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In rheumatoid arthritis (RA), remission is defined as a 
state in which no, or at most minimal, disease activity is 
present, and this state is presently the most important 
therapeutic goal according to modern treat-to-target 
recommendations as well as guidance issued by many 
national and international organizations1,2.

The importance of stringent remission
In 2011, a joint ACR-EULAR task force presented both 
Boolean-based and index-based criteria for the stringent 
definition of remission in clinical trials1. The Boolean- 
based definition requires that the tender joint count 
(TJC), the swollen joint count (SJC), patient global 
assessment of disease activity (PGA; measured in cm) 
and C- reactive protein (CRP; measured in mg/dl) each 
do not exceed a score of one. The index-based defi-
nition of remission uses the simplified disease activ-
ity index (SDAI) and requires that the sum of these 
measures plus an evaluator global assessment (EGA) 
score altogether should not exceed 3.3. The task force 
also defined remission criteria without CRP, which 
were intended primarily for use in clinical practice1. 
These definitions were selected for their ability to pre-
dict good radiographic and functional outcomes —  
the consequence and positive effect of obtaining true 
remission.

For more than 20 years, however, the disease activ-
ity score using 28-joint counts together with CRP con-
centration or erythrocyte sedimentation rate (ESR) 
(DAS28-CRP or DAS28-ESR, respectively) has also 
been employed to define remission in trials and in clini-
cal practice. This score is calculated using a complicated 
formula that applies weighting and/or transformation 
of SJC, TJC, PGA and CRP (or ESR)2. Remission is clas-
sified as DAS28-ESR <2.6 and, despite discussions that 
this threshold should be lower3, the same threshold is 
being used for DAS28-CRP; however, irrespective of the 
cut-off points used, remission as defined by these scores 
does not represent true remission in a large proportion 
of patients.

The fallacy of DAS28-defined remission
For RA, a state of remission should be associated with 
three qualities: normalization (in early disease) or opti-
mization (in patients with substantial damage) of physical 
function and quality of life; halt of damage progression; 
and prevention of inflammation- related comorbidities. 
These qualities are fulfilled by use of the ACR- EULAR 
remission criteria, but are not fulfilled to the same extent 
for the DAS28 remission criteria, neither in terms of 
residual joint swelling nor regarding physical function, 
joint damage, quality of life or comorbidities2,4,5. Owing 
to the metrics of the formulae, DAS28-based definitions 
of remission allow for residual disease activity. Using  
a remission cutoff point lower than 2.6 (for example, a  
threshold of 2.0)1 reduces the proportion of patients with  
residual disease activity, but does not circumvent the 
fact that many of these patients still have many resid-
ual swollen joints3. Joint swelling is strongly associated 
with progression of joint damage and, consequently,  
irreversible disability in the longer term.

Whereas it is clear from the DAS28 formulae that 
the TJC has double the weight of the SJC, it is less obvi-
ous that CRP and ESR contribute substantially to the 
score3, which leads to different therapies having remark-
ably distinct effects on DAS28. As shown in Fig. 1 and 
detailed in the Supplementary Information, agents 
that inhibit IL-6 pathways confer higher frequencies 
of DAS28-based remission than of ACR70 responses, 
which is counterintuitive since, logically, remission 
(which corresponds to 90–100% improvement) should 
not be more frequent than 70% improvement; in some 
trials (for example, the RADIATE trial of tocilizumab), 
more patients have fulfilled DAS28-based remission 
than ACR50 responses. This paradox is not observed 
with use of drugs that do not directly or indirectly target 
IL-6 pathways (Fig. 1 and Supplementary Information).

Another peculiarity relates to the comparison of 
DAS28-ESR and DAS28-CRP. Usually, these two scores 
are quite well aligned; however, JAK inhibitors normal-
ize CRP at the group level but unlike IL-6R blockers they 
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do not normalize ESR. Thus, when remission is defined 
as DAS28-CRP <2.6, it is achieved almost four times as 
frequently as when it is defined as DAS28-ESR <2.6 in 
trials of JAK inhibitors6.

Defining true remission
Another aspect related to remission is the pursuit of 
‘subclinical’ synovitis. This concept is based on the 
detection of signals compatible with inflammation when 
using imaging modalities, such as ultrasonography or 
MRI, to assess joints in patients that fulfil remission 
criteria7. Most of these imaging studies used a DAS28-
based definition of remission, which is known to be 
often accompanied by high SJCs3. Thus, a large pro-
portion of patients studied in these investigations had 
substantial residual clinical disease activity. Accordingly, 
a study evaluating histopathology and gene expression 
in patients with DAS28-defined remission7 found, 
unsurprisingly, residual abnormalities reflecting active  
disease on a tissue and molecular level. It is disappoint-
ing that time- consuming research activities have ignored 
remission criteria that reflect true remission1.

Regarding tapering of drug therapy, EULAR recom-
mends that biological DMARDs (bDMARDs) should be 
tapered once sustained remission is achieved. However, 
flares frequently occur if bDMARDs are tapered in patients 
who do not exhibit ‘deep’ remission, that is, very low 
DAS28 (<2.0 or even <1.8)8, while flares are rare in patients 
with remission defined using the ACR-EULAR index  
definitions, which thus already reflect ‘deep’ remission9.

The European Medicines Agency and the FDA have 
recognized the shortcomings of the DAS28-based defini-
tion of remission in their latest guidance documents for 
RA clinical trials, with the FDA referring to DAS28 <2.6 
as ‘low disease activity’10.Thus, although we are aware 
that changing habits is a challenge, one wonders when 
clinicians will stop using DAS28-defined ‘remission’ as a 
target in clinical practice and when companies will cease 
using this criterion to define ‘remission’ in clinical trials. 

It is time to either stop misusing the term remission or 
abandon definitions that do not reflect the actual mean-
ing of this term. Only then will the clinical and research 
objectives regarding remission be accomplished.
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Fig. 1 | Distinct effects of different therapies on DAS28-defined remission. As shown in numerous clinical trials, drugs 
that inhibit the IL-6 pathway confer higher rates of 28-joint disease activity score (DAS28)-defined remission than ACR50 
and ACR70 responses, owing to the effects of these therapies on acute phase reactants independent of clinical 
improvement. Such differences are not seen in trials of drugs with non- IL-6 targets. References for these well- known 
studies and details of the data used to compile this graph are provided in the Supplementary Information. DAS28-CRP, 
DAS28 with C- reactive protein concentration; DAS28-ESR , DAS28 with erythrocyte sedimentation rate.
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The Gout, Hyperuricaemia and 
Crystal-Associated Disease Network 
(G-CAN) has issued a consensus 
statement presenting recommended 
labels and definitions for the disease 
states of gout. The publication is 
the culmination of an international 
project aimed at addressing the 
lack of standardization in the 
terminology used to describe 
the disease.

The first phase of the G-CAN 
gout nomenclature project resulted 
in the publication of a consensus 
statement that provided labels and 
definitions for the disease elements 
of gout, including ‘serum urate’, 
‘hyperuricaemia’, as well as clinical 
elements, such as ‘gout flare’, ‘chronic 
gouty arthritis’ and ‘subcutaneous 
tophus’, and imaging elements such 
as ‘gouty bone erosion’. Building on 
these results, the second, current 
stage of the project aimed to reach 
consensus on the nomenclature of 
the disease states of gout, defined as 
“a clinically meaningful cluster of the 
presence, or absence, of two or more 
disease elements”.

“The nomenclature provides 
an important framework for how 
disease elements and disease states 

of gout should be represented in 
the literature,” says corresponding 
author David Bursill. “We hope it will 
promote consistency in the language 
used to describe gout.”

The work to establish labels and 
definitions of gout disease states 
involved a content analysis of the 
literature to identify the language 
currently used, followed by a Delphi 
exercise and a face-to-face consensus 
meeting aimed at reaching agreement 
on nomenclature. “This project 
was an international collaboration 
and was able to bring together 
the opinions of a large number of 
rheumatologists and non-clinician 
researchers with a particular interest 
in gout,” reports Bursill. “The use  
of online surveys to conduct the 
Delphi component was successful  
in collating and processing the  
input from a large number of 
contributors, and the face-to-face 
meeting allowed us to refine the 
final nomen clature, which is 
comprehensive and succinct.”

The analysis of gout-related and 
hyperuricaemia-related literature 
identified 13 disease states, which 
were then categorised as preclinical 
states, clinical states or states 
describing the disease course of 
gout. “We found that preclinical 
states were poorly represented in the 
literature despite this being an area of 
increasing interest, particularly with 
improved detection of asymptomatic 
crystal deposition through advanced 
imaging,” Bursill comments. “Terms 
describing states of high disease 
activity were common but non-
specific, and those that described 
low disease activity were rare. Terms 
describing the disease course of gout 
were also non-specific, with labels 
such as ‘early gout’ or ‘longstanding 
gout’ commonly used.”

Following the Delphi exercise 
(involving 76 respondents) and the 

face-to-face meeting (35 attendees), 
eight of the disease states identified  
in the literature analysis were 
deemed meaningful — that is, 
having important implications for 
disease management or prognosis, 
or both. Consensus agreement 
was then reached on the labels and 
definitions for these eight disease 
states. The G-CAN endorsed labels 
include ‘asymptomatic hyper-
uricaemia’, ‘asymptomatic mono-
sodium urate crystal deposition’, 
‘asymptomatic hyperuricaemia 
with monosodium urate crystal 
deposition’, ‘gout’, ‘tophaceous gout’, 
‘erosive gout’, ‘first gout flare’ and 
‘recurrent gout flares’.

Bursill highlights that the 
terms were chosen not only for 
their accuracy, but also to convey 
important concepts in gout 
aetiology, pathogenesis and clinical 
presentation. “The most important 
result was the consensus definition 
for the term ‘gout’. Rather than 
just the presence of monosodium 
urate crystals, ‘gout’ should only 
be used when there are current or 
prior clinical symptoms or signs 
of monosodium urate crystal 
deposition,” he explains.

G-CAN intends for the consensus 
labels to be used in the scientific 
literature and in clinical settings.  
“This nomenclature needs to be 
widely distributed to those involved 
in the clinical care of patients with 
gout or to those researching this 
disease,” says Bursill. “We hope that a 
consistent, accurate and informative 
nomenclature will facilitate 
communication in all aspects related 
to gout.”

Sarah Onuora
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Improving how we talk about gout

OriGinal arTicle Bursill, D. et al. 
Gout, Hyperuricaemia and Crystal-Associated 
Disease Network (G-CAN) consensus statement 
regarding labels and definitions of disease states 
of gout. Ann. Rheum. Dis. https://doi.org/10.1136/
annrheumdis-2019-215933 (2019)
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OriGinal arTicle Noval Rivas, M. et al. 
Intestinal permeability and IgA provoke immune 
vasculitis linked to cardiovascular inflammation. 
Immunity 51, 508–521.e6 (2019)

Observations in patients and 
experiments in a well-established 
mouse model suggest that Kawasaki 
disease could be a form of IgA 
vasculitis, in which increased gut 
permeability leads to leakage of 
secretory IgA (sIgA) and sIgA–C3 
immune complex deposition in 
cardiovascular lesions. The findings, 
published in Immunity, also demon-
strate a role for IL-β in driving 
intestinal permeability, and suggest 
that targeting mucosal barrier 
dysfunction or the IL-β pathway 
could have therapeutic potential 
in Kawasaki disease and related 
IgA-mediated diseases.

“The role of gut-related 
immunity in the induction of 
inflammation in organ systems 
distant to the gut has been the 
subject of intensive investigation,” 
explains corresponding author 
Moshe Arditi. “Here, we demon-
strated that changes in intestinal 
permeability are closely correlated 
with the development of disease  
in distant organ systems.”

The investigators observed that 
mice injected with Lactobacillus 
casei cell wall extract (LCWE), 
which develop disease features 
similar to those of Kawasaki disease, 
had impaired intestinal barrier 
function, abnormal expression of 
tight-junction proteins in the small 
intestine and gut–vascular barrier 
dysfunction. Serum concentrations 
of sIgA and IgA deposition in the 
heart and abdominal aortic lesions 
were increased in LCWE-injected 
mice as compared with PBS-injected 
control mice. The study also revealed 
that the complement protein C3  
and IgA form an immune complex 
that deposits in the vascular tissues 
and kidney glomeruli of mice  
with LCWE-induced Kawasaki 
disease vasculitis, phenotypically 
reminiscent of IgA vasculitis and  
IgA nephropathy.

Notably, sIgA concentrations 
were also increased in serum from 
paediatric patients with acute-phase 
Kawasaki disease (compared with 

febrile patients without Kawasaki 
disease) not yet treated with intra-
venous immunoglobulin (IVIG),  
and these patients also had signs  
of intestinal barrier dysfunction  
and systemic inflammation.

Consistent with the notion  
that Kawasaki disease could be a 
form of IgA vasculitis involving  
a gut–vascular axis, pharmacological 
blockade of intestinal permeability 
(with the zonulin inhibitor AT1001 
or the myosin light chain inhibitor 
ML-7) reduced serum sIgA 
concentrations, IgA tissue deposition 
and cardiovascular pathology in 
LCWE-injected mice.

IVIG is known to prevent 
cardiovascular lesions in Kawasaki 
disease but the underlying mechan-
isms are unclear. In LCWE-injected 
mice, IVIG administration decreased 
gut permeability and prevented 
cardiovascular lesions, effects that 
were accompanied by reduced 
serum sIgA concentrations and 
IgA deposition in vascular tissues, 
suggesting that improved gut  
barrier function might contribute  
to the therapeutic effects of IVIG  
in Kawasaki disease.

“Using genetic and pharma-
cologic inhibition of IL-1β  
signalling, we demonstrated that 
IL-1β lay upstream of disrupted 
intestinal barrier function, subse-
quent IgA vasculitis development  
and cardiac inflammation,”  
adds Arditi.

Together, the findings provide 
a mechanistic link between the 
gastrointestinal symptoms  
observed in patients with Kawasaki 
disease, such as abdominal pain 
and diarrhea, and intestinal barrier 
dysfunction, and suggest potential 
new treatment targets for Kawasaki 
disease as well as other diseases 
such as IgA vasculitis and IgA 
nephropathy.

Sarah Onuora
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Is Kawasaki disease a 
form of IgA vasculitis?
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Complement activation precedes classifiable SLE
A cross- sectional and prospective study found that blood 
samples from patients with probable systemic lupus 
erythematosus (pSLE) but not meeting ACR classification 
criteria (n = 92) are more frequently positive for cell- bound 
complement activation products (CB- CAPs), measured either 
directly (28%) or within a multi- analyte assay panel (MAP; 40%), 
than for low serum complement levels (9%). A MAP score >0.8 
at enrolment predicted transition from pSLE to classifiable SLE 
within 18 months, and was a better predictor of this transition 
than other serum biomarkers assessed in the study, including 
anti- dsDNA antibody positivity and low complement levels.
OriGinal arTicle Ramsey- Goldman, R. et al. Complement activation occurs in patients 
with probable systemic lupus erythematosus and may predict progression to ACR classified 
SLE. Arthritis Rheumatol. https://doi.org/10.1002/art.41093 (2019)

 c l i n i c a l  T r i a l S

LLDAS is an attainable SLE treatment target
The findings of an international prospective cohort study 
validate the lupus low disease activity state (LLDAS) as a 
treat-to-target endpoint for systemic lupus erythematosus 
(SLE). In the study, which followed 1,707 adults with SLE for  
a mean of 2.2 years, attainment of LLDAS at any time point  
was associated with protection from accrual of irreversible  
end- organ damage (0.59, 0.45–0.76; P < 0.0001) and disease 
flares (hazard ratio 0.65, 95% CI 0.56–0.75; P < 0.0001). 
Cumulative time in LLDAS and increased durations of  
sustained LLDAS were also associated with reduced risk of 
damage accrual.
OriGinal arTicle Golder, V. et al. Lupus low disease activity state as a treatment 
endpoint for systemic lupus erythematosus: a prospective validation study. Lancet Rheumatol. 
https://doi.org/10.1016/S2665-9913(19)30037-2 (2019)

 S Y S T e M i c  l U P U S  e rY T H e M aTO S U S

A new model to study BAFF- independent SLE
In a new experimental model of systemic lupus erythematosus 
(SLE), lupus- prone mice with genetic deficiency of B cell 
activating factor (BAFF) can still develop full-blown disease. 
The NZM.Baff–/– mice express a human BCL2 transgene (Tg) 
in their B cells, thus preserving B cell survival largely 
independent of BAFF- triggered signals. In NZM.Baff–/–BCL2Tg 
mice, immunological, serological and clinical features of 
SLE developed more rapidly than in NZM wild- type mice.  
This model could help explain why some patients with SLE  
fail to respond to anti- BAFF therapy.
OriGinal arTicle Stohl, W. et al. Development of murine systemic lupus erythematosus 
in the absence of BAFF. Arthritis Rheumatol. https://doi.org/10.1002/art.41097 (2019)

 P S O r i aT i c  a rT H r i T i S

Novel cytokine, IL-41, linked with PsA
The immunoregulatory cytokine IL-41 (also known as meteorin- 
like protein) is expressed at high levels in the synovium of 
patients with psoriatic arthritis (PsA), compared with patients 
with osteoarthritis (OA). IL-41 is also present at the enthesis,  
the primary inflammatory site of PsA, where it is produced 
primarily by entheseal stromal cells. Expression of IL-41 by 
entheseal stromal cells can be further induced by stimulation 
with IL-17A/F and TNF. The functional effects of IL-41 in 
psoriatic inflammation remain unclear.
OriGinal arTicle Bridgewood, C. et al. The novel cytokine Metrnl/IL-41 is elevated in 
psoriatic arthritis synovium and induced at the enthesis. Clin. Immunol. 208, 108253 (2019)
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Importantly, the proportion 
of circulating CD163+ DC3s 
(consisting of the aforementioned 
CD5−CD163+CD14+ cells  
and CD5−CD163+CD14−cells) 
correlated with disease activity 
in these patients. Furthermore, 
RNA-sequencing analysis found 
that many interferon-stimulated 
genes, including genes encoding 
inflammatory cytokines, were 
upregulated in circulating CD163+ 
DC3s from patients with SLE.

Unravelling the heterogeneity  
of DC subpopulations could  
help in the development of  
therapies for diseases such as  
SLE. “We next aim to target 
(eliminate or modulate) CD14+ 
DC3s in SLE and several other 
inflammatory and autoimmune 
diseases,” says corresponding author 
Florent Ginhoux.

Jessica McHugh

OriGinal arTicle Dutertre, C.-A. et al. 
Single-cell analysis of human mononuclear 
phagocytes reveals subset-defining markers and 
identifies circulating inflammatory dendritic cells. 
Immunity 51, 573–589.e8 (2019)
relaTed arTicle Cheung, P. et al. Single-cell 
technologies — studying rheumatic diseases one 
cell at a time. Nat. Rev. Rheum. 15, 340–354 (2019)

the proportion 
of circulating 
CD163+  
DC3s … 
correlated 
with disease 
activity

C
re

di
t:

 S
pr

in
ge

r N
at

ur
e 

Li
m

it
ed

Various subsets of dendritic cells 
(DCs) and monocytes exist that 
have overlapping phenotypes and 
functions, but delineating these 
subsets without ambiguity is a 
challenge. In a new study aimed 
at distinguishing monocytes from 
type 2 conventional DCs (cDC2s), 
researchers have identified a subset 
of cDC2s that is expanded in the 
blood of patients with systemic lupus 
erythematosus (SLE) and could 
be functionally involved in SLE 
immunopathology.

“We created a pipeline named 
InfinityFlow that, through machine 
learning-based methods, enabled 
us to generate high-dimensional 
protein expression data at the single 
cell level”, explains Evan Newell, an 
author on the study. “Integrating 
these data allowed us to clarify grey 
zones in the definition of human 
blood mononuclear myeloid cell 
subsets (DCs and monocytes)”.

The researchers identified markers 
that could distinguish monocytes 
(CD88 and CD89) from cDC2s 
(HLA-DQ and FcεRIα) and further 
subdivide cDC2s into four pheno-
typically and functionally distinct 
subsets (on the basis of the expression 
of CD5, CD163 and CD14). One of  
the subsets, CD5−CD163+CD14+ cells  
(also referred to as inflammatory 
CD14+ DC3s), was increased in the  
blood of patients with SLE compared  
with the blood of patients with systemic 
sclerosis or healthy individuals.

 S Y S T e M i c  l U P U S  e rY T H e M aTO S U S

Newly defined pro-inflammatory 
DC subset expanded in SLE

carrying 
DERAA+ 
chimeric cells 
increased 
the risk of 
developing RA 
by 17-fold

Specific sequences within HlA alleles 
can either increase risk of or protect 
against rheumatoid arthritis (RA).  
In addition to mendelian inheritance, 
HlA alleles can also be passed between 
mother and child during pregnancy via 
chimeric cells in a phenomenon known 
as microchimerism.

“HLA-DRB1 alleles that encode the 
five amino acid sequence ‘DeRAA’ are 
associated with protection against RA 
when present in an individual’s own 
genotype, yet in a previous study, RA 
prevalence was increased in women who 
had given birth to children with DeRAA+ 
HlA prior to disease onset,” explains 
Sami Kanaan, corresponding author  
of a new microchimerism study.

To investigate this paradox, Kanaan  
and colleagues measured the presence  
of DeRAA+ chimeric cells in the blood of  
both women with new-onset RA and 
healthy women, all of whom were 
DeRAA−/−. In this cohort, women with RA 

were more likely to have DeRAA+  
chimeric cells than healthy women. In 
fact, carrying DeRAA+ chimeric cells 
increased the risk of developing RA  
by 17-fold.

“Another previous study had 
reported the DeRAA sequence 
in microbial proteins, and the 
presence of DERAA-directed T cells 
in DeRAA−/− individuals that had the 
potential to cross-react with other 
synovium-expressed endogenous 
proteins containing DeRAA, and 
thereby lead to RA,” says Kanaan. 
“We reasoned that DeRAA+ chimeric 
cells could act in a similar way to 
microbial proteins and modelled a 
microchimerism scenario in vitro.”  
In this model, DeRAA+ allogeneic  
cells elicited a response from CD4+ 
T cells from DERAA−/− patients with RA 
or healthy individuals, suggesting that 
chimeric cells can stimulate adaptive 
immune responses involved in RA.

“our study indicates a specific 
mechanistic link between naturally 
acquired allogeneic cells and an 
autoimmune disease for the first time, 
following much prior research that 
has implicated microchimerism in 
autoimmunity by association, but has 
offered little insight into the underlying 
mechanism(s),” concludes Kanaan.

Joanna Collison
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Protective genes become harmful when 
shared via pregnancy

OriGinal arTicle Kanaan, S. B. et al. 
Immunogenicity of a rheumatoid arthritis 
protective sequence when acquired through 
microchimerism. Proc. Natl Acad. Sci. USA  
https://doi.org/10.1073/pnas.1904779116 (2019)
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the T cells 
… had a 
hyperactive 
phenotype and 
produced pro- 
inflammatory 
cytokines

The RNA-binding protein serine/
arginine-rich splicing factor 1 
(SRSF1) restrains T cell hyperactivity 
and systemic autoimmunity in 
systemic lupus erythematosus  
(SLE), according to a new study.  
The researchers found that in T cells, 
SRSF1 suppres ses the activity of the 
mecha nistic target of rapamycin 
(mTOR) pathway by promoting  
the expression of PTEN (a negative 
regulator of the mTOR pathway),  
but that this braking system is 
potentially dysregulated in SLE.

“Patients with SLE and other 
autoimmune diseases have an 
overactive immune response,” 
explains corresponding author 
Vaishali Moulton. “Defects in 
signalling and gene regulation  
in T cells from patients with  
SLE are linked to the hyperactive 
phenotype of these cells, which 
makes them produce high  
amounts of aberrant inflammatory 
cytokines.”

Previous findings had implicated 
SRSF1 in T cell dysfunction in SLE. 

To investigate this link further,  
the researchers generated mice  
with T cell-specific deletion of  
Srsf1. The mice developed  
systemic autoimmunity, as indicated 
by the presence of circulating  
SLE-associated autoantibodies  
and kidney disease resembling  
lupus nephritis.

Notably, the T cells from these 
mice had a hyperactive phenotype 
and produced pro-inflammatory 
cytokines (including IL-17, IL-4  
and IFNγ). Furthermore, the activity 
of mTOR was increased in these cells, 
whereas the expression of PTEN was 
downregulated. Using a luciferase 
report assay, the researchers found 
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Putting the brakes on T cell hyperactivity in SLE

that SRSF1 post-transcriptionally 
controlled the expression of PTEN.

Treatment with rapamycin, an 
mTOR pathway inhibitor, reduced 
the production of pro-inflammatory 
cytokines by SRSF1-deficient T cells  
in vitro. Furthermore, rapamycin 
treatment reduced serum auto-
antibodies titres and inhibited  
T cell infiltration into the kidneys  
in SRSF1-deficient mice.

Interestingly, T cells from  
patients with SLE expressed low 
levels of PTEN that correlated 
with low levels of SRSF1. Transient 
transfection of T cells from patients 
with SLE with an SRSF1-expressing 
vector increased the expression of 
PTEN, reduced the activity of mTOR 
and decreased the production of 
IL-17 and IFNγ.

“These findings open up an 
exciting unexplored avenue for  
future studies and could pave the path 
for new molecules and pathways as 
targets for therapy or biomarkers,” 
concludes Moulton.

Jessica McHugh

OriGinal arTicle Katsuyama, T. et al. Splicing 
factor SRSF1 controls T cell hyperactivity and 
systemic autoimmunity. J. Clin. Invest. https://doi.
org/10.1172/JCI127949 (2019)
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OriGinal arTicle Singh, A. K. et al. 
Suppression of monosodium urate crystal-induced 
inflammation by inhibiting TGF-β-activated kinase 
1-dependent signaling: role of the ubiquitin 
proteasome system. Cell. Mol. Immunol. https://
doi.org/10.1038/s41423-019-0284-3 (2019)
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In gout, monosodium urate (mSu) 
crystals trigger Il-1β production, but 
exactly how mSu crystals mediate this 
process is not well understood. A new 
study suggests that mSu crystals can 
stimulate inflammation by interacting 
with transforming growth factor-β- 
activated kinase 1 (TAK1; also known 
as mAP3K7), which regulates the 
expression of several pro-inflammatory 
cytokines including Il-1β and TNf.

“Studies so far have emphasized 
the primary role of the NlRP3 inflam-
masome in mSu crystal-induced 
inflammation,” explains correspond-
ing author Salah Ahmed. “This is the 
first study to identify the molecular 
and post-translational mechanisms 
 triggered by mSu crystals in macro-
phages and to propose TAK1 as a 
potential therapeutic target for gout.”

In vitro studies in THP-1 macro-
phages and human monocyte-derived 

macrophages revealed that mSu  
crystals could activate proteins 
involved downstream in the Il-1β  
signalling pathway (including TAK1) 
without the need for Il-1β itself. 
Further in vitro investigations 
showed that mSu crystals  
also modulated protein 
ubiqui tination  
and the expression 
of  deubiquitination 
enzymes, thereby  
accelerating pro- 
inflammatory cytokine 
production.

In THP-1 macro-
phages, admini-
stration of the TAK1  
inhibitor 5Z-7-oxozeaenol 
(5Zo) suppressed mSu 
crystal-induced production of 
pro-inflammatory cytokines, 
including Il-1β. molecular 

dynamics simulations revealed that 
urate molecules can directly bind  
to TAK1 and arrest the kinase in  
an  activated state, potentially  
explaining the effects of mSu crystals 
on TAK1.

In mice with mSu crystal-induced 
inflammation (a model for gout), 
administration of 5Zo prior to  
disease onset inhibited inflammation 
and reduced disease severity to a  
level comparable with that induced  
by the urate-lowering therapy 
febuxostat.

“our plan is to extend these findings 
into macrophages from patients  
with gout to further validate the 
mechanism in a clinical population,” 
says Ahmed. “These findings might 
also be applied in other autoimmune 
diseases where Il-1β has a central role,” 
he suggests.

Joanna Collison
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The term big data has a variety of definitions 
and has been used for many years by many 
disciplines, including genetics, epidemiology 
and environmental research. For the first 
time, recommendations have now been put 
forward by a EULAR task force for the use of 
big data in the field of rheumatology1. These 
guidelines are likely to be an important tool 
for rheumatology researchers, but do they 
go far enough in addressing the possibilities  
for interdisciplinary collaboration that big 
data present?

In their article, Gossec et al.1 touch on three  
main aspects of big data: ethics; the potential 
role of big data in transversal thinking; and 
the benefits that big data might bring to peo
ple with rheumatic diseases. The task force 
then develop 10 points to be considered in the  
future for the use of big data in healthcare 
and research, including issues around indivi
dual data privacy, data collection and storage, 
access to findings, validation and training. 
One interesting statement that is made  
early on in the article by Gossec et al.1 is that  
no other academic society has developed 
guidelines on this topic. This point naturally 
leads to the question of why such guidelines 
have not been produced by other clini cal 
disciplines? Although interdisciplinarity 
and transversal thinking are recognized as 
important by Gossec et al.1, they are given 
little attention in an article that only really 
considers the possibility of studies and pro
jects within the field of rheumatology. Why 
only rheumatology? Why not all medi cal 

to interdisciplinary collaboration. Indeed, 
towards the end of the article recognition 
is given to the fact that any guideline on 
the subject of big data cannot be specific 
for rheumatic and musculoskeletal disease 
alone, which is considered a limitation of the 
current guidelines by the authors1. Perhaps a 
point on the research agenda could have been 
made about reaching out to other medical 
specialties and academic societies as part of 
collaborative efforts. Alternatively, the topic 
of collaboration could have been included in 
discussions of training, thereby looking to the 
future of medicine and the next generation  
of scientists.

For now, the importance of this article1 
lies in the teaching it provides to rheumatol
ogists about big data and its potential uses 
in research and clinical practice (albeit in a 
monodisciplinary way), as well as the reality 
of the ethical and data privacy requirements 
that research is currently subjected to. Issues 
around data storage are particularly impor
tant, as are those around public access to data. 
In fact, public access to data was the point of 
discussion with the least consensus among the 
members of the task force1, understandably 
so owing to the implications for publishing  
research. However, it is important to remem
ber that access to data deposited online can be 
temporarily restricted. Nevertheless, it is funda
mental that data should be accessible within  
a short time frame once stored in a platform  
such as the EU storage platform ELIXIR3 so 
that it can be subjected to new critical think
ing. In fact, a point not considered in the article  
by Gossec et al.1 that should be is the sustain
ability of data (and possibly samples), which 
is becoming an important subject for research 
and repositories funded by the EU4.

Additionally, it is the hype surrounding 
the use of machine learning in studies that 
makes this article1 particularly relevant for 
the rheum atology community. Several aspects 
of such studies are extremely important to 
consider, including: the validation and con
firmation of results with large, independent 
data sets; the need for large amounts of data 

specialties, together with the many other dis
ciplines that promote broad learning and crit
ical thinking? Input from such diverse areas 
might help researchers to attain knowledge 
that can be otherwise limited by the influence 
that their education or their role in medicine, 
science or even society has on the way that 
they approach problems.

For example, in the near future, the tradi
tional clinical view of disease might be sup
plemented by information gained from fields 
such as molecular and cellular genomics. 
Indeed, attempts are already being made to 
push the limits of clinical medicine2. A clin
ical diagnosis cannot incorporate the spec
trum of possibilities that is offered by the use 
of big data and, more importantly, big data 
from molecular and cellular genomics might 
provide the opportunity to recognize dis
ease before it becomes clinically classifiable.  
In short, we should imagine the possibility of 
predicting if and when an individual might 
develop a disease (rheumatic, musculoskeletal 
or inflammatory) regardless of the organ or 
tissue affected. Big data has enormous poten
tial in this context, but study design will be 
crucial, as will the use of clinical records and 
laboratory information, both old and new.

Although the discussion of transversal 
think ing and thinking outside the box is brief 
and limited in the article by Gossec et al.1  
(and not present in the final proposed research  
agenda), this article is an important start
ing point for discussions and debates on 
this topic, and tentatively opens the door 
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Big data: the opportunity to 
think outside the discipline
Marta E. Alarcón-Riquelme   

EUL AR has published points to consider for the use of big data in 
rheumatology research that open up discussions and debates that are 
necessary and important, but are they missing the opportunities presented 
by cross-discipline collaboration to expand our perspective of disease 
beyond what is clinically visible?

