the time of data lock. Many of these patients 
presented medical history of psychiatric disorders (n=18, 
48.6%), including depression (n=12, 32.4%), anxiety (n=5, 
13.5%), insomnia (n=5, 13.5%), sleep disorder (n=3, 8.1%), 
adjustment disorder with depressed mood (n=1, 2.7%), alco-
holism (n=1, 2.7%), personality disorder (n=1, 2.7%) or post- 
traumatic stress disorder (n=1, 2.7%). The incidence of new 
events of depression decreased over time from an EAIR of 2.2 
per the first year period to 0.3 between years 2 and 3 (figure 2E).

Major adverse cerebro-cardiovascular events
Per adjudication, 12 patients (0.9%, EAIR=0.5) reported 
MACE, which included 3 moderate and 9 severe cases (table 4). 

All these events were serious; two were fatal and ten resolved 
or recovered, including one with sequelae. Most patients (n=9, 
75.0%) presenting MACE had pre- existing cardiovascular risk 
factors (eg, hypertension, Raynaud’s phenomenon, hypercholes-
terolaemia, dyslipidaemia and obesity). As assessed in exposure 
period analyses, the incidence of MACE was stable over time 
and ranged in EAIR from 0.2 to 1.2 (figure 2F).

Other selected AEs
Cytopaenia (broad term) occurred in 4% of patients (EAIR=2.5) 
(table 4). The severity was comparable with those reported previ-
ously and no new safety signals were identified.20 Asthma was 
reported by 0.7% of patients (EAIR=0.4). No cases of uveitis 
were reported.

Safety profile of two ixekizumab regimens
The safety profile of the two ixekizumab regimens, every 2 
weeks and every 4 weeks, showed no apparent differences 
(online supplemental table 3).

DISCUSSION
In this analysis we reported the updated safety profile of ixeki-
zumab in 1401 patients with PsA across four clinical trials for 
up to 3 years of ixekizumab. Because of the chronic nature of 
the disease, long- term pharmaceutical management of PsA is 
required to maintain adequate disease control. In the current 
analysis, the long- term ixekizumab exposure did not increase the 
exposure- adjusted rates of TEAEs and SAEs reported in previous 
safety reports.10 11 20 As assessed, EAIRs were decreasing or 
constant over time. The data reported in this analysis of patients 
with PsA are consistent with the known safety profile in the 
entire ixekizumab clinical development programme.20

Figure 2 Exposure- adjusted incidence rate of selected adverse events including (A) serious infections, (B) ISR, (C) malignancies, (D) IBD, (E) 
depression, and (F) MACE. The data points on the graph are the EAIR (95% CI)/100 patient- years at successive year intervals from year 0 to year 5. 
The CIs for the EAIRs are from the likelihood ratio test of treatment effect from the Poisson regression model. aData represent cases classified as 
‘definite’ and ‘probable’ per external adjudication. Three patients had events of IBD confirmed by adjudication. One patient had more than one event. 
bData represent events confirmed after adjudication. EAIR, exposure- adjusted incidence rates; IBD, inflammatory bowel disease; IR, incidence rate; ISR, 
injection site reactions; MACE, major adverse cardiovascular events; PY, patient-years.
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In this study, the EAIR of SAEs was 6.0 per 100 PY (9.6% 
of patients reporting SAEs). In a long- term safety analysis of 
patients with PsA treated with another IL- 17A inhibitor, secuki-
numab, the rate of SAEs was 7.9 per 100 PY.21

An integrated post- hoc analysis of the safety profile of the two 
ixekizumab regimens (80 mg of ixekizumab every 2 weeks and 
every 4 weeks) was conducted. This report shows that, although 
the studies were not powered to detect statistical differences 
between the two ixekizumab regimens, there are no apparent 
differences in the safety between ixekizumab every 2 weeks and 
every 4 weeks. This analysis is consistent with the safety profile 
of the two treatment regimens previously published.14 15

The most common TEAEs were infections (including naso-
pharyngitis and upper respiratory tract infection) and ISRs. 
The EAIRs of serious infections and ISRs (broad term) did not 
increase over time through 3 years of ixekizumab treatment. 
Most events of infections and ISRs were mild to moderate in 
severity and the frequency of serious events was low (≤2%). 
The frequency of OIs was low (2.9%), which were mainly oral 
and oesophageal candidiasis, probably due to the known role of 
IL- 17A in host defence against these infections. In this analysis, 
the new positive tuberculosis test on annual testing was 2.5%. 
Among the 35 patients with new positive tuberculosis test, 10 
patients discontinued the study drug according to protocols and 
25 patients received treatment for latent tuberculosis infection 
prior to resuming the study drug. No cases of active tuberculosis 

disease were reported. Treatment with IL- 17 inhibitor has not 
been associated with an increased risk of active tuberculosis.22 
A recent study reported that new latent tuberculosis cases were 
rare, while patients with psoriasis, PsA or ankylosing spondylitis 
underwent treatment with the IL- 17 inhibitor secukinumab.23 
Similarly, this analysis did not suggest a relationship between 
ixekizumab and increased risk of active tuberculosis in patients 
with PsA. In the present report, no cases of anaphylaxis occurred. 
Available data do not support an association between immuno-
genicity and TEAEs.

Patients with PsA have a twofold to threefold increased risk of 
onset of IBD compared with the general population.24 25 In this 
report, three patients (0.2%, EAIR=0.1) reported a confirmed 
IBD and one event led to discontinuation of the study drug. The 
EAIRs for IBD did not increase over time through 3 years of 
ixekizumab treatment.

A recent meta- analysis showed that the prevalence of cancer 
overall in patients with PsA is 5.74%, with an incidence rate of 
6.44 per 1000 PY.26 In this study, malignancies were reported by 
1.1% of patients receiving ixekizumab (EAIR=0.7 per 100 PY). 
Although the denominator is different in the meta- analysis than 
this report (1000 PY vs 100 PY), the incidence rate of malig-
nancies in patients with PsA receiving ixekizumab treatment is 
in accordance with the incidence rate of cancer in patients with 
PsA.

Study length is important when investigating safety events. A 
strength of this report is that it includes the longest cumulative 
exposure reported to date of ixekizumab- treated patients with 
PsA with 2247.7 PY and up to 3 years. Nevertheless, this study 
is limited by the lack of a suitable long- term control group and 
a limited cohort of patients. Another limitation of this study is 
the prespecified inclusion criteria in clinical trials, potentially 
resulting in a study population which may not reflect the breadth 
of patients in the real- world clinical setting.

To conclude, the overall safety profile and tolerability of ixeki-
zumab are consistent with the previously known safety profile 
in patients with PsA. No new or unexpected safety events were 
detected. These findings are of value to physicians who treat 
patients in the long term with PsA using IL- 17A antagonists.
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Table 4 Selected adverse events of interest

Integrated IXE PsA
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 Malignancies excluding NMSC 7 (0.5) 0.3 0.1 to 0.7

Inflammatory bowel disease* 3 (0.2) 0.1 0.0 to 0.4

 Crohn’s disease 2 (0.1) 0.1 0.0 to 0.4

 Ulcerative colitis 1 (0.1) 0.0 0.0 to 0.3

Depression† 37 (2.6) 1.6 1.2 to 2.3

Suicidal behaviour/self- injury 1 (0.1) 0.0 0.0 to 0.3

MACE‡ 12 (0.9) 0.5 0.3 to 0.9

Cytopaenia§ 56 (4.0) 2.5 1.9 to 3.2

Asthma 10 (0.7) 0.4 0.2 to 0.8

Uveitis 0 (0.0) 0.0 0.0 to 0.4

*Data represent cases classified as ‘definite’ and ‘probable’ per external 
adjudication. EAIR was calculated as the total of ‘definite’ and ‘probable’ cases/
total patient- years, then multiplied by 100. One patient had reported event of 
anal abscess and anal fistula and this event was considered consistent with 
inflammatory bowel disease but was not adjudicated as Crohn’s disease or 
ulcerative colitis due to insufficient information. Three patients had events of 
inflammatory bowel disease confirmed by adjudication. One patient had more than 
one event.
†Broad, according to SMQ or sub- SMQ classification.
‡Data represent adjudicated cases.
§Broad, according to SMQ classification.
EAIR, exposure- adjusted incidence rate per 100 patient- years; IXE, ixekizumab; 
MACE, major adverse cerebro- cardiovascular event; n, number of patients in each 
category; N, number of patients in the analysis population; NMSC, non- melanoma 
skin cancer; PsA, psoriatic arthritis; SMQ, Standardised MedDRA Queries.
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ABSTRACT
Objectives To characterise the efficacy and safety 
of anifrolumab in patients with systemic lupus 
erythematosus (SLE) according to interferon gene 
signature (IFNGS), demographic and clinical subgroups.
Methods We performed post hoc analyses of pooled 
data from the 52- week phase III TULIP- 1/TULIP- 2 
placebo- controlled trials of intravenous anifrolumab 
in moderate- to- severe SLE. Outcomes were assessed 
in predefined subgroups: IFNGS (high/low), age, sex, 
body mass index, race, geographic region, age of onset, 
glucocorticoid use, disease activity and serological 
markers.
Results In pooled data, patients received anifrolumab 
300 mg (360/726) or placebo (366/726); 82.6% were 
IFNGS- high. IFNGS- high patients had greater baseline 
disease activity and were more likely to have abnormal 
serological markers versus IFNGS- low patients. In 
the total population, a greater proportion of patients 
treated with anifrolumab versus placebo achieved 
British Isles Lupus Assessment Group- based Composite 
Lupus Assessment (BICLA) response at week 52 
(difference 16.6%; nominal p<0.001). BICLA response 
treatment differences with anifrolumab versus placebo 
were comparable to the total population across most 
predefined subgroups, including subgroups for baseline 
glucocorticoid dosage (<10/≥10 mg/day prednisone/
equivalent) and for clinical disease activity (SLE Disease 
Activity Index 2000 score <10/≥10). Subgroups with 
larger treatment differences included IFNGS- high 
patients (18.2%), patients with abnormal baseline 
serological markers (23.1%) and Asian patients (29.2%). 
The safety profile of anifrolumab was similar across 
subgroups.
Conclusions Overall, this study supports the consistent 
efficacy and safety of anifrolumab across a range 
of patients with moderate- to- severe SLE. In a few 
subgroups, small sample sizes limited conclusions from 
being drawn regarding the treatment benefit with 
anifrolumab.
Trial registration number NCT02446912, 
NCT02446899.

INTRODUCTION
Systemic lupus erythematosus (SLE) is hetero-
geneous in organ involvement, severity and 

underlying immunopathogenesis, leading to  
challenges in appropriate therapy selection.1 
Patient demographics and clinical characteristics 
have been associated with disease severity and 
therapeutic response. For example, patients with  
childhood- onset or adolescent- onset SLE have 
dysregulated type I interferon (IFN- I) signalling, 
and clinically more severe disease than those with 
adult onset.2–4 SLE is also more frequent and severe 
among Black and Asian patients than White patients, 

Key messages

What is already known about this subject?
⇒ Systemic lupus erythematosus (SLE) is a

heterogeneous disease, in which aspects 
of patient demographics and clinical 
characteristics are associated with disease 
severity and therapeutic response.

⇒ Anifrolumab, a human monoclonal antibody
that binds the type I interferon receptor subunit 
1, has demonstrated efficacy with an acceptable 
safety profile in patients with  
moderate- to- severe SLE in phase III clinical 
trials.

What does this study add?
⇒ This pooled analysis of two phase III trials adds

to the knowledge of the efficacy and safety of 
anifrolumab across a range of important clinical 
and demographic patient subgroups.

⇒ Although some small subgroup sizes limited
comparisons, treatment differences between 
anifrolumab and placebo were generally 
consistent across subgroups; the greatest 
differences were observed for patients with an 
elevated interferon gene signature, and those 
with ≥1 abnormal baseline serological test.

How might this impact on clinical practice or 
future developments?
⇒ Although further investigations are required to

demonstrate treatment benefit for some patient 
subtypes, this study supports consistent efficacy 
and safety of anifrolumab across a range of 
patients with moderate- to- severe SLE.
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and some therapies may be less effective in Black patients.5 6 Both 
demographic and clinical differences may potentially impact 
therapeutic response.7

IFN- Is play a key role in SLE pathogenesis, as indicated by 
genetic susceptibility data and the association of IFN- I pathway 
activation with disease activity.8–11 IFN- I proteins are difficult to 
measure directly in the circulation11 12; therefore, IFN- I pathway 
activation is quantified using IFN- I gene signatures (IFNGS).13 14 
IFNGS are elevated in 50%–73% of adult patients with SLE.15 16

Anifrolumab is a human monoclonal antibody that binds 
the IFN- I receptor subunit 1 with high specificity and affinity 
to inhibit IFN- I signalling.13 17 18 In the phase III Treatment of 
Uncontrolled Lupus via the Interferon Pathway - 2 (TULIP- 2) 
trial in patients with moderate- to- severe SLE, treatment 
response was achieved by 16.3% more patients randomised to 
anifrolumab than placebo,19 defined by the British Isles Lupus 
Assessment Group (BILAG)- based Composite Lupus Assessment 
(BICLA). Similar results were seen in the phase IIb MEDI- 546 in 
Uncontrolled SLE (MUSE) and the phase III TULIP- 1 trials.13 20 21 
Subsequently, anifrolumab has recently been approved in Canada, 
Japan and the US for the treatment of SLE.22–24

To optimise use of a new treatment, it is important to know 
whether response and safety are consistent across all subgroups, 
or whether some patient groups will achieve greater benefit. 
The purpose of this analysis was to characterise the efficacy 
and safety of anifrolumab according to IFNGS, demographic 
and clinical subgroups. Pooling data from the similar TULIP- 1 
and TULIP- 2 trials provided greater precision and power to 
assess relatively small subgroups. As IFNGS is relevant to  
anifrolumab’s targeted mechanism, we included detailed anal-
yses of the IFNGS- high and IFNGS- low subgroups for both 
baseline features and response.

METHODS
Patients and study design
This was a post hoc analysis of pooled data from the randomised, 
placebo- controlled, double- blind, 52- week TULIP- 1 and TULIP- 2 
trials.19 20 Patients with autoantibody- positive moderate- to- 
severe SLE despite standard therapy were randomised to intra-
venous anifrolumab 300 mg or placebo every 4 weeks for 48 
weeks.

Efficacy and safety end points
Efficacy and safety end points were evaluated across predefined 
subgroups: IFNGS (high/low), age, sex, BMI (≤28/>28 kg/m2), 
race, region, age of disease onset (paediatric/adult), baseline oral 
glucocorticoid dosage (<10/≥10 mg/day prednisone or equivalent), 
SLE Disease Activity Index 2000 (SLEDAI- 2K) score at screening 
(<10/≥10) and baseline serological markers (antidouble- stranded 
DNA (anti- dsDNA) antibody positive (>15 U/mL) or negative 
(≤15 U/mL)); complement C3 (low (<0.9 g/L) or normal (≥0.9 g/L)) 
and complement C4 (low (<0.1 g/L) or normal (≥0.1 g/L)). IFNGS 
status was determined by central laboratory at screening using a vali-
dated 4- gene quantitative assay.13 14

The current analysis focused primarily on BICLA response at 
week 52 as treatment differences using this measurement were 
consistent across both trials,19 20 and BICLA offers a comprehen-
sive independent assessment of all organs.25 Other end points 
assessed were time to sustained BICLA response, SLE Responder 
Index ≥4 (SRI(4)) at week 52,26 sustained oral glucocorticoid 
taper to ≤7.5 mg/day from week 40 to week 52 in patients 
receiving ≥10 mg/day at baseline (prednisone or equivalent), 
≥50% reduction in Cutaneous Lupus Erythematosus Disease 

Area and Severity Index Activity score (CLASI- A)27 at week 12 
in patients with baseline CLASI- A ≥10, ≥50% reduction from 
baseline in swollen and tender joint counts at week 52 in patients 
with ≥6 swollen and ≥6 tender joints at baseline, annualised 
flare rate through week 52 and percentage change from baseline 
to week 52 in serological markers.

Responses from baseline to week 52 in patient- reported 
outcomes were assessed using Functional Assessment of Chronic 
Illness Therapy- Fatigue (FACIT- F, >3- point improvement)28 
and Short Form 36 Health Survey, V.2 (SF- 36)29 physical (PCS) 
and mental (MCS) component summary scores (>3.4 and >4.6 
improvement, respectively). Safety was assessed by measurement 
of adverse events (AEs), serious AEs (SAEs) and AEs of special 
interest (AESIs).

Statistical analysis
The percentage of responders was calculated using a stratified 
Cochran- Mantel- Haenszel approach,30 which included strat-
ification factors of SLEDAI- 2K score at screening (<10/≥10), 
baseline oral glucocorticoid dosage (<10/≥10 mg/day), IFNGS 
at screening (high/low) and study (pooled TULIP only). The 
annualised flare rate was calculated using a negative binomial 
regression model, which included covariates of treatment group, 
stratification factors and study, and was adjusted for exposure 
time. For pooled data assessments, responders from both studies 
were classified according to the TULIP- 2 restricted medication 
analytic rules. All p values are nominal.

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

RESULTS
Data were pooled for patients who received anifrolumab 300 mg 
or placebo in the TULIP- 1 (n=364) and TULIP- 2 (n=362) trials. 
Of these 726 patients, 360 received anifrolumab and 366 received 
placebo; 600/726 (82.6%) patients were IFNGS high.

Anifrolumab efficacy and safety in all patients (pooled TULIP 
data)
In pooled TULIP data, consistent with the individual trials,19 20 
a greater proportion of patients receiving anifrolumab 300 mg 
achieved BICLA response at week 52 compared with placebo 
(difference 16.6%; 95% CI 9.7 to 23.6; nominal p<0.001) 
(figure 1). Anifrolumab treatment was also positively associated 
with SRI(4) response (treatment difference: 12.1% (95% CI 4.9 
to 19.3), nominal p<0.001), sustained oral glucocorticoid taper 
(treatment difference: 18.7% (95% CI 8.9 to 28.4); nominal 
p<0.001), ≥50% reduction in CLASI- A (treatment difference: 
21.0% (95% CI 8.1 to 34.0); nominal p<0.001) and reduced 
annualised flare rate (rate ratio (RR) 0.75 (95% CI 0.60 to 
0.95); nominal p=0.017) (table 1).

AEs occurred in 88.3% of patients receiving anifrolumab and 
80.8% of patients receiving placebo (treatment difference 7.5% 
(95% CI 2.2 to 12.8)) (figure 2; online supplemental table S1). 
The proportion of patients who experienced an SAE was lower 
in the anifrolumab group than in the placebo group (11.1% vs 
16.4%) (figure 3; online supplemental table S1). The incidence 
of each AESI tended to be low and similar between groups, apart 
from a higher incidence of herpes zoster in patients receiving 
anifrolumab versus placebo (6.4% vs 1.4%), and a lower inci-
dence of non- opportunistic serious infections in patients 
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receiving anifrolumab versus placebo (4.4% vs 6.0%) (online 
supplemental table S1).

Demographics and baseline characteristics by IFNGS
Age and the proportion of females were similar in IFNGS- high 
and IFNGS- low subgroups (online supplemental table S2). 
IFNGS expression varied by race; 94.7% of Asian patients were 
IFNGS- high vs 86.2% of Black/African- American patients, and 
78.5% of White patients (online supplemental table S3). Mean 
SLEDAI- 2K score was higher in IFNGS- high versus IFNGS- low 
patients, as was the percentage of patients with a score ≥10 
(online supplemental table S2). However, mean clinical 

SLEDAI- 2K scores (SLEDAI- 2K without serological compo-
nents) were similar between IFNGS subgroups.

A lower proportion of IFNGS- high patients had BILAG- 2004 A 
score in the musculoskeletal domain compared with IFNGS- low 
patients (29.7% vs 40.5%) (online supplemental table S4). 
IFNGS- high patients also had lower tender and swollen joint 
counts, and in contrast, higher CLASI- A scores than IFNGS- low 
patients (online supplemental table S2). A greater proportion of 
IFNGS- high patients had abnormal serological markers at base-
line than IFNGS- low patients (anti- dsDNA antibodies (47.8% 
vs 27.8%), low C3 (41.5% vs 14.3%) low C4 (27.0% vs 5.6%)) 
(online supplemental table S2).

Figure 1 BICLA response at week 52 by subgroup. aSerological markers refer to anti- dsDNA antibodies (positive or negative), C3 (low or normal) 
and C4 (low or normal). The percentage of responders, the difference in estimates, associated 95% CIs and nominal p values were calculated using a 
stratified Cochran- Mantel- Haenszel approach, with stratification factors of SLEDAI- 2K score at screening, baseline GC dosage, type I IFNGS test result 
at screening and study. Anti- dsDNA, antidouble- stranded DNA; BICLA, British Isles Lupus Assessment Group- based Composite Lupus Assessment; 
BMI, body mass index; C, complement; CI, confidence interval; GC, oral glucocorticoid; IFNGS, interferon gene signature; n, number of responders; N, 
number of patients in group; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.

https://dx.doi.org/10.1136/annrheumdis-2021-221425
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Compared with IFNGS- low patients, a greater proportion of 
IFNGS- high patients were receiving oral glucocorticoids at any 
dosage (84.7% vs 69.0%), at a dosage of ≥10 mg/day (54.7% 
vs 37.3%) or oral immunosuppressants (51.0% vs 34.9%) at 
baseline; however, a smaller proportion were receiving anti-
malarials (68.2% vs 80.2%) (online supplemental table S2). A 
smaller proportion of IFNGS- high than IFNGS- low patients 
were reported to have comorbid fibromyalgia (7.5% vs 23.8%), 
depression (14.2% vs 22.2%) or anxiety (10.0% vs 19.8%) 
(online supplemental tables S5 and S6).

Anifrolumab efficacy and safety in IFNGS subgroups
A greater proportion of patients receiving anifrolumab 
versus placebo had BICLA response at week 52 in both the  
IFNGS- high subgroup (47.6% vs 29.4%) and IFNGS- low 
subgroup (46.8% vs 37.5%). Whereas the treatment differ-
ence was nominally significant in IFNGS- high patients 
(treatment difference: 18.2% (95% CI 10.5 to 25.8); 
nominal p<0.001), it did not reach nominal significance in 
IFNGS- low patients (treatment difference: 9.3% (95% CI 
–8.0 to 26.5) nominal p=0.292), although the sample size
of the IFNGS- low group was small (17.4% of the overall 
study population) (figure 1; table 1). The placebo BICLA 
response rate was higher in IFNGS- low patients (37.5%) 
than in IFNGS- high patients (29.4%).

When analysing BICLA responses over time, the percentage 
of responders was greater with anifrolumab than placebo from 
week 8 to week 52 in IFNGS- high patients; no sustained sepa-
ration from placebo was seen in IFNGS- low patients (figure 4). 
IFNGS- high patients receiving anifrolumab were more likely 
to attain sustained BICLA response than IFNGS- low patients, 
with separation between treatment groups from week 4 (online 
supplemental figure S1).

For IFNGS- high patients, anifrolumab was also associated 
with favourable treatment differences versus placebo across 
other efficacy end points; results were comparable or greater 
than those in the total patient population when analysed by 
SRI(4) (nominal p<0.001), sustained oral glucocorticoid 
taper (nominal p<0.001), ≥50% reduction in CLASI- A score 
(nominal p=0.002), ≥50% reduction in swollen/tender joint 
counts (nominal p=0.054) and annualised flare rate (nominal 
p=0.005) (table 1). In the small subgroup of IFNGS- low 
patients, the treatment benefit for anifrolumab versus placebo 
did not reach nominal significance for any efficacy end point, 
although there were numeric treatment benefits observed for 
BICLA responses (lower than IFNGS- high patients) and in the 
proportion of patients achieving ≥50% reduction in swollen/
tender joints (greater than IFNGS- high patients).

A greater proportion of IFNGS- high patients treated with 
anifrolumab had functional improvement from baseline to week 
52, using end points defined by FACIT- F (>3- point improve-
ment), SF- 36 MCS (>4.6- point improvement) and SF- 36 PCS 
(>3.4- point improvement), compared with IFNGS- high patients 
treated with placebo (table 1). These results were comparable 
to those seen in the overall patient population. In IFNGS- low 
patients, none of these measures reached nominal significance, 
although there was a trend towards greater proportions of the 
anifrolumab group with improvements in FACIT- F and SF- 36 
PCS, but not SF- 36 MCS, compared with the placebo group.

Among IFNGS- high patients with low C3/C4 at base-
line, those treated with anifrolumab had a greater percentage 
improvement in C3 levels through week 52 vs placebo (nominal 
p=0.009), and a trend towards improvement was also seen in 
C4 levels (nominal p=0.209) (online supplemental table S7). In  
IFNGS- high patients, anti- dsDNA antibody levels improved 
in patients receiving anifrolumab but not in patients receiving 

Table 1 Primary and secondary outcomes in patients with SLE by IFNGS in pooled data from the TULIP- 1 and TULIP- 2 trials

End point

All patients IFNGS- high IFNGS- low

Placebo
(n=366)

Anifrolumab
300 mg (n=360)

Difference (95% CI), 
nominal p value*

Placebo
(n=302)

Anifrolumab
300 mg (n=298)

Difference (95% CI), 
nominal p value* Placebo (n=64)

Anifrolumab 300 
mg (n=62)

Difference (95% CI), 
nominal p value*

n/N (%) Percentage points n/N (%) Percentage points n/N (%) Percentage points

BICLA response, 
week 52

112/366 (30.8) 171/360 (47.5) 16.6 (9.7 to 23.6),<0.001 88/302 (29.4) 142/298 (47.6) 18.2 (10.5 to 25.8),<0.001 24/64 (37.5) 29/62 (46.8) 9.3 (–8.0 to 26.5), 0.292

SRI(4) response, 
week 52

147/366 (40.1) 188/360 (52.2) 12.1 (4.9 to 19.3),<0.001 118/302 (39.0) 160/298 (53.7) 14.7 (6.8 to 22.6),<0.001 29/64 (45.3) 28/62 (45.2) –0.2 (–17.5 to 17.2), 0.986

Sustained GC taper, 
weeks 40–52†

59/185 (31.8) 96/190 (50.5) 18.7 (8.9 to 28.4),<0.001 48/160 (30.1) 86/168 (51.2) 21.1 (10.7 to 31.5),<0.001 11/25 (43.8) 10/22 (45.6) 1.8 (–25.6 to 29.2), 0.897

≥50% reduction in 
CLASI- A score, week 
12‡

24/94 (24.9) 49/107 (46.0) 21.0 (8.1 to 34.0), 0.001 23/81 (27.9) 47/93 (50.5) 22.6 (8.4 to 36.9), 0.002 1/13 (8.3) 2/14 (15.0) 6.7 (–26.3 to 39.6), 0.692

≥50% reduction in 
active (swollen and 
tender) joints, week 
52§

71/190 (36.8) 81/164 (49.4) 12.6 (2.4 to 22.9), 0.016 61/157 (38.4) 64/129 (49.7) 11.3 (–0.2 to 22.8), 0.054 10/33 (30.4) 17/35 (48.5) 18.1 (–5.0 to 41.3), 0.125

Annualised flare rate 
through week 52¶

0.67 0.51 0.75 (0.60 to 0.95), 0.017 0.77 0.54 0.70 (0.54 to 0.90), 0.005 0.49 0.55 1.12 (0.62 to 2.01), 0.705

FACIT- F response, week 
52**

97/366 (26.5) 124/360 (34.3) 7.8 (1.0 to 14.5), NA 78/302 (25.9) 102/298 (34.1) 8.2 (0.8 to 15.6), 0.030 19/64 (29.7) 22/62 (35.5) 5.8 (–10.7 to 22.3), 0.491

SF- 36 MCS response, 
week 52††

75/366 (20.3) 96/360 (26.5) 6.1 (−0.1 to 12.4), NA 57/302 (18.7) 81/298 (26.9) 8.2 (1.4 to 15.0), 0.018 18/64 (28.1) 15/62 (24.2) –3.9 (–19.7 to 11.8), 0.624

SF- 36 PCS response, 
week 52‡‡

95/366 (26.1) 118/360 (32.8) 6.7 (0.0 to 13.5), NA 77/302 (25.7) 98/298 (33.0) 7.3 (–0.1 to 14.6), 0.053 18/64 (28.1) 20/62 (32.3) 4.1 (–12.2 to 20.5), 0.620

*Percentages of responders, the differences between groups, 95% CIs and nominal p values were calculated using a stratified Cochran- Mantel- Haenszel method with stratification factors SLEDAI- 2K score at screening (<10 vs ≥10), GC dosage at week 0 (<10 mg/day vs ≥10 mg/day of 
prednisone or equivalent) and study. In the overall analysis, IFNGS status at screening (high vs low) was also a stratification factor. Patients treated with restricted medication beyond protocol- allowed thresholds and those who discontinued investigational product were classified as 
non- responders; between- group differences were calculated in percentage points (the percentage in the anifrolumab group minus the percentage in the placebo group), except as indicated.
†Defined as an oral GC taper to ≤7.5 mg/day from week 40 to week 52 in patients receiving ≥10 mg/day of oral GCs at baseline (prednisone or equivalent).
‡Among patients with baseline CLASI- A score ≥10.
§Among patients with ≥6 swollen and ≥6 tender joints at baseline.
¶Values are annualised flare rates; difference is a rate ratio (with 95% CIs) rather than a percentage point difference. A flare is defined as either ≥1 new BILAG- 2004 A or ≥2 new BILAG- 2004 B items compared with the previous visit.
**FACIT- F response defined as a >3- point improvement from baseline to week 52.
††SF- 36 MCS response defined as a >4.6- point improvement from baseline to week 52.
‡‡SF- 36 PCS response defined as a >3.4- point improvement from baseline to week 52.
BICLA, BILAG- based Combined Lupus Assessment; BILAG- 2004, British Isles Lupus Assessment Group 2004; C, complement; CI, confidence interval; CLASI- A, Cutaneous Lupus Erythematosus Disease Area and Severity Index- Activity; FACIT- F, Functional Assessment of Chronic Illness 
Therapy- Fatigue; GC, glucocorticoid; IFNGS, interferon gene signature; MCS, mental component summary; N, number of patients in group; n, number of responders; NA, not available; PCS, physical component summary; SF- 36, Short Form 36 Health Survey; SLE, systemic lupus 
erythematosus; SLEDAI- 2K, SLE Disease Activity Index 2000; SRI(4), SLE Responder Index of ≥4.
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placebo, although this improvement did not reach nominal 
significance. Differences in C3, C4 and anti- dsDNA antibody 
levels with anifrolumab in IFNGS- low patients tended to be 
more variable than the differences observed in IFNGS- high 
patients.

The proportion of patients who experienced ≥1 AE was 
similar in the anifrolumab group for IFNGS- high (88.3%) 
and IFNGS- low patients (88.7%), and was slightly higher in 
IFNGS- high patients (81.7%) vs IFNGS- low patients (76.6%) 
in the placebo group (figure 2). SAEs were less frequent in 
the anifrolumab group than the placebo group in IFNGS- high 
patients (11.4% vs 17.6%) and occurred in a similar proportion 
of the anifrolumab and placebo groups in IFNGS- low patients 
(9.7% and 10.9%) (figure 3). In IFNGS- high patients, non- 
opportunistic serious infections occurred in a lower proportion 

of patients receiving anifrolumab (4.4%) than placebo (6.7%); 
corresponding numbers for IFNGS- low patients were 4.8% 
and 3.1% (online supplemental table S8). The incidence of 
herpes zoster was greater in the anifrolumab group than in the 
placebo group for both IFNGS- high patients (6.4% vs 1.3%) and 
IFNGS- low patients (6.5% vs 1.6%) (online supplemental table 
S8).

Anifrolumab efficacy and safety in subgroups defined by age, 
sex and BMI
A greater proportion of patients aged both ≥18–<65 years 
and ≥65 years achieved a BICLA response when treated with 
anifrolumab versus placebo; however, the number of patients 
in the ≥65 years subgroup was small (3% of the overall study 

Figure 2 Adjusted difference in cumulative percentages of patients with ≥1 AE during treatment with anifrolumab 300 mg versus placebo by 
subgroup in pooled TULIP- 1 and TULIP- 2 data. aSerological markers refer to anti- dsDNA antibodies (positive or negative), C3 (low or normal) and 
C4 (low or normal). Percentages indicate cumulative proportions that were adjusted using the Cochran- Mantel- Haenszel approach. Anti- dsDNA, 
antidouble- stranded DNA; AE, adverse event; BMI, body mass index; C, complement; CI, confidence interval; GC, oral glucocorticoid; IFNGS, interferon 
gene signature; n, number of responders; N, number of patients in group; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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population). The treatment difference in BICLA response with 
anifrolumab versus placebo was positive across sexes but was 
greater in female patients than in male patients (17.7% vs 5.0%); 
however, the number of male patients was small (7% of the 
overall study population). The treatment difference for BICLA 
responses in patients with BMI ≤28 kg/m2 and >28 kg/m2 was 
similar (17.6% and 15.2%, respectively) (figure 1).

The proportions of patients achieving sustained oral gluco-
corticoid tapers were greater in patients receiving anifrolumab 
compared with placebo across subgroups of age, sex and BMI, 
although only reaching nominal significance in the subgroups 
including the largest numbers of patients (patients aged ≥18–
<65 years, female patients and patients with BMI ≤28 kg/m2) 
(figure 5).

The flare rate through week 52 was lower with anifrolumab 
than with placebo across age, sex and BMI subgroups (all 
nominal p<0.05 apart from in male patients where the sample 

size was small), with the exception that flare rates for patients 
with BMI >28 kg/m2 were similar between these groups (RR 
0.95 (95% CI 0.67 to 1.34); nominal p=0.771) (figure 6). The 
annualised flare rate was <1 in all BMI treatment subgroups.

The safety profile of anifrolumab, including the number of 
patients developing ≥1 AE or ≥1 SAE, was similar to that of 
the total population in sex and BMI subgroups (figures 2 and 3; 
online supplemental tables S9 and S10).

Anifrolumab efficacy and safety in race and regional 
subgroups
The proportions of patients with BICLA response were numer-
ically greater with anifrolumab than with placebo in across 
racial and regional subgroups (figure 1); the greatest treatment 
difference for anifrolumab versus placebo was seen in patients 
of Asian ancestry (treatment difference: 29.2% (95% CI 7.8 

Figure 3 Adjusted difference in cumulative percentages of patients with ≥1 SAE during treatment with anifrolumab 300 mg versus placebo by 
subgroup in pooled TULIP- 1 and TULIP- 2 data. aSerological markers refer to anti- dsDNA antibodies (positive or negative), C3 (low or normal) and C4 
(low or normal). Percentages indicate cumulative proportions that were adjusted using the Cochran- Mantel- Haenszel approach. Anti- dsDNA, anti- 
double- stranded DNA; BMI, body mass index; C, complement; CI, confidence interval; GC, oral glucocorticoid; IFNGS, interferon gene signature; n, 
number of responders; N, number of patients in group; SAE, serious adverse event; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 
2000.
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to 50.5); nominal p=0.007). The proportions of patients with 
sustained oral glucocorticoid tapers were also numerically 
greater with anifrolumab than with placebo across all racial and 
regional subgroups, although some of the sample sizes were 
small, as this end point was evaluated only for patients who were 
receiving ≥10 mg/day oral glucocorticoids at baseline (figure 5). 
The flare rate through week 52 was lower with anifrolumab than 
with placebo for most race and regional subgroups (figure 6).

The safety profile of anifrolumab, and number of patients 
developing ≥1 AE or ≥1 SAE, was similar to that of the total 
population across race and regional subgroups (figures 2 and 3; 
online supplemental tables S11 and S12).

Anifrolumab efficacy and safety in subgroups defined by 
baseline SLE disease characteristics
The following baseline SLE- related disease character-
istics subgroups were analysed: timing of disease onset 
(paediatric/adult), baseline daily oral glucocorticoid dose  
(<10/≥10 mg/day) and SLEDAI- 2K score at screening 
(<10/≥10). There were positive treatment differences in BICLA 
response for anifrolumab versus placebo across all these disease 
characteristic subgroups, although the paediatric- onset subgroup 
was small (7% of the overall study population) (figure 1). 

There were also positive treatment differences for anifrolumab 
versus placebo for sustained oral glucocorticoid taper, which 
were nominally significant in all subgroups apart from patients 
with paediatric- onset SLE and patients with SLEDAI- 2K <10 
(figure 5). Flare rates were lower with anifrolumab than with 
placebo and were generally comparable to the total population in 
subgroups defined by SLE onset and oral glucocorticoid dosage 
(figure 6). Anifrolumab was also associated with lower flare rates 
than placebo in patients with SLEDAI- 2K ≥10 at screening but 
did not differ from placebo for patients with SLEDAI- 2K <10.

The number of patients with ≥1 AE or ≥1 SAE was similar 
regardless of baseline daily oral glucocorticoid dose or 
SLEDAI- 2K score and was similar to the total population 
(figures 2 and 3; online supplemental tables S13). Patients with 
adult- onset SLE had similar incidences of AEs, SAEs and AESIs 
as the total population; however, incidences were higher in 
patients with paediatric- onset SLE (table 1; online supplemental 
table S14).

Anifrolumab efficacy and safety in patients with or without 
abnormal serology
BICLA response treatment differences between anifrolumab 
and placebo were greater in patients who had ≥1 abnormal 

Figure 4 BICLA response estimates and SEs from weeks 4–52 in (A) type I IFNGS- high and (B) IFNGS- low patients in pooled TULIP data. The 
percentage of responders was calculated using a stratified Cochran- Mantel- Haenszel approach, with stratification factors SLEDAI- 2K score at 
screening, baseline GC dosage and study. Points represent response estimates plotted with SE. *Nominal p<0.05; **nominal p<0.01; ***nominal 
p<0.001. BICLA, British Isles Lupus Assessment Group- based Composite Lupus Assessment; GC, oral glucocorticoid; IFNGS, interferon gene signature; 
SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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serological marker at baseline (anti- dsDNA positive/low levels of 
C3 or C4) (treatment difference: 23.1% (95% CI 14.1 to 32.1); 
nominal p<0.001) than those with normal serology (treatment 
difference: 8.5% (95% CI −2.7 to 19.7); nominal p=0.137) 
(figure 1). A positive treatment difference favouring anifrolumab 
versus placebo was observed for sustained oral glucocorticoid 
taper in both patients with ≥1 abnormal serological marker 
(16.6% (95% CI 4.5 to 28.7); nominal p=0.007) and those 
with normal serology (23.2% (95% CI 5.9 to 40.5); nominal 
p=0.008) (figure 5). Annualised flare rate was lower with 
anifrolumab than with placebo in patients with ≥1 abnormal 
serological marker (RR: 0.61 (95% CI 0.48 to 0.77); nominal 
p<0.001) but not those with normal serology (RR: 1.09 (95% 
CI 0.80 to 1.49); nominal p=0.573) (figure 6).

The number of patients with ≥1 AE was similar in patients 
with ≥1 abnormal serological marker at baseline, patients with 
normal serology and the total patient population. In patients 
with ≥1 abnormal serological marker at baseline, the inci-
dence of ≥1 SAE was lower with anifrolumab than with placebo 
(11.1% vs 21.9%), whereas in patients with normal serology at 
baseline, the incidence of ≥1 SAE was 11.6% with anifrolumab 
and 9.3% with placebo (figures 2 and 3; online supplemental 
table S15).

DISCUSSION
In these analyses using pooled TULIP data, we reported effi-
cacy and safety of anifrolumab in key predefined subgroups of 
patients with SLE categorised by IFNGS, demographic and clin-
ical features. The TULIP- 1 and TULIP- 2 trials were not designed 
or powered to evaluate the benefits and risks of anifrolumab in 
each predefined subgroup, apart from the IFNGS- high subgroup. 
Rather, the studies were designed to demonstrate treatment benefit 
in the overall population of patients with moderate- to- severe SLE 
despite receiving standard therapy, in whom anifrolumab was effi-
cacious across multiple end points. In order to test whether the 
overall treatment benefit was generally uniform, we conducted 
these analyses across the predefined subgroups. These analyses 
showed that the treatment benefit with anifrolumab across most 
demographic and clinical subgroups was consistent with that 
observed in the overall population; however, the small sample 
sizes in a few subgroups limited the conclusions that could be 
drawn. The greatest discrimination from placebo was observed 
in IFNGS- high patients and those with abnormal serological 
markers. Anifrolumab safety was similar across most subgroups. 
As previously reported, herpes zoster incidence, an AESI in the 
TULIP trials, was similar in patients with and without an elevated 
IFNGS and across most other subgroups analysed.19 20 31

Figure 5 Sustained oral GC taper by subgroup for patients with SLE in pooled data from the TULIP- 1 and TULIP- 2 trials. A sustained oral GC taper 
was defined as a dosage reduction to ≤7.5 mg/day from week 40 to week 52 in patients receiving ≥10 mg/day at baseline (prednisone or equivalent). 
The percentage of responders, the difference in estimates, associated 95% CIs and nominal p values were calculated using a stratified Cochran- 
Mantel- Haenszel approach, with stratification factors of SLEDAI- 2K score at screening, type I IFNGS test result at screening and study. Anti- dsDNA, 
antidouble- stranded DNA; BMI, body mass index; C, complement; CI, confidence interval; GC, glucocorticoid; IFNGS, interferon gene signature; SLE, 
systemic lupus erythematosus; SLEDAI- 2K, SLE Disease Activity Index 2000.
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The treatment differences between anifrolumab and placebo 
were greater in IFNGS- high patients than in IFNGS- low patients 
across most clinical end points, including BICLA response, 
oral glucocorticoid tapers, annualised flare rate and CLASI- A 
response. This could have partly been driven by the difference 
between subgroups in the response rates in the placebo group 
(who just received standard therapy). Overall, the response rates 
in the placebo group were lower in the IFNGS- high subgroup 
than in the IFNGS- low subgroup, perhaps owing to the docu-
mented association between elevated IFNGS and greater disease 
activity.16 32 33 Therefore, IFNGS may distinguish patients with 
SLE with similar clinical phenotypes but who have different 
immunopathogenesis appropriate for different treatments.

Most subgroups showed a treatment benefit with anifrolumab 
for one or more of the efficacy end points analysed. Although 

a numerical benefit was observed for some subgroups (eg, 
IFNGS- low patients, males, patients aged ≥65 years, the ‘rest 
of world’ region and patients with paediatric- onset SLE), small 
sample sizes prevented conclusions from being drawn regarding 
the benefit of anifrolumab; further investigation with larger 
numbers of patients would be required to do so.

As previously reported, the IFNGS- high population was less likely 
to have severe musculoskeletal disease activity than IFNGS- low 
patients, with fewer active, swollen and/or tender joints at base-
line.34 35 Here, the proportion of patients with ≥6 swollen and ≥6 
tender joints at baseline who had a ≥50% reduction in active joint 
count at week 52 was similar for IFNGS- high and IFNGS- low 
patients treated with anifrolumab; however, placebo joint count 
responses were lower in IFNGS- low patients than in IFNGS- high 
patients. This difference in placebo response might be caused 

Rate ratio
(95% CI)Population

Overall
Age
≥18–<65 years
≥65 years

Sex
Female
Male

BMI
≤28 kg/m2

>28 kg/m2

Race
White
Black/African American
Asian
Other

Region
Asia Pacific
Europe
Latin America
USA/Canada
Rest of world

Onset of disease
Pediatric
Adult

GC dosage at baseline
<10 mg/day
≥10 mg/day

SLEDAI-2K score at screening
<10 points
≥10 points

Serological markers at baseline
All normal
≥1 abnormal

IFNGS at screening
High
Low

Anifrolumab 300 mg
annualized flare rate (n)

0.51 (360)

0.51 (344)
0.25 (16)

0.51 (333)
0.27 (27)

0.42 (205)
0.60 (155)

0.51 (235)
0.79 (46)
0.32 (41)
0.16 (30)

0.23 (38)
0.35 (115)
0.17 (59)
0.75 (139)

0.57 (9)

0.86 (26)
0.49 (334)

0.47 (170)
0.55 (190)

0.51 (109)
0.54 (251)

0.61 (138)
0.42 (222)

0.54 (298)
0.55 (62)

Placebo annualized
flare rate (n)

0.67 (366)

0.65 (359)
1.10 (7)

0.67 (341)
0.45 (25)

0.68 (223)
0.63 (143)

0.67 (244)
0.87 (48)
0.37 (35)
0.31 (31)

0.35 (32)
0.49 (122)
0.35 (57)

0.82 (140)
0.50 (15)

1.12 (24)
0.65 (342)

0.53 (181)
0.85 (185)

0.51 (106)
0.80 (260)

0.55 (157)
0.69 (209)

0.77 (302)
0.49 (64)

Rate ratio
(95% CI)

0.75 (0.60, 0.95)

0.78 (0.61, 0.99)
0.23 (0.06, 0.90)

0.77 (0.60, 0.98)
0.59 (0.29, 1.21)

0.62 (0.45, 0.85)
0.95 (0.67, 1.34)

0.77 (0.58, 1.02)
0.91 (0.49, 1.67)
0.87 (0.33, 2.31)
0.52 (0.20, 1.34)

0.64 (0.28, 1.49)
0.72 (0.45, 1.16)
0.49 (0.23, 1.06)
0.91 (0.66, 1.25)
1.15 (0.37, 3.57)

0.77 (0.37, 1.62)
0.75 (0.59, 0.95)

0.90 (0.62, 1.29)
0.65 (0.48, 0.88)

1.00 (0.64, 1.54)
0.67 (0.51, 0.88)

1.09 (0.80, 1.49)
0.61 (0.48, 0.77)

0.70 (0.54, 0.90)
1.12 (0.62, 2.01)

Nominal P
0.017

0.037
0.035

0.037
0.151

0.003
0.771

0.064
0.755
0.784
0.173

0.303
0.173
0.069
0.568
0.814

0.495
0.020

0.556
0.005

0.984
0.004

0.573
<0.001

0.005
0.705

−1 1 2 30 4
Favors anifrolumab Favors placebo

Rate Ratio

Figure 6 Annualised flare rate through week 52 by subgroup for patients with SLE in pooled data from the TULIP- 1 and TULIP- 2 trials. A flare is 
defined as either ≥1 new BILAG- 2004 A or ≥2 new BILAG- 2004 B items compared with the previous visit. The annualised flare rate was calculated 
using a negative binomial regression model, which included covariates of treatment group, stratification factors and study, and was adjusted for 
variations in exposure time. Anti- dsDNA, antidouble- stranded DNA; BILAG- 2004, British Isles Lupus Assessment Group- 2004; BMI, body mass index; C, 
complement; CI, confidence interval; GC, glucocorticoid; IFNGS, interferon gene signature; SLE, systemic lupus erythematosus; SLEDAI- 2K, SLE Disease 
Activity Index 2000.
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by differences in immunopathology between IFNGS- high and 
IFNGS- low patients; however, immunopathogenesis of lupus joint 
manifestations is complex. Local production of different IFN- I 
subtypes in target organs may have potentially complex local effects 
on tissue inflammation, which may not be captured by measurement 
of IFNGS in the circulation.11 36–38 In addition, accurate clinical 
assessment of musculoskeletal inflammation and response in SLE is 
challenging; musculoskeletal imaging may be required to elucidate 
this further.39–41

Associations between ancestry, treatment response and long- term 
disease burden have been observed in patients with SLE receiving 
standard therapies, with greater oral glucocorticoid use and organ 
damage in African or Asian ancestry compared with European 
ancestry patients.5 42 Ancestry has also been associated with response 
to immunosuppressive and biological therapies.7 43 44 However, 
in our analysis, anifrolumab demonstrated treatment benefits in 
patients of different ancestries and from different regions, with 
higher BICLA response rates seen in Asian ancestry patients. Both 
African and Asian ancestry patients (predominantly from East Asia) 
were also more likely to be IFNGS- high than European ancestry 
patients, consistent with previous findings.45–47

The main limitation of this post hoc analysis was the relatively small 
number of patients in some subgroups, including the IFNGS- low, 
male, age ≥65 years and paediatric- onset SLE subgroups, although 
this distribution of patients reflects the natural distribution among 
patients with moderate- to- severe SLE.15 16 26 Our results were 
assessed in a clinical trial patient population with specific eligibility 
criteria that was broadly representative of patients with moderate- to- 
severe SLE in the real- world population; however, the results might 
not apply to all patients with SLE. The four genes measured to clas-
sify IFNGS status were selected a priori and do not represent an unbi-
ased, genome- wide screen of all IFN- I- related genes. We also cannot 
discount the possibility that the binary IFNGS test may not detect 
low grade or less common types of IFN dysregulation. However, 
the 4- gene IFNGS is a validated and well- characterised measure of 
IFN- I activity that associated strongly with IFN-α protein expression 
and the continuous 21- gene IFNGS in the phase IIb MUSE trial.48 
In this analysis, IFNGS expression at screening was accounted for in 
the stratified Cochran- Mantel- Haenszel approach used to calculate 
response rates and to compare responses between treatment groups. 
Therefore, a confounding effect of IFNGS expression on the inter-
pretation of results across other clinical subgroups would be unlikely.

In conclusion, treatment with anifrolumab was associated 
with beneficial responses across efficacy end points and was well 
tolerated in patients with moderate- to- severe SLE who were 
receiving standard therapy. These findings were generally consis-
tent across a range of demographic and clinical subgroups; in 
a few subgroups, we could not draw conclusions regarding the 
treatment benefit with anifrolumab because of small sample sizes. 
Subgroups with increased baseline serological markers and/or an 
elevated IFNGS derived greater benefit from anifrolumab treat-
ment, in line with the targeted mechanism of action. Overall, the 
findings of this study merit further exploration, and suggest that 
anifrolumab has a consistent efficacy and safety profile across a 
range of patients with moderate- to- severe SLE.
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ABSTRACT
Objectives In the anifrolumab systemic lupus 
erythematosus (SLE) trial programme, there was one 
trial (TULIP- 1) in which BILAG- based Composite Lupus 
Assessment (BICLA) responses favoured anifrolumab 
over placebo, but the SLE Responder Index (SRI(4)) 
treatment difference was not significant. We investigated 
the degree of concordance between BICLA and SRI(4) 
across anifrolumab trials in order to better understand 
drivers of discrepant SLE trial results.
Methods TULIP- 1, TULIP- 2 (both phase 3) and 
MUSE (phase 2b) were randomised, 52- week trials 
of intravenous anifrolumab (300 mg every 4 weeks, 
48 weeks; TULIP- 1/TULIP- 2: n=180; MUSE: n=99) or 
placebo (TULIP- 1: n=184, TULIP- 2: n=182; MUSE: 
n=102). Week 52 BICLA and SRI(4) outcomes were 
assessed for each patient.
Results Most patients (78%–85%) had concordant 
BICLA and SRI(4) outcomes (Cohen’s Kappa 0.6–0.7, 
nominal p<0.001). Dual BICLA/SRI(4) response rates 
favoured anifrolumab over placebo in TULIP- 1, TULIP- 2 
and MUSE (all nominal p≤0.004). A discordant TULIP- 1 
BICLA non- responder/SRI(4) responder subgroup 
was identified (40/364, 11% of TULIP- 1 population), 
comprising more patients receiving placebo (n=28) than 
anifrolumab (n=12). In this subgroup, placebo- treated 
patients had lower baseline disease activity, joint counts 
and glucocorticoid tapering rates, and more placebo- 
treated patients had arthritis response than anifrolumab- 
treated patients.
Conclusions Across trials, most patients had 
concordant BICLA/SRI(4) outcomes and dual BICLA/
SRI(4) responses favoured anifrolumab. A BICLA non- 
responder/SRI(4) responder subgroup was identified 
where imbalances of key factors driving the BICLA/
SRI(4) discordance (disease activity, glucocorticoid 
taper) disproportionately favoured the TULIP- 1 placebo 
group. Careful attention to baseline disease activity and 
monitoring glucocorticoid taper variation will be essential 
in future SLE trials.
Trial registration numbers NCT02446912 and 
NCT02446899.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a hetero-
geneous autoimmune disease that can affect 
multiple organ systems and causes substantial 

disease burden.1–4 As standard therapies do not 
always adequately control disease activity, addi-
tional effective SLE- targeted therapies are needed, 
which has led to unprecedented SLE clinical 
trial activity over the last two decades. Efficacy 
assessments in these trials often use composite 
indices of global lupus disease activity, such as 
the BILAG- based Composite Lupus Assessment 
(BICLA) and the SLE Responder Index (SRI).5–7

Anifrolumab is a human monoclonal antibody 
to the type I interferon receptor that is approved 
in the United States, Japan and Canada for 
the treatment of adult patients with moderate 
to severe SLE receiving standard therapy.8–10 
Anifrolumab was investigated in patients with 
SLE in the phase 2b MUSE trial and in the phase 
3 TULIP- 1 and TULIP- 2 trials.11–13 Clinical 
responses were assessed using both the BICLA 
and SRI(4) composite indices.11–13 MUSE had an 
SRI(4)- based primary endpoint and, given the 
robust outcomes, SRI(4) was originally selected as 
the primary endpoint for TULIP- 1 and TULIP- 2. 
BICLA, a secondary endpoint that also yielded 
robust outcomes in MUSE and TULIP- 1, was 
subsequently designated the primary endpoint 
in TULIP- 2 prior to unblinding of the TULIP- 2 
dataset.14 In TULIP- 2, anifrolumab demonstrated 
a statistically significant benefit compared with 
placebo measured by both BICLA and SRI(4) 
responses at week 52; similar results were also 
observed in MUSE.11–14 In TULIP- 1, the effect 
of anifrolumab 300 mg on BICLA response was 
of similar magnitude to that seen in TULIP- 2 
and MUSE; however, the treatment difference 

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ In the anifrolumab clinical development

programme for patients with systemic lupus
erythematosus (SLE), clinical efficacy outcomes
in favour of anifrolumab were consistently
observed across the composite endpoints
BILAG- based Composite Lupus Assessment
(BICLA) and SLE Responder Index (SRI(4)) in
the phase 3 TULIP- 2 trial and the phase 2b
MUSE trial, but not in the phase 3 TULIP- 1 trial, 
for which SRI(4) treatment differences did not
reach statistical significance.
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between anifrolumab and placebo with SRI(4) did not achieve 
statistical significance.

While BICLA and SRI(4) both evaluate clinically meaningful 
elements of global SLE disease activity,15 differences in their 
metric properties may give rise to inconsistent classification of a 
patient’s response between these measures.16 The BILAG- 2004 
index, on which the BICLA is anchored, grades each manifesta-
tion according to severity and the physician’s intention to treat; 
it also captures incremental, clinically meaningful improvement 
or worsening.7 17 18 By contrast, the Systemic Lupus Erythema-
tosus Disease Activity Index 2000 (SLEDAI- 2K), on which the 
SRI(4) is anchored, consists of dichotomous scoring (present/
absent) of each manifestation independent of severity and assigns 
differential weights to the SLEDAI- 2K elements.5 19 20 To be a 
BICLA responder, a patient must have at least partial improve-
ment in all severe (BILAG- 2004 A) or moderate (BILAG- 2004 B)  
clinical manifestations affected at baseline, whereas to be an 
SRI(4) responder, a patient needs to have complete resolution 
of enough manifestations affected at baseline to reduce the 
total SLEDAI- 2K score by ≥4 points.17

In this analysis, we investigated the degree of concordance 
between BICLA and SRI(4) across anifrolumab trials to better 
understand drivers of discrepant SLE trial results. In partic-
ular, we aimed to determine whether a subgroup of patients 
with discordant BICLA and SRI(4) outcomes could be identi-
fied that may explain the lack of significant SRI(4) treatment 
difference in TULIP- 1 and, more generally, whether we could 
draw lessons to inform future SLE trial design/execution.

PATIENTS AND METHODS
Patients and Study Design
Detailed methods for TULIP- 1, TULIP- 2 and MUSE have 
been reported.11–13 TULIP- 1, TULIP- 2 and MUSE were 

randomised, double- blind, 52- week trials of adult patients 
with autoantibody positive moderate to severe SLE receiving 
standard therapy. Here we analysed data from patients 
who received the target dose of anifrolumab 300 mg for  
48 weeks) or placebo.

In TULIP- 1 and TULIP- 2, attempts to taper oral gluco-
corticoids to ≤7.5 mg/day (prednisone or equivalent) were 
mandatory between weeks 8 and 40 for patients receiving  
≥10 mg/day at baseline, and taper was considered sustained if 
maintained from weeks 40 to 52. In MUSE, oral glucocorticoid 
tapering was encouraged for all patients but was at the discretion 
of investigators.

BICLA and SRI(4) Endpoints
The TULIP- 1, TULIP- 2 and MUSE trials included analyses of 
BICLA and SRI(4) responses at week 52. A BICLA response 
was defined as all of the following: reduction of all baseline  
BILAG- 2004 A domain scores to B/C/D, and all B domain scores 
to C/D, and no worsening in other BILAG- 2004 organ systems 
as defined by ≥1 new BILAG- 2004 A or ≥2 new BILAG- 2004 B  
domain scores; no increase in SLEDAI- 2K score (from base-
line); no increase in Physician’s Global Assessment (PGA) score 
(≥0.3 points from baseline); no use of restricted medications 
beyond protocol- allowed thresholds; and no discontinuation 
of investigational product. An SRI(4) response was defined 
as all of the following:≥4- point reduction in SLEDAI- 2K;  
<1 new BILAG- 2004 A or <2 new BILAG- 2004 B organ domain 
scores; no increase in PGA (≥0.3 points from baseline); no use 
of restricted medications beyond protocol- allowed thresholds; 
and no discontinuation of investigational product.

Assessment of Concordance on BICLA and SRI(4) Outcomes
In TULIP- 1, TULIP- 2 and MUSE, assessments of BICLA and 
SRI(4) responses at week 52 were performed for all patients 
who received anifrolumab 300 mg or placebo. Patients were 
grouped by concordance on BICLA and SRI(4) outcomes. 
Concordant subgroups included patients who were both BICLA 
and SRI(4) responders (‘dual’ responders), or patients who were 
both BICLA and SRI(4) non- responders. Discordant subgroups 
included patients who were BICLA non- responders and SRI(4) 
responders, or BICLA responders and SRI(4) non- responders.

Concordant and discordant subgroups were evaluated for 
baseline demographics and clinical characteristics, glucocor-
ticoid taper, responses from baseline to week 52 across the 
BILAG- 2004 and SLEDAI- 2K organ domains, and joint count 
changes from baseline to week 52.

