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Introduction
Systemic autoimmune rheumatic diseases 

(SARDs) including systemic lupus erythematosus 
(SLE), systemic sclerosis (SSc), and idiopathic 
inflammatory myopathies (IIMs) are multisystemic, 
potentially life-threatening autoimmune diseases. 
These diseases are associated with the highest 
frequency of disease-associated morbidity and 
mortality among rheumatic diseases, largely 
because their complex pathophysiology remains 
poorly and incompletely understood.1,2 Mortality 
in SARDs is associated with profound vascular 
dysfunction ranging from cardiovascular disease 

to more discreet localized vascular complications 
including Raynaud’s phenomenon (RP), digital 
ulcers, and pulmonary arterial hypertension (PAH). 
These vascular complications stem from damage 
to endothelial cells caused by immune complex 
deposition,3 platelet activation,4 autoantibodies 
that promote thrombosis (e.g., antiphospholipid 
antibodies),5 and immune dysregulation.6 

The relationship between endothelial cell 
dysfunction and SARDs was first recognized by 
Maurice Raynaud in the 19th-century, particularly 
in the context of localized digital ischemia and 
gangrene.7 RP is a frequently-encountered 
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problem in clinical practice, with a prevalence in 
the general population ranging from approximately 
5–18%.7-10 While most cases of RP are not 
associated with SARDs, patients with SARDs 
commonly experience RP.7,9 This underscores the 
importance of vasculopathy related to endothelial 
dysfunction in the pathogenesis of SARDs. 

RP is the earliest presenting feature in up 
to 20% of patients with SARDs.7 Indeed, greater 
than 95% of patients with SSc experience RP.11 
Patients with SLE, IIMs including anti-synthetase 
syndrome (ASyS), and Sjögren’s disease are also 
commonly affected.12 Hence, a closer evaluation 
for microvascular changes is paramount in the 
clinical assessment of patients with SARDs. This 
article will review how nailfold video capillaroscopy 
is emerging as a valuable point-of-care tool for 
diagnosis and risk stratification by providing a 
window into the underlying endothelial dysfunction 
observed in these conditions.

Microvascular Dysfunction in SARDs 
is Intimately Linked to Pathogenesis

To date, the triggers of immune dysregulation 
and vasculopathy in SARDs remain unknown, 
and the pathogenesis is likely multifactorial. 
Contributing risks include environmental factors 
(e.g., viral infections,13 silicone implants,14 
and silica15), genetic and epigenetic factors 
(e.g., defective angiogenesis16,17 and DNA 
methylation1), genomic instability/malignancies,18-20 
and ischemic injury.21 These factors can damage 
the endothelium either directly or indirectly via 
aberrant angiogenesis and fibroblast activation, 
along with an exaggerated immune response. 

One of the earliest indicators of aberrant 
immune dysregulation in patients with SARDs 
is a tendency toward releasing elevated type I 
(e.g., alpha and beta) and/or type III (e.g., lambda) 
interferons.22 Interferons are known to contribute 
to disease progression in SARDs through 
various mechanisms, particularly those related 
to endothelial dysfunction.23 They also directly 
inhibit the proliferation of endothelial cells, thereby 
promoting maladaptive vascular remodelling, 
which further exacerbates vascular dysfunction 
in these diseases. In patients with various SARDs, 
more severe manifestations are linked with 
interferon dysregulation.24,25

Interferon signals exert both direct and 
indirect pleiotropic effects on microvascular 
endothelial cells.26 This is relevant, as impaired 
angiogenesis is one of the hallmark features 
of SARD-associated endothelial dysfunction.16 
Further, molecules associated with aberrant 
endothelial cell function, such as apelin, and 
the soluble receptor for advanced glycation 
end-products (sRAGE), are elevated in patients 
with SARDs.27,28 The release of these molecules 
promotes endothelial cell damage through 
pro-inflammatory signals such as high mobility 
group box 1 (HMGB1).28,29 This endothelial damage, 
in turn, potentiates thrombosis through platelet 
activation and immune cell recruitment.4