Refers to Gossec, L. et al. EULAR points to consider for the use of big data in rheumatic and musculoskeletal diseases. 
Ann. Rheum. Dis. https://doi.org/10.1136/annrheumdis-2019-215694 (2019)
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to attain statistically significant results; the 
number of samples that need to be collected 
to reach a result that can be considered valu
able; and even how implementable the model 
is in clinical practice. These points need to be 
contrasted with the proliferation of studies 
with small amounts of data, in which overfit
ting (when a training model statistically fits 
the data exceedingly well because of random 
fluctuations and noise) is a problem that can 
lead to overestimated conclusions5. Large 
amounts of data require adequate funds, but 
also adequate time for careful study design 
— design that cannot be limited to rheuma
tology clini cians or health professionals (who 
provide necessary knowledge of the diseases), 
but that should also include clinicians from 
other areas. I believe that such collaboration 
across medical specialties is a fundamental 
aspect of big data research that needs to be 
considered, and that medical societies can 
do more to promote. New programmes from 
the EU, such as the Innovative Medicines 
Initiative Joint Undertaking Programme 2, 
are already moving in this direction6, partly 
because the generation of molecular data is 
often not specific for a particular medical 
specialty or disease, and also partly because 
funding is limited. Such thinking across dif
ferent diseases is not only important because 
evidence suggests that diseases are more  
alike than is apparent clini cally5, but also 
because resources are limited and we have to 
make the best use of them.

Large projects are currently producing 
vast amounts of data and, in the clinic, data 
is available in the form of digitized records 
and applications, some of which are used 
or designed by large multinational techno
logy companies, such as the health apps on  
smart phones. Transparency is needed 
around the use of such data, especially in 
light of the General Data Protection Regu
lation (GDPR), which came into being to help  
regulate data privacy. The need for infor
mation on data platforms, the importance  
of the methods used for data analysis and, as 
previously mentioned, the importance of the 
validation of the findings, are paramount for 
maintaining a high standard of quality in big 
data projects.

To answer the question posed at the start 
of this article around why other clinical soci
eties have not produced similar guidelines, 
it could be one of many reasons. Such a task 
requires vision, understanding of the needs 
of clinicians and the will to organize and lead 
a project, all of which can pose challenges. 
EULAR has taken an important initiative in 
commissioning these guidelines1, and the 
task force has done a very good job in work
ing on the points to consider and setting up 

classification: an international collaboration. Arthritis 
Care Res. 4, 571–581 (2016).

3. ELIXIR. ELIXIR Data Platform. Elixir-europe.org https://
www.elixir-europe.org/platforms/data (2017).

4. Kinkorová, J. & Topolčan, O. Biobanks in Horizon 
2020: sustainability and attractive perspectives. 
EPMA J. 9, 345–353 (2018).

5. Barturen, G. et al. Moving towards a molecular 
taxonomy of autoimmune rheumatic diseases.  
Nat. Rev. Rheumatol. 14, 75–93 (2018).

6. Innovative Medicines Initiative. Immune diseases and 
machine learning feature in new IMI Call for proposals. 
Imi.europa.eu https://www.imi.europa.eu/news-events/
press-releases/immune-diseases-and-machin
e-learning-feature-new-imi-call-proposals (2018).
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a research agenda. However, it will be much 
better if other societies follow their example 
so that discussion across disciplines can take 
place in the future.
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IL7 is a cytokine that is wellknown for its 
lymphopoietic function. In humans, IL7 
receptor (IL7R) deficiency affects T cell 
lymphopoiesis and is associated with reduced 
T celldependent B cell activity1. Over the 
past few decades, a role for IL7 in immune 
reactions against infections and tumours 
has emerged, as has a contribution of IL7 
to the immunopathogenesis of numerous 
autoimmune rheumatic diseases1. The list of 
IL7R+ cells that can contribute to disease in 
response to IL7 is growing. Whereas previ
ous studies have shown IL7 to be involved 
in T  celldependent immune responses 
in several disease models1, a new study by 
Kim et al.2 suggests a role for IL7 in innate 
immune responses.

In their study, Kim et al.2 demonstrate 
that IL7 contributes to arthritis in a T cell 
independent manner by using RAGdeficient 
mice, which lack T cells and B cells. In this 
IL7mediated model of arthritis, IL7R+ 

syno vial macrophages were strongly asso
ciated with joint inflammation, and IL7 
enhanced inflammation and osteoclastogen
esis in the absence of T cells and B cells. 
In vitro, lipo polysaccharide (LPS)primed 
macrophages expressed IL7R, rendering 
them responsive to IL7, which increased 
their production of TNF, IL6, CCchemokine 
ligand 2 (CCL2) and CCL5. These results2 
support previous data showing that IL7R 
expression on monocytes and macrophages 
strongly correlates with disease activity scores 
in patients with rheumatoid arthritis (RA), 
and that IL7 mediates myeloid cell chemo
taxis3. The increase in IL7R+ monocytes and 
macrophages that occurs in several inflamma
tory diseases (such as RA and primary Sjögren 
syndrome (pSS)) might therefore contribute 
to IL7mediated immunopathology.

An unsolved question from the study 
by Kim et al.2 is whether other innate cells, 
such as plasmacytoid dendritic cells (pDCs) 

 A U TO I M M U N I T Y

Do IL-7 R+ innate cells 
orchestrate autoimmune 
pathology?
Anneline C. Hinrichs    and Joel A. G. van Roon

Immunopathology in autoimmune diseases is promoted by complex 
interactions between many types of immune cells, and adequate disease 
inhibition relies on targeting molecules that orchestrate these 
interactions. One such molecule, IL-7 , has well-known effects on lymphoid 
cells, but could this cytokine also affect innate immune cells to induce 
immunopathology?
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to attain statistically significant results; the 
number of samples that need to be collected 
to reach a result that can be considered valu
able; and even how implementable the model 
is in clinical practice. These points need to be 
contrasted with the proliferation of studies 
with small amounts of data, in which overfit
ting (when a training model statistically fits 
the data exceedingly well because of random 
fluctuations and noise) is a problem that can 
lead to overestimated conclusions5. Large 
amounts of data require adequate funds, but 
also adequate time for careful study design 
— design that cannot be limited to rheuma
tology clini cians or health professionals (who 
provide necessary knowledge of the diseases), 
but that should also include clinicians from 
other areas. I believe that such collaboration 
across medical specialties is a fundamental 
aspect of big data research that needs to be 
considered, and that medical societies can 
do more to promote. New programmes from 
the EU, such as the Innovative Medicines 
Initiative Joint Undertaking Programme 2, 
are already moving in this direction6, partly 
because the generation of molecular data is 
often not specific for a particular medical 
specialty or disease, and also partly because 
funding is limited. Such thinking across dif
ferent diseases is not only important because 
evidence suggests that diseases are more  
alike than is apparent clini cally5, but also 
because resources are limited and we have to 
make the best use of them.

Large projects are currently producing 
vast amounts of data and, in the clinic, data 
is available in the form of digitized records 
and applications, some of which are used 
or designed by large multinational techno
logy companies, such as the health apps on  
smart phones. Transparency is needed 
around the use of such data, especially in 
light of the General Data Protection Regu
lation (GDPR), which came into being to help  
regulate data privacy. The need for infor
mation on data platforms, the importance  
of the methods used for data analysis and, as 
previously mentioned, the importance of the 
validation of the findings, are paramount for 
maintaining a high standard of quality in big 
data projects.

To answer the question posed at the start 
of this article around why other clinical soci
eties have not produced similar guidelines, 
it could be one of many reasons. Such a task 
requires vision, understanding of the needs 
of clinicians and the will to organize and lead 
a project, all of which can pose challenges. 
EULAR has taken an important initiative in 
commissioning these guidelines1, and the 
task force has done a very good job in work
ing on the points to consider and setting up 
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IL7R+ cells that can contribute to disease in 
response to IL7 is growing. Whereas previ
ous studies have shown IL7 to be involved 
in T  celldependent immune responses 
in several disease models1, a new study by 
Kim et al.2 suggests a role for IL7 in innate 
immune responses.

In their study, Kim et al.2 demonstrate 
that IL7 contributes to arthritis in a T cell 
independent manner by using RAGdeficient 
mice, which lack T cells and B cells. In this 
IL7mediated model of arthritis, IL7R+ 

syno vial macrophages were strongly asso
ciated with joint inflammation, and IL7 
enhanced inflammation and osteoclastogen
esis in the absence of T cells and B cells. 
In vitro, lipo polysaccharide (LPS)primed 
macrophages expressed IL7R, rendering 
them responsive to IL7, which increased 
their production of TNF, IL6, CCchemokine 
ligand 2 (CCL2) and CCL5. These results2 
support previous data showing that IL7R 
expression on monocytes and macrophages 
strongly correlates with disease activity scores 
in patients with rheumatoid arthritis (RA), 
and that IL7 mediates myeloid cell chemo
taxis3. The increase in IL7R+ monocytes and 
macrophages that occurs in several inflamma
tory diseases (such as RA and primary Sjögren 
syndrome (pSS)) might therefore contribute 
to IL7mediated immunopathology.

An unsolved question from the study 
by Kim et al.2 is whether other innate cells, 
such as plasmacytoid dendritic cells (pDCs) 
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and innate lymphoid cells (ILCs), also con
tribute to IL7mediated inflammatory 
arthritis. These cell types are present in RAG 
deficient mice and contribute to inflam
matory responses in several rheumatic  
diseases. In vitro, virusinduced activation 
primes pDCs to secrete type I interferon 
(IFN) in response to IL7 (REF.4). Type I (and 
type II) IFNs in their turn can induce IL7 
production by epithelial cells, and intranasal 
administration of IL7 in mice causes recruit
ment of pDCs to sites such as the lungs or 
lacrimal glands1. These results indicate that 
IL7mediated chemotaxis might occur for 
pDCs, as has been shown for monocytes, 
although this direct role for IL7 in pDC 
chemotaxis still needs to be confirmed.

ILCs are another innate cell type involved 
in IL7mediated inflammation5. In addition 
to the three noncytolytic subtypes (ILC1s, 
ILC2s and ILC3s), this group of cells also 
includes cytolytic natural killer (NK) cells. 
All ILCs express IL7R, are increased in 
number in rheumatic diseases and poten
tially have a role in the immunopathology 
of these  diseases. Numerous studies indicate 
potent proinflammatory functions for ILCs5. 
Notably, ILC3s are important in IL7mediated 
lymphoid structure formation and are thought 
to have a vital role in the formation of ectopic  
lymphoid structures, which characteristically 
form in several rheumatic diseases, includ
ing RA, psoriatic arthritis, pSS and systemic 
lupus erythematosus5. Thus, although the data 
from Kim et al.2 are strongly suggestive of an 
important contribution from macrophages in 
arthritis pathogenesis in RAGdeficient mice, 
these findings4,5 suggest that innate cells such 
as pDCs and ILCs might also contribute to 
inflammatory responses independently of 
T cells and B cells. However, the relative roles 
of these cell types in the arthritis model used 
by Kim et al.2 and in systemic autoimmune 
diseases remains to be demonstrated.

The comparative contributions of direct 
(T cellindependent) and indirect (T cell 
dependent) effects of IL7 on innate cells 
have not previously been studied in many 
disease models. In their paper, Kim et al.2 
clearly demonstrate how IL7 orchestrates 
inter actions between IL7Rexpressing innate 
and lymphoid cells. In this study2, fullblown 
inflammation (characterized by strongly 
increased secretion of proinflammatory 
cytokines and chemokines, including CCL2 
and CCL5, and an increased number of 
proinflammatory IL7R+ macrophages and 
osteoclasts) required the presence of T cells. 
Joint erosion was also only induced in the 
presence of T cells and was dependent on 
IL7, suggesting some crosstalk between 
innate and lymphoid cells. Underscoring this 

mucosaassociated sites by specific chemo kine 
receptors and adhesion molecules, including  
CCR9 and integrin α4β7 (REF.7). MAIT cells, 
unconventional innatelike T cells with an 
invariant T cell receptor, are important in 
defending the body against bacteria and can 
be activated by bacterial antigens to produce 
TH1 cellassociated and TH17 cellassociated 
cytokines and to become cytotoxic7,8. CCR9+ 
T follicular helper (TFH)like cells that highly 
express IL7R produced large amounts of 
effector molecules such as IL21, IFNγ and 
IL17 and induced B cell activation com
parably to TFH cells in vitro7. A colitogenic 
population of CCR9+ T helper cells has also 
been identified that had innatelike proper
ties9. In addition, a substantial proportion  
of effector CCR9+ T helper cells express 
CD161, a lectinlike receptor that is also 
expressed by ILCs, suggesting potential 
innatelike functions for CCR9+ T helper 
cells10. The unique functions of these IL7R+ 
cells are under investigation to reveal their 
specific roles in the immunopathology of 
autoimmune disease.

Overall, the paper by Kim et al.2 indicates 
that innate IL7R+ effector cells can contrib
ute to the immunopathology of systemic 
auto immunity. Overexpression of IL7 can 
promote complex interactions between IL7R+ 
innate cells (macrophages, monocytes and 

cellular crosstalk, in wildtype mice, IL7
induced IFNγ production (which mostly 
indicates T helper 1 (TH1) cell activity) in 
the arthritic joint was strongly dependent 
on the priming of macrophages with LPS2, 
which enabled them to stimulate T cell activ
ity. In line with these data, monocytes and 
activated type 2 classical (myeloid) CD1c+ 
dendritic cells from patients with RA were 
previously shown to robustly activate both 
naive and effector T cells upon stimulation 
with IL7 (REFS1,6). Vice versa, IL7 induces a 
potent T celldependent activation of mye
loid cells that is associated with enhanced 
osteoclastogenesis1,2. Similarly, IL7 triggers 
T celldependent B cell activation, induc
ing synergistic B cell and T cell prolifera
tion upon costimulation of B cells with  
TLR7 (REF.1).

In addition to IL7R+ innate cells and 
ILCs, discrete populations of tissueresident 
IL7R+ T cells with innatelike properties 
can contribute to immunopathology. For 
example, mucosaassociated tissues har
bour IL7R+ mucosalassociated invariant 
T (MAIT) cells and IL7R+ CCchemokine 
receptor 9 (CCR9)+ T cells7,8. The numbers 
of these cells are increased in target tissues 
in several auto immune diseases (such as 
in the salivary glands of patients with pSS) 
and are imprinted to home to mucosa and 
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pDCs), ILCs (including NK cells) and T cells 
with innatelike features to activate IL7R− 
cells (such as B cells and monocytes), thereby 
indu cing immunopathology in autoimmune 
rheumatic diseases (Fig. 1). Blockade of the 
IL7–IL7R pathway successfully inhibits  
the spread of autoimmunity, B cell hyperac
tivity and specific immunopathology in dif
ferent organs in many experimental models of 
disease1. Such targeting could be of particular 
interest when potent antiinflammatory drugs 
have failed, such as in patients with RA who 
do not respond to abatacept treatment (which 
targets T cell costimulation). The addition 
of IL7 completely overruled T cell inhibi
tion by abatacept in vitro6, suggesting that 
targeting IL7 signalling might be an alterna
tive strategy to inhibit T cells in patients with 
IL7mediated disease. Drugs targeting IL7  
or IL7R are expected to enter the clinical 
arena soon.
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Primary Sjögren syndrome (pSS) is an auto
immune disease characterized by sicca and sys
temic manifestations including ocular and oral  
dryness and pain, parotid gland enlargement, 
fatigue and systemic involvement of the mus
culoskeletal system, nervous system, lungs, 
kidneys, skin, haematological system and 
blood vessels1. Early diagnosis and treatment 
of pSS is important for the prevention of dis
ease complications, but the diagnosis of pSS 
remains a challenge. Emerging data suggest 

that salivary gland ultrasonography (SGUS) 
is a valuable tool in pSS, including newly 
published data supporting the incorporation 
of SGUS into current classification criteria2.  
Is now the time to add SGUS to our diagnostic 
tool kit?

In 2016, the ACR and EULAR developed 
new classification criteria for pSS3 to be applied 
to patients with at least one of the follow ing  
three signs: subjective ocular dryness, oral 
dryness and a positive item on the EULAR 
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important for long- term disease management. Emerging data support the 
usefulness of salivary gland ultrasonography in the diagnosis of pSS. But is 
this imaging tool relevant to clinical practice and should it be added to 
current classification criteria?

Refers to van Nimwegen, J. F. et al. Incorporation of salivary gland ultrasonography into the ACR- EULAR criteria for 
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Sjögren syndrome Disease Activity Index 
(ESSDAI). The two major criteria (focus score 
≥1 in a minor salivary gland biopsy and the 
presence of anti SSA/Ro autoantibodies) are 
worth 3 points each and the three minor crite
ria (Ocular Staining Score ≥5, Schirmer’s test 
≤5 mm/5 min and unstimulated whole sali
vary flow rate ≤0.1 mL/min) give 1 point each.  
Patients with at least 4 points are classified 
as having pSS. These ACR–EULAR criteria  
were developed before the validation of  
SGUS, which several pSS experts now view as 
a valuable diagnostic tool4.

In their newly published study of 243 
patients with clinically suspected pSS, van 
Nimwegen et al.2 assessed the use of SGUS 
as an additional minor criterion in the ACR–
EULAR criteria or as a substitution for one 
of the minor criteria. SGUS was scored on 
the basis of the presence of hypoechogenic 
areas: 0 for no hypoechogenic areas, 1 for a 
few scattered areas, 2 for several areas and 3 
for numerous hypoechogenic areas5. Using 
both univariate and multivariate analyses, 
they found that a SGUS score ≥2 was notably 
associated with a diagnosis of pSS by experts. 
Furthermore, adding SGUS improved the 
sensitivity of the classification criteria for 
detecting pSS, with little or no loss of specific
ity. These findings concur with findings from 
another study that similarly assessed whether 
SGUS can improve the ACR–EULAR crite
ria, in which 24 experts from 20 countries 
assessed 512 realistic vignettes via a secure 
web based relational database6.

A lack of consensus regarding the defini
tions and scoring of SGUS findings has lim
ited its use for the diagnosis and monitoring 
of pSS. To help address this unmet need, the 
EULAR USpSS study group have developed 
an atlas of the most common parenchymal 
abnormalities detected by grey scale ultra
sonography in patients with pSS7, and the 
Outcome Measures in Rheumatology Clinical 
Trials (OMERACT) SGUS task force group 
have developed definitions and a simple 
semi quantitative scoring system based on 
the evaluation of parenchymal homogeneity 
of the four major salivary glands8. This new 
semi quantitative scoring system is divided 
in 4 grades: grade 0, normal parenchyma; 
grade 1, minimal change (mild inhomogeneity  
without anechoic or hypoechoic areas or the 
presence of fatty echostructures); grade 2, 
moderate change (moderate inhomogeneity 
with focal anechoic or hypoechoic areas); 

adding SGUS improved the 
sensitivity of the classification 
criteria for detecting pSS
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pDCs), ILCs (including NK cells) and T cells 
with innatelike features to activate IL7R− 
cells (such as B cells and monocytes), thereby 
indu cing immunopathology in autoimmune 
rheumatic diseases (Fig. 1). Blockade of the 
IL7–IL7R pathway successfully inhibits  
the spread of autoimmunity, B cell hyperac
tivity and specific immunopathology in dif
ferent organs in many experimental models of 
disease1. Such targeting could be of particular 
interest when potent antiinflammatory drugs 
have failed, such as in patients with RA who 
do not respond to abatacept treatment (which 
targets T cell costimulation). The addition 
of IL7 completely overruled T cell inhibi
tion by abatacept in vitro6, suggesting that 
targeting IL7 signalling might be an alterna
tive strategy to inhibit T cells in patients with 
IL7mediated disease. Drugs targeting IL7  
or IL7R are expected to enter the clinical 
arena soon.
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Primary Sjögren syndrome (pSS) is an auto
immune disease characterized by sicca and sys
temic manifestations including ocular and oral  
dryness and pain, parotid gland enlargement, 
fatigue and systemic involvement of the mus
culoskeletal system, nervous system, lungs, 
kidneys, skin, haematological system and 
blood vessels1. Early diagnosis and treatment 
of pSS is important for the prevention of dis
ease complications, but the diagnosis of pSS 
remains a challenge. Emerging data suggest 

that salivary gland ultrasonography (SGUS) 
is a valuable tool in pSS, including newly 
published data supporting the incorporation 
of SGUS into current classification criteria2.  
Is now the time to add SGUS to our diagnostic 
tool kit?

In 2016, the ACR and EULAR developed 
new classification criteria for pSS3 to be applied 
to patients with at least one of the follow ing  
three signs: subjective ocular dryness, oral 
dryness and a positive item on the EULAR 
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Sjögren syndrome Disease Activity Index 
(ESSDAI). The two major criteria (focus score 
≥1 in a minor salivary gland biopsy and the 
presence of anti SSA/Ro autoantibodies) are 
worth 3 points each and the three minor crite
ria (Ocular Staining Score ≥5, Schirmer’s test 
≤5 mm/5 min and unstimulated whole sali
vary flow rate ≤0.1 mL/min) give 1 point each.  
Patients with at least 4 points are classified 
as having pSS. These ACR–EULAR criteria  
were developed before the validation of  
SGUS, which several pSS experts now view as 
a valuable diagnostic tool4.

In their newly published study of 243 
patients with clinically suspected pSS, van 
Nimwegen et al.2 assessed the use of SGUS 
as an additional minor criterion in the ACR–
EULAR criteria or as a substitution for one 
of the minor criteria. SGUS was scored on 
the basis of the presence of hypoechogenic 
areas: 0 for no hypoechogenic areas, 1 for a 
few scattered areas, 2 for several areas and 3 
for numerous hypoechogenic areas5. Using 
both univariate and multivariate analyses, 
they found that a SGUS score ≥2 was notably 
associated with a diagnosis of pSS by experts. 
Furthermore, adding SGUS improved the 
sensitivity of the classification criteria for 
detecting pSS, with little or no loss of specific
ity. These findings concur with findings from 
another study that similarly assessed whether 
SGUS can improve the ACR–EULAR crite
ria, in which 24 experts from 20 countries 
assessed 512 realistic vignettes via a secure 
web based relational database6.

A lack of consensus regarding the defini
tions and scoring of SGUS findings has lim
ited its use for the diagnosis and monitoring 
of pSS. To help address this unmet need, the 
EULAR USpSS study group have developed 
an atlas of the most common parenchymal 
abnormalities detected by grey scale ultra
sonography in patients with pSS7, and the 
Outcome Measures in Rheumatology Clinical 
Trials (OMERACT) SGUS task force group 
have developed definitions and a simple 
semi quantitative scoring system based on 
the evaluation of parenchymal homogeneity 
of the four major salivary glands8. This new 
semi quantitative scoring system is divided 
in 4 grades: grade 0, normal parenchyma; 
grade 1, minimal change (mild inhomogeneity  
without anechoic or hypoechoic areas or the 
presence of fatty echostructures); grade 2, 
moderate change (moderate inhomogeneity 
with focal anechoic or hypoechoic areas); 

adding SGUS improved the 
sensitivity of the classification 
criteria for detecting pSS
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and rheumatologists, many of whom already 
use ultrasonography for other purposes, 
should seek to acquire the skills required for 
SGUS. As SGUS becomes more widely per
formed, we believe its contribution to the 
diagnosis and assessment of pSS will become  
increasingly obvious.
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and grade 3, severe change (diffuse inhomo
geneity with anechoic or hypoechoic areas 
occupying all the surface of the gland or the 
presence of fibrous echostructures). This 
scoring system takes into account the fibrous 
characteristics of the salivary glands, which 
were not clearly defined in previous scoring 
systems.

Notably, the sensitivity and specificity 
of SGUS for diagnosing pSS are limited. 
However, using SGUS combined with an 
anti SSA/Ro antibody assay to assess which 
patients should be selected for minor sali
vary gland biopsy could decrease the rate of 
biopsies performed2. Minor salivary gland 
biopsy is invasive, costly and takes time for 
the results to become available. Hence, a step
wise diagnostic strategy in which less inva
sive, less costly and more widely available 
investigations are used to select patients for 
additional investigations might deserve fur
ther development. Ascertainment of the ocu
lar staining score requires the expertise of an 
ophthalmologist. By contrast, the Schirmer’s 
test and salivary flow measurement can  
easily be performed by rheumatologists and, 
after obtaining training, rheumatologists can 
also perform SGUS, which is non invasive,  
inexpensive and widely available.

In addition to diagnostic assistance, SGUS 
might help to assess parenchymal lesion seve
rity, rule out other causes of parotid gland 
enlargement (for example, the presence of a 
cyst, calcification or lymphoma), assess sali
vary gland size changes over time and confirm 
patient eligibility for inclusion in random ized 
controlled trials (RCTs) that require sali vary 
gland enlargement. Other diagnostic crite
ria might have similar roles: the evaluation 
of sicca using the ocular staining score, the 

Schirmer’s test and the unstimulated whole 
salivary flow rate might help guide treatment 
decisions; the presence of anti SSA antibodies  
is an inclusion criterion for many RCTs; and 
minor salivary gland biopsy might show find
ings such as atrophy, duct dilation, fibrosis 
and/or germinal centre like structures that 
might help to predict the risk of lymphoma.

Interestingly, in two RCTs of rituximab ver
sus a placebo for pSS9,10, improvements with 
active treatment were apparent using SGUS, 
whereas no differences were detected using the 
primary evaluation criteria (which were based 
on visual analogue scales for pain, fatigue, 
sicca and global disease). In the TEARS trial, 
50% of the patients in the rituximab group 
had improvements in parotid parenchymal 
echostructure abnormalities (evaluated using 
a semiquantitative score) compared with only 
7% of the patients in the placebo group9. In a 
prespecified substudy of SGUS findings in 52 
of the 110 patients enrol led in the TRACTISS 
trial, the patients in the rituximab group had 
notably greater improv ements in total ultra
sound score compared with the patients in 
the placebo group10. Thus, rituximab might 
be effective in reversing salivary gland abnor
malities visible by SGUS, which could suggest 
that a longer period of treatment (that is, more 
than 24 or 48 weeks, as assessed in these trials) 
is needed to detect improvements in clinical 
symptoms. Should future studies establish 
SGUS as a good marker of treatment efficacy 
then the choice of SGUS improvements as the 
endpoint for RCTs might enable the inclusion 
of smaller numbers of patients.

Experts working on SGUS in pSS are con
ducting a final evaluation of the validity of 
the semiquantitative SGUS scoring system, 
under the OMERACT umbrella. If validity is 
confirmed, an international study will be per
formed under the aegis of the ACR–EULAR 
to determine whether the SGUS score should 
be added to the ACR–EULAR classification 
criteria for pSS. Apart from these research 
efforts, SGUS is relevant to daily practice, 

SGUS… is non-invasive, 
inexpensive and widely 
available
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Psoriatic arthritis (PsA) is a chronic inflammatory 
autoimmune disease that affects approximately 20% 
of patients with psoriasis1. PsA is generally categorized 
as being within the spondyloarthritis (SpA) group of 
disease entities2. The clinical manifestations of PsA are 
diverse, and can include peripheral arthritis, axial arthri-
tis, enthesitis, dactylitis, skin and nail disease, as well as 
other symptoms, including anterior uveitis and intesti-
nal inflammation1. Patients with PsA have considera-
ble disease- related morbidity, including a substantially 
increased risk of atherosclerotic cardiovascular disease, 
and several associated risk factors for heart disease such 
as metabolic syndrome, hypertension, and hyperlipi-
daemia3. PsA, which is equally prevalent among men 
and women, can impact patients’ psychological and 
physical well- being, and is associated with quality- of-life 
impairment4.

Although all aspects of the immunopathogenesis of 
PsA have not yet been fully delineated, key work from 
numerous groups around the world has helped to shed 
light on many components that contribute to this sys-
temic inflammatory autoimmune condition1,5–9. Various 
genetic, environmental and immunological factors 
have been suggested to contribute to the development 

and maintenance of PsA. For example, genetic studies 
reveal that HLA- B13, HLA- B17, HLA- B57 and HLA- 
Cw*0602 occur with increased frequency in patients 
with PsA compared with the general population, with 
HLA- Cw*0602 being most closely related to psoriasis5,10.

HLA- B27 alleles have been associated with symmet-
ric sacroiliitis and enthesitis, and HLA- B08 is associated 
with dactylitis, asymmetric sacroiliitis, joint fusion and 
joint deformity in patients with PsA5,6. Furthermore, 
IL23R genetic polymorphisms have been identified to 
be potential risk factors, not only for PsA but also for 
other forms of SpA11. Environmental factors that have 
been suggested to potentially trigger psoriasis and PsA 
include physical trauma, a number of infections, obesity 
and smoking6,12,13. Gut dysbiosis has also been suggested 
to be relevant to the pathogenesis of PsA, perhaps even 
having an aetiological role14.

Immune- mediated mechanisms in PsA result in 
the increased production of myriad pro- inflammatory 
mediators. As identified by immunohistological and 
other analyses, these mediators might work in synergy 
to help perpetuate the chronic inflammation charac-
teristic of the disease (Fig. 1; Table 1). Key pathological 
features of PsA are synovial membrane inflammation 
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and increased angiogenesis; these changes, which have  
simi larities across several types of SpA, including 
ankylosing spondylitis (AS) and arthritis associated 
with Crohn’s disease and ulcerative colitis, can facili-
tate immune cell migration from the peripheral blood 
into the inflamed joint5. The influx of immune cells, 
such as dendritic cells, macrophages, innate lym-
phoid cells (ILCs), mucosal- associated invariant T  
(MAIT) cells, natural killer (NK) cells, mast cells and 
others, can result in the further production of numerous 
pro-inflammatory mediators (Fig. 1; Table 1). These pro- 
inflammatory mediators can then interact with various 
synovial resident cells, including chondrocytes, osteo-
blasts, osteoclasts and fibroblasts5. These events can 
help to propagate an autoinflammatory feedback loop, 
resulting in the manifestations and sequelae of disease5. 
However, although many mediators have been identified 
in the PsA synovium and skin and other affected sites, 
the precise contribution of each of the individual medi-
ators remains incompletely understood. Indeed, emerg-
ing results of trials utilizing specific targeted therapies 
suggest that some targets could be of greater relevance 
than others in PsA.

The development of highly effective biologic DMA RDs  
in the 1990s helped to spawn further therapeutic 
advances in the treatment of inflammatory arthritides, 
including PsA. These advances have ultimately ushered 
in what might be called a ‘bedside to bench’ approach. 
Different from the traditional model whereby basic 
research generates potential targets for therapy, with 
this new approach, data from human trials of drugs 
that specifically target varied mediators have provided 
insight into the molecular classification of different 
chronic inflammatory diseases. For example, inhibi-
tion of IL-12–IL-23 and IL-17 have proven efficacy in 
PsA (as well as in psoriasis), whereas inhibition of these 
same targets in rheumatoid arthritis (RA) has not been 
effective, even though superficially, RA and PsA have 
some clinical resemblance and immunohistological 
studies could suggest a role for these cytokines in both 
conditions. Furthermore, inhibition of IL-23 has shown 
efficacy in psoriasis and PsA, but it has been ineffective 
for patients with axial SpA15–17.

Taken together, the data from these and other clin-
ical trials support the notion that inflammatory dis-
eases such as PsA could perhaps be better defined by 
a target- based disease taxonomy rather than purely  
based on immunohistological and other basic studies. 
In this Review, we examine the data from clinical tri-
als of targeted therapies in PsA and other autoimmune 

diseases and highlight the lessons learned about the 
immunopathogenesis of these diseases.

Cytokine targets
TNF inhibitors. TNF is a pro- inflammatory cytokine 
that is upregulated in both the skin and the synovium in 
patients with PsA; it is also upregulated in other chronic 
inflammatory diseases, including RA, inflammatory 
bowel disease (IBD; including Crohn’s disease and ulcer-
ative colitis), uveitis, psoriasis and AS5. Macrophages, 
T cells, fibroblast- like synoviocytes, B cells and other 
cells produce TNF, with activated macrophages pre-
sumably being the most relevant source in the inflamed 
synovium (Fig. 2; Table 1). This cytokine can have an 
important role in the activation of circulating and resi-
dent immune cells, thereby inducing production of other 
cytokines as well as other mediators, such as chemokines, 
and the release of matrix metalloproteinases (MMPs)5.

Targeted inhibition of TNF, beginning in the early 
1990s and initially for the treatment of RA, proved that 
targeting a single specific molecule could be highly 
effective therapy for chronic inflammatory diseases18. 
This effect was not necessarily predictable beforehand, 
as cytokines function in large networks, with individ-
ual cytokines having pleiotropic effector functions 
and several different cytokines having redundancies 
in their mechanisms. Within these large, complex 
cytokine networks, individual mediators are subject 
to cascades of competing stimulatory and inhibitory 
activities. Nevertheless, the notable clinical efficacy of 
TNF inhibitors could be said to establish the central 
role of TNF in the immunopathogenesis of diverse 
inflammatory diseases.