Statistical Analyses
The proportion (and corresponding treatment differences, 95% 
CIs, and nominal p values) of patients achieving a dual BICLA and 
SRI(4) response was compared in the anifrolumab vs placebo groups 
using a Cochran- Mantel- Haenszel approach controlling for stratifi-
cation factors (SLEDAI- 2K score at screening (<10/≥10), glucocor-
ticoid daily dose on day 1 (<10/≥10 mg/day) and type I interferon 
gene signature at screening (high/low)).21 Percentage agreement and 
Cohen’s kappa were used as measures of agreement between BICLA 
and SRI(4) responses in each study. The percentage agreement was 
calculated as the number of agreement scores divided by the total 
number of scores (percentage agreement in MUSE was based on 
all patients with ≥1 BILAG- 2004 A or B score at baseline). The 
Cohen’s kappa coefficient (ĸ, defined as the amount by which the 
observed agreement exceeds that expected by chance alone, divided 
by the theoretical maximum22) was used to evaluate the degree 

WHAT THIS STUDY ADDS
⇒ Assessment of BICLA and SRI(4) outcomes at an individual

patient level across TULIP- 1, TULIP- 2 and MUSE identified
a high level of concordance between both composite
endpoints, and higher proportions of patients met both BICLA
and SRI(4) response definitions (‘dual responders’) with
anifrolumab than placebo.

⇒ A discordant BICLA non- responder/SRI(4) responder subgroup
was identified in all three trials, but this subgroup was over- 
represented in the placebo group of TULIP- 1, which resulted
in a reduction in the magnitude of the overall TULIP- 1 SRI(4)
treatment effect.

⇒ In this discordant TULIP- 1 subgroup, placebo- treated
patients had lower baseline disease activity, joint counts
and glucocorticoid tapering rates than anifrolumab- treated
patients, which may have contributed to more placebo- 
treated patients with SLE Disease Activity Index 2000
(SLEDAI- 2K) arthritis responses.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE 
AND/OR POLICY
⇒ Given the array of challenges posed by SLE clinical trials, 

investigators and regulators need to understand why
endpoints are not attained or are discordant; our analysis has
lessons for all investigators involved in SLE clinical trials, and
we recommend careful attention to baseline disease activity
and minimising glucocorticoid taper variation in future SLE
trials.

http://ard.bmj.com/
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of concordance/reliability between the two endpoints; ĸ<0 is ‘no 
agreement,’ ĸ=0–0.20 is ‘slight agreement,’ ĸ=0.21–0.40 is ‘fair 
agreement,’ ĸ=0.41–0.60 is ‘moderate agreement,’ ĸ=0.61–0.80 
is ‘substantial agreement’ and ĸ=0.81–1.0 is ‘perfect agreement’.23

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

RESULTS
Patients
The anifrolumab 300 mg and placebo groups in TULIP- 1 
(anifrolumab, n=180; placebo, n=184), TULIP- 2 (anifrolumab, 
n=180; placebo, n=182) and MUSE (anifrolumab, n=99; 
placebo, n=102) were assessed. Patient demographics and clin-
ical characteristics were generally balanced across treatment 
groups, both within the individual trials, and across TULIP- 1, 
TULIP- 2 and MUSE (online supplemental table S1). Most 
patients (>91% in all groups) were female. At baseline, the 
mean SLEDAI- 2K scores ranged from 10.7 to 11.5, and approx-
imately half of all treatment groups had ≥1 BILAG- 2004 A 
score (45.0%–52.5%). Across treatment groups, 78.3%–86.3% 
of patients were receiving oral glucocorticoids at any dose, and 
45.6%–62.7% were receiving glucocorticoids ≥10 mg/day.

BICLA and SRI(4) Concordance
The concordance between BICLA and SRI(4) responder status 
at week 52 for patients in TULIP- 1, TULIP- 2 and MUSE is 
summarised in figure 1. Across the three trials, 85.4% (TULIP- 
1), 83.7% (TULIP- 2) and 78.0% (MUSE) of patients had concor-
dant BICLA and SRI(4) outcomes. The Cohen’s kappa analysis 
showed substantial agreement between the outcomes (TULIP- 1 
and TULIP- 2: ĸ=0.7, nominal p<0.001; MUSE: ĸ=0.6, nominal 
p<0.001).

In TULIP- 1, the proportions of patients who were both 
BICLA and SRI(4) responders (‘dual’ responders) were 42.2% 
for the anifrolumab group and 27.7% for the placebo group 
(figure 1). This treatment difference was statistically signifi-
cant (14.3%; 95% CI 4.6% to 24.0%; nominal p=0.004), and 
was consistent with differences observed in TULIP- 2 (16.9%; 

95% CI 7.2% to 26.7%; nominal p<0.001) and in MUSE 
(27.7%: 95% CI 15.7% to 41.5%; nominal p<0.001).

BICLA and SRI(4) Discordance
Smaller proportions of patients in each study had discor-
dant BICLA and SRI(4) outcomes (figure 1). In TULIP- 2 and 
MUSE, the patterns of discordance were generally similar across 
the treatment groups. In TULIP- 1, however, more patients 
in the placebo group (n=28, 15.2%) than the anifrolumab 
300 mg group (n=12, 6.7%) were BICLA non- responders/
SRI(4) responders; thus, the placebo group reduced the overall 
TULIP- 1 SRI(4) treatment effect by −8.5 percentage points. This 
subgroup constituted 11.0% (n=40) of the TULIP- 1 population.

Demographics, Clinical Characteristics and Glucocorticoid 
Use in the TULIP-1 BICLA Non-responder/SRI(4) Responder 
Subgroup
Patient demographics were similar across the BICLA non- responder/
SRI(4) responder subgroup, concordant subgroups and the overall 
TULIP- 1 population (online supplemental table S2). In TULIP- 1, 
a greater proportion of patients receiving placebo compared with 
anifrolumab were from Eastern Europe (38.0% vs 28.9%), and 
this difference was most conspicuous in the BICLA non- responder/
SRI(4) responder subgroup (15/28 (53.6%) vs 3/12 (25.0%)).

Among patients in the TULIP- 1 BICLA non- responder/SRI(4) 
responder subgroup, those who received placebo had lower base-
line SLEDAI- 2K scores and joint counts than those who received 
anifrolumab (table 1). The placebo group also had a smaller 
proportion of patients with no A and ≥2 BILAG- 2004 B scores. 
These treatment group imbalances in baseline disease activity 
were not observed in any of the other subgroups of TULIP- 1 or 
TULIP- 2 (table 1, online supplemental table S3). Organ involve-
ment at baseline is presented in online supplemental table S4.

In the TULIP- 1 BICLA non- responder/SRI(4) responder 
subgroup, placebo and anifrolumab groups did not differ in the 
proportions of patients receiving oral glucocorticoids. However, 
mean daily glucocorticoid dose at baseline in the placebo group 
was lower than in the anifrolumab group, although SD were 
large (mean (SD), 9.5 (5.8) mg/day vs 11.6 (5.8) mg/day) (online 
supplemental table S5). The proportion of patients receiving 
glucocorticoids ≥10 mg/day who achieved taper to ≤7.5 mg/day  

Anifrolumab 300 mg (n=180)

Placebo (n=182)

Anifrolumab 300 mg (n=180)

Placebo (n=184)

Anifrolumab 300 mg (n=99)

Placebo (n=102)

46.1 42.2 6.7 5.0

54.9 27.7 15.2 2.2

40.0 43.3 12.2 4.4

57.7 26.4 11.0 4.9
TULIP-2

Concordance
−/− +/+ +/− −/+

Discordance

32.3 48.5 14.1 5.1

54.5 20.8 19.8 5.0

TULIP-1

MUSE

BICLA & SRI(4) nonresponders −/−
BICLA & SRI(4) responders +/+

BICLA nonresponders & SRI(4) responders −/+
BICLA responders & SRI(4) nonresponders +/−

Figure 1 Concordance between patient responder status for BICLA and SRI(4) outcomes at week 52 in TULIP- 1, TULIP- 2 and MUSE (%). BICLA, 
British Isles Lupus Assessment Group- based Composite Lupus Assessment; SRI(4), Systemic Lupus Erythematosus Responder Index of ≥4.

https://dx.doi.org/10.1136/annrheumdis-2021-221847
https://dx.doi.org/10.1136/annrheumdis-2021-221847
https://dx.doi.org/10.1136/annrheumdis-2021-221847
https://dx.doi.org/10.1136/annrheumdis-2021-221847
https://dx.doi.org/10.1136/annrheumdis-2021-221847
https://dx.doi.org/10.1136/annrheumdis-2021-221847
http://ard.bmj.com/
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was also lower in the placebo group than in the anifrolumab 300 
mg group (8/15 (53.3%) vs 5/7 (71.4%)), although results should 
be interpreted with caution given the small group sizes (figure 2). 
These treatment group imbalances in glucocorticoid use were not 
observed in the concordant TULIP- 1 subgroups.

SRI(4) Response Characteristics in the TULIP-1 BICLA Non-
responder/SRI(4) Responder Subgroup
Most placebo- treated patients in the TULIP- 1 BICLA non- 
responder/SRI(4) responder subgroup attained an SRI(4) response 
as a result of their arthritis response (22/28, 78.6%) (figure 3A, 
table 2); 25.0% (7/28) of patients in the placebo group attained 
resolution only in the arthritis domain, whereas none of the 12 
anifrolumab- treated patients had responses solely restricted to 
the arthritis domain (table 2). In the anifrolumab 300 mg group, 
domain improvements that led to SRI(4) responses showed 
more variation, with 6 (50%) patients attaining a SLEDAI- 2K 
arthritis response. The proportion of patients with musculo-
skeletal responses at week 52 is also presented for the BICLA 
responder/SRI(4) responder, BICLA responder/SRI(4) non- 
responder, and BICLA non- responder/SRI(4) non- responder 
subgroups in online supplemental table S6; the proportion of 
patients with arthritis response was similar between treatment 
groups in the concordant subgroups. Only in the discordant 
BICLA non- responder/SRI(4) responder subgroup was an imbal-
ance in arthritis responses seen, with more such patients in the 
placebo group.

In light of the above findings, we determined the baseline joint 
counts of the 22 BICLA non- responders/SRI(4) responders in 
the placebo group who had SLEDAI- 2K arthritis responses. Of 
these patients, 11 (50.0%) had <6 swollen and <6 tender joints 
at baseline, compared with 2/6 (33.3%) anifrolumab- treated 
patients in this subgroup (online supplemental figure S1). Base-
line joint counts in the BICLA non- responders/SRI(4) responders 
in both the anifrolumab 300 mg and placebo groups were more 
varied.

Additionally, 12/22 placebo patients were receiving ≥10 mg/
day glucocorticoid at baseline, 5 of whom (41.6%) were unable 
to taper glucocorticoids to ≤7.5 mg/day. In contrast, among 
the 6 anifrolumab- treated patients in this subgroup, 4 were 
receiving ≥10 mg/day glucocorticoid at baseline, all of whom 
were able to taper to ≤7.5 mg/day.

Reasons for BICLA Non-response in the TULIP-1 BICLA Non-
responder/SRI(4) Responder Subgroup
In the TULIP- 1 BICLA non- responder/SRI(4) responder 
subgroup, patients achieving a response on items resulting in 
a 4- point reduction in SLEDAI- 2K also improved in the same 
organ domains on BILAG- 2004. However, patients in this 
subgroup were BICLA non- responders because other moderate 
or severe organ involvement did not resolve. The most common 
reason for a BICLA non- response in this subgroup was a lack 
of improvement in BILAG- 2004 rash in both the anifrolumab 
(8/12, 66.7%) and placebo groups (24/28, 85.7%) (figure 3B, 
online supplemental table S7). Overall, the combination of 
BICLA non- response due to rash and SRI(4) response due to 
arthritis occurred in 20 (71.4%) placebo patients and 5 (41.7%) 
anifrolumab- treated patients (table 3).

DISCUSSION
Across the three trials in the anifrolumab clinical development 
programme for the treatment of patients with SLE, consis-
tent BICLA and SRI(4) outcomes favouring anifrolumab were Ta
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observed in TULIP- 2 and MUSE, but not in TULIP- 1.11–13 At an 
individual patient level, we identified a high level of concordance 
between the BICLA and SRI(4) composite endpoints across all 
trials. The proportion of patients in TULIP- 1 who met the strin-
gent ‘dual responder’ criteria was greater with anifrolumab than 
placebo and was similar to the effect size for ‘dual responders’ 
seen in TULIP- 2, supporting a beneficial effect of anifrolumab 
on disease activity in patients with SLE. To our knowledge, this 
is the first time a ‘dual responder’ group has been defined in a 
clinical trial setting.

Discordant outcomes were observed in small proportions 
of patients in all three trials. In contrast to the TULIP- 2 and 
MUSE trials, in which the proportions of discordant patients 
were similar in the anifrolumab and placebo treatment 
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Table 2 Reasons for SRI(4) response at week 52 in TULIP- 1 among 
BICLA non- responders/SRI(4) responders

SLEDAI- 2K domain, n (%)

BICLA non- responders/SRI(4) responder in 
TULIP- 1

Placebo
(n=28)

Anifrolumab 300 mg
(n=12)

Arthritis 22 (78.6) 6 (50.0)

 Arthritis only 7 (25.0) 0

 Arthritis+other items 15 (53.6) 6 (50.0)

Rash 1 (3.6) 2 (16.7)

 Rash+other items 1 (3.6) 2 (16.7)

Proteinuria 2 (7.1) 2 (16.7)

 Proteinuria only 1 (3.6) 0

 Proteinuria+other items 1 (3.6) 2 (16.7)

Mucosal ulcers+anti- dsDNA 0 1 (8.3)

Mucosal ulcers+low complement 1 (3.6) 0

Alopecia+low 
complement+leucopenia

0 1 (8.3)

Vasculitis+low complement 1 (3.6) 0

Anti- dsDNA antibodies+low 
complement

1 (3.6) 0

anti- dsDNA, anti- double- stranded DNA; BICLA, British Isles Lupus Assessment 
Group- based Composite Lupus Assessment; SLEDAI- 2K, Systemic Lupus 
Erythematosus Disease Activity Index 2000; SRI(4), Systemic Lupus Erythematosus 
Responder Index of ≥4.
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groups, BICLA non- responders/SRI(4) responders were more 
frequent in the TULIP- 1 placebo group. This patient subgroup 
likely contributed to the lack of a significant SRI(4) treatment 
difference in TULIP- 1.

In the TULIP- 1 BICLA non- responder/SRI(4) responder 
subgroup, the primary reason for SRI(4) response was 
SLEDAI- 2K resolution of arthritis (with a weight of 4 
points). Arthritis improvement is sufficient to achieve indi-
vidual SRI(4) responses, but alone is insufficient for a BICLA 
response unless all other baseline BILAG- 2004 A and B 
organ activity improves.6 Baseline joint scores tended to be 
lower in the discordant placebo group than the anifrolumab 
group; therefore, SLEDAI- 2K arthritis responses, and hence 
SRI(4) responses, may have been achieved more easily in the 
placebo group. In TULIP- 1, residual clinical manifestations, 
which remained after arthritis improvement (predominantly 
rash), accounted for most of the patients classified as SRI(4) 
responders but BICLA non- responders.

In this same discordant TULIP- 1 subgroup, smaller numbers 
of patients in the placebo vs the anifrolumab group achieved 
glucocorticoid taper. As such, the combination of less frequent 
glucocorticoid tapering and fewer active joints may have 
inflated the proportion of patients with an SRI(4) response 
in the placebo group. Fewer patients in the placebo group 
tapered glucocorticoids despite lower baseline joint involve-
ment; this was surprising, since these patients may have been 
less likely to need high- dose glucocorticoids.

These variations in glucocorticoid tapering may reflect 
regional differences in standard therapy use. In TULIP- 1, there 
was a baseline imbalance in patients enrolled from Eastern 
vs Western Europe between the anifrolumab and placebo 
groups. Regional differences in placebo group response rates 
have been previously identified, with higher SRI(4) response 
rates with standard therapy in patients from Eastern Europe 
and Central America than those in Western Europe or North 
America.24 In a previous international inception cohort study, 
there was significant between- centre variation in glucocorti-
coid use, even after adjustment for factors known to influ-
ence glucocorticoid dose.25 Our observations from TULIP- 1 
confirm that physician glucocorticoid prescribing behaviour 
varies25 which, if not accounted for, can contribute to an 
imbalance in trial outcomes. Inconsistent BICLA and SRI(4) 
outcomes should be expected given their different defini-
tions and is consistent with previous findings in other trials. 

A previous phase 2 trial of epratuzumab reported similar 
disagreement between SRI(4) and BICLA, resulting in a higher 
placebo response rate using SRI(4).26 Despite similar SRI(4) 
and BICLA placebo response rates (33%) in a phase 2 trial 
of ustekinumab, SRI(4) response with ustekinumab was 62%, 
compared with a BICLA response of 35%.27 Two previous 
reviews comparing BICLA and SRI(4) concluded that, while 
both are viable tools for use as primary endpoints in SLE 
studies, differences in the trial populations and in study 
designs can impact the outcomes of each measure.15 28 Our 
findings add further evidence to support this conclusion.

This secondary analysis of TULIP- 1 data provides important 
lessons for future SLE trial design. Variations in the number 
of active organ domains and joint counts at baseline, gluco-
corticoid prescribing/tapering practices and/or regions 
of trial recruitment may all increase the risk of discordant 
BICLA and SRI(4) outcomes. Baseline imbalances in these 
demographic and clinical factors potentially jeopardise the 
primary outcome; therefore, every effort should be made to 
ensure adequate balancing of these factors at study entry and 
during clinical trials. As regional differences in glucocorticoid 
tapering have been reported,25 additional sponsor- led training 
to normalise glucocorticoid tapering practice across centres 
may result in more standardised handling of background 
medications and more consistent placebo response rates in 
multicentre clinical trials.

In addition, setting minimum thresholds at enrolment for 
active joint counts, rash, oral ulcers and alopecia may improve 
the stringency of an endpoint such as SRI(4), which can be 
confounded by improvement in one or two highly- weighted 
organ domains in patients with low baseline disease activity.5 29 
As SLEDAI- 2K/SRI scoring may allow patients with lower 
joint counts to achieve the threshold for ‘response’, lupus 
trials may also benefit from the use of less subjective methods 
to assess lupus arthritis disease activity. This may require more 
refined clinical assessment of joints and/or imaging modalities 
such as MRI or ultrasound; however, imaging brings addi-
tional challenges of training and added expense, particularly 
in phase 3 trials.30 31

There were limitations in this study. This was a post hoc 
analysis, although of prospectively collected data. The 
numbers of patients in each treatment group in the discordant 
subgroups were relatively small, particularly for anifrolumab- 
treated patients, which prevents firm conclusions being 
drawn from comparisons between the anifrolumab and 
placebo groups. The complexity of trial outcomes and inclu-
sion criteria may limit the extent to which these findings are 
generalisable to clinical practice. Furthermore, elements of 
the proposed explanation for the TULIP- 1 SRI(4) discrepancy 
rely on circumstantial connections rather than a demonstrated 
causal relationship. However, analysis of future datasets may 
serve to validate these observations.

To conclude, in individual patient- level analyses, the 
majority of patients across the TULIP- 1, TULIP- 2 and MUSE 
trials of anifrolumab had concordant outcomes on BICLA 
and SRI(4). Using a stringent definition of response requiring 
dual BICLA and SRI(4) response, anifrolumab treatment was 
associated with efficacy compared with placebo in all three 
trials. A discordant BICLA non- responder/SRI(4) responder 
subgroup was identified in all three trials but this subgroup 
was larger in the TULIP- 1 placebo group. Discordance was 
primarily driven by the sensitivity of SRI(4) to single organ 
(arthritis) improvement as the discordant placebo group was 
enriched for patients with lower baseline joint counts. The 

Table 3 Overview of reasons for a BICLA non- response/SRI(4) 
response at week 52 in TULIP- 1 among BICLA non- responders/SRI(4) 
responders

BICLA non- response/SRI response, 
n (%)

SRI(4) responders/BICLA non- responders 
in TULIP- 1

Placebo
(n=28)

Anifrolumab 300 mg
(n=12)

BICLA non- response due to rash/
SRI response due to arthritis

20 (71.4) 5 (41.7)

BICLA non- response due to rash/
SRI response not due to arthritis

4 (14.3) 3 (25.0)

BICLA non- response on arthritis/
SRI response due to any reason

2 (7.1) 2 (16.7)

Other* BICLA non- response/
SRI response due to any reason

2 (7.1) 2 (16.7)

*Non- response due to a clinical manifestation other than rash or arthritis.
BICLA, British Isles Lupus Assessment Group- based Composite Lupus Assessment; 
SRI(4), Systemic Lupus Erythematosus Responder Index of ≥4.
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BICLA definition was less sensitive to this treatment group 
imbalance due to a requirement for at least partial improve-
ment in all domains that were scored with moderate or severe 
BILAG- 2004 scores at entry. Discordant placebo- treated 
patients showed regional recruitment variation, tended to 
have lower baseline disease activity and were less likely to 
taper glucocorticoids, providing additional reasons for higher 
placebo response rates. Given the emphasis placed on primary 
endpoint attainment in phase 3 trials by regulators, factors 
that jeopardise study outcomes need to be recognised and 
mitigated during trial design and execution. Confirmation of 
our observations in other trial cohorts may also suggest ways 
in which we can improve on current composite endpoints in 
a data- driven fashion. For now, we suggest that careful atten-
tion to baseline factors and maintaining uniformity in gluco-
corticoid tapering are essential in future SLE clinical trials to 
reduce the likelihood of discordant results and maximise the 
ability to detect efficacy signals.
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ABSTRACT
Aim To determine characteristics associated with more 
severe outcomes in a global registry of people with 
systemic lupus erythematosus (SLE) and COVID- 19.
Methods People with SLE and COVID- 19 reported in 
the COVID- 19 Global Rheumatology Alliance registry 
from March 2020 to June 2021 were included. The 
ordinal outcome was defined as: (1) not hospitalised, 
(2) hospitalised with no oxygenation, (3) hospitalised 
with any ventilation or oxygenation and (4) death. 
A multivariable ordinal logistic regression model 
was constructed to assess the relationship between 
COVID- 19 severity and demographic characteristics, 
comorbidities, medications and disease activity.
Results A total of 1606 people with SLE were included. 
In the multivariable model, older age (OR 1.03, 95% CI 
1.02 to 1.04), male sex (1.50, 1.01 to 2.23), prednisone 
dose (1–5 mg/day 1.86, 1.20 to 2.66, 6–9 mg/day 2.47, 
1.24 to 4.86 and ≥10 mg/day 1.95, 1.27 to 2.99), no 
current treatment (1.80, 1.17 to 2.75), comorbidities 
(eg, kidney disease 3.51, 2.42 to 5.09, cardiovascular 
disease/hypertension 1.69, 1.25 to 2.29) and moderate 
or high SLE disease activity (vs remission; 1.61, 1.02 
to 2.54 and 3.94, 2.11 to 7.34, respectively) were 
associated with more severe outcomes. In age- adjusted 
and sex- adjusted models, mycophenolate, rituximab and 
cyclophosphamide were associated with worse outcomes 

compared with hydroxychloroquine; outcomes were more 
favourable with methotrexate and belimumab.
Conclusions More severe COVID- 19 outcomes in 
individuals with SLE are largely driven by demographic 
factors, comorbidities and untreated or active SLE. 
Patients using glucocorticoids also experienced more 
severe outcomes.

INTRODUCTION
During the COVID- 19 pandemic, individuals with 
systemic lupus erythematosus (SLE) have been of 
particular concern. SLE disproportionately impacts 
populations most severely affected by COVID- 19, 
including those from non- white racial and ethnic 
groups, and those with low socioeconomic status.1 
Moreover, individuals with SLE are often heavily 
immunosuppressed and have a high comorbidity 
burden with multiple risk factors for more severe 
COVID- 19. Although previous analyses have eval-
uated outcomes of infection with SARS- Cov- 2 in 
rheumatic diseases as a group, data on individuals 
with SLE are limited, and it remains unclear which 
risk factors are associated with worse COVID- 19 
outcomes in this population.
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Data from the COVID- 19 Global Rheumatology Alliance 
(C19- GRA) registry, a large physician reported registry of indi-
viduals with rheumatic diseases and COVID- 19, suggest that 
those with moderate or high disease activity, as well as those 
receiving specific medications, including moderate or high 
doses of prednisone, rituximab, immunosuppressive drugs (ie, 
mycophenolate mofetil/mycophenolic acid (MMF), tacrolimus, 
azathioprine and cyclophosphamide) compared with a refer-
ence group of individuals receiving methotrexate have poorer 
outcomes.2 Furthermore, in an analysis of patients in the C19- 
GRA registry with rheumatoid arthritis (RA), treatment with 
rituximab or Janus Kinase (JAK) inhibitors was associated with 
poorer outcomes compared with treatment with tumour necrosis 
factor inhibitors.3 However, medications associated with more 
severe COVID- 19 outcomes in SLE have not been extensively 
examined.

OpenSAFELY, a large analysis of primary care records of 
>17 million adults linked to 10 926 COVID- 19- related deaths 
reported that after adjustment for a wide variety of factors such 
as demographic characteristics and comorbidities, those with 
autoimmune disease (SLE, RA or psoriasis as a group) had a 
higher risk of mortality, but this study did not adjust for medica-
tion use, nor did it evaluate SLE as a discrete or separate disease.4 
Several case series or single- centre/country studies suggest that 
some individuals with SLE can have a severe disease course, but 
the small size of these studies has precluded a comprehensive 
analysis of risk factors for poor COVID- 19 outcomes.5–10

We used the C19- GRA registry to identify sociodemographic 
and clinical factors associated with more severe COVID- 19 
outcomes in individuals with SLE.

METHODS
Data source
Subjetcs with rheumatic disease and COVID- 19 from the C19- 
GRA registry and European Alliance of Associations for Rheu-
matology (EULAR) COVID- 19 registry were included in the 
analyses, which covered the period from 12 March 2020 to 1 

June 2021. Data entry portals include one limited to European 
countries ( eular. org/ eular_ covid19_ database. cfm; hosted by The 
University of Manchester, UK) and a second for all other coun-
tries ( rheum-  covid. org/ provider-  global/; hosted by the Univer-
sity of California, San Francisco (UCSF), California, USA).11 12 
Cases are entered into these registries by their treating clinicians. 
This study includes all individuals from these registries with SLE 
diagnosed with COVID- 19 by 1 June 2021. Prior studies using 
C19- GRA and EULAR databases have included some individuals 
also reported in this study,2 13 14 but the number of individuals 
in this analysis is significantly higher than reported in previous 
publications.

Data quality was assessed by the data coordinating centres at 
UCSF and the University of Manchester and included proce-
dures to identify and remove any duplicate cases.

COVID-19 outcomes
We used an ordinal severity outcome in the analyses, with mutu-
ally exclusive categories including: (1) not hospitalised, (2) hospi-
talised with no oxygenation, (3) hospitalised with any ventilation 
or oxygenation or (4) death. These outcomes were chosen so 
that the analyses could reflect the full spectrum of disease asso-
ciated with COVID- 19 and are analogous to outcome measures 
used in many trials evaluating COVID- 19 therapeutics. Only 
the highest severity level of the outcome occurring during the 
patient’s disease course was included, and all individuals were 
required to have a resolved clinical course.

Covariates, including medication exposure
Covariates included demographic characteristics, including age, 
sex and region (Europe, the USA and Canada, Latin America 
and other), as well as clinical characteristics, including number 
of comorbidities (including lung, liver or neurological diseases, 
cancer, diabetes, obesity, among others), specific comorbidities 
(chronic renal insufficiency or end- stage renal disease and hyper-
tension or cardiovascular disease), disease activity (assessed by 
a physician global assessment categorised as remission, low, 
moderate or high), dose of glucocorticoids (GCs; entered as 
daily oral prednisone equivalents) and use of immunosuppres-
sive or immunomodulating medications. Additionally, the date 
of the case report was analysed in three time periods: 24 March 
2020 to 15 June 2020, 16 June 2020 to 30 September 2020 
and 1 October 2020 to 1 June 2021. The first period ended at 
the release of the RECOVERY study, which changed COVID- 19 
treatment protocols to incorporate GCs.15 The second cut- off 
was based on the beginning of the second wave in many coun-
tries around the world.

Medications taken by patients prior to COVID- 19 were cate-
gorised as: conventional synthetic drugs (antimalarials (hydroxy-
chloroquine, chloroquine), conventional disease- modifying 
monotherapies generally considered to represent less intensive 
immunosuppression (sulfasalazine, methotrexate and leflun-
omide), conventional disease- modifying monotherapies with 
more intense immunosuppressive drugs (MMF, tacrolimus, 
cyclophosphamide, ciclosporin, azathioprine)); biologics (abata-
cept, belimumab, rituximab, interleukin (IL)- 6 inhibitors, IL- 12/
IL- 23 inhibitors, IL- 17 inhibitors, tumour necrosis factor inhib-
itors (anti- TNF)) and targeted synthetic drugs, specifically JAK 
inhibitors and GCs. In analyses, we divided medications into 
five groups: no SLE medications, antimalarial only, conven-
tional disease- modifying monotherapies generally considered 
to represent less intensive immunosuppression (sulfasalazine, 
methotrexate and leflunomide), conventional disease- modifying 

Key messages

What is already known about this subject?
⇒ Demographic factors as well as comorbidities have been

associated with poorer COVID- 19 outcomes in the general
population.

⇒ The COVID- 19 Global Rheumatology Alliance has reported
glucocorticoid dose (≥10 mg/day), some immunosuppressive
drugs and disease activity as predictors of poorer COVID- 19
outcomes in individuals with different rheumatic diseases.

What does this study add?
⇒ More severe COVID- 19 outcomes in individuals with systemic

lupus erythematosus (SLE) are mainly driven by demographic
factors, comorbidities and untreated or active SLE.

⇒ Individuals using glucocorticoids (even low dose) experienced
more severe outcomes.

How might this impact on clinical practice or future 
developments?
⇒ Individuals with lupus and these characteristics should

be prioritised for close monitoring, counselled to receive
vaccination, and receive preventive therapies if infected with
SARS- CoV2.
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monotherapies with more intense immunosuppressive drugs 
(MMF, tacrolimus, cyclophosphamide, ciclosporin, azathio-
prine), biologic/targeted synthetic drug monotherapy and finally 
combination therapy with conventional and biologic disease- 
modifying immunosuppressive drugs. GCs were categorised into 
four groups by dose: prednisone dose=0 mg/day, between 1 and 
5 mg/day, between 6 and 9 mg/day and ≥10 mg/day.

Statistical analyses
We used proportional odds logistic regression with severity 
as dependent variable, and covariates as described in the next 
paragraphs. This is similar to using binary logistic regression for 
each of the three possible dichotomisations of the four- category 
dependent variable, with the assumption that the OR is the same 
for each cut- off. The parallel lines test for proportional odds 
ordinal logistic regression confirmed that this assumption was 
not violated.

Models included demographic variables and clinical charac-
teristics as well as the time period in the pandemic during which 
the case was reported. Random effects were included for country 
and time. These variables were applied to capture the significant 
variability in regulations enforcing personal protective equip-
ment, hospital resource allocation and quarantine procedures 
between countries and over the course of the pandemic.

We assumed that missing data were ‘missing at random’ and 
missing data were handled using multiple imputation, with 50 
imputed data sets.

In all models, we included sex, age, region, GCs as a cate-
gorical variable (0, 1–5, 6–9, ≥10 mg/day), immunosuppressive 
medication category, time period and random effects of country 
and time. To assess the additional impact of comorbidities, we 
constructed an additional model that included the number of 
comorbidities and, separately, that included key comorbidities 
in SLE, including renal disease and hypertension/cardiovascular 
disease. Finally, we constructed a model that included the above 
variables but additionally included SLE disease activity.

We conducted several additional analyses to examine asso-
ciations of six medications of interest in SLE with COVID- 19 
outcomes: methotrexate (n=173), azathioprine (n=235), MMF 
(n=332), cyclophosphamide (n=29), rituximab (n=68) and 
belimumab (n=104). In these analyses, the drug of interest 
was excluded from the medication category of monotherapies 
with immunosuppressive drugs or from the biologics/targeted 
synthetic only category, and their effects were estimated sepa-
rately. Four models were constructed for each medication: (1) 
unadjusted, (2) age- adjusted and sex- adjusted, (3) adjusted for 
age, sex, renal disease, hypertension/cardiovascular disease, 
comorbidity count, disease activity, region, time period and (4) 
confirmed cases (diagnosis made by PCR, antibody or antigen) 
adjusted for age, sex, renal disease, hypertension/cardiovas-
cular disease, comorbidity count, disease activity, region and 
time period. Additionally, to evaluate the interaction between 
GC therapy and disease activity, an additional analysis was done 
adding this multiplicative interaction term.

A sensitivity analysis combining mechanical ventilation or 
death in the highest category was also performed.

Results were considered statistically significant using a two- 
sided p<0.05. Analyses were conducted in R V.4.0.2 (R Core 
Team, 2020).

RESULTS
As of 1 June 2021, 1922 subjects with SLE and COVID- 19 
were reported in the C19- GRA and EULAR registries. Baseline 

demographic and clinical characteristics are shown in table 1. 
Individuals were predominantly female (90.4%) and the mean 
age was 44.4 years (SD=14.1). Of the 1922 cases, 555 (28.9%) 
were reported from the USA and Canada, 543 (28.3%) from 
Europe, 643 (33.5%) from Latin America and 181 (9.4%) from 
other regions. The majority were non- white (57.3%).

Antimalarials were used as monotherapy by 665 individuals 
(34.6%), more intense immunosuppressive monotherapies 
(MMF, tacrolimus, cyclophosphamide, ciclosporin, azathioprine, 
with or without antimalarials) were used by 630 individuals 

Table 1 Characteristics of patients with SLE at the time of 
COVID- 19 diagnosis (n=1922)

Characteristics
Mean (SD) or number 
(percentage)

Age, years, mean (SD) 44.4 (14.1)

Female, n (%) 1734 (90.4%)

Race/Ethnicity, n (%)

 White 639 (33.3%)

 Non- white 1102 (57.3%)

 Missing 181 (9.4%)

Region, n (%)

 Europe 543 (28.3%)

 USA and Canada 555 (28.9%)

 Latin America 643 (33.5%)

 Other 181 (9.4%)

Time period, n (%)

 <15 June 2020 733 (38.1%)

 16 June–30 September 2020 444 (23.1%)

 1 October 2020–12 April 2021 745 (38.8%)

Comorbidities, n (%)

 0 1098 (57.1%)

 1 511 (26.6%)

 ≥2 313 (16.3%)

Specific comorbidities, n (%)

 Chronic renal insufficiency or ESRD 223 (11.8%)

 Hypertension or cardiovascular disease 597 (31.1%)

Disease activity, n (%)

 Remission 587 (30.5%)

 Minimal or low 700 (36.4%)

 Moderate 229 (11.9%)

 Severe or high 77 (4.0%)

 Missing 329 (17.1%)

Prednisone dose*, n (%)

 0 mg/day 846 (44.0%)

 1–5 mg/day 467 (24.3%)

 6–9 mg/day 78 (4.1%)

 ≥10 mg/day 280 (14.6%)

 Missing 251 (13.1%)

Medication category, n (%)

 Antimalarials only 665 (34.6%)

 No SLE therapy 230 (12.0%)

 Oral synthetic drug monotherapy with methotrexate, 
leflunomide or sulfasalazine only†

175 (9.1%)

 Oral synthetic drug monotherapy with (mycophenolate/
mycophenolic acid, tacrolimus, cyclophosphamide, ciclosporin 
or azathioprine)†

630 (32.8%)

 Biologic/Targeted synthetic monotherapy 45 (2.3%)

 Biologic/Targeted and immunosuppressive drug combination 
therapy†

177 (9.2%)

*All glucocorticoids were converted to prednisone- equivalent doses.
†These patients could be also on antimalarials.
ESRD, end- stage renal disease; SLE, systemic lupus erythematosus.
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(32.8%) at the time of COVID- 19 onset. Two hundred and thirty 
(12.0%) individuals did not take immunosuppressive drugs or 
antimalarials. Eight hundred and forty- six (44.0%) individuals 
did not take prednisone, 467 (24.3%) individuals took between 
1 and 5 mg/day, 78 (4.1%) individuals took between 6 and 9 mg/
day and 280 (14.6%) individuals took a dose ≥10 mg/day.

Clinical outcomes, as well as outcomes as a function of treat-
ment, for 1606 individuals were captured and are shown in 
table 2. The majority of individuals (69.6%) were not hospital-
ised. In the model including demographics, clinical character-
istics, medications and disease activity, there were significant 
associations between demographic factors (older age, male sex, 
geographic location (being from outside of Europe, USA and 
Canada and Latin America), time period of the pandemic) and 
the ordinal severity outcome. Among comorbidities, chronic 
renal insufficiency or end- stage renal disease, hypertension/
cardiovascular disease and the number of other comorbidities 
were associated with more severe outcomes. GC use was also 
associated with more severe outcomes compared with those 
without GCs. Those who were not being treated for their SLE, or 
had moderate or high SLE disease activity also experienced more 
severe outcomes compared with those on remission (table 3). 
These findings were consistent across various sensitivity analysis 
models (online supplemental table 1).

Finally, additional analyses were performed to assess the 
associations of methotrexate, azathioprine, MMF, cyclophos-
phamide, rituximab and belimumab separately with the ordinal 
severity outcome, demonstrating that there was no independent 
association of these drugs with the ordinal severity outcome in 
the fully adjusted model; however, rituximab was associated with 
poorer outcomes and belimumab with better outcomes in the 
unadjusted as well as the age- adjusted and sex- adjusted model, 
and MMF and cyclophosphamide were associated with poorer 
outcomes and methotrexate was associated with better outcomes 
only in the age- adjusted and sex- adjusted model (table 4). There 
was no statistically significant interaction between GC dose and 
disease activity or between DMARD use and disease activity 
(data not shown).

The results were nearly identical (online supplemental tables 2 
and 3) in the alternative model in which mechanical ventilation 
and death were combined to constitute the highest category.

DISCUSSION
During the COVID- 19 pandemic, rheumatologists have been 
particularly concerned about individuals with SLE. These indi-
viduals are often significantly immunosuppressed, commonly 
use moderate or high doses of GCs and have a high comor-
bidity burden. Moreover, many types of immune dysregula-
tion occur in SLE, including in the interferon pathway, which 
is critical to the innate immune response during SARS- CoV- 2 

infection.16 However, SLE is a relatively uncommon disease and 
it has been difficult to accumulate a sufficient number of cases 
to examine risk factors for poor COVID- 19 outcomes in this 

Table 2 Ordinal COVID- 19 severity outcome as a function of medication class in individuals with SLE (n=1606)

Total
(n=1606)

Antimalarial only
(n=532)

No DMARD
(n=182)

Monotherapy with 
methotrexate, 
leflunomide or 
sulfasalazine only*
(n=152)

Monotherapy with mycophenolate/
mycophenolic acid, tacrolimus, 
cyclophosphamide, ciclosporin or 
azathioprine*
(n=539)

Biologic/Targeted 
monotherapy*
(n=40)

Biologic/Targeted+
immunosuppressive drug 
combination therapy*
(n=161)

Not hospitalised 1118 (69.6%) 401 (75.4%) 102 (56.0%) 117 (77.0%) 358 (66.4%) 27 (67.5%) 113 (70.2%)

Hospitalised with no 
oxygenation

169 (10.5%) 50 (9.4%) 26 (14.3%) 14 (9.2%) 62 (11.5%) 4 (10.0%) 13 (8.1%)

Hospitalised with any 
ventilation/oxygenation

214 (13.3%) 53 (10.0%) 34 (18.7%) 14 (9.2%) 84 (15.6%) 6 (15.0%) 23 (14.3%)

Death 105 (6.5%) 28 (5.3%) 20 (11.0%) 7 (4.6%) 35 (6.5%) 3 (7.5%) 12 (7.5%)

*These patients could be also on antimalarials.
DMARD, disease- modifying antirheumatic drug; SLE, systemic lupus erythematosus.

Table 3 Multivariable ordinal regression model examining 
characteristics associated with more severe COVID- 19 outcomes in 
individuals with SLE

Covariate OR (95% CI) P value

Age (years) 1.03 (1.02 to 1.04) <0.001**

Sex

 Male 1.50 (1.01 to 2.23) 0.042*

Region

 Europe Reference

 USA and Canada 0.82 (0.22 to 3.02) 0.76

 Latin America 1.97 (0.87 to 4.48) 0.11

 Other 4.79 (2.21 to 10.37) <0.001**

Time period

 ≤15 June 2020 Reference

 16 June–30 September 2020 0.50 (0.35 to 0.72) <0.001**

 1 October 2020–12 April 2021 0.40 (0.29 to 0.57) <0.001**

GC dose

 0 mg/day Reference

 1–5 mg/day 1.86 (1.30 to 2.66) <0.001**

 6–9 mg/day 2.47 (1.25 to 4.86) 0.009**

 ≥10 mg/day 1.95 (1.27 to 2.99) 0.002**

Medication category

 Antimalarial only Reference

 No SLE therapy 1.80 (1.17 to 2.75) 0.007**

 Monotherapy with methotrexate, leflunomide or 
sulfasalazine only†

0.74 (0.44 to 1.24) 0.25

 Monotherapy with mycophenolate/mycophenolic 
acid, tacrolimus, cyclophosphamide, ciclosporin or 
azathioprine†

1.01 (0.71 to 1.43) 0.95

 Biologic/Targeted synthetic drug monotherapy 1.38 (0.58 to 3.26) 0.47

 Biologic/Targeted synthetic drug and 
immunosuppressive drug combination therapy†

1.17 (0.72 to 1.91) 0.52

Number of comorbidities (excluding renal and 
cardiovascular disease/hypertension)

1.60 (1.24 to 2.07) <0.001**

Chronic renal insufficiency or end- stage renal 
disease

3.51 (2.42 to 5.09) <0.001**

Cardiovascular/Hypertension 1.69 (1.25 to 2.29) <0.001**

Disease activity

 Remission Reference

 Minimal or low 0.86 (0.61 to 1.21) 0.38

 Moderate 1.61 (1.02 to 2.54) 0.041*

 Severe or high 3.94 (2.11 to 7.34) <0.001**

Each model adjusted for all variables listed, and random effects for country and time.
*P<0.05; **p<0.01.
†These patients could be also on antimalarials.
GC, glucocorticoids; SLE, systemic lupus erythematosus.

https://dx.doi.org/10.1136/annrheumdis-2021-221636
https://dx.doi.org/10.1136/annrheumdis-2021-221636
https://dx.doi.org/10.1136/annrheumdis-2021-221636
http://ard.bmj.com/


974 Ugarte- Gil MF, et al. Ann Rheum Dis 2022;81:970–978. doi:10.1136/annrheumdis-2021-221636

Systemic lupus erythematosus

vulnerable population. Here, we report the largest study of SLE 
and COVID- 19 to date. In our analyses of over 1600 cases, we 
found that the use of GCs, having untreated or active SLE, or 
using rituximab was associated with more severe COVID- 19 
outcomes. In addition to these factors specific to SLE, our find-
ings also highlight that many factors associated with more severe 
COVID- 19 outcomes in the general population are important 
in SLE, including male gender,15 17 18 age17–20 and comorbidity 
burden.17–19

Prednisone use, even at relatively low doses of <5 mg/day, was 
associated with poorer outcomes in our analysis. In the C19- 
GRA registry, which included a wide array of rheumatic diseases, 
only prednisone at doses ≥10 mg/day was associated with hospi-
talisation or mortality.4 13 Interestingly, in additional analyses 
of the registry we found that in the absence of disease activity, 
the relationship between GC and mortality diminished.21 
However, in SLE, even low doses of GCs were associated with 
more severe COVID- 19 outcomes, including in those with low 
disease activity. Like our results, in a small study from Belgium, 
glucocorticoid dose was positively associated with a higher risk 
of hospitalisation in patients with SLE.22 These findings suggest 
that GCs are of special concern during the pandemic for people 
with SLE.

Our analyses also demonstrated that individuals not receiving 
treatment for their SLE at the time of COVID- 19 diagnosis 
had poorer outcomes. The poor outcomes seen in this group 
may be multifactorial, and it is plausible that social risk factors 
play a role, such as lack of access to SLE care or treatment, or 
poor adherence with medications. Consistent with these results, 
individuals outside Europe, the USA and Canada had a poorer 
outcome, possibly related to healthcare access, but it was not 
statistically significant for Latin American individuals. Poverty 
and inequality have been associated with a higher risk and 
severity of COVID- 19 globally,14 23 and it is likely that health 
disparities in SLE may be exacerbated by the pandemic.

Rituximab has been associated with poorer outcomes in 
patients with RA.2 We also found this association in SLE in 
our analysis, but it was present only in the unadjusted and age- 
adjusted and sex- adjusted models; this may be due to the smaller 
number of individuals on rituximab in our study and resultantly 
low power in statistical analyses (n=68). In fully adjusted models 
(including confirmed cases and those diagnosed based on symp-
toms and epidemiological criteria), there was a trend for an asso-
ciation between rituximab and poorer outcomes. It is important 
to point out that in the age- adjusted and sex- adjusted models 
MMF, cyclophosphamide was associated with poorer outcomes. 

Cyclophosphamide was not evaluated in a fully adjusted model 
due to a small sample size. These findings are similar to what has 
been reported in other studies. For example, in a recent meta- 
regression including several rheumatic diseases, GC use and 
immunosuppressive drugs use in monotherapy or combination 
were associated with hospitalisation and death from COVID- 
19.24 Patients using belimumab generally had more favourable 
outcomes in our study; it is unclear if this may partly reflect 
confounding by healthcare access or socioeconomic status, as 
this drug is more commonly used in high- income nations. The 
association between methotrexate and better outcomes in the 
age- adjusted and sex- adjusted model could be related to a better 
disease activity control, as it did not remain significantly asso-
ciated in the fully adjusted model. Because there were multiple 
comparisons, significance should be interpreted with caution. 
Given that there were six statistical comparisons made, one 
approach is to adjust the p value to a 0.01 level of significance. 
Using this more conservative approach, belimumab still remains 
statistically associated with less severe COVID- 19 outcomes in 
the age- adjusted and sex- adjusted model.

Previous investigators have found an association between SLE 
disease activity and serious infections.25 It is likely that both 
underlying immune dysfunction and the use of immunosuppres-
sive therapies increase the risk of infection in SLE, which would 
explain the association between SLE disease activity and the 
severity of SARS- CoV- 2 infection reported here.

The prognosis of patients with COVID- 19 has improved over 
the course of the pandemic, which may be the result of many 
factors, including more widespread testing (leading to diagnosis 
of milder cases), improved pharmacological therapy and a better 
understanding of the timing, method of ventilatory support in 
critically ill patients and vaccination status for the most recent 
cases. Our findings suggest that patients with SLE diagnosed in 
later periods of the pandemic had better outcomes relative to the 
first part of the pandemic, which is consistent with the overall 
trends in the general population.26

It is important to note that chronic kidney disease, a common 
and serious complication of SLE, has one of the strongest 
associations with poor COVID- 19 outcomes. Chronic kidney 
disease is also an important risk factor for severe COVID- 19 
in the general population and may even pose a greater risk 
than the presence of diabetes.27 In addition to renal disease, 
our findings indicate that other comorbidities also increase the 
risk of severe outcomes, which is consistent with numerous 
previous studies.4 19 21 In SLE, medications, particularly GCs, 
can impact important comorbidities such as hypertension, 

Table 4 Ordinal regression models examining the association between individual medications and more severe COVID- 19 outcomes in individuals 
with SLE

Number of individuals taking 
medication prior to COVID- 19 
diagnosis with observed outcome

Unadjusted
n=1606

P value

Age- adjusted and 
sex- adjusted
n=1606

P value

Fully adjusted 
model†
n=1606

P value

Fully adjusted model
+confirmed COVID- 19‡
n=1283

P valueOR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Methotrexate 173 0.71 (0.50 to 1.01) 0.06 0.67 (0.47 to 0.97) 0.032* 0.71 (0.43 to 1.16) 0.17 0.71 (0.40 to 1.25) 0.23

Azathioprine 235 0.88 (0.66 to 1.19) 0.42 0.95 (0.70 to 1.29) 0.75 0.87 (0.57 to 1.34) 0.53 0.89 (0.54 to 1.47) 0.65

Mycophenolate/Mycophenolic 
acid

332 1.20 (0.93 to 1.55) 0.15 1.36 (1.05 to 1.76) 0.021* 1.08 (0.73 to 1.59) 0.72 1.27 (0.82 to 1.98) 0.29

Cyclophosphamide 29 1.92 (0.95 to 3.91) 0.07 2.55 (1.23 to 5.28) 0.012* – – – –

Rituximab 68 1.62 (1.00 to 2.63) 0.049* 1.69 (1.04 to 2.75) 0.036* 1.56 (0.84 to 2.90) 0.16 1.91 (0.97 to 3.79) 0.063

Belimumab 104 0.52 (0.32 to 0.86) 0.011* 0.51 (0.31 to 0.85) <0.001** 0.66 (0.34 to 1.28) 0.22 0.65 (0.31 to 1.34) 0.24

*P<0.05; **p<0.01.
†Model adjusted for age, sex, renal disease, hypertension/cardiovascular disease, comorbidity count, disease activity, region, time period, glucocorticoid and and other DMARD medication categories; random effects applied for country and time. 
Reference group=antimalarial only.
‡Confirmed cases were defined as having a diagnosis made by PCR, antibody or antigen test or a CT scan.
DMARD, disease- modifying antirheumatic drug; SLE, systemic lupus erythematosus.
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diabetes or obesity,28 which likely increases vulnerability to 
severe COVID- 19 outcomes.

Several limitations of this study should be noted. First, the 
C19- GRA is a registry that is predicated on physician reporting 
of COVID- 19 in patients with rheumatic disease, and as such, 
may be skewed to include more severe COVID- 19 cases. Patients 
with more severe COVID- 19 are more likely to come to the 
attention of their rheumatology provider. Second, even though 
we were able to examine the relationship of several factors with 
more severe outcomes, we cannot exclude other confounders 
like access to healthcare or socioeconomic status. Third, 
although the physician global assessment is a valid, responsive 
and feasible instrument, given its less than optimal reliability it is 
not ideal to just assess it to the exclusion of the patient’s assess-
ment or other measures of disease activity; this is a limitation 
of our study. Finally, we were underpowered to look at some 
important treatments for SLE, such as cyclophosphamide, in our 
fully adjusted models; data on voclosporin and anifrolumab, 
two newly approved therapies for SLE, were not available in the 
registry at the time of our analyses.

In conclusion, we found that in addition to age, male sex and 
comorbidities, the use of GCs and having untreated or active 
disease were associated with more severe COVID- 19 outcomes 
in individuals with SLE. Individuals with these characteristics 
should be prioritised for close monitoring, counselled to receive 
vaccination and receive preventive therapies such as monoclonal 
antibodies (when available) if exposed to SARS- CoV- 2.
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ABSTRACT
Objective To develop a composite responder index in 
primary Sjögren’s syndrome (pSS): the Sjögren’s Tool for 
Assessing Response (STAR).
Methods To develop STAR, the NECESSITY (New 
clinical endpoints in primary Sjögren’s syndrome: 
an interventional trial based on stratifying patients) 
consortium used data- driven methods based on nine 
randomised controlled trials (RCTs) and consensus 
techniques involving 78 experts and 20 patients. Based 
on reanalysis of rituximab trials and the literature, the 
Delphi panel identified a core set of domains with their 
respective outcome measures. STAR options combining 
these domains were proposed to the panel for selection 
and improvement. For each STAR option, sensitivity 
to change was estimated by the C- index in nine RCTs. 
Delphi rounds were run for selecting STAR. For the 
options remaining before the final vote, a meta- analysis 
of the RCTs was performed.
Results The Delphi panel identified five core domains 
(systemic activity, patient symptoms, lachrymal gland 
function, salivary gland function and biological 
parameters), and 227 STAR options combining these 
domains were selected to be tested for sensitivity to 
change. After two Delphi rounds, a meta- analysis of the 
20 remaining options was performed. The candidate 
STAR was then selected by a final vote based on 
metrological properties and clinical relevance.
Conclusion The candidate STAR is a composite 
responder index that includes all main disease features 
in a single tool and is designed for use as a primary 
endpoint in pSS RCTs. The rigorous and consensual 
development process ensures its face and content 
validity. The candidate STAR showed good sensitivity 
to change and will be prospectively validated by the 
NECESSITY consortium in a dedicated RCT.

INTRODUCTION
For decades, evidence- based therapy in primary 
Sjögren’s syndrome (pSS) has largely been based on 
sicca features or patient- reported outcomes (PROs). 
Over the past 20 years, work from an international 

consortium, supported by the European Alliance of 
Associations for Rheumatology (EULAR), has led to 
the development and validation of the consensual 
EULAR Sjögren’s Syndrome Disease Activity Index 
(ESSDAI) and EULAR Sjögren’s Syndrome Patient 
Reported Index (ESSPRI).1–3 Both have emerged 
as reference standards to measure systemic activity 
and patients’ symptoms, respectively.

Thus, ESSDAI has been used as a primary 
endpoint in recent randomised controlled trials 
(RCT) testing biologics, and for the first time in 
pSS four RCTs have met their primary endpoint.4–7 

Key messages

What is already known about this subject?
⇒ Today, there are still no Disease Modifying

Anti Rheumatic Drug licensed for patients with 
primary Sjögren’s syndrome (pSS).

⇒ One explanation to this is due to limitations
of current outcome measures used as 
primary endpoints, for example, the high 
placebo response rate, evaluation of either 
the symptoms or the systemic activity, and 
important features not being assessed.

What does this study add?
⇒ We herein developed a consensual composite

endpoint, the Sjögren’s Tool for Assessing 
Response (STAR), using data- driven methods 
based on nine randomised controlled trials and 
consensus techniques based on the opinion of 
78 experts and 20 patients.

⇒ STAR aims to resolve the issues on current
outcome measures in pSS and encompasses all 
disease features in a single tool.

How might this impact on clinical practice or 
future developments?
⇒ STAR is intended for use in clinical trials as an

efficacy endpoint and intends to become the 
reference standard outcome measure in pSS.
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Figure 1 STAR development process. STAR, Sjögren’s Tool for Assessing Response.
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Table 1 Description of the nine randomised controlled trials used for the development of STAR and their classification by the expert panel

Drug, first author, year n Primary endpoint
Visit used to 
compute STAR Key secondary endpoints

Classification by 
experts

Abatacept (ASAP- III), 
van Nimwegen, 20208

80 Not met:
Change in ESSDAI at W24.
Adjusted mean difference between groups at 
W24: −1.3 (95% CI −4.1 to 1.6), p=0.385.

 W24 No difference:
ESSPRI, PhGA, PatGA, OSS scores; UWSF, TBUT, 
Schirmer’s test (average in both eyes), ocular and 
oral dryness NRS values; C3/C4 level at W24.
Significant improvement:
IgG: adjusted mean difference between groups at 
W24: −0.1 (95% CI −0.2 to −0.01), p=0.028.
RF: adjusted mean difference between groups at 
W24:
−13.8 (95% CI −20.7 to −6.0), p<0.0001.

Positive
(‘in between’).

Baminercept (BAMIN), St 
Clair, 201835

52 Not met:
Change in SWSF at W24.
Baseline- adjusted mean change between 
groups at W24: −0.01 mL/min TTT vs 0.07 PBO, 
p=0.33.

 W24 No difference:
Change from baseline in ESSDAI, PhGA, PatGA, 
OSS scores; UWSF, dryness and fatigue VAS, 
Schirmer’s test values.

Negative.

Hydroxychloroquine 
(JOQUER), Gottenberg, 
201436

120 Not met:
30% reduction in 2 of 3 VAS (dryness, pain, 
fatigue) at W24.
Percentage of responders, between- group 
difference at W24: 17.9% TTT vs 17.2% PBO;
OR 1.01 (95% CI 0.37 to 2.78), p=0.98 (after 
multiple imputations).

 W24 No difference:
Change from baseline to W24 in ESSPRI, ESSDAI, 
PhGA scores; Schirmer’s test, UWSF values.

Negative.

Hydroxychloroquine and 
leflunomide (RepurpSS),
van der Heijden, 20206

29 Met:
Change in ESSDAI at W24.
Baseline- adjusted mean between- group 
difference at W24: −4.35 points (95% CI −7.45 
to −1.25), p=0.0078.

 W24 No difference:
ESSPRI, PatGA scores; NRS oral and ocular 
dryness, Schirmer’s test, and C3/C4 levels at W24.
Significant improvement:
PhGA: baseline- adjusted mean between- group 
difference at W24: effect size −15.2 (95% CI 
−29.96 to −1.08), p=0.036.
UWSF: baseline- adjusted mean between- group 
difference at W24: effect size: 10.57 (95% CI 2.21 
to 18.93), p=0.014.
Serum IgG: baseline- adjusted mean between- 
group difference at W24: effect size −3.32 (95% 
CI −5.28 to −1.37), p=0.0013.
IgM- RF: baseline- adjusted mean between- group 
difference at W24: effect size: −0.59 (95% CI 
−1.06 to −0.12), p=0.017.

Positive.

Ianalumab (anti- BAFFR), 
Dörner, 201937

27 Not met:
Change in ESSDAI at W12 (combined as well as 
in individual dose groups).

 W24 Significant improvement:
ESSPRI (repeated measurement
model).
10 mg/kg group:
At W12: −1.55 points (95% CI 0.03 to 3.08).
At W24: −1.92 points (95% CI 0.33 to 3.52).
PatGA and PhGA.

Positive.

Iscalimab (anti- CD40),
Fisher, 20205

Total=44; in 
cohort 2=32

Met for cohort 2 only (10 mg/kg intravenously):
Change in ESSDAI at W12.
Baseline- adjusted between- group difference 
at W12: −5.21 points (95% CI 0.96 to 9.46), 
p=0.0090, one- sided.

 W12 In cohort 2 only:
Significant improvement:
PhGA: between- group difference at W12: −12.16 
(2.38 to 21.94).
Non- significant improvement:
ESSPRI: between- group difference at W12: −0.95 
(−0.50 to 2.41).
PatGA: between- group difference at W12: −8.14 
(−10.39 to 26.67).
UWSF: between- group difference at W12: 0.04 mL/
min (−0.03 to 0.10).
Schirmer’s test: between- group difference at 
W12: +8.06 mm (−1.37 to 17.50) for the left eye; 
+9.07 mm (−4.61 to 22.75) for the right eye.

Positive.

Rituximab (TRACTISS), 
Bowman, 201716

133 Not met:
30% reduction in fatigue or oral dryness at 
W48.
OR for RTX vs PBO=1.13 (95% CI 0.50 to 2.55), 
p=0.76.
Baseline- adjusted absolute difference in 
response rates at W48: OR for RTX vs PBO=1.7 
(95% CI −16.5 to 19.1), p=0.84.

 W48 No difference:
ESSPRI, ESSDAI scores, oral and ocular VAS values 
at W48.
Significant improvement:
UWSF: between- group difference at W48: OR 1.71 
(95% CI 1.23 to 2.37), p=0.0015.

Positive
(‘in between’).

Rituximab (TEARS)
Devauchelle- Pensec, 
201415

120 Not met:
30 mm improvement in at least 2 of 4 VAS 
(PatGA, pain, fatigue, dryness).
Percentage points between- group difference at 
W24: OR for RTX vs PBO: 1.0 (95% CI −16.7 to 
18.7), p=0.91.