Upon recruitment, immune cells promote 
further endothelial cell damage through the 
release of inflammatory mediators (e.g., cytokines 
and immune complexes). For instance, specific 
cytokines such as IP-10 rapidly increase in 
response to interferon signals, and in turn activate 
other innate immune cells, including plasmacytoid 
and myeloid dendritic cells, to promote their 
differentiation.30 These cells subsequently 
facilitate the development of antigen-specific 
immune responses, ultimately resulting in 
the formation of immune complexes. These 
complexes directly activate endothelial cells, 
and lead to complement activation. In patients 
with SSc-specific antibodies (i.e., anti-Scl70, 
anti-centromere, anti-RNA polymerase, and 
anti-Th/To), autoantibodies are embedded 
within immune complexes. These complexes can 
directly activate endothelial cells and promote the 
release of other inflammatory mediators linked 
with disease progression.3 Hence, in patients 
with SARDs, particularly those with SSc-spectrum 
disorders, systemic microvasculopathy is 
associated with a repetitive deleterious cycle 
of endothelial cell damage, microvascular 
remodelling, aberrant activation of somatic cells, 
(e.g., fibroblasts) and immune cells. This cycle 
directly promotes inflammation and potentiates 
further organ damage and disease progression. 
Clinically, this is highlighted by the presence of 
enriched perivascular inflammatory cells in nearly 
all patients with SSc, SLE, and IIMs,31-33 illustrating 
the intimate relationship between inflammation 
and vascular dysfunction (Figure 1).
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Nailfold Capillaroscopy: A Window 
for the Early Detection of SARDs 
and Their Complications

Systemic Sclerosis (SSc)
The progressive microvasculopathy 

observed in SSc patients is most clinically 
apparent in the distal nailfolds in the upper 
extremities. The most distal capillaries are 
directly exposed and positioned perpendicular 
to the nail bed, making them easily accessible 
for visualization with point-of-care tools in the 
clinic. This observation was first noted by Maricq 
and colleagues using widefield microscopy 
in the 1970s.34,35 Since then, the presence of 
abnormal nailfold capillaries has been proposed 
as a useful indicator to distinguish idiopathic 
(primary) RP from RP due to SSc. This so-called 
“scleroderma pattern” is characterized by giant 
capillaries, microhemorrhages, and capillary 
disorganization/loss36 (Figure 2). Individuals 
exhibiting a scleroderma pattern are much 
more likely to develop SSc than those without, 
particularly when SSc-specific autoantibodies 

are also present.36-38 Conversely, patients with 
RP who lack both capillary abnormalities and 
seropositivity for SSc-specific autoantibodies 
rarely progress to develop SSc.38 Thus, nailfold 
capillaroscopy serves as an indispensable tool for 
risk stratification of patients presenting with RP, 
and it is considered part of the standard-of-care 
in evaluating those with RP and a positive 
antinuclear antibody. Nailfold capillaroscopy can 
aid in differentiating primary RP from potentially 
life-threatening SARDs such as SSc. As a result, it 
has become an essential component of the clinical 
evaluation for those with RP.7,39 Capillaroscopy 
has also been incorporated into the classification 
criteria for the very early diagnosis of systemic 
sclerosis (VEDOSS),39,40 which may facilitate 
opportunities for early immunomodulation using 
antirheumatic medications.39

The clinical applications of capillaroscopy 
extend well beyond RP assessments. In patients 
with SSc, vascular remodelling parameters 
(particularly capillary loss) have been linked to 
disease progression including the development 
of digital ulcers,41,42 skin fibrosis,42 lung fibrosis,43 
and PAH.42 Moreover, improvements in nailfold 

Normal early SARD SARD 
(e.g., SSc)

Endothelial Cell 
injury

(toxins,
infections,
genotoxic

stress,
inflammatory

reactions)