Substantial clinical evidence demonstrates that 
TNF inhibitors provide clinical benefit, improve qual-
ity of life and reduce structural damage, first shown 
in patients with RA and subsequently in patients with 
PsA19–23. To date, five TNF inhibitors (adalimumab, 
etanercept, certolizumab, golimumab and infliximab) 
have been approved by the FDA as well as by regula-
tory agencies around the world for the treatment of 
several chronic inflammatory diseases (Fig. 3). In PsA, 
TNF inhibition was shown to be highly effective across 
essentially all of the disparate domains of disease, 
including peripheral arthritis, enthesitis, dactylitis, skin 
and nail psoriasis, axial arthritis, IBD and uveitis24–28.  
Patients with PsA have an increased prevalence and 
risk of developing IBD, including Crohn’s disease 
and ulcerative colitis29–31. TNF inhibitors have sepa-
rately been proven effective in the treatment of IBD; 
adalimumab, golimumab and infliximab were shown 
to be safe and effective for inducing and maintaining 
clinical remission in patients with moderate- to-severe 
ulcerative colitis32–34. Furthermore, a systematic review 
and meta- analysis found that TNF inhibitors were 
effective in inducing remission of Crohn’s disease and  
ulcerative colitis35.

TNF inhibition has been effective, not only in treat-
ing patients with PsA but also in axial SpA and AS, as 
revealed in clinical trials36. In addition, juvenile idio-
pathic arthritis (JIA) and even some autoinflammat ory 
conditions, such as familial Mediterranean fever (FMF), 

Key points

•	The development and introduction of novel targeted therapies has improved 
outcomes for patients with autoimmune systemic inflammatory diseases, including 
psoriatic arthritis (PsA).

•	Whereas some agents, such as TNF inhibitors, have been highly effective across many 
autoimmune diseases, and across domains of disease, other agents have had 
disparate impacts on various diseases and domains.

•	With a ‘bedside to bench’ approach to systemic autoimmune diseases, data from 
clinical trials targeting various immune mediators could further our understanding  
of the immunopathogenesis of PsA and other diseases.
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show responsiveness to TNF inhibition37,38. Together, 
these data suggest that some mechanisms of inflam-
mation are conserved across diverse autoimmune and 
rheumatic diseases.

However, although targeted inhibition of TNF is 
remarkably successful in the treatment of many chronic 
systemic inflammatory diseases, this is not the case with 
multiple sclerosis (MS) (Fig. 3). This lack of efficacy was 
surprising when first observed, insofar as an argument 
could be made from an immunohistochemical stand-
point that TNF could be a viable therapeutic target in 
MS; to the contrary, clinical studies revealed that patients 
with MS treated with anti- TNF agents had more exacer-
bations of MS than patients treated with placebo39. It is 
proposed that inactivation of TNF in the central nerv-
ous system affects TNF receptor 2 (TNFR2)-mediated 
signalling, which is thought to have a crucial role in 
remyelination40. Thus, clinical trial data helped to refine 
the understanding of the role of a specific component 

of the inflammatory response in this particular dis-
ease. The fact that a potentially pathogenic mediator is 
present, even in abundance, in a given disease does not 
guarantee that its inhibition will be clinically successful. 
This observation highlights the complex nature of inter-
actions of myriad mediators of the immune response 
that function in complex cascades. Results from clinical 
data spur further consideration of the functions of these 
pleiotropic mediators in specific diseases.

Although targeting the TNF pathway is a mainstay of 
treating PsA, not all patients treated with TNF inhibitors 
achieve remission, or the complete absence of disease 
activity across all domains. The substantial clinical effi-
cacy seen with TNF inhibitors essentially ‘raised the bar’ 
with regard to the goals of therapy for PsA, which helped 
to drive additional research towards understanding the 
contribution of mediators other than TNF to the patho-
genesis of PsA and to the development of alternative 
therapies targeting them.

Macrophage

T cell

Mast cell

PMN

MHC
molecule

B cell

MAIT cell

Post-capillary 
venule

Endothelial cells

Co-stimulatory/
adhesion molecules

ECM
molecules

Plasmacytoid and
myeloid dendritic cells

Resident tissue cells

• Cytokines
• Chemokines
• Peptide mediators
• Lipid mediators

Synovial and skin
inflammation/
proliferation

Cartilage, bone
and intestinal
damage

Systemic
manifestations

Neuropeptides

NK cell

ILC

Fig. 1 | Immunopathogenesis of PsA. Immune cells, such as T cells, dendritic cells, macrophages, innate lymphoid cells 
(ILCs), mucosal- associated invariant T (MAIT) cells, natural killer (NK) cells, mast cells and others, can produce numerous 
pro- inflammatory mediators. These pro- inflammatory mediators can then interact with various tissue- resident cells, 
including fibroblast- like synoviocytes, keratinocytes and intestinal epithelial cells. The propagation of further pro- 
inflammatory mediators results in the manifestations and sequelae of psoriatic arthritis (PsA), including synovial and  
skin inflammation and proliferation, and damage to cartilage, bone and intestinal tissue. ECM, extracellular matrix;  
PMN, polymorphonuclear neutrophils.
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IL-17 inhibitors. Human IL-17 includes several isoforms, 
such as IL-17A, IL-17F, IL-17E and IL-17C. The greatest 
amount of investigation to date has focused on the pro- 
inflammatory cytokine IL-17A, and to a lesser extent 
IL-17F; these two cytokines function as IL-17A and 
IL-17F homodimers and as an IL-17A–IL-17F hetero-
dimer. Although many studies specify the isoforms, 
studies that mention only ‘IL-17’ often refer to IL-17A.

IL-17A has been shown to be increased in synovial 
fluid of patients with PsA and in patients with other 
arthritides; it is also overexpressed in skin affected by 
psoriasis41. IL-17 can have various pathogenic roles, 
including stimulation of osteoclastogenesis, chondro-
cyte activation, fibrinogenesis and angiogenesis, as well 
as stimulation of pro- inflammatory cytokine and MMP 
production42. T helper 17 (TH17) cells, γδ T cells, CD8+ 
T cells and ILC-3 are probably the primary sources of 
IL-17 in PsA and other inflammatory diseases, although 
other cells can produce IL-17A5,43 (Figs 1,2; Table 1). 
Targeting the IL-17 cytokine axis has therapeutic ben-
efit in patients with PsA as well as with AS. However, 
despite overexpression of IL-17 at sites of inflammation 

in RA and IBD, therapeutic targeting of IL-17 has proven 
ineffective or minimally effective in RA44,45. Notably, 
although immunopathological studies suggest that IL-17 
could have a role in IBD, and hence possibly be a suitable 
therapeutic target, IL-17 inhibition has been ineffective 
or even caused worsening of disease in studies of IBD44,46. 
The reasons for this potentially paradoxical effect are 
not clear, but might relate to changes to the local micro-
biome (especially the fungal constituents), alterations in 
the composition of intestinal mucous, interference with 
gut epithelial integrity, or a combination of these factors, 
all related to IL-17 inhibition47.

Clinical studies reveal that treatment with the mono-
clonal antibodies specifically targeting IL-17A that  
are currently approved for PsA, secukinumab and 
ixekizumab, improved peripheral arthritis, inhibited 
the progression of peripheral joint radiographic dam-
age, reduced the frequency of enthesitis and dactylitis, 
improved psoriasis disease activity, and improved the 
physical functioning and quality of life of patients with 
PsA48–50. Interestingly, whereas the efficacy of IL-17 
inhibition appears to be comparable to that of TNF 

Table 1 | Immune mediators potentially relevant to the pathogenesis of PsA and associated conditions

Source Mediator(s) Refs

Vasculature

Adhesion molecules on endothelial cells 
and leukocytes

α4 integrin, α4/β7 integrin, LFA-1, LFA-3, ICAM, VCAM 118–121,123,124, 

132,133,151–153

Inflammatory cells

TH1 cells TNF, IFNγ, IL-2, CCL5 (RANTES) 6,154–156

TH2 cells IL-4, IL-5, IL-10, IL-13 155,156

Treg cells IL-10, IL-35, TGFβ 156,157

TH9 cells IL-9, IL-17 , IL-21 158

TH22 cells IL-22, TNF 159

TH17 cells IL-17A , IL-17F, IL-22, TNF 6,155,156

ILCs IL-17A , IL-22 160

NK cells IFNγ, TNF 161

MAIT cells IL-17A , IFNγ 42,162,163

Dendritic cells IL-23, IL-6, IL-12, IL-18, IL-21, IL-23, IL-33, TNF, IFNγ, TGFβ 164–166

Macrophages TNF, IL-18, Il-6, IL-12, IL-15, IL-19, IL-20, IL-23, IL-24, IL-26, IL-32, 
IL-33, IL-38, OSM, GM–CSF, ROS, nitric oxide

167–169

Mast cells IL-17A , IL-17F 170

Neutrophils IL-1B, OSM, IL-6, IL-17 , IL-18, TNF, GM–CSF, MMPs, MIF 170

Intracellular

Signalling molecules in diverse cell types JAKs, PDE4 171,172

Synovial cells

Fibroblast- like synoviocytes IL-1β, IL-6, IL-8, IL-15, IL-18, IL-19, IL-20, IL-26, IL-34, IL-38, MIF, 
MMPs, GM–CSF, growth factors, RANKL

173,174

Chondrocytes MMPs, nitric oxide, ADAMTS 175–177

Osteoblasts RANKL 178

Osteoclasts Cathepsin K , MMPs 179–181

ADAMTS, a disintegrin and metalloproteinase with thrombospondin motifs; CCL5, CC- chemokine ligand 5; GM–CSF, granulocyte–
macrophage colony- stimulating factor ; ICAM, intercellular adhesion molecule; ILC, innate lymphoid cell; JAK , Janus kinase; LFA-1, 
lymphocyte function associated antigen 1; MAIT cell, mucosal- associated invariant T cell; MIF, macrophage migration inhibitory 
factor ; MMP, matrix metalloproteinase; NK cell, natural killer cell; OSM, oncostatin M; PDE4, phosphodiesterase 4; PsA , psoriatic 
arthritis; RANKL , receptor activator of nuclear factor κΒ ligand; ROS, reactive oxygen species; TGFβ, transforming growth factor β; 
VCAM, vascular cell adhesion molecule.
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inhibition for peripheral arthritis in PsA, its efficacy in 
regard to psoriasis is generally greater than that of TNF51. 
As far as other domains of disease are concerned, IL-17 
inhibition has also proven effective in the treatment 
of AS, and would presumably therefore be effective in 
patients with PsA who have axial arthritis52.

In addition to the two aforementioned anti- IL-17A 
monoclonal antibodies, there are other agents that target 
IL-17 (Fig. 2). Brodalumab, a monoclonal antibody spe-
cific for IL-17 receptor A, is approved by the FDA for the 
treatment of severe plaque psoriasis53. Bimekizumab, a 
monoclonal antibody that neutralizes both IL-17A and 
IL-17F, has shown therapeutic potential in treating AS, 
psoriasis and PsA54–56.

Whether differences in the fine specificity of inhibi-
tors of the various IL-17 isoforms will result in important 
differences in efficacy across distinct domains of disease, 
or in safety, remains to be delineated.

IL-12–IL-23 and IL-23 inhibitors. IL-12 and IL-23, 
cytokines within the IL-12 family (along with IL-27 
and IL-35), might contribute to pathogenesis in PsA57. 

IL-12 is produced by monocytes and macrophages and 
stimulates TH1 cells, whereas IL-23 is produced mainly 
by myeloid dendritic cells and can regulate TH17 cells 
(Fig. 2; Table 1). In animal models of enthesitis, IL-23 
has also been shown to stimulate the release of IL-22; 
this release of IL-22 has been associated with keratino-
cyte proliferation and new bone formation58,59. IL-23 
can also upregulate the production of IL-17, which, as 
noted earlier, has numerous roles in the pathogenesis 
of joint damage.

Interestingly, prior to the greater understanding of 
psoriasis that has come to attention, particularly over the 
past decade, such as increased appreciation of the role 
of IL-17 and IL-23, IL-12 was considered to be a viable 
therapeutic target in psoriasis, a putative ‘TH1’ disease60. 
Early success in targeting IL-12 came with the use of 
ustekinumab, a monoclonal antibody that targeted the 
p40 subunit common to IL-12 and IL-2361. Presently, 
however, the notable efficacy of IL-12–IL-23 inhibi-
tion in psoriasis – which is considerably greater than 
that seen with TNF inhibition – is thought to probably 
derive mostly, if not entirely, from its effect on IL-23 
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rather than IL-1260. In PsA, inhibition of IL-12 and IL-23 
has been effective for several disease domains, including 
peripheral arthritis, enthesitis and psoriasis62. In addi-
tion, inhibition of IL-12 and IL-23 has been effective 
in treating patients with IBD63,64. As well as improv-
ing the signs and symptoms of peripheral arthritis in 
PsA, ustekinumab reduced radiographic progression 
of peripheral joint disease61,65. IL-12–IL-23 inhibition 
has also been suggested to be possibly superior to TNF 
inhibition in achieving clearance of enthesitis in patients 
with PsA66.

As with psoriasis, it has been suggested that it is 
really inhibition of IL-23, rather than that of IL-12, that 
is relevant to the efficacy of IL-12–IL-23 inhibition in 
PsA. Currently, a number of IL-23p19-specific inhibi-
tors are approved for the treatment of psoriasis and 
others are in the latter phases of development, including 
guselkumab, risankizumab, mirikizumab, tildrakizumab 
and brazikumab67–70. Notably, when assessed in psoria-
sis, these agents have been highly effective, with clinical 
improvement greater than that seen with TNF inhibi-
tors68. These agents have also shown therapeutic promise 
in treating peripheral arthritis in patients with PsA and 
their development for PsA is proceeding16,71,72. As was 
noted with IL-12–IL-23 inhibition, IL-23 inhibition has 
also been shown to be effective in IBD73–75

Although immunohistological studies have sug-
gested that IL-12 and IL-23 can be found at actively 

inflamed sites in RA and AS, and could therefore be 
potential targets of therapy, targeting the IL-12–IL-23 
pathway has not been effective in treating either of 
these diseases17,76–78. In well- conducted clinical trials, 
neither ustekinumab nor guselkumab was effective 
in treating patients with RA78. Perhaps more surpris-
ingly, given not only immunohistological data but also 
genetic studies showing an association between allelic 
polymorphisms in IL-23 and SpA, the IL-23 inhibitor 
risankizumab failed to show efficacy in a trial of active 
AS17. Also, studies assessing ustekinumab in AS as well 
as in non- radiographic axial SpA were stopped owing 
to inefficacy79.

The reasons underlying these surprising data are not 
certain. It is possible that IL-23 alone is not a primary 
driver of AS immunopathogenesis; for example, the 
contribution of IL-23 might be primarily through IL-17 
upregulation, and it is possible that other sources of 
IL-17 are more relevant or compensatory in AS, obviat-
ing the potential benefit of IL-23 inhibition. Of note, this 
rationale would not apply in RA, as both IL-12–IL-23 
and IL-17 inhibition were ineffective in this disease44,78

These studies suggest that despite some immuno-
histochemical similarities, there are differences in the  
immunopathogenesis of RA, PsA and axial SpA. The 
IL-12–IL-23 pathway might be a driving force for 
inducing inflammation in psoriasis as well as in many 
domains of PsA, exclusive of axial disease.

Chronic inflammatory
disease TNF IL-6R IL-1
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CD80/
CD86

Rheumatoid arthritis

Autoinflammatory
disease/sJIA

Crohn’s disease

Ulcerative colitis

Psoriasis

Psoriatic arthritis

Ankylosing spondylitis/
axSpA

Multiple sclerosis

Cytokine targets Non-cytokine targets

+ +

+

+

+

+

+

+

++

–

– – – –

– – –

–

––

–

–

–

+ –

–FDA-approved

Preliminary data on clinical efficacy

Disease-aggravating effect

Insufficient data/not studied

Failed to meet primary endpoints

Integrin

+

–

Anti-α4, α4/β7

Anti-α4/β7

Anti-LFA1 (CD11a)

Anti-LFA3

Anti-α4

Fig. 3 | Summary of cytokine and non- cytokine targets in various chronic inflammatory diseases. This figure 
illustrates the clinical efficacy of the inhibition of various cytokines and non- cytokine targets with targeted therapies 
that are FDA- approved (dark green), therapies with preliminary data on clinical efficacy (light green), clinical data 
resulting in disease- aggravating effects (red), therapies for which clinical data failed to meet primary endpoints 
(dark grey), or therapies with insufficient or no clinical data (white). axSpA, axial spondyloarthritis; IL-6R , IL-6 receptor; 
JAK , Janus kinase; PDE4, phosphodiesterase 4; sJIA , systemic juvenile idiopathic arthritis.
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IL-6 inhibitors. IL-6 is a pro- inflammatory cytokine 
produced by T cells, macrophages and other cells such 
as synovial fibroblasts, that can be associated with path-
ogenic TH17 cell differentiation and IL-17 production5,80 
(Fig. 2; Table 1). Studies have demonstrated elevated lev-
els of IL-6 in patients with PsA81. Activated TH17 cells 
produce IL-6, which can then promote IL-12 and IL-23 
expression, thereby stimulating TH1 and TH17 cell differ-
entiation and the promotion of inflammation82 (Table 1). 
Although these observations would suggest a possible 
rationale for targeting IL-6 in PsA, in a clinical trial, 
treatment with the IL-6 inhibitor clazakizumab resulted 
in quite small improvements in peripheral arthritis 
and minimal, if any, effect on psoriasis in patients with 
active PsA83. Owing to this limited efficacy, the devel-
opment of this agent for the treatment of PsA has been 
halted. Interestingly, despite immunopathophysiologi-
cal evidence that suggests that IL-6 might have a role 
in SpA, anti- IL 6 therapies were also shown to be inef-
fective in the treatment of AS84,85. These data stand in 
distinction to the substantial efficacy of IL-6 inhibition 
in patients with RA and various other inflammatory 
arthritides. Tocilizumab, a humanized anti- human 
IL-6 receptor antibody, is effective in the treatment of 
RA and systemic JIA (sJIA)86,87. IL-6 inhibition has also 
been effective in some autoinflammatory conditions88. 
These data highlight that the identification of a puta-
tive target in inflamed tissues does not equate to clinical 
efficacy inhibiting that target in patients with the disease 
under study.

IL-1 inhibitors. IL-1 levels are highly upregulated in the 
synovium and skin of patients with PsA and psoriasis, 
respectively, and studies have shown that the IL-1 gene 
family might have a role in the development of PsA89. An 
approach to IL-1 blockade involves the use of its endo-
genous antagonist, IL-1 receptor antagonist (IL-1Ra), a 
glycoprotein that competitively inhibits binding of IL-1α 
and IL-1β to the cell surface IL-1 receptor. Recombinant 
IL-1ra, anakinra, has received regulatory approval from 
the FDA and other agencies for the treatment of RA90. 
Despite this approval, anakinra is rarely used to treat 
RA owing to its substantially lower efficacy compared 
with TNF inhibitors91. This difference in efficacy was 
not necessarily expected beforehand, as not only is IL-1 
in as great abundance as TNF in the inflamed RA syn-
ovium but also the myriad in vitro and in vivo activ-
ities of these two pro- inflammatory cytokines would 
appear to largely overlap92,93. The far greater clinical 
efficacy of TNF inhibition shows that data from clini-
cal studies — in a ‘bedside to bench’ approach — can 
inform the total understanding of complex autoimmune 
inflammatory diseases.

A single- centre, open- label, pilot study revealed  
that anakinra has little benefit in PsA; thus, despite 
data from immunopathological studies that show its 
presence in sites of inflammation in PsA, IL-1 does 
not seem to be a central driver of PsA inflammation94.  
In contrast to its minimal effect in PsA, IL-1 inhibi-
tion has shown benefit in autoinflammatory diseases;  
studies show that anakinra, canakinumab (a human 
monoclonal antibody specific for IL-1β) and rilonacept 

(an IL-1 receptor–Fc- fusion protein) have impressive 
efficacy in patients with various autoinflammatory  
disorders and for sJIA95–98 (Fig. 3).

Non- cytokine targets
Janus kinase inhibitors. Agents targeting intracellular 
tyrosine kinases that regulate inflammatory responses 
via cytokine signalling pathways have added to the ther-
apeutic armamentarium in rheumatic diseases (Figs 2,3). 
There are four Janus kinase enzymes (JAKs): JAK1, 
JAK2, JAK3 and Tyk2. JAKs interact with signal trans-
ducers and activators of transcription (STAT) family 
members to modulate gene transcription downstream 
of various cytokines that lack intrinsic signalling capa-
bilities through their specific receptors99,100. JAKs have 
been targeted with small molecule JAK inhibitors (also 
known as jakinibs), which have been shown to have dif-
ferential selectivity for the four JAK isoforms in vitro100. 
Tofacitinib, an orally administered inhibitor of JAK3 and 
JAK1 and to a lesser extent JAK2, has been approved 
for the treatment of RA, PsA, psoriasis and ulcerative 
colitis101–106 (Fig. 3).

Several randomized trials have demonstrated that 
tofacitinib has efficacy in treating active PsA101,107. The 
mechanisms underlying the efficacy of tofacitinib in PsA 
are not fully defined. Although the effects of tofacitinib 
could be attributable in part to the blockade of JAK3, 
resulting in inhibition of IL-2, IL-4 and IL-15, a more 
likely explanation might be that blockade of JAK1 and 
JAK2 inhibits signalling by IL-6, IFNγ, IL-12 and IL-23, 
which, as noted, are key mediators in the pathogene-
sis of PsA101,107. However, in discussing the mechanisms 
of action of JAK inhibitors, it is relevant to note that 
‘selectivity’ is relative, and the in vivo situation can dif-
fer from in vitro observations108 Also, the JAKs mostly 
function as heterodimers and even heterotrimers (the 
exception being the JAK2 homodimer, which is down-
stream of haematopoietic growth factor receptors)100. 
Therefore, speculation about the ultimate mechanism 
by which these agents are effective might be tenuous.

In controlled trials, tofacitinib has had some efficacy 
in psoriasis, but the extent of response was less than that 
seen with agents with different mechanisms of action, 
such as TNF inhibitors and especially inhibitors of 
IL-17 and IL-23102. Interestingly, in RA, JAK inhibitors 
appear to be as effective as TNF inhibitors109. Some of 
the observed clinical effect in certain domains of PsA 
compared with other domains or with other conditions, 
such as RA, might relate to dose. In clinical trials in PsA, 
lower doses of tofacitinib seemed as effective at con-
trolling peripheral arthritis as higher doses, similar to 
what was seen in RA, whereas in psoriasis, higher doses 
were more effective, although the extent of response was 
still less than that seen with other agents101,107,110. The 
mechanistic basis of this dose differential is unknown.

JAK inhibition has also shown clinical efficacy in 
treating IBD. In patients with moderately to severely 
active ulcerative colitis, tofacitinib was more effective 
in induction and maintenance therapy compared with 
placebo, at higher doses than those approved for use 
in RA and PsA103. In one Crohn’s disease study, treat-
ment with tofacitinib did not meet its primary efficacy 
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end point, but tofacitinib and other JAK inhibitors are 
actively being studied in Crohn’s disease as well as ulcer-
ative colitis111. JAK inhibition might also be effective for 
AS: one phase II study revealed that tofacitinib demon-
strated greater clinical efficacy than placebo in reducing 
the signs and symptoms of AS112. In addition, filgotinib, 
a selective JAK1 inhibitor, has been shown effective with 
respect to clinical as well as imaging (MRI) outcomes in 
the treatment of AS and PsA113,114. Several JAK inhibi-
tors, including the JAK1 and JAK2 inhibitor baricitinib, 
which has been approved for use in RA, and the JAK1 
inhibitors filgotinib and upadacitinib, are being studied 
in PsA114–116. Hypothetically, JAK inhibitors with other 
specificities, for example, those targeting Tyk2, might 
be advantageous in PsA and psoriasis; this concept is 
presently under study117.

Selective adhesion molecule inhibitors. Selective adhe-
sion molecule inhibitors might help to prevent the migra-
tion of various leukocytes to distinct inflammatory sites. 
Approaches to inhibiting adhesion molecules include 
agents targeting α4-integrin, α4/β7-integrin, lympho-
cyte function associated antigen 1 (LFA-1) and LFA-3. 
Therapies directed at adhesion molecules have been 
studied in a number of autoimmune diseases and have  
shown clinical benefit in IBD, MS, psoriasis and PsA 
but only minimal effectiveness in RA118–125 (Fig. 3). 
Natalizumab, a humanized IgG4 anti- α4-integrin mono-
clonal antibody, inhibits the interaction between α4β7 
integrin and mucosal addressin cell adhesion molecule-1 
(MadCAM-1) and between α4β1 integrin and vascular- 
cell adhesion molecule 1 (VCAM-1) (Fig. 2). Natalizumab 
is effective in moderately to severely active Crohn’s dis-
ease119. Natalizumab has also been shown to be an effec-
tive drug for the treatment of relapsing–remitting MS 
and reduced the risk of relapse during 2 years of treat-
ment118. On the contrary, natalizumab was ineffective in 
the treatment of RA126, in another example of different-
ial efficacy of targeted therapies across distinct diseases. 
Vedolizumab, a humanized monoclonal antibody that 
binds α4β7 integrin expressed on leukocytes, blocks the 
interaction of α4β7 integrin with MadCAM-1 on intes-
tinal endothelial cells (Fig. 2); thus, vedolizumab selec-
tively blocks lymphocyte trafficking in intestinal tissues. 
Vedolizumab is approved by the FDA for the treatment 
of ulcerative colitis and Crohn’s disease; however, it has 
been suggested that use of vedolizumab might be associ-
ated with flares of arthritis in patients with IBD120,127–131. 
Efalizumab, a monoclonal antibody against CD11a, one 
of the subunits of LFA-1, interferes with T- cell activation 
in the lymph nodes and migration of T cells to the skin, 
ultimately providing clinical benefit in patients with 
moderate- to-severe psoriasis123. Although efalizumab 
was effective in the treatment of psoriasis, it was not 
effective in treating PsA122. Alefacept, a fusion protein 
of soluble LFA-3 with Fc fragments of IgG1, has shown 
some clinical efficacy in psoriasis and PsA124,132,133.

ICAM-1 and VCAM-1 are implicated in the propaga-
tion of inflammation and are upregulated in inflamma-
tory diseases, including Crohn’s disease and RA, as well 
as PsA134–136. Although adhesion molecule targeted thera-
pies have been effective in IBD and in MS, results in RA, 

for example, with a monoclonal antibody to ICAM-1,  
have been much less successful125.

In summary, despite a putative rationale for their  
targeting, and despite efficacy in diverse diseases such as 
IBD and MS, specific adhesion molecule inhibitors have 
not been proven effective in patients with peripheral 
arthritis, including PsA (Fig. 3).

Phosphodiesterase 4 inhibitors. Phosphodiesterase-4 
(PDE4) is an enzyme that stimulates cyclic AMP degra-
dation (Fig. 2), which promotes inflammatory responses 
by altering levels of various cytokines. Apremilast, an 
oral PDE4 inhibitor approved for use in PsA, has been 
shown to be an effective and well- tolerated therapy for 
PsA (Fig. 3). Apremilast is effective in improving var-
ious signs and symptoms of patients with active PsA, 
including benefits for psoriasis, enthesitis, dactylitis and 
peripheral arthritis137,138. Although effective in PsA 
and psoriasis, PDE4 inhibition did not show meaningful 
efficacy in either AS or in RA139,140. Ongoing studies are 
evaluating the efficacy and safety of apremilast in IBD141.

T- cell activation inhibitors. It is well known that T cell 
activation plays a crucial role in the inflammatory 
response, which provides the rationale for using T cell 
targeted therapies for the treatment of diseases such as 
RA and PsA. Abatacept is a fusion protein (CTLA4-Ig) 
that modulates a co- stimulatory signal necessary for 
T cell activation, by binding to the CD80–CD86 ligands 
on the surface of antigen- presenting cells142 (Fig. 2). As 
evident from a Cochrane systematic review, abatacept 
is efficacious and safe in the treatment of RA (Fig. 3)143. 
A phase III trial revealed that patients with PsA treated 
with abatacept had improvements in peripheral arthri-
tis irrespective of prior exposure to TNF inhibitors, 
although effects on skin lesions were minimal, despite 
strong suggestion of a potential immunopathogenic role 
for T cell activation in psoriasis144.

CD20 inhibitors. B cell depletion therapy by targeting 
CD20, a B lymphocyte specific molecule, has proven 
beneficial in various autoimmune disorders. Treatment 
with rituximab, an anti- CD20 monoclonal antibody, has 
been efficacious in treating patients with either RA or 
MS145–147 (Figs 2,3). In patients with AS, rituximab did not 
seem effective in treating patients who had previously 
had an inadequate response to TNF inhibition; how-
ever, it was efficacious in treating TNF- inhibitor-naive 
patients148. An exploratory study revealed that rituximab 
had minimal efficacy in PsA149.

From bedside to bench in PsA
As a result of years of intense basic and translational 
research by many investigators worldwide, our under-
standing of the immunopathogenesis of PsA and other 
chronic systemic inflammatory diseases has progressed 
tremendously. One result of such study has been the iden-
tification of numerous components of the immune and 
inflammatory responses that appear to be over expressed 
or activated in these diseases. These dysregu lated con-
stituents could then be considered potential thera-
peutic targets. Along with progress in biotechnology, 
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these discoveries led to the development of pharma-
ceutical agents specifically targeting many soluble and  
cell surface pro- inflammatory mediators.

Clinical results with these agents have been sur-
prising in some cases. Despite presumptive immuno-
histopathological and other evidence suggesting an 
aetiopathogenic role for various mediators in specific 
distinct diseases, therapies targeting these mediators 
have been ineffective in some studies. For example, IL-6 
and IL-1 inhibition have not been nearly as effective in 
PsA as has TNF inhibition83,150.

Data across the various domains of disease in PsA 
have also generated some unexpected results. For exam-
ple, IL-17 inhibition is effective in treating peripheral 
arthritis, enthesitis, dactylitis and axial arthritis in PsA 
and is more effective than TNF inhibition for treating 
psoriasis; however, IL-17 inhibition was ineffective for, 
or worsened, IBD. IL-23 inhibition and dual IL-12–
IL-23 inhibition also work across various PsA domains, 
including peripheral arthritis, enthesitis, dactylitis and 
IBD, and are also highly effective for psoriasis; however, 
they are ineffective for axial arthritis15,17,61,64,66–68.

Many other examples, as reviewed earlier, reveal clin-
ical data that were unexpected given potentially promis-
ing data from prior immunological studies. One might 
liken the situation to trying to ascertain the cause of an 
ongoing fire: at initial glance, it might be difficult to dif-
ferentiate those who started the fire from those who are 
trying to put it out or those who are just bystanders.

Thus, a ‘bedside- to-bench’ approach with data from 
clinical trials that targeted various immune mediators 
can help to inform our understanding of the cytokine 

and other target- based taxonomy of varied chronic 
inflammatory diseases. The ‘bedside- to-bench’ approach 
might also afford advances in precision medicine of PsA 
in the future (Fig. 4). Individuals with psoriasis have life-
time environmental exposures that affect the specific 
nature of their immune response, thus defining their 
‘exposome’. Such exposures can influence genomic, 
metabolomic, proteomic, microbiomic, and epigenomic 
parameters. These varied ‘omic’ parameters can affect 
the signs and symptoms seen in patients with PsA, 
including various clinical domains such as peripheral 
arthritis, axial arthritis, dactylitis, skin and nail disease, 
IBD and uveitis. Data from clinical trials of specific 
targeted therapies have made a substantial impact on 
the treatment of these clinical domains for individuals 
with PsA. Data from clinical trials of specific targeted 
therapies could help to further delineate the underlying 
mechanisms of disease (box 1). Further future trials that 
directly compare agents with different mechanisms of 
action should provide additional information about the 
relative roles of different pathways, specifically as related 
to particular disease domains (box 1). Integrating the 
data from various clinical trials will aid in characterizing 
PsA endotypes, defined by the molecular mechanisms 
underlying the disease’s clinical phenotype and/or fea-
tures, which will in turn further our understanding of 
various omic parameters.