 W24 No difference:
ESSDAI score, PhGA, UWSF, Schirmer’s test values.
Significant improvement:
IgG level: between- group difference at W24: 
1.2 g/L (95% CI 0.4 to 2.0), p=0.003.

Positive
(‘in between’).

Continued
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ESSDAI has shown promising capability to monitor changes 
in disease activity and assess therapeutic efficacy. Nonetheless, 
several trials failed to show improvement in ESSDAI,8–10 perhaps 
due to inefficacy of the drugs, but also potentially to the rela-
tively high placebo response rates observed with ESSDAI. Also, 
the lack of efficacy may be explained by the absence of assessment 
of important features in ESSDAI, such as patients’ symptoms 
and glandular function.11 Recent RCTs showed that improve-
ment in ESSDAI does not necessarily translate to improvement 
in PROs.4–7 12 Thus, used as a unique primary endpoint, ESSDAI 
does not capture all important disease features. These limita-
tions are inherent to scale constructs and highlight the need for a 
composite endpoint able to assess the disease globally.13

The NECESSITY (New clinical endpoints in primary Sjögren’s 
syndrome: an interventional trial based on stratifying patients) 
consortium (https://www.necessity-h2020.eu/) includes pSS 
experts from academia, pharmaceutical industry and patient 
groups formed to develop a new composite responder index, 
the Sjögren’s Tool for Assessing Response (STAR). STAR aims 
to resolve the issues on current outcome measures in pSS and 
is intended for use in clinical trials as an efficacy endpoint. We 
herein report its development process.

METHODS
The development and preliminary retrospective validation of 
STAR followed the OMERACT (Outcome Measures in Rheu-
matology) guidelines14 and consisted of three steps (figure 1), 
combining data- driven methods from nine RCTs (table 1) and 
consensus methods. The Delphi panel was formed by 78 pSS 
international experts (57 clinicians, 21 scientists) and 20 patients 
with pSS (online supplemental 1).

Step 1: identification of the STAR core set
This step aimed to select the core set of domains of relevance in 
assessing treatment response in pSS and the measurement tool 
and definition of response for each domain.

We used data from two rituximab trials because, although 
they failed to demonstrate treatment efficacy in their primary 
endpoint relying on PROs, clinical experience suggests that 
rituximab should work in at least some patients and for some 
endpoints.15–17 When only a portion of patients respond to the 
treatment, it might preclude the identification of an average 
treatment effect in the whole population. Many statistical 
methods exist to maximise the chances of detecting parameters 

that show differential change between active and placebo arms. 
We here used the virtual twins approach, which identifies 
subgroups with enhanced probability of response based on their 
baseline characteristics and which estimates the treatment effect 
in each subgroup while correcting for optimism due to the data- 
driven process.18

Identification of subsets of responders
The panellists first agreed, based on expertise, literature and 
patient feedback, on baseline variables to include in the anal-
yses (ie, main pSS characteristics suspected to be associated with 
response to treatment), and on the definitions of response to 
treatment, based on existing outcome measures in pSS and vali-
dated cut- offs.

Virtual twins regression trees were computed for each defini-
tion of response and each set of baseline variables. Responder 
subsets (ie, a branch of virtual twins analysis) were selected by the 
lead team based on statistical criteria (a relative risk of response 
to treatment vs placebo notably higher than in the whole popu-
lation and a sufficient number of patients (≥60) for statistical 
power) and clinical relevance (subset identified by a definition of 
response including both physician and PROs).

Identification of items sensitive to change
The items most sensitive to change were identified based on 
their effect size (ES; with their 95% CI) for the between- group 
difference of change in score from baseline to week 24 and in 
score at week 24 in each responder subset and the whole popu-
lation. The ES for the difference between groups was assessed 
by the Cohen’s d measure, assuming a pooled SD.19 CIs were 
estimated using the non- centrality parameter approach. This 
method searches for the best non- central parameter (NCP) of the 
non- central t distribution for the desired tail probabilities, and 
these NCPs are then converted to the corresponding ES.20 The 
larger the ES, the greater the sensitivity to change.21 ES values 
are commonly considered large (>0.8), moderate (0.5–0.8) or 
small (<0.5). The following outcomes were analysed: specific 
scores (ESSDAI, ESSPRI, and physician and patient global assess-
ment), dryness (global, oral and ocular), pain and fatigue Visual 
Analogue Scale, glandular function (Schirmer’s test and salivary 
flow), and biological variables (β2 globulin, serum IgG, γ-glob-
ulin, erythrocyte sedimentation rate, rheumatoid factor (RF) and 
C4 complement).

Drug, first author, year n Primary endpoint
Visit used to 
compute STAR Key secondary endpoints

Classification by 
experts

Tocilizumab (ETAP),
Felten, 202010

110 Not met:
Percentage of responders at W24 defined as 
(1) decrease of ≥3 points in ESSDAI, (2) no 
occurrence of moderate or severe activity in 
any new domain of the ESSDAI compared with 
enrolment and (3) absence of worsening in 
PhGA.
Percentage of responders: 54.2% TTT (41.3; 
66.7%) vs 62.1% PBO (49.0; 74.1%),
OR 1.6 (95% CI 0.3 to 3.3).

 W12 No difference:
ESSDAI score at W24 and change from baseline, 
ESSPRI score at W24 and change from baseline, 
UWSF value.

Negative.

ASAP- III, Abatacept Sjögren Active Patients Phase III Study; BAFFR, B- cell activating factor receptor; BAMIN, Baminercept; ESSDAI, EULAR Sjögren's Syndrome Disease Activity Index; 
ESSPRI, EULAR Sjögren's Syndrome Patient Reported Index; ETAP, Efficacy of TocilizumAb in Primary Sjögren’s syndrome; EULAR, European Alliance of Associations for Rheumatology; 
JOQUER, Randomized Evaluation of Hydroxychloroquine in Primary Sjogren’s Syndrome; n, number of participants; NRS, numeric rating scale; OSS, ocular staining score; PatGA, patient 
global assessment; PBO, placebo; PhGA, physician global assessment; RepurpSS, Leflunomide–hydroxychloroquine combination therapy in patients with primary Sjögren's syndrome; 
RF, rheumatoid factor; RTX, rituximab; STAR, Sjögren’s Tool for Assessing Response; SWSF, Stimulated Whole Salivary Flow; TBUT, Tear Break Up Time; TEARS, Tolerance and EfficAcy of 
Rituximab in primary Sjögren syndrome; TRACTISS, TRial of Anti- B- Cell Therapy In patients with primary Sjögren’s Syndrome; TTT, treatment; UWSF, unstimulated whole salivary flow; VAS, 
Visual Analogue Scale; W, duration in weeks.

Table 1 Continued

https://www.necessity-h2020.eu/
https://dx.doi.org/10.1136/annrheumdis-2021-222054
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Selection of domains, items and definition of response
The results of the analyses on sensitivity to change and rele-
vant literature review were presented to the Delphi panel. The 
scoping review of the literature on outcome measures in pSS 
will be published elsewhere. Based on these data and on clinical 
experience, the Delphi panellists were asked to rate the impor-
tance of measuring each outcome in the context of assessing 
treatment response in clinical trials (from not important (1–3) 
to critical (7–9) on a 9- point Likert scale) and to provide 
comments and suggest new domains or measurements. Items 
scored as critical (score ≥7) by ≥50% of the panellists were 
selected and were defined as the domains to include in STAR. 
Several items and definitions of response were selected in each 
domain.

Step 2: construction of STAR options
The lead team prepared the drafts of the STAR options, 
combining the items and definitions of response identified 
previously. These draft options, along with the recently devel-
oped concise Composite of Relevant Endpoints for Sjögren’s 
Syndrome (CRESS),22 were presented to the panellists to select 
by vote which designs will be analysed in the next step. They 
could also make suggestions of combinations and alternate 
measurement tools or thresholds. Designs with ≥50% of votes, 
modified as per experts’ suggestions, were selected.

Step 3: evaluation of sensitivity to change of STAR options 
and selection of the candidate STAR
This phase aimed at selecting the candidate STAR and relied on 
analysis of nine RCTs completed at the time of analysis (table 1).

Analysis of sensitivity to change of STAR options
The responder rate in each group for binary options (or the 
mean score for continuous options) was calculated for each 
STAR option in each RCT. Sensitivity to change was estimated 
using the concordance (C) index,23 which is similar to the area 
under the curve of the receiver operating characteristics curve 
for a binary outcome. It ranges from 0 to 1 and is interpreted 
as follows: 1, perfectly discriminant; 0.5–1, more discriminant 
than random; and <0.5, worse than random.

Voting for top 10
These analyses along with explanations on data interpretation 
were presented to the expert panel. They were asked to vote for 
their top 10 options. During a follow- up meeting, the results of 
the vote were discussed to consensually select the options for the 
next step.

Meta-analysis of the selected options
To better appraise the sensitivity to change of the remaining STAR 
options, the Delphi panel decided to perform a meta- analysis 

Figure 2 Sensitivity to change of each individual outcome in the combined analysis of the TEARS and TRACTISS rituximab trials. Sensitivity to 
change is represented by the Cohen’s effect size and the 95% CI. Analyses relied on a combined analysis of data from TEARS and TRACTISS rituximab 
trials. Cohen’s effect size and 95% CI for the standardised difference in mean change from baseline to W24 were computed for each outcome in the 
four responder subsets and in the whole population of the two trials. ESR, erythrocyte sedimentation rate; ESSDAI, EULAR Sjögren’s Syndrome Disease 
Activity Index; ESSPRI, EULAR Sjögren’s Syndrome Patient Reported Index; PtGA, patient global assessment; PhGA, physician global assessment; RF, 
rheumatoid factor; TEARS, Tolerance and Efficacy of Rituximab in primary Sjögren Syndrome; TRACTISS, TRial of Anti- B Cell Therapy In patients with 
primary Sjögren Syndrome; UWSF, unstimulated whole salivary flow; VAS, Visual Analogue Scale; W, duration in weeks.

http://ard.bmj.com/
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of the nine RCTs. The Delphi panel voted on which trials they 
considered positive, negative or ‘in between’ with regard to 
primary but also key secondary endpoints. A study that failed 
to meet its primary outcome was considered ‘in between’ if 
the experts agreed that there was sufficient signal of benefit in 
the secondary outcomes. Meta- analyses were run for 'positive' 
and ‘in between’ trials together in which positive results were 
expected, and separately for negative trials in which no differ-
ence between groups was expected.

For binary outcomes, meta- analyses were run using the 
Mantel- Haenszel method with the Paule- Mandel estimator for 
τ2, Q- profile method for the CI of τ2and τ, and continuity correc-
tion of 0.5 in studies with zero cell frequencies.24 For continuous 
outcomes, the inverse variance method was used with the Paule- 
Mandel estimator for τ2, Q- profile method for the CI of τ2and τ, 
and Hedges’ g.

For binary scores, the treatment effect was expressed as OR, 
where 1 or below indicates absence of any effect, while above 1 
favours the experimental treatment. For continuous scores, the 
treatment effect was expressed as standardised mean difference, 
where 0 indicates absence of any effect, while above 0 favours 
the experimental treatment. Consequently, a STAR option that 
is sensitive and specific to change should have a treatment effect 
close to the null effect for the negative trials and as far from the 
null effect for the positive trials.

Voting for top 3
The results of the meta- analyses were shared with the Delphi 
panel, who then voted for their top 3 options. During a follow- up 
meeting, the results were discussed to consensually select the 
options for the next step.

Voting for the candidate STAR
A final vote was run to select the candidate STAR based on clin-
ical relevance.

Patient involvement
The NECESSITY Patient Advisory Group (PAG) representatives 
were involved in all steps and participated in every discussion 
meeting. Other patients contacted by the PAG representatives 
participated anonymously in the development of STAR (steps 1 
and 3). Only PAG representatives participated in step 2 because 

this exercise required technical knowledge of endpoint construc-
tion. The background information provided in each survey was 
tailored to the patients.

RESULTS
Step 1: identification of the STAR core set
Identification of subsets of responders
The Delphi panel selected two sets of baseline variables for anal-
yses, one with ESSDAI and ESSPRI total scores (set 1) and one 
with their subscales/domains (set 2) (online supplemental 2), and 
proposed 14 definitions of response to treatment (online supple-
mental 3). Virtual twins regression trees were computed and the 
lead team selected four responder subsets (online supplemental 
4).

Identification of items sensitive to change
Analysis of sensitivity to change of each outcome revealed that 
some outcomes improved significantly better in the rituximab 
arms compared with the placebo arms in at least one responder 
subset and/or in the whole population (figure 2): (1) among 
PROs, dryness (overall, oral or ocular) and ESSPRI; (2) among 
objective dryness measures, unstimulated whole salivary flow 
(UWSF) but not Schirmer’s test; and (3) among biological 
markers, serum IgG, γ-globulin and RF levels. By contrast, 
systemic scores did not improve in any subset, except for physi-
cian global assessment in subset 3. The results were similar when 
analysing the ES for between- group differences of change in 
score from baseline to week 24 (figure 2) or the final value at 
week 24 (online supplemental 5).

Selection of domains, items and definition of response
Five domains were identified by the Delphi panel: systemic 
activity, patient symptoms, lachrymal gland function, salivary 
gland function and biological parameters. No other domain was 
suggested.

For each domain, voting results, as well as clinical relevance, 
feasibility at clinical sites, and acceptability for patients and regu-
latory agencies, were considered when selecting the measure-
ment tools. Thus, the Delphi panel selected either one or two 
measurement tools per domain (online supplemental 6 and 7). 
For the systemic domain, clinESSDAI was preferred to ESSDAI 

Table 2 Description of the STAR design proposed (step 2) and tested for sensitivity to change (step 3)

STAR’s proposed designs Binary/continuous Major domain/weight Definition of response

Design 1 (DAS- 28- like) Continuous No major domain.
Need to define a weight for each component (using PatGA or 
PhGA as gold standard).

Total score will be the sum of the weighted domains.
Threshold of response to be further defined.

Design 2 (SRI- like) Binary 2 major domains (systemic activity and PROs).
3 minor domains.

Improvement of one of the major domains and no worsening of the 
other domains.

Binary Only 1 major domain (systemic activity or PROs depending on 
the primary objective of the study/drug).
4 minor domains.

Improvement of the target major domain and no worsening of the other 
domains.

Design 3A Binary 2 major domains (systemic activity and PROs).
3 minor domains.

Improvement in ≥3 of 5 domains with improvement in at least 1 major 
domain.

Design 3B Binary or continuous 3 points for major domains (systemic activity and PROs).
1 point for minor domain.

The score is the sum of the domains.
For binary option: response is defined by a threshold of response (tested 
from 4 to 9).
For continuous options: the total score is compared between groups.

Design 4
(ACR- like)

Binary 2 major domains (systemic activity and PROs).
3 minor domains.

Improvement (of xx%, from 10% to 70%) in ≥3 of 5 domains, including 
at least 1 major domain.

CRESS22 Binary None. Improvement in ≥3 of 5 domains.

ACR, American College of Rheumatology; CRESS, Composite of Relevant Endpoints for Sjögren's Syndrome; DAS- 28, Disease Activity Score 28; PatGA, patient global assessment; PhGA, physician 
global assessment; PRO, patient- reported outcome; SRI, Systemic Lupus Responder Index; STAR, Sjögren’s Tool for Assessing Response.

https://dx.doi.org/10.1136/annrheumdis-2021-222054
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https://dx.doi.org/10.1136/annrheumdis-2021-222054
https://dx.doi.org/10.1136/annrheumdis-2021-222054
https://dx.doi.org/10.1136/annrheumdis-2021-222054
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to avoid redundant recording of the biological parameter.25 For 
each glandular domain, two measurement tools were included 
to ensure the score could be calculated regardless of equipment 
availability at clinical sites.

Step 2: construction of STAR options
Various designs for STAR were prepared by the lead team 
(table 2). The designs were inspired by the Disease Activity Score 
28,26 Systemic Lupus Responder Index,27 American College of 
Rheumatology response criteria28 and by the recently devel-
oped clinical CRESS.22 Various cut- off values were proposed for 
each measurement. In some designs, due to their importance, 
systemic activity and PROs were defined as major domains that 
must improve to meet the definition of a responder. A total of 

227 options were selected after voting and discussion meeting 
(online supplemental 8).

Step 3: evaluation of sensitivity to change of STAR options 
and selection of the candidate STAR
Analysis of sensitivity to change was run for the 227 options in 
the nine RCTs (online supplemental 9). Options in STAR design 
1 were rejected because it was not possible to obtain a stable 
estimation of domain weights to construct a score. Of the 225 
remaining options, 189 were never selected and were rejected, 
and 16 additional options, found to be redundant or less clini-
cally relevant than the others, were rejected during the follow- up 
meeting. Consequently, 20 options moved to the next step.

Figure 3 Results of meta- analyses on six studies considered positive and three considered negative by the experts. Meta- analyses were performed 
for the 20 STAR options that reach the final step and are presented for binary endpoints (panel A) et continuous endpoints (panel B). Interpretation: 
a score that is sensitive to change and specific to the treatment should have a treatment effect close to the null effect in the negative trials and as 
far as possible from the null effect in the positive trials. cont, continuous; CRESS, Composite of Relevant Endpoints for Sjögren’s Syndrome; SMD, 
standardised mean difference; STAR, Sjögren’s Tool for Assessing Response; th5, threshold 5; th6, threshold 6; V, version.
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Based on the panellists’ classification of RCTs (online supple-
mental 10), meta- analyses were computed separately for trials 
considered 'positive' and or trials considered 'negative' by the 
experts (figure 3) to allow for comparison of sensitivity and 
specificity to change, respectively. Based on these results, the 
panellists voted for their top 3 options. Five options not selected 
by any panellist were not included in the final vote.

During the follow- up meeting, the panellists agreed that the 
selection of the candidate STAR from the remaining 15 options 
should be based on clinical relevance. The rationale for selection 
was as follows. A decrease in clinESSDAI was preferred to a set 
score (<5 points) at the final evaluation to avoid defining this 
domain as responder while the score did not change from base-
line in patients with baseline low activity. ESSPRI was preferred 
to individual dryness scales because it is a validated score. The 
panellists selected the published minimal clinically important 
difference (MCID) as the response cut- off for clinESSDAI (≥3 
points) and ESSPRI (≥1 point). Finally, the experts rejected the 
‘no worsening’ clause because there is no published consensual 
definition for worsening of these outcomes and the options with 
this clause did not show better discriminative capacity (table 3). 
Finally, since the other 19 options (online supplemental 11) 
had good psychometric properties, they will be evaluated as 

exploratory endpoints in the NECESSITY clinical trial (EudraCT 
no: 2019- 002470- 32; online supplemental 12).

DISCUSSION
The NECESSITY consortium, supported by an international 
panel of pSS experts, scientists, methodologists and patients, 
developed a consensual single tool for pSS that globally 
assesses all disease features and for use as an efficacy endpoint 
in RCTs: the composite responder index STAR. STAR fulfils 
the truth, discrimination and feasibility criteria recommended 
by OMERACT. The strength of our work relies on a rigorous 
process combining both consensus techniques based on the 
opinion of a large panel and data- driven methods generated 
from nine trials. In the analyses performed separately for trials 
considered negative and positive by the expert consensus, our 
study demonstrated that the candidate STAR is able to show 
treatment efficacy in positive trials and did not erroneously 
detect significant between- arm differences in trials considered 
negative, as did some alternate options (figure 3).

Designing a primary endpoint in pSS is challenging due to the 
wide spectrum of disease features and the great heterogeneity and 
complexity of signs and symptoms. Major changes in RCT design 
recently conducted to adoption of ESSDAI as primary outcome 
and allowed, for the first time, demonstration of treatment efficacy 
(table 1). However, these trials suggested that other outcomes might 
also improve with treatment, such as ESSPRI, UWSF and biological 
components (IgG and RF levels). However, recent trials focused on 
patients with moderate to high systemic disease activity, excluding a 
large proportion of patients with no systemic complications but with 
high symptom burden. In pSS, low quality of life is mainly driven 
by PROs rather than systemic activity29; also, these two domains 
poorly correlate.11 30 31 STAR can evaluate treatment response in 
the full spectrum of patients with pSS, including those with low 
systemic activity but high burden of symptoms, for whom there 
remains an important unmet need. Effectively, to avoid the pitfalls 
of a data- driven process relying on a single trial, the development 
of the candidate STAR relied on nine trials, some of which included 
patients with low systemic disease activity and having various time-
points of evaluation (12–48 weeks, but 24 weeks in most cases). A 
recent important initiative from a group in the Netherlands, also a 
NECESSITY partner, proposed the CRESS based on reanalysis of the 
ASAP- III (Abatacept Sjögren Active Patients Phase III Study) trial.8 22 
The CRESS, similar to STAR, also includes the same five domains, 
confirming their clinical relevance in the global assessment of pSS. 
However, STAR has defined two major domains, systemic activity 
and patient symptoms, and the definition of response requires 
improvement of at least one. Thus, unlike CRESS, STAR requires 
improvement of PROs in patients with low systemic activity. Also, 
in negative trials, where no difference between arms is expected, the 
candidate STAR, accurately, did not detect any difference between 
arms, where other options such as the concise CRESS did (figure 3). 
STAR also includes improvement of glandular function using simple 
and validated measures, that is, Schirmer’s test, sicca ocular staining 
score (OSS)32 and UWSF, but also includes salivary gland ultra-
sound, leaving the door open to more sophisticated tests to evaluate 
these domains in the future. Lastly, and although they do not reflect 
patients’ perceived disease burden, the experts decided to include 
IgG and RF levels because they considered, whatever the mecha-
nism of action of the drug, a therapeutic goal to decrease the levels 
of these biomarkers, signs of activity (IgG) or predictive markers of 
lymphoma (RF).33 34

Nevertheless, our study has some limitations. The main issue 
is circular thinking since pSS experts may be tempted to define 

Table 3 Candidate STAR

Domain Point Definition of response

Systemic activity 3 Decrease of ≥3 in clinESSDAI.

Patient- reported outcome 3 Decrease of ≥1 point or ≥15% in ESSPRI.

Lachrymal gland function 
(assessed by Schirmer’s test 
or ocular staining score)

1 Schirmer’s test:
If abnormal score at baseline: increase ≥5 mm 
from baseline.
If normal score at baseline: no change to 
abnormal.
Or
Ocular staining score:
If abnormal score at baseline: decrease of ≥2 
points from baseline.
If normal score at baseline: no change to 
abnormal.

Salivary gland function 
(assessed by unstimulated 
whole salivary flow or 
ultrasound)

1 Unstimulated whole salivary flow:
If score is >0 at baseline: increase of ≥25% 
from baseline.
If score is 0 at baseline: any increase from 
baseline.
Or
Ultrasound:
Decrease of ≥25% in total Hocevar score from 
baseline.

Biological (assessed by 
serum IgG or RF level)

1 Serum IgG level: decrease of ≥10%.
Or
RF level: decrease of ≥25%.

Candidate STAR responder ≥5 points

For ocular tests, Schirmer’s test should be performed without anaesthesia and is 
considered abnormal if <5 mm. Ocular staining score is considered abnormal if 
score is ≥3. The mean of both eyes was used for calculation.
Total RF or RF- IgM was measured in IU/mL.
For unstimulated whole salivary flow, we recommend establishing an SOP for each 
future trial using STAR. The SOP should specify if the collection should be done over 
5 or 15 min (both are possible but one option should be selected for each trial and 
applied to all patients), and should specify that patients should no eat, drink or 
smoke for 60 min before the collection, should not take secretagogue morning dose, 
and should perform the collection in the morning and at a fixed time.
ESSDAI, EULAR Sjögren's Syndrome Disease Activity Index ; ESSPRI, EULAR 
Sjögren's Syndrome Patient Reported Index; RF, rheumatoid factor; SOP, standard 
operating procedures; STAR, Sjögren’s Tool for Assessing Response.
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a patient as a responder or a non- responder or a trial as positive 
or negative based on pre- existing indexes. This may give high 
weight to previous indexes, leaving little room for very inno-
vative items, which by definition were not included in previous 
RCTs and cannot be evaluated at this stage. Nevertheless, theses 
definitions relied on a high level of consensus (online supple-
mental 10) after evaluation of multiple independent RCTs. 
Finally, in most of the trials, OSS, ultrasound data and RF levels 
were not available and thus the impact of these outcomes on 
STAR response cannot be evaluated at this stage.

The NECESSITY PAG strongly supports the STAR outcome 
(see letter of support in online supplemental 13). Recommen-
dations from the European Medicines Agency (EMA) were 
sought through a scientific advice procedure, and the EMA has 
offered to publish on their website a letter of support for STAR 
(https://www.ema.europa.eu/en/documents/other/letter-support- 
sjogrens-tool-assessing-response-star_en.pdf). Also, additional 
steps are being worked on in collaboration with OMERACT to 
fulfil all requirements and for STAR to be formally endorsed.

Even though this process relied on a nearly never- equal number 
of experts and RCTs, further to the present retrospective validation, 
STAR has to be prospectively validated in an independent popula-
tion in the NECESSITY RCT (online supplemental 12). The strength 
of this validation step is its evaluation of the psychometric proper-
ties of STAR, in particular its discriminant capacity in an interven-
tional study where active and placebo arms will be compared. Also, 
patients will be stratified according to systemic activity, allowing the 
evaluation of the properties of STAR in any patient with pSS with 
either high systemic activity or high level of symptoms. We strongly 
encourage the use of the candidate STAR to evaluate its properties in 
diverse patient populations with treatments of various mechanisms 
of action to definitively validate STAR as a gold standard outcome 
measure for RCTs in pSS.
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ABSTRACT
Objectives To investigate the ability of high- sensitivity 
C- reactive protein (hsCRP) and S100A12 to serve as 
predictive biomarkers of successful drug withdrawal in 
children with clinical remission of juvenile idiopathic 
arthritis (JIA).
Methods This multicentre trial (PREVENT- JIA) enrolled 
119 patients with JIA in clinical remission, and 100 
patients reached the intervention phase in which the 
decision whether to continue or stop treatment was 
based on S100A12 and hsCRP levels. Patients were 
monitored for 12 months after stopping medication for 
flares of disease. Results were compared with withdrawal 
of therapy without biomarker- based stratification 
in patients from the German Biologika in der 
Kinderrheumatologie (BiKeR) pharmacovigilance registry.
Results In the PREVENT- JIA group, 49 patients had a 
flare, and 45% of patients stopping medication showed 
flares within the following 12 months. All patients 
(n=8) continuing therapy due to permanently elevated 
S100A12/hsCRP at more than one visit flared during the 
observation phase. In the BiKeR control group, the total 
flare rate was 62%, with 60% flaring after stopping 
medication. The primary outcome, time from therapy 
withdrawal to first flare (cumulative flare rate after 
therapy withdrawal), showed a significant difference in 
favour of the PREVENT- JIA group (p=0.046; HR 0.62, 
95% CI 0.38 to 0.99). As additional finding, patients 
in the PREVENT- JIA trial stopped therapy significantly 
earlier.
Conclusion Biomarker- guided strategies of therapy 
withdrawal are feasible in clinical practice. This study 
demonstrates that using predictive markers of subclinical 
inflammation is a promising tool in the decision- making 
process of therapy withdrawal, which translates into 
direct benefit for patients.
Trial registration number ISRCTN69963079.

INTRODUCTION
Juvenile idiopathic arthritis (JIA) is a potentially 
disabling chronic disease of childhood.1 Although 
it is now treatable, JIA frequently takes a remitting 
disease course. Patients require immunosuppression 
for years, and the long- term outcome is not easy to 
predict.2 Fewer than half of the patients with JIA 
managed with contemporary treatments achieve 
remission off medication within 5 years of diag-
nosis.3 In this context clinical remission is defined 

as inactive disease of at least 6 months continu-
ously. While this may argue for prolonged mainte-
nance treatment, any anti- inflammatory medication 
therapy is associated with cost, potential side effects 
and administration of drugs can be stressful for the 
patients and the family.4–6 However, there is little 
guidance in which context medication can be with-
drawn safely, while avoiding disease relapses and 
potentially permanent damage in a child with JIA.7 
Indeed, current treatment guidelines are devoid of 
considering predictive molecular markers to iden-
tify patients with JIA who can tolerate medication 
withdrawal.

A controlled trial on methotrexate (MTX) with-
drawal demonstrated that the flare risk is indepen-
dent from the duration of therapy after achieving 
remission.8 Post- hoc analyses revealed that patients 
with both low levels of S100A12 and low levels of 
high- sensitivity C- reactive protein (hsCRP) have 
a similar flare risk off medication compared with 
patients with JIA who continue anti- inflammatory 
therapy.9 10 S100A12 (EN- RAGE; calgranulin 
C), a proinflammatory calcium- binding protein, 
is highly expressed in inflamed tissue of chronic 
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arthritis. Once released from activated or damaged neutrophils 
as the paramount cellular source it can operate as an endoge-
nous ligand for toll- like receptor 4 and promotes inflammatory 
responses.11 12

The primary objective of this study was to test whether in 
patients with JIA discontinuing treatment, the risk of a flare 
due to subclinical inflammatory activity can be predicted by 
combined analysis of the biomarkers S100A12 and hsCRP. 
We performed a multicentre controlled intervention trial 
(PREVENT- JIA) with the following stratification of the thera-
peutic approach: Maintenance therapy for patients with JIA in 
remission with elevated levels of the biomarkers, stop of therapy 
if both biomarkers are low. The second major hypothesis of this 
study was that a risk- stratified decision on withdrawal of therapy 
is superior to a treatment stop time- point based solely on the 
clinicians’ perspective (regarding the prevention of flares). We 
therefore compared patients in the intervention arm to patients 
in the German registry for biologics in paediatric rheumatology 
(Biologika in der Kinderrheumatologie (BiKeR)) pharmacovigi-
lance registry who also stopped therapy in remission, but without 
any stratification.13

PATIENTS AND METHODS
Patient recruitment
The PREVENT- JIA trial recruited patients from May 2013 to 
October 2018, with subsequent follow- up monitoring until 
September 2019 in six international paediatric rheumatology 
centres (University of Muenster, Germany; Children’s Hospital 
Sankt Augustin, Germany; Cincinnati Children’s Hospital 
Medical Center, USA; BC Children’s Hospital, University of 
British Columbia, Vancouver, Canada; Wilhelmina Children’s 
Hospital, UMC Utrecht, The Netherlands; Riga Stradins Univer-
sity Children’s Hospital Riga, Latvia). The study was reported 
to the International Standard Randomised Controlled Trial 
Number registry.

Patient inclusion criteria
Patients from all JIA categories were able to participate, except 
for those with persistent oligoarthritis or with systemic features 
within 1 year prior to inclusion. The patients were included after 
achieving clinical remission on medication (including either 
conventional synthetic disease- modifying anti- rheumatic drugs 
(csDMARDs) and/or biological DMARDs (bDMARDs)) and 
inactive disease for minimum of 6 and maximum of 12 months.14 
During the time of clinical remission on medication, medication 
and dosage remained unchanged (online supplemental tables 1 
and 2)(Suppl. Tables S1, S2). A total of 114 out of 119 screened 
patients fulfilled these inclusion criteria. Prior to reaching 
the intervention phase, 12 patients were excluded because of 
protocol deviations, and 2 more were excluded because of a 
disease flare. Thus 100 patients comprised the PREVENT- JIA 
group and were eligible for intervention. Details of the patients 
are summarised in table 1 and online supplemental table 3.

PREVENT-JIA study group interventions
The PREVENT- JIA trial is a two- part open- label clinical trial 
where patients were monitored for 6 months to confirm the 
presence of clinical remission on medications (part 1) followed 
by an intervention phase with biomarker- guided withdrawal 
decisions (part 2). At the intervention time points, a serum 
sample was sent to the laboratory of the University of Muenster 
for central analysis of S100A12 and hsCRP. If biomarkers were 
elevated, patients were continued on treatment until the next 

3- month assessment; or if biomarker levels were low, treatment 
was discontinued. Once treatment was discontinued (or after 12 
months for patients with persisting elevated biomarkers and no 
relapse) they entered the follow- up phase (figure 1). In all cases 
monitoring was continued for 1 year with regular visits every 3 
months after stopping medication. If S100A12/hsCRP stayed 
above the threshold over the whole study period, therapy was 
continued for 18 months in total. Afterwards, the decision to 
continue or stop medication was left to the local physician.

Control group from the BiKeR registry
The control cohort was obtained from the BiKeR (‘Biologika in 
der Kinderrheumatologie’) registry, a German cohort of patients 
with JIA treated with csDMARDs or bDMARDs.15 In the control 
group therapy was withdrawn as per the local physician’s deci-
sion and according to the standard of care. In the BiKeR registry, 
patients in all JIA categories (except persistent oligoarthritis or 
systemic disease) were screened and a total of 1477 patients with 
a complete set of data were identified. Among these patients 
430 reached clinical remission on medication, remained inac-
tive for at least further 6 months on medication and reached the 
corresponding first intervention time point of the PREVENT- JIA 
study. One hundred and eighteen of 430 patients stopped treat-
ment with csDMARDs or bDMARDs between 6 and 18 months 
after achieving remission; that is, corresponding to the interven-
tion phase of the PREVENT- JIA study (table 2).

Analysis of S100A12 and hsCRP
S100A12 was measured at the Department of Pediatric Rheu-
matology and Immunology, University Children’s Hospital 
Muenster, Germany. Until June 2015, quantification was 
achieved by an ELISA based on polyclonal antibodies as reported 

Table 1 Demographic data of all PREVENT- JIA participants that 
were recruited at six centres

Characteristics

All patients 
recruited
n=119

Female, No. (%) 81 (69)

Male, No. (%) 37 (31)

Missing 1

Age at disease onset, median (range), years 6.0 (<1–15.0)

Duration from therapy start to inactive disease, median (range), 
years

1.6 (<1–11.8)

Age at I1, median (range), years 10.3 (3.0–17.5)

Disease duration at I1, median (range), years 3.3 (<1–15.3)

JIA subtype, No. (%)

 Oligoarthritis (extended) 25 (21)

 Polyarthritis, negative rheumatoid factor 70 (59)

 Polyarthritis, positive rheumatoid factor 3 (3)

 Systemic- onset juvenile idiopathic arthritis 4 (3)

 Enthesitis- related arthritis 6 (5)

 Psoriasis arthritis 8 (7)

 Other 2 (2)

 Missing 1

Final therapy, No. (%)

 csDMARD, no bDMARD 91 (77)

 bDMARD ± csDMARD 27 (23)

 Missing 1

bDMARD, biological DMARD; csDMARDs, conventional synthetic disease- modifying 
anti- rheumatic drugs; JIA, juvenile idiopathic arthritis ; MTX, methotrexate.
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previously.9 10 The threshold for low versus high risk of relapse 
for this assay was at 175 ng/mL.10 After June 2015, a new assay 
based on monoclonal antibodies with markedly improved sensi-
tivity within low S100A12 serum levels was built in- house.16 The 
cut- off for discontinuation of treatment changed from 175 ng/
mL to 75 ng/mL with the newly validated assay. Samples were 
remeasured to confirm that the previous cut- off based decisions 
remained valid. hsCRP was analysed in the central laboratory 
of the University Hospital by nephelometry. The threshold for 
low versus high risk of relapses was set throughout the study at 
0.3 mg/dL.17

Outcome and endpoints
Time from therapy withdrawal (including both csDMARD and/
or bDMARD) to first flare (cumulative flare rate after therapy 
withdrawal) was defined as primary outcome. Flare was defined 
as occurrence of any sign of active disease. Patients were censored 
if they remained inactive for more than 1 year following therapy 
withdrawal or if they were lost to follow- up. The primary statis-
tical analysis included all patients who entered the intervention 
phase (at time point I1) and stopped therapy at I1 or within 
1 year at one of the subsequent intervention time points.

Time from start of the intervention to first flare (cumulative 
flare rate after start of the intervention) was defined as key 
secondary outcome. Patients were censored if they remained 
inactive for more than 1 year after therapy withdrawal or if they 
were lost to follow- up. Additionally cumulative medication use 
over time was investigated as secondary outcome.

Statistics
Baseline demographics and disease characteristics were 
summarised as mean and SD or median and range, as appro-
priate, for numerical variables, and frequencies and percentages 
for nominal and categorical variables. For the primary endpoint 
analyses, as matching was not possible because of low numbers 
of available control patients, multivariate regression analyses 
were performed in order to adjust for possible confounders. The 
multivariate Cox model with the dependent variable time from 
therapy withdrawal to first flare included the JIA subtype, type of 
final therapy (type 1: csDMARD without additional bDMARDs, 
type 2: bDMARDs with or without additional csDMARD) and 
duration of therapy (time until inactive disease on stable medi-
cation). The Wald test on a significant intervention effect was 
prespecified as the primary hypothesis test on a (two- sided) 5% 
significance level to provide confirmatory statistical evidence.

The statistical intention- to- treat analysis of the key secondary 
outcome included all study patients who entered the intervention 
phase (n=100). The control group was formed from 430 eligible 
patients from the BiKeR registry who reached clinical remis-
sion on medication and remained inactive for at least further 6 
months on medication. Intervention and control patients were 
matched in a 1:1 ratio in order to adjust for confounders that 
may bias the comparison of the groups. Control patients were 
selected so that the JIA subtype and the type of final therapy of 
a pair of individual patients matched exactly (final therapy type 
1: csDMARD without additional bDMARDs, type 2: bDMARDs 
with or without additional csDMARD), and the duration of 
therapy matched as well as possible (duration from treatment 
start until inactive disease on stable medication). The matching 
algorithm selected pairs of PREVENT- JIA and BiKeR patients so 
that the sum of absolute differences of therapy durations of two 
matching partners is minimal among all possible pairings.18

Statistical analyses were performed using SAS (V.9.4 for 
Windows, SAS Institute) and the R software, package optmatch 
(https://www.R-project.org).

RESULTS
Of the 100 PREVENT- JIA participants entering the intervention 
phase, 82 had biomarker levels below the predefined cut- offs 
and thus stopped medication at the first intervention time point 
(figure 2, online supplemental fugure 1). Of these 82 patients, 34 
individuals (41%) had a flare, mostly during the first 6 months 
of observation (table 3). Forty- eight patients (59%) remained 
without flare after stopping medication at I1. At the other inter-
vention time points I2–I4, there was a decision to stop medica-
tion in additional nine patients and among these seven patients 
had a subsequent flare. Eight patients had a disease flare during 
the next 12 months despite ongoing therapy. The total flare rate 
in the period from start of the intervention up to the end of the 
1 year follow- up phase in the PREVENT- JIA study group thus 
was 49% (49 of 100 patients). This was significantly lower in 
comparison to the matched patients from the BiKeR registry 
showing a total flare rate of 62% (table 3). The number needed to 
treat (NNT) for avoiding one JIA flare by measuring biomarkers 
during the intervention phase is NNT=8. After stopping medi-
cation patients in the PREVENT- JIA group experienced fewer 
flares (41 of 91 patients; 45%) compared with patients in the 
BiKeR registry (15 of 25 patients; 60%) (table 3).

The primary outcome of the study addressed flares that 
occurred after withdrawal of therapy. Ninety- one PREVENT- JIA 
patients (figure 2) and 118 patients from the BiKeR registry 
stopped treatment with csDMARDs or bDMARDs within the 

Figure 1 Overview of PREVENT- JIA study interventions. The patients 
entered the intervention phase after achieving clinical remission on 
medication, and their serum tested for S100 and C- reactive protein. 
Further on, at successive 3- monthly intervals for 1 year, each patient 
was assessed for clinical remission. Both biomarkers needed to be under 
their respective cut- off for the recommendation to stop treatment, 
a single one above its cut- off lead to continuing medication. If 
biomarkers were elevated, patients were continued on treatment until 
next 3- month assessment; or if biomarker levels were low treatment 
was discontinued. Once treatment was discontinued (or at 12 months 
for patients with persisting elevated biomarkers and no relapse) they 
entered the follow- up phase. JIA, juvenile idiopathic arthritis.

https://www.R-project.org
https://dx.doi.org/10.1136/annrheumdis-2021-222029
http://ard.bmj.com/


993Gerss J, et al. Ann Rheum Dis 2022;81:990–997. doi:10.1136/annrheumdis-2021-222029

Paediatric rheumatology

1 year intervention phase. The time from therapy withdrawal 
to first flare (cumulative flare rate after therapy withdrawal) 
revealed a significant difference in favour of the PREVENT- JIA 
study cohort (figure 3; p=0.0455; HR 0.62, 95% CI 0.38 to 
0.99, adjusted by JIA subtype, type of final therapy and dura-
tion of therapy). Patients in the PREVENT- JIA study revealed 
a significantly lower cumulative flare rate following therapy 
withdrawal and therefore a significantly longer time from stop-
ping medication until first flare compared with patients from 
the BiKeR registry. Differences in the characteristics of the 
PREVENT- JIA group and the BiKeR cohort (table 2) have to be 
considered in the interpretation.

The key secondary outcome of the study addressed flares 
that occurred after the start of the intervention. A number of 
100 PREVENT- JIA patients reached the first intervention time 
point I1 and were compared with 100 matched patients from 
the BiKeR registry. The time from I1 to first flare (cumulative 
flare rate after the start of the intervention) revealed a significant 
difference in favour of the PREVENT- JIA study cohort (figure 4; 
p=0.0371; HR 0.67, 95% CI 0.45 to 0.98, adjusted by JIA 
subtype, type of final therapy and duration of therapy). Patients 
in the PREVENT- JIA study revealed a significantly lower cumu-
lative flare rate following the first intervention time point I1 
and therefore a significantly longer time from I1 until first flare 
compared with patients from the BiKeR registry.

Another secondary outcome was the cumulative medication 
use over time. It is an important question whether the stratified 
approach based on biomarkers would lead to prolonged mainte-
nance therapy and thus higher cumulative medication doses, or 

may facilitate more rapid decisions to stop treatment and thus 
lower drug exposure. Our analyses revealed that the duration 
of therapy (time from I1 to stop of therapy) in the PREVENT‐
JIA study cohort was significantly reduced compared with the 
matched BiKeR control group (p<0.0001). In the PREVENT‐
JIA group, the majority of patients stopped therapy at I1 (82 
of 100 patients=82%), whereas the duration of therapy was 
significantly longer in the BiKeR control group. In the majority 
of BiKeR patients (60%) drug therapy was continued for at least 
1 year (figure 5).

DISCUSSION
This study demonstrates that S100A12/hsCRP may work as 
potential markers of subclinical inflammation and help to eval-
uate the risk of flares and guide treatment decision. A risk- 
adapted strategy reduces both number of flares in remission and 
the cumulative drug exposure compared with standard- of- care 
practice. Although innovative drugs lead to higher remission 
rates in JIA, disease remission can often not be sustained long- 
term.8 19 Persistent subclinical inflammation might explain the 
occurrence of relapses after treatment withdrawal. However, 
subclinical inflammation is by definition undetectable by clin-
ical examination and routine laboratory parameters. Our data 
support the use of biomarker- guided strategies to steer therapy 
withdrawal.

We have previously demonstrated in retrospective analyses 
that S100A12 and hsCRP may help to identify patients at risk for 
flares, which could support decisions to taper, stop or maintain 

Table 2 Details of the PREVENT- JIA group and the respective BiKeR control patients

Characteristics

ITT analysis
Patients who reached I1 under medication

Primary statistical analysis
Patients who stopped therapy following I1

PREVENT- JIA BiKeR (matched) PREVENT- JIA BiKeR

n=100* n=100† n=91‡ n=118§

Female, No. (%) 69 (69) 69 (69) 60 (66) 74 (63)

Male, No. (%) 31 (31) 31 (31) 31 (34) 44 (37)

Age at disease onset, median (range), years 6.0 (<1–15.0) 6.1 (<1–14.3) 7.0 (<1–15.0) 5.9 (<1–14.2)

Duration from therapy start to inactive disease, median (range), years 1.7 (<1–11.8) 1.5 (<1–12.4) 1.7 (<1–11.8) 1.9 (<1–12.4)

Age at I1, median (range), years 10.8 (3.0–17.5) 11.2 (2.1–19.0) 11.0 (3.0–17.5) 11.7 (2.5–17.5)

Disease duration at I1, median (range), years 3.3 (<1–15.3) 3.5 (1.4–13.8) 3.4 (<1–15.3) 3.9 (1.3–13.8)

JIA subtype, No. (%)

 Oligoarthritis (extended) 21 (21) 21 (21) 19 (21) 35 (30%)

 Polyarthritis, negative rheumatoid factor 59 (59) 62 (62) 54 (59) 47 (40)

 Polyarthritis, positive rheumatoid factor 2 (2) 2 (2) 2 (2) 5 (4)

 Systemic- onset juvenile idiopathic arthritis 4 (4) 1 (1) 3 (3) 4 (3)

 Enthesitis- related arthritis 6 (6) 8 (8) 6 (7) 10 (8)

 Psoriasis arthritis 7 (7) 5 (5) 6 (7) 11 (9)

 Other 1 (1) 1 (1) 1 (1) 6 (5)

 Final therapy, No. (%)

 csDMARD, no bDMARDs 79 (79) 79 (79) 72 (79) 33 (28)

 bDMARDs±csDMARD 21 (21) 21 (21) 19 (21) 85 (72)

*PREVENT- JIA patients who reached the first intervention time point I1.
†Of the 430 eligible patients from the BiKeR registry who reached clinical remission on medication, remained inactive for at least further 6 months on medication and reached 
the corresponding first intervention time point I1, 100 patients were selected so that the JIA subtype and the type of final therapy of a pair of individual PREVENT- JIA and BiKeR 
patients matched exactly (final therapy type 1: csDMARD without additional bDMARDs, type 2: bDMARDs with or without additional csDMARD), and the duration of therapy 
matched as well as possible (duration from treatment start until inactive disease on stable medication).
‡PREVENT- JIA patients who stopped treatment within the 1 year intervention phase.
§A number of 118 eligible patients from the BiKeR registry reached the corresponding first intervention time point I1 and stopped treatment within a 1 year period corresponding 
to the intervention phase of the PREVENT- JIA study.
bDMARD, biological DMARD; BiKeR, Biologika in der Kinderrheumatologie ; csDMARDs, conventional synthetic disease- modifying anti- rheumatic drugs; ITT, intention- to- treat ; 
JIA, juvenile idiopathic arthritis .
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MTX treatment in different scenarios in JIA.9 10 Further analyses 
showed that S100A12 levels were only moderately correlated 
with the time to disease flare after discontinuation of anti- tumour 
necrosis factor therapy.19 We now confirm that S100A12 and 

hsCRP may contribute to define an immunological remission, 
although this limited biomarker set cannot definitely exclude 
flare risks. Nonetheless all patients continuously presenting with 
S100A12 and hsCRP levels above the defined cut- off flared in 
the observation period.

The evidence for biomarkers or ultrasound in predicting 
disease flare is still unclear and controversial. In addition to use 
of soluble biomarkers of inflammation as described here, the use 
of molecular signatures of inflammation have also been inves-
tigated with partially promising results.20 21 Studies employing 
transcriptional profiles of peripheral blood cells indicated that 
clinical remission may not lead to a restoration of immunological 

Figure 2 Patient distribution in the PREVENT- JIA intervention group. 
A total of 100 patients reached the intervention phase and decision- 
making depending on S100A12/high- sensitivity C- reactive protein 
levels. In 91 cases medication was stopped; 41 of those experienced a 
flare in the following 12 months. Out of 18 patients with predicted high 
risk and a decision to continue therapy after intervention time point 
I1, a total of eight patients had a flare under medication. JIA, juvenile 
idiopathic arthritis.

Table 3 Outcome of the intention- to- treat analysis (n=100 in both groups)

Intervention Flares Group

Intervention visit

TotalI1 I2 I3 I4

Stop medication PREVENT- JIA 82 8 0 1 91

BiKeR 9 10 3 3 25

Within 3 months PREVENT- JIA 4 1 0 0 5

After stopping BiKeR 3 3 0 0 6

Within 6 months PREVENT- JIA 15 1 0 0 16

After stopping BiKeR 1 1 1 1 4

Within 9 months PREVENT- JIA 8 2 0 1 11

After stopping BiKeR 0 3 0 0 3

Within 12 months PREVENT- JIA 7 2 0 0 9

After stopping BiKeR 0 1 1 0 2

Total flares PREVENT- JIA 34 6 0 1 41

After stopping BiKeR 4 8 2 1 15

Continue medication PREVENT- JIA 18 4 3 1

BiKeR 91 53 40 27

Total flares PREVENT- JIA 5 1 1 1 8

Under therapy BiKeR 23 7 10 7 47

Total flare rate after stopping medication PREVENT- JIA 45% (41/91)

BiKeR 60% (15/25)

Total flare rate in all patients PREVENT- JIA 49% (49/100)

BiKeR 62% (62/100)

BiKeR, Biologika in der Kinderrheumatologie ; JIA, juvenile idiopathic arthritis .

Figure 3 Cumulative flare rate after therapy withdrawal. A number 
of 91 PREVENT- JIA patients and 118 patients from the BiKeR registry 
stopped treatment with conventional synthetic disease- modifying anti- 
rheumatic drugs or biological DMARDs within the 1- year intervention 
phase. Patients in the PREVENT- JIA study revealed a significantly 
lower cumulative flare rate after therapy withdrawal and therefore 
a significantly longer time from stopping medication until first flare 
compared with patients from the BiKeR registry. BiKeR, Biologika in der 
Kinderrheumatologie; JIA, juvenile idiopathic arthritis.
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normality.20 21 In adults with rheumatoid arthritis, inflammation- 
related lymphocytes have been shown to persist even in remis-
sion, and their frequency associates with the relative risk for 
relapses.22 23 Specific lymphocyte phenotypes have also been 
described in patients with JIA prior to flares.24

Data analyses of disease trajectories in larger inception cohorts 
and observational studies have corroborated a drug- specific risk 
for relapses.3 25 Patients withdrawn from bDMARDs frequently 
experience flares, but this effect was smaller if patients remained 
on medication for more than 2 years.26 From physician surveys 
we can conclude that considerations for discontinuing medi-
cations frequently include disease duration before and under 
immunosuppression, JIA- disease related damage, JIA subcat-
egory, results of musculoskeletal ultrasound or MRI, tapering 
versus immediate medication withdrawal, as well as medica-
tion selection (csDMARD, bDMARDs, combinations) and also 
different laboratory markers.27 Yet, no robust uniform factors 
could be identified. In the German BiKeR registry (included in 
our study as a control group) reoccurrence of active disease was 
reported for 77% of patients after stopping etanercept, with 
mean time to flare of 1 year. In the BiKeR patients, it was not 
possible to identify any factor correlating to flare risk.28 Overall, 
it seems easier to predict complications in active disease phases 
than to confirm long- term stability of disease remission.29 30

Past studies on treatment withdrawal were criticised for 
their observational design and low quality.31 We thus designed 
a prospective trial including a defined study population with 
controlled disease duration. We found a significant reduction 
in both flare rates and cumulative drug usage with the strati-
fied approach, as compared with real- life data from the BiKeR 
registry. It is conceivable that predefined treatment- withdrawal 
strategies will result in a higher likelihood of successful flare- 
free outcome and less medication use. However, a selection bias 
towards patients with optimal stability of remission at inclusion 
cannot be excluded. This is also shown by a relatively small 
overall impact of the biomarker- driven stratification, as most 
patients had no indication of subclinical inflammation. More-
over, enrolment in a study with frequent follow- up visits in 
course of clinical remission may already benefit overall treat-
ment and outcome.

An important limitation of our study is the relatively small 
patient number. Most patients included in the PREVENT- JIA 
trial had rheumatoid factor negative polyarthritis. We therefore 
draw conclusions for predominantly this subgroup. Therapy with 
bDMARDs might have a distinct effect on biomarker expres-
sion, which may impact the ability of S100A12 and hsCRP to 
detect subclinical inflammation.19 There were fewer patients 
with bDMARDs in the PREVENT- JIA study cohort compared 
with the BiKeR control group and literature suggests that there 
is a higher flare risk following withdrawal of bDMARDs versus 
other agents.19 Our study demonstrated a trend towards a higher 
flare rate after stopping treatment with bDMARDs versus stop-
ping csDMARDs, but was insufficiently powered to be conclu-
sive. Future studies specifically on patients receiving bDMARDs 
compared with csDMARD might therefore be reasonable. 
A second limitation is given by the differences between the 
PREVENT group and the control cohort according to population 
characteristics, their disease severity or treatment approaches 
that may contribute to a better outcome of the PREVENT group. 
The BiKeR registry is an active project collecting real- life data, 
constantly recruiting patients who are followed- up systemati-
cally. Nonetheless, it has no specific treatment/intervention plan 
and has therefore unavoidable differences to the data collection 
in the PREVENT study.

Taken together, decision- making for therapy withdrawal in 
clinical remission of JIA remains challenging. Most patients 
entering this trial had no biomarker- proven subclinical inflam-
mation and could stop therapy rapidly. The decision- making 
process, using markers of subclinical inflammation with the 

Figure 4 Cumulative flare rate after first intervention time point I1. 
A number of 100 PREVENT- JIA patients reached the first intervention 
time point I1. Of the 430 eligible patients from the BiKeR registry who 
reached clinical remission on medication, remained inactive for at least 
further 6 months on medication and reached the corresponding first 
intervention time point I1, 100 patients were selected to achieve an 
exact match in JIA subtype, type of final therapy (final therapy type 
1: csDMARD without additional bDMARDs, type 2: bDMARDs with or 
without additional csDMARD), and the duration of therapy (duration 
from treatment start until inactive disease on stable medication) 
between a pair of one PREVENT- JIA and one BiKeR patient as well as 
possible. Patients in the PREVENT- JIA study revealed a significantly 
lower cumulative flare rate after the first intervention time point I1 and 
therefore revealed a significantly longer time from I1 until first flare 
compared with patients from the BiKeR registry. bDMARDs, biological 
disease- modifying anti- rheumatic drugs; BiKeR, Biologika in der 
Kinderrheumatologie; csDMARDs, conventional synthetic DMARDs; JIA, 
juvenile idiopathic arthritis.

Figure 5 Duration of therapy. A number of 100 PREVENT- JIA patients 
reached the first intervention time point I1 and were compared with 
100 matched patients from the BiKeR registry. The time from I1 to 
stop of therapy was significantly reduced in the PREVENT- JIA group 
compared with the matched BiKeR control group (p<0.0001). In the 
PREVENT- JIA group, the majority of patients (82%) already stopped 
therapy at entry into the intervention phase, whereas in the majority 
of BiKeR patients (60%) drug treatment was continued for at least one 
further year. BiKeR, Biologika in der Kinderrheumatologie; JIA, juvenile 
idiopathic arthritis.
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potential to predict the further course, led to a higher propor-
tion of patients in whom drug treatment was stopped, and it 
significantly reduced the overall flare rate. Despite limitations, 
primarily due to a relatively small number of enrolled individuals, 
our data indicate that managing patients with inactive disease in 
a stratified approach offers a benefit for clinical practice.
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ABSTRACT
Objectives Some adults with rheumatic and 
musculoskeletal diseases (RMDs) are at increased risk 
of COVID- 19- related death. Excluding post- COVID- 19 
multisystem inflammatory syndrome of children, children 
and young people (CYP) are overall less prone to severe 
COVID- 19 and most experience a mild or asymptomatic 
course. However, it is unknown if CYP with RMDs are 
more likely to have more severe COVID- 19. This analysis 
aims to describe outcomes among CYP with underlying 
RMDs with COVID- 19.
Methods Using the European Alliance of Associations 
for Rheumatology COVID- 19 Registry, the Childhood 
Arthritis and Rheumatology Research Alliance (CARRA) 
Registry, and the CARRA- sponsored COVID- 19 Global 
Paediatric Rheumatology Database, we obtained data 
on CYP with RMDs who reported SARS- CoV- 2 infection 
(presumptive or confirmed). Patient characteristics and 
illness severity were described, and factors associated 
with COVID- 19 hospitalisation were investigated.
Results 607 CYP with RMDs <19 years old from 25 
different countries with SARS- CoV- 2 infection were 
included, the majority with juvenile idiopathic arthritis 
(JIA; n=378; 62%). Forty- three (7%) patients were 
hospitalised; three of these patients died. Compared 
with JIA, diagnosis of systemic lupus erythematosus, 
mixed connective tissue disease, vasculitis, or other 
RMD (OR 4.3; 95% CI 1.7 to 11) or autoinflammatory 
syndrome (OR 3.0; 95% CI 1.1 to 8.6) was associated 
with hospitalisation, as was obesity (OR 4.0; 95% CI 1.3 
to 12).
Conclusions This is the most significant investigation 
to date of COVID- 19 in CYP with RMDs. It is important 
to note that the majority of CYP were not hospitalised, 
although those with severe systemic RMDs and obesity 
were more likely to be hospitalised.

BACKGROUND
Worldwide, as of 11 January 2022, there were 
over 308 million confirmed cases of COVID- 19, 

including over 5.4 million deaths.1 The collective 
experience is that children, especially younger chil-
dren, seem less susceptible to symptomatic SARS- 
CoV- 2 illness and reports of death are rare.2 3 
However, less is known about the impact of comor-
bidity and especially immunosuppression on the risk 
of severe COVID- 19 in the paediatric population.

Data from one analysis of adults with rheumatic 
and musculoskeletal diseases (RMDs) have shown 
that presence of rheumatoid arthritis, lupus or 
psoriasis (as a group) is associated with increased 
risk of COVID- 19- related death compared with 

Key messages

What is already known about this subject?
⇒ Some adults with rheumatic and

musculoskeletal diseases (RMDs) are at 
increased risk of COVID- 19- related death.

What does this study add?
⇒ Hospitalisation for COVID- 19 among children

and young people with underlying RMDs were 
rare in this study with the majority having mild 
affects only.

⇒ Treatment with biologics, such as tumour
necrosis factor inhibitors, did not appear to 
be associated with more severe COVID- 19 in 
children and young people with RMDs.

How might this impact on clinical practice or 
future developments?
⇒ While protective measures, as indicated by

local policy, are important to follow with 
respect to minimising risk of acquiring SARS- 
CoV- 2 infection, parents and families can be 
reassured that these data do not support a high 
probability of severe COVID- 19 in the majority 
of children and young people with underlying 
RMDs.
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those without comorbid RMDs.4 However, this analysis did not 
account for the effects of treatments or disease activity. In another 
analysis of almost 4000 adults with RMDs, moderate to high 
RMD disease activity and certain types of therapies (eg, B- cell 
depletion, alkylating agents) were associated with COVID- 19- 
related death.5 A recent systematic literature review suggested 
that the increased risk of severe COVID- 19 cannot be gener-
alised to all patients with RMDs and it is probably restricted to 
very specific subgroups of patients with RMDs.6

According to data from seven countries, as of January/February 
2021, approximately 1.7 deaths per 1 000 000 population attrib-
utable to COVID- 19 have occurred in individuals up to 19 years 
old, contributing 0.48% of estimated total all- cause mortality.7 
In a recent (preprint) systematic review of children and young 
people with COVID- 19, those with comorbid conditions were 
at increased risk of hospital admissions to critical care, although 
only eight patients in this review were considered to have an 
RMD.8

It remains unknown whether children and young people with 
RMDs who acquire COVID- 19 have a more severe COVID- 19 
course and if there is additional risk attributable to either under-
lying disease or its therapy. It is important to understand the 
impact of COVID- 19 on these individuals to inform national 
guidelines on protective measures (ie, recommendations to 
stay home and avoid face- to- face contact), vaccination guid-
ance and address individual decisions regarding heightened 
social distancing measures for paediatric RMD patients and 
their families. Critically for this age group is the need to ensure 
they continue to have full and appropriate access to school and 
education, with in- person attendance if safe to do so.