Somatic cell
(e.g., fibroblast)

activation

Release of 
inflammatory 

mediators 
(e.g., interferons) 

and mediators 
that promote 

aberrant vascular 
remodelling

Immune cell recruitment, and 
amplification of vascular injury 
Antigen-specific inflammatory 

response generation and 
inflammatory angiogenesis

Microvasculopathy

Skin and/or 
lung fibrosis
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Figure 1. Simplistic overview for evolution of systemic autoimmune rheumatic diseases, (SARDs, particularly 
systemic sclerosis, SSc). Following vascular and Raynaud’s-associated hypoxia-reperfusion injury, somatic 
cell activation ensues with associated release of inflammatory and vascular mediators. This results in disease 
amplification of inflammatory signals and disease progression. Nailfold video capillaroscopy is a point-of-care tool 
that can be utilized for directly visualizing SARD evolution; created in BioRender. 
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changes have been linked to the resolution of 
skin fibrosis in patients treated with autologous 
stem cell transplant44 (Figure 3), highlighting 
the connection between nailfold capillary 
abnormalities and the dynamic disease evolution 
of SSc.

The sensitivity of capillaroscopy in predicting 
SSc is powerful and has been applied to other 
indications as well. Nailfold capillaroscopy 
can aid in differentiating sclerodermoid skin 
diseases that mimic SSc (e.g., pansclerotic 
morphea, eosinophilic fasciitis) from true SSc, 
as capillaroscopy usually appears normal in the 
former.45 Importantly, some patients with morphea 
may also develop antinuclear antibodies, which 
can make the diagnosis without capillaroscopy 

more challenging.46 Furthermore, the management 
of these scleroderma-mimicking conditions 
often relies upon corticosteroids.46 However, 
this approach could be potentially harmful if the 
ultimate diagnosis is diffuse cutaneous SSc, 
as high doses of corticosteroids in such cases 
may be associated with the development of 
scleroderma renal crisis.47 

Microvascular abnormalities observed 
in patients with SSc can also be detected in 
patients with other SARDs and offer prognostic 
value. Nailfold changes are more frequently 
observed in those with SARD-related interstitial 
lung disease than in those with interstitial 
pneumonia with autoimmune features or idiopathic 
pulmonary fibrosis.48 

Raynaud’s only early Scleroderma pattern active Scleroderma pattern

Figure 2. Representative nailfold video capillaroscopy images for a ”scleroderma pattern”. Images were collected 
using a DS Medica 2.0 device and a 200X lens. Note the presence of microhemorrhages, giant capillaries (more 
than 50 microns), and capillary disorganization/dropout with associated capillary loss that are more apparent in an 
“active scleroderma” pattern (right) compared to an ”early scleroderma pattern” (middle); courtesy of  
Roko P.A. Nikolic, MD, Maggie Larché, MBChB, PhD, MRCP (UK), and Mohammed Osman, MD, PhD, FRCPC.

Figure 3. Representative capillary patterns in TIF-1-gamma positive dermatomyositis. Images were collected 
using a DS Medica 2.0 device and a 200X lens. Note the presence of bushy capillaries (A), and scleroderma-like 
changes (B). Also note the resolution of these capillary changes (from the same patient) following successful 
treatment using immunomodulation (C); courtesy of Roko P.A. Nikolic, MD, Maggie Larché, MBChB, PhD, 
MRCP (UK), and Mohammed Osman, MD, PhD, FRCPC.

A B C

100 μm

100 μm
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Idiopathic Inflammatory Myopathies: 
Dermatomyositis, Anti-synthetase 
Syndrome, and Juvenile Dermatomyositis

Diverse nailfold capillary changes can be 
observed in patients with IIMs – particularly those 
with dermatomyositis (DM) (Figure 4). These 
capillary changes range from “bushy capillaries” 
(reflecting profound vascular angiogenesis) to 
scleroderma-like changes (i.e., capillary dilation, 
giant capillaries, and microhemorrhages). Although 
these capillary changes are potentially similar 
to those seen in patients with SSc, the changes 
observed in patients with IIMs are dynamic and 
reversible.49-51 The prevalence of nailfold capillary 
abnormalities in patients with IIMs is also quite 