Conclusions
A number of pro- inflammatory mediators have been 
implicated in the immunopathogenesis of PsA on the 
basis of immunohistological studies and other lines of 
evidence. However, some therapies that were ‘supposed 
to work’ on the basis of these findings have failed in 
clinical trials. Still others affected some domains of dis-
ease more or less than others. These findings support a 
focus on the ‘bedside- to-bench’ rather than the oppo-
site approach, as they reinforce the notion that valuable 
information can be gleaned from analysing the clinical  
efficacy of targeted therapies in PsA and other auto-
immune inflammatory diseases. With the development of  
additional novel therapies, more will no doubt be learned 
about these complex systemic inflammatory conditions.

Published online 4 September 2019

Psoriasis

Exposome

ProteomeMetabolomeGenome

• PsA signs and symptoms
• Activity in various domains

DactylitisEnthesitisAxial
arthritis

Peripheral
arthritis

UveitisIBDSkin and
nails

Data from clinical trials of specific targeted therapies:
Clinical impact on individual domains

Integration of data to help define endotype

EpigenomeMicrobiome

Fig. 4 | Bedside to bench: towards precision medicine in PsA. Individuals with 
psoriasis have a unique measure of lifetime exposure that relates to their health, thus 
defining their ‘exposome’, which can further influence their genome, metabolome, 
proteome, microbiome and epigenome. These domains can, in turn, affect the signs 
and symptoms of psoriatic arthritis (PsA), including various clinical domains. Data from 
clinical trials of specific targeted therapies have had a substantial effect on treatment 
of these clinical domains for individuals with PsA. Integrating data from clinical trials 
will help to characterize PsA endotypes, defined by the molecular mechanisms 
underlying the clinical phenotype and/or disease features, which will in turn further 
our understanding of the various omic domains. IBD, inflammatory bowel disease.

Box 1 | Future directions

•	Future clinical trials comparing agents with different 
mechanisms of action (that is, TNF, Il-12–Il-23 and/or 
Il-17 inhibition) in head- to-head studies, supplemented 
with translational research, could provide us with 
information about which cytokine pathway 
predominates in the pathophysiology of psoriatic 
arthritis (PsA).

•	Future clinical trials evaluating multidomain measures, 
such as composite disease activity indices and minimal 
disease activity criteria, might inform us about which 
targeted therapy enables better disease control for PsA.

•	The microbiome of the gut or skin has been suggested 
to be relevant to the pathogenesis of PsA and could 
provide potential therapeutic targets.
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Axial spondyloarthritis (axSpA) presents substan-
tial challenges to clinicians evaluating and managing 
patients with back pain1. Back disorders occur fre-
quently in the general population, and back symptoms 
that might point to inflammation in the sacroiliac joints 
and spine lack specificity with respect to other causes of 
back pain, such as degenerative disc disease. Laboratory 
assessment is limited to measurements of nonspecific 
acute phase proteins and the genetic marker HLA-B27. 
Structural progression to spinal ankylosis is slow (gener-
ally measured over a course of several years). However, 
little is known of the prognostic indicators that might 
help identify which patients in the early course of disease 
will progress. The limited reliability and sensitivity to 
change of radiography of the sacroiliac joints and spine 
in spondyloarthritis (SpA) has placed constraints on the 
evaluation of potential disease-modifying therapies in 
clinical trials of SpA because placebo-controlled periods 
are relatively short (no longer than 16 weeks).

Pelvic radiography has been a staple of diagnos-
tic evaluation for several decades but interest in more 
advanced imaging for axSpA is now growing exponen-
tially to address this array of unmet clinical needs. In 
particular, an expanding repertoire of highly effective 
therapeutic agents2 reinforces the importance of early 

diagnosis, presents opportunities for more effective and 
sustained control of disease and raises the possibility of 
prevention of long-term structural damage. In the past 
2 years, technical developments in CT and MRI have 
increased their feasibility for use in clinical practice as 
well as their image resolution, particularly for detecting 
structural lesions. CT of both the sacroiliac joints and 
the spine can now be performed using low-radiation 
techniques without sacrificing resolution, whereas the 
use of novel MRI sequences has improved the image 
resolution of axial joints.

The aim of this Review is to describe the perfor-
mance of advanced imaging techniques in addressing the 
major unmet needs of clinicians managing patients with 
axSpA. The review first focuses on new developments in 
diagnostic evaluation using plain radiography, CT and 
MRI, as well as how these different modalities should be 
applied in practice. New prospective data are discussed 
clarifying the evolution of newly described MRI lesions 
and how these data might further improve understand-
ing of the role of MRI as a diagnostic and prognostic 
tool. Finally, this Review summarizes advances in the 
quantitative aspects of imaging, new directions in the use 
of imaging to assess the disease-modifying potential of 
therapeutic agents and new imaging techniques.

 The role of imaging in the diagnosis 
and management of axial 
spondyloarthritis
Walter P. Maksymowych  

Abstract | MRI of the sacroiliac joints is increasingly acknowledged as being indispensable in  
the early diagnosis of axial spondyloarthritis (axSpA) and as having a prominent role in the 
prognosis and classification of axSpA. Technological advances include improvements in  
the resolution of structural lesions and in methodologies for the quantification of lesions. 
Limited access and expertise in interpretation of MRI have led to a resurgence of interest in CT, 
especially the development of low radiation protocols for assessing the sacroiliac joints. Trials  
of TNF inhibitors in patients with non-radiographic axSpA have led to greater understanding of 
the role of MRI in selecting which patients might respond well to this therapy. The role of  
MRI features as target end points in treat-to-target strategies remains unclear because the 
effect of such targeting on structural damage parameters has only recently been explored.  
The relative importance of active and structural lesions for prognostic risk assessment and 
selection of appropriate treatment is also an area of current research. Given the increased 
capacity to visualize a broad array of lesions in both the sacroiliac joints and the spine using  
MRI and CT, these modalities will probably be increasingly employed for assessment of the 
disease-modifying activity of new therapies.
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Diagnostic evaluation
Plain radiography
Plain radiography of the pelvis for the detection of sac-
roiliitis continues to be the most widely used imaging 
technique for diagnostic evaluation even though recent 
cohort data emphasizes both the limited sensitivity and 
poor reliability of this imaging modality in patients with 
suspected early axSpA. Definite radiographic sacroili-
itis according to the modified New York classification 
criteria was evident in only 13.5% of 684 patients aged 
18–50 years presenting with symptoms of inflamma-
tory back pain of less than 3 years in the Devenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR) 
cohort (a French cohort of patients with undifferentiated 
SpA)3,4. Furthermore, these criteria were only fulfilled 
in 11.6% of 500 patients presenting with undiagnosed 
back pain of <2 years duration and who had onset of 
symptoms at <45 years of age in the Spondyloarthritis 
Caught Early (SPACE) cohort5,6. Moreover, reliability 
for detection of radiographic sacroiliitis according to the 
modified New York classification criteria was modest, 
even amongst experienced readers, with a κ value of no 
more than 0.5 in both the DESIR cohort and in a study 
of patients in South Denmark with undiagnosed back 
pain of 2–12 months duration7,8. Reliability for detec-
tion of sacroiliitis in children was even worse, with a  
κ value of 0.3 (refs9,10). Assessment of 110 patients referred  
with undiagnosed back pain and a suspected diagno-
sis of axSpA revealed that conventional radiography 
missed the diagnosis in more than half of the patients 
and two-thirds of the joints with structural changes 
indicative of axSpA on CT11.

Despite these limitations, both EULAR and the 
European Society of Musculoskeletal Radiology (ESSR) 
arthritis subcommittee recommend plain radiography 
of the sacroiliac joints as the first imaging modality for 
diagnostic evaluation of a patient with axSpA, primarily 
for reasons of cost and because radiography is widely 
available12,13. However, this recommendation might not 
be appropriate in children because of the risk of a mis-
leading result. A strong case can also be made for the 
use of advanced imaging, especially MRI, in situations 
when the radiography results are not absolutely defin-
itive for sacroiliitis (that is, a grade of less than 3 by 

the modified New York criteria), especially in a setting 
where a major treatment decision is being contemplated 
because of the severity of the patient’s symptoms and 
because treatment is costly and therefore diagnostic cer-
tainty is required. The adoption of this strategy is also 
supported by growing evidence of a window of oppor-
tunity for modifying structural outcomes in patients 
with axSpA with currently available anti-inflammatory 
therapies, which highlights the importance of early and 
accurate diagnosis14,15.

CT
CT of the sacroiliac joints is more sensitive than plain 
radiography and more reliably detects structural abnor-
malities as this imaging modality can depict the com-
plex anatomy of the sacroiliac joints in a 3D manner16. 
However, the high dose of radiation with standard CT 
has precluded its routine use for diagnostic evaluation 
of the sacroiliac joints. Substantial improvement in CT 
technology and reconstruction software has led to the 
use of low-dose CT for routine diagnostic applications, 
such as for the assessment of urolithiasis and for the 
screening and follow-up of lung nodules17,18. In 2018, 
a study assessed the estimated effective radiation dose 
delivered to the sacroiliac joints in patients undergo-
ing low-dose CT for the evaluation of renal colic, and 
compared this dose to the estimated effective dose from 
radiography19. The mean effective radiation dose for 
anteroposterior pelvic radiography and low-dose CT 
were 0.09 mSv and 0.42 mSv, respectively19. None of the 
low-dose CT scans exceeded the minimal risk category 
of 0.1–1 mSv (ref.20) and all were considered to be of diag-
nostic quality with excellent visualization of the bone–
cartilage interface without superimposition of bone 
structures or overlying bowel. In a second study that used  
low-dose CT evaluation of the sacroiliac joints as the 
gold standard for comparing radiography and MRI, 
the radiation exposure of low-dose CT was similar to  
that of radiography (0.51 mSv compared with 0.52 mSv) 
but low-dose CT had a substantially greater sensitivity 
for the detection of sacroiliitis11. By way of comparison, 
the annual dose of background radiation in the USA is 
estimated at 3.0 mSv, the exposure from a flight from 
London to Los Angeles is estimated at 0.06 mSv and the 
exposure from conventional pelvic CT is estimated at 
3–4 mSv (ref.21). A further advantage of using low-dose 
CT over plain radiography is the enhanced control over 
the area exposed to the radiation beam as both male and 
female gonads are substantially further from the primary 
radiation beam. Axial orientation, the most commonly 
used orientation for CT of the sacroiliac joints, might not 
be optimal for assessment of sacroiliitis because this ori-
entation exposes the gonads to radiation. Furthermore, 
the effective radiation dose from semicoronal CT of the 
sacroiliac joints is lower than that from axial CT (six 
times lower in women and four times lower in men)22, 
whereas inter-reader reliability and sensitivity for the 
detection of sacroiliitis is comparable between these 
two orientations and superior to those of radiography23. 
These observations indicate that the dose from modern 
multidetector CT can be reduced further by optimi-
zation of slice position and gantry angulation. In view 

Key points

•	low-dose CT of the sacroiliac joints has superior diagnostic accuracy to plain 
radiography for axial spondyloarthritis (axSpA) and can be widely implemented.

•	mRI scans of the sacroiliac joint should be interpreted contextually using 
complementary diagnostic information provided by T1-weighted and fat-suppressed 
sequences.

•	Routine mRI evaluation of patients presenting with back pain and suspected axSpA 
should be confined to the pelvis because imaging of the spine is of little additional 
benefit.

•	The utility of the assessment of sacroiliac joint structural lesions or spinal lesions by 
mRI for improving current classification for axSpA is still uncertain.

•	lesions in the sacroiliac joints and spine on mRI have potential prognostic value for 
structural progression, especially the presence of fat metaplasia.

•	mRI inflammatory scores can discriminate between active therapy and placebo and 
have been a consistent predictor of the efficacy of novel treatments in clinical trials 
over the past two decades.
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of these observations and the lower costs of CT com-
pared with MRI, it is now reasonable to propose that 
low-dose CT be adopted for routine diagnostic evalua-
tion of patients with axSpA in place of plain radiography,  
especially where access to MRI is limited.

Low-dose CT of the spine has also been described, 
and complete assessment of the spine is possible using an 
effective radiation dose of 4 mSv as compared with 8 mSv 
for assessment of the thoracic and lumbar spine24. This 
imaging modality has now been employed to quantify 
structural progression of axSpA but is not recommended 
for diagnostic evaluation24.

MRI of the sacroiliac joints
MRI assessment of the sacroiliac joints has been trans-
formative in the diagnostic evaluation of patients with 
axSpA through its unique capacity to directly visualize 
inflammatory lesions in the sacroiliac joints as well as 
the consequences of inflammation, such as structural 
damage. This imaging modality enables diagnosis at a 
much earlier stage than radiography. In two studies, one 
an analysis of 513 patients with suspected axSpA and 
a symptom duration of ≤2 years and a second analysis 
of patients referred to a rheumatologist with undiag-
nosed back pain of 7 years duration and a suspected 

diagnosis of axSpA, evaluation by MRI changed the 
expert clinician-based diagnosis in 21% of patients25,26.

The ESSR Arthritis Subcommittee recommenda-
tions for appropriate scanning protocols for MRI of the 
pelvis in the diagnosis of axSpA include simultaneous 
evaluation of T1-weighted (T1W) and fat-suppressed 
MRI sequences (such as short tau inversion recovery 
(STIR) and T2-weighted fat-suppressed turbo spin echo 
(T2-FS) sequences)13 (Box 1; fig. 1). The T1W sequence 
detects the signal from fat so that adult bone marrow 
in the sacroiliac joints appears bright because of its fat 
content. This signal contrasts with the dark appearance 
of cortical bone and provides excellent anatomical res-
olution of the sacral and iliac cortices comprising the 
sacroiliac joints; hence, the T1W sequence is currently 
the primary MRI sequence used for detection of bone 
erosion. Fat-suppressed MRI sequences null the fat 
signal from bone marrow and are water-sensitive so 
that oedema related to inflammation can be detected 
as a bright signal on a dark background in subchon-
dral bone marrow. STIR is the most widely known 
sequence for detection of inflammation in the sacroiliac 
joints and achieves fat suppression by application of an 
inversion radiofrequency pulse. T2-FS sequences use 
spectral fat suppression to null the signal from bone 
marrow fat, and might be more sensitive for detection 
of inflammatory lesions in the sacroiliac joint than 
STIR sequences27.

Both the EULAR12 and the ESSR13 recommendations 
emphasize the crucial concept of contextual interpreta-
tion in which both the T1W and STIR scans are assessed 
simultaneously for diagnostic ascertainment because 
the two types of scan provide complementary informa-
tion. For example, the detection of subtle bone marrow 
oedema with a STIR scan might alone be insufficient 
to confidently assign a diagnosis of axSpA. However, 
the additional finding of a small erosion on the T1W 
scan might improve confidence in the diagnosis, espe-
cially when the index of clinical suspicion is high and 
the patient is positive for HLA-B27. Studies that have 
used this approach have shown a much higher diagnos-
tic utility for MRI in axSpA (as indicated by likelihood 
ratios of 44.6 and 26.0 for ankylosing spondylitis and 
non-radiographic axSpA, respectively)28 than previ-
ous studies of MRI (likelihood ratio 9.0)29. However, 
evaluating the diagnostic utility of MRI is challenging 
because the overall interpretation of both T1W and 
fat-suppressed scans will depend on the expertise of 
the reader.

Whether contrast-enhanced sequences improve 
diagnostic utility is questionable. The ESSR recommen-
dations state that this approach might be helpful when 
the diagnosis is in doubt, especially in children, whereas 
EULAR recommendations state that STIR sequences are 
sufficient to detect inflammation and contrast medium 
is not needed12,13. Synovitis can only be detected using 
fat-saturated sequences after contrast medium admin-
istration but synovitis seldom occurs in the absence 
of bone marrow oedema and these sequences have 
been reported to add no diagnostic value compared 
with STIR sequences alone in the assessment of adults  
and children30,31.

Box 1 | MRI scanning protocols for evaluation of the sacroiliac jointsa

The following orientations and sequences should be used for evaluation of the 
sacroiliac joints by mRI:

Orientation
•	Coronal oblique: slices are parallel to the dorsal surface of the S2 vertebra

•	Semiaxial: slices are perpendicular to the dorsal cortex of the S2 vertebra

•	maximal slice thickness: 3 mm

•	Interslice gap: 0.3 mm

Obligatory assessments
•	Coronal oblique T1-weighted (T1W)

•	Coronal oblique short tau inversion recovery (STIR) or turbo inversion recovery 
magnitude (TIRm)

•	A cartilage sequence (for example, gradient echo)

•	visualization in two perpendicular planes

The following sequences can be used for each orientation:

Coronal oblique
•	T1W

•	T1W with fat suppression before and/or after contrast

•	T1W gradient echo

•	STIR

•	TIRm

•	T2-weighted sequences with fat suppression (T2-FS)

•	T2-weighted Dixon

•	Proton-density with fat suppression

Semiaxial
•	STIR

•	TIRm

•	Proton-density with fat suppression

aInformation taken from the european Society of musculoskeletal Radiology (eSSR) Arthritis 
Subcommittee recommendations for mRI scanning protocols for evaluation of the sacroiliac 
joints13. Detailed mRI scanning protocols are available online.
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To enhance feasibility and facilitate compar isons across 
studies, a standardized method for scoring individual  
MRI lesions has been developed and used to assess the 
diagnostic utility of MRI. The scoring method uses 
the same principles of the Spondyloarthritis Research 
Consortium of Canada (SPARCC) method of dividing 
the sacroiliac joints into quadrants and assessing con-
secutive semicoronal slices through the cartilaginous 
portion of the joint32,33. The diagnostic utility of this 
method for assessing a number of lesions, including 
bone marrow oedema and structural lesions (such as 
fat metaplasia, bone erosion and bone sclerosis), has 
been analysed, which is discussed in the next sections.  
In addition, the Assessment of SpondyloArthritis inter-
national Society (ASAS) MRI working group has recently 
reported an updated international consensus of standard-
ized MRI lesion definitions for both active and structural 

lesions in the sacroiliac joints of patients with SpA,  
which should facilitate further assessment of the utility 
of MRI in the diagnosis, classification and prognosis of 
these lesions34.

Bone marrow oedema. Bone marrow oedema in the sub-
chondral region of the cartilaginous portion of the sac-
roiliac joints is the earliest and most frequent lesion 
discerned on fat-suppressed MRI scans in patients  
with axSpA at diagnosis. Studies of cohorts of patients with  
early axSpA have shown frequencies of bone marrow 
oedema ranging from 15% to 60%4,6,28,35, the variability 
of which can be explained by variation in the inclusion  
criteria of the various cohorts. In these studies, the pres-
ence of bone marrow oedema was defined according 
to the ASAS and Outcome Measures in Rheumatology 
(OMERACT) MRI group consensus definition of bone 
marrow oedema in the sacroiliac joints typical of SpA 
(referred to here as the ASAS MRI criterion for bone 
marrow oedema)36. This ASAS MRI criterion was devel-
oped for the purpose of classification (that is, as part of 
the imaging criterion ‘sacroiliitis on MRI’ in the ASAS 
classification criteria for axSpA, discussed in the section 
on Classification) and was not intended for diagnostic 
categorization. The ASAS MRI criterion for bone mar-
row oedema requires the presence of two bone marrow 
oedema lesions in subchondral bone marrow on a sin-
gle semicoronal slice or a single lesion evident on two 
consecutive slices for classification as axSpA36. The pres-
ence of bone marrow oedema can be readily assessed 
according to the SPARCC method, for which a score of 
2 or more indicates the presence of at least two sacroiliac 
joint quadrants with bone marrow oedema. However, 
the ASAS MRI criterion for bone marrow oedema also 
includes a requirement that the lesion is highly sugges-
tive of axSpA, which is not readily assessed objectively. 
Nevertheless, studies of patients with a short duration of 
symptoms (<3 years) have shown that this criterion has a 
better reliability than the modified New York criteria for 
the detection of radiographic sacroiliitis37,38.

A major unintended application of the ASAS MRI 
criterion has been in the diagnosis of axSpA, and there is 
a growing concern that this unintended use might result 
in a false-positive diagnosis in up to 40% of patients pre-
senting with undiagnosed back pain39,40. For appropriate 
evaluation of the diagnostic utility of MRI in addition to 
clinical, radiographic and laboratory data, it is impor-
tant to assess MRI in conditions that clinically mimic 
the disease under consideration and, ideally, to also use 
a diagnostic criterion that does not involve assessment 
by MRI as the gold standard. The latter component  
of the study design is important because the presence of 
MRI findings and especially bone marrow oedema ful-
filling the ASAS MRI criterion, might bias the decision 
towards a positive diagnosis. This circular reasoning 
might then lead to high positive predictive values for 
the ASAS MRI criterion as a diagnostic variable and the 
possibility that other, notably structural, lesions could 
be discarded. However, it is often difficult to establish an 
accurate gold standard diagnosis without including MRI 
evaluation, especially in the early stages of axSpA when 
few presenting features of SpA are present. Among the 
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Fig. 1 | T1W and STIR sequences of a healthy sacroiliac joint. MRI scan of a healthy 
sacroiliac joint, showing semicoronal T1-weighted spin echo (T1W) images (parts a–c) 
and short tau inversion recovery (STIR) images (parts d–f). Fat is very bright on the T1W 
images and suppressed on the STIR images. Fluid signal, such as in blood vessels, is very 
bright on the STIR images. On anterior slices (parts a, d), the sacroiliac joints extend 
further anteriorly than sacral vertebral bodies, so the anterior parts of the cartilage 
compartment are visualized along with presacral soft tissues. On central slices (parts b, e), 
the entire length of the cartilage compartment is visualized. On transitional slices (parts c, f), 
the start of the ligamentous compartment is visualized, but is best identified on the T1W 
image (part c) that shows fat in the centre of the joint surrounding the sacroiliac 
ligaments (white arrows).
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250 patients diagnosed with axSpA in the SPACE cohort, 
40% had two or fewer SpA features6.

Two approaches have been used to address these 
challenges. In the first approach, the utility of MRI 
was assessed in a setting in which the rheumatologist 
did not have access to the MRI findings when making 
the final diagnosis28,41. In one study, the gold standard 
diagnostic criterion was based on a rheumatologist’s 
expert evaluation of clinical and laboratory features 
together with pelvic radiography but not MRI. Bone 
marrow oedema fulfilling the ASAS MRI criterion was 
found in 85.3% of patients with ankylosing spondylitis, 
in 66.7% of patients with inflammatory back pain but 
without radiographic sacro iliitis, in 23.1% of patients 
with nonspecific back pain and in 6.8% of healthy indi-
viduals without back pain28. In a second study, a similar 
design was used to compare two cohorts of consecutive 
patients >50 years of age presenting with undiagnosed 
back pain: cohort A comprised 69 patients referred from 
primary care for further evaluation of suspected axSpA 
and included 20 healthy age-matched individuals, and 
cohort B comp rised 88 patients presenting with acute 
anterior uveitis with past or present back pain41. Patients 
were diagnosed with non-radiographic axSpA, anky-
losing spondylitis or nonspecific back pain. The ASAS 
MRI criterion for bone marrow oedema was present in 
82.5% and 70.8% of patients with ankylosing spondyli-
tis, in 80% and 41.9% of patients with non-radiographic 
axSpA and in 23.1% and 26.5% of patients with non-
specific back pain in cohort A and cohort B, respec-
tively. This study also showed that the presence of bone 
marrow oedema in at least three sacroiliac joint quad-
rants (rather than two) had a higher specificity (89% 
and 84% for cohort A and cohort B, respectively) and 
performed substantially better as a diagnostic criterion 
than the ASAS MRI criterion, but still had an acceptable 
sensitivity, when compared to the global assessment of  
MRI scans by four experienced readers.

In the second approach, the diagnostic utility of MRI 
was assessed using histological evaluation of tissue from 
biopsy of the sacroiliac joints as the gold standard. One 
study assessed 109 patients with clinically suspected 

axSpA and a symptom duration of 4 years but without 
radiographic findings42. MRI was available in 77 of these 
patients and the sensitivity and specificity of the ASAS 
MRI criterion for bone marrow oedema were 38% and 
100%, respectively.

Bone marrow oedema and false positivity for axSpA. 
Bone marrow oedema fulfilling the ASAS MRI criterion 
has been reported in 20–40% of patients with nonspe-
cific back pain and in healthy individuals. Observations 
of bone marrow oedema as a false-positive finding in 
various populations without axSpA have led to sev-
eral important conclusions about the diagnostic utility 
of bone marrow oedema, particularly bone marrow 
oedema that fulfils the ASAS MRI criterion (Box 2; fig. 2).

In one study, the investigators hypothesized that 
mechanical stress related to exercise might be associated 
with bone marrow oedema in the sacroiliac joints. Bone 
marrow oedema that fulfilled the ASAS MRI criterion was 
observed in 35% of 20 recreational runners before running 
and in 30% after running and also in 41% of 22 elite ice 
hockey players (in whom the bone marrow oedema was 
focal and localized to the posterior lower ilium and ante-
rior sacrum)39. These findings are comparable to those of 
a second study of 22 Belgian military recruits in which 
the percentage of individuals with bone marrow oedema 
fulfilling the ASAS MRI criterion also increased from  
23% to 36% after a 6-week period of intensive training43.

In a third study, of 47 healthy individuals without 
back pain, 11 (23.4%) had bone marrow oedema ful-
filling the ASAS MRI criterion compared with 43 of 47 
(91.5%) patients with axSpA from the SPACE cohort 
with a symptom duration of less than 2 years and four 
of seven women (57.1%) with postpartum back pain less 
than 3 months after pregnancy40. Reliability of the ASAS 
MRI criterion for detection was modest (κ values 0.48, 
0.50 and 0.59 for the three reader pairs, respectively)40, 
which suggests that even experienced and calibrated 
readers might have some difficulty in deciding what 
constitutes bone marrow oedema highly suggestive of 
axSpA, although better reliability was noted in stud-
ies from the DESIR and SPACE cohorts37,38. The bone 
marrow oedema lesions that were false-positive for 
axSpA were again located in the anterior and posterior 
lower ilium. However, bone marrow oedema lesions 
that extended at least 1 cm from the subchondral bone 
margin (referred to as deep lesions) were 100% specific 
for axSpA and were not found in healthy individuals or 
patients with mechanical disorders of the spine. In an 
extensive assessment of 1,020 unselected Danish patients 
with chronic back pain, 21% had bone marrow oedema 
fulfilling the ASAS MRI criterion that was not associated 
with features of inflammatory back pain44.

In two retrospective studies, bone marrow oedema 
was found in almost half (48.1% and 46%) of women in 
the postpartum period, which was associated with sclero-
sis and was mainly located in the lower ilium and sacrum 
of the cartilaginous portion of the joint45,46. In addition 
to bone marrow oedema, some of the women also had 
capsulitis, enthesitis and fluid within their joints, which 
developed during the second and third trimester of preg-
nancy. These findings might reflect biomechanical stress 

Box 2 | MRI-detected bone marrow oedema in the diagnosis of axSpA

Factors to consider when interpreting bone marrow oedema on mRI of the sacroiliac 
joints in support of a diagnosis of axial spondyloarthritis (axSpA):

•	Bone marrow oedema in the sacroiliac joints should be interpreted in the context of 
the clinical presentation.

•	Determining what constitutes bone marrow oedema that is highly suggestive of axial 
spondyloarthritis might be difficult, even for experienced and calibrated readers.

•	Caution should be exercised in interpreting focal bone marrow oedema lesions in the 
anterior sacrum and postero-inferior ilium (fig. 2).

•	Bone marrow oedema fulfilling the ASAS mRI criterion should not be used for 
diagnostic purposes because of risk of false-positive axSpA (occurs in 25–40% of 
physically active young adults)28,39,40,43.

•	Quantitative definitions that are based on the Spondyloarthritis Research Consortium 
of Canada (SPARCC) sacroiliac joint quadrant method and extensive bone marrow 
oedema (at least three sacroiliac joint quadrants and/or depth >1 cm) should be 
further validated.

•	Contextual interpretation of bone marrow oedema with structural lesions is crucial 
because their presence might increase specificity for a diagnosis of axSpA.

NATuRe RevIeWS | RheuMATOlOgy

R e v i e w s

  volume 15 | NovemBeR 2019 | 661



of pregnancy, especially in the lower half of the sacroiliac 
joints. All features gradually resolved during follow-up, 
although the 10% of the women who had diffuse bone 
marrow oedema were more likely to progress to axSpA 
than the women without diffuse bone marrow oedema. 
This diffuse bone marrow oedema and the lack of fat 
metaplasia or erosion seemed to distinguish the bone 
marrow oedema of osteitis condensans ilii from axSpA.

Fat metaplasia. Fat metaplasia is detected on T1W scans 
as a bright signal in the subchondral bone marrow. This 
lesion appears as bone marrow oedema resolves and is 
typically located adjacent to subchondral bone, with a dis-
tinct border, and a homogeneously bright signal through-
out the lesion34 (fig. 3a). This characteristic appearance is 
reliably detected and highly specific for axSpA, unlike the 
heterogeneous distribution of bright signal that is typical 
of physiological fat infiltration in the sacrum47. Fat meta-
plasia is often seen together with other structural lesions 
in the sacroiliac joints in axSpA and its contribution to 
diagnostic utility is therefore difficult to quantify47.

The first systematic assessment of the utility of fat 
metaplasia in the diagnosis of SpA focused only on evi-
dence of a bright signal on a T1W sequence and not on 
additional features of fat metaplasia such as the pres-
ence of a distinct border28. Evidence of fat in at least two  
sacroiliac joint quadrants was detected in 37% of patients 
with inflammatory back pain but without radiographic 
sacroiliitis compared with 15.3% of healthy individu-
als and 19.2% of patients with nonspecific back pain28.  
In a second study of a different patient cohort, the inves-
tigators assessed the diagnostic utility of fat metaplasia 
together with additional characteristic features of fat 
metaplasia in axSpA47. Fat metaplasia with at least two 
distinct features of axSpA was detected in 25% of patients 

with non-radiographic axSpA, in 2.6% of patients with 
nonspecific back pain and in none of the healthy indi-
viduals. Similarly, in the SPACE cohort, 23.5% of the 
patients categorized as having non-radiographic axSpA 
according to the ASAS classification criteria and 6.9% of 
the patients without axSpA had fat metaplasia in at least 
two sacroiliac joint quadrants48. Moreover, unlike bone 
marrow oedema, only 10% of athletes had fat metaplasia 
in more than two sacroiliac joint quadrants39.

These data indicate that fat metaplasia has discrim-
inatory potential and is a feature that can be helpful in 
the contextual interpretation of MRI scans for diagnostic 
purposes.

Bone erosion. On T1W scans, bone erosion is defined 
as complete loss of the dark appearance of cortical bone 
as well as the adjacent marrow matrix34 (fig. 3b). In an 
actively inflamed erosion, a bright signal will also be 
present on a fat-suppressed, water-sensitive scan in the 
cavity of the erosion. Extensive erosion might affect 
the entire vertical height of the iliac bone and appears 
as pseudo-widening of the joint cavity on T1W scans.  
A vertical band of bright signal might also be present in 
the joint space on fat-suppressed scans indicating the 
presence of joint fluid.

MRI has been validated (using low-dose CT of the 
sacroiliac joints as the gold standard) for detecting bone 
erosion and has a higher sensitivity (79%) and specific-
ity (93%) for this lesion than radiography (which has 
a sensitivity and specificity of 42% and 86%, respec-
tively)11. The frequency of MRI-detected bone erosion 
in patients presenting with undiagnosed back pain and 
a suspected diagnosis of early axSpA varies consider-
ably amongst different cohorts. Erosion was detected 
in at least two sacroiliac joint quadrants in 59.3% of 
patients with inflammatory back pain but without radio-
graphic sacroiliitis (with a mean symptom duration  
of 29 months) but in only 3.4% of healthy individuals 
and 7.7% of patients with nonspecific back pain28. In a 
second cohort of patients, such findings were present in 
57.5% of patients with non-radiographic axSpA, in 3.2% 
of patients with nonspecific back pain and in 2.5% of 
healthy individuals41. Similar frequencies of erosion in 
at least two sacroiliac joint quadrants were reported in 
patients categorized as having non-radiographic axSpA 
according to the 2009 ASAS criteria and in patients with-
out axSpA in the SPACE cohort48. In a Danish study of 
1,020 young patients with persistent back pain of dura-
tion 2–12 months, 8% of the patients had bone erosion, 
the presence of which was positively associated with 
HLA-B27 positivity and good response to NSAIDs and 
negatively associated with age44. Finally, bone erosion 
was detected in the absence of bone marrow oedema 
in ~10% of patients with non-radiographic SpA28,41,49,50. 
These findings suggest that assessment of erosion  
in combination with bone marrow oedema could  
potentially improve diagnostic utility.