Around the recognised outset of the COVID- 19 pandemic, 
individual national and international efforts to collect, analyse, 
and disseminate data about COVID- 19 in patients with paedi-
atric RMDs were rapidly established. In collaboration with the 
COVID- 19 Global Rheumatology Alliance,9 there were three 
organised cooperative efforts for COVID- 19 in paediatric 
RMDs internationally: (1) the European Alliance of Associations 
for Rheumatology (EULAR)/Paediatric Rheumatology European 
Society sponsored COVID- 19 Registry, consisting of >10 000 
clinician- entered reports of individuals with RMDs with COVID- 
1910 including children, collecting cases from across Europe; 
(2) inclusion of SARS- CoV- 2 infection reporting for the United 
States Childhood Arthritis and Rheumatology Research Alli-
ance (CARRA) Registry; (3) the CARRA- sponsored COVID- 19 
Global Paediatric Rheumatology Database (COVID- 19 GPRD) 
for international reporting of subjects not covered by either 
of the other two efforts. Data collection was designed to align 
between efforts and this collaboration has yielded the largest 
collection of COVID- 19- related data for patients with paediatric 
onset RMDs to date.

The aims of this global analysis are: (1) to describe characteris-
tics of those children and young people with pre- existing RMDs 
with COVID- 19, (2) to describe outcomes following COVID- 19 
and (3) to identify characteristics that are associated with more 
severe COVID- 19 outcomes.

METHODS
Databases
The data analysed comprise cases reported to the EULAR 
COVID- 19 Registry, the CARRA Registry, and the COVID- 19 
GPRD. Data were entered by the treating rheumatologist or 
their designee directly into data entry websites. For some coun-
tries in Europe (France, Germany, Greece, Italy, Portugal and 

Sweden), under an existing agreement, cases were transferred 
from other national COVID- 19 registries into the EULAR 
COVID- 19 Registry. It was not possible for patients or families 
to report directly into any of the registries, but mild or asymp-
tomatic cases of COVID- 19 reported to a rheumatologist could 
be entered subsequently by a physician. The EULAR COVID- 19 
Registry data were collected and managed using REDCap 
(Research Electronic Data Capture) tools hosted at The Univer-
sity of Manchester, United Kingdom.11 REDCap is a secure, web- 
based application designed to support data capture for research 
studies, providing: (1) an intuitive interface for validated data 
entry; (2) audit trails for tracking data manipulation and export 
procedures; (3) automated export procedures for seamless data 
downloads to common statistical packages; and (4) procedures 
for importing data from external sources. The COVID- 19 
GPRD study is operated by Boston Children’s Hospital (USA) 
and utilises REDCap Cloud (nPhase, USA) for data entry from 
the USA, Canada, and international sites not participating in the 
EULAR COVID- 19 Registry. For patients with RMDs enrolled 
in the CARRA Registry (prospective observational cohort) and 
who also tested positive for SARS- CoV- 2 infection, data are 
collected in Rave (Medidata Solutions Inc., USA). Data reported 
in the EULAR COVID- 19 Registry and the COVID- 19 GPRD 
are collected on an ad hoc basis. CARRA Registry investigators 
were instructed to report all SARS- CoV- 2 infections in registry 
subjects as a safety event of special interest (ESI). Complete 
CARRA Registry ESI reports were validated, abstracted, and 
combined with data from the COVID- 19 GPRD; these data 
elements were then mapped to and harmonised with the EULAR 
COVID- 19 Registry dataset for combined data analyses.

Data collection
The data collected across the registries include patient demo-
graphic information (age, sex at birth, country of residence), 
primary RMD diagnosis, RMD disease activity (tick box: 
remission, low, moderate, high or unknown), RMD treatments 
including glucocorticoid use and which disease modifying anti- 
rheumatic drug (DMARD) the patient was on at the time of 
COVID- 19, and comorbidities (tick box: none, ocular inflam-
mation, interstitial lung disease, asthma, diabetes, obesity, hyper-
tension, cerebrovascular accident, renal disease, inflammatory 
bowel disease, heart disease). Information on COVID- 19 include 
diagnosis date, whether the case was presumptive or confirmed 
(via PCR, antigen test, antibody test, or other laboratory assay), 
clinical symptoms (tick box), hospitalisation and/or death due 
to COVID- 19, and whether the patient stopped rheumatic 
therapies.

Inclusion criteria
All children and young people <19 years of age at the time 
of detection of SARS- CoV- 2 infection or the development of 
COVID- 19 illness (presumptive or confirmed) were included 
in the primary analyses. Individuals with juvenile idiopathic 
arthritis (JIA) aged 19 and over were included for additional 
descriptive analyses. The CARRA Registry required documenta-
tion of positive SARS- CoV- 2 testing (PCR, antigen or antibody) 
in order to be validated as a COVID- 19 ESI. These cases under-
went validation by two independent reviewers.

Cases for this analysis were included from initial COVID- 19 
date (EULAR COVID- 19 Registry: 27 March 2020; CARRA 
Registry: 1 March 2020; COVID- 19 GPRD: 13 April 2020) 
until a cut- off date of 20 July 2021 for the EULAR COVID- 19 
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Registry, 25 May 2021 for the CARRA Registry and 23 June 
2021 for the COVID- 19 GPRD.

Statistical analysis
Demographic characteristics of all children and young people 
aged <19 years were described using relevant categorical and 
continuous variables and patients who died were further charac-
terised. Rheumatology diagnosis was categorised into four groups: 
(1) JIA, (2) systemic lupus erythematosus (SLE), mixed- connective 
tissue disease (MCTD), vasculitis or other RMD (including Behcet’s 
disease, inflammatory myopathy, systemic sclerosis, localised sclero-
derma), (3) autoinflammatory syndromes (including tumour necrosis 
factor (TNF) receptor- associated periodic syndrome (TRAPS), 
cryopyrin- associated autoinflammatory syndromes (CAPS), and 
familial Mediterranean fever (FMF)), (4) other (including chronic 
recurrent multifocal osteomyelitis, sarcoidosis, ocular inflammation, 
‘other’ or was left blank).

Logistic regression (complete case) was used to assess factors asso-
ciated with COVID- 19 hospitalisation, including: age, sex, rheu-
matology diagnosis (four categories as above), obesity (body mass 
index, BMI ≥30; tick box (EULAR) or combination of BMI and tick 
box (CARRA Registry and CARRA GPRD)), glucocorticoid use, and 
DMARD use (none, conventional- synthetic DMARD only, biologic 
or targeted- synthetic DMARD only, combination therapy). OR and 
95% CI are presented for each variable individually (univariable 
logistic regression). For the multivariable logistic regression, all vari-
ables in the univariable analysis were included as it was believed that 
each was an important factor to be accounted for. Disease activity 
was also included in the multivariable analysis with unknown (ie, 
missing) included as an indicator variable (categories: remission, 
low, moderate to high, or unknown). Finally, dataset (EULAR or 
CARRA (CARRA Registry and CARRA GPRD)) was included in the 
multivariable model to account for differences between data collec-
tion. One patient with unknown sex was dropped from this analysis.

Two sensitivity analyses of the logistic regression were 
conducted. The first without inclusion of two patients retrospec-
tively diagnosed with SLE after presentation with COVID- 19 
(both of whom died), given uncertainties regarding the possi-
bility of COVID- 19- induced autoimmune disease and the small 
number of deaths and serious illness reported in the data. The 
second excluded disease activity from the model due to the large 
amount of missing data.

Patients with JIA over 19 years old were included in a further 
descriptive analysis regarding age, sex, rheumatology diagnosis, 
hospitalisations and deaths.

RESULTS
Children and young people
There were a total of 607 children and young people under the 
age of 19 years old included from 25 different countries; 464 
from the EULAR COVID- 19 Registry and 143 from the CARRA 
datasets (CARRA Registry and CARRA GPRD) (table 1). Of 
these, 499 (82%) were confirmed SARS- CoV- 2 cases (majority 
with PCR; n=425), 399 (66%) were female, and median age was 
14 years old (IQR 9–16). The majority of children and young 
people had JIA (n=378; 62%); 140 with polyarticular (37% of 
JIA), 112 with oligoarticular (30% of JIA), 44 with enthesitis- 
related JIA (12% of JIA), 34 with systemic JIA (9% of JIA), 16 
psoriatic (4% of JIA), and 33 other or unknown (9% of JIA). 
There were also 78 (13%) patients with auto- inflammatory 
syndromes, 47 (8%) with SLE or MCTD, 16 (3%) with vasculitis 
and 15 (2%) with inflammatory myopathy.

The majority of patients did not report any comorbidities 
(83%), although 38 (6%) had ocular inflammation (largely 
uveitis in association with JIA), and 34 (6%) were reported to 
be obese. Less than 1% reported comorbid inflammatory bowel 
disease, diabetes mellitus, or renal disease. Twelve (2%) patients 
reported more than one comorbidity.

Of these 607 children and young people, 43 (7%) were 
admitted to hospital. A higher proportion were reported as 
hospitalised in CARRA data vs the EULAR registry (11% vs 
6%), as well as those with SLE/MCTD (16%) and systemic JIA 
(15%) compared with other JIA patients (4%). One hundred 
and forty (23%) patients had asymptomatic COVID- 19. The 
most common symptoms overall were fever (n=236; 39% of all 
patients) and cough (n=181; 30% of all patients), with hospi-
talised patients reporting fever more frequently (77% vs 36%).

Most patients (n=423; 70%) were on DMARD therapy at 
the time of COVID- 19. There were 267 (44%) patients on a 
conventional- synthetic DMARD (predominantly methotrexate, 
n=198), 143 of those as monotherapy and 124 in combina-
tion with biologic DMARDs. No patients were on combination 
therapies of conventional- synthetic DMARDs with targeted- 
synthetic DMARDs. There were 280 (46%) patients on biologic 
or targeted- synthetic DMARDs (predominantly anti- TNF 
therapy, n=200), 156 of those as monotherapy. There were a 
similar proportion of hospitalised and non- hospitalised patients 
discontinuing either their conventional- synthetic, or biologic or 
targeted- synthetic DMARD therapy at the time of COVID- 19 
diagnosis (approximately one third). Eleven percent (n=66) of 
patients were receiving glucocorticoid treatment at the time of 
COVID- 19; of these, 36 patients reported dosage with median 
dose 6.5 mg/kg (IQR 3.8–12.3).

Among those for whom disease activity at the time of 
COVID- 19 had been recorded, the majority were in remission 
(n=194; 49% of those with data) or had low disease activity 
(n=159; 40% of those with data). Disease activity at the time 
of COVID- 19 was unavailable for 208 (34%) patients, primarily 
from the CARRA datasets and the EULAR French data subset 
(non- recorded at all in the French data subset). Hospitalised 
patients more often had moderate (9% vs 6%) or high (7% 
vs <1%) disease activity than non- hospitalised patients.

Three patients died with PCR confirmed SARS- CoV- 2 (table 2). 
One death in a female <5 years old with a pre- existing auto- 
inflammatory syndrome (unknown disease activity status), on 
low- dose glucocorticoids and methotrexate (described in further 
detail elsewhere12). Two deaths occurred in subjects from lower- 
resource areas who were diagnosed with SLE around the same 
time as they developed COVID- 19 (one with SLE manifestations 
recognised at the time of COVID- 19 presentation, another with 
preceding SLE manifestations but not yet diagnosed).

Factors associated with hospitalisation in children and young 
people with COVID- 19 (table 3) included diagnosis of SLE/MCTD, 
vasculitis or other RMD (OR 4.3; 95% CI 1.7 to 11) or autoinflam-
matory syndromes (OR 3.0; 95% CI 1.1 to 8.6) compared with JIA, 
and obesity (OR 4.0; 95% CI 1.3 to 12). When the analysis was 
repeated (1) excluding the two patients who died who were retro-
spectively diagnosed with SLE after presentation with COVID- 19 
(online supplemental table 1) and (2) excluding disease activity as 
a confounder (online supplemental table 2), the estimates did not 
change substantially.

Adults
There were 99 adults with JIA, 82 from the EULAR COVID- 19 
Registry and 17 from the CARRA dataset, with a median age of 
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Table 1 Patient characteristics, rheumatic disease information, and main COVID- 19 outcomes of 607 children and young people under the age of 
19 years with COVID- 19

All patients Not hospitalised Hospitalised

N 607 564 (93%*) 43 (7%*)

Dataset EULAR COVID- 19 Registry 464 (76%) 437 (77%) 27 (63%)

CARRA Datasets (CARRA Registry and CARRA COVID- 19 GPRD) 143 (24%) 127 (23%) 16 (37%)

Sex Female 399 (66%) 369 (65%) 30 (70%)

Male 207 (34%) 194 (34%) 13 (30%)

Unknown 1 (<1%) 1 (<1%) 0

Age, years Median (IQR) 14 (9, 16) 14 (10, 16) 14 (8, 17)

Range one to 18.9 one to 18.9 two to 18

Primary rheumatology diagnoses Juvenile Idiopathic Arthritis 378 (62%) 360 (64%) 18 (42%)

Polyarticular 139 (23%) 137 (24%) 2 (5%)

Oligoarticular 112 (18%) 108 (19%) 4 (9%)

Systemic 34 (6%) 29 (5%) 5 (12%)

Psoriatic 16 (3%) 16 (3%) 0

Enthesitis- related 44 (7%) 39 (7%) 5 (12%)

Other/Unknown 33 (5%) 31 (6%) 2 (5%)

SLE/MCTD/Vasculitis/Other RMD† 87 (14%) 73 (13%) 14 (33%)

Auto- inflammatory syndromes (eg, TRAPS, CAPS, FMF) 78 (13%) 71 (13%) 7 (16%)

Other‡ 64 (11%) 60 (11%) 4 (9%)

Comorbidities None stated 505 (83%) 472 (84%) 33 (77%)

Ocular inflammation 38 (6%) 36 (6%) 2 (5%)

Obesity (BMI ≥30) 34 (6%) 28 (5%) 6 (14%)

Asthma 7 (1%) 7 (1%) 0

Disease activity Remission 194 (32%) 178 (32%) 16 (37%)

Low 159 (26%) 152 (27%) 7 (16%)

Moderate 40 (7%) 36 (6%) 4 (9%)

High 6 (1%) 3 (<1%) 3 (7%)

Unknown§ 208 (34%) 195 (35%) 13 (30%)

Confirmed or suspected Confirmed 499 (82%) 465 (82%) 34 (79%)

Suspected 108 (18%) 99 (18%) 9 (21%)

Most frequently reported symptoms Asymptomatic 140 (23%) 137 (24%) 3 (7%)

Fever 236 (39%) 203 (36%) 33 (77%)

Cough 181 (30%) 163 (29%) 18 (42%)

Rhinorrhoea 111 (18%) 105 (19%) 6 (14%)

Headache 107 (18%) 96 (17%) 11 (26%)

Anosmia 105 (17%) 104 (18%) 1 (2%)

Treatment at onset of COVID- 19 infection Any DMARD 423 (70%) 395 (70%) 28 (65%)

csDMARD monotherapy 143 (24%) 132 (23%) 11 (26%)

b/tsDMARD monotherapy 156 (26%) 144 (26%) 12 (28%)

Combination therapy (cs and bDMARD) 124 (20%) 119 (21%) 5 (12%)

Any csDMARD 267 (44%) 251 (45%) 16 (37%)

Methotrexate 198 (33%) 189 (34%) 9 (21%)

Antimalarials 48 (8%) 40 (7%) 8 (19%)

Mycophenolate 28 (5%) 24 (4%) 4 (9%)

Cyclophosphamide 0 0 0

Any b/tsDMARD 280 (46%) 263 (47%) 17 (40%)

Anti- TNF inhibitor 200 (33%) 193 (34%) 7 (16%)

IL- 6 inhibitor 30 (5%) 27 (5%) 3 (7%)

IL- 1 inhibitor 19 (3%) 15 (3%) 4 (9%)

Rituximab 11 (2%) 9 (2%) 2 (5%)

JAK inhibitor 6 (1%) 6 (1%) 0

Glucocorticoids 66 (11%) 56 (10%) 10 (24%)

In combination with cs/btsDMARD 56 (9%) 49 (9%) 7 (16%)

Required hospitalisation Yes 43 (7%) 0 43 (100%)

Required oxygen/ventilation 8 (1%) – 8 (19%)

None needed 35 (6%) – 35 (81%)

Deaths due to COVID- 19¶ 3 (<1%) 0 3 (7%)

*Row percentage.
†Other RMD includes: Behcet’s disease, inflammatory myopathy, systemic sclerosis, localised scleroderma.
‡Other includes: chronic recurrent multifocal osteomyelitis, sarcoidosis, ocular, ‘other’, or was left blank.
§94% of which are from the CARRA dataset and the EULAR French data subset.
¶Two deaths occurred in subjects who were diagnosed with SLE around the same time as COVID- 19: one with SLE manifestations recognised at the time of COVID- 19 presentation, one with SLE manifestations in the preceding 2 months.
BMI, body mass index; b/tsDMARD, biologic or targeted- synthetic DMARD; CAPS, cryopyrin- associated auto- inflammatory syndromes; CARRA, Childhood Arthritis and Rheumatology Research Alliance; csDMARDs, conventional- synthetic disease 
modifying anti- rheumatic drug; EULAR, European Alliance of Associations for Rheumatology; FMF, familial Mediterranean fever; GPRD, Global Paediatric Rheumatology Database; JAK, Janus- kinase; MCTD, mixed- connective tissue disease; RMD, 
rheumatic and musculoskeletal disease; SLE, systemic lupus erythematosus; TRAPS, tumour necrosis factor receptor- associated periodic syndrome.
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26 years (IQR 20–34, range 19–72 years old). Of these adults, 76 
(77%) were confirmed cases (majority with PCR; n=66), 9 were 
hospitalised, and two died. The two deaths were in females with 
oligoarticular JIA with PCR confirmed SARS- CoV- 2. One was 
31–40 years old with moderate disease activity receiving gluco-
corticoid (dose 10 mg) and combination conventional- synthetic 
DMARD with anti- TNF therapy at the time of COVID- 19 diag-
nosis, with concomitant inflammatory bowel disease. The other 
was 61–70 years old in remission receiving no glucocorticoid or 
DMARD therapy, with asthma, diabetes and hypertension.

DISCUSSION
This is the most significant global investigation to date of 
short- term COVID- 19 outcomes in children and young people 
with RMDs. Of the 607 cases reported, 7% were hospitalised, 
although less than one- in- five of these needed oxygen or ventila-
tion, and three patients died. There were no associations between 
DMARD treatment (conventional- synthetic, biologic/targeted- 
synthetic or combination therapy, compared with no DMARD 
treatment), or glucocorticoid use, with hospitalisation. However, 
children and young people with SLE/MCTD, vasculitis, other 
RMDs or autoinflammatory syndromes were more likely to be 
hospitalised compared with those with JIA. As in multiple other 
reports in non- disease- specific populations, obesity represented 
a risk factor for more severe COVID- 19 outcome.

These initial results are reassuring against the occurrence of 
severe COVID- 19 illness (excluding multisystem inflammatory 
syndrome in children (MIS- C)) in the majority of individuals 
with paediatric RMDs, with only 1- in- 15 children and young 
people with RMDs with COVID- 19 reporting hospitalisation. 
Using the same database structure, almost half of the cases 
reported in adults with RMDs were fatal cases, likely repre-
senting a significant bias in reporting.5 If this same bias is present Ta
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Table 3 Factors associated with hospitalisation in children and 
young people with COVID- 19 (N=606)

Univariable OR
(95% CIs)

Multivariable OR*
(95% CIs)

Female (vs male) 1.2 (0.6 to 3.8) 1.1 (0.6 to 2.4)

Age (years) 1.0 (0.9 to 1.1) 1.0 (0.9 to 1.0)

Rheumatic disease

 JIA (comparator) (comparator)

 SLE/MCTD, Vasculitis 3.8 (1.8 to 8.1)† 4.3 (1.7 to 11)†

 Auto- inflammatory syndromes 2.0 (0.8 to 4.9) 3.0 (1.1 to 8.6)†

 Other 1.3 (0.4 to 4.1) 1.7 (0.5 to 5.5)

 Obesity 3.1 (1.2 to 8.0)† 4.0 (1.3 to 12)†

 Glucocorticoid use 2.7 (1.3 to 5.9)† 2.1 (0.8 to 5.6)

DMARD use

 None stated (comparator) (comparator)

 csDMARD only 0.9 (0.4 to 2.1) 0.6 (0.2 to 1.7)

 b/tsDMARD only 0.9 (0.4 to 2.1) 1.5 (0.6 to 3.6)

 Combination therapy 0.5 (0.2 to 1.3) 0.4 (0.1 to 1.5)

*Adjusted for disease activity (remission, low, moderate to high, or unknown) 
and dataset (EULAR COVID- 19 Registry or CARRA (CARRA Registry and CARRA 
COVID- 19 GPRD)).
†P<0.05.
b/tsDMARD, biologic or targeted- synthetic DMARD; CARRA, Childhood Arthritis 
and Rheumatology Research Alliance; csDMARD, conventional- synthetic DMARD; 
DMARD, disease modifying anti- rheumatic drug; EULAR, European Alliance of 
Associations for Rheumatology; GPRD, Global Paediatric Rheumatology Database; 
JIA, juvenile idiopathic arthritis; MCTD, mixed- connective tissue disease; SLE, 
systemic lupus erythematosus.
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in the paediatric reports, it is possible that outcomes are even 
more favourable in this younger population, with many children 
and young people with RMDs experiencing milder COVID- 19 
not reporting the case to their physician, who in turn cannot 
report to the registries. The ad hoc nature of voluntary reporting 
to these data sources prevents a population- based analysis.

Nonetheless, although uncommon in all children and young 
people, those with RMDs other than JIA (predominantly SLE/
MCTD, vasculitis or autoinflammatory syndromes) were more 
likely to have serious outcomes, which is not surprising given the 
typically greater systemic involvement and need for more aggressive 
immunosuppressive therapy than the majority of individuals with 
JIA. In addition, patients with more severe JIA are often treated 
with anti- TNF DMARD therapies, which have been associated with 
less severe COVID- 19 disease in some adult reports compared with 
other therapies.13–15 In adults with RMDs, those with SLE were at 
increased risk of COVID- 19- related hospitalisation, and those with 
comorbidities such as hypertension, cardiovascular disease, chronic 
lung disease, chronic kidney disease, and diabetes, have been identi-
fied as being at increased risk of COVID- 19- related hospitalisation 
and death.5 13 Regarding obesity as a risk factor for more severe 
COVID- 19, our data is in agreement with other studies evidencing 
poorer COVID- 19 outcomes with obesity in the adult general popu-
lation.4 16 That obesity is also associated with severe COVID- 19 in 
children is a new finding.

This analysis is the largest investigation of COVID- 19 in chil-
dren and young people with RMDs globally. However, it was 
not without limitations. SARS- CoV- 2 infection reported to the 
combined registries included both presumptively diagnosed and 
confirmed cases, introducing possible misclassification bias. The 
authors believe this is not likely to have substantially confounded 
our results as the majority of severe COVID- 19 cases would 
have been reported. In the treatment of COVID- 19 deaths, we 
noted no significant difference in results of serious COVID- 19 
illness when excluding the two subjects without RMD diagnoses 
established prior to their presentation with COVID- 19. Several 
limitations in data collection so far precluded drawing conclu-
sions regarding other factors that have been shown to be asso-
ciated with poor outcomes: (1) approximately one- third of the 
combined dataset had missing RMD disease activity, preventing 
meaningful exploration of this factor on short- term outcomes; (2) 
substantial differences in reporting of race and ethnicity between 
data sources prevented cross- mapping between efforts and we 
were unable to analyse whether black, Asian and minority ethnic 
groups with paediatric RMDs are at higher risk of COVID- 19- 
related death compared with those of white ethnicity, as has 
been reported for the general population4 17 and (3) we did not 
have access to data on SARS- CoV- 2 variant types although all 
the data were collected prior to the emergence of the Omicron 
variant.18 Our registries did not capture vaccination status at the 
time of data collection (although most cases occurred prior to 
approval of vaccination for the relevant age groups) and we do 
not capture long- term or late outcomes such as ‘long COVID- 
19’19 20 or MIS- C. Finally, our data sources received very limited 
reporting from low- resource healthcare areas internationally.

In conclusion, understanding the impact of COVID- 19 infec-
tion on children and young people with RMDs is important to 
inform national protection, education (such as school atten-
dance) and vaccination guidance. We report the most significant 
investigation to date of short- term outcomes of COVID- 19 in 
over 600 children and young people with RMDs. The majority 
of children and young people with RMDs appear to do well and 
experience mild COVID- 19 disease. However, where hospi-
talisations did occur, they were more likely among those with 

SLE/MCTD, vasculitis, autoinflammatory syndromes, and other 
paediatric RMDs compared with their peers with JIA. The data 
also showed for the first time that obesity is a relevant comor-
bidity also in children with RMDs, supporting that protection 
measures in those children should be strictly followed. While 
mortality has been reported, it appears to occur rarely in high- 
resource healthcare areas.
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ABSTRACT
Objective NLRP3 inflammasome regulates T cell responses. 
This study examined the roles of NLRP3 inflammasome 
activation in the regulation of T follicular helper (Tfh) cells 
during humoral response to T dependent antigens and in 
systemic lupus erythematosus (SLE).
Methods NLRP3 inflammasome activation of Tfh cells 
was studied in B6, MRL/lpr and NZM2328 mice and in 
SLE patients and healthy controls using a fluorescence- 
labelled caspase- 1 inhibitor probe. MCC950, a selective 
inhibitor of NLRP3, was used to investigate the relation 
between NLRP3 inflammasome activation and germinal 
centre (GC) reaction, Ab responses to immunisation, and 
autoantibody production.
Results NLRP3 inflammasome activation in Tfh cells 
after immunisation was identified in B6 mice. MCC950 
inhibited humoral responses to sheep red blood cell and 
NP- CGG with reduction of the GC reaction. B6 mice with 
lymphoid cell- specific deletion of NLRP3 or Casp1 mounted 
suboptimal humoral responses with impaired GC formation 
and defective affinity maturation. In MRL/lpr and NZM2328 
mice, inhibition of NLRP3 activation suppressed NLRP3 
activated Tfh cell expansion as well as attenuated lupus- like 
phenotypes. Tfh cells with activated NLRP3 inflammasome 
exhibited increased expression of molecules for Tfh cell 
function and differentiation, and had greater ability to 
activate B cells. In SLE patients, disease activity was positively 
correlated with an increase in the activated NLRP3+ Tfh 
population and this population was markedly reduced in 
response to therapy.
Conclusions The activation of NLRP3 inflammasome in 
Tfh cells is an integral part of responses to immunisation. 
The activated NLRP3+ Tfh population is essential 
for optimal humoral responses, GC formation and 
autoimmunity.

INTRODUCTION
T follicular helper (Tfh) cells, a subset of T helper 
cells that localise to B cell follicles, are essential 
for germinal centre (GC) formation and the gener-
ation of high affinity B cells.1 2 Tfh cells provide 
help signals to GC B cells via a combination of 
secreted cytokines and expressed cell surface recep-
tors.1 2 Although IL- 1β has recently been shown to 
be made by T cells as a result of inflammasome acti-
vation,3–5 the role of Tfh inflammasome activation 
in antibody responses and in GC formation remains 
largely undetermined.

The assembly of NLRP3 inflammasome leads to 
activation of caspase- 1, which is required for the 
cleavage of the interleukins IL- 1β and IL- 18,6 to 
their active secretory forms. The effects of NLRP3 
inflammasome on adaptive immune response have 
been described mainly through the active IL- 1β 
secreted by non- B and non- T cells.7 8 In the case 
of adaptive humoral responses, little information 
is available regarding the Tfh cell inflammasome 
expression and the effects of Tfh cell inflammasome 
activation on Ab formation. In view of recent 
studies showing that CD4+ T cells can also secrete 
IL- 1β though inflammasome activations,3–5 the role 
of Tfh NLRP3 inflammasome activation in humoral 
response is a timely area to be investigated.

We have been interested in the role of NLRP3 
inflammasome activation in the pathogenesis of lupus 
nephritis,9 10 with emphasis on the small molecule 
inhibitor MCC950 specific for NLRP3. MCC950 

Key messages

What is already known about this subject?
⇒ NLRP3 activation in CD4+ T cells has been

shown in several Th1 response models.

What does this study add?
⇒ A population of T follicular helper (Tfh) cells

with active NLRP3 exhibiting potent helper 
activity has been identified.

⇒ Blocking NLRP3 activation with MCC950
inhibits optimal humoral responses with 
delayed affinity maturation and impaired 
germinal centre formation. Specific deletions 
of NLRP3 or Casp1 in T cells with the impaired 
humoral responses provides evidence to support 
the hypothesis that NLRP3 activations in Tfh is 
an integral part of the humoral response.

⇒ MCC950 inhibited autoantibody formation and
modulated autoimmune manifestations.

How might this impact on clinical practice or 
future developments?
⇒ The activated NLRP3+ Tfh cell population

appears to play an important role in the 
pathogenesis of human lupus suggesting that 
targeting this population may have therapeutic 
potentials.
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was effective in modulating lupus nephritis with prolonged survival 
time. Further studies to be presented here show that anti- dsDNA 
Ab titers in both MCC950- treated MRL/lpr and NZM2328 mice 
were markedly diminished suggesting that MCC950 has inhibitory 
effects on autoantibodies formation in autoimmune prone strains of 
mice. It provides the rationale and impetus to determine whether 
NLRP3 activation is inherent in Tfh cells and whether this activa-
tion is essential in normal humoral responses and in autoimmunity. 
The experimental results further support the conclusion that Tfh 
cells are required for systemic autoimmunity,11 with the important 
added information that Tfh cells with activated NLRP3 are essential 
for systemic autoimmunity.

METHODS
Patients
Seventy- one patients from the First Affiliated Hospital, Sun Yat- sen 
University (SYSU) fulfilling ACR criteria for systemic lupus erythe-
matosus (SLE),12 were screened with the SLEDAI scoring system.13 
Demographic and clinical characteristics of these SLE patients are 
shown in online supplemental table 1. Twenty- five age- matched and 
sex- matched healthy donors were enrolled.

Eleven SLE patients were followed longitudinally. They expe-
rienced a relapse and were treated again as inpatients. Blood 
samples were obtained before the initiation of treatment and 
at 4 weeks after treatment. The clinical characteristics of these 
patients are shown in online supplemental table 2.

Human peripheral blood mononuclear cells purification, flow-
cytometric analysis and immunofluorescence studies
Detailed methods are described in the online supplemental 
methods section.

Mice and treatments
Only female mice were used in this investigation. B6.NLRP3fl/

fl mice were obtained from Taconic and B6.Casp1fl/fl mice 
were kindly provided by Dr. John Luckens at the University 
of Virginia. B6 and B6.CreLck with distal Lck promotor were 
obtained from Jackson Lab. (B6.CreLck x B6.NLRP3fl/fl)F2 were 
screened for B6.NLRP3fl/flCreLck and suitable mating pairs were 
set up for the generation of cohorts of B6.NLRP3fl/flCreLck. Simi-
larly cohorts of B6.Casp1fl/flCreLck were generated for experi-
ments described in online supplemental figure 1 legend. Specific 
deletion in lymphoid cells was shown with isolated lymphocytes 
and macrophages by PCR with primers flanking the flox sites.

All MCC950 or vehicle treatments of MRL/lpr have been 
described.9 10 MRL/lpr mice were purchased from SLAC Labo-
ratory Animal Company (Shanghai, China). NZM2328 mice,14 
were obtained from the University of Virginia. B6 mice were 
from the Experimental Animal Centre at SYSU.

NZM2328 mice (12 weeks old) were injected with 1×107 
particles of adenovirus- expressing interferon-α (adIFN-α) 
according to Dai et al.15 One day after adIFNα, the mice were 
treated intraperitoneally with either MCC950 or vehicle. The 
mice were sacrificed 6 weeks after adIFNα injection.

Isolation of mouse spleen and lymph nodes lymphocytes, flow 
cytometry analysis and GC studies by splenic PNA staining.
Please see the online supplemental methods section.

Immunization and assays for specific Ab production
For sheep red blood cell (sRBC) immunisation, 108 cells were 
injected ip without adjuvant. The same dose was given 14 days 
later. Sera were assayed by ELISA for anti- sRBC Abs 3 and 6 

weeks later with sRBC lysate as the substrate. For NP33- CGG 
immunisation, 100 µg was given in the footpads without adju-
vant. Sera at day 7 and day 14 were collected for assaying by 
ELISA with NP2- BSA and NP14- BSA as substrates for high affinity 
and low/moderate- affinity anti- NP Ab respectively.16

In vitro induction of B-cell activation by Tfh cells and IgG 
production by Tfh cells
Please see the online supplemental methods section.

Measurement of anti-dsDNA antibodies and cytokine 
levels, and evaluation of renal history and immune complex 
deposition
These procedures have been described previously.10

Statistical analysis
Data are presented as the mean±SD or as median ±IQR. 
Statistical analysis was performed using GraphPad Prism V.5.0. 
Statistical differences were assessed by Student’s t- test, one- way 
analysis of variance or non- parametric Mann- Whitney U- test. 
Spearman’s rank correlation test was used to determine correla-
tion. χ2 analysis was performed to compare the incidence of 
severe proteinuria between groups. A p<0.05 was considered 
statistically significant.

RESULTS
Identification of act. NLRP3+ Tfh cells in normal B6 mice
CD4+CXCR5+ Tfh cells that have act. caspase- 1 can be readily 
identified in the B cell follicle and at the T- B border in the 

Figure 1 CXCR5+ CD4+ or CD3+ Tfh cells in the lymph node of a B6
mouse 5 days after the immunisation with NP33- CGG with alum in the 
hind footpads express act. caspase- 1+ and IL- 1β. (A) Many of the act. 
caspase- 1+ Tfh cells in the interface between T cell B cell zones and 
in the dark zone of the GC are identified by arrows. The inset shows 
interaction between act. caspase- 1+ Tfh cells with IgD+ B cells. (B) 
CD4+CXCR5+ T cells as seen by the ImageStreamX MKII imaging flow 
cytometer with act. caspase- 1 stained green, IL- 1β red, CD4 purple and 
CXCR5 blue. (C) A CD3+CXCR5+ T cell stained for act. caspase- 1 and 
IL- 1β. (D) CD3+CXCR5+Tfh and caspase- 1+ IL1β+ Tfh were counted in 
each 300 µm x 300 µm area. GC, germinal centre.
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GC of the draining lymph nodes of the B6 mouse 5 days after 
immunisation with NP33- CGG with alum in the high footpad 
(figure 1A). Act. caspase- 1+ Tfh cells interacting with IgD+ 
B cells are shown in the insert of figure 1A. With an Image-
StreamX MKII instrument (figure 1B), 7 cells that were act. 
caspase- 1+CD4+ CXCR5+ expressed various amounts of IL- 1β. 
It is apparent that the markers of interest expressed by these 
cells are very heterogeneous inferring that this population is 
changing continuously. To seek further support that Tfh cells 
make IL- 1β with NLRP3 activation in response to immunisa-
tions, CD3+CXCR5+ cells with act. caspase- 1+ making IL- 1β 
were identified (figure 1C,D). This population was estimated to 
be 10% of Tfh cells. sRBC immunisation increased splenic act. 
caspase- 1+ Tfh from 2%–3% to 7.5%–10% (figure 2A). From 
the CD4+CXCR5+Foxp3- Tfh population, act. caspase- 1+ and 
act. caspase- 1- subpopulations were isolated. They were char-
acterised by the ImageStreamX MKII imaging flow cytometer 
(figure 2B). The expression of mRNA for Rip3, Casp1, NLRP3, 
IL- 1β, Bcl- 6, IFNγ and CD40 were significantly increased in the 
act. caspase- 1+ cells (figure 2C). However IL- 10 was increased 
in the act. caspase- 1- Tfh fraction. It is of note that IL- 18 mRNA 
was not detected.

To demonstrate a role of NLRP3 activation in the humoral 
response MCC950, a small molecular NLRP3 inhibitor was 
given every other day for 6 weeks, 5 days after the second immu-
nisation. This treatment reduced act. caspase- 1+ cells from 
~8% to ~3% (figure 2D). MCC950 also reduced lymph node 
sizes (figure 2E).

In a 5- day in vitro experiment, act. caspase- 1+ Tfh cells isolated 
5 days after the second immunisation induced significantly 

more IgG secretion by B cells with p<0.05 in comparison 
with act. caspase- 1- Tfh cells (figure 2F). Sera were obtained 
3 and 6 weeks after the second immunisation. Affinity matura-
tion indices as measured according to MacDonald et al17 were 
significantly reduced with p<0.01 (figure 2G). It is of note that 
affinity maturation indices were lower 6 weeks after treatment 
(data not shown). However, the differences were not statistically 
significant. MCC950 treatment significantly reduced anti- sRBC 
Ab when assayed at 1/100 dilution with p<0.05 at 3 weeks and 
p<0.001 at 6 weeks (figure 2H,I).

MCC950 inhibits GC formation by the marked decrease in B 
cell division within the B cell zone of the GC
B6 were immunised with NP33- CGG ip with alum as an adju-
vant. Ki67 was used as a marker for proliferating cells. MCC950 
inhibited B cell proliferation in the dark zone of the GC in the 
spleen (figure 3A). MCC950 significantly decreased Ki67 levels 
with p<0.001 as measured by the ImageJ software in compar-
ison to GC of mice treated with vehicle (figure 3B). With NP2–
BSA as the substrate, MCC950 inhibited the formation of high 
affinity IgG anti- NP Ab (figure 3C).

Lymphocyte-specific deletion of NLRP3 impeded Ab 
production to T dependent Ag with inhibition of GC formation
With B6.NLRP3fl/fl from Taconic and B6.CreLck with distal 
promotor from Jackson Lab, B6.NLRP3fl/flCreLck were generated. 
B6.NLRP3fl/flCreLck and B6.NLRP3fl/fl mice were immunised with 
NP33- CGG without adjuvant. As shown in figure 4A, the only 
impaired IgM response was day 7 in B6.NLRP3fl/flCreLck mice 

Figure 2 Characterisation of act. caspase- 1+ Tfh cells. B6 mice were immunised with sheep Red Blood Cells (sRBC) as described in methods. (A) 
Gating strategy for Tfh cells: lymphocytes were gated by forward light scattering. CD4+CXCR5+ and FoxP3- cells were selected as Tfh cells. (B) The 
Tfh cells were sorted into act. caspase- 1+ and act. caspase- 1- cell populations. (C) mRNA expression of genes of interest in act. caspase- 1+ Tfh and 
act. caspase- 1- Tfh cells isolated from the spleens of immunised mice were interrogated by RT/PCR. (D) act. caspase- 1+ Tfh cells were elevated in the 
spleen of mice immunised with sRBC. This increase was inhibited by MCC950. (E) Total lymphocyte counts in the lymph nodes of immunised mice 
were decreased with MCC950. (F) act. caspase- 1+ Tfh cells provided better help to induce IgG secretion by B cells in comparison with act. caspase- 1- 
Tfh cells. (G) MCC950 or vehicle treatment commenced 5 days after the second immunisation, reduced affinity maturation to sRBC. Reduction of 
serum IgG anti- sRBC ab in mice treated with MCC950 at 3 weeks (H) and at 6 weeks (I) after the secondary immunisation. *P<0.05, **p<0.01, 
***p<0.001, ****p<0.0001.
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with NLRP3 deletion in T cells in comparison with the response 
by B6.NLRP3fl/fl (p<0.05). Seven days after immunisation, IgM 
responses of B6.NLRP3fl/flCreLck mice were impaired in compar-
ison with those from B6.NLRP3fl/fl (p<0.05). IgG anti- NP2 and
anti- NP14 Ab responses were impaired in mice with deletion of 
NLRP3 in their T cells with p<0.001 and p<0.01, respectively. At 
day 14, both IgG anti- NP2 and IgG anti- NP14 Ab responses were 
impaired in mice with deletion of NLRP3 in their T cells with 
p<0.05. We harvested the spleens of these two groups of mice. 
In mice with NLRP3 deletion in their T cells, GC formation was 
impaired with marked decrease in proliferation of centroblasts 
that stained for Ki67 in the dark zone (figure 4Be- Bh vs Ba- Bd), 
suggesting that activated NLRP3 is essential for high affinity Ab 
response and for GC formation.

Similar results were obtained in a cohort of B6 mice with 
specific deletion of Casp- 1 in their T cells (online supplemental 
figure 1).

Reduced GC formation and attenuated anti-dsDNA Ab in 
MRL/lpr and NZM2328 mice treated with MCC950
In our work investigating the role of NLRP3 activation in 
MRL/lpr, it was noted that with MCC950 treatment that targets 
NLRP3 specifically,18 the spleen and lymph nodes were signifi-
cantly smaller in the treated mice. The possibility that act. 
caspase- 1+ Tfh may play a role in the pathogenesis of lymphop-
roliferation in MRL/lpr was explored.

By 2 months of ages MRL/lpr mice spontaneously had 
significantly more act. caspase- 1+ Tfh in their spleen (~7% in 
figure 5A). Its congenic MRL/Mpl had ~2.5% such cells, which 

was similar to that in B6. With further ageing, this Tfh population 
increased further (figure 5B). By week 16, approximately 20% 
of the Tfh cells were positive for act. caspase- 1. MCC950 treat-
ment given every other day from week 12 to week 16 diminished 
this population from ~20% to less than 10%. Circulating IL- 1β 
was increased in 12 and 16 weeks old MRL/lpr mice (figure 5C). 
This increase was not seen in MCC950 treated mice. Treat-
ment of MRL/lpr with MCC950 diminished splenic and lymph 
node weights (figure 5D,E). This treatment also diminished the 
titers of anti- dsDNA Ab (figure 5F). PNA staining revealed that 
MCC950 inhibited the proliferation of centroblasts resulting in 
defective GC formation (figure 5G).

Act. caspase- 1+ Tfh cells in MRL/lpr expressed significantly 
more IL- 21, CD40L, pSTAT3 and Bcl- 6 in comparison with act. 
caspase- 1+ cells isolated from MCC950- treated MRL/lpr mice 
(figure 6). This suggests that MCC950 affects negatively the 
differentiations of Tfh cells with less B cell help capability. These 
cells cocultured with act. NLRP3+ Tfh cells showed higher 
expression of the B cell activation marker GL- 7 in comparison 
with those cocultured with act. caspase- 1- Tfh cells (data not 
shown). MRL/lpr mice had significant numbers of plasma cells 
(~3.8% in the spleen and ~2.20% in the lymph nodes (online 
supplemental figure 2A–C). The plasma cells were reduced 
to ~1.9% in the spleen and ~0.8% in the lymph nodes by the 
MCC950 treatment.

Similar results were obtained in NZM2328. Significant 
numbers of CD138+B220 low plasma cells were detected in their 
spleen (online supplemental figure 1). Act. caspase- 1+ Tfh cells 
were increased in the spleen. This population in comparison to 

Figure 3 Inhibition of GC formation and reduction of NP- specific 
Ab production by MCC950. B6 female mice were immunised i.p. with 
100 µg NP33- CGG and alum. They were treated i.p. daily with vehicle, 
MCC950 (20 mg/kg). (A) Splenic GC were stained as labelled indicated 
by arrows. There is an absence of centroblast division in the spleen 
of MCC950 treated mice. (B) The integrated density (IntDen) of Ki67 
staining in each GC was calculated by the ImageJ software. (C) Anti- 
NP IgM and IgG levels in serum samples 14 days after immunisation 
were assayed by ELISA using NP2- BSA as coating Ag. Mean absorbance 
from 10 000- fold diluted samples of 5 mice per group is shown. Arrows 
indicate dividing B cells. *P<0.05. **P<0.01. GC, germinal centre; i.p. 
intraperitoneally.

Figure 4 (A)  B6.NLRP3fl/flCreLck mice showed reduced Ab response to 
soluble Ag. Groups of 6 WT (B6) and 10 mutant mice were immunised 
subcutaneously in the neck and in the footpad with NP33- CGG 
(100 µg/mouse) without alum. mice were bled on days 7 and 14 after 
immunisation. Sera were diluted at 1:1000. Anti- NP Ab were quantified 
with ELISA using plate- bound NP14- BSA and NP2- BSA for low and high 
affinity Ab, respectively. Results are expressed as mean±SD *p<0.05, 
**p<0.01 and ***p<0.001. (B)  Lack of proliferating cells in the splenic 
germinal centres. (A–D) two splenic germinal centres with Ki67+ cells 
in B6.NLRP3fl/fl (A, B 10X and C, D 20X) 5 days after immunisation with 
NP33- CGG. (E–H) Absence of Ki67+ cells in the spleen of a B6.NLRP3fl/

flCreLck mouse in that NLRP3 is specifically deleted from T cells.
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the act. caspase- Tfh expressed more IL- 21, CD40L, pSTAT3 
and Bcl- 6 (online supplemental figure 2D,E). MCC950 treat-
ment targeted these parameters resulting in decreases in splenic 
weight, inhibition of expression of IL- 21, CD40L, pSTAT3 and 
Bcl- 6 in Tfh cells, reduction in activated B cell and plasma cell 
numbers, anti- dsDNA antibodies and renal pathology (online 
supplemental figures 3–5).

SLE patients had elevated circulating active NLRP3 + Tfh 
cells and this population of Tfh cells was responsive to pulse 
steroid plus immunosuppressive drugs
Characteristics of blood donors from 71 SLE patients from the 
rheumatology clinic at the First Affiliated Hospital of SYSU 
are listed in online supplemental table 1 and online supple-
mental figure 6. Twenty- five age- matched and sex- matched 
blood donors were recruited as controls. The percentage of 
act. caspase- 1+ Tfh (defined as CD4+CXCR5+Foxp3- act. 
caspase- 1+) was significantly higher in SLE patients than that in 
healthy controls (figure 7B,C), and showed a positive correlation 
with SLE disease activity as measured by SLE Disease Activity 
Indices (SLEDAI) (figure 7D). We also found increased IL- 1β 
expression both in circulating Tfh cells (figure 7E,F) and the sera 
(figure 7G) of SLE patients.

Eleven SLE patients were in renal relapse during this investi-
gation. They were studied when diagnosed to have renal relapse 
and again 4 weeks after initiation of treatments. After 4 weeks of 
treatment, the patients showed improved clinical symptoms with 

decreases in proteinuria, hematuria and anti- dsDNA Ab (online 
supplemental table 2) and decreased circulating act. caspase- 1+ 
Tfh cells (figure 7H). All patients were treated with hydroxy-
chloroquine and prednisone. In two patients, immunosuppres-
sants were added (see footnote of online supplemental table 2).

DISCUSSION
IL- 1β has been shown to be involved in Ab responses during 
normal immunisation and in autoimmunity.7 More importantly, 
IL- 1β has been shown to act directly on CD4+ T cells to enhance 
their antigen- driven expansion and differentiation.19 Despite 
playing a significant role in humoral responses, it remains unset-
tled whether IL- 1β is produced by CD4+ T cells in normal 
humoral responses to immunisation. The data from Arbore et al,3 
suggests that Th1 responses require complement- driven NLRP3 
activity in CD4+ T cells. In the present investigation, we have 
provided data showing that NLRP3 activation in CD4+ Tfh cells 
is an integral part of the humoral response to T dependent anti-
gens. We have shown that NLRP3 activation as detected by act. 
caspase- 1 provides evidence for an increase in the percentage of 
Tfh cells that have act. caspase- 1 activity. This subpopulation of 
Tfh cells can be detected readily at the border between T and B 
cells within the GC. This population can provide superior helper 
activity. Thus it is concluded that CD4+ Tfh cells do make IL- 1β 
in response to immunisation. This IL- 1β serves in an autocrine 
fashion to provide good humoral responses.

MCC950 has been considered to specifically block NLRP3 
activity.18 It inhibits humoral responses by inhibiting IL- 1β acti-
vation from pro- IL- 1β. Since it is a small molecule without cell 
specificity, the data from MCC950 treatment do not permit us 
to conclude that at least part of the action of MCC950 is exerted 
on Tfh cells. However, the experiments involving lymphoid 
specific deletion of NLRP3 and Casp- 1 provides support for 

Figure 5 The NLRP3 inflammasome activation and proliferation of 
Tfh cells in the spleens and lymph nodes were inhibited by MCC950 in 
MRL/lpr mice. (A) At 2 months of age, MRL/lpr female mice had elevated 
act. caspase- 1+ Tfh cells in their spleen in comparison with its congenic 
strain MRL/Mpl and B6. (B) Marked increases in act. caspase- 1+ Tfh 
cells in the spleen in 12 and 16 weeks old MRL/lpr. MCC950 given 
every other day from week 10 to week 16 inhibited these increases. 
(C) Marked increases in circulating IL- 1β in older MRL/lpr. The 
administration of MCC950 inhibited the increase in IL- 1β. (D) MCC950 
inhibited the increase in splenic weights. (E) MCC950 prevented the 
increases of lymph node sizes. (F) MCC950 inhibited the increases in 
anti- dsDNA Ab. (G) PNA staining revealed that MCC950 dramatically 
reduced proliferating B cells in the spleen. *P<0.05, **p<0.01 and 
***p<0.001. ns, not significant; Tfh, T follicular helper.

Figure 6 Decreased expression of IL- 21, CD40L, pSTAT3 and Bcl- 6 
in splenic Tfh cells of MRL/lpr mice treated with MCC950. (A) Serum 
IL- 21 level was significantly lower in MCC950- treated group than that 
in vehicle group. (B, C) The expressions of IL- 21 in Tfh cells was also 
significantly lower in the MCC950- treated group. (D–I) Similar increases 
of CD40L, pSTAT3 and BCL- 6 expressions in Tfh cells were detected. 
These increases were inhibited by MCC950. *P<0.05, **P<0.01, 
***P<0.001. MFI, mean fluorescence indices; Tfh, T follicular helper.
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the conclusion that T cell activation of NLRP3 is required for 
optimal humoral responses. It is of note that our experiments 
do not rule out the contribution of IL- 1β from CD8+ T cells 
although these cells may play a minor role in humoral response 
and from other cells such as dendritic cells.20

It remains to be determined what initiates the activation 
of NLRP3 as a response to immunisation. In addition to the 
complement- driven activation of NLRP3, the possibility that 
TNFα may play a major role in this process should be consid-
ered. TNFα interacts with receptor interacting kinase 3 (Rip3).21 
This interaction activates both the necrosis pathway and the 
NLRP3 pathway.22 It has been shown that TNFα is expressed 
during T and B cell activation.23 24 The TNFα made by activated 
T cells may act in an autocrine manner while that made by acti-
vated B cells may act in a paracrine fashion. Our preliminary data 
supports this hypothesis. GSK872, a Rip3 specific inhibitor that 
was shown to be effective in treating nephritis in NZM2328,9 
was able to inhibit activation of NLRP3 in Tfh cells. It is also 
effective in reducing high affinity Ab and inhibiting GC forma-
tion. More definitive genetic experiments involving TNFα dele-
tion in T cells are needed.

Anakinia is an IL- 1 receptor antagonist and has been approved 
for the treatment of rheumatoid arthritis. From the results of our 
study, it is surprising that Anakinia is not effective in lupus trials. 
The reason for this failure is complex including trial design, 
heterogeneity of lupus patients and strength of Anakinia as a 
IL- 1 antagonist. Perhaps these reagents could best be used as one 
of the agents in a multitargeted drug trial.

We have been interested in the pathogenesis of SLE with 
studies of MRL/lpr and NZM2328. Generation of pathogenic 
autoantibodies is a hallmark of SLE.11 25 Autoantibodies are the 
products of autoreactive B cells which are derived from GCs.26 
Several studies on lupus mice revealed that IL- 1β is involved in 
generating autoantibodies.27–29 Caspase- 1 is a key component of 
NLRP3 inflammasome and gene knockout of caspase- 1 resulted 
in a reduction of autoantibody production in the pristane- 
induced lupus mouse model,30 suggesting that NLRP3 inflam-
masome contributes to the generation of autoantibodies. In this 
study, inhibition of NLRP3 inflammasome activation reduced 
GC formation, B cell frequency and autoantibody production in 
lupus- prone mice. These effects are accompanied by the reduc-
tion of pathological changes and prolong survival. These results 
are congruent with the studies cited. Thus targeting NLRP3+ 
Tfh cells may be a promising therapeutic approach.
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ABSTRACT
Objective Τo report outcomes of breakthrough 
COVID- 19 in comparison with COVID- 19 in unvaccinated 
patients with systemic rheumatic diseases (SRDs).
Methods Patients with SRD with COVID- 19 
(vaccinated and unvaccinated) were included by their 
rheumatologists in a registry operated by the Greek 
Rheumatology Society in a voluntarily basis. Type, date 
and doses of SARS- CoV- 2 vaccines were recorded, 
and demographics, type of SRD, concurrent treatment, 
comorbidities and COVID- 19 outcomes (hospitalisation, 
need for oxygen supplementation and death) were 
compared between vaccinated and unvaccinated 
patients.
Results Between 1 March 2020 and 31 August 2021, 
195 patients with SRD with COVID- 19 were included; 
147 unvaccinated and 48 vaccinated with at least 
one dose of a SARS- CoV- 2 vaccine (Pfizer n=38 or 
AstraZeneca n=10). Among vaccinated patients, 29 
developed breakthrough COVID- 19 >14 days after 
the second vaccine dose (fully vaccinated), while 19 
between the first and <14 days after the second vaccine 
dose (partially vaccinated). Despite no differences in 
demographics, SRD type, treatment or comorbidities 
between unvaccinated and vaccinated patients, 
hospitalisation and mortality rates were higher in 
unvaccinated (29.3% and 4.1%, respectively) compared 
with partially vaccinated (21% and 0%) or fully 
vaccinated (10.3% and 0%) patients.
Conclusions Vaccinated patients with SRD with 
breakthrough COVID- 19 have better outcomes compared 
with unvaccinated counterparts with similar disease/
treatment characteristics.

INTRODUCTION
COVID- 19 has affected millions of people around 
the world, including those with systemic rheu-
matic diseases (SRDs). Vaccination against the 

SARS- CoV- 2 virus has managed to curb the 
pandemic with an excellent safety profile.1–5 On the 
other hand, breakthrough infections (COVID- 19 
after vaccination) have been observed in the general 
population of healthcare workers,6 7 whereas few 
data are available for patients with SRD.8 9 More-
over, a handful of studies suggest that immunoge-
nicity is impaired in these patients, especially in 
those treated with rituximab or mycophenolate 
mofetil.5 10 Awaiting results from studies that will 
assess the effectiveness of vaccination in patients 
with SRD, we aimed to report the characteristics 
and outcomes of COVID- 19 in vaccinated patients 
compared with unvaccinated patients with SRD.

PATIENTS AND METHODS
Since March 2020, patients with SRD with 
COVID- 19 are being consecutively recorded by 
their rheumatologists, who participate in a volun-
tary basis, in an ongoing registry established by 
the Greek Rheumatology Society. The following 

Key messages
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⇒ Breakthrough COVID- 19 may occur in patients

with systemic rheumatic diseases (SRDs).

What does this study add?
⇒ Breakthrough COVID- 19 in patients with SRD

has better outcomes in terms of hospitalisation
and mortality compared with unvaccinated
patients with SRD with similar characteristics.

How might this impact on clinical practice or 
future developments?
⇒ The critical importance of full SARS- CoV- 2

vaccination in patients with SRD is highlighted.
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characteristics are recorded: age, gender, body mass index (BMI), 
smoking status, disease- related characteristics (type of SRD, ie, 
type of inflammatory arthritis, connective tissue diseases and 
systemic vasculitis), treatment currently received, comorbidities 
(based on comedication received and/or diagnosis by a specialist) 
and disease activity status as per clinician’s judgement (remission 
and low, moderate and high disease activity), vaccination- related 
characteristics (type of vaccine, date of vaccination, number of 
doses) and COVID- 19 infection- related characteristics (date 
of SARS- CoV- 2 infection confirmed by nasopharyngeal PCR, 
presenting symptoms, outcomes such as hospitalisation, need for 
oxygen supplementation, ICU admission and death).

Comparisons were made between unvaccinated patients and 
vaccinated patients with COVID- 19. Patients who had received 
both doses of vaccination and presented with COVID- 19 ≥14 
days after the second vaccine dose were considered as ‘fully 
vaccinated’; those who were infected between the first dose 
and <14 days after the second dose were considered as ‘partially 
vaccinated’.11 Continuous variables were expressed as mean 
(±SD) and categorical variables were expressed as percentages 
(%). Two- sided Fisher’s exact test and Mann- Whitney test were 
used to compare categorical and continuous characteristics, 
respectively. Statistical package SPSS V.21.0 was used.

RESULTS
Between 1 March 2020 and 31 August 2021, 195 patients with 
SRD (73% women with a mean age of 51.3±14.1 years) and 
COVID- 19 were recorded. Of these patients, 147 were unvac-
cinated, while 48 had received at least one dose of SARS- CoV- 2 
vaccine, namely, Pfizer or AstraZeneca in 38 (79%, mean±SD 
age: 48.6±13.4) and 10 (21%, mean±SD age: 61.0±7.7), 
respectively. Of the 48 patients, 12 (25%) had temporarily 
discontinued their treatment, which is in partial agreement 
with published data.12 Among the 48 vaccinated patients with 
breakthrough COVID- 19, 29 were fully vaccinated. As depicted 
in figure 1, the median time from the first vaccine dose to 
COVID- 19 diagnosis (positive PCR) was 70 (range 19- 200) days.

As shown in table 1, there were no differences in terms of 
demographic and clinical characteristics of SRDs (disease type, 
treatment profile and disease remission status), as well as in terms 
of comorbidities, between unvaccinated and vaccinated patients.

Most of the patients with SRD enrolled in this cohort suffered 
from inflammatory arthritis (57%), including rheumatoid 
arthritis, psoriatic arthritis and axial spondyloarthritis. The 
remaining patients had various connective tissue diseases and 
vasculitis (online supplemental table 1). About one- third of our 
patients were receiving glucocorticoids with figures being similar 
for treatment with biological and targeted synthetic DMARDs. 
Noteworthy is that seven patients who were on rituximab (one 

with rheumatoid arthritis (RA), one with systemic lupus erythe-
matosus (SLE), three with systemic sclerosis (SSc) and two with 
ANCA- associated vasculitis (AAV) recovered fully, although 
three out of five unvaccinated patients were hospitalised. With 
regard to mycophenolate mofetil, which has also been associated 
with blunted immune responses against SARS- CoV- 2,5 10 from 
the 11 patients who were on this drug; 6 had not received the 
vaccine; 4 were fully vaccinated; and 1 was partially vaccinated. 
Three patients (one from each group) were hospitalised, while 
one unvaccinated patient died. Comorbidities were present in 
about 70% of our patients, with arterial hypertension being the 
most common.