variable. While one study identified capillary 
abnormalities in only 26.9% of patients with DM, 
a more recent study reported that 55.7% of all 
patients with pooled IIMs exhibited capillary 
changes.50 Of note, capillary abnormalities are 
infrequently present in patients with acute 
necrotizing myositis.52 Capillary abnormalities are 
frequently seen in patients who are seropositive 
for anti-MDA5 and anti-TIF1γ autoantibodies.49,50,53 
In one study, 87.5% of those seropositive for 
anti-MDA5 demonstrated these changes.50 
Additionally, changes may also be more frequently 
observed in those with Gottron’s papules and the 
heliotrope sign,50 and they correlate with skin and 
lung involvement.51,54

Pre-ASCT
mRSS 26

Post-ASCT (18 months)
mRSS 6

Figure 4. Capillary abnormalities in systemic sclerosis improve with autologous stem cell transplantation. Note 
improvement capillary density (and resolution of pericapillary edema) that correspond to marked improvement in 
skin fibrosis as measured using the modified Rodnan skin score (mRSS). Images were collected using a DS Medica 
2.0 device and a 200X lens in a patient before autologous stem cell transplantation (ASCT), and approximately 
18 months after transplantation; courtesy of Roko P.A. Nikolic, MD, Maggie Larché, MBChB, PhD, MRCP (UK), and 
Mohammed Osman, MD, PhD, FRCPC.

100 μm
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Nailfold changes in patients with DM 
are remarkably dynamic, correlating with 
overall disease activity and improving with 
immunosuppressive treatment.50,51 In fact, 
microvascular changes may even normalize with 
the use of immunomodulators.51 Capillary scores 
may correlate with interferon scores49 and may 
also serve as prognostic indicators in those with 
IIM-associated ILD.53 As a result, we and others 
have proposed that microvascular changes, 
particularly capillary density, may indeed be 
associated with global disease activity in DM.49,51 
This principle is not limited to adult patient 
populations. Indeed, capillary abnormalities are 
highly prevalent (greater than 80%) in pediatric 
patients with juvenile dermatomyositis (JDM).55,56 
Similar to adult DM, capillary density in JDM 
reflects overall disease activity and appears to 
respond to immunomodulation.55,57

Curiously, capillary abnormalities are not 
observed as frequently in patients with ASyS.49,50 
Nonetheless, patients with ASyS may develop 
giant (enlarged) capillaries associated with 
capillary disorganization, particularly when visceral 
involvement is apparent.58 Thus, inflammatory 
angiogenesis may be an important contributor 
to the progression of lung fibrosis in IIMs and 
particularly in patients with RP, including those 
with ASyS and anti-MDA5 DM.

Systemic Lupus Erythematosus
The nailfold changes observed in patients 

with SLE are often termed “non-specific.”36,59 
This means that while abnormal, these changes 
do not strictly fulfill the criteria defining the 
scleroderma-like pattern appreciable in those 
with systemic sclerosis.36,41,60 Capillaroscopy in 
those with SLE may be associated with reduced 
capillary density, particularly when visceral 
organs are affected, as well as increased 
capillary tortuosity, corkscrew-shaped capillaries, 
microhemorrhages, and heterogeneity in capillary 
size.59,61,62 One study reported that nailfold 
capillary abnormalities in those with SLE were 
significantly more common in those with RP, and 
were predictive of seropositivity for anti-U1-RNP 
and anticardiolipin antibodies.61 Further, only 6% of 
those with SLE demonstrated “scleroderma-like” 
changes.61 Hence, nailfold changes may be 

useful in discerning between the two SARDs in 
patients presenting with RP. Nailfold abnormalities 
correlate with disease activity and anti-dsDNA 
titers in patients with SLE.59,63,64 They have also 
been suggested as predictors of SLE-associated 
ILD,65 and the presence of normal capillaries can 
help reduce the likelihood of lupus nephritis.66 
Nonetheless, the potential relationship between 
nailfold abnormalities and organ involvement in 
SLE remains to be clarified.59