Prospective observations of T1W scans of the sacro-
iliac joints have shown that the morphology of erosions 
changes as inflammation resolves51,52. In particular, the 
bright signal on the fat-suppressed scan fades away and 
increased signal on T1W scans becomes evident in the 

T1W STIR

Fig. 2 | Bone marrow oedema in the sacroiliac joints on MRI and false positivity for 
axSpA. An MRI scan of the pelvis showing minor irregularity of the left iliac cortex on the 
T1-weighted (T1W) image (left) and a focal area of bone marrow oedema (arrow) in the 
right anterior sacrum on the short tau inversion recovery (STIR) image (right) that is present 
on two consecutive slices. These findings fulfil the Assessment of SpondyloArthritis 
international Society (ASAS) MRI criterion for bone marrow oedema but should be 
interpreted in the context of the clinical information. In a 20-year-old man with 
inflammatory type chronic back pain who is HL A-B27-positive and has a painful left 
Achilles tendon insertion, such findings could indicate axial spondyloarthritis (axSpA). 
However, in a 42-year-old HL A-B27-positive man who is a runner, and also has a history of 
inflammatory type back pain and pain in the left Achilles insertion, the diagnosis is more 
likely early osteoarthritis of the right sacroiliac joint. Hence, inappropriate use of the axSpA 
classification criteria for diagnostic purposes could lead to a false-positive diagnosis.
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joint space at the site of the erosion cavity (figs 3c,4). 
This change is thought to reflect a reparative process 
at the site of erosion that resembles the transformation  
of bone marrow oedema into fat metaplasia in sub-
chondral bone marrow. This reparative process at the site  
of erosion has been termed ‘backfill’ to denote the infilling of  
the erosion cavity with new tissue, although the term ‘fat 
metaplasia in the erosion cavity’ has also recently been 

proposed34. Data from a placebo-controlled randomized 
controlled trial suggest that this process occurs as early 
as 12 weeks after starting treatment with a TNF inhibi-
tor53. In a retrospective analysis of 363 patients, includ-
ing patients with axSpA (identified according to the 2009 
ASAS classification criteria), the sensitivity and speci-
ficity of the high T1W signal in the joint space for the 
detection of axSpA was 38.4% and 95.8%, respectively54.

The variability in the appearance of erosions, the 
fact that cortical bone is dark on all sequences and  
the irregularity of the contours of iliac and sacral cortices 
in normal individuals on MRI slices that include the liga-
mentary portion of the joint, might account for the lower 
reliability of bone erosion (compared with bone marrow 
oedema) as well as the variable reliability and differences 
in sensitivity and specificity of bone erosion for the 
detection of axSpA reported in the literature. Compared 
with the detection of bone marrow oedema, consider-
ably more reader training and calibration is required 
to reliably detect this lesion and study reports should 
clearly delineate erosion and backfill as these lesions are 
associated with different stages of inflammation.

Bone sclerosis. Bone sclerosis in axSpA is best detected 
using radiography, especially CT, and on MRI of the  
sacroiliac joints it appears as a low signal on all sequences.  
This feature is the least specific structural lesion for 
axSpA observable by MRI of the sacroiliac joints48 and 
is less sensitive than plain radiography11. However, one 
study has shown that sclerosis observed on conventional 
CT that is located along the cartilaginous compartment, 
measures >5 mm in all three planes and extends more 
than 5 mm from the joint surface might have similar 
specificity to erosion and ankylosis for the detection 
of axSpA55. This result requires further study using 
low-dose CT.

MRI of the spine
The recommended approach for imaging of the spine in 
patients with axSpA is a T1W and a fat-suppressed MRI 
scan in the sagittal plane13. Standardized definitions have 
been reported for MRI-detected spinal lesions at differ-
ent anatomical locations56,57. Fat-suppressed MRI scans 
can detect axSpA features such as spinal inflammatory 
lesions in the bone marrow of vertebral corners, adjacent 
to vertebral endplates, at costovertebral, facet and costo-
transverse joints and in spinous processes, as well as in 
soft tissues at the entheses. Fat metaplasia might be seen 
in the bone marrow at the same locations on T1W scans.

Several studies have explored the diagnostic utility 
of spinal features on MRI but have not addressed the 
key clinical question as to whether spinal imaging adds 
diagnostic value to the information provided by imag-
ing of the sacroiliac joints alone. To address this ques-
tion, in a Swiss–Canadian study of two cohorts (cohorts 
A and B; which together comprised 130 patients with 
undiagnosed back pain and a suspected diagnosis of 
axSpA, and 20 healthy individuals) sacroiliac joint and 
spine MRI assessments were conducted independently 
6 months apart58. The sacroiliac joint and spine scans 
were then reviewed simultaneously 1–12 months later 
(combined MRI). All exercises were conducted using 

T1W STIR

a

b

c

Fig. 3 | Structural lesions in the sacroiliac joints on MRI. MRI scans showing structural 
lesions of the sacroiliac joints using T1-weighted (T1W) sequences (left) and short tau 
inversion recovery (STIR) sequences (right). a | A bright signal is present in the left and right 
sacrum on the T1W image (left) that is typical of fat metaplasia, including the presence  
of a distinct border and its proximity (adjacent) to the subchondral bone (white arrows).  
A rim of bone marrow oedema is present around the regions of fat metaplasia on the STIR 
image (right, dashed white arrows). b | Erosion is present in the left lower iliac bone on the 
T1W image (left) with pseudo-widening of the joint space (white arrow). The STIR image 
(right) shows extensive bone marrow oedema (solid white arrow) in the left sacrum and 
left iliac bone with fluid (dashed white arrow) in the joint space. c | A bright signal is 
present in the joint space and is bordered laterally by an irregular dark band on the T1W 
image (left, dashed arrows). This composite appearance is typical of backfill. Minimal bone 
marrow oedema is present in the left iliac bone on the STIR image (right).
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standardized reading modules58. Of the patients with 
clinically suspected non-radiographic axSpA who were 
negative for axSpA on sacroiliac joint MRI, 15.8% and  
24.2% of those in cohorts A and B, respectively, were 
recategorized as having axSpA following global eva-
luation of the combined MRI scans. However, of the 
patients with nonspecific back pain, 26.8% and 11.4% 
of those in cohorts A and B, respectively, and 17.5% of 
the healthy volunteers who were negative for axSpA on 
sacroiliac joint MRI, were falsely recategorized as having 
SpA by the combined MRI analysis. The authors con-
cluded that spinal MRI added little incremental value 
to sacroiliac joint assessment alone in the diagnostic  
evaluation of patients with axSpA.

The ASAS/OMERACT MRI working group has pro-
vided a consensus definition for MRI findings of the 
spine indicative of axSpA56. This consensus statement 
concludes that inflammation in three or more anterior 
or posterior vertebral corners on at least two consecutive 
sagittal slices should be regarded as highly suggestive of 
axSpA; however, whether this definition was intended 
for diagnostic or classification purposes is unclear. 
Two subsequent studies, a Swiss–Canadian study59 that 
assessed MRI spine scans in 130 consecutive patients 

with undiagnosed back pain who were <50 years of age 
and newly referred to two university clinics and the sec-
ond that assessed MRI spine scans in 284 patients from 
the SPACE cohort48, showed that this ASAS definition 
did not have any useful diagnostic utility. In both stud-
ies, the presence of inflammation in at least five corner 
lesions had a specificity of ~95% and a sensitivity of 
15–30% and 14% in the Swiss–Canadian study and the 
SPACE cohort study, respectively. The presence of five 
corner lesions with fat metaplasia performed equally well 
as a cut-off in the SPACE cohort study. However, when 
these cut-offs were assessed in 541 and 650 patients with 
chronic back pain from the SPACE and DESIR cohorts, 
respectively, only 1% and 2% of patients without radio-
graphic or MRI-detected sacroiliitis had at least five 
inflammatory and/or fat metaplasia corner lesions in 
the spine60. These findings indicate that spinal imaging 
has insufficient diagnostic utility to justify its routine 
use for diagnostic evaluation of a patient with suspected 
axSpA but no abnormalities on imaging of the sacroiliac 
joints. Degenerative lesions in the spine are common, 
even in young patients who have had a short duration of 
symptoms, and can include vertebral corner inflamma-
tory and fat lesions61. Inflammation in the costovertebral 
joints has a high specificity (>90%) for the diagnosis of 
axSpA but sensitivity is inadequate (<20%)62,63. Spinal 
imaging might still be warranted if the index of clinical 
suspicion is high, a major treatment decision is pending 
and abnormalities on imaging of the sacroiliac joints are 
present that are less than definitive for axSpA.

It has been suggested that the site of spinal pain could 
be associated with the location of SpA spinal lesions on 
MRI and that segmental spinal MRI might be helpful in 
evaluation of patients with focal pain in the spine. One 
study from the DESIR cohort found that thoracic spine 
lesions were more common in patients with interscap-
ular pain than in patients without interscapular pain64. 
However, in the SPACE cohort, spinal pain was associ-
ated with degenerative lesions in the spine and not with 
lesions indicative of axSpA65.

Classification
Reliable detection of radiographic sacroiliitis for classi-
fication purposes requires several years, meaning that 
many patients would be considered as having undiffer-
entiated axSpA. This poorly defined terminology for 
classifying disease can result in delays in appropriate 
treatment. Hence, the ASAS 2009 classification cri-
teria were developed and aimed to include patients at 
an earlier stage of disease by incorporating MRI-based 
evidence of sacroiliitis into an imaging arm. This imag-
ing arm also includes the requirement of at least one 
clinical feature of axSpA26. The imaging arm had 66% 
sensitivity and 97% specificity when tested in the ASAS 
classification cohort, and had a similarly high specific-
ity (97%) but lower sensitivity (30%) in a meta-analysis 
of other SpA cohorts66. A follow-up study of the ASAS 
classification cohort that assessed the patients after  
4.4 years found that the imaging arm criterion had a high 
positive predictive validity (86.2%), supporting the con-
tention that this criterion does not lead to false-positive 
misclassification67.

T1W STIR
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Fig. 4 | Development of backfill after anti-TNF therapy. Representative MRI images of 
the sacroiliac joints of a patient before (part a) and after anti-TNF therapy (part b), with 
T1-weighted (T1W) images on the left and short tau inversion recovery (STIR) images on 
the right. a | Baseline T1W image (left) shows erosion of the right lower iliac bone (dashed 
white arrow) and sacrum leading to the appearance of pseudo-widening of the joint 
space. Bone marrow oedema is present adjacent to the erosions on the STIR image  
(right, white arrows), and a bright signal is present in the cavity of the erosion in the  
right sacrum indicating inflammation (dashed arrow). b | The T1W image (left) shows a 
bright signal in the joint space (dashed arrow) at the site of previous erosion bordered 
laterally by an irregular dark band. This composite appearance is typical of backfill.  
The inflammatory signal on the STIR image (right) in the bone marrow and at the site  
of erosion has almost completely subsided.
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As an alternative to the imaging arm, the ASAS 2009 
criteria also included a clinical arm (that is, the presence 
of HLA-B27 and two clinical features of SpA). Hence, 
discrepancies in the assessment of radiographs and MRI 
scans between local, inexperienced readers and central, 
experienced readers might not notably affect whether 
a patient is classified as having axSpA because these 
patients might still be classified as such through the clin-
ical arm. In the DESIR cohort, there was disagreement 
between local and central readers in 28% of the patients, 
but this discrepancy resulted in a change in classifica-
tion in only 7.9% of the patients37. A similar analysis in 
the SPACE cohort showed a false-positive rate of 48% 
for MRI-detected sacroiliitis and 60% for radiographic 
sacroiliitis according to local readers68, which resulted 
in a change in classification in only 10% of the patients. 
However, what could not be determined by this analysis 
was the effect of the discrepant readings on the final gold 
standard diagnosis by the local rheumatologist. In par-
ticular, making central reader imaging assessments avail-
able to local rheumatologists might have changed their 
diagnostic ascertainment, which could have affected the 
sensitivity and specificity of the classification criteria.

Although these reports attest to the robust perfor-
mance of this imaging criterion, there are concerns that 
the finding of bone marrow oedema fulfilling the ASAS 
MRI criterion could unduly influence the rheumatolo-
gist towards a diagnosis of axSpA. The consequence of 
such circular reasoning could be an inappropriately high 
speci ficity for the imaging arm and a high positive predic-
tive validity. The patients recruited into the SPACE and  
DESIR cohorts had a short symptom duration (<2 years 
and <3 years, respectively), which might not reflect the 
type of patients typically referred to a rheumatologist 
with undiagnosed back pain who usually have a longer 
symptom duration of 6–9 years26. An imaging criterion 
based solely on bone marrow oedema might adequately 
define axSpA in young patients with a short duration of  
symptoms but classification criteria for axSpA should 

have high performance characteristics, especially high 
specificity, across a broad range of patient demographics. 
The rate of false-positive bone marrow oedema increases 
with age because of conditions such as osteoarthritis  
of the sacroiliac joints, raising the potential concern 
that the imaging criterion might lack specificity in older 
study populations44.

The effect of replacing the presence of radiographic 
sacroiliitis with the presence of structural lesions on 
MRI in the imaging arm of the ASAS criteria has also 
been explored in the DESIR and SPACE cohorts69,70. The 
presence of structural lesions was documented using 
the SPARCC method whereby lesions were recorded in 
sacroiliac joint quadrants and lesions were only taken 
into account if present on at least two consecutive slices. 
The MRI structural criterion was defined as any one of 
three or more erosions, three or more fatty lesions, five 
or more fatty lesions and/or erosions, implying the pres-
ence of structural lesions in at least six to ten sacroiliac 
joint quadrants. This MRI structural criterion was cho-
sen on the basis of its low prevalence (<5%) in patients 
without SpA48. With this degree of structural damage, 
most patients would be expected to also have substantial 
bone marrow oedema (80–84% in the SPACE cohort), 
and hence probably already fulfil the imaging arm crite-
rion of the 2009 ASAS criteria, and so their classification  
would not be expected to change. Indeed, replacing radio-
graphic sacroiliitis with this criterion did not change  
the classification of 80% of patients in the DESIR cohort 
and 97.3% of patients in the SPACE cohort. However, 
previous studies of early axSpA cohorts have shown 
that the presence of erosion and fat metaplasia in as few 
as two sacroiliac joint quadrants influences diagnostic 
ascertainment28,41. Consequently, it remains possible that 
the incorporation of MRI structural lesions into the MRI 
criterion for classification and replacement of radiog-
raphy could influence the sensitivity and/or specificity 
performance of the 2009 ASAS criteria. The incorpo-
ration of structural lesions into the 2009 ASAS criteria 
also needs to be examined in cohorts of patients with 
longer symptom durations than those of the SPACE and 
DESIR cohorts.

Management
Emerging evidence supports a role for imaging in the 
ongoing management of axSpA and as a prognostic tool 
to predict the development and progression of spinal 
ankylosis, the major cause of disability in axSpA. The 
importance of early detection in the management of 
axSpA is highlighted by growing evidence that treatment 
with a TNF inhibitor might prevent new bone forma-
tion, especially if started early after the onset of symp-
toms and if treatment is prolonged for several years15,71. 
In addition, imaging has an established role in the selec-
tion of treatment in patients with non-radiographic 
axSpA (Box 3).

Radiography
Once a diagnosis of axSpA is established, follow-up 
of the sacroiliac joints by radiography has no purpose 
in routine practice because of its limited sensitivity in 
detecting change. However, radiography of the spine 

Box 3 | Management of axSpA: how can imaging help the clinician?

Radiography
•	A radiograph of the spine that shows evidence of new bone formation might be 

informative of a patient’s prognostic risk of structural progression72 and therefore  
could tip the scale towards more intensive therapy, especially given the emergence of 
data suggesting that TNF inhibition can result in amelioration of structural progression71.

MRI
•	The detection of inflammation in the sacroiliac joints on mRI is helpful in selecting 

patients with non-radiographic axial spondyloarthritis (axSpA) for treatment with a 
TNF inhibitor, whereas the absence of inflammation on mRI and a normal serum 
C-reactive protein concentration predicts failure of treatment.

•	Follow-up mRI might be helpful in the setting of a patient with a secondary 
non-response to biologic therapy in whom switching to an alternative therapy is 
being considered. Reappearance of inflammatory lesions would support the 
institution of an alternative therapy, especially a drug with a different mechanism of 
action. Conversely, the lack of inflammation on follow-up mRI might prompt a 
different strategy focused on physical modalities and weight loss.

•	mRI inflammation and fat metaplasia in the sacroiliac joints and fat metaplasia in the 
spine might predict new bone formation in the spine. These are factors to consider 
when deciding on intensification of treatment to biologic agents, especially in young 
patients with active symptoms despite NSAID therapy.
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might have a very limited role. In prospective cohorts, 
new bone formation in the spine was more likely in 
patients who already had syndesmophytes or ankylosis 
on radiography of the spine than in patients without 
these features72, a finding that has also been reported in 
patients with early axSpA and minimal spinal lesions73. 
In patients with early axSpA in the DESIR cohort, radio-
graphic progression in the spine at 5 years was evident in 
42% of patients who had a syndesmophyte at the start of 
the study and in 17% of patients who had radiographic 
sacroiliitis compared with 7% of all the patients in this 
cohort73. Consequently, the presence of new bone forma-
tion in the spine on radiography might be informative of 
a patient’s prognostic risk and therefore a factor in choos-
ing a TNF inhibitor, especially early in the disease course 
in patients who have failed treatment with NSAIDs.

MRI
There is an established role for MRI in selecting which 
patients to treat with a TNF inhibitor. In several 
placebo-controlled trials of TNF inhibitors in patients 
with non-radiographic axSpA, fulfilment of the ASAS 
MRI criterion for bone marrow oedema was associated 
with a greater clinical response74–76; furthermore, in 
one of the trials, higher response rates were associated 
with higher degrees of inflammation in the sacroiliac 
joints on MRI75. Consistent with these findings, in the 
DESIR prospective cohort, the ASAS MRI criterion for 
bone marrow oedema was the only independent factor 
predicting the clinical response to TNF inhibition77. In 
all these clinical trials, there was no superiority of TNF 
inhibitor therapy over placebo in patients who did not 
fulfil the ASAS MRI criterion for bone marrow oedema 
and who had normal serum C-reactive protein (CRP) 
concentrations. Rheumatologists are often faced with 
managing patients with inflammatory back pain that is 
refractory to NSAID therapy who have normal serum 
CRP concentrations, normal or equivocal radiographs 
and normal MRI of the sacroiliac joints. The temptation 
in such a patient is to initiate TNF inhibitor therapy but 
current data indicate that this approach will not alleviate 
the patient’s symptoms. The assessment of bone marrow 
oedema by MRI is therefore helpful in selecting patients 
with non-radiographic axSpA who might respond to 
treatment with a TNF inhibitor, whereas the absence of 
oedema on MRI and normal serum CRP concentrations 
predict lack of response to TNF inhibition.

Until recently, very few data were available to indicate 
how frequently new MRI lesions might appear during 
the course of follow-up. One analysis of patients with 
non-radiographic axSpA in the placebo arm of a 12-week 
trial of adalimumab showed that 30% of patients con-
verted from being MRI-negative (that is, not having bone 
marrow oedema) to being MRI-positive at 12 weeks and 
25% of patients had converted from having normal to 
abnormal serum CRP concentrations at one or more vis-
its over 12 weeks of follow-up78. However, these patients 
had clinically active disease and no information was pro-
vided as to whether these patients had structural lesions 
on MRI or whether they responded to treatment with 
adalimumab after 12 weeks. Moreover, few data are avail-
able on how lesions evolve outside the setting of clinical 

trials in patients with axSpA. One analysis of patients in 
the SPACE cohort indicated that the rate of conversion 
from negative to positive results on MRI was low (<7%) 
at 3 months and 1 year38. A positive MRI scan during 
follow-up was more likely in HLA-B27-positive patients 
(11%) and in men (12%)38. In an additional study in 
which follow-up scans were conducted in 29 patients 
with inflammatory back pain at 4, 8 and 12 weeks79, only 
four of the patients converted from being MRI-negative 
to being MRI-positive. All four of these patients were 
HLA-B27-positive and three were men. A pragmatic 
strategy might then be to monitor patients with clini-
cally active disease but who lack definite radiographic 
sacroiliitis or active inflammation typical of axSpA on 
MRI by determining serial serum CRP concentrations. 
Follow-up MRI could be considered at 3–6 months in 
HLA-B27-positive individuals with persistently active 
disease that is refractory to NSAID therapy. As these 
studies did not assess structural lesions by MRI, whether 
treatment with a TNF inhibitor would elicit a response in 
patients with only structural lesions on MRI is unclear.

A separate question is whether MRI has a role in the 
post-treatment assessment of patients receiving active 
therapy with a biologic agent. Follow-up MRI could be 
helpful in the setting of secondary non-response to bio-
logic therapy in patients in whom switching to an alter-
native therapy is being considered. The reappearance of 
inflammatory lesions would support the need to com-
mence an alternative therapy, such as a therapeutic agent 
with a different mechanism of action to the current ther-
apeutic agent. Conversely, the lack of inflammation on 
follow-up MRI might prompt a different strategy focused 
on physical modalities and weight loss. Routine MRI 
follow-up, irrespective of the clinical response, is not 
presently indicated because this approach would require 
clear and reproducible evidence that persistent inflam-
mation on MRI is predictive of radiographic progression, 
especially the formation of new bone in the spine.

Data from several prospective cohorts of patients with 
non-radiographic axSpA have shown that inflammation 
in the sacroiliac joints on MRI is a notable predictor of 
progression from non-radiographic to radiographic 
sacroiliitis according to the modified New York crite-
ria42,80,81. Moreover, in the DESIR cohort during a 5-year 
follow-up inflammation on MRI according to the ASAS 
MRI criteria was the only predictor of radiographic 
progression in both HLA-B27-positive and HLA-B27-
negative patients with axSpA and the risk of progres-
sion increased from 5.7% to 17.7% if inflammation was 
detected on MRI4. A combined analysis of patients from 
the ASAS classification cohort and the DESIR cohort 
found that inflammation in the sacroiliac joints on MRI, 
as detected in routine daily practice, was associated with 
three-fold to seven-fold more radiographic progression 
in the sacroiliac joints in both cohorts (after 4.6 and  
5.1 years, respectively), independent of baseline con-
founders such as serum CRP concentration, HLA-B27 
positivity and sex82. A further analysis of the DESIR 
cohort showed that more patients who met the ASAS 
imaging arm criteria had developed new syndesmophytes 
in the spine after 5 years compared with patients who met  
the ASAS clinical arm criteria73. This progression was 
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greatest in patients who had both MRI-detected inflam-
mation and radiographic sacroiliitis. Interestingly, high 
CRP concentrations had no effect on progression in 
patients fulfilling the clinical arm criteria.

No data are yet available to indicate whether the 
severity of spinal inflammation on MRI is predictive of 
new bone formation. Several prospective studies have 
examined the link between inflammation at a vertebral 
corner and the subsequent formation of new bone as 
detected on radiography14,83,84. Evidence from these stud-
ies suggests that the vertebral corners where inflamma-
tion transforms into fat metaplasia are more likely to be 
associated with new bone formation. This conclusion 
is consistent with an analysis of predictors of ankylosis 
in the sacroiliac joints scored by MRI, which demon-
strated that fat metaplasia, and not inflammation, is the 
primary MRI lesion associated with new bone forma-
tion51. Moreover, fat metaplasia in the sacroiliac joints 
predicts new bone formation on spinal radiography85. 
Consequently, the reparative response to inflammation, 
and not inflammation itself, might be the primary fac-
tor that predicts ankylosis. The presence of such MRI 
lesions in the sacroiliac joints and spine are factors to 
consider when deciding whether to intensify treatment 
with the addition of a biologic drug, especially in young 
patients with active disease despite NSAID therapy.

Quantitative methodologies
Radiography
The poor reliability of radiography for detecting 
early sacroiliitis has precluded its use for quantifica-
tion of structural progression. For example, in the 
DESIR cohort, 4.9% of the 449 patients switched from 
non-radiographic to radiographic sacroiliitis (according 
to the modified New York criteria) after 2 years, whereas 
5.7% of the patients switched in the reverse direction86. 
Furthermore, in a 4.4-year follow-up of patients in 
the ASAS classification cohort, 18.3% of the patients 
switched from being negative to being positive for 
radiographic sacroiliitis whereas 58.1% of the patients 
switched in the reverse direction87. In an attempt to 
quantify changes in radiographic sacroiliitis, researchers 
have also used the modified New York grading system, 
which provides a grade per sacroiliac joint (ranging from 
0 for normal to 4 for ankylosis) and hence provides a 
theoretical scoring range of −8 to +8 for changes in both 
sacroiliac joints81. However, the sensitivity to change of 
this grading system is limited, as highlighted by the fact 
that disease only progressed over 5 years (according to 
this scoring system) in 5.1% of patients presenting with 
inflammatory back pain (the DESIR cohort)2. Moreover, 
as this grading system is based on a composite of both 
reparative features (such as sclerosis and ankylosis) and 
destructive features (such as erosion), what constitutes 
the basis for change in radiographic sacroiliitis according 
to this score might be unclear.

Any improvement in radiographic score might reflect 
measurement error (that is, scoring variability), an 
effect that is typical of all imaging-based scoring meth-
ods when the readers are blinded to the time sequence. 
Consequently, net progression has been suggested as 
an additional measure of improvement82,88. Net change 

corresponds to the number of patients with a positive 
change according to the New York grading system (for 
example, ≥1) minus the number of patients with a negative 
change (for example, ≥−1) (numerator) divided by the total 
number of patients included in the analysis (denominator). 
Using this method, more radiographic progression was 
found in an observational cohort after 2 years in patients 
receiving TNF inhibitor therapy than in patients not receiv-
ing TNF inhibitor therapy, with both groups matched for 
prognostic variables89. However, as radio graphy of the 
sacroiliac joints simultaneously assesses reparative and 
destructive features, a change in either of these features can 
make it seem as if there has been ‘improvement’. Hence, 
this technique does not provide any insights into the 
basis for changes in appearance and should be avoided in  
favour of more precise and sensitive methods capable of 
defining change in specific structural features.

Spinal radiographic assessments of abnormalities at 
the anterior vertebral corners of the cervical and lum-
bar spine are the current gold standard for quantitative 
assessment of radiographic progression in the spine.  
In the modified Stoke Ankylosing Spondylitis Spine 
Scoring (mSASSS) method, lateral radiographs of the 
cervical and lumbar spine are evaluated90. A score of 1 is 
assigned to any one of vertebral corner erosion, squaring of  
the vertebral body or vertebral corner sclerosis, a score 
of 2 is assigned to a vertebral corner syndesmophyte 
and a score of 3 is assigned to a vertebral corner with 
intervertebral ankylosis present. The total score for the 
12 vertebral corners including each cervical and lum-
bar spinal segment therefore ranges from 0 to 36. Spinal  
radiographs are typically scored from at least two time 
points at least 2 years apart. Several studies of axSpA coh-
orts have shown that the average mSASSS progression is  
1 unit per year when radiographs are read in known time 
sequence and 1 unit every 2 years when read blinded 
to the time sequence91. A 2-year follow-up is required 
before changes can be reliably detected with this method 
and so detecting disease modification in the 12–16 week 
time frame of placebo-controlled trials is not possible91. 
The visibility of the C7–T1 (the cervicothoracic junc-
tion) and the L5–S1 (the lumbosacral joint) spinal seg-
ments is often poor and visualizing the thoracic spine is 
not possible because of overlapping structures. Despite 
these limitations, comparisons of several scoring meth-
ods for assessing radiographic progression in the spine 
in patients with early axSpA have confirmed that the 
mSASSS method is the most valid, feasible and respon-
sive plain radiographic scoring method92. Nevertheless, 
in this comparison, the mean mSASSS progression was 
only 0.2 units at 2 years and 0.4 units at 5 years, reflect-
ing the slow progression of disease. In a consensus-led 
exercise, a working group has also developed a calibra-
tion module for mSASSS that includes standardized 
definitions and methodology for scoring; its use led to 
improved reliability of the mSASSS method93.

A modification of the mSASSS method to include 
the lowest four thoracic vertebral corners (lower edge of 
T10 to upper edge of T12) has also been attempted with 
the aim of improving its sensitivity to change, given the 
high frequency of spinal lesions at the thoracolumbar 
junction on MRI94. However, this modification did not 
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improve the sensitivity to change of the mSASSS method 
when used to assess either patients with well-established 
SpA or patients with early axSpA (that is, patients from 
the DESIR cohort)92. The lower thoracic spine is often 
difficult to visualize owing to beam collimation for the 
lumbar spine combined with lumbar lordosis, which 
results in poor reliability in detecting change.

A further modification of the mSASSS method 
included the addition of the cervical facet joints95. 
Compared with the original mSASSS method, this modi-
fied mSASSS method detected more patients with definite 
damage at baseline (61% versus 57%) and more patients 
with definite progression after 4 years (55% versus 48%).

CT
Low-dose CT of the whole spine can be used to visualize 
bony structures in the thoracic spine and to assess new 
bone formation at vertebral edges in both the sagittal 
and coronal planes. In the Sensitive Imaging of Axial 
Spondyloarthritis (SIAS) scoring method each vertebral 
endplate is divided into four quadrants and new bone 
formation is scored in each quadrant24,96. A score of 1 is 
given for a syndesmophyte that does not extend beyond 
50% of the intervertebral disc height (IVDH), a score of 
2 is given for a syndesmophyte that extends beyond 50% 
of the IVDH and a score of 3 is given for bridging anky-
losis. In a comparison of this method with the mSASSS 
method for the assessment of structural progression over 
2 years in 37 patients with typical axSpA, low-dose CT 
detected five times more new syndesmophytes, espe-
cially in the thoracic spine, than the mSASSS method24. 
Furthermore, structural progression was found in 84% 
of the patients using the SIAS scoring method but only 
in 46% using the mSASSS method. However, there was 
no difference between the two scoring methods in the 
percentages of patients with change that was greater  
than the measurement error (defined as the smallest 
detectable change).

MRI
The quantification of bone marrow oedema in the sacro-
iliac joints and spine on fat-suppressed MRI scans has 
been used as an objective measure of disease activity 
for the past two decades. The most widely used method 
for quantifying inflammation in the sacroiliac joints is 
the SPARCC score32, for which the SPARCC method is 
used to assess bone marrow oedema in the subchon-
dral bone marrow on six consecutive semicoronal slices 
and a weighting is applied to the intensity and depth of 
bone marrow oedema. A calibration module has been 
described that details the precise scoring methodology97. 
In multiple clinical trials in both ankylosing spondylitis 
and non-radiographic axSpA and in MRI assessments 
of inflammation in children, the SPARCC score was 
reliable and consistent in discriminating between active 
therapies and placebo at 12–16 weeks74–76,98–104. Moderate 
correlations between SPARCC scores and clinical indi-
ces of disease activity, especially CRP, have also been 
reported in patients with early axSpA105. Pre-specified 
targets for reader reliability can be readily attained 
within a few hours, even by inexperienced readers, using 
a validated online calibration module106 (available at the 

CaRE Arthritis imaging portal). A similar method is 
available for quantifying the primary structural lesions 
associated with axSpA in the sacroiliac joints, namely, 
erosion, fat metaplasia, backfill and ankylosis (called the 
SPARCC Sacroiliac Joint Structure Score (SSS)33. Using 
this method, researchers found a notable reduction in 
erosion in patients as early as 12 weeks after beginning 
treatment with a TNF inhibitor in a placebo-controlled 
trial53. Versions of both SPARCC scoring methods are 
also available for the assessment of children with juvenile 
SpA104,107. Calibration for reliable detection of structural 
lesions is essential because of the diverse morphology 
of these lesions, especially erosions, and formal reading 
exercises should be preceded by the use of a validated 
calibration tool (also available at the CaRE Arthritis 
imaging portal).

Spinal inflammation is similarly assessed on fat- 
suppressed MRI scans and two methods have been 
widely used in clinical trials over the past several years. 
Both methods score bone marrow oedema in the verte-
bral bodies on sagittal scans according to discovertebral 
units (DVU), each unit being delineated by two hori-
zontal lines across the middle of the adjacent vertebrae. 
The Berlin method scores the degree of bone marrow 
oedema according to the percentage volume of the DVU 
affected with bone marrow oedema (scoring range 0–3 
per DVU). The SPARCC method divides the DVU into 
quadrants and records the presence or absence of bone 
marrow oedema on three consecutive sagittal slices and 
adds a weighting for intensity and depth of bone mar-
row oedema (scoring range 0–18 per DVU). A calibra-
tion module has been described that details the precise 
scoring methodology97. The SPARCC method has been 
used to score only the six DVU with the most severe 
inflammation or all 23 DVU100,101,103,105,108,109. Both the 
Berlin and SPARCC methods were able to discriminate 
between active therapy and placebo at 12–16 weeks 
in clinical trials of both ankylosing spondylitis and 
non-radiographic axSpA74,75,100–103,105. A third method, 
the Canada–Denmark score, assesses the presence or 
absence of inflammation in vertebral bodies as well as 
the lateral and posterior segments of the spine110. As this 
anatomy-based method can also score structural lesions 
in the spine, in addition to bone marrow oedema, analy-
sis of associations between different lesions on MRI is 
possible. Such analysis might further scrutinize the 
effects of potential disease-modifying therapies at differ-
ent stages in the evolution of lesions from inflammation, 
to fat metaplasia, to new bone formation.