Despite the lack of differences between unvaccinated 
and vaccinated patients, there were differences in terms of 
COVID- 19 outcomes. Need for oxygen supplementation was 
more commonly required in unvaccinated (27.9%) compared 
with vaccinated (14.6%, p=0.08) or fully vaccinated (10.3%, 
p=0.06) patients. Similarly, no vaccinated patient required inva-
sive ventilation in contrast to 2.7% of the unvaccinated patients 
(n=4). More importantly, as shown in figure 2, hospitalisation 
rates were higher in unvaccinated (43/147, 29.3%) compared 
with partially (4/19, 21%, p=0.59) or fully vaccinated (3/29, 
10.3%, p=0.0377) patients. There were six deaths among 
unvaccinated (4.1%) compared with none among vaccinated 
patients with COVID- 19.

DISCUSSION
This is the first study showing the outcomes of breakthrough 
COVID- 19 in vaccinated patients with SRD compared with a 
control group of non- vaccinated ones. Our results suggest that 
COVID- 19 is associated with a better outcome in fully vacci-
nated patients compared with unvaccinated patients. Statistical 
significance was not reached for partially vaccinated patients, 
possibly due to their low number. It should be noted though, 
that no deaths were reported in this subgroup of patients. More-
over, across compared groups, no differences were recorded 
regarding demographic and clinical characteristics, including 
disease activity status which may affect COVID- 19 outcome.13

Both hospitalisation and death rates were much lower in our 
unvaccinated patients, compared with that reported.8 9 This 
might be due to the larger number of patients in our study and/or 
to the different disease/treatment characteristics between patient 
cohorts. Of note, hospitalisation and death rates in our unvacci-
nated patients were comparable to those described by a previous 
observational study examining COVID- 19 outcomes in patients 
with SRD in our country.14

As shown in figure 1, and in accordance with other reports,8 9 
about half of our patients got infected during the first 10 weeks 
after the second vaccine dose. Although it is well known that 
vaccine efficacy declines overtime, therefore most breakthrough 
infections would be expected to occur closer to the end of the 
observational period; it should be noted that temporal fluctua-
tions of the viral load in the community, during spring 2021 in 
Greece,15 explain our results.

Our study has certain limitations. First, antibody response to 
vaccination were not routinely measured in our patients; this 
might have been weakened by treatment received, although, as 
already mentioned, there were no differences in medication use 
between groups. Second, selection bias cannot be excluded as the 
participation of rheumatologists who referred their consecutive 
patients in the registry was on a voluntary basis. Third, an inevi-
table limitation was that most of the unvaccinated patients were 
infected by COVID- 19 in an earlier time period, presumably 

Figure 1 Timepoints of breakthrough COVID- 19 in 48 vaccinated 
patients with systemic rheumatic disease after the first or second dose 
of Pfizer or A- Z vaccine. A- Z, AstraZeneca.
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with different SARS- CoV- 2 variants, compared with their vacci-
nated counterparts. Actually, based on the genomic surveillance 
of COVID- 19,15 the delta variant became prevalent in Greece 
after the first week of July 2021. Thereafter, 3 unvaccinated, 
1 partially vaccinated and 27 fully vaccinated patients were 
recorded and 3/27 were hospitalised. Fourth, the different time 
of recruitment into the groups could reflect different therapy 
options in 2020 and 2021, thus affecting outcomes of hospital-
ised patients. However, using as a cut- off 1 March 2021,when 
the vaccination programme for patients with SRD started in 
our country, we found that the data are largely similar between 
the two periods. While up to 28 February 2021, 90 unvacci-
nated patients contracted COVID- 19 and 2 (2.2%) died, 105 
other patients contracted COVID- 19 thereafter and 4 (3.8%, 
all unvaccinated) died. Finally, the number of patients who died 
was low (n=6). Therefore, conclusions about mortality should 
be interpreted with caution.

Table 1 Comparable demographic and clinical characteristics between unvaccinated and vaccinated patients with SRD with COVID- 19
Unvaccinated
(n=147)

All vaccinated
(n=48)

Fully vaccinated
(n=29)

Demographics

 Female, n (%) 109 (74.1) 33 (68.8) 20 (69.0)

 Age (years), mean (SD) 50.9 (14.4) 51.2 (13.4) 49.4 (12.9)

 BMI (kg/m2), mean (SD) 28.3 (6.2) 26.7 (5.6) 26.0 (4.7)

 Current smoker, n (%) 26 (17.7) 6 (12.5) 4 (13.8)

 Never smoked, n (%) 72 (49.0) 23 (47.9) 15 (51.7)

Comorbidities

 Obesity,* n (%) 34 (23.1) 4 (8.3) 0 (0.0)

 Diabetes, n (%) 12 (8.2) 1 (2.1) 0 (0.0)

 Hypertension, n (%) 38 (25.9) 9 (18.8) 4 (13.8)

 Cardiovascular disease, n (%) 10 (6.8) 1 (2.1) 1 (3.4)

 Cerebrovascular disease,† n (%) 1 (0.7) 1 (2.1) 0 (0.0)

 Cancer, n (%) 5 (3.4) 1 (2.1) 1 (3.4)

 Lung disease, n (%) 27 (18.4) 5 (10.4) 3 (10.3)

Type of SRD

 Inflammatory arthritis, n (%) 84 (57.1) 28 (58.3) 16 (55.2)

 CTDs and vasculitides, n (%) 59 (40.1) 19 (39.6) 13 (44.8)

Disease status

 Remission, n (%) 62 (42.2) 21 (43.8) 12 (41.4)

 Low disease activity, n (%) 56 (38.1) 20 (41.7) 12 (41.4)

 Moderate disease activity, n (%) 20 (13.6) 2 (4.2) 1 (3.4)

 High disease activity, n (%) 3 (2.0) 1 (2.1) 1 (3.4)

 Unknown, n (%) 6 (4.1) 4 (8.3) 3 (10.3)

Concurrent treatment

 Glucocorticoids, n (%) 54 (36.7) 17 (35.4) 11 (37.9)

 csDMARDs only, n (%) 58 (39.5) 17 (35.4) 9 (31.0)

 bDMARDs/tsDMARDs only, n (%) 38 (25.9) 14 (29.2) 10 (34.5)

 Combination therapy, n (%) 31 (21.1) 14 (29.2) 8 (27.6)

 Apremilast, n (%) 4 (2.7) 1 (2.1) 0 (0.0)

Mycophenolate mofetil, n (%) 6 (4.1) 5 (10.4) 4 (13.8)

 JAK inhibitors, n (%) 4 (2.7) 1 (2.1) 0 (0.0)

 Abatacept 1 (0.7) 0 (0.0) 0 (0.0)

 Anti- IL- 1 1 (0.7) 0 (0.0) 0 (0.0)

 Anti- IL- 6 9 (6.1) 2 (4.2) 1 (3.4)

 Anti- IL- 12/23 1 (0.7) 1 (2.1) 1 (3.4)

 Anti- IL- 17 9 (6.1) 1 (2.1) 1 (3.4)

 Anti- TNF 34 (23.1) 16 (33.3) 10 (34.5)

 Belimumab 1 (0.7) 4 (8.3) 3 (10.3)

 Rituximab 5 (3.4) 2 (4.2) 2 (6.9)

*BMI >25.
†Stroke or revascularisation of carotids.
bDMARD, biological disease- modifying antirheumatic drug; BMI, body mass index; csDMARD, conventional synthetic disease- modifying antirheumatic drug; CTD, connective tissue disease; IL, interleukin; SRD, systemic 
rheumatic disease; TNF, tumour necrosis factor; tsDMARD, targeted synthetic disease- modifying antirheumatic drug.

Figure 2 COVID- 19 outcomes according to vaccination status.
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In conclusion, the preliminary results presented herein show 
that breakthrough COVID- 19 may occur in patients with SRD. 
However, compared with non- vaccinated patients, the outcome 
seems to be better, irrespective of the type of SRD or concurrent 
treatment. Continuous efforts to increase primary vaccination 
coverage especially towards vaccine- sceptical patients, as well as 
booster vaccination in patients with SRD, are needed.
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ABSTRACT
Objective To assess the humoral response to 
messenger RNA (mRNA) vaccine of patients with 
systemic autoimmune rheumatic disease (SARD) and the 
effect of immunosuppressive medication in a matched 
cohort study.
Methods Patients with SARD were enrolled and 
matched 1:1 for sex and age with healthy control (HC) 
subjects. Differences in humoral response to two doses of 
an mRNA vaccine in terms of seroconversion rate (SCR) 
and SARS- CoV- 2 antibody level between the two groups 
and the impact of treatment within patients with SARD 
were assessed.
Results We enrolled 82 patients with SARD and 82 
matched HC. SCR after the first dose was lower among 
the patient group than that of HC (65% compared 
with 100% in HC, p<0.0001) but levelled up after the 
second dose (94% vs 100%). After the second dose, 
SCR was lower for patients on combination disease- 
modifying antirheumatic drug (DMARD) therapy 
compared with all other groups (81% compared with 
95% for monotherapy, p=0.01; 100% for both no 
DMARD therapy and HC, both p<0.0001). In addition, 
antibody levels after both doses were lower in patients 
compared with HC. We found that vaccination response 
was determined primarily by the number of DMARDs 
and/or glucocorticoids received, with patients receiving 
combination therapy (dual and triple therapy) showing 
the poorest response.
Conclusions Patients with SARD showed a good 
response after the second vaccination with an mRNA 
vaccine. However, the choice of immunosuppressive 
medication has a marked effect on both SCR and 
overall antibody level, and the number of different 
immunomodulatory therapies determines vaccination 
response.

INTRODUCTION
Systemic autoimmune rheumatic diseases (SARD) 
are among the most severe diseases affecting the 
musculoskeletal system. These diseases, particularly 
connective tissue diseases and systemic vasculitides, 
are characterised by specific or associated autoanti-
bodies and are commonly treated with immunosup-
pressive therapies. Due to the underlying immune 

disorder, which often predisposes patients to infec-
tions, vaccinating such patients against infectious 
agents is of particular relevance. On top of this, 
the immunosuppressive medication poses an addi-
tional difficulty as it often interferes with vaccine 
efficiency, as shown in several studies.1–4

The COVID- 19 pandemic has challenged the 
global health system in a way not seen since 
the Spanish influenza pandemic of 1918–1920. 
After mounting concerns about the risk of severe 
COVID- 19 in immunocompromised patients, both 
the European Alliance of Associations for Rheu-
matology (EULAR) and the American College of 

Key messages

What is already known about this subject?
⇒ Patients with systemic autoimmune rheumatic

disease, a heterogeneous group of entities 
featuring systemic inflammation, multiorgan 
involvement and autoimmune features, are at 
risk of severe COVID- 19 infection.

⇒ Immunomodulatory therapies might interfere
with successful immunisation in such patients, 
highlighting the need for vaccination strategies.

What does this study add?
⇒ Patients with systemic autoimmune rheumatic

disease show a good response after the second 
vaccination with an messenger RNA vaccine.

⇒ However, the choice of immunosuppressive
medication, including glucocorticoids, has a 
marked effect on both the seroconversion rate 
and the overall antibody level, and the number 
of different immunomodulatory therapies 
determines vaccination response.

How might this impact on clinical practice or 
future developments?
⇒ These data highlight the complexity or even

unpredictability of humoral response when 
combination immunosuppressive therapies are 
employed and highlight the detrimental role of 
glucocorticoids in dampening the vaccination 
response.
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Rheumatology (ACR) were quick to issue recommendations for 
vaccination against SARS- CoV- 2.5 6 At the same time, there are 
scarce published data on the efficacy and safety of COVID- 19 
vaccines in patients with SARD.7–9 Vaccination efficiency has 
been demonstrated to be reduced in these patients compared 
with the general population, in particular for patients receiving 
B cell- depleting therapies, but also methotrexate.9–11 Targeted 
anticytokine treatments, although often analysed only after one 
immunisation, were not shown to have a significant effect on 
vaccine responsiveness.12–17 The objective of this study was to 
assess the response to vaccination with messenger RNA (mRNA) 
vaccines of patients with SARD in a matched control study after 
the first and second dose.

MATERIALS AND METHODS
Patients
We prospectively enrolled prospective patients with SARD 
(antineutrophil cytoplasmic antibody- associated vasculitis, 
dermatomyositis/polymyositis, mixed connective tissue disease/
undifferentiated connective tissue disease, polymyalgia rheu-
matica/large- vessel vasculitis, primary Sjögren’s syndrome, 
systemic lupus erythematosus (SLE), systemic sclerosis) from 
the outpatient clinic of our department. Patients who received 
B cell- depleting therapy (rituximab) were excluded from the 
study. Individuals without known inflammatory rheumatic 
disease and no immunomodulatory therapy served as healthy 
controls (HC). Patients with a history of SARS- CoV- 2 infection 
were excluded. All patients and HC were vaccinated twice with 
an mRNA vaccine. Serum samples were stored at the Biobank 
of the Medical University of Vienna, a centralised facility for 
preparing and storing biomaterial with certified quality manage-
ment (International Standards Organization (ISO) 9001:2015).18 
Antibodies against the SARS- CoV- 2 receptor- binding domain 
(RBD) and the nucleocapsid protein were determined 2–3 weeks 
after the first vaccination and 4 weeks after the second vaccina-
tion. Patients and/or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research.

Anti-SARS-CoV-2 testing
The Elecsys Anti- SARS- CoV- 2 S immunoassay was used for quan-
titative determination of antibodies to the RBD of the viral spike 
(S) protein.19 The quantitation range is between 0.4 and 2500.0 
binding antibody units (BAU)/mL. Levels below the detection 
limit of 0.4 BAU/mL were manually set to 0. Previous SARS- 
CoV- 2 infection was assessed by measuring nucleocapsid- specific 
antibodies with the qualitative Elecsys Anti- SARS- CoV- 2 assay.20 
Both tests were performed on cobas e801 analyser (Roche Diag-
nostics, Rotkreuz, Switzerland) at the Department of Laboratory 
Medicine, Medical University of Vienna (certified according to 
ISO 9001:2015 and . according to ISO 15189:2012).

Statistical analysis
Patients with SARD and HC were gender- matched and age- 
matched in a 1:1 ratio and compared for differences in serocon-
version rate (SCR) or anti- SARS- CoV- 2 antibody level. According 
to the distribution, continuous variables were presented as mean 
with SD or median with IQR. SCRs were compared using Fish-
er’s exact test followed by correction for multiple testing and 
antibody levels either by Mann- Whitney test or Kruskal- Wallis 
test followed by Dunn’s test to account for multiple compar-
ison. To assess the effect of treatment on immune response, 
patients were grouped into four categories based on the current 
disease- modifying antirheumatic drug (DMARD) therapy: (1) 

no DMARD; (2) monotherapy consisting of a conventional 
synthetic DMARD (csDMARD) or a biological/targeted synthetic 
DMARD (b/tsDMARD); (3) combination therapy consisting of 
two csDMARDs, or csDMARD(s) combined with a b/tsDMARD, 
or one DMARD combined with glucocorticoids (GC); and (4) 
triple therapy consisting of two DMARDs and GC. GC dose 
at the time of vaccinations was calculated and considered sepa-
rately and GCs were regarded as DMARDs. In order to eval-
uate the effect of disease activity and comorbidities on SCR and 
anti- SARS- CoV- 2 antibody level, we recorded antibodies against 
double- stranded DNA (dsDNA) and the proteolytic fragment 
of complement component 3 (C3c) levels at the two timepoints 
of vaccination and recorded the presence/absence of common 
comorbidities (hypertension, diabetes mellitus, hyperlipidaemia, 
thyroid disorders and chronic obstructive pulmonary disease) 
based on patient files. We then dichotomised the parameters 
based on the cut- off provided by the Department of Laboratory 
Medicine of the Medical University of Vienna and grouped the 
patients into dsDNA- negative and dsDNA- positive patients and 
those with normal or decreased C3c levels, and compared the 
two groups using Fisher’s exact test (SCR) and Mann- Whitney 
test followed by Dunn’s test (antibody levels) to account for 
multiple comparison. In univariate analyses, the association of 
anti- SARS- CoV- 2 S level with patients’ demographic character-
istics was investigated using Spearman’s correlation coefficient. 
GraphPad Prism (V.9.1.0) was used for statistical analysis and 
graphical presentation of the data.

RESULTS
We included a total of 82 patients with SARD and 82 age- 
matched and gender- matched HC in this study. The demo-
graphic characteristics and disease entities are shown in table 1. 
We obtained the serological data of 37 patients and 67 HC 2–3 
weeks after the first immunisation and of 82 patients and 80 HC 
3–6 weeks after the second immunisation; 37 patients and 66 
HC had data on both timepoints.

Seroconversion after vaccination
In patients with SARD, SCR was significantly lower after the first 
vaccination (65% compared with 100% in HC, p<0.0001), but 
levelled up after the second dose of vaccination (94% vs 100%) 
of an mRNA vaccine (figure 1A). Of note, patients with SARD, 
independent of treatment regimen, had significantly lower SCR 
(77% for no DMARD therapy, 56% for monotherapy and 57% 
for combination therapy, all p<0.0001) after the first dose as 
compared with HC, with patients with SARD on monotherapy 
or combination therapy also having a significantly lower SCR 
as compared with those receiving no DMARD therapy (56% 
vs 77%, p=0.01; 57% vs 77%, p=0.01) (figure 1B). SCR after 
the second dose was significantly lower for patients on combi-
nation DMARD therapy compared with all other groups (81% 
compared with 95% for monotherapy, p=0.01; 100% for both 
no DMARD therapy and HC, both p<0.0001).

For evaluating the effects of disease activity on SCR, we exam-
ined the effect of dsDNA and C3c status in a subgroup of patients 
with SLE and found a significant reduction in patients who were 
dsDNA- positive (83% vs 50%, p=0.0006) or had decreased 
C3c levels (80% vs 60%, p=0.006) (online supplemental figure 
1A,B). Patients with SARD with ≥1 common comorbidity had a 
reduced SCR as compared with those without such comorbidi-
ties after both the first vaccination (50% vs 88%, p=0.0003) and 
the second vaccination (88% vs 98%, p=0.03) (online supple-
mental figure 1C).

https://dx.doi.org/10.1136/annrheumdis-2021-221788
https://dx.doi.org/10.1136/annrheumdis-2021-221788
https://dx.doi.org/10.1136/annrheumdis-2021-221788
https://dx.doi.org/10.1136/annrheumdis-2021-221788
http://ard.bmj.com/
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Antibody level after vaccination
The median antibody level directed against the RBD domain 
of the S protein of SARS- CoV- 2 was significantly lower in the 
patient group compared with the HC group after both the first 
vaccination (median 5.40 (IQR 0–66.7) BAU/mL vs 33.5 (IQR 
13.2–189) BAU/mL, p<0.0001) and the second vaccination 
(median 726.5 (IQR 211–2500) BAU/mL vs 1673 (IQR 915.5–
2500) BAU/mL, p=0.003) (figure 2A). The level increased after 
the second dose of vaccine in all patients analysed, except for 
5 of 82 who failed to seroconvert even after both doses. In 
the patient group, levels between the first and second immu-
nisation showed a significant correlation (Spearman’s r=0.51, 
p=0.0012), which could not be found in the HC group.

Factors associated with antibody level after vaccination
We found a significant inverse correlation between age and 
anti- SARS- CoV- 2 S level in healthy subjects after both the first 
dose (Spearman’s r=−0.32, 95% CI −0.52 to −0.07, p=0.009) 

and the second dose (Spearman’s r=−0.33, 95% CI −0.52 to 
−0.11, p=0.003) of vaccination. In contrast, antibody levels did 
not correlate with age in patients with SARD, and neither were 
there significant differences between anti- SARS- CoV- 2 S levels 
of male and female subjects in either group.

We next analysed the anti- SARS- CoV- 2 S levels of patients 
according to the treatment the patients received. As we 
detected a significant inverse correlation of GC dose and anti- 
SARS- CoV- 2 S level after the second vaccination (Spearman’s 
r=−0.31, 95% CI −0.50 to −0.09, p=0.005), we regarded 
GC as a class of DMARDs of their own. All patients receiving 
GC at the time of the first vaccination also received GC at the 
second vaccination. When we categorised our patients according 
to the number of individual DMARDs they received, we found 
a stepwise reduction of anti- SARS- CoV- 2 S levels dependent 
on the number of DMARDs administered, with a significant 
decrease in patients treated with either a combination of two 
or three DMARDs (median 410 (IQR 38.7–701) BAU/mL and 
2.2 (IQR 0–68.7) BAU/mL vs 1673 (IQR 915.5–2500) BAU/mL; 
p=0.0003 and p<0.0001) (online supplemental figure 2).

Analysing the effect of GC in more detail, patients treated 
with triple therapy (ie, two DMARDs and GC) had reduced 
anti- SARS- CoV- 2 S levels when compared with HC both after 
the first vaccination (median 0 (IQR 0–0.9) BAU/mL vs 33.5 
(IQR 13.2–189) BAU/mL, p=0.005) and the second vaccination 
(median 2.2 (IQR 0–68.7) BAU/mL vs 1673 (IQR 915.5–2500) 
BAU/mL, p<0.0001) (figure 2B,C). In addition to those on 
triple therapy, also patients on DMARD combination therapy 
and those receiving DMARD monotherapy and GC had lower 
anti- SARS- CoV- 2 S levels as compared with HC after the second 
vaccination (median 410 (IQR 52.5–699) BAU/mL and 428.5 
(IQR 5.8–809) BAU/mL vs 1673 (IQR 915.5–2500) BAU/mL; 
p=0.05 and p=0.01, respectively) (figure 2C).

Disease entities themselves were not associated with reduced 
anti- SARS- CoV- 2 S levels after immunisation, except for patients 
with SLE (median 515 (IQR 20.2–2369) BAU/mL vs 1673 (IQR 
915.5–2500) BAU/mL, p=0.005) (figure 3). However, also 
within this subgroup, vaccination response was determined by 
their treatment regimen. Anti- SARS- CoV- 2 S levels in patients 
with SLE untreated or with DMARD monotherapy were not 
different from HC (median 2500 (IQR 2500–2500) BAU/mL 

Table 1 Study subject characteristics

SARD (n=82) HC (n=82)

Age, mean (SD) 52.0 (±14.1) 52.1 (±13.4)

Female, n (%) 65 (79) 65 (79)

Systemic lupus erythematosus, n (%) 33 (40)

Systemic sclerosis, n (%) 13 (16)

Other connective tissue diseases*, n (%) 15 (18)

Vasculitides†, n (%) 17 (21)

Miscellaneous‡, n (%) 4 (5)

csDMARD or b/tsDMARD monotherapy, n (%) 43 (52)

csDMARD and/or b/tsDMARD combination 
therapy§, n (%)

16 (20)

No therapy, n (%) 23 (28)

Methotrexate (monotherapy or combination), 
n (%)

13 (16)

Mycophenolate (monotherapy or combination), 
n (%)

14 (17)

Hydroxychloroquine (monotherapy or 
combination), n (%)

28 (34)

Azathioprine (monotherapy or combination), 
n (%)

13 (10)

Belimumab (monotherapy or combination), 
n (%)

3 (4)

Tocilizumab (monotherapy or combination), 
n (%)

3 (4)

Tacrolimus (monotherapy or combination), n 
(%)

2 (2)

Olumiant (monotherapy or combination), n (%) 1 (1)

Glucocorticoid dose at first vaccination, mean 
(SD)

2.5 (±9.4)

Glucocorticoid dose at second vaccination, 
mean (SD)

2.2 (±9.2)

*Dermatomyositis/polymyositis (n=4), mixed connective tissue disease (n=2), 
primary Sjögren’s syndrome (n=6) and undifferentiated connective tissue disease 
(n=3).
†Antineutrophil cytoplasmic antibody- associated vasculitis (n=3), Behcet’s disease 
(n=1), large- vessel vasculitis (n=3) and polymyalgia rheumatica (n=10).
‡Adult- onset Still’s disease (n=1), immune deficiency (n=2) and sarcoidosis (n=1).
§Azathioprine+hydroxychloroquine (n=6), mycophenolate+hydroxychloroquine 
(n=5), azathioprine+belimumab (n=1), belimumab+hydroxychloroquine (n=1), 
mycophenolate+tacrolimus (n=1), azathioprine+belimumab+hydroxychloroquine 
(n=1), and mycophenolate+hydroxychloroquine+tacrolimus (n=1).
b/tsDMARD, biological/targeted synthetic disease- modifying antirheumatic drug; 
csDMARD, conventional synthetic disease- modifying antirheumatic drug; HC, 
healthy control; SARD, systemic autoimmune rheumatic disease.

Figure 1 Seroconversion rate after mRNA vaccine. (A) Seroconversion 
rate between the HC group and patients with SARD. (B) Seroconversion 
rate after the first and second vaccination dose between the HC group a 
and patients according to therapy. *p≤0.05;**p≤0.01;***p≤0.005;***
*p≤0.001. HC, healthy control; mRNA, messenger RNA; SARD, systemic
autoimmune rheumatic disease.
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and 1375.5 (IQR 408.3–2435) BAU/mL vs 1673 (IQR 915.5–
2500) BAU/mL), whereas they were significantly reduced in 
those receiving two or more DMARDs (median 315.5 (IQR 
41.6–561) BAU/mL for combination therapy and 1.89 (IQR 
0–7.5) BAU/mL for triple therapy vs 1673 (IQR 915.5–2500) 
BAU/mL for HC; p=0.0025 and p<0.0001, respectively) (online 
supplemental figure 3).

In contrast, we detected no clear association of anti- SARS- 
CoV- 2 S levels with serological markers of disease activity such 
as anti- dsDNA antibody status and C3c levels (online supple-
mental figure 4A,B). The levels of anti- SARS- CoV- 2 S were 
similar between patients with SARD with or without common 
comorbidities (online supplemental figure 4C).

In an exploratory analysis, we determined the anti- SARS- 
CoV- 2 S levels of patients according to individual medications 
after the second vaccination. Overall, patients on DMARD 
combination therapy had lower anti- SARS- CoV- 2 S levels as 
compared with HC subjects, and this was particularly marked 

for those receiving mycophenolate mofetil (online supplemental 
figure 5).

DISCUSSION
Our study showed that in patients with SARD under immuno-
suppressive therapy, excluding those treated with B cell- depleting 
agents, vaccination response is very efficient, regardless of 
disease group, with an SCR approaching that of HC subjects 
after the second immunisation. Unlike other studies evaluating 
seroconversion and humoral response to vaccination in patients 
with autoimmune disease,8 11 14 we could show that especially 
combination of immunosuppressive therapies indeed lead to 
lower SCR and lower antibody levels after the second immu-
nisation, highlighting the importance of choosing the optimal 
immunosuppressive treatment modality.

The current study suggests that most patients with SARD need 
both vaccinations to develop a substantial antibody response. 
This is in contrast to healthy individuals, all of whom devel-
oped antibody levels above the cut- off already after the first 
vaccination. It is necessary to note that evaluation of vaccina-
tion response in patients with SARD or autoimmune disorders 
needs to be done after the second vaccination dose, as SCR and 
antibody levels after the first immunisation are low and fail to 
predict immunisation success after both immunisations. The 
inverse correlation between age and antibody levels in healthy 
subjects is in line with previous observations.21

Although it is reassuring that patients with SARD had SCRs 
which were comparable with HC after both doses of an mRNA 
vaccine, the results of our study imply that the response of 
patients with SARD to single- dose vaccines needs to be cautiously 
evaluated. In addition, patients with SARD not receiving any 
DMARD therapy showed lower SCR after the first immunisa-
tion, suggesting that the reduced early antibody response might 
be attributed to the disease itself, urging a booster vaccination. In 
addition, it is interesting to note that while both mycophenolate 
mofetil and azathioprine, whose mode of action is believed to 

Figure 2 Anti- SARS- CoV- 2 S antibody levels. (A) Anti- SARS- CoV- 2 S antibody levels between the HC group and patients with SARD. (B) Anti- SARS- 
CoV- 2 S antibody levels between the HC group and patients according to therapy after the first vaccination dose. (C) Anti- SARS- CoV- 2 S antibody 
levels between the HC group and patients according to therapy after the second vaccination dose; y axis: 0–0.1: linear scale, 0.1–10 000: log10 
scale. *p≤0.05;**p≤0.01;****p≤0.001. BAU, binding antibody units; DMARD combi: combination therapy with two or more disease- modifying 
antirheumatic drugs; DMARD mono, monotherapy with disease- modifying antirheumatic drug; GC, glucocorticoid; HC, healthy control; SARD, systemic 
autoimmune rheumatic disease.

Figure 3 Anti- SARS- CoV- 2 S antibody levels in the HC group and 
patients with SARD according to rheumatic disease after the first (A) 
and second (B) vaccination dose; y axis: 0–0.1; linear scale, 0.1–10000: 
log10 scale. **p≤0.01. BAU, binding antibody units; CTD, connective 
tissue disease; HC, healthy control; Misc, miscellaneous; SARD, systemic 
autoimmune rheumatic disease; SLE, systemic lupus erythematosus; SSc, 
systemic sclerosis.
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be similar, had an impact on vaccine efficiency, the effect of the 
former was much more robust.22

However, our study is not without limitations. In addition 
to the small sample size and incomplete antibody levels after 
the first vaccination in the patient group, we did not measure 
neutralising antibodies in our study. However, there is increasing 
evidence that levels of antibodies directed against the RBD 
domain of the S protein measured in our study are an excel-
lent approximation of vaccine efficiency.23 As shown earlier, 
those specific binding antibodies were highly correlated with 
the presence of functional neutralising antibodies.9 We excluded 
patients receiving B cell- depleting therapies from our study, 
which were reported to have a significantly reduced SCR even 
after full immunisation.8–10 Finally, our cohort of patients with 
SARD encompasses a heterogeneous group of entities, yet we 
believe that these diseases nevertheless share common features, 
in particular systemic inflammation, multiorgan involvement 
and autoimmune features, which legitimise their evaluation as a 
single cohort. Indeed, with the exception of SLE, disease entities 
themselves were not associated with reduced anti- SARS- CoV- 2 
S levels after immunisation. This may be due in part to the large 
size of the SLE subgroup in relation to the entire cohort.

Our results on reduced immunogenicity of SARS- CoV- 2 
vaccines in patients on DMARD therapies underline those of 
previously published studies.8 11 12 15 24 25 However, we find that 
the number of DMARDs patients receive importantly deter-
mines vaccine response, as anti- SARS- CoV- 2 S levels drop lower 
with each additional DMARD.26

Patients receiving DMARD monotherapy overall show good 
vaccination efficiency, whereas those receiving two or more have 
substantially reduced anti- SARS- CoV- 2 S levels. It is important 
to note that GCs, at least in our cohort, exert a significant 
effect despite the fact that the median dose of GC that our 
patients received was quite low. It does seem to potentiate the 
inhibitory effects of concomitant DMARDs, as patients on GC 
monotherapy did not show reduced anti- SARS- CoV- 2 S levels. 
These data highlight the complexity or even unpredictability of 
humoral response when combination immunosuppressive ther-
apies are employed.
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ABSTRACT
Objectives To test whether patients with immune- 
mediated inflammatory disease (IMIDs), who did not 
respond to two doses of the SARS- CoV- 2 vaccine, 
develop protective immunity, if a third vaccine dose is 
administered.
Methods Patients with IMID who failed to seroconvert 
after two doses of SARS- CoV- 2 vaccine were subjected 
to a third vaccination with either mRNA or vector- based 
vaccines. Anti- SARS- CoV- 2 IgG, neutralising activity and 
T cell responses were assessed at baseline and 3 weeks 
after revaccination and also evaluated seprarately in 
rituximab (RTX) and non- RTX exposed patients.
Results 66 non- responders were recruited, 33 
treated with RTX, and 33 non- exposed to RTX. Overall, 
49.2% patients seroconverted and 50.0% developed 
neutralising antibody activity. Seroconversion (78.8% vs 
18.2%) and neutralising activity (80.0% vs 21.9%) was 
higher in non- RTX than RTX- treated patients with IMID, 
respectively. Humoral vaccination responses were not 
different among patients showing positive (59.3%) or 
negative (49.7%) T cell responses at baseline. Patients 
remaining on mRNA- based vaccines showed similar 
vaccination responses compared with those switching to 
vector- based vaccines.
Conclusions Overall, these data strongly argue in 
favor of a third vaccination in patients with IMID lacking 
response to standard vaccination irrespective of their B 
cell status.

INTRODUCTION
Patients with immune- mediated inflammatory 
diseases (IMIDs) are a vulnerable population during 
the COVID- 19 pandemic.1 Patients with IMID in 
general2 and particularly those treated with meth-
otrexate,3 mycophenolate, glucocorticoids, abata-
cept4 and with an even greater magnitude, those 
receiving B cell depleting agents5 show reduced 
humoral immune responses to anti- SARS- CoV- 2 
vaccination. Hence, since a considerable fraction of 
patients with IMID experiences insufficient vacci-
nation responses, alternative SARS- CoV- 2 vaccina-
tion strategies need to be considered, that is, the 
fast re- exposure of patients that did not respond 
to double vaccination in order to achieve sufficient 
protection in this vulnerable patient group. Based 
on these observations and since antibody responses 

to SARS- CoV- 2 vaccines decline even in healthy 
individuals,6 public health authorities such as the 
US Food and Drug Administration advocate for 
booster SARS- CoV- 2 vaccination for immunocom-
promised individuals.

Current data on the efficacy and safety of revac-
cination of non- responder patients with IMID 
are limited to two case reports7 8 suggesting that 
such a strategy may work. The success of revac-
cination may depend on a functional adaptive 
immune system, which is particularly blunted 
in patients that have received B cell depleting 
agents (rituximab, RTX). A preprint of a study 
investigating the response to SARS- CoV- 2 revac-
cination in patients exposed RTX showed that 

Key messages

What is already known about this subject?
⇒ While it is known that SARS- CoV- 2 vaccination

achieves protective immunity in the majority of 
patients with immune- mediated inflammatory 
diseases, it is currently unknown whether 
patients not achieving protective immunity 
while profit from revaccination .

What does this study add?
⇒ The study shows that revaccination of non- 

responders is effective and safe. The vast 
majority of non- responder patients that 
have not experienced previous treatment 
with B cell depleting agents seroconvert and 
mount protective immunity after SARS- CoV- 2 
revaccination, while responses are substantially 
lower in patients pre- exposed to B cell 
depleting agents. Vaccination responses are 
achieved in patients with homologous (mRNA- 
mRNA) as well as heterologous (mRNA- vector) 
revaccination.

How might this impact on clinical practice or 
future developments?
⇒ These data suggest that fast SARS- CoV- 2

revaccination should be considered in patients 
with immune mediated inflammatory diseases 
that did not achieve protective immunity after 
two SARS- CoV- 2 vaccinations.
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a limited number of patients (27%) manage to seroconvert 
with no difference whether they switched from an mRNA to 
a vector, based vaccine or whether they stayed on an mRNA- 
based vaccine.9 Whether and how patients with IMID who are 
not exposed to RTX but failed to achieve response to SARS- 
CoV- 2 vaccination will respond to revaccination is currently 
unclear. Furthermore, recent studies in healthy individuals 
indicated better response to heterologous vector/mRNA vacci-
nation regimens compared with homologous mRNA/mRNA or 
vector/vector regimens10–13 which brings about the question as 
to whether a switch of vaccination strategy should be consid-
ered in non- responders.

We, therefore, prospectively recruited patients with IMID 
(both RTX exposed and non- exposed) that did not respond to 
two doses of the SARS- CoV- 2 vaccine to evaluate the humoral 
and cellular immune response after homologous or heterologous 
anti- SARS- CoV- 2 revaccination.

METHODS
Participants
This prospective study included patients with IMID (only rheu-
matic diseases) who failed to develop SARS- CoV- 2 spike protein 
antibodies (OD450nm<1.1 in the Euroimmun anti- SARS- CoV- 2 
spike S1 protein ELISA) at least 4 weeks after the full vaccina-
tion with the mRNA vaccine BNT162b2 (Pfizer/Biontech) or 
the vector vaccine ChAdOx1 (AstraZeneca). Patients with a 
history of SARS- CoV- 2- specific antibodies or PCR- confirmed 
SARS- CoV- 2 infection before vaccination were excluded. 
All patients remained under stable treatment throughout the 
whole study period. The IMID non- responders were recruited 
from a large longitudinal COVID- 19 study at the Deutsche 
Zentrum Immuntherapie that has been initiated in February 
2020 and monitors anti- SARS- CoV- 2 antibody responses over 
time.14 Demographic, disease- specific and vaccination data were 
recorded in all participants.

Table 1 Baseline demographics and clinical characteristics of patients with IMID

Overall Non- RTX RTX

N 66 33 33

Age, years, mean (SD) 63.3 (14.0) 63.9 (14.1) 62.8 (14.0)

Gender, N (%)

 Male 26 (39.4) 13 (39.4) 13 (39.4)

 Female 40 (60.6) 20 (60.6) 20 (60.6)

BMI, mean (SD) 26.4 (6.6) 26.1 (4.1) 26.7 (8.0)

Diagnosis, N (%)

 Rheumatoid arthritis 30 (45.5) 17 (51.5) 13 (39.4)

 Spondyloarthritis* 4 (6.1) 4 (12.1) 0

 Connective tissue disease 13 (19.7) 5 (15.2) 8 (24.2)

 Others 5 (7.6) 3 (9.1) 2 (6.1)

 Systemic vasculitis 14 (21.2) 4 (12.1) 10 (30.3)

Comorbidities, N (%)

 Diabetes 9 (13.6) 4 (12.1) 5 (15.2)

 Hypertension 25 (37.9) 16 (48.5) 9 (27.3)

 Ischaemic heart disease 4 (6.1) 2 (6.1) 2 (6.1)

 Cancer 6 (9.1) 3 (9.1) 3 (9.1)

 Lung disease 11 (16.7) 3 (9.1) 8 (24.2)

Treatment, N (%)

 Tumour necrosis factor- alpha 5 (7.6) 5 (15.2) 0

 Interleukin- 17 2 (3.0) 2 (6.1) 0

 Interleukin −6 1 (1.5) 1 (3.0) 0

 Interleukin −1 1 (1.5) 1 (3.0) 0

 CD- 20 33 (50.0) 0 33 (100.0)

 CD80/86 5 (7.6) 3 (9.1) 2 (6.1)

 Integrin α4β7 1 (1.5) 1 (3.0) 0

 JAKi 7 (21.2) 7 (21.2) 0

 csDMARD 22 (33.3) 17 (51.5) 5 (15.2)

 Glucocorticoids 30 (45.5) 14 (42.4) 16 (48.5)

Vaccination, N (%)

 Primary mRNA vaccine 58 (87.9) 29 (87.9) 29 (87.9)

 Primary vector vaccine 8 (12.1) 4 (12.1) 4 (12.1)

Timing, median (IQR)

 Days to second vaccination 42 (22.5–42) 41.5 (23–42) 42 (22–42)

 Days to third vaccination after second vaccination 83 (55–112) 93 (64–128) 69 (47–95)

 Days to sampling after third vaccination 20 (15.5–28) 20.5 (15–28) 20 (17–27)

*Including psoriatic arthritis.
BMI, body mass index; csDMARD, conventional synthetic disease modifying anti- rheumatic drugs; IMID, immune- mediated inflammatory disease; JAKi, Janus kinase inhibitors; 
RTX, rituximab.
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Procedure
Patients received either BNT162b2 or ChAdOx1 nCoV- 19 
vaccine. The vaccination centre of the city of Erlangen provided 
the vaccines for this study free of charge through the Central 
Pharmacy of the University Hospital of Erlangen. IgG antibodies 
were tested by a commercial ELISA (Euroimmun, Lübeck, 
Germany) with a cut- off OD450nm of 1.1. For neutralisation 
activity, a CE- In Vitro Diagnostics- certified SARS- CoV- 2 surro-
gate virus neutralisation assay (cPASS, Medac, Wedel, Germany) 
was used with a cut- off of 30% inhibition. The detection of SARS- 
CoV- 2 specific T- cells was conducted via an IFN-γ ELISpot Assay 
(T- SPOT.COVID, Oxford Immunotec), a response was consid-
ered positive when the number of spots was ≥8 spot forming 
units (SFUs) above the negative control. A detailed description of 
laboratory assessments is provided in online supplemental file. 
IgG antibodies, neutralising capacity and T- cells responses were 
measured before and 3 weeks after the revaccination.

Statistical analysis
We summarised participant characteristics using means, SDs, 
quantiles or proportions as appropriate. We used McNemar’s 
test to compare paired categorical observations and Fisher’s 
exact test to compare proportions. To compare the proportion 
of patients with a humoral response after the third vaccination 
by categories of T- cell response before the third dose we used the 
Cochran- Mantel- Haenszel test in order to account for a possible 
differential effect caused by RTX treatment. Two- sided p values 
less than 0.05 were considered significant without adjustment 
for multiple testing. Missing data were assumed to be missing 
completely at random and not imputed.

Patient and public involvement
The study was primarily motivated by frequent inquiries from 
patients with IMID on the subject matter but undertaken without 
any direct public involvement.

RESULTS
Patient characteristics
Sixty- six patients with IMID were included, 33 of whom 
were exposed to RTX. Most patients had rheumatoid arthritis 

(45.5%), followed by systemic vasculitis (21.2%) and connec-
tive tissue disease (19.7%). Fifty- eight patients had been fully 
immunised with two doses of mRNA vaccine BNT162b2, the 
remaining eight patients had been fully immunised with the 
vector vaccine. Patients receiving RTX had received a median 
(IQR) of 7 (4–7.5) cycles and the last treatment cycle had 
been given a median (IQR) of 4.5 (3–8) months before the 
third vaccination. The median (IQR) CD19 cell count in 
the RTX- treated patients was 0/mm3 (range 0–68). Details 
of demographics and clinical characteristics of patients are 
depicted in table 1.

Humoral immune response to revaccination
After revaccination, 32/65 patients (49.2%) seroconverted 
and developed positive anti- SARS- CoV- 2 IgG antibodies 
(p<0.0001 compared with baseline). This increase was 
largely driven by the non- RTX pretreated group, in which 
26/33 (78.8%) patients achieved seroconversion, while 
in the RTX pretreated group, only 6/33 (18.2%) patients 
responded (p<0.0001, table 2). Neutralising antibodies 
were present in 31/62 patients (50%) after the third vaccina-
tion (p<0.0001 compared with baseline). 24/30 (80.0%) of 
patients in the non- RTX pretreated group had neutralising 
antibodies compared with only 7/32 (21.9%) among patients 
pretreated with RTX (p<0.0001). The time course of anti-
body and neutralising activity levels are depicted in figure 1. 
The correlation between the time from last RTX adminis-
tration and antibody response was low (Spearman’s r=0.31, 
p=0.093).

Cellular immune response to revaccination
A T- cell response was present in 59.3% of all patients at baseline. 
After revaccination, this overall increased to 73.3% (p=0.08) 
(table 2). The prevalence of T- cell responses was higher in RTX- 
pretreated patients before the third vaccination (68.8%) and 
significantly (p=0.0039) thereafter (86.7%). The increasing 
proportion of T- cell response after the third dose was largely 
attributable to RTX- treated patients. T cell responses to SARS- 
CoV- 2 at baseline were not associated with subsequent antibody 

Table 2 Humoral and cellular immune responses before and after revaccination

All Non- RTX RTX

N=66 N=33 N=33

Before After P value* Before After Before After P value†

Seroconversion (anti- Spike S1 IgG)

 Negative, N (%) 66 (100) 33 (50.8) <0.0001 33 (100) 6 (18.7) 33 (100) 27 (81.8) <0.0001

 Positive, N (%) 0 (0) 32 (49.2) 0 (0) 26 (78.8) 0 (0) 6 (18.2)

 Missing, N 0 1 0 1 0 0

Neutralising capacity

 Negative, N (%) 50 (89.3) 31 (50.0) <0.0001 24 (80.0) 6 (20.0) 26 (100) 25 (78.1) <0.0001

 Positive, N (%) 6 (10.7) 31 (50.0) 6 (20.0) 24 (80.0) 0 (0) 7 (21.9)

 Missing, N 10 4 3 3 7 1

Anti- spike S1 IFN- gamma

 Negative, N (%) 22 (40.7) 16 (26.7) 0.08 12 (54.5) 12 (40.0) 10 (31.2) 4 (13.3) 0.039

 Positive, N (%) 32 (59.3) 44 (73.3) 10 (45.5) 18 (60.0) 22 (68.8) 26 (86.7)

 Missing, N 12 6 11 3 1 3

The number of patients with non- missing data constitute the denominator in all cross- tabulations.
*McNemar test for paired categorical data before and after third vaccination.
†Fisher exact test comparing proportions after third vaccination.
IFN, interferon ; RTX, rituximab.
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development (p=0.08 by Cochran- Mantel- Haenszel test strati-
fied by RTX use, online supplemental table 1).

Comparison of homologous and heterologous vaccination 
strategies
When separately analysing the seroconversion rates in patients 
receiving homologous (mRNA- mRNA) versus heterologous 
vaccinations, we did not find significant differences between 
the two strategies (homologous: 40% seroconversion, heterolo-
gous: 55% seroconversion) (online supplemental table 2). Also, 
concerning neutralising capacities (40% vs 56.8%) and T cell 
responses (65.2% vs 78.4%) no differences between the two 
vaccination strategies were found.

Safety of revaccination in non-responders
Analysis of the tolerability of SARS- CoV- 2 revaccination showed 
good safety. Overall 38/66 (58%) participants reported no side 
effects. The most frequently reported complaints were fatigue 
(25.8%), pain at the injection site (22.7%), headache (10.6%) 
and myalgia (9.1%) (online supplemental table 3).

DISCUSSION
Our data show that revaccination is highly effective to mount 
humoral immune responses in patients with IMID that have 
previously not responded to double vaccination. These data are 
important and reassuring for patients with IMID, as previous 
data have shown that vaccination responses are blunted and 
one out of 10 patients with IMID does not develop neutral-
ising antibodies after the first and second SARS- CoV- 2 vaccina-
tion.2 About half of the patients profited from a revaccination, 
with seroconversion, the presence of neutralising activity and 
enhanced T cell responses. Importantly these data do not reflect 
a ‘booster’ effect, meaning revaccination of individuals that have 
responded to first and second vaccination, but gradually lost 
their immune response later on. These data exclusively refer to 
patients that failed to develop humoral immunity to first and 
second vaccination.

The efficacy of revaccination in non- responders was primarily 
dependent on whether patients received previous RTX. Hence, 
seroconversion rates were limited in RTX- treated non- responders 
(20%) while they were high (80%) in patients not exposed to 
RTX indicating that revaccination in B cell competent non- 
responders is highly effective. Similar results were observed for 

neutralising antibody activity. Notably, T cell responses were not 
influenced by RTX, as the vast majority (86%) of RTX- treated 
patients developed T cell immunity against SARS- CoV- 2 after 
revaccination. The enhanced T cell responses in RTX exposed 
participants could be based on the known suppressive function 
of regulatory B cells on T cells, which is resolved on B cell deple-
tion.15 To date, a protective effect of SARS- CoV- 2 specific T cells 
has not been conclusively shown, however, there is no reason 
to believe that such T cells response would not contribute to 
viral defence .Of note, SARS- CoV- 2- specific T cell responses 
have shown to cross- react across SARS- CoV- 2 strains further 
supporting their protective role.16

We also had the opportunity to study the vaccination regimen. 
Thus, re- exposure to mRNA vaccine in patients not responding 
to full vaccination with an mRNA vaccine was as effective as the 
switch to vector- based vaccines. These data suggest that there is 
no need to switch the vaccine regimen in non- responders, as the 
third dose of the same vaccine still allows significant seroconver-
sion and neutralising activity.

Taken together, these data show that patients with IMID not 
responding to SARS- CoV- 2 vaccination profit from revaccina-
tion and mount significant protective immunity. These findings 
also underline the importance of testing of SARS- CoV- 2 anti-
body status in vaccinated patients with IMID in order to identify 
those with insufficient responses requiring revaccination. Since 
about 10% of patients with IMID do not adequately respond to 
full vaccination,2 antibody testing in patients with IMID seems 
reasonable if done done at least 14 days after the second vaccine 
dose. Monitoring of vaccination responses to identify non- 
responders and their subsequent rapid re- exposure to a third 
vaccine dose might therefore help to achieve better protection of 
patients with IMID from SARS- CoV- 2 infection.
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ABSTRACT
Introduction Emerging evidence supports the 
immunogenic response to mRNA COVID- 19 vaccine in 
patients with autoimmune rheumatic diseases (ARD). 
However, large- scale data about the association between 
vaccination, and COVID- 19 outcomes in patients with 
ARD is limited.
Methods We used data from Clalit Health Services, 
which covers more than half of the population in Israel. 
Patients with ARD older than 18 were included between 
20 December 2020 and 30 September 2021, when the 
BNT162b2 mRNA COVID- 19 vaccine, and later a third 
booster dose, were available. The primary outcome was 
a documented positive SARS- CoV- 2 PCR test. We used a 
Cox regression models with vaccination status as time- 
dependent covariate and calculated the HR for the study 
outcome.
Results We included 127 928 patients with ARD, of 
whom, by the end of the study follow- up, there were 
27 350 (21.3%) unvaccinated patients, 31 407 (24.5%) 
vaccinated patients and 69 171 (54.1%) patients 
who also received a third booster- dose. We identified 
8470 (6.6%) patients with a positive SARS- CoV- 2 PCR 
test during the study period. The HR for SARS- CoV- 2 
infection among the vaccination group was 0.143 (0.095 
to 0.214, p<0.001), and among the booster group 
was 0.017 (0.009 to 0.035, p<0.001). Similar results 
were found regardless of the type of ARD group or 
antirheumatic therapy.
Conclusion Our results indicate that both the 
BNT162b2 mRNA COVID- 19 vaccine and the booster are 
associated with better COVID- 19 outcomes in patients 
with ARD.

BACKGROUND
The COVID- 19 pandemic has devastating global 
implications. Patients with autoimmune rheumatic 
diseases (ARD) have an increased risk for hospital-
isation and mortality compared with the general 
population, although it is unclear whether they 
are more susceptible to be infected with SARS- 
CoV- 2.1–3 In 2021, several COVID- 19 vaccines 
have been approved and became available, though 
the majority of clinical trials have excluded patients 
with ARD and relevant treatments.4

Previous studies evaluated the influence of 
ARD and disease- modifying antirheumatic drugs 
(DMARDs) on vaccinations immunogenicity, as 
a surrogate for their clinical efficacy. COVID- 19 
vaccines were found to be immunogenic in the 

majority of patients with ARD, with a comparable 
rate of adverse reactions.5 6 In addition, a flare in 
the baseline ARD was observed only in a minority 
of the patients following COVID- 19 vaccination.7 
On the other hand, specific DMARDs (eg, ritux-
imab, methotrexate and glucocorticoids) were 
found to impair vaccine immunogenicity.8 The 
diminishing of the humoral response was observed 
as soon as 6 weeks after the use of the COVID- 19 
vaccine among patients with ARD.9 Forty per cent 
of patients with BNT162b2 vaccine breakthrough 
occurred among immunocompromised.10 Hence, it 
has been suggested that a booster dose of COVID- 19 
vaccine in ARD may increase the humoral response, 
and subsequently vaccine efficacy.11

This study aims to investigate the association 
between BNT162b2 mRNA COVID- 19 vaccine 
and booster and related outcomes in a real- world 
cohort of patients with ARD. We wish to analyse 
the influence of this vaccine on patients with ARD 
risk to develop SARS- CoV- 2 infection, hospitalisa-
tion and mortality.

Key messages

What is already known about this subject?
⇒ COVID- 19 vaccines were found to be

immunogenic in most patients with 
autoimmune rheumatic diseases (ARD), with a 
comparable rate of adverse reactions. The effect 
of COVID- 19 vaccination and booster in a large- 
scale setting is unknown.

What does this study add?
⇒ This is the largest cohort so far demonstrating

association between BNT162b2 mRNA 
COVID- 19 vaccine and better COVID- 19- related 
outcomes among patients with ARD.

⇒ A third booster dose was associated with less
SARS- CoV- 2 infection among patients with ARD.

⇒ Vaccination and booster were associated with
better COVID- 19- related outcomes regardless 
of the type of ARD diagnosis and the type of 
antirheumatic therapy.

How might this impact on clinical practice or 
future developments?
⇒ Rheumatologists should encourage their

patients to receive the BNT162b2 mRNA 
COVID- 19 vaccine and booster.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-0395-4171
http://dx.doi.org/10.1136/annrheumdis-2021-221824
http://dx.doi.org/10.1136/annrheumdis-2021-221824
http://dx.doi.org/10.1136/annrheumdis-2021-221824
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2021-221824&domain=pdf&date_stamp=2022-05-27
http://ard.bmj.com/
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METHODS
Study population
Clalit Health Services (CHS) is the largest Health Provider 
Organisation in Israel, with a membership of 4.5 million, about 
52% of the country population.12 CHS operates 14 medical 
centres. CHS has a centralised comprehensive computerised 
database of electronic healthcare records that receives contin-
uous real- time input from the medical, laboratory, pharmaceu-
tical, vaccination and hospitalisation operating systems, and can 
be accessed down to the individual patient. The dataset, based 
on reports from both hospitals and outpatients clinics, has been 
shown previously to have high validity and reliability.13 14

In this retrospective study, we included all CHS members diag-
nosed with ARD. We identified patients with ARD based on the 
International Classification of Disease, Ninth Revision (ICD- 9) 
and similar ICD- 9 based codes given before the study period of 
Rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), 
systemic sclerosis, psoriatic arthritis, ankylosing spondylitis, 
inflammatory autoimmune myopathies and systemic vasculitis 
(online supplemental table S1). Additional conditions such as 
antiphospholipids syndrome, Sjogren’s and familial Mediterra-
nean fever were also included.

Data extraction
We included all CHS patients with ARD older than 18 years, 
from 20 December 2020 to 30 September 2021. Patients with 
reported positive COVID- 19 PCR before 20 December 2020 
were excluded. During this period the BNT162b2 mRNA 
COVID- 19 vaccine was available to the entire population in 
Israel of age 16 or older. A third BNT162b2 mRNA COVID- 19 
vaccine (‘booster’) was available from 29 July 2021, to persons 
older than 60 years and to special populations (such as patients 
with ARD), who received the second BNT162b2 mRNA 
COVID- 19 vaccines more than 6 months ago. The booster 
became available to the entire population of Israel during 
August 2021. The dataset was extracted per patient per week. 
Each patient was considered as ‘unvaccinated’ if fulfilled any 
of these conditions: (1) Not receiving any BNT162b2 mRNA 
COVID- 19 vaccine; (2) Receiving only one vaccine dose without 
prior infection; (3) Being infected after 20 December 2020, and 
receiving only one vaccine dose after this infection (as Israeli 
Ministry of Health allowed). Each patient was considered ‘vacci-
nated’ a week after the second BNT162b2 mRNA COVID- 19 
vaccine, and as a ‘booster’ a week after the third BNT162b2 
mRNA COVID- 19 vaccine. Patients who were infected after 
two vaccine doses, and also got the third vaccine dose were 
also defined as ‘booster’. We extracted baseline demographic, 
medical and pharmaceutical variables. We obtained utilisation of 
glucocorticoids, conventional synthetic, biological and targeted 
synthetic DMARDs based on CHS prescription system if the 
regimen was issued during the 3 months before the study period 
(except for 6 months for rituximab).

The primary outcome was documented SARS- CoV- 2 infec-
tion based on a positive PCR test. If additional SARS- CoV- 2 
infection or a positive PCR test were identified, we considered 
only the first event as a ‘case’. Patients with ARD with a posi-
tive SARS- CoV- 2 PCR test before 20 December were excluded 
from the analysis. Secondary outcomes were hospitalisation due 
to COVID- 19, COVID- 19- related death (identified after SARS- 
CoV- 2 infection hospitalisation) and all- cause mortality. We 
analysed all- cause mortality as a sensitivity analysis to minimise 
the possibility of classification bias regarding the use of COVID- 
19- related death. Data were extracted from CHS using the Clalit 

Research Data sharing platform powered by MDClone (https://
www.mdclone.com).

Statistical analysis
Descriptive statistics are reported as mean and SD, median and 
IQR, or number and percentage. To estimate the association of 
patient vaccination status with study outcomes, we used survival 
curves and Cox regression models with vaccination status as 
time- dependent covariate and calculated the HR. The inci-
dence of SARS- CoV- 2 infection and subsequent complications 
change across time and was strongly associated with receiving 
BNT162b2 mRNA COVID- 19 Vaccine. Hence, we used a Cox 
regression models with vaccination status as time- dependent 
covariate which includes time- adjusted variables. The model 
included the vaccination status of each individual, which was 
ascertained on a weekly basis that could take one of the three 
scenarios: unvaccinated, partially vaccinated (for the period 
between receiving the first dose and a week after the second 
dose), and fully vaccinated. Thus, a person could theoretically 
contribute to several study groups, by being unvaccinated at the 
beginning, vaccinated later and covered by booster vaccination 
6 months later. The model would reflect the effect of vaccina-
tion status averaged over the subjects with that certain status 
at each time point separately. We adjusted to Propensity Score 
(PS) to address a possible imbalance between subjects receiving 
vaccination/booster and those who did not.15 For each person, 
we calculated the probability to receive vaccination, booster, 
or not using a multivariable multinomial logistic regression 
model. The PS model was adjusted for age, sex, ethnicity, type 
of ARD, smoking, hypertension, dementia, charlson index and 
current use of prednisone. In addition, we entered each set of 
covariates (demographic, medical history, pharmaceutical, etc as 
shown in table 1) meeting the proportionality assumption of the 
Cox model as a separate block of variables into the model. The 
final model was selected primarily based on their clinical rele-
vance of the covariates and the model’s discriminatory ability. 
We also considered the statistical significance of the coefficients 
as a secondary criterion in selecting the final list of covariates. 
The survival curves were adjusted for the same variables that 
were used in the Cox model of the primary analysis, except 
for the changing exposure over time .In addition, we created 
survival curves using vaccination status as a stratum, instead of 
separate models, to balance baseline covariates between vacci-
nation groups (see online supplemental materials). We analysed 
the primary outcome for the entire cohort and then separately 
for each ARD diagnosis and relevant medical treatment. We 
conducted a sensitivity analysis only for the time period relevant 
to the booster (July–September 2021). Due to a short follow- up 
time, the sensitivity analysis evaluated only new cases of PCR 
and COVID- 19 admissions. Finally, to handle the immunisation 
status changing over time, we conducted a sensitivity analysis by 
plotting Cox- adjusted survival curves for the entire follow- up 
time (December 2020–September 2021) and for the time rele-
vant to the booster (July–September 2021) for new cases of the 
primary outcome (positive PCR). Data analysis was performed 
with SPSS V.25.0, IBM.