Other Autoimmune Rheumatic Diseases
Capillaroscopy is increasingly being used to 

assess patients with other autoimmune rheumatic 
diseases including rheumatoid arthritis, psoriatic 
arthritis,67 and Sjögren’s disease.68 However, its 
role in assessing patients with these conditions 
remains less defined. Although uncommon, 
scleroderma-like nailfold changes can be observed 
in patients with anti-neutrophil cytoplasmic 
antibodies (ANCA)-associated vasculitis, where 
capillary abnormalities may similarly correlate with 
disease activity.69

Challenges Associated with 
Capillaroscopy: Standardization 
and Implementation

Despite the diagnostic and prognostic 
information available through nailfold video 
capillaroscopy for patients with SARDs, most 
clinicians have not yet incorporated this technique 
in routine clinical practice. As a result, international 
efforts have been made to standardize nailfold 
video capillaroscopy.36 Further, newer devices, 
equipped with software that uses machine learning 
to semi-automatically identify abnormal capillaries, 
including detecting scleroderma-associated 
capillary changes, have been developed.70 Newer 
and less expensive alternatives for nailfold video 
capillaroscopy have made capillary assessment 
much more accessible.71 Introductory basic 
training in capillaroscopy is now available 
through the European Alliance of Associations for 
Rheumatology.36 The significant diagnostic value 
of this technique has warranted myriad efforts to 
enhance its accessibility and standardization.
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Conclusions and Future Directions

Nailfold capillaroscopy has emerged as 
an accessible and invaluable point-of-care tool 
for diagnosing, prognosticating, and managing 
patients with SARDs. By enabling a sensitive and 
direct assessment of the microvascular changes 
observed in patients with these conditions, 
capillaroscopy bridges the clinical manifestations 
of SARDs with their underlying pathophysiology. 
As a prognostic tool, capillaroscopy facilitates 
accurate differentiation between patients with 
primary RP who are at low risk for systemic 
complications, those with scleroderma-mimicking 
features, and those with RP that may indicate 
potentially life-threatening SARDs.36-38,45,46 This 
differentiation aids in directing further investigation 
and follow-up. The utility of capillaroscopy in 
monitoring of SSc and IIM44,51 holds promise for 
expanding its role in the tailored and personalized 
care of patients with these SARDs in the future. 
Further research may better characterize the 
utility of capillaroscopy in predicting outcomes for 
patients with SSc, SLE, and IIM, with respect to 
other systemic manifestations. 
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Obesity

Obesity is a complex chronic disease 
that increases the risk of long-term medical 
complications and reduces lifespan due to excess 
body fat or adiposopathy. As of 2016, obesity 
affects 8.3 million (26.4%) of the Canadian 
population. Severe obesity, defined as a body 
mass index (BMI) >35 kg/m2, affects an estimated 
1.9 million Canadians. The financial burden 
of obesity, including both direct and indirect 
costs, was estimated to be $7.1 billion in 2010.1 
The pathophysiology of obesity is complex and 
involves a combination of genetic, metabolic, 
behavioural, and environmental factors. The 
hypothalamus regulates appetite and energy 
expenditure, while the mesolimbic area controls 
the emotional, pleasurable, and rewarding aspects 
of eating. The frontal lobe is responsible for 
overriding the hedonic drive of the mesolimbic 
system. Adipose tissue itself contributes to 
its regulation through the release of leptin in 
proportion to fat mass. Leptin binds to receptors 
in the hypothalamus to reduce appetite and 
increase energy expenditure. Similarly, insulin 
binds to receptors in the arcuate nucleus of 
the hypothalamus also reducing appetite and 
increasing energy expenditure.1

Prevalence of Obesity in 
Rheumatologic Disease

The prevalence of obesity in rheumatoid 
arthritis (RA) has been examined in multiple 
studies. One cross-sectional cohort study of 
patients conducted at three Brazilian teaching 
hospitals has shown that 26.9% of patients had 
BMI-defined obesity, which was associated with 
age, hypertension, and dyslipidemia.2 Another 
cross-sectional analysis found that obesity was 
prevalent in 33.4% of patients with RA compared 

to 31.6% of control patients.3 This suggests that 
obesity seems to be as prevalent in patients with 
RA, if not more so. Several studies have shown 
higher rates of obesity in psoriatic arthritis,4  
with obesity being more prevalent in those 
with psoriatic arthritis than in patients with RA 
or psoriasis. 