Future potential imaging techniques
DWI
Diffusion-weighted imaging (DWI) is an MRI method 
based on measurements of the random movements of 
water molecules, which are influenced by the degree of 
cellularity in a tissue and intact cell membranes. The 
degree of movement of water molecules is assessed quan-
titatively in terms of the apparent diffusion coefficient 
(ADC), which is calculated automatically by software 
and expressed in units of millimetres squared per second. 
The ADC values are displayed as a parametric map and 
can be recorded for a given region of interest such as an 
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area of bone marrow oedema in the sacroiliac joints as 
well as an area of normal-appearing bone marrow to pro-
vide a normalized ADC as an internal reference stand-
ard. Inflammation might increase the ADC of a region 
and DWI has been used in the assessment of adult and 
juvenile forms of SpA111,112. This technique is thought 
by some to be a more objective tool than current MRI 
quantification methods in assessing the degree of inflam-
mation for both diagnostic and clinical trial purposes. 
However, DWI requires regions of interest to be drawn 
in areas where the observer believes inflammation to be 
present. Consequently, DWI is no more objective that 
other water-sensitive sequences and is not superior in 
diagnostic performance to conventional T2W sequences 
with fat suppression, even when used in conjunction with 
T2W and fat suppression MRI sequences113,114. This tech-
nique has also been evaluated as a biomarker of response 
to biologic therapy115. DWI measurements of sacroiliitis 
correlated with quantification of bone marrow oedema 
on STIR sequences in one study but inter-observer 
agreement was poor113. In another study, changes in 
ADC were able to discriminate between responders 
and non-responders (as defined by a minimal impor-
tant change in the SPARCC sacroiliac joint score of 2.5) 
among 22 children with enthesitis-related arthropathy 
receiving treatment with a TNF inhibitor115. However, 
the SPARCC method was assessed on axial and not semi-
coronal images, the change in normalized ADC was not 
notably greater in responders than in non-responders 
and performance was not directly compared with  
continuous values for SPARCC scores.

A major limitation of DWI is the variability in ADC 
between imaging examinations and across imaging plat-
forms, which is only partially addressed by the use of an 
internal reference standard, and the internal reference 
standard itself might vary according to the age and sex 
of the patient. Furthermore, the fat metaplasia that is 
often concomitantly present in regions with bone mar-
row oedema might influence the diffusion of water and 
reduce the ADC values, thereby limiting the quantitative 
discrimination ability of this technique. Merely quantify-
ing one component of the bone marrow oedema signal 
omits the crucially important contextual information 
arising from the location of the bone marrow oedema 
and concomitant finding of structural lesions.

VIBE
Volumetric interpolated breath-hold examination 
(VIBE) is a T1W fat-suppressed MRI sequence that per-
mits high-resolution 3D imaging and provides a high 
contrast between the joint space and bone so that ero-
sions might be more readily identified. In a study com-
paring VIBE with the current standard sequence, T1W, 

for detecting sacroiliac joint erosion in 110 patients with 
suspected axSpA (using low-dose CT as the reference), 
VIBE was found to have a higher sensitivity (95% ver-
sus 79%)and similar specificity (93% for both)116. Using 
the clinician’s diagnosis of axSpA as the gold standard, 
VIBE had a better sensitivity than T1W (65% versus 
53%, respectively) and a better specificity (68% versus 
53%, respectively).

PET–CT
In several studies, PET–CT together with the bone tracer 
18F (a fluorine radioisotope) has been used to identify 
lesions of the sacroiliac joint and spine in axSpA117–124. 
This tracer is incorporated into hydroxyapatite crystals 
at sites of bone remodelling and its uptake therefore 
reflects regional osteoblastic activity. Pilot data have 
shown that 18F-based PET is able to detect more lesions in  
patients with axSpA than the number of active lesions 
detected by MRI123. In addition, 18F uptake occurs in 
anterior vertebral corners 2 years before syndesmophytes 
are observable by radiography121. In a recent study, 
CT-guided biopsies identified the presence of infil-
trating inflammatory cells, osteoid formation and cells 
resembling osteoblasts in the active spinal lesions (that 
is, PET-positive lesions) of two patients with axSpA124.  
In this study, 18F uptake decreased considerably in the spine  
and sacroiliac joints of ten patients after treatment 
with anti-TNF therapy124. Further enhancements could 
include the use of low-dose CT scans and PET–MRI.

Conclusions
MRI of the sacroiliac joints represents an important 
advance over plain radiography for detection of axSpA 
but it is costly and access to it is limited. Low-dose CT 
of the sacroiliac joints is also superior to plain radiog-
raphy and could be used for diagnostic purposes where 
access to MRI is limited. Bone marrow oedema in the 
sacroiliac joints is the most common lesion on MRI in 
patients with early axSpA but lacks specificity in young 
adults, especially those who are physically active. By con-
trast, erosion and fat metaplasia are more specific and 
could potentially improve diagnostic utility in the broad 
demographic of patients presenting to the rheumatolo-
gist with undiagnosed back pain. Emerging MRI tech-
niques such as VIBE might further improve this utility. 
To what degree MRI structural lesions in the sacroiliac 
joints improve the performance of the ASAS classifica-
tion criteria is unclear and this question might be more 
appropriately addressed in studies in which expert cen-
tral readers review MRI scans and provide input to the 
local rheumatologist before a final diagnosis is made.
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The term rheumatic disease covers more than 150 dif
ferent diseases, including ankylosing spondylitis (AS), 
psoriatic arthritis (PsA), rheumatoid arthritis (RA), osteo
arthritis (OA), osteoporosis and systemic connective  
tissue diseases such as systemic lupus erythematosus 
(SLE), systemic sclerosis (SSc) and dermatomyositis. 
Rheumatic diseases have a considerable effect on a 
person’s quality of life and, contrary to common belief, 
can affect people from a wide range backgrounds and 
of all ages. According to estimates from the USA, the 
prevalence of activity limitation attributable to arthritis 
is expected to increase substantially over the next few 
decades1,2. The financial burden associated with rheu
matic diseases also represents a sizeable public health 
expenditure3.

Overall, women are more frequently affected by 
rheumatic diseases than men, and female predomi
nance is high in two of the most common diseases, RA 
and SLE, with female tomale ratios generally reaching 
3:1 and 11:1, respectively4. Even for AS, which is often 
described as a male dominant disease, the prevalence 
of non radiographic axial spondyloarthritis (diag
nosed according to the Assessment of Spondyloarthritis 
International Society (ASAS) criteria) actually seems 
to be similar in men and women5. In some rheumatic 
diseases, sex ratios vary according to age at disease 
onset6, with a younger age at disease onset suggesting 
genetic susceptibility rather than epigenetic influence. 

For example, in childhood onset SLE, femaletomale 
ratios are between 3:1 and 5:1 but, in adultonset SLE,  
this bias increases to between 10:1 and 15:16. Interest
ingly, sex ratios can also vary according to ethnicity: 
for example, the female tomale ratio for RA is higher 
in Americans of European ancestry (3:1)7 than in 
Chippewa (also known as Ojibwa) Native Americans 
(1.2:1)8. Nevertheless, it is important to remember that 
estimates of sex bias in rheumatic diseases depend on 
the type of criteria used to classify the disease, the type 
of survey used and the age range used to define preva
lence in a population9. Despite an increase in research 
on sex bias in rheumatic diseases, there is little sex 
specific health care and sex specificity is not a factor in 
most treatments; however, institutions and politicians 
are already being urged to address the issue of the effects 
of sex and gender on health10.

At the outset, it is important to define what is meant 
by ‘sex’ and ‘gender’. Sex refers to biological factors 
including reproductive function, sex hormones and 
the expression of genes on the X and Y chromosomes. 
By contrast, gender refers to sex related behaviour or 
lifestyle factors. An example of gender influence on 
disease is the exposure of workers in male dominated 
professions, such as stone masonry or painting and deco
rating, to environmental toxins, such as silica or vinyl  
chloride, that have been implicated in the pathogenesis 
of SSc11. Both sex and gender can influence the outcome 

Nonendocrine mechanisms of sex bias 
in rheumatic diseases
Nathalie C. Lambert

Abstract | Rheumatic diseases affect a wide range of individuals of all ages, but the most common 
diseases occur more frequently in women than in men, at ratios of up to ten women to one man. 
Despite a growing number of studies on sex bias in rheumatic diseases, sex- specific health care 
is limited and sex specificity is not systematically integrated into treatment regimens. Women 
and men differ in three major biological points: the number of X chromosomes per cell, the  
type and quantities of sex hormones present and the ability to be pregnant, all of which have 
immunological consequences. Could a greater understanding of these differences lead to a  
new era of personalized sex- specific medicine? This Review focuses on the main genetic and 
epigenetic mechanisms that have been put forward to explain sex bias in rheumatic diseases, 
including X chromosome inactivation, sex chromosome aneuploidy and microchimerism.  
The influence of sex hormones is not discussed in detail in this Review , as it has been well 
described elsewhere. Understanding the sex- specific factors that contribute to the initiation 
and progression of rheumatic diseases will enable progress to be made in the diagnosis, 
treatment and management of all patients with these conditions.
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of a disease and are not always easy to distinguish.  
In this Review, the main genetic and epigenetic mecha
nisms that have been proposed to explain sex bias in 
rheumatic diseases are discussed, including X chromo
some inactivation (XCI), sex chromosome aneuploidy 
and long lasting consequences of pregnancy such as 
microchimerism. Although the focus is not on the influ
ence of sex hormones in rheumatic diseases (reviewed 
elsewhere12,13), sex hormones are closely related to,  
or even inseparable from, genetic and epigenetic mecha
nisms, and are mentioned where appropriate. The 
limitations and advantages of animal models used to 
illustrate sex bias are also described.

Genetics and sex bias
Autosomal genes associated with rheumatic diseases. 
Over the past decade, several genome wide association 
studies (GWAS) have been conducted in patients with 
rheumatic diseases that evaluated thousands of genetic 
variants in the form of single nucleotide polymorphisms 
(SNPs)14–18. Of all loci, the HLA locus on chromosome 6  
has by far the highest association with autoimmune 
rheumatic diseases19. Although it is carried by autoso
mal genes, HLA susceptibility can vary according to 
sex and is often greater in men than in women, even in 
diseases with a female predominance such as RA and 
SLE20,21. The highest risk of developing RA is seen in 
individuals carrying two different HLA susceptibility 
alleles (two doses of the so called shared epitope alleles)22 
that form a compound heterozygous genotype, such as  
HLA- DRB1*04:01 and HLA- DRB1*04:04. Individuals 
with this ‘high risk’ genotype (HLA- DRB1*04:01 and 
HLA- DRB1*04:04) showed a 26fold higher risk of RA 
than those without shared epitope alleles20. Interestingly, 
the risk was increased to 90fold in men and doubled 
when they were <30 years of age at disease onset20. 
Similarly, men who develop SLE have a higher cumu
lative genetic risk than women, particularly in the HLA 
region and in IRF5 (ref.21). Another example of male sex 
bias and HLA genes occurs in SSc. Although only a small 
number of individuals were studied, HLA- DQA1*05:01 
was more frequently carried by men with SSc than by 
parous women with SSc23. Interestingly, in AS (a disease 
with a male predominance), the prevalence of HLA- B*27 

is also higher in men than in women (83.0% versus 
72.1% respectively; P < 0.001)24.

Other GWAS identified autosomal genes associated 
with rheumatic diseases can also have different effects 
on disease susceptibility according to sex (Table 1). For 
example, the best known and most ubiquitous variants 
in PTPN22 (which encodes a protein involved in the 
T cell receptor signalling pathway) are associated with a 
younger age of RA onset and have a stronger associa
tion with RA in men than in women25. Unfortunately, 
for most SNPs, there is no indication of whether sex 
influences disease association, as individuals are rarely 
separated by sex in results.

Overall, although men have a higher risk of carry
ing HLA susceptibility alleles for rheumatic diseases, 
there is still a female predominance in most rheumatic 
diseases. Therefore, women must have other predispos
ing factors that can override HLA associated genetic 
predisposition. Notably, similar to rheumatic diseases 
in men, childhood onset SLE and juvenile idiopathic 
arthritis (JIA) are also characterized by high genetic risk 
scores26,27. Such childhood onset diseases are unique, 
as sex hormones are less likely to contribute to disease 
development than in adult onset disease.

Sex- linked genes associated with rheumatic diseases. 
The X and Y chromosomes originate from a common 
autosomal ancestor and have retained homology in pseu
doautosomal region 1 (PAR1) and PAR2 (ref.28). The X 
chromosome is a large submetacentric chromosome that 
contains ~1,100 annotated genes (which represents ~5% of 
the genome), including 800 protein coding genes28,29. Most 
protein coding genes on the X chromo some are unrelated 
to sex, and ~10% are involved in immune functions (fig. 1). 
By comparison, the Y chromosome has ‘shrunk’ through
out evolution and is very short and acrocentric, containing 
~100 genes, most of which are related to sex determina
tion and spermatogenesis29, with the remainder being X 
chromosome homologues30.

Although GWAS have been extensively used to iden
tify loci associated with autoimmune rheumatic dis
eases, the X chromosome has commonly been excluded 
from final analyses because sex specific analyses require 
special tools31. However, improved algorithms and 
awareness of the problem have enabled the discovery 
of several poly morphisms associated with rheumatic 
diseases on the X chromosome. In particular, numerous 
SNPs are located in the Xq28 region, which harbours 
MECP2, a gene encoding a protein that binds specifi
cally to methylated DNA, and IRAK1, a gene encoding a 
serine–threonine kinase involved in IL1 family member 
signalling that leads to the upregulation of the transcrip
tion factor NF κB32. IRAK1 is a critical gene in the patho
genesis of SLE; five SNPs in this gene were associated in 
adult onset and/or childhood onset SLE in individuals 
from four different ethnic backgrounds in a study that 
included ~5,000 patients with SLE and healthy indi
viduals33. Moreover, rs1059702 (the variant most likely 
to be causal among SLE associated SNPs), which is 
shared by individuals from European American, Asian, 
Hispanic and African American backgrounds34, results 
in the amino acid substitution S196F in IRAK1 and is 

Key points

•	overall, women are more frequently affected than men by rheumatic diseases and,  
to date, little sex- specific health care exists.

•	men often have a stronger genetic predisposition for rheumatic diseases than 
women, who are predisposed by other factors (for example, pregnancy or carrying 
two X chromosomes).

•	The X chromosome is enriched for immunity- related genes, thus immune functions 
and immune dysregulation can result from skewed X chromosome inactivation or 
escape from X chromosome inactivation.

•	Individuals with sex chromosome aneuploidy have an increased risk of autoimmune 
disorders.

•	Feto–maternal traffic of cells during pregnancy and their long- term persistence in 
their respective hosts might contribute to the high prevalence of rheumatic diseases 
in women.

•	The collection and analysis of genetic and epigenetic data in a sex- stratified manner 
for the development of sex- specific medicine remain challenging.

Microchimerism
The presence, in small 
quantities, of foreign DNa  
or cells in an individual.

Shared epitope
a characteristic five amino acid 
sequence in the Hla-Drβ1 
chain, encoded by allelic 
variants associated with  
risk of rheumatoid arthritis.

Submetacentric
When the centromere is 
located on the chromosome so 
that chromosomal arm lengths 
are unequal, the chromosome 
is said to be submetacentric.

Acrocentric
When the centromere is 
located on the chromosome so 
that one chromosomal arm is 
much shorter than the other, 
the chromosome is said to be 
acrocentric.
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Table 1 | Sexual dimorphism in autosomal loci associated with rheumatic diseases

Chromosomea Gene Function of encoded protein Rheumatic diseases 
associated with this 
gene14

Sex- specific effectb Refs

01p13.2 PTPN22 A phosphatase that negatively regulates 
the T cell receptor signalling pathway

RA , SLE, SSc and JIA Stronger association with RA in men 
than in women

25

01p31.3 IL23R Part of the IL-23 receptor, which is 
important for the development of  
TH17 cells

AS and Behçet disease Baseline IL23R expression is higher 
in men with Behçet disease than in 
women with Behçet disease

190

01p.36.13 PADI4 An enzyme responsible for the  
conversion of arginine residues  
to citrulline residues

RA Associated with greater risk of RA 
in men than in women in a Japanese 
cohort; a similar trend was seen in a 
Dutch cohort

191

01q23.3 FCGR2A Binds to the Fc region of IgG, it initiates 
cellular responses against pathogens 
and soluble antigens and promotes 
phagocytosis of opsonized antigens

SLE and Kawasaki 
disease

Male- specific association of the 
FCGR2A His167Arg polymorphism 
with Kawasaki disease

192

01q23.3 FCGR3A Binds to the Fc region of IgG (on both 
monomeric IgG and complexed or 
aggregated IgG) and mediates antibody- 
dependent cellular cytotoxicity and other 
antibody- dependent responses, such as 
phagocytosis

SLE and AS Strong association with 
homozygous FCGR3A-158V allele 
and RA in men; risk factor for the 
development of autoantibody- 
positive RA , particularly in men

193

01q32.1 IL10 Inhibits the synthesis of a number 
of cytokines produced by activated 
macrophages and by T helper cells, 
including IFNγ, IL-2, IL-3, TNF and GM- CSF

SLE and Behçet disease Greater IL-10 production by PBMCs 
from healthy men than by PBMCs 
from healthy women after TLR9 
stimulation

194

02q32.2–32.3 STAT4 A transcription factor essential for 
mediating responses to IL-12 in 
lymphocytes, and for regulating  
the differentiation of T helper cells

RA , SLE, SSc, JIA , pSS 
and Behçet disease

Increased frequency of the 
GG genotype (compared with 
heterozygous GT and homozygous 
TT genotypes) of the STAT4 
rs7574865 polymorphism in men 
with Behçet disease in a Han 
Chinese population

195

02q33.2 CTL A4 A member of the immunoglobulin 
superfamily that transmits an inhibitory 
signal to T cells

RA and SLE A heterozygous CTL A4 49 A/G 
polymorphism was associated  
with RA in women, but not in men,  
in a Spanish cohort

196

02q37.3 PDCD1 An inhibitory cell- surface receptor 
involved in the regulation of T cell function 
during immunity and tolerance; inhibits 
T cell effector functions in an antigen- 
specific manner ; a possible cell death 
inducer, in association with other factors

SLE, seronegative RA197 
and AS198

No sex- specific difference in SNP 
associations with AS in a Korean 
cohort, or with seronegative  
RA in a Swedish cohort

197,199

06p21.32 HL A- DRB1 Presents peptides derived from 
extracellular proteins to T cells

RA (HL A- DRB1*01:01, 
HL A- DRB1*04:01,  
HL A- DRB1*04:04,  
HL A- DRB1*04:05, 
 HL A- DRB1*04:08 and 
HL A- DRB1*10);  
SLE (HL A- DRB1*03:01, 
HL A- DRB1*15:01,  
HL A- DRB1*15:03 and 
HL A- DRB1*08);  
SSc (HL A- DRB1*11:04 
and HL A- DRB1*15:01)

The HL A- DRB1*04:01–HL A- 
DRB1*04:04 genotype is associated 
with a 90-fold increased risk of  
RA in young men; there is a higher 
cumulative genetic risk for HL A loci 
with SLE in men than in women

20,21

06p21.32 HL A- DQA1 Presents peptides derived from 
extracellular proteins to T cells

SSc Contribution of HL A DQA1*05:01 to 
the risk of SSc is greater in men than 
in parous women

23

06p21.33 HL A- B*27 Presents foreign antigens to T cells AS More prevalent among men than 
among women with AS

24

06p21.33 HL A- B*51 Presents foreign antigens to T cells Behçet disease More common among men than 
among women with Behçet disease

190

06q23.3 TNFAIP3 Inhibits transcription factor NF- κB 
activation and TNF- mediated apoptosis

RA , SLE, SSc and 
Behçet disease

TNFAIP3 rs2230926G might be an 
important predictor of disease onset 
in men with SLE

200
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associated with reduced amounts of MECP2 mRNA, sug
gesting that both IRAK1 and MECP2 are SLE risk genes34. 
A commonly occuring IRAK1 haplotype containing two 
IRAK1 variants (S196F and L532S) was also associated 
with increased NF κB production in an embryonic cell 
line in vitro35. Additionally, mechanistic studies in mice 
have established a functional role of IRAK1 in lupus like 
disease development33. Whereas lupus prone B6.Sle1+/+ 
mice develop antinuclear antibodies, splenomegaly and 
B cell and T cell activation, the same mice with an IRAK1 
deficiency have reduced titres of IgM and IgG autoanti
bodies to single stranded DNA, double stranded DNA 
(dsDNA) and to histones and DNA, and decreased 
numbers of B cells and activated CD4+ T cells33.

An interesting question related to SNPs is whether the 
parent from whom a particular allele is inherited can be 
determined (the so called parent oforigin effect), which 
requires testing of nuclear families (consisting of two par
ents and their children)36 or of extended pedigrees (taking 
into account other relatives)37. Such tests have mostly been 
performed on autosomes: ~100 imprinted autosomal 
genes are known in humans38. However, X linked SNPs 
had rarely been tested owing to a lack of appropriate statis
tical tests, until a parental asymmetry test on the X chro
mosome was developed in 2018 (ref.39). Using this test39, 
13 X linked SNPs previously associated with the risk of 
developing RA32 were examined, but none of the SNPs 
could be attributed to one parent more than the other 
after correction for multiple comparisons39. However, this 
study focused only on the parent oforigin effect as deter
mined by SNP data. As mentioned by the authors, RNA 
sequencing data convey more epigenetic information than 
SNP data and would have been the most direct way to 
identify imprinted genes and score the differential allelic 
expression depending on the parent of origin.

Immune functions of X- linked genes. Among the numer
ous genes involved in immunity on the X chromosome 
are TLR7, TLR8, FOXP3 and CD40LG40. Toll like recep
tor 7 (TLR7) and TLR8 belong to a wider family of ten 
evolutionarily conserved proteins that are important  

in innate immunity, but are the only TLRs encoded on 
the X chromosome41. TLR7 and TLR8 are both endo
somal and recognize single stranded RNA41. TLR7 has 
a well established role in the pathogenesis of SLE42 but 
is also highly expressed in synovial lining and sublin
ing macrophages in RA, in which the degree of expres
sion correlates with disease activity43. By contrast, the 
expression of TLR8 in SLE is uncertain owing to con
tradictory results. In one study44, a 1.7fold overexpres
sion of TLR8 mRNA was noted in whole blood samples 
from six patients with SLE compared with samples from 
six healthy individuals, whereas another study45 did not 
report a significant difference in TLR8 mRNA concen
trations in peripheral blood mononuclear cells from 
21 untreated patients with SLE and from 21 healthy indi
viduals. FOXP3 is a transcription factor expressed by 
regulatory T (Treg) cells that is critical for their generation 
and maintenance46. Treg cells limit and modulate exacer
bated inflammatory and immune responses, and their 
number and/or function are impaired in most rheumatic 
diseases47–51. Finally, CD40 ligand (CD40L) is expressed 
by T cells and induces T cell immunity after ligation with 
its stimulatory receptor CD40, which is expressed on 
antigen presenting cells such as dendritic cells, macro
phages and B cells52. CD40L possibly has an important 
role in rheumatic diseases as it is overexpressed in 
patients with RA, PsA, AS, SLE, primary Sjögren syn
drome (pSS) and SSc, and concentrations often correlate 
with disease severity53. Nevertheless, a role for CD40L in 
pathogenesis has only been confirmed in mouse mod
els of SLE (lupus prone mice) or RA (collagen induced 
arthritis) in animals lacking CD40 or CD40L, or that 
had been treated with CD40L blocking reagents, either 
of which led to reduced inflammation54–56.

Effects of sex- linked genes in rheumatic diseases. Part of 
the mechanism of action of sex hormones in disease sus
ceptibility can be via modulation of the immune func
tion of cells. For example, the production of IFNα by 
plasmacytoid dendritic cells (pDCs), which is triggered 
by TLR7 stimulation, can be enhanced by 17β oestradiol 

Chromosomea Gene Function of encoded protein Rheumatic diseases 
associated with this 
gene14

Sex- specific effectb Refs

07q32.1 IRF5 A transcription factor involved in the 
induction of IFNα and IFNβ, and other 
pro- inflammatory cytokines, upon viral 
infection; activated by TLR7 or TLR8 
signalling

SLE, RA , SSc and pSS Men with SLE have a higher 
frequency of IRF5 risk alleles than 
women

21

09q33–34 TRAF1-C5 An adaptor protein involved in the  
TNF signalling cascade

RA and JIA201 No sex- specific difference in 
association with JIA

202

10p15.1 IL2RA Involved in the regulation of immune 
tolerance by regulatory T cells

RA and JIA Association with JIA is stronger in 
girls than in boys

203

20q13.12 CD40 Induces immunoglobulin secretion by  
B cells

RA and SLE CD40 rs1883832 TT has a higher risk 
effect than CD40 rs1883832 CC/CT 
in men with RA

204

AS, ankylosing spondylitis; GM- CSF, granulocyte–macrophage colony- stimulating factor ; JIA , juvenile idiopathic arthritis; PBMC, peripheral blood mononuclear 
cell; pSS, primary Sjögren syndrome; RA , rheumatoid arthritis; SLE, systemic lupus erythematosus; SNP, single- nucleotide polymorphism; SSc, systemic sclerosis; 
TH17, T helper 17; TLR , Toll- like receptor. aLocation of the gene on a chromosome: the first number indicates the chromosome followed by ‘p’ for the short arm or ‘q’ 
for the long arm. The following digits give the exact position of the gene in relation to the centromere. bThe sex bias can be caused by a stronger association with a 
particular SNP in one sex than in the other or by overexpression of the encoded protein owing to sexual dimorphism.

Table 1 (cont.) | Sexual dimorphism in autosomal loci associated with rheumatic diseases
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supplementation in mice57 and in human pDCs trans
planted into humanized mice58. Moreover, a trend 
towards reduced TLR7mediated responses occurs in the 
context of HIV1 infection in pDCs from postmenopau
sal women compared with pDCs from premenopausal 
women59. In line with these results59, reduced IFNα pro
duction in pDCs from postmenopausal women can be 
partially reversed by hormone replacement therapy with 
17β oestradiol57.

In addition to the action of sex hormones, genetic 
polymorphisms in protein coding genes involved in 
TLR7mediated responses could also lead to an increased 
production of IFNα. Interferon regulatory factor 5 
(IRF5) is a transcription factor that induces the tran
scription of IFNα and other cytokines60. IRF5 is a central 
mediator of TLR7 signalling in mice61,62 and, although  

the contribution of IRF5 to IFNα induction in human 
cells has yet to be clarified63, accumulating data suggest 
a pivotal role for IRF5 in SLE64. Interestingly, genetic var
iants of IRF5 are strongly linked to SLE patho genesis65 
and, more importantly, compared with women with 
SLE, men with SLE possess a higher frequency of IRF5 
risk alleles21, which are associated with high serum IFNα 
activity66. On the basis of these results21,57,59,66, pDCs 
from men with SLE seem to be genetically predisposed 
to produce high amounts of IFNα via TLR7 activation, 
whereas pDCs from women with SLE seem to pro
duce high amounts of IFNα67, partly as a result of sex 
hormone modulation and partly because of a possible  
overexpression of TLR7 (ref.68) (fig. 2).

Much has also been learned about the role of sex 
linked genes in rheumatic diseases from mouse models 
of disease, particularly models of lupus. An elegant 
mouse model system69 has been used to prove that the  
X chromosome confers greater susceptibility to lupus 
like disease than the Y chromosome, a susceptibility that 
is independent of hormones. In this model system69, the 
testes determining gene Sry, which is necessary and suffi
cient for initiating male sex determination, was removed 
from the Y chromosome, resulting in XY− ovary bearing 
mice that were exactly like XX female mice, except that 
they still had the rest of the Y chromosome. Inversely, Sry 
was inserted into mice as a transgene on an auto somal 
chromosome, resulting in XXSry and XY−Sry testes 
bearing mice. This mouse model system69 was used in the 
pristane induced lupus model in the SJL strain, which has 
previously been characterized as having a greater suscep
tibility to disease in female mice than in male mice70. Mice 
were ovariectomized (XX or XY−) or castrated (XXSry 
or XY−Sry) to investigate the direct effect of X linked 
and Y linked genes without the influence of sex hor
mones. After injection with pristane, ovariectomized XX 
SJL mice had more severe disease than ovariectomized 
XY− SJL mice, as well as greater kidney pathology and 
a higher titre of anti dsDNA IgG antibodies. Similarly, 
castrated XXSry mice injected with pristane had more 
severe disease than castrated XY−Sry mice. These mouse 
models69 enabled the discovery that it is female sex 
chromosomes, rather than male sex chromosomes, that 
promote susceptibility to lupus like disease.

Another mouse model of lupus, BXSB lupus prone 
mice, provides a powerful example of X linked dosage 
alterations in autoimmunity71. In this strain, a duplica
tion of a 17gene cluster that is translocated from the 
X chromosome to the Y chromosome (called Y linked 
autoimmune accelerator (Yaa)) is responsible for accel
erating the pathogenesis of autoimmunity in male mice. 
In the Yaa region, the sole duplication of Tlr7 was suf
ficient to accelerate autoimmunity in lupussusceptible 
male mice72. This mouse strain with an unbalanced trans
location is compelling evidence for the role of Tlr7 over
expression in lupus like disease. Other mouse models  
of lupus have provided evidence for the roles of over
expressed X linked genes in pathogenesis, such as trans
genic mice that express human MECP2, which develop 
antinuclear antibodies73.

Finally, although the X chromosome is often thought 
to be responsible for autoimmune predisposition in 
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Fig. 1 | The human X and Y chromosomes. The human X and Y chromosomes share 
many homologous regions, including pseudoautosomal region 1 (PAR1) and PAR2, which 
are relics of a common ancestral autosomal origin. The X chromosome carries many 
immunity- related genes, such as TLR7 and FOXP3, as well as XIST (represented in red), 
which encodes a long non- coding RNA that inactivates one of the two X chromosomes  
in female cells. The Y chromosome carries the dominant sex- determining gene SRY,  
and most of its genes are male- specific genes that have been acquired over time via 
transposition and translocation from other chromosomes and multi- copy genes, such as 
TSPY. The light blue region of the Y chromosome consists of heterochromatin and is not 
expressed. The most commonly described immunity- related genes are shown, although 
the list is not exhaustive.
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Fig. 2 | IFNα signature acquisition in plasmacytoid dendritic cells from men and women with SLE. Men who develop 
systemic lupus erythematosus (SLE) have a higher frequency of IRF5 genetic variants than women with SLE. Interferon 
regulatory factor 5 (IRF5) is a transcription factor that is part of the signalling cascade downstream of endosomal Toll- like 
receptor 7 (TLR7) and that contributes to the production of IFNα (as well as other cytokines). IRF5 variants are associated 
with high serum IFNα activity , which could contribute to the IFNα signature in men. In women, concentrations of IRF5 are 
higher in plasmacytoid dendritic cells (pDCs) than in the same cells in men, leading to increased IFNα production upon 
TLR7 stimulation67. Additionally , TLR7 can escape X chromosome inactivation (XCI) and can be biallelically produced in 
pDCs, monocytes and B cells. Therefore, women with SLE might overexpress TLR7 , which triggers increased signalling via 
myeloid differentiation primary response protein MYD88, IL-1 receptor- associated kinase 1 (IRAK1), IRAK2 and IRAK4, 
resulting in increased IFNα production. Moreover 17β- oestradiol can increase TLR7-mediated production of IFNα via IRF5 
in women. NF- κB, nuclear factor- κB; ssRNA , single- stranded RNA ; TRAF6, TNF receptor- associated factor 6.
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women, there is increasing evidence that the Y chromo
some contributes to immune susceptibility by influ
encing genes associated with immune responses74. For 
example, in mice, the copy numbers of Sly and Rbmy, 
two multi copy Y linked genes involved in sperm dif
ferentiation, inversely correlate with the number of 
genes upregulated in immune cells74. In addition, non 
pseudoautosomal genes on the Y chromosome cannot 
be excluded from having a protective role in autoim
mune diseases, which might explain why men are less 
frequently affected with these diseases.