RESULTS
Baseline characteristics
The study cohort included 127 928 patients with ARD (4848 
patients with a positive SARS- CoV- 2 PCR test before 20 
December were excluded from the final analysis). Overall, there 
were 27 350 unvaccinated patients, 31 407 vaccinated patients 

https://dx.doi.org/10.1136/annrheumdis-2021-221824
https://www.mdclone.com
https://www.mdclone.com
https://dx.doi.org/10.1136/annrheumdis-2021-221824
http://ard.bmj.com/
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and 69 171 patients who received also a third booster dose. We 
identified 8470 (6.6%) patients with a positive SARS- CoV- 2 
PCR test during the study period, of whom 4202 (15.4%) were 

unvaccinated, 3498 (11.1%) were vaccinated and 770 (1.1%) 
were vaccinated and also received booster. The median follow- up 
time after receiving vaccination was 33.0 weeks (IQR 30.0–35.0) 

Table 1 Demographic and clinical characteristics of vaccinated, unvaccinated and booster persons at baseline

Unvaccinated (n=27 350) Vaccinated (n=31 407) Vaccinated and booster (n=69 171) P value

Females (n,%) 18 163 (66.4) 20 868 (66.4) 45 435 (65.7) 0.020

Age (mean, ±SD) 55.3 (19.0) 51.6 (18.5) 65.1 (15.7) <0.001

Jewish (n,%) 12 137 (75.0) 16 133 (71.4) 46 739 (92.3) <0.001

Smoking (n,%)—never 20 921 (76.5) 21 214 (67.5) 45 971 (66.5) <0.001

 Past 2772 (10.1) 4542 (14.5) 14 750 (21.3)

 Current 3657 (13.4) 5651 (18.0) 8450 (12.2)

ARD diagnosis (n,%)

 Rheumatoid arthritis 7615 (27.9) 7467 (23.8) 16 491 (23.8) <0.001

 Systemic lupus erythematosus 1063 (3.9) 695 (2.2) 1050 (1.5) <0.001

 Spondyloarthritis 6709 (24.5) 8685 (27.7) 15 868 (22.9) <0.001

 Scleroderma 876 (3.2) 1086 (3.5) 2181 (3.2) 0.04

 Myositis 423 (1.5) 528 (1.7) 929 (1.3) <0.001

 Systemic vasculitis 5526 (20.2) 6384 (20.3) 17 357 (25.1) <0.001

 Other 5128 (18.8) 6562 (20.9) 15 295 (22.1) <0.001

Medical history (n,%)

 Heart failure 1792 (6.6) 1815 (5.8) 5132 (7.4) <0.001

 Myocardial infarction 1329 (4.9) 1378 (4.4) 4703 (6.8) <0.001

 Hypertension 6330 (23.1) 6574 (20.9) 23 182 (33.5) <0.001

 Diabetes 4038 (14.8) 4522 (14.4) 14 646 (21.2) <0.001

 Obesity (BMI >30 kg/m2) 7764 (28.4) 11 208 (35.7) 27 717 (40.1) <0.001

 COPD 1234 (4.5) 1394 (4.4) 4484 (6.5) <0.001

 Asthma 3298 (12.1) 4751 (15.1) 10 919 (15.8) <0.001

 Other lung disease 901 (3.3) 1152 (3.7) 3360 (4.9) <0.001

 CVA or TIA 3198 (11.7) 3777 (12.0) 12 480 (18.0) <0.001

 Malignancy 2070 (7.6) 2663 (8.5) 10 040 (14.5) <0.001

 Chronic kidney disease 1270 (4.6) 1229 (3.9) 3807 (5.5) <0.001

 Charlson comorbidity Index (median, IQR) 2.0 (1.0–5.0) 2.0 (1.0–4.0) 4.0 (3.0–6.0) <0.001

 Charlson Comorbidity Index (mean, ±SD) 3.4 (2.8) 3.2 (2.8) 4.6 (2.8) <0.001

Medical therapy (n,%)

 Prednisone <5 mg/day 108 (0.4) 236 (0.8) 1055 (1.5) <0.001

   5–20 mg/day 1224 (4.5) 2208 (7.0) 4976 (7.2)

   >20 mg/day 816 (3.0) 1729 (5.5) 2885 (4.2)

 Methotrexate 218 (0.8) 1899 (6.0) 4674 (6.8) <0.001

 csDMARDs 1102 (4.0) 3329 (10.6) 7384 (10.7) <0.001

 Colchicine 157 (0.6) 1517 (4.8) 2810 (4.1) <0.001

 Azathioprine 285 (1.0) 698 (2.2) 997 (1.4) <0.001

 Mycophenolate mofetil 104 (0.4 159 (0.5) 298 (0.4) 0.063

 TNF alpha blockers 775 (2.8) 2140 (6.8) 3529 (5.1) <0.001

 IL- 6 inhibitors 99 (0.4) 219 (0.7) 636 (0.9) <0.001

 IL- 17 inhibitors 80 (0.3) 196 (0.6) 454 (0.7) <0.001

 IL 12/23 inhibitors 85 (0.3) 285 (0.9) 448 (0.6) <0.001

 Abatacept 21 (0.1) 62 (0.2) 156 (0.2) <0.001

 Rituximab 117 (0.4) 273 (0.9) 431 (0.6) <0.001

 JAK 127 (0.5) 316 (1.0) 676 (1.0) <0.001

 Calcineurin inhibitors 93 (0.3) 186 (0.6) 556 (0.8) <0.001

Outcomes*

 Positive SARS- CoV- 2 PCR 4202 (15.4) 3498 (11.1) 770 (1.1) <0.001

 COVID- 19 hospitalisations 277 (1.0) 138 (0.4) 45 (0.1) <0.001

 COVID- 19- related mortality 204 (0.7) 32 (0.1) 0 (0.0) <0.001

 All- cause mortality 1026 (3.8) 608 (1.9) 0 (0.0) <0.001

*Outcome masseurs collected at end of follow- up.
ARD, autoimmune rheumatic diseases; BMI, body mass index; COPD, chronic obstructive pulmonary disease; csDMARDs, conventional synthetic disease- modifying antirheumatic 
drugs; CVA, cerebro vascular accident; IL, interleukin; JAK, Janus kinase; TIA, transient ischaemic attack.

http://ard.bmj.com/
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for the vaccination group and 5.0 weeks (IQR 2.0–7.0) for the 
booster group. The unvaccinated group had a median follow- up 
of 45.0 weeks (IQR 45.0–45.0), during the overall study period

Table 1 presents the baseline characteristics of the patients 
according to vaccination groups. Compared with the unvacci-
nated and the vaccinated groups, the booster group was older 
(55.3 and 51.6 vs 65.1 respectively, p<0.001), with a higher 
rate of Jewish (75.0% and 71.4% vs 92.3%, respectively, 
p<0.001), and with a lower rate of current smokers (13.4% 
and 18.0% vs 12.2%, respectively, p<0.001). While RA and 
SLE were more common among the unvaccinated group, SPA 
was more common in the vaccinated group and systemic vascu-
litis was more common in the booster group (p<0.001 for all). 
The booster group had a significantly higher rate of almost 
every comorbidity and subsequently higher median Charlson’s 
Comorbidity Index score compared with the unvaccinated and 
the vaccinated groups (4.0 vs 2.0 and 2.0 respectively, p<0.001). 
In addition, the unvaccinated group showed a significantly lower 
usage rate of almost every relevant medical therapy relevant to 
patients with ARD.

SARS-CoV-2 status
The baseline characteristics of patients according to their 
SARS- CoV- 2 PCR status are presented in table 2. The positive 
SARS- CoV- 2 patients were younger (54.2 vs 60.1, p<0.001), 
non- Jewish (77.7% vs 84.3%, p<0.001) while less current 
smokers (14.0% vs 11.7%, p<0.001). SPA was more common 
among the positive SARS- CoV- 2 patients (26.0% vs 24.3%, 
p<0.001) and systemic vasculitis was less common (21.3% vs 
23.0%, p<0.001). Obesity and asthma were the only comor-
bidities more common among the positive SARS- CoV- 2 patients 
(40.2% vs 36.2%, p<0.001 and 15.8% vs 14.8%, p=0.01).

The positive SARS- CoV- 2 patients showed higher usage rate 
of high dose prednisone (eg, for >20 mg/day 5.4% vs 4.2%, 
p<0.001 for the entire comparison), TNF alpha inhibitors (6.9% 
vs 4.9%, p=0.001), rituximab (1% vs 0.6%, p<0.001) and

Calcineurin inhibitors (0.7% vs 0.6%). The negative SARS- 
CoV- 2 patients showed higher usage rate of Methotrexate 
(5.3% vs 4.9%, p=0.12), low dose prednisone (less than 5 mg/
day, 1.1% vs 0.8%) and conventional synthetic DMARDs (9.2% 
vs9.8%, p=0.04).

Time-dependent analysis
Survival curves of SARS- CoV- 2 infection, COVID- 19 hospital-
isation, COVID- 19- related mortality and all- cause mortality are 
shown in figure 1. Patients who received the booster dose showed 
the best outcomes. Compared with the unvaccinated group, The 
HR for SARS- CoV- 2 infection among the vaccinated group was 
0.652 (95% CI 0.623 to 0.682) and among the booster groups 
was 0.064 (95% CI 0.060 to 0.070) (p<0.001). The HR for 
COVID- 19 hospitalisation among vaccinated group was 0.456 
(95% CI 0.371 to 0.560) and among the booster group was 0.050 
(95% CI 0.036 to 0.069) (p<0.001). The HR for COVID- 19- 
related mortality and all- cause mortality among the vaccinated 
group was 0.142 (95% CI 0.097 to 0.206, p<0.001) and 0.523 
(95% CI 0.473 to 0.579, p<0.001), respectively. There were no 
COVID- 19- related mortality and all- cause mortality among the 
booster group (table 1).

Cox regression models with vaccination status as time- 
dependent covariate for the entire cohort, per ARD subgroups 
and antirheumatic treatments, are presented in table 3. The HR 
for SARS- CoV- 2 infection is presented compared with the unvac-
cinated group risk (defined as ‘1’). The HR for SARS- CoV- 2 

infection among the vaccination compared with unvaccinated 
group was 0.143 (95% CI 0.095 to 0.214, p<0.001), and among 
the booster compared with unvaccinated group was 0.017 (95% 

Table 2 Baseline demographic and clinical characteristics of 
positive and negative SARS- CoV- 2 PCR*

Negative PCR 
(n=119 458)

Positive PCR 
(n=8470) P value

Females (n,%) 78 881 (66.0) 5585 (65.9) 0.85

Age (mean,±SD) 60.1 (18.1) 54.2 (18.1) <0.001

Jewish (n, %) 70 524 (84.3) 4485 (77.7) <0.001

Smoking (n, %)—never 82 039 (68.7) 6067 (71.6) <0.001

 Past 20 655 (17.3) 1409 (16.6)

 Current 16 764 (14.0) 994 (11.7)

ARD diagnosis (n,%)

 Rheumatoid arthritis 29 571 (24.8) 2002 (23.6) 0.02

 Systemic lupus 
erythematosus

2622 (2.2) 186 (2.2) 1.00

 Spondyloarthritis 29 056 (24.3) 2206 (26.0) <0.001

 Scleroderma 3872 (3.2) 271 (3.2) 0.87

 Myositis 1754 (1.5) 126 (1.5) 0.89

 Systemic vasculitis 27 462 (23.0) 1805 (21.3) <0.001

 Other 25 111 (21.0) 1874 (22.1) 0.02

 Medical history (n,%)

 Heart failure 8185 (6.9) 554 (6.5) 0.28

 Myocardial infarction 7012 (5.9) 398 (4.7) <0.001

 Hypertension 33 985 (28.4) 2101 (24.8) <0.001

 Diabetes 21 652 (18.1) 1554 (18.3) 0.61

 Obesity (BMI >30) 43 283 (36.2) 3406 (40.2) <0.001

 COPD 6720 (5.6) 392 (4.6) <0.001

 Asthma 17 626 (14.8) 1342 (15.8) 0.01

 Other lung disease 5073 (4.2) 340 (4.0) 0.31

 CVA or TIA 18 293 (15.3) 1162 (13.7) <0.001

 Malignancy 13 985 (11.7) 788 (9.3) <0.001

 Chronic kidney disease 5884 (4.9) 422 (5.0) 0.81

 Charlson Comorbidity Index 
(median, IQR)

3.0 (1.0–6.0) 3.0 (1.0–5.0) <0.001

 Charlson comorbidity Index 
(mean, ±SD)

3.5 (2.8) 3.6 (2.8) <0.001

Medical therapy (n,%)

 Prednisone <5 mg/day 1328 (1.1) 71 (0.8) <0.001

 5–20 mg/day 7690 (6.4) 718 (8.5)

 >20 mg/day 4974 (4.2) 456 (5.4)

 Methotrexate 6372 (5.3) 419 (4.9) 0.12

 csDMARDs 10 981 (9.2) 834 (9.8) 0.04

 Colchicine 4158 (3.5) 326 (3.8) 0.07

 Azathioprine 1806 (1.5) 174 (2.1) <0.001

 Mycophenolate mofetil 507 (0.4) 54 (0.6) 0.01

 TNF alpha blockers 5863 (4.9) 581 (6.9) <0.001

 IL- 6 inhibitors 888 (0.7) 66 (0.8) 0.71

 IL- 17 inhibitors 684 (0.6) 46 (0.5) 0.81

 IL 12/23 inhibitors 748 (0.6) 70 (0.8) 0.03

 Abatacept 225 (0.2) 14 (0.2) 0.78

 Rituximab 733 (0.6) 88 (1.0) <0.001

 JAK inhibitors 1040 (0.9) 79 (0.9) 0.55

 Calcineurin inhibitors 772 (0.6) 63 (0.7) 0.28

*PCR positivity was collected at the end of follow- up.
ARD, autoimmune rheumatic diseases; BMI, body mass index; COPD, chronic 
obstructive pulmonary disease; csDMARDs, conventional synthetic disease- modifying 
antirheumatic drugs; CVA, cerebro vascular accident; IL, interleukin; JAK, Janus kinase; 
TIA, transient ischaemic attack.
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CI 0.009 to 0.035, p<0.001). Similar results were found regard-
less of the type of ARD group or therapy.

Figure 1 in the online supplemental material shows the 
results of a sensitivity analysis addressing the problem of 

immunisation status changing over time. Two survival plots: the 
first is for unvaccinated and vaccinated patients (regardless of 
booster) during the entire follow- up period (December 2020 
to September 2021) and the second is for the three vaccinated 

Figure 1 Multivariate adjusted survival curves of study outcomes from the initiation of the BNT162b2 mRNA Covid- 19 vaccine: (A) Positive 
COVID- 19 test. (B) COVID- 19 related hospitalisation. (C) COVID- 19 related mortality. (D) All- cause mortality. X axis – Week 0 first day is 27th of 
December 2020.

Table 3 Time- dependent Cox multivariate regression for COVID- 19 positive PCR risk, in subgroups of comorbidity at baseline

Unvaccinated (reference) Vaccinated HR (95% CI) Booster HR (95% CI)

All- cohort* 1.00 0.143 (0.095 to 0.214) 0.017 (0.009 to 0.035)

Rheumatoid arthritis* 1.00 0.133 (0.059 to 0.297) 0.024 (0.007 to 0.086)

Systemic lupus erythematosus*† 1.00 0.089 (0.037 to 0.216) 0.007 (0.002 to 0.020)

Spondyloarthritis 1.00 0.051 (0.015 to 0.170) 0.003 (0.001 to 0.020)

Scleroderma* 1.00 0.340 (0.070 to 1.662) 0.028 (0.001 to 0.552)

Myositis* 1.00 0.014 (0.001 to 1.245) 0.001 (0.001 to 1.469)

Systemic vasculitis* 1.00 0.185 (0.091 to 0.376) 0.023 (0.006 to 0.094)

Other* 1.00 0.040 (0.011 to 0.150) 0.004 (0.001 to 0.025)

Prednisone*<5 mg/day 1.00 0.143 (0.033 to 0.629) 0.005 (0.001 to 0.145)

 5–20 mg/day 1.00 0.149 (0.084 to 0.266) 0.015 (0.006 to 0.043)

 >20 mg/day 1.00 0.118 (0.047 to 0.299) 0.016 (0.004 to 0.063)

Methotrexate* 1.00 0.126 (0.053 to 0.298) 0.018 (0.004 to 0.076)

CsDMARDs* 1.00 0.136 (0.068 to 0.272) 0.018 (0.006 to 0.059)

Colchicine* 1.00 0.009 (0.001 to 0.168) 0.002 (0.001 to 0.078)

Azathioprine‡† 1.00 0.092 (0.051 to 0.166) 0.013 (0.006 to 0.027)

Mycophenolate mofetil‡† 1.00 0.155 (0.058 to 0.413) 0.020 (0.006 to 0.072)

TNF alpha blockers* 1.00 0.193 (0.029 to 1.273) 0.036 (0.004 to 0.341)

IL- 6 inhibitors‡† 1.00 0.100 (0.034 to 0.291) 0.003 (0.001 to 0.012)

IL- 17 inhibitors‡† 1.00 0.062 (0.018 to 0.216) 0.001 (0.000 to 0.009)

IL 12/23 inhibitors‡† 1.00 0.149 (0.059 to 0.379) 0.004 (0.001 to 0.017)

Rituximab‡† 1.00 0.055 (0.021 to 0.144) 0.016 (0.005-*0.046)

JAK inhibitors‡ 1.00 0.013 (0.001 to 0.262) 0.001 (0.000 to 0.066)

Calcineurin inhibitors‡ 1.00 0.050 (0.017 to 0.145) 0.004 (0.001 to 0.015)

Unvaccinated are reference group, ratio are given for vaccinated and booster dose completion.
*Adjusted for age, sex, smoking, obesity, hypertension, chronic obstructive pulmonary disease, Charlson’s Comorbidity Index and propensity score.
†Due to convergence issues model was not adjusted for propensity score.
‡Adjusted for age, sex, Charlson’s Comorbidity Index and propensity score.
CsDMARDs, conventional synthetic Disease- modifying antirheumatic drugs; IL, interleukin; JAK, Janus kinase; N/A, not available.
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groups following 31 July. The follow- up is also shifted by 
1 week after the first vaccination took place. Both plots were 
adjusted for the same variables as in the original analysis. The 
first survival plot shows that the vaccinated group had a lower 
risk for positive PCR during the entire study period (HR 0.675, 
95% CI 0.642 to 0.711). The second survival plot shows that 
compared with the unvaccinated group the booster group had a 
lower risk for positive PCR (HR 0.436, 95% CI 0.374 to 0.508). 
The vaccinated group appeared to be at higher risk for positive 
PCR, although this difference was not statistically significant 
(HR 1.297, 95% CI 0.979 to 1.719).

DISCUSSION
This study demonstrated the association between important 
COVID- 19- related outcomes and the BNT162b2 mRNA 
COVID- 19 vaccine and booster dose, in patients with ARD. The 
BNT162b2 mRNA COVID- 19 vaccine was found to be asso-
ciated with a substantially lower rate of PCR positive proven 
COVID- 19 infections, in addition to a lower rate of hospital-
isations in COVID- 19 units, COVID- 19- related mortality and 
all- cause mortality.

We acknowledged that patients with ARD who chose to 
receive vaccination or booster might be different from those 
who did not. Our analysis could not be fully controlled for all 
aspects related to the protective effect of the vaccination. Yet, 
to minimise the possibility that our results may be confounded, 
we used PS in the primary outcome analysis. The positive asso-
ciation of vaccination and booster with the primary outcome 
remained significant in a PS adjusted model as well.

Several issues should be discussed following these results. 
Patients with ARDs and additional comorbidities tended to 
be more vaccinated, both in the booster dose and the first two 
vaccines (table 1). This reflects truly the tendency of patients with 
comorbidities to be vaccinated in order to be protected from 
COVID- 19. Patients with RA were slightly more common among 
the unvaccinated group. It might be postulated that since RA is a 
disease with a higher prevalence in lower socioeconomic class, a 
higher smoking rate and less health- promoting behaviour, non- 
vaccination is a reflection of this kind of behaviour.16 17 The Amer-
ican College of Rheumatology guidelines for vaccinating patients 
with ARD noted that patients with SLE are at a higher risk for 
severe COVID- 19 outcomes and recommended vaccinating ARD 
including patients with SLE.18 Nevertheless, our cohort showed 
a higher percentage of patients with SLE among non- vaccinated 
patients compared with the percentage receiving booster doses. 
Felten et al reported that patients with ARD do not perceive them-
selves as being at higher risk and that vaccination willingness was 
mainly influenced by their specialist.19 This notion highlights the 
role played by the treating physicians, and the rheumatologists for 
promoting vaccination among this population.

A greater proportion of patients receiving antirheumatic drugs 
(table 1) received a booster dose, compared with non- vaccinated 
or two- dose vaccinated patients with ARD. In addition, we 
demonstrated a higher rate of PCR- negative patients with ARD 
suffering from hypertension, past myocardial infarction, chronic 
obstructive pulmonary disease, malignancies, stroke or transient 
ischaemic attack compared with PCR- positive patients with 
ARD at baseline (table 2). These two observations might reflect 
better health- promoting behaviour and/or better compliance for 
treatment in treated patients with ARD. Glintborg et al reported 
a higher medication compliance, increased fear and anxiety, and 
more self- isolation among >12 000 patients with ARD since the 
COVID- 19 pandemic started.20

Studies addressing vaccination efficacy, revealed a lower 
immune response (measured by neutralising IgG) among 
patients with autoimmune disease, and patients receiving immu-
nosuppression.6 21 Some researchers suggested that vaccination 
response was explained by the comorbidity itself rather than 
by the immunosuppressant therapy given.22 Lower antibody 
response was observed in both treated and untreated auto- 
immune diseases regardless of the treatment type. Most of 
other researchers searched for a correlation between immuno-
suppressants and immunogenicity. Rituximab is currently the 
most reported immunosuppressant to impair vaccine immune 
response.23 Other studies reported lesser seroconversion among 
patients with ARD treated with mycophenolate mofetil (MMF), 
methotrexate and JAK- inhibitors, all tested after two doses 
vaccination regimen.8 24 T- cell- mediated vaccination response 
in patients with ARD was also investigated, assuming that the 
humoral response does not show the whole vaccination immune 
response picture. Specific anti COVID- 19 T cell response was 
observed in 58% of vaccinated rituximab treated patients both 
in positive or negative reconversion groups.25 Our study pres-
ents data regarding different antirheumatic drugs, reported to be 
purchased by patients no more than 3 months before inclusion 
period. However, lower HRs for COVID- 19 positive PCR in the 
vaccinated and booster group compared with non- vaccinated 
patients, regardless of the drug purchased suggests that immu-
nosuppressants are just one variable which cannot by itself 
explain the whole picture. Additionally, this observation, might 
reflect not only the vaccine effect, but also proper behaviour of 
vaccinated patients. Further specific data are needed to deduct 
the specific contribution of the vaccination and booster to 
hazard risk reduction and the negative effect of antirheumatic 
treatments. Clinical outcomes were generally excellent for the 
BNT162b2 mRNA COVID- 19 vaccine and boosted groups. 
An Israeli nationwide study of almost 600 thousands persons 
showed the efficacy of two doses vaccine on several clinical 
outcomes, that is—symptomatic COVID- 19, hospitalisations, 
severe disease and death.26 A following article about the booster 
dose a reporting information from more than 1.1 million Israelis 
persons aged more than 60 years, reported significantly less 
severe COVID- 19 disease among persons receiving the booster.27 
Recently, Barda et al reported fewer hospitalisations, less severe 
COVID- 19 disease and fewer COVID- 19- related deaths among 
third dose vaccinated persons excluding immunocompromised 
patients.28 To the best of our knowledge, our study this is the 
first study to report on BNT162b2 mRNA vaccine and booster 
and and COVID- 19 associated clinical outcomes among patients 
with ARD in a real- world setting. The reported outcomes align 
with the mentioned data of the second and booster vaccina-
tion efficacy. Altogether, the heterogeneity of our cohort and 
possible un- controlled relations between variables, impede us 
from deducing causality effect. Connolly et al presented case 
series data of 18 patients with ARD. After receiving the third 
vaccine dose (mRNA- 1273or BNT162b2), seroconversion was 
found in 80% of patient with negative or low antibody titre after 
the second dose.29 The two patients with no humoral response 
after the third dose were treated with anti- CD- 20 and MMF. 
Another small series of 17 patients with RA who remained sero-
negative after the second vaccine dose was offered to receive 
a third booster dose. Two weeks after the booster, antibodies 
above threshold were detected in 15 of those patients. Pred-
nisone >5 mg/day was associated with a lower antibody titre, 
while temporary discontinuation of DMARDs was suggested 
to contribute to better immune response.30 A recent study 
by Simon et al demonstrated the efficacy of booster dose for 
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non- responders patients with ARD, showing seroconversion or 
neutralising antibodies after booster in half of those patients.31 
Time since immunisation plays an important role in vaccination 
effectiveness due to the waning effect of the BNT162b2 mRNA 
-vaccine a few months after the second dose, implying that 
reports from longer follow- ups are needed.32 After sensitivity 
analysis measuring outcomes from the first day of vaccination 
per patient (see online supplemental figure 1A), the differences 
between groups regarding SARS- CoV- 2 infection seem smaller 
(HR 0.675 after sensitivity analysis vs 0.652 before). Measuring 
from the end of July 2021, compared with the unvaccinated 
group, the vaccinated group had increased numeric risk for 
SARS- CoV- 2 infection, while decreased risk for COVID- 19 
hospitalisation. Booster group had lower risk for both outcomes 
(see online supplemental figure 1B).The most logical explana-
tion for this phenomenon would be the dramatic change in the 
national policy towards the vaccinated populations that were 
allowed to visit public places, loosening the atmosphere in the 
general population in Israel, coupled with the summer vacations. 
More opportunities of exposure might have resulted in more 
infections.

Our study has some important limitations to take into consid-
eration. This is a retrospective nationwide study which relies 
on medical data gathered from electronic medical records of 
patients with ARD. Due to security and privacy reasons, we 
could not validate the ICD- 9 codes of this cohort. The preva-
lence of the majority of rheumatic diseases is higher in this cohort 
compared with Israeli and non- Israeli cohorts that were previ-
ously published.33–38 The ARD population is heterogeneous in its 
demographics, rheumatic diseases feature and given treatments. 
Moreover, electronic computer medical records are almost 
always incomplete, hence some of the possible confounders may 
not be fully addressed in the multivariable analysis. Neverthe-
less, the data size consistency of the results, and valid outcomes 
such as PCR positivity, hospitalisations rate and mortality are 
reassuring about the effect of the vaccination. Another limitation 
is the relatively low number of patients who purchased immune- 
modulatory medications. This may be accounted for patients 
with non- active or past rheumatic diagnoses. Yet, the signifi-
cantly lower HR for SARS- CoV- 2 infection among the vacci-
nated and booster groups as compared with the unvaccinated 
group for those who did purchase antirheumatic medications, 
is an important finding considering immunogenicity issues in 
those patients (see table 3). Although statistically significant, our 
results are not adjusted to multiple testing, hence, the associa-
tions between each variable tested should be taken cautiously and 
in a larger context. Another limitation is that all- cause mortality 
might be influenced by death caused after non- reported or non- 
PCR tested COVID- 19 infection. Also, it might be that late 
deadly sequelae of COVID- 19 infection were not reported as 
COVID- 19- related death. The follow- up period of the booster 
dose ended on 30 September, which may be too short to evaluate 
the booster effect. Also during the beginning of 2021, patients 
from the booster group, not yet boostered, were found PCR 
positive for COVID- 19 after the second vaccine dose and got the 
booster dose 5–6 months later altogether (180 patients, data not 
shown). This observation is probably due to the Israeli Ministry 
of Health desk guidelines which recommended a booster dose 
5–6 months after resolution from COVID- 19 infection.

Due to the retrospective nature of this study, causality 
regarding the effectiveness of vaccination and booster among 
patients with ARD (especially regarding the effect of antirheu-
matic drugs) cannot be deducted. Yet, our results indicate better 
clinical outcomes in booster vaccinated patients with ARD in 

general. These findings support the notion that patients with 
ARD should be encouraged to receive the booster vaccination if 
available in their countries.

Notwithstanding these limitations, this is the first study that 
reports clinical outcomes of patients with ARD after the booster 
vaccine dose. This is also one of the few studies reporting clinical 
outcomes of vaccination and non- vaccination in patients with 
ARD in a real- world setting. Both the two doses of BNT162b2 
mRNA COVID- 19 vaccine and the booster appear to be asso-
ciated with better prevention of SARS- CoV- 2 infection among 
patients with ARD.
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ABSTRACT
Objective To determine the immunogenicity of the 
third dose of CoronaVac vaccine in a large population of 
patients with autoimmune rheumatic diseases (ARD) and 
the factors associated with impaired response.
Methods Adult patients with ARD and age- balanced/
sex- balanced controls (control group, CG) previously 
vaccinated with two doses of CoronaVac received the 
third dose at D210 (6 months after the second dose). The 
presence of anti- SARS- CoV- 2 S1/S2 IgG and neutralising 
antibodies (NAb) was evaluated previously to vaccination 
(D210) and 30 days later (D240). Patients with controlled 
disease suspended mycophenolate mofetil (MMF) for 
7 days or methotrexate (MTX) for 2 weekly doses after 
vaccination.
Results ARD (n=597) and CG (n=199) had comparable 
age (p=0.943). Anti- S1/S2 IgG seropositivity rates 
significantly increased from D210 (60%) to D240 (93%) 
(p<0.0001) in patients with ARD. NAb positivity also 
increased: 38% (D210) vs 81.4% (D240) (p<0.0001). 
The same pattern was observed for CG, with significantly 
higher frequencies for both parameters at D240 
(p<0.05). Multivariate logistic regression analyses in the 
ARD group revealed that older age (OR=0.98, 95% CI 
0.96 to 1.0, p=0.024), vasculitis diagnosis (OR=0.24, 
95% CI 0.11 to 0.53, p<0.001), prednisone ≥5 mg/
day (OR=0.46, 95% CI 0.27 to 0.77, p=0.003), MMF 
(OR=0.30, 95% CI 0.15 to 0.61, p<0.001) and biologics 
(OR=0.27, 95% CI 0.16 to 0.46, p<0.001) were 
associated with reduced anti- S1/S2 IgG positivity. Similar 
analyses demonstrated that prednisone ≥5 mg/day 
(OR=0.63, 95% CI 0.44 to 0.90, p=0.011), abatacept 
(OR=0.39, 95% CI 0.20 to 0.74, p=0.004), belimumab 
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are known to have reduced primary vaccination
response.
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in increasing humoral response and protective
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What does this study add?
⇒ The third dose of COVID- 19 vaccine results

in a robust immunogenicity response for
patients with ARD overall and for those who
were COVID- 19 seronegative at 6 months post
primary full vaccination.

How might this impact on clinical practice or 
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⇒ The third dose of anti- SARS- CoV- 2 vaccine
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(OR=0.29, 95% CI 0.13 to 0.67, p=0.004) and rituximab (OR=0.11, 
95% CI 0.04 to 0.30, p<0.001) were negatively associated with NAb 
positivity. Further evaluation of COVID- 19 seronegative ARD at D210 
demonstrated prominent increases in positivity rates at D240 for 
anti- S1/S2 IgG (80.5%) and NAb (59.1%) (p<0.0001).
Conclusions We provide novel data on a robust response to the 
third dose of CoronaVac in patients with ARD, even in those with 
prevaccination COVID- 19 seronegative status. Drugs implicated in 
reducing immunogenicity after the regular two- dose regimen were 
associated with non- responsiveness after the third dose, except for 
MTX.
Trial registration number NCT04754698.

INTRODUCTION
The COVID- 19 pandemic is still a global problem and mass 
vaccination has been crucial for the waning of the epidemic 
worldwide. Until now, almost one- third of the Brazilian popu-
lation has been vaccinated with CoronaVac. There is real- world 
evidence on the high effectiveness of CoronaVac in reducing 
hospitalisations and deaths related to SARS- CoV- 2 infection in 
10.2 million people in Chile.1

However, even in countries with high vaccination rates, break-
through cases in both vaccinated and unvaccinated persons are 
increasingly being reported,2–4 driven predominantly by the 
SARS- CoV- 2 Delta variant5–7 and more recently by the Omicron 
variant. The Advisory Committee on Immunization Practices of 
the Centers for Disease Control and Prevention (CDC) recom-
mended a third dose of COVID- 19 vaccine to high- risk groups, 
including immunocompromised individuals, to address potential 
waning immunity against the SARS- CoV- 2 variants, with accept-
able safety profile.8–10

Immunosuppressed patients with autoimmune rheumatic 
diseases (ARD) are generally under increased risk of severe 
COVID- 19.11 12 We have previously demonstrated that two 
doses of CoronaVac elicited moderate humoral response in 
patients with naïve ARD, with a parallel major decrease in 
incident COVID- 19 cases post immunisation.10 A more robust 
response was observed in individuals with ARD pre- exposed to 
COVID- 19, with a high plateau of response after a single Coro-
naVac dose.13 Neutralising antibodies’ (NAb) response dynamics 
in patients who have recovered from COVID- 19 may vary 
greatly.14 We further demonstrated a substantial decline of anti- 
SARS- CoV- 2 antibodies in patients with ARD 6 months after a 
two- dose schedule of CoronaVac.15

There is increasing evidence on the efficacy of a third dose 
of vaccine in enhancing protective effect.16–19 However, data on 
CoronaVac are limited. A study in healthy adults demonstrated 
a strong humoral booster following an additional dose admin-
istered 8 months after the primary schedule, indicating an effi-
cient recalling of SARS- CoV- 2- specific immune memory.20 The 
efficacy of a third dose of messenger RNA (mRNA) vaccine 
was also recently reported in the general population in Israel, 
with more than 90% reduction in COVID- 19- related hospi-
talisations and deaths.21 In subjects ≥60 years, a third dose of 
BNT162b2 reduced severe infection rate by a factor of almost 
20.19 Furthermore, a third dose of the viral vector ChAdOx1 
nCoV- 19 vaccine could boost antibody and T cell responses in 
healthy volunteers.22 Among immunocompromised populations, 
a significant proportion of patients (30%–50%) with inadequate 
response to two mRNA vaccine doses seroconverted after an 
additional dose,23–30 and insufficient response was mainly associ-
ated with higher degree of immunosuppression.23 24

Regarding ARD population, there is one case series reporting 
that a third dose of mRNA vaccine induced seroconversion in 
almost 90% of 17 patients with rheumatoid arthritis with minimal 
response to primary vaccination. Most of them discontinued 
disease modifying anti- rheumatic drugs (DMARD) temporarily 
to receive the third dose17 and more data are necessary.

We therefore performed a prospective analysis of the immu-
nogenicity and safety of a third CoronaVac dose, administered 
6 months after the standard two- dose homologous schedule, in a 
large ARD population compared with an age- balanced and sex- 
balanced control group (CG). Possible factors associated with 
lack of humoral immune response after the third dose were 
secondarily assessed.

METHODS
Study design and population
We conducted a phase 4 prospective longitudinal study (Coro-
navRheum) at a large academic hospital in Sao Paulo, Brazil. All 
participants signed the written informed consent. Patients with 
ARD were diagnosed according to the international classifica-
tion criteria for each disease31–40 and were regularly followed 
at the outpatient rheumatology clinics. Subsequently, we invited 
subjects without ARD or immunosuppressive therapy as the CG. 
All subjects were ≥18 years old. CG was sex- balanced and age- 
balanced with patients with ARD (±5 years) at entry (1 control to 
3 patients). All participants had previously received two doses of 
the inactivated vaccine CoronaVac (batch #20200412; Sinovac 
Life Sciences, Beijing, China) 28 days apart (first dose (D0): 
9–17 February 2021; second dose (D28): 9–17 March 2021) and 
were recruited to receive the third dose from 13 September to 18 
September 2021 (D210: 6 months later). The electronic charts 
of all patients under mycophenolate mofetil (MMF) or metho-
trexate (MTX) were reviewed for disease activity, 10 days before 
vaccination. Those with low disease activity/inactive disease at 
last visit (up to 2 months) were interviewed at D210 by a physi-
cian to confirm clinical status and to guide medication with-
drawal after vaccination (1 week for MMF and 2 weekly doses 
for MTX). The exclusion criteria were third dose vaccination 
with any other SARS- CoV- 2 vaccine, prior anaphylactic events 
to vaccines, immunisation with live virus in the last 4 weeks or 
inactivated vaccine in the last 2 weeks, Guillain- Barré syndrome, 
decompensated heart failure, demyelinating disease, COVID- 
19- related symptoms, acute febrile illness, or hospitalisation at 
vaccination day (figure 1). All participants had their first blood 
sample collected at D210 and the second sample collected at 
D240 (1 month after the third dose; from 14 October to 4 
November 2021). Patients or the public were not involved in 
the design, or conduct, or reporting or dissemination plans of 
the study.

Primary and secondary outcomes
The primary outcome was humoral immunogenicity assessed 
by the presence of anti- SARS- CoV- 2 S1/S2 IgG at D240 in all 
participants. The secondary outcomes were factor increase (FI) 
in anti- S1/S2 geometric mean titre (GMT) from D210 to D240, 
presence of NAb, NAb activity, and the influence of demographic 
data, ARD diagnosis and current therapy on anti- SARS- CoV- 2 
seropositivity at D240.

Serological assays
Serological assay consisted of total anti- SARS- CoV- 2 S1/S2 
IgG (chemiluminescent immunoassay by indirect ELISA; ETI- 
MAX 3000 equipment, LIAISON SARS- CoV- 2 S1/S2 IgG 
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Kit, DiaSorin, Italy) and circulating NAb against SARS- CoV- 2 
using the SARS- CoV- 2 sVNT Kit (GenScript, Piscataway, New 
Jersey, USA), following the manufacturer’s instructions. Samples 
with 15.0 AU/mL or more for total IgG and with 30% or more 
inhibition in the neutralising assay were considered seropos-
itive according to the manufacturer.41 Quantitative results 
were reported, attributing the value of 1.9 AU/mL (half of the 
lower limit of quantification 3.8 AU/mL) to undetectable levels 
(<3.8 AU/mL) of IgG. NAb activity was calculated as median 
(IQR) only considering positive samples at D210 and D240.

Data and statistical analysis
Data were presented as number (percentage) for categorical vari-
ables and as mean±SD or median (IQR) for continuous vari-
ables. Comparisons were performed by χ2 or Fisher’s exact tests, 
as appropriate, for categorical variables, and by Student’s t- test 
or Mann- Whitney test for continuous variables. Seropositivity 

rates of anti- S1/S2 IgG and NAb were presented as number 
(percentage) and were compared between groups (ARD and CG) 
and between timepoints (D210 vs D240) using repeated measures 
analysis of variance with two factors followed by Bonferroni’s 
multiple comparisons in Napierian logarithm- transformed data 
for IgG. IgG titres were expressed as geometric mean with 95% 
CI. Multivariate logistic regression analyses were performed 
using as dependent variables seroconversion (SC)/NAb posi-
tivity at D240 and as independent variables those with p<0.2 
in each univariate analysis. Statistical significance was defined as 
p<0.05. Most of the statistical analyses were performed using 
Statistical Package for the Social Sciences V.20.0.

RESULTS
A total of 956 patients with ARD and 451 controls were recruited 
in this protocol. After applying the exclusion criteria and random 
sampling (3 ARD to 1 CG), the final study groups consisted of 

Figure 1 Flow chart diagram. The diagram shows the flow of eligible individuals, exclusions and analysed participants. Reasons for exclusions are 
given in the figure. D210, 6 months after second dose.

http://ard.bmj.com/
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597 patients with ARD and 199 controls who collected blood 
sample and received the third dose of CoronaVac (D210) and 
returned after 30 days for blood collection (D240) (figure 1). 
Patients with ARD and CG were comparable with regard to 
median age and female sex (p>0.05) (table 1).

As part of standard of care, based on American College of 
Rheumatology guidance for COVID- 19 vaccination,42 269 
patients under MTX and 87 patients under MMF on low disease 
activity/inactivity were instructed to withhold these drugs for 
2 weeks and 1 week, respectively.

Anti- S1/S2 IgG and NAb seropositivity rates in patients with 
ARD and in CG before (D210) and after (D240) the third dose 
of vaccine are presented in table 2. From D210 to D240, signif-
icant increase in anti- S1/S2 IgG and NAb positivity rates was 
observed for both ARD and CG (p<0.0001).

Anti- S1/S2 IgG GMT increased significantly from D210 to 
D240 in ARD (25.3 AU/mL vs 140.5 AU/mL, p<0.001) and in 
CG (47.9 AU/mL vs 253.8 AU/mL, p<0.001) (table 3). Expres-
sive increments in NAb activity were also observed after the 
third dose of vaccine for both groups (p<0.0010).

The factors associated with IgG and NAb positivity after the 
third dose of vaccine (D240) in the ARD group are presented 
in table 4. The number of patients included in table 4 (n=875) 
comprised the total number of patients with ARD who were 
initially recruited and attended all study visits (received the third 
dose of CoronaVac at D210 and returned for blood collection at 
D240), before the random sampling (3 ARD to 1 CG) for immu-
nogenicity analysis. The frequencies of patients with systemic 
vasculitis, prednisone, immunosuppressive drugs, MMF and 
biologic drug use, particularly abatacept, belimumab and ritux-
imab, were significantly lower in IgG seropositive patients 
(p<0.05). NAb- positive patients at D240 presented lower 
frequencies of female sex, rheumatoid arthritis diagnosis, pred-
nisone, immunosuppressive drugs and biologic drugs use, espe-
cially abatacept, belimumab and rituximab (p<0.05). On the 
other hand, spondyloarthritis, systemic sclerosis diagnosis and 
secukinumab use were associated with NAb positivity (p<0.05).

Multiple logistic regression analysis using IgG positivity at D240 
as the dependent variable revealed that older age (OR=0.98, 
95% CI 0.96 to 1.0, p=0.024), vasculitis (OR=0.24, 95% CI 
0.11 to 0.53, p<0.001), prednisone ≥5 mg/day (OR=0.46, 
95% CI 0.27 to 0.77, p=0.003), MMF use (OR=0.30, 95% CI 
0.15 to 0.61, p<0.001) and biologic drug use (OR=0.27, 
95% CI 0.16 to 0.46, p<0.001) were independently associated 
with anti- S1/S2 IgG response after the third dose (D240) in 
patients with ARD. For NAb analysis, multiple logistic regres-
sion revealed that prednisone ≥5 mg/day (OR=0.63, 95% CI 
0.44 to 0.90, p=0.011), abatacept (OR=0.39, 95% CI 0.20 to 

Table 1 Demographic data, clinical characteristics and treatment of 
patients with ARD and CG at D210, before the third dose of Sinovac- 
CoronaVac vaccine

ARD (n=597) CG (n=199) P value

Demographic data

 Current age, years 50 (39–58) 49 (39–58) 0.9434

 Age ≥60 years 117 (19.6) 40 (20.1) 0.918

 Age at diagnosis, years 32 (23–43) – –

 Disease duration, years 14 (8–21) – –

 Female sex 411 (68.8) 137 (68.8) >0.999

 Caucasian race 293 (49.1) 84 (42.2) 0.213

ARD

 Rheumatoid arthritis 152 (25.5) – –

 Axial spondyloarthritis 89 (14.9) – –

 Psoriatic arthritis 66 (11.1) – –

 Systemic lupus erythematosus 153 (25.6) – –

 Systemic vasculitis 35 (5.8) – –

 Idiopathic inflammatory myopathy 32 (5.4) – –

 Systemic sclerosis 21 (3.5) – –

 Primary Sjögren’s syndrome 25 (4.2) – –

 Primary antiphospholipid syndrome 23 (3.9) – –

Current therapies – –

 Hydroxychloroquine 177 (29.6) – –

 Sulfasalazine 52 (8.7) – –

 Prednisone 199 (33.3) – –

 Prednisone dose, mg/day 5 (5–10) – –

 Immunosuppressive drugs 370 (62.0) – –

   Methotrexate 172 (28.8) – –

   Leflunomide 71 (11.9) – –

   Mycophenolate mofetil 73 (12.2) – –

 Azathioprine 62 (10.4) – –

   Others* 33 (5.6) – –

 Biologic agent 197 (33.0) – –

 TNFi 87 (14.7) – –

   Secukinumab 28 (4.7) – –

 Tocilizumab 24 (4.0) – –

 Abatacept 22 (3.7) – –

   Belimumab 21 (3.5) – –

   Rituximab 12 (2.0) – –

   Ustekinumab 3 (1.0) – –

Results are expressed as median (IQR) and n (%).
Statistics: Fisher’s exact test for categorical variables and Mann- Whitney test for 
continuous variables.
*Cyclophosphamide, ciclosporin, tacrolimus or tofacitinib.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after 
second dose; TNFi, tumour necrosis factor inhibitor.

Table 2 Anti- SARS- CoV- 2 S1/S2 IgG and NAb seropositivity rates at baseline (D210) and 30 days after the third dose of Sinovac- CoronaVac 
vaccine (D240) in patients with ARD and in CG

Groups

Anti- S1/S2 IgG positivity NAb positivity

D210 D240 P value D210 D240 P value

ARD (n=597) 358 (60.0) 555 (93.0) <0.0001 227 (38.0) 486 (81.4) <0.0001

CG (n=199) 153 (76.9) 199 (100) <0.0001 104 (52.3) 196 (98.5) <0.0001

P value (ARD vs CG) <0.0001 <0.0001 0.0004 <0.0001

Frequencies of subjects with positive anti- SARS- CoV- 2 S1/S2 IgG and NAb are expressed as number (%).
Positivity for anti- SARS- CoV- 2 S1/S2 IgG was defined as postvaccination titre ≥15 AU/mL by Indirect ELISA (LIAISON SARS- CoV- 2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb 
was defined as a neutralising activity ≥30% (cPass sVNT Kit, GenScript, Piscataway, USA).
Frequencies of seropositivity were compared using McNemar’s test for before and after comparisons and χ2 or Fisher’s exact tests for ARD vs CG comparisons.
p values <0.05 are highlighted in bold.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after second dose; D240, 30 days after third dose; NAb, neutralising antibodies.

http://ard.bmj.com/
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0.74, p=0.004), belimumab (OR=0.29, 95% CI 0.13 to 0.67, 
p=0.004) and rituximab use (OR=0.11, 95% CI 0.04 to 0.30, 
p<0.001) were independently associated with NAb negativity 
after the third vaccine dose.

Further analysis of immune response to the third vaccine 
dose was performed considering COVID- 19 seronegative (nega-
tive IgG and NAb at D210; n=215) and seropositive (positive 
IgG and/or NAb at D210; n=316) patients with ARD and the 
age- balanced and sex- balanced controls for each ARD group 
(figure 1). COVID- 19 seronegative ARD and controls at D210 
demonstrated prominent increase in IgG and NAb positivity rates 
as well as in GMT at D240 (p<0.0001). At D210, 120 patients 
with ARD were positive only for anti- S1/S2 IgG, 8 patients only 
for NAb and 187 patients for both. In COVID- 19 seroposi-
tive ARD, significant GMT increase was observed from D210 
to D240 (p<0.001), with 30.4% of the patients reaching the 
ceiling of the assay (>400 AU/mL). NAb activity also increased 
significantly at D240 (p<0.001) (table 5). Comparison of the 
FI- GMT from D210 to D240 between COVID- 19 seronegative 
and seropositive ARD demonstrated a higher increment in the 
former group (11.3 (95% CI 9.5 to 13.4) vs 3.9 (95% CI 3.4 to 
4.4), p<0.001).

Regarding safety, there were no differences between ARD 
and CG for any of the reported adverse events. The most 
frequently reported adverse events were local pain (23.8% vs 
19.4%, p=0.238) and headache (13.1% vs 11.7%, p=0.712). 
No serious adverse event was reported.

Among patients with ARD on MTX treatment, those who 
withdrew the drug for 2 weeks (n=269) after third vaccine dose 
presented higher frequency of positive anti- SARS- CoV- 2 S1/S2 
IgG as well as higher GMT (183.5 (95% CI 142.7 to 236.0) vs 
101.7 (95% CI 76.5 to 135.2), p=0.002) compared with those 
who maintained medication (55.8% vs 44.2%, p=0.029), with 
no statistically significant differences in NAb positivity (54.8% vs 
45.7%, p=0.682) and NAb activity (83.9% (58.8%–95.9%) vs 
79.0% (56.1%–91.3%), p=0.186). Comparison of patients who 
withheld MMF (n=109) and those who maintained the drug 
after the third dose showed no statistically significant differences 
in IgG (64.9% vs 35.1%, p=0.894) and NAb positivity (65.5% 
vs 34.5%, p=0.869).

DISCUSSION
This study provides novel evidence of a substantial increase in 
immune response with an additional dose administered 6 months 
after two doses of SARS- CoV- 2 inactivated vaccine, in a large 
prospective controlled cohort of patients with ARD. We identi-
fied a distinct pattern of response to the third dose characterised 
by an expressive seroconversion of the COVID- 19 seronegative 

ARD of 81% for IgG and 59% for NAb, with a parallel 11- fold 
increment of IgG GMT. For the COVID- 19 seropositive ARD, 
the magnitude of IgG booster response reached almost a four-
fold rise.

Immunocompromised individuals should receive a third dose 
of COVID- 19 vaccine as proposed by the CDC43 and WHO. This 
recommendation is in line with the 6- month immunogenicity 
waning observed for mRNA vaccines in healthcare workers, 
including a small proportion of individuals under immuno-
suppression,44 and in a large ARD population immunised with 
CoronaVac.14 Of note, no parallel increase in incident cases in 
the 6 months post vaccination was observed in this latter popu-
lation, in contrast to the reported upsurge of cases in vaccinees 
with mRNA vaccine in Israel.21

The overall analysis of patients with ARD revealed that the 
additional dose resulted in global 93% IgG positivity and 33% 
rise. This finding is superior to the 47%–68% rate of posi-
tive antibodies reported for transplant recipients after mRNA 
additional dose25 28 29 45 and may be explained in part by the 
distinct intensity of immunosuppression, with a high frequency 
of multiple drug therapy in transplanted population. In addition, 
the temporary discontinuation of MTX and MMF in more than 
half of patients under these therapies might also have contrib-
uted to improved immune response, as reported recently by our 
group in rheumatoid arthritis population.46 The higher rates of 
anti- SARS- CoV- 2 seropositivity in patients who withheld MMF 
herein were statistically not significant, probably due to a limited 
power for this analysis.

The specific analysis of immunogenicity to the third dose in 
non- responsive ARD 6 months after the second dose revealed a 
remarkable increase in IgG levels, suggesting that the three- dose 
strategy seems to be effective in recalling SARS- CoV- 2 immune 
memory. The seroconversion rate of non- responsive transplant 
recipients was inferior, ranging from 25% to 49%, after a third 
dose,24 29 47 reinforcing response differences among immuno-
compromised subgroups.48 Alternatively, this observation may be 
related to other factors known to influence vaccine response.44 In 
this regard, we have identified that prednisone, immunosuppres-
sive drugs and biological therapy, mainly abatacept, belimumab 
and rituximab, were associated with decreased antibody produc-
tion after the additional dose. Of note, we demonstrated herein 
that prednisone doses from 5 mg/day considerably reduced 
vaccine immune response. These same factors negatively influ-
enced response to the primary immunisation with CoronaVac in 
anti- SARS- CoV- 2- negative patients with ARD.10

COVID- 19 seropositive patients with ARD had a distinct 
pattern of response to the third dose, with a lower but still 
significant increase in IgG levels, with a fourfold increase, and 

Table 3 GMT of anti- SARS- CoV- 2 S1/S2 IgG and median percentage of neutralising activity at baseline (D210) and 30 days after the third dose of 
Sinovac- CoronaVac vaccine (D240) in patients with ARD and in CG

Groups

Anti- S1/S2 IgG GMT (95% CI), AU/mL Neutralising activity, median % (IQR)

D210 D240 P value D210 D240 P value

ARD (n=597) 25.3 (22.2–28.8) 140.5 (127.1–155.3) <0.001 69.7 (45.9–92.5) 90.1 (70.2–96.6) <0.001

CG (n=199) 47.9 (40.0–57.2) 253.8 (236.5–272.4) <0.001 78.5 (61.1–94.6) 93.4 (83.6–97.0) <0.001

P value (ARD vs CG) <0.001 <0.001 0.036 0.011

Percentage of neutralising activity of NAb is expressed as median (IQR) and anti- S1/S2 IgG antibody titres are expressed as geometric mean with 95% CI.
The mean behaviours of the Napierian ln- transformed IgG titres and NAb activity were compared between groups (ARD and CG) and timepoints (D210 and D240) using repeated 
measures analysis of variance with two factors followed by Bonferroni’s multiple comparisons in ln- transformed data.
p values <0.05 are highlighted in bold.
ARD, autoimmune rheumatic diseases; CG, control group; D210, 6 months after second dose; D240, 30 days after third dose; GMT, geometric mean titres; ln, logarithm; NAb, 
neutralising antibodies.
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one- third reached the assay ceiling value (>400 AU/mL). The 
same was reported for solid organ transplant recipients and 
dialysis patients.23 25 27 29 There are scarce data on NAb after 
third shot in immunocompromised individuals.28 45 49 50 The 
overall NAb positivity in ARD reached 81% after the third dose 
with high median activity. These figures are similar to those 
reported for transplant recipients with mRNA vaccine.28 45 We 
further demonstrated different immunogenicity in primary 
non- responsive and responsive patients with ARD. The former 
group achieved 59% positivity and a moderate activity, whereas 
COVID- 19 seropositive patients with ARD had a robust response 
for both NAb positivity and activity. Robert et al49 observed 66% 
response to the third dose in nine haemodialysis patients. This 
finding suggests that the additional dose is efficient in boosting 

the immune response in both ARD groups. In the context of 
the reported immunity waning observed for all SARS- CoV- 2 
vaccines at 6 months for the general population and patients 
with ARD,15 44 our findings strengthen the relevance of the third 
dose in ARD.

The large number of patients with ARD and the inclusion of 
an age- balanced and sex- balanced CG are relevant strengths of 
the present study and provided a sizeable sample to evaluate 
humoral response to additional vaccine dose and the impact of 
the drugs. In fact, the few studies focusing on the third dose 
for immunocompromised individuals were small- sized17 50 or did 
not have a control group.24 25 28–30 44 46

This study has some limitations, such as the non- assessment 
of cellular immunity, which may play an important role of 

Table 4 Baseline characteristics of patients with ARD seropositive and seronegative for anti- SARS- CoV- 2 S1/S2 IgG and NAb, 30 days after the 
third Sinovac- CoronaVac dose (D240)

Anti- SARS- CoV- 2 S1/S2 IgG

P value

NAb

P value
Seropositive
(n=800)

Seronegative
(n=75)

Seropositive
(n=683)

Seronegative
(n=192)

Demographic data

 Current age, years 52 (41–61) 54 (46–63) 0.047 52 (41–61) 54 (43.5–63) 0.039

 Current age ≥60 years 240 (30) 28 (37.3) 0.188 202 (29.6) 66 (34.4) 0.202

 Female sex 604 (75.5) 62 (82.7) 0.164 505 (73.9) 161 (83.9) 0.004

 Caucasian race 405 (50.6) 47 (62.7) 0.046 351 (51.4) 101 (52.6) 0.766

ARD

 RA 253 (31.6) 29 (38.7) 0.212 191 (28.0) 91 (47.4) <0.0001

 SpA 100 (12.5) 4 (5.3) 0.090 93 (13.6) 11 (5.7) 0.003

 PsA 78 (9.8) 6 (8.0) 0.623 72 (10.5) 12 (6.2) 0.075

 SLE 184 (23.0) 16 (21.3) 0.742 160 (23.4) 40 (20.8) 0.450

 Systemic vasculitis 44 (5.5) 11 (14.7) 0.0018 42 (6.1) 13 (6.9) 0.754

 IIM 36 (4.5) 5 (6.7) 0.396 32 (4.7) 9 (4.7) 0.999

 SSc 36 (4.5) 2 (2.7) 0.765 35 (5.1) 3 (1.6) 0.028

 SS 36 (4.5) 1 (1.3) 0.360 30 (4.4) 7 (3.6) 0.650

 PAPS 32 (4.0) 1 (1.3) 0.351 27 (4.0) 6 (3.1) 0.595

Current therapies

 Hydroxychloroquine 228 (28.5) 14 (18.7) 0.069 193 (28.3) 49 (25.5) 0.454

 Sulfasalazine 74 (9.2) 3 (4.0) 0.140 64 (9.4) 13 (6.8) 0.261

 Prednisone 273 (34.2) 45 (60.0) <0.0001 212 (31.1) 106 (55.2) <0.0001

   Prednisone dose 5 (5–10) 7.5 (5–10) 0.129 5 (5–10) 5 (5–10) 0.223

   Prednisone ≥5 mg/day 237 (29.6) 38 (50.7) 0.0002 186 (27.2) 89 (46.4) <0.0001

 Immunosuppressive drugs 500 (62.5) 63 (84.0) <0.0001 421 (61.6) 142 (74.0) 0.002

   Methotrexate 240 (30.0) 29 (38.7) 0.120 199 (29.1) 70 (36.5) 0.052

   Leflunomide 115 (14.4) 8 (10.7) 0.377 93 (13.6) 30 (15.6) 0.479

   Mycophenolate mofetil 94 (11.8) 15 (20.0) 0.039 87 (12.7) 22 (11.5) 0.635

 Azathioprine 72 (9.0) 11 (14.7) 0.109 58 (8.5) 25 (13.0) 0.058

 Tofacitinib 21 (2.6) 0 (0) 0.246 16 (2.3) 5 (2.6) 0.834

 Biologic drug 257 (32.1) 45 (60.0) <0.0001 202 (29.6) 100 (52.1) <0.0001

 Anti- TNF 119 (14.9) 13 (17.3) 0.570 99 (14.5) 33 (17.2) 0.357

 Abatacept 39 (4.9) 10 (13.3) 0.002 23 (3.4) 26 (13.5) <0.0001

 Tocilizumab 37 (4.6) 5 (6.7) 0.429 30 (4.4) 12 (6.2) 0.287

   Secukinumab 30 (3.8) 0 (0) 0.101 29 (4.2) 1 (0.5) 0.011

   Belimumab 22 (2.8) 6 (8.0) 0.014 15 (2.2) 13 (6.8) 0.001

   Rituximab 9 (1.1) 11 (14.7) <0.0001 6 (0.9) 14 (7.3) <0.0001

Results are expressed in mean±SD, median (IQR) and n (%).
Seropositivity (IgG titre ≥15 AU/mL) for anti- SARS- CoV- 2 S1/S2 IgG antibodies after vaccination (Indirect ELISA, LIAISON SARS- CoV- 2 S1/S2 IgG, DiaSorin, Italy). Positivity for NAb 
was defined as a neutralising activity ≥30% (cPass sVNT Kit, GenScript, Piscataway, USA).
p values <0.05 are highlighted in bold.