Treatment of Obesity

Glucagon-like-peptide 1 (GLP-1) is an 
endogenous incretin hormone secreted by 
intestinal L-cells in response to food intake.  
Glucagon-like peptide receptor agonists 
(GLP-1RAs) are a class of medications which 
historically have been used for diabetes and 
weight management, given their ability to 
modulate glucose levels, insulin secretion, 
and appetite control.5 Currently, GLP-1RAs 
are indicated for treating both type 2 diabetes 
and obesity. This pharmacologic category of 
medications continues to evolve, with the recent 
addition of tirzepatide to the market. Tirzepatide 
is a single molecule that acts as an antagonist to 
both GLP-1 and glucose-dependent insulinotropic 
polypeptide (GIP), an incretin synthesized in the 
K-cells of the duodenum and jejunum. GIP has also 
been shown to impact both insulin secretion and 
appetite, and dual agonism with GLP-1 results in 
greater impacts on glucose control and weight 
management. Currently, tirzepatide is indicated 
for treating type 2 diabetes. The future of this 
therapy continues to evolve, with multiple studies 
looking at co-agonism with amylin analogues 
and glucagon analogues.5 The currently available 
incretin-based therapies are listed in Table 1.  

However, the mechanisms of GLP-1RAs 
are complex, and thus their future therapeutic 
potential goes beyond their historical indications. 
Recent studies have been looking at a broad 
range of diseases which could be impacted by 
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GLP-1 therapy including cardiovascular disease, 
non-alcoholic fatty liver disease, chronic kidney 
disease, degenerative neurologic diseases, as well 
as musculoskeletal and inflammatory diseases.6 

Possible Mechanisms of 
GLP-1RA in Arthritis

There are multiple potential mechanisms 
through which GLP-1RAs could affect 
rheumatologic diseases. First, visceral adipose 
tissue releases inflammatory mediators such as 
tumour necrosis factor (TNF)-α, interleukin (IL)-6, 
and leptin, which can drive multiple inflammatory 
pathways.7 Therefore, it is unsurprising that 
obesity can affect clinical outcomes in various 
subtypes of inflammatory arthritis. In the context 
of RA, obesity is a risk factor for poor response 
to treatment in early RA and reduces the odds of 
achieving remission in established RA.8-11 Similarly, 
in psoriatic arthritis, obese patients experience 
worse outcomes in terms of remission, and an 
elevated BMI is a risk factor for developing the 

condition.12,13 In ankylosing spondylitis, obesity is 
associated with worse clinical outcome measures 
including the Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI) and the Axial 
Spondyloarthritis Disease Activity Score (ASDAS).14 
Conversely, studies in both RA and psoriatic 
arthritis that looked at the effect of weight loss on 
clinical outcomes have shown positive effects.15-17 
However, similar data supporting weight loss to 
improve outcomes in ankylosing spondylitis is 
currently lacking.

While GLP-1RAs can produce significant 
weight loss, which in turn may affect outcomes 
in inflammatory arthritis patients, this is not the 
only mechanism by which these medications 
are postulated to exert their effects. GLP-1R 
expression is present in chondrocytes 
in osteoarthritis (OA), macrophages and 
fibroblast-like synoviocytes in RA, as well as 
in osteoblasts, osteocytes, and osteoclasts.6 
Therefore, GLP-1RAs potentially operate through 
various mechanisms to affect inflammation and 
suppress cytokine release, including inhibiting the 