Epigenetics and sex bias
X chromosome inactivation and rheumatic disease. In 
XX female eutherian mammals, one X chromosome 
(either maternal or paternal with a 50:50 probability) is 
randomly silenced to ensure that the amount of X linked 
proteins expressed is equal to the amount expressed by 
XY male eutherian mammals, in a process known as 
XCI (box 1). From an evolutionary point of view, XCI 
is advantageous to women because any recessive gene 
mutation present on one X chromosome will either go 
unnoticed or have only a mild effect, as it should only 
be expressed in half of their cells. However, cells from 
women with SSc and women with RA do not always 
follow a random 50:50 XCI, but can have a skewed pat
tern75–77. An XCI pattern is classified as skewed when 
80% or more of the cells preferentially inactivate the 
same X chromosome (80:20) and extremely skewed 
when one X chromosome is active in more than 90% 
of the cells (90:10 to 99:01)78. Several possible explana
tions for XCI skewing have been proposed, such as a 
mutation on the X chromosome leading to a selective 
process of monoclonal cell expansion, or a biased pref
erence to inactivate one X chromosome over the other 
at the blastocyst stage occurring purely by chance78–80. 
One proposed explanation for why women with RA or 
SSc have a skewed XCI pattern is that disease onset often 
occurs relatively late in life and XCI skewing increases 
with age81; however, skewed XCI patterns have been 
found in women with SSc or RA that onsets at any 
age75,82. Moreover, a similarly skewed XCI can occur in 

patients with oligoarticular disease, a form of JIA with 
female predominance83.

Few studies have examined the functional conse
quences of a skewed XCI. In one study82, the potential 
immunological consequences of skewed XCI were 
investigated on the basis of initial results that showed a 
diminished capacity of Treg cells from patients with SSc 
for suppressive activity47. Patients with SSc with skewed 
XCI had a higher percentage of FOXP3+ Treg cells than 
patients with SSc with non skewed XCI, but these cells 
expressed less FOXP3 and had a decreased suppressive 
capacity82. Thus, skewed XCI might explain the aber
rant Treg cell function that occurs in SSc. Interestingly, 
XCI skewing was not specific to a cell subset in these 
patients with SSc82, suggesting that XCI skewing origi
nates upstream in a common haematopoietic precursor 
cell. Other immune impairments could also be expected 
in women with rheumatic disease who have a skewed 
XCI, as the X chromosome carries many genes related 
to immune functions.

Notably, although the XY chromosome system is used 
in humans and most other mammals, a ZW chromo
some system is used in birds. In this system, the pairing 
pattern is reversed: males are ZZ and females are ZW. 
Interestingly, in chickens from the UCD200 line, which 
develop an SSc like disease, male chickens are more fre
quently affected than female chickens84. Surprisingly, in 
birds, sex chromosome dosage compensation is ineffi
cient85. Consequently, genes from the Z chromosome are 
overexpressed in ZZ males compared with ZW females, 
suggesting that overexpression rather than chromosome 
inactivation promotes disease development in bird 
models of rheumatic disease.

X- linked genes that escape X chromosome inactivation. 
XCI is heterogeneous across tissues, individuals and 
cells86. Initially, 15% of X linked genes were estimated 
to escape silencing in humans, including those corre
sponding to functional Y chromosome encoded gene 
homologues (PAR regions)87. This percentage has since 
been revised upwards to ~25%86, and genes that do not 
belong to PAR regions are suspected to also escape inac
tivation, including IRAK1, MECP2, CD40LG, TLR7 and 
TLR8 (ref.42). In a 2018 study, single cell transcriptomics 
was used to identify 55 genes that escape XCI in fibro
blasts88. The expression of these genes was heterogene
ous and differed depending on the phenotype and even 
on the cell cycle phase of the cells investigated88.

Interestingly, the inactive X chromosome seems to 
be predisposed to becoming partially reactivated in 
lympho cytes from female mice and humans89. Therefore, 
increased expression of X linked immune related genes 
via XCI escape might contribute to the risk of SLE and 
other rheumatic diseases in women. In single cell analy
ses, biallelic TLR7 expression was found in B cells, mono
cytes and pDCs from women, suggesting that TLR7  
can escape XCI68. Lymphocytes from women with SLE can  
also biallelically express the X linked genes CD40LG and 
CXCR3 (ref.89). Demethylation of CD40LG on the inac
tive X chromosome can contribute to its overexpression 
in CD4+ T cells from women with SLE90; other X linked 
gene transcripts, such as CXCR3 and OGT, can also be 

Box 1 | X chromosome inactivation

X chromosome inactivation (XCI), also known as lyonization in recognition of its 
discovery by m. F. lyon185, takes place at the blastocyst stage during embryo 
development and is complete at the onset of gastrulation186. As soon as there are two 
X chromosomes	in	a	cell,	one	is	randomly	chosen	for	inactivation	and	is	stably	silenced,	 
a change that is inherited through subsequent mitotic divisions187. The difference between 
humans and mice is that, in female mice, XCI starts with a selective inactivation of the 
paternal X chromosome at the 4–8-cell stage (known as imprinted inactivation), which 
is followed	by	a	random	choice	at	the	blastocyst	stage	(as	in	humans)186. The mediator 
of XCI	is	a	long	non-	coding	RNA	encoded	by	XIST188. At cell interphase, XIST RNA is 
expressed exclusively in cells that have more than one X chromosome and accumulates, 
coating the X chromosome that will be inactivated188. XIST RNA is transcribed from the 
chromosome that will be inactivated (a process known as cis inactivation). This coating 
by XIST RNA initiates a cascade of epigenetic mechanisms that have yet to be fully 
deciphered186, including histone modifications and DNA methylation, thereby enabling 
transcriptional silencing of X- linked genes189. Consequently, any newborn female is a 
mosaic of cells expressing either maternal or paternal X- linked genes. Daughter cells 
will have the same pattern of XCI through life, leading to a patchy or mosaic expression 
of X- linked genes.
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overexpressed in T cells from women with SLE91. A 2019 
study showed that the localization of Xist RNA to the 
inactive X chromosome (box 1) is perturbed in T cells 
from NZB/W F1 mice (a classic female biased mouse  
model of SLE) and from women with SLE, and that 
X linked genes are abnormally upregulated in T cells 
from women with SLE92. Notably, although mouse models 
can help to decipher the exact contribution of X linked 
gene overexpression, they must be used with caution, as 
only 3% of X linked genes escape XCI in female rodents93.

Silencing genes with X- linked proteins or microRNAs. 
DNA methylation, an important feature in epigenetic 
control, is important for XCI. The X linked gene MECP2 
encodes a protein that binds to methylated cytosine resi
dues on CpG dinucleotides and, together with histone 
deacetylases and transcriptional repressors, mediates the 
transcriptional ‘silencing’ of other genes94. MECP2 could 
potentially escape XCI and be overexpressed in some cells 
or tissues, thereby leading to sex specific over silencing.

Another form of epigenetic modification happens via 
microRNAs (miRNAs), small non coding RNA mole
cules that are able to post transcriptionally downregulate 
one third of all protein coding genes by base pairing to 
their mRNAs95. Notably, X chromosomes in humans 
and mice have one of the highest densities of miRNAs 
of all chromosomes (118 and 92 miRNAs, respectively 
according to miRBase), whereas the Y chromosome has 
only four miRNAs in humans and no miRNAs have yet 
been described in mice96,97. Some X linked miRNAs are 
encoded by genes or genomic regions that contain SNPs 
associated with rheumatic diseases or by genes that can 
escape XCI, such as IRAK1 (refs98–100), which could also 
affect their expression. X linked miRNAs are differen
tially expressed in men and women with SLE91 and in 
men and women with RA101, but such stratifications are 
rarely used in miRNA studies.

Gaining and losing sex- linked genes
Sex chromosome aneuploidy. The importance of X chro
mosome dosage can be seen in men with Klinefelter 
syndrome (47,XXY), who have a 14fold higher risk of 
developing SLE102 and a 38fold higher risk of developing 
pSS103 than men without Klinefelter syndrome (46,XY). 
The occurrence of JIA, PsA, SSc, dermatomyositis and 
AS is also increased in men with Klinefelter syndrome 
compared with men without Klinefelter syndrome104. 
Similarly, the prevalence of pSS and SLE is ~2–3fold 
higher in women with X chromosome trisomy (47,XXX) 
than in women without an extra X chromosome 
(46,XX)105. X chromosome trisomy affects ~1 in 1,000 
women, and Klinefelter syndrome is detected in between 
1 in 500 and 1 in 1,000 men, although both conditions 
are probably underestimated106–108.

A form of triple mosaicism consisting of a mixture of 
cells in the body with 45,X, 46,XX and 47,XXX karyo
types has been found in some women with SLE, and a 
partial triplication of the distal p arm of the X chromo
some has also been found in some women with pSS109. 
Moreover, an underdiagnosed mosaic form of Klinefelter 
syndrome has been described, in which as few as 2% of 
cells in the body could have a 47,XXY karyotype110,111. 

A recurrent low level mosaicism of XX and XXY cells 
among XY cells of up to 1.4% has been observed by 
fluorescence in situ hybridization (FISH) in periph
eral blood cells from men with RA112. This percentage 
might be an underestimation as quantitative PCR of the 
X linked gene TLR7, a technique with higher sensitiv
ity than FISH, revealed an increased copy number for 
this gene in men with RA that corresponds to ~9% of 
cells having two copies112. Interestingly, methylation  
of the X chromosome is decreased in men with 
Klinefelter syndrome, leading to less effective XCI than 
in 46,XX women113. Moreover, Klinefelter syndrome is 
associated with a high recurrence of duplications on the 
X chromosome114. Owing to the large number of genes 
linked to immunity that are carried on the X chromo
some, men with a mosaic of 47,XXY cells, even in small 
amounts, might have immunological disorders.

X chromosome monosomy and loss of the Y chromo
some are also associated with an increased risk of auto
immune disease. Women with Turner syndrome, which 
is characterized by complete or partial X chromosome 
loss (45,X0), have an increased risk of developing auto
immune diseases, particularly diseases with a male pre
dominance115. Associations between Turner syndrome 
and juvenile RA or AS have been described in a few 
case reports116,117. A low level mosaicism of 45,X0 cells 
also occurs more frequently in women with SSc than in 
healthy women118. Interestingly, numerical abnormalities 
in chromosomes X, Y or 7 have also been found in ≤20% 
of cells in patients with OA119. In these patients, a loss of 
the Y chromosome occurred in men and a loss of the 
X chromosome occurred in women, whereas trisomy 7 
occurred in both sexes119.

Copy number variation. Another genomic variation 
that is undetected by GWAS is variation in the number 
of copies of large chromosomal segments (deletions or 
insertions of kilobases to megabases of DNA), known 
as copy number variation (CNV). Changes in the copy 
number of a gene might modulate its expression locally 
in tissues affected by autoimmune diseases120. About 
12% of the genome is affected by CNV121 (deletions are 
less frequent than insertions), which might be respon
sible for more genetic variation between individuals 
than SNPs. When CNV affects genomic regions har
bouring immunomodulatory genes, there could be 
phenotypic consequences, and CNV of some genes 
has been associated with rheumatic diseases122,123. For 
example, in a meta analysis, a lower copy number of 
FCGR3B (involved in the recruitment of neutrophils 
to the sites of inflammation and for the clearance of 
immune complexes) was found in patients with SLE or 
pSS than in healthy individuals, but not in patients with 
RA, although in this analysis, patients were not stratified 
by sex and the difference in CNV of FCGR3B was not 
significant in individuals from all ethnic backgrounds122.

LINE-1 retrotransposons. Compared with autosomal 
chromosomes, the X chromosome harbours about 
twice as many long interspersed element 1 (LINE1) 
retrotransposable repetitive sequences, which induce 
alterations and instability in DNA over time. LINE1 

Mosaicism
a mixture of two or more 
populations of genetically 
different cells within an 
individual.
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is a DNA sequence that can change its relative position 
within the genome of a single cell, leading to mutations 
(such as gene knockouts) that can affect the pheno
type of that cell. These virus like repeating elements  
have been hypothesized to promote immune dysfunc
tion and the chronicity of inflammation125. LINE1 ele
ments have been implicated in RA, as they have been 
found using FISH analysis to be located in cells close to 
lymphoid follicles in the synovium126. LINE1 mRNA is 
also present at increased concentrations in the kidneys 
from patients with lupus nephritis and in minor salivary 
gland tissue from patients with pSS, and in vitro studies 
have shown that LINE1 mRNA could trigger the type I 
interferon pathway in both diseases125. Finally, a 2019 
study demonstrated a novel triplex interaction between 
long non coding RNA (XIST RNA) and dsDNA, espe
cially the LINE1 retrotransposons, via multiple short 
sequence motifs, involved in the process of XCI127.  
As anticipated, the preferential enrichment of multiple oli
gomers in LINE1 elements could predict the expression  
status of X linked genes124128.

Long- lasting consequences of pregnancy
Pregnancy can have long term immunological conse
quences for both women and their offspring. During 
pregnancy, a natural feto–maternal exchange occurs 
via the non hermetic placental membrane, leading 
to fetal microchimerism (FMc) in the mother and 
maternal microchimerism (MMc) in the child (fig. 3). 
Microchimeric cells can also be transferred in utero from 
a recognized or unrecognized (vanished) twin, the lat
ter phenomenon being surprisingly common in healthy 
pregnancies129. Microchimerism arising from pregnancy 
persists for decades after delivery in immunologically 
competent women, and microchimeric cells are com
monly found in healthy individuals130. Microchimeric 

cells as a result of FMc (from full term or incomplete 
pregnancies), MMc or microchimerism from siblings 
can be found in several haematopoietic cell types and 
different tissue cell types, suggesting that these cells 
might have pluripotent and stem like characteristics131. 
The transfer of viable maternal immune and stem cells to 
an infant also has consequences for the child’s immune 
tolerance to non shared non inherited maternal antigens 
(NIMA)132. Maternal cells can engraft in the fetal lymph 
nodes and promote the differentiation of fetal Treg cells, 
enabling a long term tolerance to NIMA132.

Fetal microchimerism. All humans are ‘microchimaeras’,  
but women can acquire microchimeric cells from a 
wider range of sources than men via pregnancy. Such 
differences between men and women have led to the idea 
that autoimmune diseases could be ‘semi allo’ immune 
diseases, in which FMc could be involved133. Increased 
numbers of microchimeric cells in blood and tissues 
from women with SSc provide some confirmation for 
this hypothesis, but the exact role of FMc in autoim
mune disease has yet to be demonstrated131. Host and/or  
donor genetic background and feto–maternal HLA 
compatibility can affect microchimeric cell traffic and 
the quantity of persistent microchimeric cells134–136. 
Interestingly, women with SSc are statistically more 
likely to have an HLA DRcompatible child than healthy 
women135. A child is considered to be HLA compatible 
with its mother (from the mother’s point of view) when 
the paternally inherited antigen is the same as one of the 
maternal antigens (fig. 4). In other words, feto–maternal 
compatibility is increased when parents share a common 
HLA allele. One hypothesis is that, analogous to trans
plantation, HLA compatibility would favour host cell 
engraftment. Reinforcing this idea, a 2019 study showed 
that women with RA (who often have an increased 

Maternal
cells

Fetal
cells

Long-term persistence of fetal cells
(fetal microchimerism)

Long-term persistence of maternal cells (maternal microchimerism)Bidirectional traffic of
cells during pregnancy

Fig. 3 | Natural acquisition of maternal and fetal microchimerism. During pregnancy , a bidirectional traffic of cells 
across the placenta allows fetal cells to enter the maternal bloodstream and maternal cells to enter the fetal bloodstream. 
Everyone is born with a pool of maternal cells in their body that persists for decades, termed maternal microchimerism. 
When a woman becomes pregnant, she also receives fetal cells from her fetus, regardless of whether the pregnancy reaches 
term, which persist as fetal or embryonic microchimerism. Therefore, a gravid woman is in the unique position of receiving 
microchimeric cells from at least two sources. Microchimeric cells originating from a twin (full- term or vanished) or from an 
older sibling via the maternal bloodstream could also contribute to microchimerism (not represented in this figure).
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amount of microchimerism)137,138 are more likely to 
have an HLA Bcompatible, HLA DPBcompatible or 
HLA DQ1compatible child than healthy women139.

An increased traffic of fetal cells towards the mother 
can occur in women who have pregnancy complica
tions including pregnancy related high blood pressure 
or preeclampsia, and miscarriage140,141. Interestingly, 
women who have such pregnancy complications are 
also at higher risk of later developing rheumatic diseases, 
such as SSc and RA, than women without such complica
tions142–144. Two studies showed that FMc can contribute 
to the transfer of HLA associated RA susceptibility in 
women who do not carry RA susceptibility alleles137,138. 
Microchimeric cells could therefore be considered effec
tor cells, as they could contribute to disease suscepti
bility. In agreement with this hypothesis, an increased 
risk of RA was noted in the mothers of children who 
carry HLA- DRB1 RA risk associated alleles145,146, but an 
appropriate mouse model is still needed to fully confirm 
these results.

Maternal microchimerism. MMc, or female cells from 
a vanished twin, might contribute to female micro
chimerism in male individuals who develop rheumatic 
diseases. For example, MMc is frequently found in male 
patients with neonatal lupus or with juvenile idiopathic 

dermatomyositis147–150. Research on MMc is scarce, 
mostly because it was initially evaluated by visualizing 
X chromosomes via FISH in cells from male individu
als, which is a laborious and time consuming technique. 
HLA specific quantitative PCR assays now enable the 
determination of the origin of female microchimeric 
cells in male patients with rheumatic diseases and 
provide insight into their quantitative effects151,152.

Differentiated maternal cells can be found in multiple 
tissue types153, and the presence of microchimeric cells, 
both as immune effector cells and as differentiated tissue 
cells in affected tissues, suggests that microchimeric cells 
might have multiple functions in the same disease131. For 
example, maternal microchimeric cardiac myocytes 
present in the myocardium of infants who died from 
neonatal lupus associated congenital heart block are 
thought to have had a potentially restorative function150. 
By contrast, semi allogenic maternal cells present in host 
tissues can become a target for the host’s immune cells. 
Finally, maternal microchimeric CD8+ T cells and CD4+ 
T cells could have a role in autoimmunity as effector 
cells. All three cellular roles (restoration, immune target 
and immune effector) might even be observed within 
the same tissue at different stages of pathogenesis131.

SSc and SLE mostly affect women, therefore FMc 
would seem to be a better candidate for having a role 
in these diseases than MMc. Nevertheless, a higher 
prevalence of maternal microchimeric cells has been 
found in peripheral blood from women with SSc than in 
peripheral blood from healthy women152. An interesting 
mouse model for studying SLE and SSc is the parent 
intoF1 model of chronic graft versushost disease, 
which suggests a possible role for MMc in these diseases. 
In this model, homozygous maternal T cells are trans
ferred into un irradiated semi allogeneic F1 recipients 
and can target the recipients’ alloantigens154,155. Although 
not extensively studied in SLE, MMc has not yet been 
found to be increased in this disease156,157. However, men 
with SLE have increased HLA DRB1 compatibility with  
their mothers158, similar to that of parous women  
with SSc and their offspring135, suggesting that MMc 
might be involved in SLE in men.

Points to consider about microchimerism. Importantly, 
the results of studies evaluating quantities of fetal or 
maternal microchimeric cells in different diseases, par
ticularly in SSc, are often very variable (reviewed else
where131). Differences in quantities of microchimeric 
cells can be a result of technical variation, the clinical 
characterization of patients, differences in treatments 
and disease activity at the time of blood collection, as 
well as whether exclusion criteria (such as confound
ing sources of microchimerism including transfusion 
and fetal loss) are taken into account. Another impor
tant issue that might explain quantitative differences 
between studies on peripheral blood samples is the 
sequestration of microchimeric cells to tissues. For 
example, autopsy analysis of a woman with SSc revealed 
high numbers of both maternal cells and fetal cells in 
several tissues (including the lungs, heart, pancreas and 
liver) and in the bone marrow, whereas peripheral blood 
mono nuclear cell samples from this individual were 
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DRB1*01

DRB1*03

DRB1*04

DRB1*12

DRB1*01

DRB1*12

b  Compatibility from child’s perspective

DRB1*01

DRB1*01

DRB1*04

DRB1*12

DRB1*01

DRB1*12

c  Bidirectional compatibility

DRB1*01

DRB1*03

DRB1*01

DRB1*12

DRB1*01

DRB1*03

d  Compatibility from mother’s perspective

DRB1*01

DRB1*03

DRB1*01

DRB1*12

DRB1*01

DRB1*01

ChildFatherMother

Fig. 4 | Feto–maternal HL A compatibility. HL A- DRB1 compatibility is used as an 
example of feto–maternal HL A compatibility. a | In this example of bidirectional 
incompatibility , the mother will recognize HL A- DRB1*12 from the child as foreign and, 
inversely , the child will recognize HL A- DRB1*03 from the mother as foreign. b | The 
mother is HL A- DRB1 homozygous, therefore the child is compatible with the mother,  
but the mother is incompatible with the child. In both parts a and b, the mother has an 
HL A- incompatible child. c | The mother and the child share the same HL A alleles, so are 
bidirectionally compatible. d | The child is HL A- DRB1 homozygous, therefore the mother 
is compatible with the child, but the child is incompatible with the mother. In both  
parts c and d, the mother has an HL A- compatible child.
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consistently negative for both types of microchimeric 
cells before death152.

Finally, several life events can influence numbers of 
microchimeric cells, as well as the diversity of micro
chimeric sources, known as the ‘microchiome’. Vaginal 
delivery, contrary to caesarean section, favours the 
transfer of maternal cells, as does breastfeeding159,160. 
Increased microchiome diversity also occurs in infants 
with older siblings161. Gravidity without parity162 and the 
type of delivery can also influence the passage of fetal 
cells towards the mother163,164. Interestingly, impaired 
reproductive fitness and high rates of pregnancy loss 
have been noted in the mothers of children with JIA, 
which could contribute to the transfer of cells from 
previous pregnancies into offspring165.

Future directions
Using sex- specificity to improve therapy. GWAS 
have been used to successfully identify several candi
date genes that might contribute to the pathogenesis 
of rheumatic diseases, which have provided impor
tant targets for the development of drug therapies166. 
Nevertheless, for most common SNPs, stronger asso
ciations are observed in men than in women (Table 1), 
which would lead to therapies targeted at candidate 
genes being sex specific. miRNA dysregulations can 
also be targeted therapeutically167, which could poten
tially provide therapies for individuals selected on the 
basis of their personal genetic background. For exam
ple, further investigation into X linked miRNAs in the 
context of sex bias in rheumatic diseases might provide 
new therapeutic targets.

Another therapy currently being trialled to treat 
patients with rheumatic diseases is allogeneic mesen
chymal stem cell (MSC) or haematopoietic stem cell 
transplantation168–171. Detailed information on the par
ity and family history of the donor and of the recipi
ent are particularly important for these treatments, as 
these factors will influence the microchiomes of both 
parties172. Importantly, naturally acquired MMc and 
FMc have implications for transplantation outcome173. 
For example, recipients with high numbers of mater
nal cells will have an increased tolerance to NIMA174, 
which might be helpful when transplanting cells from 
mismatched donors that carry the recipient’s NIMA175. 
Such an approach would produce a reduced risk of graft 
versushost reactions and a good graft acceptance173,176. 
Moreover, the sex of the donor might influence the out
come of the graft independently of microchimerism. For 
example, when MSCs come from adipose tissue from a 
woman, the transcription factor VGLL3 is expressed at  
a higher concentration than if the MSCs come from 
adipose tissue from a man177. This overexpression has 
an influence on numerous genes involved in immu
nity, including BAFF and IL7, which are involved in 
autoimmune rheumatic diseases178.

Approaches to improve sex- specific research. Not enough 
studies have used well defined cohorts of patients of both 
sexes to explore sex bias in rheumatic disease. Moreover, 
in diseases with a female predominance, many research
ers use female only cohorts, as male patients are rare and 
their low number does not allow valid statistical analysis. 
Conversely, until 1993, when an NIH directive and FDA 
guidance regarding the conduct of clinical research were 
issued, women were not enrolled as frequently as men in 
clinical trials for drug development179. This reluctance to 
enrol women in clinical trials originated in adverse expe
riences in the 1960s and 1970s with thalidomide, a drug 
marketed as a sedative, which gained immense popularity 
worldwide among pregnant women because of its effec
tive anti emetic properties for morning sickness, but that 
was later discovered to be teratogenic180. Unfortunately, 
this experience contributed to a delay in the development 
of sex specific medicine. This trend is hopefully now 
changing181, which is fortunate as sex related differences 
have been observed for some treatments commonly used 
for rheumatic diseases. For example, in a study of 1,005 
patients with RA that included 165 men, men seemed to 
be more likely than women to achieve remission within 
the first year of anti TNF treatment182. Similarly, men 
with AS showed greater improvement in disease activity 
scores than women after 12 weeks of antiTNF therapy183.

Finally, mouse models, and particularly mouse con-
structions69, have been extremely useful in improving our  
understanding of sex bias in rheumatic diseases. 
However, researchers should be aware that pathogenic 
processes in mice do not always accurately reflect those 
in humans owing to many differences between the  
two species related to pregnancy, the X chromosome, 
miRNAs and hormones159,162–164,184 (Supplementary 
Table 1). These differences might hamper our under
standing of some pathways when investigating sex  
bias in rheumatic diseases.

Conclusions
From birth, our epigenome and microchiome are shaped 
and undergo transformations according to our sex, type 
of birth, childhood and pregnancy history (for women), 
which have long term consequences on our health and 
the success of treatments. Men and women are geneti
cally, epigenetically, hormonally and microchimerically 
different. These differences need to be better understood 
and exploited to enable progress in the treatment and 
management of all patients. Targeting candidate genes 
or reversing epigenetic dysregulation according to sex 
should be more efficient and beneficial than current ther
apies. The collection and examination of data in a sex 
stratified manner has been encouraged, but efforts must 
continue to promote further understanding of the basis 
for sex, and gender, differences in rheumatic diseases.
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Mouse constructions
The creation of genetically 
engineered mice as tools for 
studying human diseases.
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Palindromic rheumatism is a clinical syndrome char-
acterized by debilitating flares of pain, swelling and 
erythema centred around the joints that do not cause 
residual damage. Flares are often mono- articular and 
commonly affect the same joints as rheumatoid arthri-
tis (RA); the wrists, metacarpophalangeal (MCP) joints 
and proximal interphalangeal (PIP) joints are most com-
monly affected, followed by the knees and shoulders1. 
Flares usually last only a few days, but in some cases 
can persist up to 2 weeks, and their frequency is highly 
variable1–3. Palindromic rheumatism is encountered by 
most rheumatologists in routine clinical practice; yet, 
the diagnosis can be challenging and the pathogenesis 
and optimal treatments are unclear. Flares are tran-
sient and unpredictable, and laboratory and imaging 
investigations are usually normal when patients are not 
experiencing a flare. Furthermore, there are no accepted 
case definitions or classification criteria for palindromic 
rheumatism. The diagnosis is, therefore, based on clini-
cal judgement and can take several months and multiple 
clinical encounters to reach.

Patients with palindromic rheumatism often go on to 
develop RA4–8. The shared risk factors, including genetic 
factors and autoantibodies, and the typical distribution 
of affected joints suggest that palindromic rheumatism 
could be a relapsing–remitting form of RA that pro-
gresses to persistent disease. However, the flares that 
define palindromic rheumatism are not typical of an 
autoimmune phenotype but seem to be more closely 
related to an autoinflammatory process. In this Review, 
we focus on the unique phenotype of palindromic 

rheumatism and its relationship with RA. We describe 
the similarities between palindromic rheumatism and 
RA prodromes and what these tell us about RA patho-
genesis. Finally, we outline an overarching hypothesis for 
palindromic rheumatism and explore how this paradigm 
could refine the management of this curious syndrome.

Association with RA
Conventional wisdom tells us that palindromic rheu-
matism is closely associated with RA. This assumption 
is largely based on observations of the natural history 
and the clinical and serological features of palindromic 
rheumatism. The authors of some of the earliest clinical 
studies of this syndrome reported high rates of progres-
sion to RA in their respective palindromic rheumatism 
cohorts6,9–11. In the first longitudinal study of palindromic 
rheumatism, published in 1959, progression to RA was 
reported in 18 out of 28 patients (64%) within 8 years of 
follow- up6. High rates of progression were also reported 
in two subsequent UK studies; in one cohort, 10 out of 
20 patients with palindromic rheumatism (50%) devel-
oped RA over 10 years of follow- up9, and in the other, 
progression to RA was reported for 17 out of 39 patients 
(44%)10. Similarly, in a Finnish cohort, progression to 
persistent arthritis was described in 35 out of 60 patients 
with palindromic rheumatism (58%)11. On the basis 
of these observations, most investigators proposed 
that palindromic rheumatism represents an atypical, 
relapsing–remitting form of RA, and that most patients 
would inevitably develop full- blown RA if followed up 
for long enough. Indeed, when the Finnish palindromic 
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rheumatism cohort was re- examined after >20 years of 
follow- up, two- thirds of the patients had developed RA, 
with all but two of those patients having progressed to 
RA within the first 10 years of follow- up7.

A further argument for a close association between 
palindromic rheumatism and RA is that the two condi-
tions have a similar prevalence of RA- related autoanti-
bodies. A high prevalence of rheumatoid factor positivity 
was identified in early studies of palindromic rheu-
matism conducted more than 30 years ago, prior to 
the availability of anti- citrullinated protein antibody 
(ACPA) testing10,11. In a cross- sectional analysis of a 

Spanish palindromic rheumatism cohort, the frequency 
of anti- cyclic citrullinated peptide (anti- CCP) antibo dies 
was similar in patients with palindromic rheumatism 
to those with early RA (53% and 55%, respectively)12. 
Other international cohort studies report similarly 
high frequencies of anti- CCP positivity in patients with 
palindromic rheumatism (46–68%)4,5,13–15. A notable 
outlier is a Taiwanese cohort of 84 patients with palin-
dromic rheumatism, in which only 11 patients (13%) 
were anti- CCP-positive and 12 (14%) were rheumatoid 
factor- positive16. Variable inclusion criteria, recruitment 
strategies and geographical differences in patient pro-
files and possible pathogens could explain the apparent 
disparity in these data.

There is also evidence of immunogenetic similarity 
between palindromic rheumatism and RA. The initial 
genetic studies of palindromic rheumatism in the 1980s 
were performed in relatively small groups of patients 
and used serological typing rather than DNA- based 
tests for HLA antigens, producing mixed results17–20. 
However, a larger study published in 2002 reported an 
increased prevalence of HLA- DR shared epitope (SE) 
alleles in patients with palindromic rheumatism com-
pared with a control group of healthy individuals21. The 
2002 study found homozygosity of SE alleles to be pre-
dictive of progression to chronic arthritis21. However, 
SE status was not found to be as predictive of arthritis 
development in a subsequent smaller study of Japanese 
patients with palindromic rheumatism (28 patients, 
compared with 147 patients in the 2002 study)5. The 
HLA- DRB1 SE alleles represent the strongest genetic 
risk factor for RA and are associated with a threefold 
increased risk of RA22.

Thus, the immunogenetic and serological profile of 
palindromic rheumatism, together with its propensity to 
become full- blown RA, suggests that palindromic rheu-
matism could be considered as a relapsing–remitting 
form of RA that, over time, naturally progresses from 
intermittent to persistent arthritis.

For this concept to be true, one would expect the 
pattern of joint inflammation in flares of palindromic 
rheumatism to be similar to that seen in RA. However, 
the opposite was observed in a 2018 imaging study  
that compared treatment- naive patients with palin-
dromic rheumatism with patients with early RA15. 
Palindromic rheumatism flares were characterized by 
a high frequency of extra- capsular inflammation on  
ultrasonography; 19 out of 31 patients (63%) with palin-
dromic rheumatism flares had this finding and, interest-
ingly, in 12 of these 19 cases (63%) there was no coexistent 
synovitis. By contrast, only 7 of the 31 patients (23%) had 
evidence of synovitis on ultrasound during a palindromic 
rheumatism flare. Isolated extra- capsular inflammation 
appeared to distinguish palindromic rheumatism from  
RA as this pattern was rarely seen in the patients with RA.  
As might be expected, inflammation was rarely seen on 
ultrasound in patients with palindromic rheumatism 
when they were not flaring15. These new data suggest 
that palindromic rheumatism might not in fact be char-
acterized by relapsing–remitting synovitis, but instead 
by a different pattern of inflammation that is focused on 
periarticular rather than intra-articular structures (Fig. 1).