ARD, autoimmune rheumatic diseases; IIM, idiopathic inflammatory myopathy; NAb, neutralising antibodies; PAPS, primary antiphospholipid syndrome; PsA, psoriatic arthritis; 
RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SpA, spondyloarthritis; SS, Sjögren’s syndrome; SSc, systemic sclerosis; TNF, tumour necrosis factor.
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protection during SARS- CoV- 2 infection. However, this limita-
tion was partially mitigated by NAb assessed herein, which is 
highly predictive of immune protection.51 The assessment of the 
effectiveness of the third dose was hampered by the short- term 
follow- up and the very low incidence of COVID- 19 cases during 
the study period. The global analysis of the influence of some 
drugs that are used only for specific ARD in the immunogenicity 
evaluation performed herein probably underestimated the effect 
of these medications. However, these therapies remained as rele-
vant independent factors that negatively impacted immunoge-
nicity in the multivariate evaluation. The lack of disease activity 
assessment, especially for those who withdrew MTX or MMF, is 
also an important limitation.

In summary, to our knowledge this is the first demonstration 
of a robust response to the third dose of an inactivated vaccine 
in patients with ARD, with greater benefit for those who are 
COVID- 19 seronegative before the third dose. We further 
identified drugs as unfavourable for response to additional 
vaccine doses. These findings may be generalised to other plat-
form vaccines, and heterologous fourth- dose boosting could 
be an alternative strategy for the minority of persistently non- 
responsive patients with ARD.
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Figure 1 Neutralisation by convalescent plasma (CP) and hCoV- 
2IG against SARS- CoV- 2 WA1/2020 strain, delta and omicron 
variant. (A) SARS- CoV- 2 neutralisation assays were performed by 
using pseudoviruses expressing the SARS- CoV- 2 spike proteins 
of the WA1/2020 vaccine strain or the delta, or omicron variants 
(spike mutations are summarised in the supplementary appendix) in 
293- ACE2- TMPRSS2 cells. SARS- CoV- 2 neutralising antibody titres 
were determined in each of the control prepandemic 2019- IVIG (n=17; 
in black), convalescent plasma (CP; n=10; in blue) and hCoV- 2IG 
(n=7; in red) preparations. The assay of each sample was performed 
in duplicate to determine the 50% neutralisation titre (PsVNA50). 
Each data point represents an individual sample (circles) and indicates 
the 50% neutralisation titre obtained with each sample against the 
indicated pseudovirus. The heights of the bars and the numbers over 
the bars indicate the geometric mean titres, and the whiskers indicate 
95% CIs. The horizontal dashed line indicates the limit of detection 
for the neutralisation assay (PsVNA50 of 20). The RAW data and 
information regarding the samples and 50% neutralisation titres against 
SARS- CoV- 2 strains are summarised in online supplemental table S1. 
Differences between SARS- CoV- 2 strains were analysed by lme4 and 
emmeans packages in R using Tukey’s pairwise multiple comparison 
test and the p values are shown. (B) The reduction in neutralisation 
of SARS- CoV- 2 delta and omicron variant compared with WA1/2020 
neutralisation titres. The dotted line indicates equal neutralisation. 
The heights of the bars and the numbers over the bars indicate the 
geometric mean ratio, and the whiskers indicate 95% CIs. Differences 
between the three groups within each SARS- CoV- 2 strain were analysed 
by lme4 and emmeans packages in R using Tukey’s pairwise multiple 
comparison test and the p values are shown. (C) Relationship of 
neutralising antibodies against SARS- CoV- 2 WA1/2020 and variants. 
Correlation of SARS- CoV- 2 WA1/2020 neutralising titre versus delta or 
omicron variant neutralising titre for convalescent plasma (CP; n=10; 
in blue) and hCoV- 2IG (n=7; in red) preparations. The black line in the 
scatter plots depict the linear fit of log2 transformed PsVNA50 values 
with shaded area showing 95% CI. Correlations show Spearman’s rank 
correlation coefficients and two- tailed p values. hCoV- 2IG, hyperimmune 
SARS- CoV- 2 intravenous immunoglobulin.

Neutralisation of circulating SARS- CoV- 2 delta 
and omicron variants by convalescent plasma 
and SARS- CoV- 2 hyperimmune intravenous 
human immunoglobulins for treatment 
of COVID- 19

Monoclonal antibodies (MAbs), convalescent plasma 
(CP) and hyperimmune intravenous immunoglobulins are 
routinely used to treat COVID- 19 patients with autoim-
mune disorders, organ transplant patients and patients on 
immunosuppressive drugs. The recent emergence of rapidly 
spreading SARS- CoV- 2 variant of concern (VOC), omicron, 
contains large number of mutations in the SARS- CoV- 2 
spike protein.1 Some of these mutations are known to 
increase resistance to antibodies elicited by prior infections 
or current SARS- CoV- 2 vaccines.2 The omicron variant is 
resistant to most of the MAbs, including those approved for 
treatment of SARS- CoV- 2 exposed individuals.2 In contrast 
to individual MAbs, CP from individuals contain a broad 
array of polyclonal antibodies, some of which may provide 
protection against currently circulating VOCs. In the 
hamster model, highly neutralising CP (but not CP with low 
neutralisation titres) protected animals from virus- induced 
lung lesions following challenge with ancestral SARS- CoV- 2 
strain.3 Due to large variability in the SARS- CoV- 2 neutral-
ising capacity of CP, the emergency use authorisation for 
treatment of COVID- 19 patients was updated to recom-
mend use of only high- titre CP administered early after 
SARS- CoV- 2 exposure.

Hyperimmune SARS- CoV- 2 intravenous immunoglobulins 
(hCoV- 2IG) represent a concentrated form of IgG fraction-
ated from many CP units that are prescreened for the pres-
ence of high titre antispike antibodies and predetermined 
SARS- CoV- 2 neutralisation titres (>1:320).4 The effective-
ness of hCoV- 2 IG products may be hampered by the emer-
gence of new variants, which might be less susceptible to 
antibodies from recovered COVID- 19 patients previously 
infected with ancestral SARS- COV- 2 strains.

To evaluate the therapeutic potential of polyclonal CP and 
hCoV- 2IG against currently circulating dominant SARS- 
CoV- 2 delta and omicron variants, we measured the neutral-
isation capacity of 7 hCoV- 2IG lots against the ancestral 
SARS- CoV- 2 WA1/2020 strain as well as delta and omicron 
VOCs in a pseudovirus neutralisation assay (PsVNA) (online 
supplemental appendix 1). For comparison, we also evalu-
ated 10 CP from recovered COVID- 19 patients and 17 IVIG 
preparations that were manufactured with prepandemic 
plasma units.5

Seventeen prepandemic IVIG lots (2019- IGIV) were all 
negative in the PsVNA against either WA1/2020 or the two 
VOCs (figure 1A and online supplemental table S1). Ten 
individual COVID- 19 CP showed heterogeneity of neutral-
isation titres against the WA1/2020 strain. One CP was 
negative, and 50% neutralisation titres (PsVNA50) of the 
other nine CPs ranged between 1:74 and 1:3177 (geometric 
mean titre (GMT): 1:282) (figure 1A, online supplemental 
table S1). For all CPs, the titres against delta were reduced 
by ~1.8- fold. In the case of omicron, only 2/10 CPs (CP- 2 
and CP- 10) showed minimal neutralising titres (PsVNA50 
of 1:29 and 1:67, respectively), with an overall 21- fold 
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reduction in neutralisation titres compared with WA1/2020 
(figure 1A,B, (online supplemental table S1).

In contrast to CPs, the hCoV- 2IGs demonstrated higher 
50% virus neutralisation titres against WA1/2020 strain, 
ranging between 1:1118 and 1:3662 (GMT of 2165). The 
neutralisation titres against the delta variant were reduced 
by 3.3- fold. Importantly, despite a significant drop in titres 
against the Omicron variant (average 12- fold), 6/7 lots 
showed neutralisation titres>1:117, which may provide 
at least some protection against Omicron, since protection 
against severe disease requires low neutralising antibody 
titres (figure 1A,B, online supplemental table S1).6 7 Strong 
correlations were observed between PsVNA50 against 
WA1/2020 and the titres against delta or omicron variant 
(p<0.0001) (figure 1C), suggesting that higher neutrali-
sation titres against the ancestral WA1/2020 demonstrate 
better neutralisation of omicron.

In conclusion, our data suggest that polyclonal hCoV- 2IG 
could be used for pre- exposure and postexposure prophy-
laxis of high- risk individuals against currently circulating 
SARS- CoV- 2 delta and omicron variants. Therefore, new 
hCoV- 2IG batches prepared using CP donors or from vacci-
nated individuals8 should be screened for high neutralisation 
activity against the currently dominant delta and omicron 
variants, which will likely improve their therapeutic effec-
tiveness against COVID- 19. Importantly, the hCoV- 2IG with 
higher titres should be further evaluated in clinical trials as 
pre- exposure prophylaxis and early postexposure treatment 
of immunodeficient and high- risk individuals.
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suggests patients interrupt use of (‘hold’) certain DMARDs 
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versus post vaccination against COVID- 19, but they assessed 
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reduction in neutralisation titres compared with WA1/2020 
(figure 1A,B, (online supplemental table S1).

In contrast to CPs, the hCoV- 2IGs demonstrated higher 
50% virus neutralisation titres against WA1/2020 strain, 
ranging between 1:1118 and 1:3662 (GMT of 2165). The 
neutralisation titres against the delta variant were reduced 
by 3.3- fold. Importantly, despite a significant drop in titres 
against the Omicron variant (average 12- fold), 6/7 lots 
showed neutralisation titres>1:117, which may provide 
at least some protection against Omicron, since protection 
against severe disease requires low neutralising antibody 
titres (figure 1A,B, online supplemental table S1).6 7 Strong 
correlations were observed between PsVNA50 against 
WA1/2020 and the titres against delta or omicron variant 
(p<0.0001) (figure 1C), suggesting that higher neutrali-
sation titres against the ancestral WA1/2020 demonstrate 
better neutralisation of omicron.

In conclusion, our data suggest that polyclonal hCoV- 2IG 
could be used for pre- exposure and postexposure prophy-
laxis of high- risk individuals against currently circulating 
SARS- CoV- 2 delta and omicron variants. Therefore, new 
hCoV- 2IG batches prepared using CP donors or from vacci-
nated individuals8 should be screened for high neutralisation 
activity against the currently dominant delta and omicron 
variants, which will likely improve their therapeutic effec-
tiveness against COVID- 19. Importantly, the hCoV- 2IG with 
higher titres should be further evaluated in clinical trials as 
pre- exposure prophylaxis and early postexposure treatment 
of immunodeficient and high- risk individuals.
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mended that moderately/severely immunosuppressed indi-
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Rheumatoid arthritis (RA) is frequently treated with immu-
nosuppressive disease- modifying antirheumatic drugs 
(DMARDs), meaning that most patients with RA are eligible 
for an AddDose. The American College of Rheumatology 
suggests patients interrupt use of (‘hold’) certain DMARDs 
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Table 1 Characteristics of study subjects

All subjects
(N=71)

Subset of subjects 
analysed by flow 
cytometry (N=27)*

Age, mean (SD) 62.2 (11.8) 62.8 (13.3)

Female, n (%) 60 (84.5) 20 (74.1)

White, n (%) 67 (95.7)† 25 (92.6)

Seropositive rheumatoid arthritis, n (%) 62 (87.3) 27 (100.0)

Brand of initial vaccine series, n (%)

 Pfizer 36 (50.7) 11 (40.7)

 Moderna 30 (42.3) 12 (44.4)

 Johnson & Johnson 5 (7.0) 4 (14.8)

 Self- reported RA flare after initial 
COVID- 19 vaccine series, n (%)

13 (18.3) 7 (25.9)

 COVID- 19 infection prior to additional 
dose, n (%)

1 (1.4) 0 (0)

 Mean (SD) days from completion of 
initial vaccine series to additional dose

177.8 (48.1) 184.6 (50.5)

DMARDs at the time of additional dose, n (%)‡

 Methotrexate 30 (42.3) 16 (59.3)

 TNFi 27 (38.0) 13 (48.1)

 Prednisone 15 (21.1) 3 (11.1)

 JAKi 11 (15.5) 4 (14.8)

 Abatacept 5 (7.0) 0 (0)

 Tocilizumab 5 (7.0) 1 (3.7)

 Rituximab 3 (4.2) 2 (7.4)

 Other 13 (18.3) 2 (7.4)

 None 3 (4.2) 0 (0)

 Held DMARD(s) around the time of 
additional dose, n (%)§

35 (49.3) 16 (59.3)

*One subject provided pre- AddDose and post- AddDose blood samples but did not 
complete post- AddDose rheumatoid arthritis disease activity assessments. This 
subject only contributed flow cytometry data and was not included among the 71 
subjects in the primary analysis.
†Among 70 subjects with data on race.
‡DMARD groups are not mutually exclusive.
§Among 35 subjects who held DMARDs, 21 held all DMARDs and 14 held at least 1 
but not all DMARDs.
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for patients who held versus continued DMARDs. Further-
more, data are lacking on the assessment of immune cellular 
populations possibly correlated with RA disease activity 
around the time of COVID- 19 vaccination.

We conducted a prospective observational study of 
patients with RA treated at Brigham and Women’s Hospital 
who were previously vaccinated against COVID- 19 (two 
doses of mRNA vaccine or one dose of adenovirus vector 
vaccine). Subjects enrolled between July and November 
2021, prior to receiving an AddDose. RA disease activity 
was assessed weekly using the validated patient- reported 
RA Disease Activity Index—5 (RADAI- 5) from enrolment 
through 4 weeks post- AddDose via online data entry.3 
Subjects completed an additional online survey 2 days after 
the AddDose regarding vaccine reactogenicity and whether 
they held or continued DMARDs. We compared mean 
RADAI- 5 in the 4 weeks pre- AddDose versus the 4 weeks 
post- AddDose using the generalised estimating equation in 
SAS (V.9.4) to account for correlated data among individual 
subjects. We aimed to enrol 60 subjects to achieve 91% 
power to detect a 15% non- inferiority margin in RADAI- 5 
post- AddDose versus pre- AddDose.

Among 71 subjects, mean age was 62 years (SD 12) 
and 85% were women. Methotrexate (42%) and tumour 
necrosis factor inhibitors (38%) were the most common 
DMARDs; 49% held at least one DMARD (see table 1 for 
additional characteristics). Symptoms after the AddDose 
most often included injection site pain/swelling (72%) and 
fatigue (52%) (see online supplemental file 1). RADAI- 5 was 
normally distributed pre- AddDose and post- AddDose. The 
mean RADAI- 5 was 3.20 (SD 0.23) pre- AddDose compared 
with 3.25 (SD 0.23) post- AddDose (difference of 1.6%, 
p=0.51) (see online supplemental file 2). Figure 1 displays 
mean RADAI- 5 in 35 (49%) subjects who held DMARDs 
and 36 (51%) subjects who continued all DMARDs. Mean 
RADAI- 5 did not significantly differ pre- AddDose versus 
post- AddDose among subjects who held DMARDs, nor 
in subjects who continued all DMARDs. Mean change in 
RADAI- 5 between pre- AddDose and post- AddDose did not 
significantly differ based on whether subjects held versus 
continued DMARDs (p for interaction=0.16).

For a subset of 27 patients with seropositive RA, flow 
cytometry quantified percentages of 4 lymphocyte popula-
tions associated with immune activation in RA—T peripheral 
helper cells, T follicular helper cells, age- associated B cells 
and plasmablasts—in blood samples obtained pre- AddDose 
and week 4 post- AddDose.4–6 Subject characteristics are 
shown in table 1. Frequencies of these lymphocyte popula-
tions did not significantly differ between the pre- AddDose 
and post- AddDose timepoints in either subjects who held 
at least one DMARD (n=16) or subjects who continued all 
DMARD (n=11) (figure 1).

Limitations of this study include a relatively small number 
of participants, though the study was adequately powered 
to detect a difference of 15% in RA disease activity pre- 
AddDose versus post- AddDose. The number of participants 
providing blood for flow cytometry analyses was low, partic-
ularly in subgroups by holding versus continuing DMARDs, 
and results should be interpreted cautiously.

These results suggest that RA disease activity, measured 
weekly with a validated patient- reported outcome, is stable 
around the time of an AddDose of COVID- 19 vaccine. 
Lymphocyte subsets of interest in RA were also similar before 
and after the AddDose, supporting the observation of stable 
patient- reported RA disease activity. Holding DMARDs was 
not associated with greater RA disease activity following the 
AddDose.
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Figure 1 Rheumatoid arthritis (RA) disease activity and lymphocyte subsets among subjects who held at least one disease- modifying antirheumatic 
drug (DMARD) (top panels) and those who continued all DMARDs (bottom panels) around the time of the additional dose of COVID- 19 vaccine. (A) 
Box- and- whisker plots for Rheumatoid Arthritis Disease Activity Index—5 (RADAI- 5) indicate the median (line), mean (diamond), 25th percentile 
(bottom of box), 75th percentile (top of box), and minimum and maximum values (whiskers). (B) Lymphocyte populations were gated as follows: 
T peripheral helper (Tph; CD4+ PD- 1hi CXCR5−), T follicular helper (Tfh; CD4+ PD- 1hi CXCR5−), age- associated B cells (ABCs; CD19+ CD21− CD11C+) 
and plasmablasts (CD19+ CD27hi CD38hi). Patients treated with rituximab (n=3) were included in T- cell analyses, but excluded from B- cell analyses. 
Summary data on each panel include median (IQR) % lymphocyte population pre and post additional dose. Significance testing of flow cytometry data 
used Wilcoxon paired tests with Bonferroni correction for multiple testing. All comparisons of pre versus post were non- significant (p>0.0125).
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Comparative analysis of SGLT- 2 expression in 
renal vasculitis and lupus nephritis

The nephroprotective efficacy of sodium- glucose cotransport-
er- 2 (SGLT- 2) inhibitors (SGLT- 2i) in patients with chronic 
kidney disease, with or without type 2 diabetes, has already been 
described.1 Although patients with autoimmune diseases 
were excluded from large renal outcome trials, the use of 
SGLT- 2i in antineutrophil cytoplasmic antibody- associated 
vasculitis (AAV) and systemic lupus erythematodes (SLE) 
for nephroprotection has increasingly been emphasised.2–4 
While SGLT- 2 was studied in diabetic nephropathy and IgA 
nephropathy (IgAN), the presence of SGLT- 2 specifically in 
renal vasculitis and lupus nephritis has not been described 
yet.5

In renal vasculitis and lupus nephritis, SGLT- 2 was detect-
able and predominantly localised to the tubulointerstitial 
as compared with the glomerular compartment (figure 1A). 
For comparative analysis, we next extracted transcriptome 
data sets for SGLT- 2 expression (encoded by SLC5A2), 
specifically from microdissected tubulointerstitial (31 
healthy controls, 17 with diabetic nephropathy, 25 with 
IgAN, 21 with renal vasculitis and 32 with lupus nephritis) 
and glomerular compartments (21 healthy controls, 12 with 
diabetic nephropathy, 27 with IgAN, 23 with renal vasculitis 
and 32 with lupus nephritis, www.nephroseq.org, January 
2022, University of Michigan, Ann Arbor, Michigan, online 
supplemental tables 1 and 2).6 In renal vasculitis and lupus 
nephritis, tubulointerstitial SLC5A2 mRNA expression 
was significantly higher as compared with the glomerular 
compartment (p<0.0001, figure 1B), with no sex differ-
ences for tubulointerstitial (p=0.7) or glomerular SLC5A2 
expression (p=0.4, figure 1C). Interestingly, kidney func-
tion positively correlated with particularly tubulointersti-
tial SLC5A2 mRNA expression in renal vasculitis and lupus 
nephritis (figure 1D and online supplemental figure 1A,B). 
Compared with healthy control kidneys, a significant reduc-
tion of tubulointerstitial SLC5A2 mRNA expression levels 
was detectable in diabetic nephropathy (p=0.01), while 
IgAN, renal vasculitis and lupus nephritis did not signifi-
cantly differ (p=0.6 for all comparisons, figure 1E and 
online supplemental figure 2A). In contrast, glomerular 
SLC5A2 was significantly reduced in diabetic nephropathy 
(p=0.0005), IgAN (p=0.0003), renal vasculitis and lupus 
nephritis (p<0.0001 for both comparisons, figure 1E). 
Interestingly, no association between kidney function and 
SLC5A2 was observed in diabetic nephropathy and IgAN 
(online supplemental figure 3A,B). Gene set enrichment 
analysis in the whole data set (including 201 tubulointer-
stitial and 199 glomerular compartments) linking SLC5A2 
expression to potential signalling pathways revealed posi-
tive associations with lipid metabolism by peroxisome 
proliferator- activated receptor (PPAR)-α and the tricarbox-
ylic acid (TCA) cycle (figure 1F and online supplemental 
table 3). Glomerular SLC5A2 mRNA expression correlated 

with protein and fatty acid metabolism (figure 1F and online 
supplemental table 4).

In summary, this comparative analysis revealed predomi-
nant tubulointerstitial expression of SGLT- 2 in renal vascu-
litis and lupus nephritis. Moreover, worse kidney function 
correlated with loss of tubulointerstitial SGLT- 2 expres-
sion particularly in renal vasculitis and lupus nephritis. 
Therefore, nephroprotection by SGLT- 2i could be effec-
tive especially once the initial phase of remission induc-
tion in renal vasculitis and lupus nephritis is achieved and 
kidney function stabilised. Finally, this is the first report 
linking SGLT- 2 to distinct metabolic signalling pathways 
in the kidney that could also be relevant for autoimmune 
diseases including AAV and SLE. In general, management 
of renal complications in AAV and SLE involves immuno-
suppressive and anti- inflammatory treatment, and also an 
approach towards nephroprotection and cardiovascular 
risk reduction.2–4 SGLT- 2i exerts unequivocal nephropro-
tective effects by reducing glomerular hyperfiltration and 
albuminuria, tubular injury, loss of kidney function and 
incidence of acute kidney injury. These effects suggest that 
SGLT- 2i is an ideal therapeutic approach also for patients 
with AAV and SLE, especially when renal and cardiac 
complications already manifested. Because of limited 
information about treatment at time of kidney biopsy or 
detailed histopathology in the current study, we emphasise 
future studies regarding SGLT- 2, particularly in autoim-
mune diseases with renal involvement (including AAV and 
SLE).
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Figure 1 Comparative analysis of SGLT- 2 expression in renal vasculitis and lupus nephritis. (A) Immunostaining for SGLT- 2 in renal vasculitis 
(ANCA GN) and lupus nephritis, counterstaining was performed by using hematoxylin (scale bars 100 µm). SGLT- 2 was detectable and predominantly 
localised to the luminal brush border of the proximal tubule of the renal cortex in renal vasculitis and lupus nephritis. (B) Direct comparison between 
tubulointerstitial and glomerular SLC5A2 mRNA expression in renal vasculitis (tubulointerstitial: n=21, glomerular: n=23) and lupus nephritis 
(tubulointerstitial: n=32, glomerular: n=32). In renal vasculitis and lupus nephritis, tubulointerstitial SLC5A2 mRNA expression was significantly higher 
as compared with the glomerular compartment. Median centred log2 mRNA expression levels are shown, comparison of groups was performed using 
unpaired t test (****p<0.0001). (C) No significant sex differences in SLC5A2 mRNA expression in microdissected tubulointerstitial (female: n=34, 
male: n=19) and glomerular compartments (female: n=35, male: n=20) of renal vasculitis and lupus nephritis. Median centred log2 mRNA expression 
levels are shown, comparison of groups was performed using unpaired t test (#not significant). (D) Correlations between tubulointerstitial and 
glomerular SLC5A2 mRNA expression levels, clinical and laboratory markers of kidney function in renal vasculitis and lupus nephritis are shown by 
heatmap reflecting mean values of Spearman’s ρ, circle size represents significance level. (E) Median centred log2 mRNA expression levels of SLC5A2
in microdissected tubulointerstitial (healthy controls: n=31, diabetic nephropathy: n=17, IgAN: n=25, renal vasculitis: n=21, lupus nephritis: n=32) 
and glomerular compartments (healthy controls: n=21, diabetic nephropathy: n=12, IgAN: n=27, renal vasculitis: n=23, lupus nephritis: n=32) are 
shown. Comparisons of groups were performed using one- way analysis of variance (ANOVA) and correction for multiple comparisons by Holm-Šídák 
test (*p<0.05, **p<0.01, ***p<0.001, #not significant). (F) Entities -log10 p values of signalling pathways separated for gene enrichment associated
with either tubulointerstitial or glomerular SLC5A2 mRNA expression are shown (the dotted lines correspond to the predefined threshold value of 
p≤0.001). Tubulointerstitial SLC5A2 mRNA expression levels are associated with enrichment of genes predominantly involved in lipid metabolism by 
peroxisome proliferator- activated receptor (PPAR)-α and the tricarboxylic acid (TCA) cycle, glomerular SLC5A2 correlated with protein and fatty acid 
metabolism .
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Table 1 Baseline characteristics of patients with SS treated by baricitinib

No Gender Age
SS course 
(year)

Previous 
treatment

Systemic 
involvement in 
ESSDAI

Clinical evaluation Laboratory parameters

ESSDAI ESSPRI PGA
IgG 
(<17 g/L)

ESR 
(<20 mm/
hour) WCC HGB Anti- SSA Anti- SSB

1 F 49 9.3 IGU Articular, glandular 
swelling, anaemia

15 7.3 2.5 25.45 74 5.74 95 (+） (+）

2 F 34 1 None Weight loss, 
cytopenia

6 7.2 1.5 17.15 13 2.64 128 (+） (−）

3 F 34 9.1 Pred, HCQ Weight loss, 
cytopenia, anaemia

8 4.2 2 16.43 121 2.34 96 (+） (+）

4 F 60 2 None Weight loss, 
cutaneous

10 4.3 1.8 18.18 46 4.65 118 (+） (+）

5 F 63 10 None Fever, glandular 
swelling, pulmonary, 
anaemia

19 4.7 2.8 29.09 90 5.31 108 (+） (−）

6 F 44 1.3 HCQ Articular, cytopenia 6 2 1.5 12.17 3 2.83 129 (+） (−）
7 F 41 0.5 HCQ Cutaneous 11 3.7 1.8 22.69 18 4.08 129 (+） (−）
8 F 23 2 Pred, HCQ Weight loss, 

cytopenia
6 3 1.3 18.11 12 2.76 118 (+） (+）

9 F 32 10 IGU, LEF Pulmonary 7 5.3 2 21.58 20 3.39 126 (+） (+）
10 F 40 2 HCQ Cutaneous, 

cytopenia
5 1.3 1.4 13.59 25 2.83 122 (+） (−）

11 F 50 1.8 Pred, MTX Fever, articular, 
pulmonary

10 5 2.2 16.76 40 8.92 127 (+） (−）

ESR, erythrocyte sedimentation rate; ESSDAI, EULAR SS Disease Activity Index; ESSPRI, EULAR SS Patient Reported Index; HCQ, hydroxychloroquine; HGB, haemoglobin; IGU, iguratimod; LEF, leflunomide; MTX, methotrexate; PGA, physician global 
assessment; Pred, prednisone; SS, Sjogren syndrome; WCC, white cell count.
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Pilot study of baricitinib for active 
Sjogren’s syndrome

Sjogren’s syndrome (SS) is a systemic autoimmune disease 
involving not only the exocrine glands, but also multiple systems 
such as kidney, lung or nervous system. Janus kinase (JAK) plays 
a key role in many signal pathways of cytokines involving the 
pathogenesis of SS, including type I interferon (IFN) pathway, 
interleukin (IL)- 6, IL- 17, IL- 12 and IL- 23.1 Baricitinib, a 
selective JAK1 and JAK2 inhibitor, has reliable therapeutic 
benefit in patients with rheumatoid arthritis (RA).2 There 
were also some clinical trials and case reports of baric-
itinib in other autoimmune diseases, including systemic 
lupus erythematosus (SLE),3 dermatomyositis, polymyalgia 
rheumatica and giant cell arteritis.1 So far, only one basic 
study demonstrated baricitinib suppressed IFN-γ-induced 
CXCL10 expression in human salivary gland ductal cells 
and suggested its potential for the treatment of SS.4 There is 
no clinical evidence of baricitinib in SS.

In this pilot study, we explored the efficacy and safety 
of baricitinib in active SS patients. We enrolled 11 patients 
(table 1) fulfilling the criteria of the 2016 American College 
of Rheumatology/European League Against Rheumatism 
(EULAR) classification for primary SS,5 with moderate or 
high disease activity, which was defined as EULAR primary 
SS Disease Activity Index (ESSDAI) ≥5.6 The ESSDAI, 
EULAR primary SS Patient Reported Index (ESSPRI), Physi-
cian Global Assessment (PGA) scores, serological activity 
including erythrocyte sedimentation rate (ESR) and IgG 
level and remission of organ manifestations were evaluated. 
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SS course 
(year)
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cutaneous
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ESR, erythrocyte sedimentation rate; ESSDAI, EULAR SS Disease Activity Index; ESSPRI, EULAR SS Patient Reported Index; HCQ, hydroxychloroquine; HGB, haemoglobin; IGU, iguratimod; LEF, leflunomide; MTX, methotrexate; PGA, physician global 
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Sjogren’s syndrome

Sjogren’s syndrome (SS) is a systemic autoimmune disease 
involving not only the exocrine glands, but also multiple systems 
such as kidney, lung or nervous system. Janus kinase (JAK) plays 
a key role in many signal pathways of cytokines involving the 
pathogenesis of SS, including type I interferon (IFN) pathway, 
interleukin (IL)- 6, IL- 17, IL- 12 and IL- 23.1 Baricitinib, a 
selective JAK1 and JAK2 inhibitor, has reliable therapeutic 
benefit in patients with rheumatoid arthritis (RA).2 There 
were also some clinical trials and case reports of baric-
itinib in other autoimmune diseases, including systemic 
lupus erythematosus (SLE),3 dermatomyositis, polymyalgia 
rheumatica and giant cell arteritis.1 So far, only one basic 
study demonstrated baricitinib suppressed IFN-γ-induced 
CXCL10 expression in human salivary gland ductal cells 
and suggested its potential for the treatment of SS.4 There is 
no clinical evidence of baricitinib in SS.

In this pilot study, we explored the efficacy and safety 
of baricitinib in active SS patients. We enrolled 11 patients 
(table 1) fulfilling the criteria of the 2016 American College 
of Rheumatology/European League Against Rheumatism 
(EULAR) classification for primary SS,5 with moderate or 
high disease activity, which was defined as EULAR primary 
SS Disease Activity Index (ESSDAI) ≥5.6 The ESSDAI, 
EULAR primary SS Patient Reported Index (ESSPRI), Physi-
cian Global Assessment (PGA) scores, serological activity 
including erythrocyte sedimentation rate (ESR) and IgG 
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Figure 1 Efficacy of baricitinib in active SS patients. (A) ESSDAI change (10.0±4.6, 3.4±4.6 and 3.4±4.4 at baseline and at months 3 and 6 visits, 
respectively; p<0.001 and <0.001 compared with baseline, respectively); (B) ESSPRI change (3.94±1.76, 2.08±1.00 and 1.50±0.91 at baseline and 
at months 3 and 6 visits, respectively; p=0.026 and =0.008 compared with baseline, respectively); (C) PGA change (1.92±0.51, 0.73±0.27 and 
0.64±0.27 at baseline and at months 3 and 6 visits, respectively; p<0.001 and <0.001 compared with baseline, respectively); (D) IgG level change 
(19.16±5.54 g/L, 16.75±3.96 g/L and 17.37±4.56 g/L at baseline and at months 3 and 6 visits, respectively; p=0.015 and=0.201 compared with 
baseline, respectively); (E) ESR change (47.7±39.7 mm/hour, 39.0±31.8 mm/hour and 41.6±42.6 mm/hour at baseline and at months 3 and 6 visits, 
respectively; p=0.051 and =0.274 compared with baseline, respectively); (F, G) chest HRCT scan of the patient No.5 at baseline (F) and after 6 
months of baricitinib treatment (G). The arrows show the improvement of interstitial lung disease after baricitinib treatment. *P<0.05; **p<0.01; 
***p<0.001. ESR, erythrocyte sedimentation rate; ESSDAI, EULAR SS Disease Activity Index; ESSPRI, EULAR SS Patient Reported Index; HRCT, high- 
resolution CT; PGA, physician global assessment; SS, Sjogren’s syndrome.

Response to treatment, or minimal clinically important 
improvement (MCII), was defined as an improvement of 
ESSDAI of at least three points.6

Patients were treated with baricitinib 2 mg per day. Patient 
No 9, who had a history of hepatitis B virus (HBV) infec-
tion with hepatitis B surface antigen, anti- Hbe and anti- HBc 
positive and normal liver function before being treated with 
baricitinib, stopped baricitinib treatment within 1 month 
due to HBV flare (elevated liver enzyme and HBV- DNA 
test positive). Patient No 2 was lost to follow- up after 2 
months due to the COVID- 19 pandemic. The remaining 
nine patients, who were followed up regularly at 3 and 6 
months, were enrolled for further analysis.

After baricitinib treatment, the ESSDAI scores decreased 
significantly (10.0±4.6 vs 3.4±4.4, p<0.001), as did the 
ESSPRI (3.94±1.76 vs 1.50±0.91, p=0.008) and PGA 
scores (1.92±0.51 vs 0.64±0.27, p<0.001) (figure 1A–C). 
At 6 months, 88.9% (8/9) patients achieved MCII of 

ESSDAI. The IgG and ESR level also seemed decreased 
but with no statistical difference except for the IgG level 
at 3 months (19.16±5.54 g/L vs 16.75±3.96 g/L, p=0.015) 
(figure 1D,E). Patients with weight loss (4/4), skin rash 
(3/3), arthritis (3/3), anaemia (3/3) and cytopenia (2/4) at 
baseline showed improvements. The symptoms of the two 
patients (No 5 and No 11) with interstitial lung disease 
(ILD) including cough, short of breath and dyspnoea after 
exertion were relieved, as well as the chest high- resolution 
CT scan improvement at months 3 and 6 (figure 1F,G). 
We’re sorry that the pulmonary function test data of our 
patients were not available due to the COVID- 19 pandemic. 
No other adverse event was reported during the 6 months 
except for the HBV flare mentioned above.

In our study, baricitinib improved the symptoms of arthritis 
and skin rash in patients with SS, which was consistent with 
the study of baricitinib in active SLE patients published 
by Wallace et al.3 The potential efficacy of baricitinib in 
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RA- ILD was reported in a case series enrolling four patients 
with RA- ILD.7 In our study, we also found that baricitinib 
might be efficacy in two patients with SS- ILD. Our pilot 
study revealed that patients with prior history of HBV infec-
tion should be paid more attention to HBV flare because of 
the inhibition of IFN by baricitinib. There was a limitation 
that this was a pilot study with no controlled group, and 
we did not test the dosage of 4 mg baricitinib per day in SS, 
which was involved in the clinical trial of SLE,3 and proven 
to be effective and safe for the management of RA.2

To our knowledge, this is the first study to evaluate the 
efficacy and safety of baricitinib in SS. Baricitinib seemed 
to be effective and tolerated well in active SS patients with 
arthritis, skin rash and ILD. Further high- quality randomised 
controlled clinical trials are needed to confirm the thera-
peutic benefit of baricitinib in SS.
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Management of rheumatoid arthritis in China: a 
study of the implementation of 2019 
EULAR recommendations

Over the past few decades, several recommendations have been 
published to guide the management of rheumatoid arthritis 
(RA).1 2 However, successful implementation of these guidelines 
in clinical practice has lagged behind.3 In 2019, the European Alli-
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RA- ILD was reported in a case series enrolling four patients 
with RA- ILD.7 In our study, we also found that baricitinib 
might be efficacy in two patients with SS- ILD. Our pilot 
study revealed that patients with prior history of HBV infec-
tion should be paid more attention to HBV flare because of 
the inhibition of IFN by baricitinib. There was a limitation 
that this was a pilot study with no controlled group, and 
we did not test the dosage of 4 mg baricitinib per day in SS, 
which was involved in the clinical trial of SLE,3 and proven 
to be effective and safe for the management of RA.2

To our knowledge, this is the first study to evaluate the 
efficacy and safety of baricitinib in SS. Baricitinib seemed 
to be effective and tolerated well in active SS patients with 
arthritis, skin rash and ILD. Further high- quality randomised 
controlled clinical trials are needed to confirm the thera-
peutic benefit of baricitinib in SS.
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Management of rheumatoid arthritis in China: a 
study of the implementation of 2019 
EULAR recommendations

Over the past few decades, several recommendations have been 
published to guide the management of rheumatoid arthritis 
(RA).1 2 However, successful implementation of these guidelines 
in clinical practice has lagged behind.3 In 2019, the European Alli-
ance of Associations for Rheumatology (EULAR) published updated 
recommendations for the management of RA with conventional 
synthetic disease- modifying antirheumatic drugs (csDMARDs) and 
biological disease- modifying antirheumatic drugs (bDMARDs).1 
Few studies have characterised real- world challenges to effective 
implementation of RA management algorithms in Asian countries. 
Leveraging data collected from the Chinese Registry of Rheumatoid 
Arthritis (CREDIT; see online supplemental materials),4 we sought 
to examine the degree of concordance between RA management in 
China and the 2019 EULAR recommendations.

Patients from CREDIT were eligible for inclusion in the present 
study if they had newly diagnosed RA based on the 2010 American 
College of Rheumatology (ACR)/EULAR RA classification criteria, 
moderate to high disease activity (clinical disease activity index 
(CDAI) >10) at baseline, without severe extra- articular involvement 
that may affect treatment strategies. The initial treatment for a given 
patient was considered consistent with the EULAR recommen-
dations if the patient initiated csDMARD monotherapy. Patients 
were then followed longitudinally to evaluate whether timely treat-
ment escalation at 3 and 6 months occurred if treatment targets of 
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Table 1 Multivariable logistic regression analyses of factors associated with treatment practices concordant with the 2019 EULAR 
Recommendations for the Management of RA (N=12 030)

Initial treatment with csDMARD monotherapy Timely escalation of treatment regimen at 3 months
Timely escalation of treatment regimen at 6 
months

OR (95% CI) P value Or (95% CI) P value OR (95% CI) P value

Patient characteristics

 Female 1.077 (0.970 to 1.196) 0.164 0.718 (0.314 to 1.643) 0.433 0.868 (0.216 to 3.491) 0.723

 Age (years) 0.995 (0.992 to 0.999) 0.006 1.013 (0.986 to 1.040) 0.355 1.007 (0.970 to 1.044) 0.842

 RA duration (months) 0.919 (0.893 to 0.945) <0.001 1.273 (1.028 to 1.576) 0.027 1.164 (0.882 to 1.537) 0.284

 CDAI at baseline 0.994 (0.992 to 0.997) <0.001 0.972 (0.946 to 0.999) 0.039 0.989 (0.962 to 1.016) 0.422

 RF/CCP at high titres* 1.072 (0.977 to 1.176) 0.143 0.802 (0.400 to 1.606) 0.533 1.239 (0.521 to 2.946) 0.628

Rheumatologist characteristics

 Female 1.156 (1.053 to 1.268) 0.002 2.565 (1.154 to 5.706) 0.021 0.695 (0.290 to 1.667) 0.415

 Years in practice – – 0.908 (0.799 to 1.033) 0.141 1.211 (1.014 to 1.445) 0.034

 Senior rank 1.255 (1.143 to 1.378) <0.001 – – – –

Tertiary care hospital
(ref=all other hospitals)

1.169 (0.950 to 1.439) 0.140 0.455 (0.060 to 3.441) 0.446 5.808 (0.417 to 80.959) 0.191

P values < 0.05 were shown in bold.
*High titre refers to values that are >3 times the upper limit of normal for the laboratory and assay.
CCP, anti- citrullinated protein antibody; csDMARD, conventional synthetic disease- modifying antirheumatic drug; ref, reference; RF, rheumatoid factor.

remission or low disease activity were not achieved. Associations of 
these outcomes with patient, provider and healthcare setting- related 
factors were identified via multivariable logistic regression analyses. 
All data analysed in the present study were part of patients’ ‘core 
data’, which were required to be fully completed for all patients on 
entry into the CREDIT registry. Therefore, missing data were not a 
problem in our analyses.

A total of 12 030 patients (76.4% women, aged 50.2±14.6 years) 
were included (see flowchart shown in online supplemental figure 
1), of whom 2669 (22.2%) underwent csDMARD monotherapy. 
The numbers of methotrexate, leflunomide and sulfasalazine mono-
therapy users were 1646, 994 and 29, respectively. The average dose 
of methotrexate was 12.5 mg. Combination csDMARDs were initi-
ated in 6111 patients (50.8%), and 1504 (12.5%) initiated biologics 
or JAK inhibitors. Combination glucocorticoid therapy was used in 
28.7% of patients on csDMARD monotherapy, in 38.8% of patients 
on combination csDMARDs and in 19.1% of biologics users. 
Concordance of initial treatment with 2019 EULAR recommen-
dations was associated with younger age, shorter disease duration, 
lower disease activity and having a more senior provider (table 1). 
Longitudinal follow- up of patients undergoing csDMARD mono-
therapy demonstrated 193/351 patients (55%) had insufficient 
improvement (50% decline in CDAI) within 3 months, of whom 
31% had treatment escalation. At 6 months, 113/189 (60.0%) 
patients failed to reach remission or low disease activity, 47.8% of 
whom had their treatment escalated. More experienced rheumatol-
ogists were more likely to escalate therapy within the recommended 
time frame.

A wide gap between recommended care for RA and clinical prac-
tice has been shown in Western countries. A cohort study in the 
USA showed that less than half of patients had timely treatment 
escalation, concordant with ACR recommendations.3 In our study, 
management of RA also demonstrated poor concordance with the 
2019 EULAR recommendations. At baseline, csDMARD mono-
therapy was given to only one- fifth of our patients, although it is the 
preferred treatment approach for newly diagnosed patients.1 Meth-
otrexate was given to 77% of combination therapy users. Although 
it was consistent with the recommendation of including metho-
trexate in initial treatment, combination therapy was not preferred 
for efficacy and safety reasons. In line with treat- to- target (T2T) 
strategies, therapy should be escalated if there is no improvement 
by 3 months, or if the target has not been achieved by 6 months. In 

this study, less than half of the patients had timely adjustment after 
failure of the first strategy, suggesting a lack of adherence to the T2T 
approach in China.

There are numerous barriers to the implementation of clinical 
recommendations. Incomplete understanding of the recommenda-
tions, concerns about drug safety, costs and patient compliance have 
all been reported to impact provider decisions.5 Challenges in China 
also include workforce shortages, limited access to information in 
low- income areas, lack of patient education and deficiencies in the 
health insurance system. Increasing efforts have been made to over-
come these barriers.6 In 2018, the Chinese guideline for manage-
ment of RA was published, and more medications have been added 
to the government- sponsored medical insurance formulary. Key 
components of this guideline have been integrated into the CREDIT 
online platform, including automatic calculators for disease activity 
indices, to help rheumatologists follow T2T strategies during 
follow- up visits. Future collaborative efforts that include patients, 
healthcare providers and government stakeholders are required to 
improve the implementation of guidelines for the management of 
RA in China.
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High risk of systemic lupus erythematosus 
development in patients with ITP: 
antiphospholipid syndrome is also a concern

Zhu et al in their elegant population- based cohort study inves-
tigated the development of systemic lupus erythematosus (SLE) 
in patients with idiopathic (immune) thrombocytopenic purpura 
(ITP) and demonstrated the significantly higher risk compared 
with the control population.1 They rightfully used sensitivity 
analysis and treatment data to improve the accuracy of clinical 
diagnosis. Despite this effort, the difficulty remains to compare 
epidemiological studies using self- reported diagnosis, health 
records or using classification criteria.2 In clinical practice, lack 
of a generally acknowledged diagnostic criteria might lead to 
SLE diagnosis of cases like undifferentiated connective tissue 
disease that may be treated similarly.3

Additionally, Zhu et al also provided important data on the 
association of antiphospholipid syndrome (APS) with ITP. They 
identified 20 cases of APS in the ITP group (2.77%) compared 
with 3 (0.02%) in the control group which was more frequent 
than any other autoimmune condition in their comorbidity list. 
The comorbidity list in table 1 included coronary artery disease 
and cerebral vascular accidents but not thrombosis, pulmonary 
embolism or pregnancy loss that might help further to identify 
additional risk of APS in these patients.1

APS is characterised by arterial and/or venous thrombosis and/
or obstetric morbidities. Thrombocytopenia is the most common 
haematological manifestation of APS, although severe thrombo-
cytopenia and bleeding are rare.4 Most importantly, moderate 
thrombocytopenia does not prevent the development of throm-
bosis.4 Data regarding the risk of thrombosis in patients with ITP 
and positive antiphospholipid autoantibodies (aPL) are contro-
versial.4 We have previously shown in a controlled study that 
patients with ITP and positive aPL, especially positive for lupus 
anticoagulant, developed clinical features of APS (mostly throm-
bosis) during long- term follow- up.5

Fanouriakis et al further discussed the issue of assessment of 
patients with ITP from the point of systemic autoimmune disease 
and nicely stressed the importance of initial immunological 
testing including aPL in their accompanying editorial.6 We agree 
with Fanouriakis et al, and kindly suggest to add the APS (with 
or without SLE) among others to figure 1 as a significant possi-
bility of another path of evolution of the disease with important 
consequences.

We would like to emphasise that in some patients with an 
initial diagnosis of ITP, features of SLE and/or APS may develop. 
A baseline assessment of patients with ITP for systemic clinical 
manifestations should be undertaken and relevant autoimmune 
serology including aPL profile should be searched.
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Response to: ‘High risk of systemic lupus 
erythematosus development in patients with 
ITP: antiphospholipid syndrome is also a 
concern?’ by Inanc et al

We thank Inanc et al1 for their comments on our article enti-
tled ‘Risk of systemic lupus erythematosus (SLE) in patients with 
idiopathic thrombocytopenic purpura (ITP): a population- based 
cohort study’. In our article, we concluded that ITP is strongly 
associated with incidental SLE.2

We agree with Inanc et al1 that antiphospholipid syndrome 
(APS) is an important effect modifier in ITP and SLE. We also 
acknowledge that Inanc et al1 addressed the difference of APS 
(2.77% in the ITP group vs 0.02% in the non- ITP controls) in 
table 1 of our article.2 Actually, ITP, APS and SLE sometimes 
overlapped in clinical practice. As in table 1, there are more base-
line comorbidities in the ITP group, including thrombotic event, 
cardiovascular disease and ITP. Hence, we did propensity score 
to match these differences rather than exclude these comorbidi-
ties in patient selection as in figure 1. The reason for this is that 
once you exclude these effect modifiers, then you cannot study 
their effects. Thus, we prefer matching and stratified analysis on 
important effect modifiers, rather than exclusion.3

As Inanc et al1 mentioned, many claim- based or patient- 
reported databases have concerns of validity and uncertainty. 
Unfortunately, the National Taiwan Insurance Research Data-
base (NHIRD) did not provide laboratory data, such as anti-
nuclear antibody (ANA) and APS profiles. Although this is a 
limitation, the NHIRD had been validated and appreciated in 
many high impact publications.4 5 In our study, we had tried to 
minimise this information bias by adding sensitivity tests and 
also stratifies analysis on important confounders, such as throm-
bosis cardiovascular disease and some infections and life style- 
related diseases to reduce the bias from comorbidities, including 
APS. These had been discussed in- depth in Discussion section of 
our article.

We agree that APS clinical features and laboratory profiles and 
ANA are important baseline evaluation for every patient with 
ITP. It is also indeed our study purpose and conclusion. Further-
more, even though baseline ANA and aPL were negative, we 
suggest that patients with ITP should still be monitored yearly 
for clinical and serological lupus or APS. We hope this clinical 
application will improve the quality of our daily practice.
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Table 1 The crude and age and sex adjusted incidence rate of SLE 
in general individuals, ITP, Hashimoto’s disease, Graves’ disease and 
AIHA population

Group
Person- 
months

SLE 
event

Crude 
incidence 
rate*

Age and sex 
adjusted 
incidence rate*

General control 
(n=14 303)

1 273 883 26 2.04 2.04

Graves’ disease 
(n=7345)

650 005 23 3.54 3.30

Hashimoto’s 
thyroiditis (n=1513)

118 482 12 10.13 15.01

AIHA (n=121) 6827 7 102.54 39.43

ITP (n=697) 53 382 28 52.45 52.60

Age and sex adjusted incidence rate, the weighting of standardisation was the age 
and sex distribution in general control.
*Rate, per 100 000 person- months.
ITP, idiopathic thrombocytopenic purpura; SLE, systemic lupus erythematosus.
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Risk of systemic lupus erythematosus in 
patients with idiopathic thrombocytopenic 
purpura: population- based cohort study

We read with great interest the article by Zhu et al.1 It was 
based on a national study regarding the association between 
idiopathic thrombocytopenic purpura (ITP) and the subse-
quent development of systemic lupus erythematosus (SLE), 
both representing clinically and genetically heterogeneous 
autoimmune diseases. According to the data presented in this 
study, the authors demonstrated that the patients with ITP 
had a 26 times higher risk of new- onset SLE in comparison 
with the control population.1 Prevalence of ITP has been 
reported to be ranging between 7% and 30% in patients with 
SLE, while clinical characteristics of ITP in patients with SLE 
have been reported in several studies.2 ITP is a haematological 
disorder characterised by thrombocytopenia, defined by low 
platelet counts, thus presenting with an increased bleeding risk 
due to an increased destruction of sensitised platelets by anti-
bodies that react with glycoproteins expressed on platelets and 
megakaryocytes.3

Furthermore, this study by Zhu et al1 poses the intriguing 
question concerning the putative role of a shared genetic 
background as regards with the concurrence of ITP and SLE, 
an issue also discussed recently by Fanouriakis et al.4 Thus, 
although the main cause of ITP and SLE remains unidenti-
fied, various studies have pointed to certain polymorphisms 
in respective genes as potential factors for developing both 
ITP and SLE, thus suggesting a shared genetic predisposition 
in some cases. According to McGarvey et al,5 41 pathways are 
shared by ITP and SLE, and 27 genes are associated with both 
diseases. Moreover, a list of genetic polymorphisms leading 
to exacerbation of the disease in patients with ITP, such as 
IL- 10–592C/A, IL- 4 VNTR, IL- 17F rs763780, IL- 6–174 G/C 
and interferon (IFN)- gamma 874 T/A, has been presented, 
with these factors also being associated with an increased risk 
of SLE.6 7 Notably, studies comparing molecular signatures of 
these two diseases do not seem to be promiscuous as regards 
the identification of a disease- specific signature, considering 
that a global expression profile of peripheral blood from 
patients with ITP identified an ITP- specific signature, which 
also included IFN- induced genes that have been observed in 
SLE as well.8

In conclusion, lessons learnt thus far from the genetic studies 
focusing on ITP and SLE suggest that the biological complexity 
of these diseases should not be underestimated, considering 
that identical gene variants have been previously associated 
with different clinical phenotypes, while, conversely, a signifi-
cant clinical and molecular overlap has been identified between 
patients with mutations in different genes.9
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Response to: ‘Risk of systemic lupus 
erythematosus in patients with idiopathic 
thrombocytopenic  
purpura: population- based cohort study’ by 
Goulielmos and Zervou

We thank Goulielmos et al1 for their interests on our article enti-
tled ‘Risk of systemic lupus erythematosus (SLE) in patients with 
idiopathic thrombocytopenic purpura (ITP): a population- based 
cohort study’.2

Goulielmos et al raised possible mechanism and explanation 
about the link of ITP and SLE. We appreciated their review and 
comments on sensitised platelets, shared genetic background and 
similar molecular signatures of these two diseases. We also agree 
that these genetic and molecular background, especially inter-
feron signatures in ITP might lead to development autoimmune 
diseases, such as SLE.

In this study, we use a big data approach to explore the linkage 
of ITP and SLE and demonstrated strong association of these 
two diseases. It is not our purpose to look at the mechanism 
of this association. We appreciate those creative comments and 
hypothesis that Goulielmos et al proposed. A recent study also 
found active role of platelet activation in pathogenesis of SLE.3 It 
definitely need further bench works to prove above hypothesised 
mechanism.

One possible linkage which Goulielmos et al did not mention 
is the environmental factors, especially infection. Besides well- 
known virus, such as Epstein- Barr virus, cytomegalovirus and 
parvovirus B19, in our previous studies, we also found that SLE 
is associated various micro- organisms, including human Papil-
lomavirus, scrub typhus,4 Helicobacter pylori,5 Mycoplasma 
pneumonia and non- typhoid Salmonella (data in submission). 
We think that SLE and other autoimmune diseases all had strong 
interaction with genetic and environmental factors.

In conclusion, we agree that SLE is a complex disease spec-
trum with various phenotypes. ITP and certain subtypes of 
SLE might share molecular and genetic backgrounds. Clinician 
should recognise ITP might be a subtype of subclinical SLE in 
managing patients.
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Microbiome in Sjögren’s syndrome: here we are

Manasson et al1 wrote an interesting review on what is known 
with regard to the application of microbiome research for diag-
nostic and research purposes within autoimmunity and rheu-
matology. The authors focused this review on the connection 
between the microbiome and rheumatoid arthritis (RA) as for 
long it has been presumed that microbiota are contributors to 
the development and progression of RA. Besides RA, the review 
also discussed microbiome studies in systemic lupus erythema-
tosus (SLE) and systemic sclerosis. Remarkably, no attention 
was paid by Manasson et al to the potential involvement of the 
microbiome in Sjögren’s syndrome (SS). SS is the second most 
prevalent systemic rheumatic autoimmune disease after RA and 
the potential involvement of the microbiome in SS- patients is yet 
also extensively reported. The current knowledge on the rela-
tionship between the human microbiome and SS reveals possible 
pathogenic mechanisms and forms a basis for future treatment 
options through influencing the microbiome. Thus, the current 
knowledge on the SS–microbiome connection is an important 
addition to the review of Manasson et al.1

Thus far, all studies that compared the gut microbiome of SS 
patients with healthy or population controls have shown that 
the composition of the gut microbiome in SS patients differs 
from controls.2–7 Mandl et al3 found that severe intestinal dysbi-
osis (measured with a 16S rRNA- based dysbiosis test) was more 
prevalent in primary SS (pSS) patients (21%) than in healthy 
controls (3%). Importantly, SS patients with severe intestinal 
dysbiosis had higher disease activity score, higher faecal calpro-
tectin and lower C4 concentrations in blood samples, suggesting 
a connection between dysbiosis in the gut microbiome, gut 
inflammation, systemic inflammation and disease severity. 
Other studies also reported correlations between gut micro-
biome parameters and SS disease severity, especially related to 
dry eye symptoms.2 5

A relatively frequent finding in the gut microbiome of SS 
patients is a higher relative abundance of phylum Bacteroides, 
expressed as a lower Firmicutes:Bacteroides ratio, compared with 
controls.4 5 7 We have previously shown that the relative abun-
dance of three Bacteroides species (ie, B. vulgatus, B. uniformis 
and B. ovatus) was significantly higher in pSS patients (n=39) 
than in population controls (n=965).4 Similar to patients with 
SS, SLE patients also showed a lower Firmicutes:Bacteroides 
ratio in the gut microbiome.4 8 The three aforementioned Bacte-
roides species were also higher in SLE patients than in population 
controls.4 Another Bacteroides species, Bacteroides thetaiotao-
micron (B. theta), was higher in pSS and SLE patients compared 
with controls, but only significant for SLE.4 The species B. 
theta is of major interest, because Greiling et al9 identified this 
species as a potential gut pathobiont (ie, a potential pathogenic 
micro- organism, which, under normal circumstances, is harm-
less). Its pathogenic role could be ascribed to the finding that 
lysates of B. theta can bind to serum from anti- Ro60- positive 
SLE patients. Furthermore, B- cell and T- cell responses to the 
Ro60- protein occurred after monocolonisation of mice with B. 
theta, subsequently leading to enhanced lupus- like disease in 
mice.9 Because anti- Ro60 autoantibodies are observed in up to 
70% of pSS patients, the findings of Greiling et al9 may suggest 
a potential role for this species in the pathogenesis both for SLE 
and also for pSS. However, there is no evidence for an associa-
tion between the presence of anti- Ro60 auto- antibodies in serum 
and B. theta relative abundance in faecal samples of both type 
of patients.4 9 Therefore, future studies should both measure 

relative abundance and also perform quantitative microbiome 
profiling.10

The Firmicutes:Bacteroides ratio as well as the overall gut 
microbiota composition of pSS patients and SLE patients are 
very similar and differ from that of population controls.4 Dysbi-
osis may also be present in other systemic autoimmune diseases. 
Bellocchi et al6 observed that the gut microbiome of patients with 
systemic autoimmune diseases (SS, SLE, primary antiphosho-
lipid syndrome and undifferentiated connective tissue disease) 
differed from that of healthy controls, but not between the of 
the various systemic autoimmune diseases. Possibly, a dysbiosis 
in the gut microbiome may predispose to systemic inflammatory 
diseases.

De Paiva et al2 showed in a mouse model for SS that gut dysbi-
osis worsens the response to desiccating stress and increased 
production of T- cell related cytokines in conjunctival epithe-
lium. Zaheer et al11 showed in another mouse model for sponta-
neous SS (CD25 knock- out mice) that germ- free CD25KO mice 
developed sooner and more severe dacryoadenitis than conven-
tional housed mice. Furthermore, Zaheer et al11 and Wang et 
al12 showed in the same mouse model, that a faecal microbiome 
transplant from conventional mice to mice with SS- like lacrimal 
keratoconjunctivitis reversed the dry eye phenotype.

Multiple studies have confirmed that the oral microbiome 
in SS patients significantly differs from that of healthy indi-
viduals.2 13–21 Although we cannot exclude the possibility that 
certain species of bacteria may be involved in the development 
of SS and that disease- specific factors of SS influence the oral 
microbiome, the consensus is that reduced salivary secretion 
is the most important factor in shaping the oral microbiome 
in SS.15 16 18 20 For example, the relative abundance of specific 
microbiota (ie, genera Lactobacillus, Haemophilus and Neis-
seria) significantly correlated with salivary secretion rate.15 16

Manasson et al1 provide a useful overview of the dos and 
don’ts for microbiome research in rheumatic diseases. Based on 
the studies discussed above, we suggest three additional ‘do or 
don’ts’. First, studies should include more than one rheumatic 
disease in order to assess whether there is an underlying shared 
mechanism by which microbiota play a role in the pathogen-
esis of rheumatic autoimmune diseases. Second, studies should 
be extended from human case–control studies to intervention 
studies and other experimental approaches (eg, ex- vivo studies) 
in order to obtain essential additional knowledge to explain 
the results. Finally, human microbiome studies should not be 
restricted to faecal samples alone.
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Response to: ‘Microbiome in Sjögren’s 
syndrome: here we are’ by van der Meulen et al

We would like to thank van der Meulen et al for their interest in 
our review and their comments regarding the role of the micro-
biome in Sjogren’s syndrome (SS).1 2 As they correctly point 
out, SS was not mentioned in our review primarily because we, 
along with the editors, have decided to include the most studied 
rheumatic and autoimmune conditions as they pertain to micro-
biome research. We agree that SS is a common disorder with an 
intriguing and yet to be fully elucidated etiopathogenesis, and 
that the characterisation of the microbiome in this context is 
indeed worth pursuing. We also note that the disease entities 
mentioned in our review were meant as examples of the types 
of studies currently being performed in the field. The purpose of 
the review is to outline techniques and strategies that can move 
microbiome research beyond correlative study designs and into 
the realm of mechanistic approaches that may have significantly 
more relevance to clinical practice irrespective of the disease 
process.