Drug
Administration Dose 

(mg)
Effect on 

A1c
Effect on 
Weight

Weight Loss 
Indication CV Benefit

Route Frequency

Exendin-based GLP-1 Receptor Agonists

Exenatide SC BID 5–10 ↓ ↓ ↓ ↓ No No

Lixisenatide SC Daily 10–20 ↓ ↓ ↓ No No

Human GLP-1-based GLP-1 Receptor Agonists

Liraglutide SC Daily 0.6–1.8* ↓ ↓ ↓ ↓ ↓ Yes Yes

Dulaglutide SC Weekly 0.75–1.5 ↓ ↓ ↓ ↓ No Yes

Semaglutide
SC Weekly 0.25–2* ↓ ↓ ↓ ↓ ↓ ↓ Yes Yes

Oral Daily 3–14 ↓ ↓ ↓ ↓ ↓ ↓ No Yes

Dual GLP-1/G1P Receptor Agonists

Tirzepatide SC Weekly 2.5–15 ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ No Pending

Table 1. Comparison among incretin-based therapies; used with permission from Druce, I. (2025). GLP-1 Receptor 
Agonist Use in Pregnancy. Canadian Diabetes & Endocrinology Today, 3(1), 31–37. https://doi.org/10.58931/
cdet.2025.3139. 
 
*Doses indicated for weight loss are higher than those listed, all listed dosages are for the indication of 
glycemic management. 

Abbreviations: BID: twice daily, CV: cardiovascular, GIP: glucose-dependent insulinotropic polypeptide, 
GLP-1: glucagon-like peptide 1, SC: subcutaneous
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nuclear factor-kappa B (NF-kB) pathway.6 In RA, 
one mechanism is via IκBα, an inhibitor protein 
that keeps NF-kB transcription factors inactive in 
the cytoplasm.18 GLP-1RAs inhibit phosphorylation 
and degradation of IκBα, which in turn inhibits 
nuclear activation of the NF-kB pathway, thus 
blocking its downstream inflammatory effects.18

Current Evidence for GLP-1RAs in OA

Currently, the strongest evidence supporting 
the use of GLP-1RAs is found in OA. OA is the 
most common degenerative joint disease, and 
its incidence is higher in obese patients. Studies 
have shown that weight loss in these patients 
can both improve symptoms and reduce the 
risk of developing knee OA.19 In a recent large 
randomized controlled trial comparing once weekly 
semaglutide to a placebo in obese patients with 
knee OA, those taking semaglutide experienced a 
significant reduction in pain scores and improved 
function compared to those taking a placebo.20 

Additionally, the semaglutide group showed a 
greater reduction in the use of non-steroidal 
anti-inflammatory drugs compared to the placebo 
group. Given that the patients in the treatment arm 
achieved significant weight loss during the trial, it 
is unclear whether the improved outcomes were 
soley due to the metabolic effect of GLP-1RAs, or 
if cellular level effects also played a role.  

Current Evidence for GLP-1RAs 
in Inflammatory Arthritis

The current evidence supporting the use 
of GLP-1RAs in inflammatory arthritis is less 
robust compared to OA. There are no published 
randomized controlled trials for GLP-1RAs in 
RA, psoriatic arthritis, or ankylosing spondylitis. 
However, a retrospective cohort study of RA 
patients on GLP-1RAs reported improvements 
in the erythrocyte sedimentation rate (ESR), 
c-reactive protein (CRP), and pain scores.21 
Additionally, in a study of 15 patients with 

IκBα
Injectable incretin 
hormones (GLP-1) GLP-1 inhibits the 

degradation of IκBα 
(an inhibitor of NF-κB) 

• Cytokine release
• Macrophage activation
• T cell differentiation
• Dendritic cell maturation

• Release of inflammatory 
cytokines from adipose 
tissue (ie., TNF-alpha, 
Leptin, IL-6)