Key points

•	Palindromic rheumatism has a distinct clinical and imaging phenotype and cannot 
simply be considered as a relapsing–remitting form of rheumatoid arthritis (RA).

•	Palindromic rheumatism has an immunogenetic link with RA but shares clinical 
features, genetic associations and therapeutic responses with systemic 
autoinflammatory diseases and crystal- induced arthritis.

•	Palindromic rheumatism can be considered as an overlap syndrome, with both 
autoimmune and autoinflammatory characteristics.

•	Palindromic rheumatism shares disease targets with other groups of at- risk 
individuals and could be a genetically determined manifestation of the prodromal 
phase of RA.

Rheumatoid arthritis
Synovitis

Bone

Articular
cartilage

Tendon

Bone marrow
oedema

Bone
erosion

Palindromic rheumatism

Synovium

Tenosynovitis

Subcutaneous
oedema

Periarticular inflammation

Fig. 1 | Different patterns of inflammation in RA and palindromic rheumatism. 
Rheumatoid arthritis (RA) (upper panel) is characterized by intra- articular inflammation, 
with synovitis, osteitis, bone marrow oedema and bone erosions. Tenosynovitis is often 
present as well. By contrast, palindromic rheumatism (lower panel) is characterized by  
a distinct pattern of inflammation that is focused on periarticular structures, including 
peritendinitis and tenosynovitis. Subcutaneous oedema is often present as well.

Rheumatoid factor
An antibody against the Fc 
portion of igg, which is 
associated with rheumatoid 
arthritis.

Shared epitope
(SE). A preserved peptide 
sequence found on HLA 
antigens, which is the strongest 
genetic risk factor for 
rheumatoid arthritis.
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Distinct disease mechanisms
Despite the shared genetic and immunological risk fac-
tors, the distinct pattern of inflammation in palindromic 
rheumatism suggests that the notion of this syndrome 
as a relapsing–remitting prodrome of RA could be an 
oversimplification. Indeed, a minority of patients with 
palindromic rheumatism go on to develop other chronic 
diseases, such as connective tissue disorders or vasculi-
tis, and not necessarily RA8,11. Furthermore, seroposi-
tive and seronegative palindromic rheumatism might be 
mechanistically and phenotypically distinct. Although 
there are little published data that directly address this 
potential distinction, the genetic and immunological 
risk factors that link palindromic rheumatism and RA 
are clearly specific to seropositive disease. It is therefore 
possible that seronegative palindromic rheumatism is 
more genetically and phenotypically heterogeneous 
compared with seropositive palindromic rheumatism. 
This area certainly warrants further exploration. In the 
following sections, we discuss the evidence for distinct 
disease mechanisms in palindromic rheumatism in the 
context of clinical features, genetics, imaging features 
and response to treatment.

Clinical features. Palindromic rheumatism and RA have 
a predilection for the same joints. Studies of different 
palindromic rheumatism cohorts have consistently 
reported the wrists, MCP joints and PIP joints as the 
most commonly affected sites (mean 78% of patients 
with affected wrists and 91% with affected MCP and 
PIP joints)1,2,5,9,11,13. By contrast, the spine and sterno-
clavicular joints are the least frequently affected sites 
(mean 4% and 2% of patients, respectively)1. However, 
despite the distribution of affected joints being simi-
lar, the nature of the inflammation seen in these syn-
dromes appears to be different. Painful inflammatory 
flares are the hallmark of palindromic rheumatism and 
are frequently characterized by periarticular soft- tissue 
inflammation1. Indeed, in the original description of 

palindromic rheumatism, Hench and Rosenberg chose 
the name ‘palindromic rheumatism’ rather than ‘palin-
dromic arthritis’ on the basis of the striking peri- arthritis 
and para- arthritis observed in some of their patients2.  
Subsequent clinical descriptions have confirmed peri-
articular involvement and skin erythema as typical 
clinical signs of palindromic rheumatism1,9. Whether  
periarticular inflammation occurs in the presence or 
absence of coexistent synovitis is difficult to establish 
on the basis of clinical examination alone and requires 
high-resolution imaging (discussed in the section on 
imaging features below). Periarticular inflammation 
is a less frequent clinical finding in early RA, which is 
charac terized by small joint synovitis and tenosynovitis 
(that is, inflammation centred on synovial tissues)23. 
Indeed, on clinical signs alone, palindromic rheumatism 
in many respects seems more similar to crystal- induced 
arthritis and other autoinflammatory diseases than to  
RA; in common with these inflammasome-driven dis-
eases, palindromic rheumatism is inherently periodic 
and characterized by intermittent self- abortive flares of 
acute pain, swelling and erythema1–3.

Genetics. The increased prevalence of HLA- DR SE alleles 
in palindromic rheumatism21 highlights immuno genetic 
similarities with RA that might be expected given the 
epidemiological relationship between these diseases. 
However, genetic studies also support an inflammasome- 
related disease mechanism in palindromic rheumatism. 
In a Spanish cohort of patients with palindromic rheu-
matism, a high frequency of mutations in the MEFV 
gene, mutations of which are responsible for familial 
Mediterranean fever, have been identified; in that study, 
8 out of 65 patients with palindromic rheumatism 
(12.3%) carried at least one mutated MEFV allele24. 
Interestingly, mutations were more commonly found 
in ACPA- negative patients with palindromic rheuma-
tism. MEFV mutations were also identified in a small 
series of patients (n = 3) with intermittent hydrarthrosis,  

Peri- arthritis
inflammation of the tissues 
immediately surrounding the 
joints.

Para- arthritis
inflammation of tissues outside 
and separate from the joints.

Tenosynovitis
inflammation of synovial 
tendon sheaths, which can 
cause pain, swelling and 
stiffness associated with the 
tendons.

Cigarette smoking Systemic autoimmunity

Genetic risk Periodontitis Seropositive with
arthralgia and/or
musculoskeletal symptoms

Palindromic rheumatism

Clinically suspect
arthralgia

RA

Asymptomatic
At-risk individuals

Symptomatic
At-risk individuals

Clinical arthritis

Fig. 2 | Palindromic rheumatism and the RA disease continuum. Early rheumatoid arthritis (RA) should be considered as 
a disease continuum comprising a series of pathogenic phases that culminate in the development of arthritis. Asymptomatic 
at- risk individuals can have risk factors for RA development, including genetic risk (e.g. HL A- DR shared epitope alleles  
or an affected first- degree relative), mucosal inflammation (e.g. periodontitis), cigarette smoking and RA- related systemic 
autoimmunity (e.g. anti- citrullinated protein antibodies). In at- risk individuals, musculoskeletal symptoms can develop 
before the emergence of clinical arthritis, possibly in the presence of RA- associated autoantibodies or only as clinically 
suspect arthralgia (CSA). Palindromic rheumatism can be considered alongside seropositive arthralgia and CSA as a 
phenotype at risk of progressing to persistent clinical arthritis. Extra- capsular inflammation has been reported in all  
three phenotypes. The high frequency of extra- capsular inflammation in CSA and patients with seropositive arthralgia 
parallels the clinical and imaging findings in palindromic rheumatism.
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a periodic syndrome that clinically resembles palin-
dromic rheumatism25. This syndrome is characterized  
by intermittent flares of joint inflammation, usually 
affecting the knees (often with effusions). Patients are 
seronegative and rarely develop a persistent arthritis, 
with long periods of remission often seen25,26.

A distinct genetic susceptibility factor in palind romic 
rheumatism was also identified in a Korean study in 
which 110 patients with palindromic rheumatism were 
genotyped for 33 HLA- DRB1 alleles27. Of these, only two 
alleles, HLA- DRB1*03 and *1302, were associated with 
palindromic rheumatism. Importantly, no associations 
have been reported for these alleles with RA, suggest-
ing that distinct immunogenetic mechanisms could 
be relevant.

Imaging features. High- resolution imaging of treatment- 
naive patients with palindromic rheumatism sug-
gests a distinct disease process compared with RA. 
Ultrasonography findings published in 2018 indicated 
that inflammation in palindromic rheumatism is pre-
dominantly centred on extra- capsular, rather than 
intra- articular, targets15. Extra- capsular inflammation 
(including tenosynovitis and periarticular soft- tissue 
inflammation) in the absence of synovitis was also 
identified in a 2010 ultrasonography study of patients 
with palindromic rheumatism28. Other ultrasonography 
studies on palindromic rheumatism included only small 
numbers of patients, most of whom had a long disease 
duration and were being treated with DMARDs29,30. 
Although these studies reported ultrasonographic evi-
dence of synovitis in flares of palindromic rheuma-
tism, the results are difficult to interpret: it is possible 
that the phenotype of palindromic rheumatism changes 

substantially after DMARDs are used31. For example, in 
one of the studies, the authors noted that none of the  
patients had clinical periarticular inflammation during 
flares30. This finding highlights how different case defini-
tions for palindromic rheumatism have led to hetero-
geneous groups of patients being studied. The discrepancy  
in imaging findings suggests that it would be inappro-
priate to include treated patients alongside untreated 
patients in studies seeking to understand the phenotype 
of palindromic rheumatism and in clinical trials using 
imaging biomarkers.

Taken together, clinical and imaging findings in 
treatment- naive de novo palindromic rheumatism sug-
gest a syndrome distinct from RA, in which the focus 
of inflammation seems to be extra- capsular rather than 
primarily centred on intra- articular structures.

Response to treatment. In keeping with the clinical, 
genetic and imaging features described above, the thera-
peutic response in palindromic rheumatism is also 
different to that in RA and reveals similarities with auto-
inflammatory disorders. Although DMARDs are often 
used in the management of palindromic rheumatism, 
there are no controlled trials to support this approach. 
One small study of 14 patients reported that sulfasala-
zine was effective in the treatment of palindromic flares32 
but there have been no studies on the efficacy of metho-
trexate, leflunomide or biologic therapies. Retrospective 
data suggest that anti- malarial drugs, such as hydroxy-
chloroquine, might reduce the frequency and severity of 
palindromic flares33 and also the time to development 
of persistent arthritis34. Whereas hydroxychloroquine 
monotherapy is not usually sufficient to treat RA35, one 
preliminary randomized controlled trial has shown it to 

Table 1 | MRI studies reveal extra- capsular inflammation in individuals at risk of RA

At- risk cohort Patients included Study 
size (n)

Key findings Ref.

Clinically suspect 
arthralgia. Leiden, 
Netherlands

Arthralgia without synovitis. 
No palindromic rheumatism

144 Subclinical MRI inflammation (tenosynovitis, BME, synovitis) was 
identified in patients with CSA and predicted arthritis development. MRI 
tenosynovitis was the most prevalent abnormality (29% of patients) and 
the only one to independently predict arthritis development

54

Anti- CCP-positive with 
arthralgia. Erlangen, 
Germany

Arthralgia without synovitis. 
No palindromic rheumatism

20 MRI tenosynovitis was the most prevalent MRI abnormality , affecting 
80% of anti- CCP-positive patients and no controls. Tenosynovitis  
at ≥2 sites was predictive of arthritis development

56

Anti- CCP-positive 
with musculoskeletal 
symptoms. Leeds, UK

Musculoskeletal symptoms 
without synovitis. No 
palindromic rheumatism

98 MRI tenosynovitis was the most prevalent MRI abnormality , affecting 
40% of anti- CCP-positive at- risk individuals (score adjusted for controls). 
At the patient level, MRI tenosynovitis predicted arthritis development. 
At the joint level, MRI tenosynovitis and BME were predictive of arthritis 
development

55

Anti- CCP-positive 
with musculoskeletal 
symptoms. Leeds, UK

Musculoskeletal symptoms 
without synovitis. No 
palindromic rheumatism

93 MRI ITI was detected in 19% of anti- CCP-positive at- risk individuals but 
no healthy controls. MRI ITI was more prevalent at tender MCP joints 
compared with non- tender MCP joints

57

DMARD- naive 
palindromic 
rheumatism.  
Leeds, UK

Palindromic rheumatism 11 MRI synovitis was identified in 7/11 (64%) palindromic rheumatism flares, 
MRI tenosynovitis in 5/11 (45%) flares and peritendinous oedema in 6/11 
(55%) flares. Periarticular inflammation was identified in 6/11 (55%) flares. 
BMEwasidentifiedinonly1/11(9%)flares.No erosionswereseen

15

Established, treated 
palindromic rheumatism.  
Pavia, Italy

Palindromic rheumatism 4 Three patients underwent MRI during palindromic rheumatism flares: 
‘mild’synovitiswasidentifiedinthreepatients,andBMEinfour patients.
Extra- capsular inflammation was not reported

29

MRI studies reveal a high frequency of extra- capsular inflammation in individuals at risk of RA. BME, bone marrow oedema; CCP, cyclic citrullinated peptide; 
CSA, clinicallysuspectarthralgia;ITI,interosseoustendoninflammation;MCP,metacarpophalangeal;RA,rheumatoidarthritis.
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be effective for the treatment of refractory pseudogout36,  
although these findings have yet to be replicated in a 
definitive study. Interestingly, in one small study of five 
patients palindromic rheumatism seemed to respond 
well to colchicine37, a drug not used for RA but known 
to be effective in systemic autoinflammatory diseases 
(SAIDs)38,39, autoimmune–autoinflammatory overlap 
cases40 and crystal- induced arthritis41. Although no 
definitive conclusions can be drawn from this small 
study, our own personal observations support these pre-
liminary data, and the use of colchicine in palindromic  
rheumatism seems appropriate for further investiga-
tion. Indeed, intermittent hydrarthrosis can be treated 
successfully with anakinra42, an IL-1 inhibitor known to  
be effective in SAIDs43–46 and crystal-induced arthritis47,  
further supporting the role of autoinflammation in 
this palindromic rheumatism mimic. However, there 
are no reports as yet of IL-1 inhibition in palindromic 
rheumatism.

The rheumatoid arthritis continuum
The distinct phenotype, genotype and therapeutic 
response in palindromic rheumatism clearly highlight 
important underlying differences from RA and suggest 
that the notion of palindromic rheumatism as relapsing– 
remitting RA might not be accurate. However, the 
immunogenetic and epidemiological relationship 
between palindromic rheumatism and RA cannot be 
overlooked. RA is not a fixed phenotype but should 
be considered as a disease continuum encompassing a 
series of pathogenic phases that culminate in the devel-
opment of arthritis48,49. To better understand palin-
dromic rheumatism, it is appropriate to consider it in 
the context of the RA continuum as a whole, rather than 
only in comparison with established RA.

It is well recognized that musculoskeletal symptoms 
can develop before the emergence of clinical arthritis50. 

Therefore, ‘at- risk’ individuals (who do not have palin-
dromic rheumatism or RA) can be identified on the basis 
of symptoms in the presence of RA- associated autoan-
tibodies, termed seropositive arthralgia51,52, or solely by 
inflammatory- type symptoms that are suggestive of an 
evolving arthritis, called ‘clinically suspect arthralgia’ 
(CSA)53. For the reasons described above, it would be 
appropriate to consider palindromic rheumatism along-
side seropositive arthralgia and CSA as an at- risk phe-
notype (Fig. 2). As we have discussed, the clinical and 
imaging pattern of inflammation in palindromic rheu-
matism is different to that found in established RA. 
However, a high prevalence of extra- capsular inflam-
mation, which is seen in palindromic rheumatism, has 
also been reported in patients with CSA54 and anti- 
CCP-positive at- risk individuals55,56 who do not have palin-
dromic rheumatism. Patients with CSA who  have  
subclinical inflammation (synovitis, bone marrow 
oedema (BME) or tenosynovitis) on MRI are more likely 
to progress to having clinical arthritis than those with 
normal MRI findings (HR 6.12)54. Of note, the strong-
est association with progression to clinical arthritis was 
seen for extra- capsular inflammation (tenosynovitis), 
and tenosynovitis was the only MRI variable that was 
independently associated with arthritis development 
(HR 8.39)54. Tenosynovitis was also the most prevalent 
MRI abnormality identified in two separate cohorts 
of anti- CCP-positive at- risk individuals55,56 and was 
the most predictive of all MRI features for arthritis 
development in a prospective analysis55. Furthermore,  
a novel site of extra- capsular inflammation has also been 
described in symptomatic anti- CCP-positive at- risk 
individuals without palindromic rheumatism57. This 
2019 study identified MRI inflammation of the inter-
osseous tendons of the hands, often in the absence of 
MRI- detected synovitis at the adjacent MCP joints. The 
identification of extra- capsular inflammation, often in 

Synovium

Tenosynovitis

Bone marrow
oedema

Bone
erosion

b ca

Synovitis

Peritendinitis and periarticular inflammation Synovitis Osteitis

Bone

Extra-capsular Intra-articular

Articular
cartilage

Peritendinitis and 
periarticular inflammation

Tendon

Fig. 3 | A model of progression from extra- capsular to intra- articular disease in RA. A primary phase of extra- capsular 
inflammation could herald the onset of symptoms, such as pain and stiffness, in at- risk individuals before the onset of 
clinical arthritis. In a subset of patients, this extra- capsular inflammation (part a) might progress to intra- synovial disease 
as arthritis becomes more imminent (part b), and then to bone marrow oedema at the clinical presentation of arthritis 
(part c). The extra- capsular phase could therefore represent a window of opportunity for intervention to prevent arthritis 
development. RA , rheumatoid arthritis.
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the absence of synovitis, clearly parallels the clinical and 
imaging findings in palindromic rheumatism.

Where the ‘second hit’ in RA — that is, the tissue- 
specific factors that focus systemic autoimmunity to 
the joints — takes place is still a matter for debate58. 
Although the high prevalence of extra- capsular inflam-
mation in at- risk individuals (with and without palin-
dromic rheumatism) supports a model in which the 
disease first localizes outside the joints, the alternative 

‘inside- out’ hypothesis considers arthritis to start as bone 
marrow infiltration of inflammatory cells, which then 
migrate outward, through cortical channels, to the syn-
ovium58. In favour of the latter concept, MRI- detected 
osteitis occurs in early arthritis and is associated with 
disease progression59. Also, structural bone changes have 
been identified on micro- CT imaging in ACPA- positive 
individuals without palindromic rheumatism who have 
no clinical synovitis60.

Osteitis
inflammation of the bone, 
which is a frequent finding in 
the joints in rheumatoid 
arthritis.

Table 2 | Summary of palindromic rheumatism studies

Case definition Number of PR 
patients (n)

Study type Key findings Ref.

Physician clinical diagnosis 28 Clinical cohort 64% developed RA at 8 years 6

Physician clinical diagnosis 20 Clinical cohort 50% developed RA at 10 years 9

Physician clinical diagnosis 39 Clinical cohort 44% developed RA 10

Authors’ own proposed case 
definition

60 Clinical cohort 67% developed RA at 20 years 7

Gonzalez- Lopez criteriaa 28 Clinical cohort; RA- related 
autoantibodies

Anti- CCP antibodies, PIP joint involvement and HL A- SE 
predicted RA development

5

Authors’ own proposed case 
definition

90 Clinical cohort; RA- related 
autoantibodies

Anti- CCP antibodies and hand joint involvement predicted 
RA development at 1 year

13

Guerne and Weisman criteriaa 63 RA- related autoantibodies 56% of patients with palindromic rheumatism were 
anti- CCP antibody- positive and 36% were anti- keratin 
antibody- positive

12

Authors’ own proposed case 
definition

127 Clinical cohort 34% developed RA or CTD 8

Guerne and Weisman criteriaa 71 Clinical cohort; RA- related 
autoantibodies

34% progressed to persistent disease. Positive likelihood 
ratio of ACPA status for RA was 1.45

71

Authors’ own proposed case 
definition (incorporating 
Pasero and Barbieri criteria)a

69 Clinical features and RA- 
related autoantibodies

Anti- CCP antibody- positive palindromic rheumatism 
was associatedwithmorefrequentattacksof
shorter durationassociatedwithMCPjointinvolvement

14

Authors’ own proposed case 
definition

61 Clinical cohort; RA- related 
autoantibodies

48% developed RA after a mean of 5 years 4

Authors’ own proposed case 
definition

147 Genetic 31% of patients developed RA or CTD. Increased 
prevalence of HL A- DRB1 SE in palindromic 
rheumatism comparedwithacontrolgroupofhealthy
individuals

21

Authors’ own proposed case 
definition (not specified)

110 Genetic HL A- DRB1*0803 identified in 59% of patients with 
palindromic rheumatism compared with 12% of a control 
group of healthy individuals

27

Guerne and Weisman criteriaa 15 Imaging Synovitis identified by ultrasonography in 9/15 patients 
during flare. Four patients underwent MRI: ‘mild’ synovitis 
was identified in three, and BME in four

29

Guerne and Weisman criteriaa 84 Imaging Increased prevalence of synovitis on ultrasonography 
during flare in anti- CCP-positive compared with 
anti-CCP-negative palindromic rheumatism

16

Guerne and Weisman criteriaa 54 Imaging Absence of synovitis on ultrasonography in the intercritical 
period of palindromic rheumatism

30

Authors’ own proposed case 
definition

31 Imaging Increased prevalence of non- synovial extra- capsular 
inflammation in palindromic rheumatism compared 
with RA

57

Authors’ own proposed case 
definition

113 Treatment: anti- malarial drugs Reduced progression to RA in patients with palindromic 
rheumatism treated with anti- malarial drugs

34

Authors’ own proposed case 
definition

71 Treatment: chloroquine Improvement in frequency and severity of palindromic 
rheumatism attacks in patients treated with chloroquine

33

Physician clinical diagnosis 5 Treatment: colchicine Colchicine seems effective for the treatment of palindromic 
rheumatism flares in this small study

37

ACPA , anti- citrullinated protein antibody ; BME, bone marrow oedema; CCP, cyclic citrullinated peptide; CTD, connective tissue disease; HL A- SE, HL A shared 
epitope; MCP, metacarpophalangeal; PIP; proximal interphalangeal; PR , palindromic rheumatism; RA , rheumatoid arthritis. aSee Box 1 for details of the 
Gonzalez-Lopez criteria8, Guerne and Weisman criteria1 and Pasero and Barbieri criteria70.
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When considered together, the existing MRI data in 
at- risk individuals (including anti- CCP-positive at- risk 
individuals, patients with CSA and those with palin-
dromic rheumatism) suggest that extra- capsular inflam-
mation might be more prevalent than intra- articular 
inflammation (including osteitis) before the onset of 
clinical arthritis (TABLE 1). On this basis it is tempting 
to speculate that, first, extra- capsular rather than intra- 
articular inflammation might be responsible for the 
pain and stiffness often reported by at- risk individu-
als before the onset of arthritis50; second, the tendons 
and extra- capsular structures could be the primary site 
of disease in RA, at least in a subset of patients; and, 
third, BME could determine clinical presentation as RA. 
Longitudinal imaging studies with serial assessments in 
prospective at- risk cohorts will be critical to testing these 
hypotheses. If indeed a primary phase of extra- capsular 
inflammation heralds the onset of symptoms, and 
this extra- capsular inflammation progresses to intra- 
synovial disease when arthritis becomes more immi-
nent, it is possible that the extra- capsular phase could 
be an opportunity for intervention to prevent arthritis 
development (Fig. 3). Once intra- articular inflamma-
tion (including BME) develops in at- risk individuals, 
particularly in those with autoantibodies, persistent 
arthritis could be inevitable for most; power Doppler 
synovitis (score ≥2) on ultrasound is strongly predictive 
of imminent clinical arthritis, both at the patient level 
(HR 3.7) and joint level (HR 31.3) in anti- CCP-positive 
at- risk individuals without palindromic rheumatism61. 
Similarly, intra- articular power Doppler synovitis is 
strongly predictive of persistent arthritis in seronegative 
patients with very early disease62. Thus, as demonstrated 
by the characteristic ability of palindromic rheumatism 
to relapse and remit while leaving no residual damage, 
extra- capsular inflammation might be a clinically useful 
marker for potential reversibility in at- risk individuals. 
This use of extra- capsular inflammation as a clinical 

marker clearly has implications for preventative strat-
egies and it could be that targeting symptomatic at- risk 
individuals with isolated extra- capsular disease requires 
less intensive (and perhaps different) immunomodula-
tion to prevent progression to intra- articular disease, at 
which point persistence is more likely to occur. Indeed, 
retrospective studies suggest that hydroxychloroquine 
might be effective in ameliorating palindromic flares 
and preventing RA development, although robust tri-
als to assess this effect have never been performed34. 
Encouragingly, emerging qualitative work suggests that 
symptomatic at- risk individuals might be much more 
likely to accept potential preventative interventions than 
those without any clinical symptoms63. Future clinical 
trials could potentially test this hypothesis, stratifying 
at- risk individuals (including patients with palindromic 
rheumatism) for therapeutic strategies tailored to the 
anatomical pattern of inflammation.

A new paradigm of palindromic rheumatism
Although flares of palindromic rheumatism do not resem-
ble RA (especially on imaging), they appear to have simi-
larities (in anatomical targets) to the inflammation seen in 
other groups of at- risk individuals (for example, seropos-
itive patients with arthralgia, seropositive patients with 
musculoskeletal symptoms and patients with CSA). Like 
these other at- risk subgroups, palindromic rheumatism  
can be considered as a manifestation of the prodromal  
phase of RA rather than simply being a relapsing– 
remitting form of the final disease. However, palindromic  
rheumatism is made unique by the type of inflamma-
tion that occurs in this prodromal phase, and it is in this 
aspect that differences from the other at- risk phenotypes 
are readily apparent. The acute yet transient flares of pain, 
swelling and erythema that characterize palindromic 
rheumatism are suggestive of an innate immune response 
rather than a typical autoimmune phenotype. It is possi-
ble that palindromic rheumatism is an overlap syndrome, 
with two mechanistic axes: autoimmunity, which drives 
the development of RA, and discrete attacks that have an 
autoinflammatory component. This latter component 
is generally localized and more akin to crystal- induced 
arthritis rather than to SAIDs but can be more marked 
in certain cases, such as reports of attacks of fever, high  
C- reactive protein levels and serositis in anti- CCP-positive 
patients with arthritis40. In these more extreme cases, 
genetic mutations typical of SAID mutations are often  
found40. It is therefore possible that in classical palin-
dromic rheumatism, a milder, localized phenotype occurs, 
owing to a related genetic predisposition that causes an 
individual to develop autoinflammatory flares, rather 
than a more typical auto immune phenotype (for example, 
arthralgia and stiffness), in the prodromal phase of RA.  
This supposition is supported by the favourable response 
of patients with palindromic rheumatism to colchicine, 
which alleviated palindromic flares in a small preliminary 
study37 but is not a recognized treatment for autoimmune 
synovitis. This hypothesis could be further tested by 
investigating gene expression signatures in palindromic 
rheum atism compared with other at- risk phenotypes, RA  
and SAIDs. Furthermore, given the favourable response of 
SAIDs38–40,43–46, autoimmune–autoinflammatory overlap  

Box 1 | Case definitions for palindromic rheumatism

The definition of palindromic rheumatism remains controversial. Several different sets 
of criteria for palindromic rheumatism have been used in research and clinical trials, 
notably the three sets outlined here.

Criteria proposed in 1986 by Pasero and Barbieri70 included a history of brief, sudden- 
onset attacks of monoarthritis; direct observation of one attack by a physician; more 
than five	attacks	in	the	previous	2	years;	involvement	of	three	or	more	joints	in	different	
attacks; negative radiographs, acute phase reactants and rheumatoid factor; and the 
exclusion of other recurrent forms of monoarthritis, gout, chondrocalcinosis, intermittent 
hydrarthrosis and periodic diseases.

In 1992, Guerne and Weisman1 proposed five criteria: a 6-month history of brief, 
sudden- onset and recurrent episodes of monoarthritis or, rarely, polyarthritis or of soft- 
tissue inflammation; direct observation of one attack by a physician; the involvement of 
at	least	three	joints	in	different	attacks;	the	absence	of	erosions	on	radiographs;	and	the	
exclusion of other forms of arthritis.
A	case	definition	proposed	in	1999	by	Gonzalez-	Lopez	et al.8 required the diagnosis 

of palindromic	rheumatism	by	a	rheumatologist;	a	history	of	brief,	sudden-	onset,	
recurrent episodes of monoarthritis or oligoarthritis; and two or more additional 
criteria. The additional criteria included the following: direct observation of one 
attack by	a	physician;	more	than	five	attacks	in	the	previous	2	years;	three	or	more	joints	
involved in different attacks; normal radiographs; and the reasonable exclusion of other 
recurrent forms of monoarthritis (for example, gout, chondrocalcinosis or intermittent 
periodic hydrarthrosis).
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cases40 and crystal arthritis47,64–67 to colchicine and IL-1 
blockade, patients with true palindromic rheumatism 
might respond better to these types of therapies than 
to other conventional DMARDs. Indeed, even though 
IL-1 blockade does not seem to be as effective in RA 
compared with other biologic therapies68,69, it is plausi-
ble that it could be particularly effective in treating sub-
groups of patients with RA who have clinically evident 
autoinflammatory characteristics (for example, patients 
with palindromic- onset RA who continue to have flares 
typical of palindromic rheumatism). Proof- of-concept 
clinical trials of IL-1 blockade in palindromic rheumatism 
would be important future work, as developing a targeted 
treatment approach for palindromic rheumatism remains 
a major unmet clinical need.

Unmet needs in research
A major difficulty in interpreting palindromic rheuma-
tism research is the lack of an accepted case definition for 
this disease. Variable inclusion criteria and small patient 
cohorts make it difficult to compare clinical, imaging and 
therapeutic studies and, consequently, there is a paucity 
of robust evidence upon which to base clinical decisions 
(TABLE 2). Many of the older studies did not explicitly 

specify diagnostic criteria and several different criteria 
have been used in the more recent ones (Box 1; TABLE 2).  
There is therefore a pressing need for consensus diag-
nostic or classification criteria for palindromic rheu-
matism, so that future research can be better aligned 
and more clinically meaningful. Such efforts are espe-
cially important given that palindromic rheumatism is 
uncommon and that untreated patients are notoriously 
difficult to recruit. Multi- centre clinical studies includ-
ing untreated patients who fulfil accepted diagnostic cri-
teria will be critical to adequately address key research 
questions (Box 2).

Conclusions
Palindromic rheumatism is a unique and intriguing 
syndrome that is routinely seen by rheumatologists but 
remains poorly understood. Its close relationship with 
RA, as well as its clear differences from RA, have been 
recognized since the first description of palindromic 
rheumatism more than 70 years ago2. Disease mecha-
nisms and targeted treatments remain elusive, and most 
patients with palindromic rheumatism are treated with 
DMARDs, despite limited evidence and no controlled 
trials to support their efficacy. Its distinct clinical and 
imaging phenotype means that palindromic rheumatism 
cannot be considered simply as relapsing–remitting RA. 
Instead, anatomical targets shared with other groups 
of at- risk individuals and phenotypic similarities with 
autoinflammatory disorders suggest that palindromic 
rheumatism could be considered a prodrome of RA 
with a mixture of autoimmune and autoinflamma-
tory characteristics. Affected individuals might have a 
genetic predisposition to develop autoinflammatory- 
type flares rather than the arthralgia and stiffness more 
commonly associated with RA. Importantly, unravelling 
the disease mechanisms of palindromic rheumatism 
will provide important insights into the pathogenesis of 
RA and could inform future preventative approaches. 
Such insights might also refine the treatment of this 
interesting and elusive disease.
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Box 2 | Research agenda for palindromic rheumatism

•	Can consensus diagnostic or classification criteria for palindromic rheumatism be 
developed?

•	How prevalent are systemic autoinflammatory disease- associated genes in palindromic 
rheumatism?

•	Is the genotype and phenotype of anti- cyclic citrullinated peptide (anti- CCP) antibody- 
positive palindromic rheumatism different from that of anti- CCP antibody- negative 
palindromic rheumatism?

•	What is the role of the HlA shared epitope in determining anti- CCP antibody 
positivity and disease progression in palindromic rheumatism?

•	Do those patients with palindromic rheumatism who progress to having rheumatoid 
arthritis (RA) have a distinct phenotype of RA, with autoinflammatory manifestations, 
and does this phenotype relate to underlying genetic differences?

•	Can flares of palindromic rheumatism be ameliorated by therapies for autoinflammatory 
disorders (such as colchicine and anti- Il-1 therapy) and can these treatments prevent 
progression of palindromic rheumatism to RA?
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