Although van der Meulen, et al reference valuable studies in 
SS, we underscore the fact that many of them draw conclusions 
based on relatively small sample sizes, rely solely on 16S rRNA 
sequencing, which is limited in scope, and more importantly, 
are correlative in nature, which restrict their application to clin-
ical practice.3–11 As we state in our review, in order for micro-
biome research to further the understanding of autoimmune 
disease pathogenesis, stratify patients and lead to the application 
of personalised therapies, the field must adopt state- of- the- art 
methods,12 aim to study mechanisms rather than correlations, 
and allow for data validation and data sharing.

We further agree with van der Meulen et al that microbiome 
studies should not be restricted to the gut and that interventional 
studies may be clinically impactful. In fact, both of these points 
were discussed in our manuscript (see sections on ‘Navigating 
and addressing challenges in microbiome research’ and ‘What the 
future holds‘). The authors’ suggestion that more than one rheu-
matic disease should be studied at a time is interesting, but would 
need to be pursued cautiously as there is established heteroge-
neity within even a single rheumatic disease (eg, systemic lupus 
erythematosus13 or psoriatic arthritis14). Exploring multiple 
diseases at a time would introduce additional variables, making 
it potentially difficult to interpret outcomes. We appreciate the 
extra dos and don’ts put forward by van der Meulen, et al. There 
are certainly other caveats to microbiome research not covered 
within the scope of our review, though we have set up a frame-
work for what future studies should strive for in the context of 
this fluid discipline.
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Riociguat in systemic sclerosis: a potential for 
disease modification

We read with great interest the results of the recently published 
Riociguat Safety and Efficacy in Systemic Sclerosis (RISE- SSc) 
trial1 and believe that additional analyses could further elucidate 
the role of riociguat in systemic sclerosis (SSc).

First, considering the pleiotropic (antifibrotic, anti- 
inflammatory and antiproliferative) actions of riociguat, an anal-
ysis of the radiographic findings [pattern- cellular non- specific 
interstitial pneumonia (NSIP), fibrotic NSIP or usual interstitial 
pneumonia (UIP); and the extent of fibrosis) in the subset of 
patients with interstitial lung disease (ILD) could provide useful 
preliminary information regarding the subset of SSc- ILD most 
likely be benefited with riociguat and the dominant mechanism 
behind its potential efficacy.

Second, what was the change in forced vital capacity (FVC) in 
millilitre in the two groups? As done in the Safety and Efficacy 
of Nintedanib in Systemic Sclerosis (SENSCIS) trial in SSc- ILD, 
studying absolute change in millilitre, rather than percentage 
predicted FVC, could help avoid masking early signals of 
efficacy.2

Third, a post hoc analysis of the effect of riociguat on swollen 
joints (31.4% patients), tender joints (42.1% patients), tenosyno-
vitis and serum levels of C reactive protein could provide valu-
able evidence regarding the contribution of anti- inflammatory 
action3 to its overall efficacy.

With an already proven efficacy in SSc- pulmonary hyperten-
sion4 and early signals of efficacy in skin tightening, ILD and 
prevention of digital ulceration, riociguat holds promise as a 
potential disease- modifying agent in the diverse manifestations 
of SSc. Trials in SSc- ILD, and those employing the exploratory 
and post hoc endpoints of RISE- SSc as primary outcomes, are 
much needed.
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Response to: ‘Riociguat in systemic sclerosis: a 
potential for disease modification’ by Jain 
and Dhir

We thank Drs Jain and Dhir for their comments1 regarding 
our recent article in Annals of the Rheumatic Diseases entitled 
‘Riociguat in patients with early diffuse cutaneous systemic scle-
rosis (RISE- SSc): randomised, double- blind, placebo- controlled 
multicentre trial’.2 We agree that forced vital capacity (FVC) 
in millilitres, as in the Safety and Efficacy of Nintedanib in 
Systemic Sclerosis (SENSCIS) trial,3 may be informative, and 
that the effects of riociguat on swollen and tender joints are also 
of interest.

We present below (table 1) the results from RIociguat Safety 
and Efficacy in patients with diffuse cutaneous Systemic Scle-
rosis (RISE- SSc) for FVC in millilitres for the overall population 
and for patients with interstitial lung disease (ILD) at baseline 
according to medical history. The results are broadly consistent 
with those reported for FVC%.2 In view of the small sample sizes, 
a statistical analysis was not performed for the ILD subgroup. 
Data for total swollen joint scores and total tender joint scores 
are also shown. As the primary endpoint was not met, these data 
are purely descriptive and differences between the study arms 
cannot be considered statistically significant.

Data on tenosynovitis were not captured, and radiography 
was not routinely performed in the RISE- SSc study. Data on 
biomarkers including high- sensitivity C- reactive protein will be 
published as a separate paper.
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Table 1 FVC (mL) and total swollen and tender joint scores in the 
RISE- SSc study

Riociguat Placebo

FVC, mL, overall population

 Baseline 3068 (954) (n=60) 3294 (909) (n=61)

 Week 52 2954 (881) (n=55) 3211 (850) (n=51)

 Change from baseline at Week 52 −119 (242) (n=55) −116 (309) (n=51)

FVC, mL, patients with ILD by medical history

 Baseline 2690 (768) (n=12) 3083 (1221) (n=13)

 Week 52 2616 (799) (n=11) 2843 (1168) (n=11)

 Change from baseline at Week 52 −95 (113) (n=11) −244 (347) (n=11)

Total swollen joint score (overall population)

 Baseline 2.95 (6.07) (n=60) 1.07 (2.55) (n=61)

 Week 52 2.29 (5.11) (n=59) 1.14 (3.26) (n=59)

Total tender joint score (overall population)

 Baseline 3.90 (7.25) (n=60) 2.10 (4.78) (n=61)

 Week 52 3.73 (7.09) (n=59) 2.34 (6.08) (n=59)

Values are mean (SD).
FVC, forced vital capacity; ILD, interstitial lung disease; RISE- SSc, RIociguat Safety and 
Efficacy in patients with diffuse cutaneous Systemic Sclerosis; SD, standard deviation.
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‘Halo Score’: missing large- vessel giant cell 
arteritis— do we need a ‘modified Halo Score’?

We read with great interest the article on ‘Novel ultrasono-
graphic Halo Score for giant cell arteritis (GCA): assessment of 
diagnostic accuracy and association with ocular ischaemia’ by 
van der Geest et al.1 First, we would like to congratulate them 
for proposing the novel ultrasonographic score useful for both 
diagnosis and prognostication of the GCA. In the future, it may 
also serve as a disease activity marker in GCA. Large- vessel giant 
cell arteritis (LV- GCA) is a relatively less addressed entity. The 
prevalence of LV- GCA is not well defined and ranges from 10% 
to 83%, depending on the diagnostic modality.2 3

LV- GCA differs in terms of clinical presentation, vessel 
involvement and complications.3 In a study by Muratore et al, 
diagnostic performance of American College of Rheumatology 
criteria for GCA4 was as low as 39% for LV- GCA compared with 
95% in cranial GCA.5 Positron emission tomography (PET) scan 
has shown better performance in diagnosing LV- GCA but limited 
by its widespread non- availability, cost and radiation exposure.3 
On the other hand, early diagnosis of LV- GCA is of paramount 
importance due to its high likelihood of development of thoracic 
aneurysm and mortality.6 7 Recently, Diagnostic and Classifica-
tion Criteria for Primary Systemic Vasculitis has proposed a draft 
criterion for GCA8 incorporating ultrasonography (USG) and a 
proposal for including PET scan. On the other hand, assessment 
of disease activity in large- vessel vasculitis (LVV) is a challenge. 
Recently, European League Against Rheumatism has proposed 
a consensus definition for active disease and relapse in LVV.9 
Definition of the active disease is largely contributed by multiple 
clinical features indicating vascular insufficiency. This may 
be confounded by secondary atherosclerosis, especially in the 
elderly population with GCA involving large vessels similar to 
Takayasu arteritis, having accelerated atherosclerosis.10 Imaging 
is an integral part of diagnosis and activity assessment in LVV.2 9 
There is always an ongoing debate regarding the best imaging 
modality among CT, MRI, PET scan and USG. USG has its 
advantage of easy availability, cheapness and being radiation- free 
but limited to some extent by its operational dependency. USG 
has gained its popularity in GCA for halo sign11 12 and recom-
mended as a first- line investigation.13

Here we suggest a modified Halo Score, which may be 
conceptually more helpful in diagnosis and may prognosticate 
the disease based on previous available data.

Assessment of three vascular territories, instead of two, that 
is, bilateral temporal, subclavian (new addition) and axillary 
arteries (figure 1). The final score will be based on the sum of 
the two higher scores.

This may be helpful in diagnosis as
1. Of patients with LV- GCA, 72%–93% have subclavian in-

volvement compared with 54%–66% who have axillary ar-
tery involvement.5

2. USG of the subclavian artery has been shown to be a useful
tool for the diagnosis of early Takayasu arteritis.14

3. It may be incorporated in the development of the new crite-
ria due to its widespread availability, cost- effectiveness and
no radiation hazard.

This may be helpful in prognostication as the current Halo 
Score may underestimate the burden of the inflammation as it 
does not incorporate the subclavian arteries.
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Response to: ‘‘Halo Score’: missing large vessel 
giant cell arteritis– do we need a modified ‘Halo 
Score?’’ by Chattopadhyay and Ghosh

We thank Chattopadhyay and Ghosh for their interest in our 
paper describing a novel ultrasonographic Halo Score for giant 
cell arteritis (GCA).1 The Halo Score quantifies the extent of 
inflammation in the three temporal artery segments and axillary 
arteries.2 The total score is the sum of all halo grades, which 
reflect the thickness of each halo. Halo grades of the axillary 
arteries are multiplied by a factor of 3 in order to give equal 
weight to inflammation of the cranial and large systemic arteries. 
Chattopadhyay and Ghosh underscore the importance of ultra-
sonography for the diagnosis of GCA, and recognise the poten-
tial of the Halo Score for the monitoring of disease activity. The 
authors propose to include the subclavian artery into the Halo 
Score and to use it for patients with Takayasu arteritis.

Chattopadhyay and Ghosh suggest that the subclavian artery 
is more frequently affected by GCA than the axillary artery; 
and that the Halo Score could thus underestimate the extent 
of inflammation. The authors refer to the study by Muratore 
et al,3 who used computed tomography angiography (CTA), 
magnetic resonance angiography (MRA) or (18F)- fluorodeoxy-
glucose positron- emission tomography (FDG- PET) to evaluate 
large vessel involvement in patients with GCA. Although this 
was an excellent study, it might not be suitable for comparing 
the involvement of subclavian and axillary arteries in GCA. The 
presence of an abnormal subclavian artery per se was the main 
selection criterium for patients with large vessel GCA to enter 
the study.3 Most ultrasonography studies in GCA have actually 
demonstrated that arterial wall swelling more often occurs in 
the axillary arteries than in the subclavian arteries (table 1).4–8 
IWall swelling of the subclavian arteries in the absence of vascu-
litic changes in the axillary arteries was only seen in 2%–8% 
of patients with large vessel GCA.4 7 It is noteworthy that the 
ultrasonographic assessment of the facial and occipital artery 
also provides limited diagnostic yield in addition to that of the 
temporal artery.9 10 Clinical guidelines for GCA therefore recom-
mend temporal and axillary artery ultrasonography as the first- 
line investigation for GCA.11 12 The Halo Score correlated well 
with systemic inflammation (eg, C- reactive protein levels) in 
patients with GCA.2 We believe that inclusion of the subclavian 
artery in the Halo Score is not essential for estimating the burden 
of inflammation in GCA.

Feasibility is another reason why additional arteries should 
not necessarily be incorporated in the Halo Score. The inves-
tigation of more arteries will require extra time and clinical 
effort. Furthermore, the evaluation of particular arteries can be 
challenging. For instance, the subclavian artery is located deeper 
than the axillary artery. Lower ultrasound frequencies are there-
fore needed to evaluate the subclavian artery, which affects 
the resolution of the images. This could potentially limit the 
measurement of the halo thickness; especially in obese persons. 
The addition of more arteries to the Halo Score might affect its 
clinical applicability.

We agree with Chattopadhyay and Ghosh that ultrasonog-
raphy is an important diagnostic modality in Takayasu arteritis. 
However, temporal and axillary artery involvement is not a 
prominent finding in Takayasu arteritis.13 The Halo Score, which 
was developed for GCA, might not be well- suited to quantify 
the extent of inflammation in Takayasu arteritis. We expect that 
an alternative Takayasu Halo Score incorporating other large 
vessels could be more relevant in Takayasu arteritis.13 14 This of 
course requires further investigation.

In conclusion, we do not believe that we need a modified Halo 
Score in order to estimate the burden of inflammation in patients 
with GCA. However, the development of a dedicated Takayasu 
Halo Score could be of interest.
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Table 1 Subclavian and axillary artery involvement in patients with 
large vessel GCA at diagnosis.

Study
Patients with 
LV- GCA (n)

Patients with 
subclavian artery 
involvement (n 
(%))

Patients with 
axillary artery 
involvement (n 
(%))

Schmidt et al4 53 32 (61) 51 (96)

Ghinoi et al5 15 9 (60) 3 (20)

Czihal et al6 59 36 (61) 53 (90)

Löffler et al7 26 14 (54) 18 (69)

Aschwanden et al8 42 8 (19) 13 (31)

Overview of ultrasonography studies reporting a paired assessment of subclavian 
and axillary arteries in patients with large vessel GCA (LV- GCA) at diagnosis. No 
overlap in patients existed among these five studies.
GCA, giant cell arteritis.
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Eosinophilic granulomatosis with polyangiitis 
can manifest lacrimal and salivary glands 
swelling by granulomatous inflammation: a 
potential mimicker of IgG4- related disease

We read the paper by Vaglio et al in your journal with great 
interest.1 They reported that patients with eosinophilic granulo-
matosis with polyangiitis (EGPA), previously known as Churg- 
Strauss syndrome, showed high serum IgG4 levels, correlating 
with disease activity and the extent of organ involvement.1 Since 
then, the association between EGPA and IgG4- related disease 
has been discussed by researchers.2–4 EGPA is one of the systemic 
vasculitis and is typically preceded by bronchial asthma, allergic 
rhinitis and/or sinusitis and followed by peripheral blood eosin-
ophilia and eosinophil infiltration into organs. IgG4- related 
disease is an emerging disease entity characterised by high serum 
IgG4 levels and marked IgG4- positive plasma cell infiltration at 
lesions. Mikulicz disease, a prototype of IgG4- related disease, 
presents with enlarged lacrimal and salivary glands and often 
has allergic features such as asthma and chronic sinusitis. Patho-
genically, T helper type 2- related cytokines, which contributes 
to IgG4- class switching, is the common immunopathogenic 
pathway between EGPA and IgG4- related disease.5–7

Indeed, several cases of EGPA complicated with Mikulicz 
disease- like symptoms (lacrimal and salivary glands swelling) 
along with elevated serum IgG4 have been reported as shown in 
figure 1A.8–11 All of those cases showed elevated levels of serum 
C reactive protein, which are unusual in IgG4- related Mikulicz 
disease.12 Then, rheumatologists face with the following ques-
tions: ‘Are the EGPAs concurrent with IgG4- related disease?’ or 

“Do the EGPAs just mimic IgG4- related disease?’. To address 
the issue, we reviewed literatures that reported cases with 
enlarged lacrimal and salivary glands who were diagnosed with 
EGPA histopathologically with biopsy samples (figure 1B). We 
regarded the presence of EGPA- specific histopathological find-
ings as the key to answer the question and found that the enlarged 
lacrimal and salivary glands in patients with EGPA demon-
strated eosinophilic granulomas, which is suggestive for EGPA 
and not consistent with IgG4- related disease (figure 1B).13–15 
Thus, the inflammation of the enlarged lacrimal and salivary 
glands in patients with EGPA may represent a primary EGPA 
involvement.

These findings suggest that rheumatologists need to be 
careful to make the final diagnosis of IgG4- related disease if the 
patients present with swollen lacrimal and salivary glands and 
show systemic inflammatory features such as elevated levels of 
serum C reactive protein, which are uncommon in IgG4- related 
disease. In addition, it is important to keep it in mind that serum 
IgG4 elevation and IgG4- positive plasma cell infiltration are 
not specific findings for IgG4- related disease. It has been widely 
reported that those findings can be detected in diverse chronic 
inflammatory diseases, questioning its specificity.16 Furthermore, 
the frequency of antineutrophil cytoplasmic antibody (ANCA) 
positivity in patients with EGPA is low, only up to 30%–40%;17 
therefore, histopathological findings of the swollen lacrimal and 
salivary glands are the key to discriminate EGPA from IgG4- 
related disease in such cases. The accurate diagnosis is crucial to 
initiate the appropriate treatments and to elucidate the precise 
pathogenesis of both EGPA and IgG4- related disease.

Mitsuhiro Akiyama    , Yuko Kaneko, Tsutomu Takeuchi

Correspondence

Figure 1 Characteristics of EGPA complicated with Mikulicz disease- like manifestations. (A) Cases of EGPA complicated with lacrimal and salivary 
glands swelling along with elevated serum IgG4 levels. (B) Histopathological findings of the enlarged lacrimal and salivary glands of EGPA. EGPA, 
eosinophilic granulomatosis with polyangiitis.
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Response to: ‘Eosinophilic granulomatosis with 
polyangiitis can manifest lacrimal and salivary 
glands swelling by granulomatous 
inflammation: a potential mimicker of IgG4- 
related disease’ by Akiyama et al

In their insightful correspondence, Akiyama et al1 focus on a 
peculiar feature of eosinophilic granulomatosis with polyangiitis 
(EGPA), that is, the involvement of salivary and lacrimal glands, 
which mimics the Mikulicz disease, a common manifestation of 
IgG4- related disease (IgG4- RD). Given that EGPA shows high 
serum IgG4 levels (particularly in its active phases),2 and that 
IgG4- RD often features allergy, eosinophilia and respiratory 
tract involvement, the differential diagnosis between these two 
disorders may be challenging. The observation that patients with 
EGPA can present with Mikulicz- like salivary and lacrimal gland 
involvement enhances the difficulty in the differential diagnosis 
with IgG4- RD. In the reported cases, however, histology of the 
affected glands consistently disclosed eosinophilic granulomas, a 
hallmark of EGPA.

It is interesting to note that diseases with such a different clin-
ical course and histology can have similar features. EGPA and 
IgG4- RD certainly share some pathobiological mechanisms, such 
as T helper 2 polarised and regulatory responses, which may be 
responsible for IgG4 skewing and eosinophil proliferation; such 
responses may as well promote fibrosis, which is characteristic of 
IgG4- RD,3 but also occurs in EGPA, particularly in the airways 
and the myocardium.4 However, the complex overlap between 
IgG4- RD and EGPA is also due to the fact that both conditions 
encompass a wide range of disease subsets, whose pathogen-
esis and clinical features may differ. In a recent large- scale study, 
IgG4- RD showed distinct clinical clusters with differences in organ 
involvement and IgG4 levels: for instance, patients with Mikulicz 
had the highest IgG4 responses, while IgG4 were lower in those 
with predominant retroperitoneal or aortic disease.5 Also, allergy 
or atopy features appear to be limited to a subset of patients with 
IgG4- RD.6 Likewise, EGPA recognises two main subphenotypes, 
one predominantly vasculitic, characterised by antineutrophil cyto-
plasmic antibody (ANCA) positivity and the frequent occurrence 
of peripheral neuropathy, glomerulonephritis and purpura, and 
one predominantly eosinophilic, usually ANCA- negative and with 
more frequent involvement of the myocardium and the gastroin-
testinal tract. Such subsets also have distinct genetic signatures, the 
former being associated with HLA- DQ and the latter with variants 
of genes involved in mucosal responses such as GPA33.7

The heterogeneity of the clinical spectra of IgG4- RD and 
EGPA and the likely pathogenic differences between their 
subsets may account for the partial overlap between these two 
syndromes. Once their underlying mechanisms are dissected and 
new diagnostic biomarkers are identified, we will probably better 
understand why they overlap and how we can better address the 
differential diagnosis.
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Confounding by indication and ethnicity 
difference? Comment on ‘Hypersensitivity 
reactions with allopurinol and febuxostat: a 
study using the Medicare claims data’

We read with great interest the study by Singh and Cleveland1 
that investigated the risk of hypersensitivity reactions (HRs) with 
allopurinol and febuxostat using Medicare claims data. These 
authors analysed a national cohort in the 5% Medicare benefi-
ciary sample randomised from 2006 to 2012 of adults older than 
65 years who experienced a new treatment episode with allo-
purinol, febuxostat or colchicine. They reported the following 
incidence rates for HRs: allopurinol, 23.9; febuxostat, 30.5; 
and colchicine, 25.7 cases per 1000 person- years. Combination 
treatments of febuxostat+colchicine, allopurinol+colchicine 
and febuxostat+colchicine+allopurinol increased the incidence 
of HRs to 56.8, 27.4 and 89.1 per 1000 person- years, respec-
tively. Based on a propensity- matched analyses of allopurinol 
versus febuxostat (5:1), which showed febuxostat with an HR 
of 1.25 (95% CI 0.93 to −1.67), the study concluded there was 
no difference between the HRs for allopurinol versus febuxostat. 
However, some study results and aspects of these findings must 
be clarified.

First, Lin et al2 reported a higher incidence rate of HRs with 
allopurinol versus febuxostat (15.37 vs 3.48 per 1000 person- 
years, respectively), which differs from the conclusion reached 
by Singh et al. In clinical practice, physicians are generally 
concerned about the potential adverse effects of allopurinol, 
such as Steven- Johnson syndrome for their older adult patients 
or those who have chronic kidney disease, leading them to 
choose febuxostat versus allopurinol. This choice may cause 
an overestimation of the rate of HRs with febuxostat and even 
doubts of confounding by indication.

Regarding ethnicity, Lu et al3 found that white patients have 
lower frequencies of human leucocyte antigen- B*5801 in the 
USA compared with Asian patients, which correlates with a 
lower risk for Stevens- Johnson syndrome in white patients and 
may result in the study showing a lower incidence of HRs in a 
predominantly white population.

Another key issue for the study by Singh et al is that several 
numeric discrepancies appear in the text versus the abstract. For 
example, the abstract stated the crude incidence rates of HRs by 
drug as follows: allopurinol, 23.7; febuxostat, 30.7; and colchi-
cine, 25.6 cases per 1000 person- years. However, the Results 
section and table 2 in the text by Singh et al, these values are 
listed as 23.9, 30.5 and 25.7, respectively.

Finally, the discussion about the safety of allopurinol, febux-
ostat and colchicine is an important issue that must be addressed 
by further research.
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Response to: ‘Confunding by indication and 
ethnicity difference? Comment on 
‘Hypersensitivity reactions with allopurinol and 
febuxostat: a study using the Medicare claims 
data’’ by Hsu et al

We appreciate the comments by Drs Wei and Hsu1 on our 
recently published study on hypersensitivity reactions (HSRs) 
with allopurinol versus febuxostat.2 Drs Wei and Hsu bring up 
an important point of confounding by indication in all observa-
tional studies including those focused on pharmacovigilance. We 
agree that this potential bias applies to all observational studies 
of HSRs with allopurinol performed to date and to those that 
will be done in the future. By using a propensity- matched anal-
ysis, we tried to minimise the bias due to confounding by indica-
tion. Despite having similar populations and key characteristics 
for allopurinol- exposed versus febuxostat- exposed populations 
in propensity- matched analysis (the main study analysis), some 
residual confounding is still possible. We acknowledged this in 
the study limitations section. Differences in country settings and 
study populations, which might also reflect differences in HLA- 
B*5801 allele frequencies, also underlie differences in our study 
findings in those from the previous studies, another limitation 
discussed previously. Finally, we regret the first decimal error in 
the abstract for crude HSR incidence rates; the correct values 
are presented in the tables, results and appendices. All of these 
values including those in the abstract when rounded off to the 
nearest digit per 1000 provide the same number of people expe-
riencing HSR.
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Cutaneous adverse events with febuxostat after 
previous reactions to allopurinol: comment on 
the article by Singh and Cleveland

Dear Editor,
We read with interest the recent article by Singh and Cleve-

land on the hypersensitivity risk of allopurinol (ALP) and 
febuxostat (FBX) compared with colchicine.1 A common chal-
lenge when using ALP, linked to hypersensitivity reactions, 
is the potential development of cutaneous adverse reactions 
(CARs). Most are often mild, non- specific rashes; however, 
severe CARs, including Stevens- Johnson syndrome (SJS), may 
occur, but with a low incidence (0.69 cases per 1000 person- 
years) in non- Asian populations.2 In the EuroSCARs study, 
ALP was the reason for 5% of all severe CARs.3 So, FBX is 
often chosen as urate- lowering agent on the background of an 
ALP- related CAR. However, these patients were not eligible 
for the pivotal trials of FBX4 and were excluded from the 
recent analysis by Singh and Cleveland.1 Therefore, the accu-
rate rate of FBX- related CARs in patients who previously 
suffered from ALP, and the mechanisms behind, remain unde-
termined to date.

We have retrospectively reviewed patients with gout (diag-
nosed by crystals or American College of Rheumatology/Euro-
pean League Against Rheumatism criteria) treated with FBX 
after a previous CAR to ALP, from seven rheumatology units 
with members of the Crystal Arthritis Group of the Spanish 
Society of Rheumatology.

The study period spanned from 2011 (FBX commercialisa-
tion in Spain) to June 2018. Patients’ records were reviewed 
for demographics, clinical features (type of skin events, ALP 
and FBX starting doses and doses at the time of rash), and 
serum urate levels and glomerular filtration rates at the time 
of prescription. Our primary study variable was the rate (%) 
of patients developing skin reactions with FBX. Descriptive 
analysis with an estimation of the 95% CI is given.

The study centres provided 67 patients with gout and a 
previous ALP- related CAR who were later treated with FBX 
(table 1). The median age was 71 years (p25- 75 59.8–79.5), 
with 49 being male (73.1%). Most ALP cases were mild, but 
three developed SJS (table 1). Starting dosing was variable, 
and the percentage of chronic kidney disease was 58.0%.

Ten of these 67 patients (14.9%, 95% CI 8.3% to 25.3%) 
also developed rash with FBX, with the same proportion 
between male and female. Median (p25- 75) time from ALP- 
rash to FBX initiation was 5.0 months (1.0–71.8). Numbers 
of serum urate levels and estimated glomerular filtration rates 
were similar in this subgroup. Types of rash were variable; to 
note, one patient with prior ALP- related SJS also developed 
with FBX.

Benzbromarone was successfully initiated in 19 patients (seven 
with CAR with both ALP and FBX), only one also developing a 
non- specific rash.

Our multicentre data identified around 15% of patients with 
prior ALP- related CARs also developed them with FBX. This 
rate is higher than previously reported. In an initial series of 
13 patients with ALP- related CAR, only one developed it with 
FBX,5 while 9% of reactions with ALP and FBX in a study with 
113 patients was published in 2016.6 Despite having the same 
target (the xanthine oxidase), FBX and ALP have no similari-
ties on biochemical structure, so the identified cross- reaction 
is intriguing. The likelihood of developing ALP- related CARs 

mainly depends on starting dose and renal function.7 In 
Europe, FBX is only licensed as 80 and 120 mg tablets, while 
40 and 80 mg are available in the USA. Whether using FBX 
at lower dosage might reduce the incidence of cross- reactions 
with ALP merits investigation, but to note, in our series, one 
patient also developed CAR with FBX dispensed at 10 mg.

Further prospective and intervention studies are needed to 
confirm these results, although caution is recommended when 
using FBX in this subgroup of patients.
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Table 1 Main clinical and laboratory data of the whole sample 
(patients developing allopurinol- related cutaneous adverse reactions) 
and of those who showed after switching to febuxostat

Skin reaction with 
allopurinol (n=67)

Skin reaction with 
febuxostat (n=10)

Age, in years 71.0 (59.8–79.5) 65.0 (54.8–69.0)

Males, n (%) 49 (73.1%) 5 (50%)

Type of reaction, n (%)

 Non- specific 55 (82.1%) 8 (80%)

 Maculopapular 9 (13.4%) 1 (10%)

 SJS 3 (4.5%) 1 (10%)

Glomerular filtration rate, in 
mL/min

67.0 (44.9–89.3) 78.8 (42.8–90.6)

Serum urate, in mg/dL 8.4 (7.8–9.9) 8.1 (5.1–9.9)

Starting dose, in mg/day 100 (range 50–300) 80 (40–80)

Dose at time of CAR, in mg/day 300 (138–300) 10 (n=1), 40 (n=4), 80 
(n=5)

Data shown as median (IQR), unless otherwise specified.
CAR, cutaneous adverse reaction; SJS, Stevens- Johnson syndrome.
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Response to: ‘Cutaneous adverse events with 
febuxostat after previous reactions to 
allopurinol: comment on the artcile by Singh 
and Clevland’ by Quills et al

We appreciate the interest and comments by Quilis et al1 on our 
recent publication.2 Quilis et al draw our attention to the inci-
dence of cutaneous adverse reactions (CARs) with febuxostat in 
people who had already had reactions with allopurinol. In their 
study which included several practices in Spain from 2011 to 
2018, 15% of people developed these reactions with febuxostat1 
compared with the 9%–15% range reported previously for 
similar patient populations from the USA and France.3 4 CARs are 
frequent, and are associated with significant morbidity.5 Interest-
ingly, the rate of CARs in people newly starting febuxostat and 
not previously exposed to allopurinol was 2.5% in the French 
study,4 similar to the rate of 31 per 1000 patient- years in our 
study.2 So why is the risk of CARs with febuxostat increased by 
four- fold to six- fold (2.5% to 9%–15%) in people with previous 
allopurinol- associated CARs compared with lower rate in the 
general population? Does allopurinol hypersensitivity increase 
the risk of hypersensitivity reactions to another urate- lowering 
therapy? Is there some cross- reactivity,6 despite some differences 
in the mechanism of action between these two medications? Are 
some allopurinol- associated CARs just adverse events and not 
hypersensitivity reactions that usually manifest as severe CARs 
(SCARs)7 8? These are important questions to answer.

Allopurinol- associated CARs and SCARs are uncommon 
adverse events, and intriguing from research perspective. Given 
the unpredictability in occurrence and a fatal outcome in some 
cases, ULT- associated CARs/SCARs are important clinically. 
Future studies need to examine this clinical problem using 
various innovative approaches. Systematic studies of gene–envi-
ronment–comorbidity–medication interactions are needed to 
solve this puzzle.
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Changes in synovitis and bone marrow lesions 
may not mediate the effect of cartilage loss on 
joint pain in osteoarthritis

We read with interest the recent article by Bacon et al1 that used 
mediation analysis2 to understand the process by which carti-
lage loss changes joint pain. Given considerable investment in 
treatments that focus on chondroprotection, this is an important 
topic and the findings from this study have potential to inform 
patient management. The authors concluded that a small, non- 
clinically important effect of cartilage loss on joint pain was 
mediated by synovitis. To ensure this study accurately informs 
future research and practice, we ask the authors to clarify the 
reporting and interpretation of their results.

The results presented in tables 3 and 4 do not support the 
authors conclusion that synovitis mediated the effect of cartilage 
loss on joint pain. The 95% CIs for all of the indirect effects 
presented include the null. If correct, these indirect effects and 
their precision estimates clearly demonstrate that in this study, 
there was no evidence that synovitis and bone marrow lesions 
mediate the effect of cartilage loss on joint pain. We suspect the 
authors might have used the ‘proportion mediated’ estimates 
to draw their conclusions. However, in most settings, the indi-
rect effect estimate is a more robust measure than the propor-
tion mediated.3 Although the proportion mediated is intuitive 
for interpretation, it is subject to a number of limitations.4 For 
example, the proportion mediated is considered to be highly 
variable, particularly with small sample sizes and uncertain indi-
rect and direct effect estimates.5 Therefore, the main conclusions 
of the study should primarily reflect the indirect effect, rather 
than the proportion mediated. We urge the authors to consider 
this and revise their conclusions appropriately.

We also have some concerns about the accuracy of the numbers 
presented in tables 3 and 4. The point estimates of the propor-
tion mediated for synovitis are identical for both exposures (0.1 
and 0.05 mm cartilage thickness loss) despite differences in their 
indirect and total effect estimates. If we assume that the propor-
tion mediated is simply the ratio of the indirect effect and the 
total effect, on the difference scale,6 the proportion mediated 
should be 15.1% for 0.1 mm and 12.5% for 0.05 mm in table 
3, and 25.0% for 0.1 mm and 20.0% for 0.05 mm in table 4. It 
would be helpful if the authors could verify these estimates or 
clearly state how the proportion mediated was estimated if they 
used a different method.

Finally, when mediators fail to explain a mechanism, the path 
specific exposure–mediator and mediator–outcome effects can 
be informative for explaining where the indirect effect broke 
down.3 In Bacon’s study, cartilage thickness may not be associ-
ated with synovitis or bone marrow lesions, or these mediators 
may not be associated with the outcome joint pain, or both. We 
encourage the authors to consider reporting these path specific 
effects to provide readers with a better understanding for why 
cartilage loss does not have an effect on joint pain via synovitis 
and bone marrow lesions.
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Relation between cartilage loss and pain in 
knee osteoarthritis

We read with interest the recent work in Annals of the Rheu-
matic Diseases by Bacon and colleagues regarding the relationship 
between cartilage loss and pain in patients with knee osteoarthritis 
(OA).1 The authors included 600 participants within the Osteoar-
thritis Initiative and found that cartilage loss was significantly asso-
ciated with a small degree of worsening in pain over 24 months. 
The relation between cartilage thickness loss and pain was partially 
mediated by synovitis change, rather than by changes in bone 
marrow lesions. This finding prompted us to reconsider the rela-
tion between cartilage loss and pain, and the clinical efficacy of the 
chondroprotective application in the treatment of knee OA. Their 
excellent and important work adds to our knowledge base, but we 
do have two minor points that may help to contextualise findings 
from this study and contribute to further investigations.

First, the predominant patient population included in this study 
was mild to moderate OA by Kellgren- Lawrence (K&L) grade, 
which is the typical population in whom chondroprotective agents 
are indicated.2 However, in this study, neither patients with severe 
OA (K&L grade 4) were included,3 nor subanalysis based on the 
K&L grade was performed. As OA- related knee pain usually 
becomes more severe over time,4 it is conceivable that there might 
exist a cumulative effect that the weak association of cartilage loss 
with pain could be stronger along the degenerative process of the 
knee (figure 1). Therefore, it remains unclear whether there exists 
a dose–response relationship between cartilage loss and pain wors-
ening, and further studies are warranted to investigate if there was 
a dynamic association between cartilage loss and knee pain during 
the degenerative process.

Second, the robustness of the results and the conclusion is 
severely biased by using the Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) pain score as the outcome. 
Although the WOMAC pain scale is a well- established, validated 
instrument to measure the pain level during specific activities that 
likely to cause OA pain,1 it only provides a summary of temporal 
or short- term pain severity, while the duration of pain is ignored. 
Considering the knee pain in OA is chronic, intermittent, activity 
related and varies over time,4 the WOMAC pain scale is not an ideal 
assessment tool to analyse the relationship between cartilage loss 
and knee pain, even if WOMAC pain scale has been widely used 
in similar studies.5–7 Thus, the findings should be interpreted with 
caution, and chronic pain assessment tools8–10 should be adopted 
to accurately and continuously measure the pain intensity and pain 

duration. If the continuous knee pain was cumulatively calculated, 
we could understand exactly how or to what extent the loss of carti-
lage thickness is associated with knee pain in OA.
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Figure 1 The possible dose–response relationship between cartilage 
loss and knee pain in osteoarthritis. Compared with patients with mild 
to moderate knee osteoarthritis, a loss of 0.1 mm of cartilage thickness 
in patients with severe knee osteoarthritis may associated with a higher 
increased knee pain score.
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Response to: ‘Relation between cartilage loss 
and pain in knee osteoarthritis’ by Wu et al 
and ‘Changes in synovitis and bone marrow 
lesions may not mediate the effect of cartilage 
loss on joint pain in osteoarthritis’ by Cashin 
et al

Our paper1 was primarily focused on the small effect that 
preventing cartilage loss has on pain reduction. In an addi-
tional analysis, we noted that synovitis change mediated a small 
percentage of that effect, an effect that was not statistically 
significant. Cashin et al2 suggested that our mediation results 
should be interpreted based on whether the 95% CIs for the 
indirect or mediation effects overlapped with the null (ie, was 
statistically significant). Like the American Statistical Associ-
ation and leading methodology experts, we oppose drawing a 
binary conclusion based on whether a threshold is statistically 
significant. Crossing an arbitrary significance threshold does 
not convey the presence or absence of a ‘real’ effect. Therefore, 
we exercised caution and embraced uncertainty, rather than 
dichotomy, in our conclusions. We do, however, agree that esti-
mates for indirect effects are more robust measures of mediation 
than estimates of per cent mediated.

With respect to the accuracy of the values in tables 3 and 4, 
the values in the table are correct but results of calculations 
were rounded to two decimal places for publication—this is the 
source of the confusion. From table 3, for the 0.1 mm exposure 
the full calculation is (0.04597)/(0.32578)=0.14110749, or 
14.11% after rounding. For the 0.5 mm exposure, it is (0.02298)/
(0.16289)=0.1410768, or 14.11% after rounding.

With respect to exposure–mediator and mediator–outcome 
effects, cartilage thickness loss (0.01 mm) was significantly asso-
ciated with synovitis change over 24 months (estimate=0.09 
(0.05,0.12) p<0.0001), while synovitis change was also associ-
ated with change in WOMAC pain (estimate=0.66 (0.40,0.93), 
p<0.0001), supporting our conclusion that synovitis may be 
acting as a mediator in this relationship. However, although 
change in bone marrow lesions (BMLs) was predictive of change 
in WOMAC pain over 24M, (estimate=0.11 (0.01,0.21), 
p=0.0295), cartilage thickness loss (0.1 mm) was not predictive 
of change in BMLs (estimate 0.08 (−0.01,0.17), p=0.0763).

In their letter, X- D et alask about excluding knees with severe 
disease (Kellgren and Lawrence (KL) grade 4) from our analysis 
and raise questions about the appropriateness of the WOMAC 
survey as a tool to assess the relation of pain change with carti-
lage change.3 Knees with severe disease (KL grade 4) have been 
excluded from almost all osteoarthritis (OA) trials examining 
structural effects of treatment. On radiographs, these knees have 
no joint space remaining in the most affected compartment and 
MRIs show no cartilage left in that location, making it impossible 

to preserve cartilage there. As for use of the WOMAC survey, we 
chose to examine WOMAC pain because it is the most widely 
used tool to assess pain in knee OA trials. Other pain surveys in 
OA tend to produce similar results to those of WOMAC pain. 
While we are not convinced that changes in other characteristics 
of pain, such as its persistence, would more strongly associate 
with cartilage loss than the WOMAC pain scale, we agree with 
X- D et al that this question is worth further exploration.
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Beware of wolves in sheep's clothing: immune 
cell plasticity and instability in health 
and disease

We read with great interest the article by Watad et al that char-
acterised for the first time T lymphocytes in normal human 
enthesis.1 The authors demonstrated that entheseal resi-
dent CD4+ and CD8+ T cells show increased expression of 
immunomodulatory genes, including interleukin (IL)- 10 and 
transforming growth factor-β compared with the circulating 
counterpart and that on stimulation they acquire the capability 
to produce tumour necrosis factor (TNF)-α and IL- 17. Of note, 
normal entheseal T cells do not express FoxP3 as peripheral 
blood regulatory T cells (Treg), but its expression can be induced 
in specific conditions (eg, in the presence of phosphodiesterase 
type 4 inhibitor).

The plasticity and instability of immune cells in response to 
the stimuli of the local microenvironment are a highly interesting 
field of research under investigation in rheumatic and musculo-
skeletal diseases (RMDs).2 The article by Watad et al provides 
important insights that will help to better understand pathogenic 
mechanisms underlying the spectrum of spondyloarthritis (SpA). 
However, in light of data from experimental models and patients 
with RMDs, including SpA, some aspects should be remarked.

The dawn of regulatory T cells (Treg) dates back in 1990s,3 
but the understanding that Treg can transdifferentiate into an 
effector Th17 phenotype4 and that Th17 cells can be redi-
rected to acquire regulatory features is recent history.5 The 
balance between phenotypical plasticity and stability of Treg 
is orchestrated at the molecular level via the action on regu-
latory sequences, such as enhancers and promoters, of FoxP3, 
the master transcription factor of Treg.2 In rheumatoid arthritis, 
TNF-α is able to interfere with the phosphorilation of FoxP3 
thereby hampering Treg function, and this can be reverted on 
treatment with TNF-α inhibitors.6

TNF-α may also modulate Treg aberrant transdifferentiation 
providing yet another rationale for its blockade for therapeutic 
purposes. However, some aspects on this matter need to be fully 
addressed due to differences between experimental models and 
humans, along with the peculiar effects of TNF-α signalling, and 
likely other cytokines through different receptors.7 It would be 
instrumental to clarify whether the capability of normal enthe-
seal T cells to induce FoxP3 expression may be affected by the 
concomitant presence of other soluble factors, such as TNF-α in 
the local microenvironment and whether entheseal T cells from 
patients with SpA still own this capability.

On the other hand, immunomodulatory factors like those 
secreted by umbilical cord mesenchymal stem cells may facilitate 
the switch of pathogenic Th17 cells into Treg cells, as demon-
strated in healthy subjects, primary Sjögren’s syndrome (pSS) 
and experimental type 1 diabetes.8 9

The evidence that also CD3+ T lymphocytes lacking both 
CD4 and CD8 on the cell surface (double negative, DN) may 
display either a regulatory or a Th17- like phenotype in health 
and disease adds another layer of complexity to this matter.10 11 
IL- 17- producing DN T cells have been identified in the cutaneous 
inflammatory infiltrate of experimental models and patients 
with psoriasis.12–14 In inflamed skin, these cells seem to predom-
inantly express the αβ T- cell receptor (TCR), while in humans, 
normal and injured enthesis cells expressing the γδ-TCR account 
for the majority of local IL- 17 production.15 It would be there-
fore interesting to dive into the topic of DN T cells in normal 

human enthesis in order to reinforce and broaden the rationale 
for their assessment in SpA. It has been postulated that DN T 
cells may arise from lymphocytes losing surface CD4 or CD8 on 
chronic activation16; hence, low number or even absence of DN 
T cells in normal enthesis should not discourage a more detailed 
assessment of their phenotype and pathogenic role when 
affected in SpA. In this regard, it is worth mentioning that while 
being inhibited by corticosteroids in normal subjects, DN T cells 
display a certain degree of resistance in patients with pSS, and 
it would be of great relevance to confirm or rule out whether 
entheseal DN T cells display this feature in light of possible ther-
apeutic purposes in SpA.10

Finally, as recently demonstrated by Wade et al, psoriatic 
arthritis (PsA) synovial tissue is enriched of exTh17 cells, also 
known as nonclassical Th1 cells since they are Th17 cells that 
no longer produce IL- 17 but rather IFN-γ.17 18 Whether exTh17 
cells can be also found in normal and/or affected enthesis would 
shed additional light on this complex scenario. Interestingly, also 
DN T cells may produce IFN-γ, for instance, in the inflamed 
skin of psoriasis- like inflammation, thereby suggesting that a 
Th17- like towards a Th1- like transdifferentiation may occur 
also within the DN T cell compartment.13

In conclusion, we acknowledge that the study by Watad 
et al represents a major advancement in the understanding of 
entheseal pathophysiology, and we believe that further research 
aimed at addressing the above- mentioned open issues will help 
elucidate SpA pathogenesis and ultimately improve the care of 
patients with this disease.
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Response to: ‘Beware of wolves in sheep's 
clothing: immune cell plasticity and instability in 
health and disease’ by Alunno et al

We thank Alunno et al1 for their comments on our paper 
reporting on the isolation and preliminary characterisation of 
normal human enthesis CD4+ and CD8+ conventional T- cells.2 
Our work showed that up to 2% of CD4+ T cells were Th17 in 
nature as demonstrated by intracellular flow cytometry. We were 
unable to identify FOXP3+ Tregs at the enthesis, but these were 
readily demonstrable in peripheral blood from the same patients. 
Alunno and colleagues1 point towards the transdifferentiation 
between Th17s and Tregs that may occur in vivo and which can 
be modulated by pivotal spondyloarthritis (SpA) associated cyto-
kines including TNF. Our results were generated in an artificial 
‘in vitro enthesitis’ model, and we agree with the comments by 
Alunno et al1 in regard to the role of TNF and other factors and 
that Th17/Treg plasticity will ultimately need to be addressed 
in tissue from patients with active SpA. While access to spinal 
entheseal tissue has been reported at one timepoint, we think 
that it would be technically very difficult to do this due to tissue 
inaccessibility from such sites for a second post- therapy biopsy.3 
It would be possible to model the impact of TNF on our in 
vitro system using anti- CD3/CD28 stimulation and by either 
including or blocking TNF in the system. We also agree that the 
stroma, including mesenchymal stem cells, at the enthesis may 
play a very important role in regulating T- cell responses which 
are well defined for native stroma from bone but this has not 
been studied specifically at the enthesis thus far.4

Alunno and colleagues1 also point out that double negative 
(DN) CD3+ T cells could be responsible for IL- 17A production 
and that this adds another layer of complexity to the analysis. 
DN CD3+ T cells include TCR γδ T- cells that have been previ-
ously reported to make IL- 17A protein in entheseal tissue.5 The 
other significant population of DN T- cells are the TCR αβ CD3+ 
CD4- C8- T- cells that have been repeatedly linked to autoimmu-
nity and inflammation but remain somewhat enigmatic. This DN 
T- cell population, as the authors pointed out, has been incrim-
inated in psoriasis, which may be relevant to SpA. Given the 
technical difficultly in rapid tissue digestion and rapid sample 
preparation for functional studies, our work thus far has focused 
on the more abundant conventional T- cells but we agree that the 
role of TCR αβ CD3+ CD4 T- cells, both at the healthy enthesis 
and from diseased tissue, awaits elucidation including proinflam-
matory cytokine induction and production.

Finally, Alunno et al1 point to cells ex- Th17- cells that no 
longer produce IL- 17 but produce IFN-γ, as emergent Th1- 
like lymphocytes that have recently been reported in psoriatic 
arthritis (PsA) and that this could be important for disease 
pathology.6 This is an important point and raises the wider issue 
of the link between such populations in the synovium versus the 
enthesis and their putative microanatomical associations. It also 
raises questions pertaining to potential links between such resi-
dent populations in health. Further insight into these interac-
tions will be possible after labelling specific T- cell populations 
followed by single- cell RNA sequencing, prestimulation and 
poststimulation with relevant cytokines. To conclude, we agree 

that the demonstration of a functional adaptive immune system, 
although with very preliminary characterisation, is key to under-
standing the enthesitis process in humans with respect to the 
local biomechanical environment.
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Incidence of severe COVID- 19 in a Spanish 
cohort of 1037 patients with rheumatic diseases 
treated with biologics and JAK- inhibitors

The recent outbreak of the novel severe acute respiratory 
syndrome coronavirus 2 (SARS- CoV- 2), responsible for COVID- 
19, has brought about a great concern for the management of 
patients with inflammatory rheumatic diseases. Rheumatolo-
gists and patients are worried about the risk of contagion and 
suffering a more severe disease, derived from immunosuppres-
sive treatment. Also, for the risk of relapse in case of discontin-
uing medications. To date, most of these questions remain to be 
answered.

Accordingly, we read with interest the recent paper from 
D’Silva and coauthors.1 They analysed the outcomes of 52 
patients with rheumatic diseases (18 under biologics or targeted 
synthetic disease- modifying antirheumatic drugs (DMARDs)) 
hospitalised for COVID- 19, identifying an independent 
increased risk of intubation and similar to mortality. These 
results are welcome and of relevance, but some issues need to 
be commented. Controls were matched for age, gender and 
disease duration, but multivariate models repeated adjustment 
for age. For outcome assessment in COVID- 19, some labora-
tory markers—lymphopenia, troponins2— should have been 
considered as covariates for the model. Besides, the absence 
of a denominator (population with rheumatic diseases without 
COVID- 19) impedes assessing susceptibility.

Other related works have been published. Monti et al3 
described, after a survey among 320 patients with rheumatic 
diseases under biological DMARDs (bDMARDs) or targeted 
synthetic DMARDs (tsDMARDs), eight (2.50%) cases of 
COVID- 19 (four PCR proven), none requiring hospitalisation.

Another survey,4 among 520 patients with inflammatory 
rheumatic diseases under immunosuppressive treatment, 
found three (0.58%) cases with COVID- 19, one of them 
hospitalised.

Haberman et al5 reported a similar incidence of hospitalisation 
after SARS- CoV- 2 contagion in patients with immune- mediated 
inflammatory diseases than in New York City general population 
(16% vs 26%, respectively).

Spain is one of the most affected European countries by SARS- 
CoV- 2 infection.6 In Alicante health area (274 122 inhabitants 
coverage), 306 (0.11%) people have been admitted for severe 
COVID- 19 infection from 3 March to 2 May2020.

In Alicante rheumatology clinics, we see patients with rheu-
matoid arthritis, spondyloarthritis, psoriatic arthritis, connective 
tissue diseases, vasculitis, idiopathic juvenile arthritis and other 
inflammatory conditions such as uveitis, Behcet’s disease, adult- 
onset Still disease, relapsing polychondritis or IgG4- related 
disease. Most of them are under conventional DMARDs, and 
1037 patients receive bDMARDs or tsDMARDs at the time of 
the analysis. In accordance to European League Against Rheu-
matism (EULAR),7 since the pandemic outbreak we advise 
patients to continue with immunosuppressive therapy (unless 
patients present symptoms like fever or respiratory symptoms) 
and, unquestionably, to take measures to prevent contact from 
infected subjects and virus spread.

Up to 2 May 2020, three (0.29%) patients were hospitalised 
due to COVID- 19 infection. Rheumatic diagnoses were rheuma-
toid (n=2) and psoriatic (n=1) arthritis (table 1), on anti- TNFα 
or JAK- inhibitor, and one also received hydroxychloroquine and 
methotrexate.

All of them were treated for COVID- 19 with hydroxychlo-
roquine, two of them combined with azithromycin, and patient 
3 also received corticosteroids and colchicine. Unlike D’Silva 
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Table 1 Clinical features and management of three patients under 
bDMARD or tsDMARD during COVID- 19 admission
Characteristics Patient 1 Patient 2 Patient 3

Sex (M/F) F F M

Age (years) 75 54 66

Rheumatic disease Rheumatoid arthritis 
RF+

Rheumatoid arthritis 
(RF−, ACPA−)

Psoriatic arthritis

Years since diagnosis 18 2 9

Current bDMARD/
tsDMARD

Baricitinib 4 mg/day Etanercept 50 mg/
week

Adalimumab 
40 mg/2 weeks

Current DMARD Methotrexate 
10 mg/week 
Hydroxychloroquine 
400 mg

Previous treatment Etanercept
Baricitinib
Methotrexate
Leflunomide

Etanercept
Methotrexate
Leflunomide
Hydroxychloroquine

Adalimumab
Methotrexate

Disease activity (date) DAS28 4,26
(9 March 2020)

DAS28: 4,08.
(27 January 2020)

DAS28: 1,61.
DAPSA: 0,2.
(12 December 2019)

Hypertension and
treatment

Yes
Valsartan 
Hydrochlorothiazide

No Yes
No treatment

Diabetes mellitus and
treatment

No No No

Dyslipidaemia and
treatment

Yes
Atorvastatin

No Yes
Pravastatin 
Gemfibrozil

BMI (kg/m2) 21.9 28.4 35.38

Other comorbidities Asthma No No

Smoking No Former smoker No

Alcohol No No Yes

Recreational drugs No No No

Days from symptoms 
onset to hospital 
admission

22 15 10

Clinical symptoms Cough Cough, fever, fatigue Cough, dyspnoea

Radiological pattern Normal Peripheral bilateral 
interstitial infiltrate

Peripheral bilateral 
interstitial infiltrate

 PCR for SARS- CoV- 2 + +  +

Ferritin at admission and 
maximum

42
61

404
690

1044
1179

IL- 6 at admission 11 36 22

LDH on admission and 
maximum

219
253

252
327

201
264

D- Dimer at admission 0.59 3,72 0.75

Lymphocytes 570 660 850

Treatment for COVID- 19 Hydroxychloroquine Hydroxychloroquine
Azithromycin

Hydroxychloroquine
Azithromycin
Methylprednisolone
Colchicine

Worst PaO2/FiO2 (PaFi) or 
SatO2/O2 (SpaFi)

SpaFi 452 SpaFi 443 SpaFi 448

Oxygen therapy, nasal 
cannula, non- invasive 
ventilation, high- flow 
oxygen support

No No No

Intensive care unit No No No

Orotracheal intubation 
or invasive mechanical 
ventilation

No No No

Complications (deep vein 
thrombosis, pulmonary 
embolism, cardiac 
arrhythmia, bacterial 
infection, death)

No Acute pyelonephritis No

bDMARD, biological DMARD; BMI, body mass index; DMARD, disease- modifying antirheumatic drug; 
SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2; tsDMARD, targeted synthetic DMARD.
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data,1 none of them required oxygen supply, intensive care or 
mechanical ventilation. As collateral complications, patient 2 
developed acute pyelonephritis. Evolution was favourable in all 
cases and were discharged after a few days.

Therefore, the occurrence of COVID- 19 hospitalisation 
was 0.29% (3/1037) in patients with rheumatic diseases under 
bDMARD/tsDMARD, and 0.11% (306/274122) in Alicante 
population without biologics for rheumatic diseases. Esti-
mated OR was 2.61 (95% CI 0.84 to 8.16) for COVID- 19 
hospitalisation.

Patients with rheumatic diseases usually require immunosup-
pressive therapy to achieve disease control, but with a parallel 
risk of infection. However, during this pandemic, in our health 
area from a country with high impact of COVID- 19, we have 
noted no increased risk of developing severe COVID- 19 
compared with the general population. Even the severity of the 
identified cases might be questionable, as no oxygen support, 
use of tocilizumab or mechanical ventilation was required; on 
the other hand, as COVID- 19 derives from a hyperinflamma-
tory reaction to SARS- CoV- 2, perhaps biologics and DMARDs 
would have impeded a more aggressive disease. Considering the 
limitations of D’Silva data,1 this report and previous papers3–5 
support the advice to maintain bDMARD/tsDMARD in patients 
with immune- mediated inflammatory disease during the SARS- 
CoV- 2 pandemic.
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Response to: ‘Incidence of severe COVID- 19 in a 
Spanish cohort of 1037 patients with rheumatic 
diseases treated with biologics and JAK- 
inhibitors’ by Jovani et al

We appreciate the comments by Jovani et al1 in response to our 
manuscript evaluating the outcomes among a cohort of patients 
with rheumatic diseases and COVID- 19.2 We commend the 
authors for sharing the experience of their patients during the 
COVID- 19 pandemic and would like to reply to some of the 
queries they posed to us.

First, Jovani et al wondered why we included age in our 
multivariable models if we matched on age. This was done 
because continuous age was matched over a range (±5 years). 
To further address any potential differences in ages between 
the study groups (which was minimal), we included age in 
our multivariable models. Notably, adjusting for age did not 
change our findings when comparing adjusted to unadjusted 
models.

Second, the authors questioned why lymphopaenia and 
troponin levels were not included in the multivariable models. 
These laboratory changes may be a result of infection that 
occurred after the exposure of interest (COVID- 19 infection). 
As such, they should not be adjusted for in models because 
they may be on the causal pathway between the exposure 
and outcome (eg, mechanical ventilation and death). Further, 
these tests were performed as part of clinical care and not as 
a research protocol and so may only have been performed 
among patients who were hospitalised.

Third, Jovani et al commented that we did not have a 
denominator from which to estimate the risk of COVID- 19 
infection for patients with rheumatic diseases. While we agree 
this is of interest, that was not the purpose of our study since 
all patients in our study had documented COVID- 19 infec-
tion. We hope that future studies evaluate the susceptibility of 
infection for patients with rheumatic diseases. While surveys 
are a convenient tool during a pandemic, they may underes-
timate the detection of severe infections because these cannot 
be completed by patients who are critically ill or have died. 
Self- report of infection on a survey may also have limitations 
related to accuracy and availability of testing.

We appreciate the details of patients from the authors’ prac-
tice who developed COVID- 19 and would also be interested in 
how it was determined whether each patient did or did not have 
a COVID- 19 infection. We believe that it is important to include 
details of how cases were identified in studies describing rheu-
matic disease patient outcomes in the COVID- 19 pandemic, 
given the variability in presentations and testing availability 
and accuracy. In contrast to a survey design, we identified our 
rheumatic disease population among the cohort of patients 
who were diagnosed with COVID- 19 by PCR testing in the 
Partners HealthCare System (PHS). Of note, PHS is the largest 
healthcare system in the greater Boston, Massachusetts, area, 
which has a population of approximately five million people, 
increasing our ability to observe a more complete picture of the 
impact of COVID- 19 in patients with rheumatic diseases. As we 
found in our study and has been suggested in other studies,3–5 
there is variability in the severity of COVID- 19 infection in 
the general population and in those with rheumatic diseases. 
The detection of severe cases will likely be impacted by the 
size of the cohort, the method used to identify cases, the distri-
bution of demographics and comorbidities in the group being 

studied, the rheumatic diseases represented in the cohort and 
other factors.

In the context of the evolving pandemic, data regarding 
outcomes of COVID- 19 infection in patients with rheumatic 
disease are welcome and should be encouraged. Each will have 
its own strengths and weaknesses, but the collective efforts of 
all contributing to the public space will be valuable to inform 
how we educate and manage patients living with rheumatic 
diseases. We agree that our findings should certainly not be taken 
to imply that patients should discontinue any of their existing 
medications. We agree with recommendations set forth by the 
American College of Rheumatology regarding the management 
of rheumatic diseases during the COVID- 19 pandemic.6 We 
do not know the impact of immunosuppression on the risk of 
COVID- 19 infection or outcomes of COVID- 19 infection. Addi-
tional work is needed to understand why patients with rheu-
matic diseases may be at higher risk of mechanical ventilation, as 
observed in our study and that by Ye et al.7
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