• Mechanical stress

Figure 1. A proposed mechanism of GLP1 mechanisms in rheumatoid arthritis: 1) Immune: IκBα inhibits nuclear 
translocation of NF-κB, and thus the downstream inflammatory effects of the NF-κB pathways. GLP1 receptor 
agonists inhibit phosphorylation and degradation of IκBα, therefore, allowing IκBα to maintain its inhibition on NF-κB 
pathway and decreasing its downstream inflammatory effects. 2) Adipose tissue releases inflammatory adipokines 
which can also contribute to inflammation. 3) Mechanical stress from adipose tissue; adpated from Karacabeyli D, 
Lacaille D. Glucagon-like peptide 1 receptor agonists in patients with inflammatory arthritis or psoriasis: a scoping 
review J Clin Rheumatol. 2024;30(1):26-31. doi:10.1097/RHU.0000000000001949.
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type 2 diabetes and active rheumatoid or psoriatic 
arthritis, nine patients treated with liraglutide 
achieved improvement in Disease Activity 
Score-28 (DAS-28) scores.18 These patients also 
showed superior A1c and weight reduction.22 
Currently, there is no evidence for the use of 
GLP-1RAs in ankylosing spondylitis. 

Cardiovascular Risk Reduction

Cardiovascular disease (CVD) is prominent 
in RA. One study showed that 39.6% of deaths 
among patients with RA were attributable to 
CVD.23 In addition, RA has been associated with 
a 48% increased risk of cardiovascular events.  
Patients with RA also face a 50% higher risk of 
cardiovascular-related mortality compared to 
the general population.24,25 The mechanism of 
increased risk of CVD in patients with RA appears 
to be related to risk factors including obesity, 
diabetes, smoking, and hypertension, as well as 
inflammatory mechanisms. It is suggested that 
pro-inflammatory cytokines, which contribute to 
the disease course of RA, may also contribute to 
the development of atherogenesis.26 GLP-1RAs 
have shown a reduction in cardiovascular 
events in patients with diabetes and in those 
with obesity. For patients with type 2 diabetes, 
risk reduction was observed both in those with 
known cardiovascular disease and those at high 
risk.27,28 For patients with obesity, semaglutide 
has been shown to reduce the risk of major 
adverse cardiovascular events in those with 
pre-existing cardiovascular disease.29 Notably, 
this cardiovascular benefit was independent of 
weight loss.  

While GLP-1RAs have not been directly 
studied in patients with RA and CVD, a 
population-based cohort study of patients in 
British Columbia assessed the risk of all-cause 
mortality and major adverse cardiovascular 
events (MACE) in patients with immune-mediated 
inflammatory diseases and type 2 diabetes newly 
initiating GLP-1RAs versus dipeptidyl peptidase-4 
inhibitors (DPP-4is).30 Rates of both mortality 
and MACE were lower in patients who initiated 
GLP1-RA therapy compared to those who initiated 
DPP-4i therapy. This study included patients 
with comorbid diabetes and therefore the effect 
in patients with immune-mediated inflammatory 
disease without diabetes is not yet known. 

Conclusion/Future Directions

The potential benefits of GLP-1RAs in 
rheumatology extend beyond their historical use 
as weight loss medications, showing promising 
effects seen on inflammation, immune responses, 
and direct effects on tissue. While obesity 
has been shown to be a risk factor for worse 
outcomes, such as remission in inflammatory 
arthritis, the link between GLP-1RA medications 
and better outcomes has yet to be established. 
Further clinical research is required to demonstrate 
both the clinical efficacy and safety of GLP-1RAs 
in inflammatory arthritis patients. As the landscape 
of GLP-1RAs continues to evolve, more robust 
evidence is needed before they can be considered 
a viable treatment strategy for managing chronic 
inflammatory arthritis. 
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The Past, Present and Future of 
Antinuclear Antibody (ANA) Testing
Marvin J. Fritzler, MD, PhD

Introduction

More than 70 years have passed since the 
discovery of the lupus erythematosus (LE) cell and 
the development of the LE cell test, which led to 
the ‘tipping point’ for the discovery of antinuclear 
antibody (ANA), or what should more correctly 
be referred to as anti-cellular antibodies (ACA).1 
Paralleling the evolution of ANA testing based 
on the indirect immunofluorescence assay (IFA) 
on cryopreserved organ sections in the 1960s 
and through the early 1970s was an ‘explosion’ 
in the spectrum of ANA and a remarkable 
transition in technologies used to detect ANA. 
This included the transition to IFA on HEp-2 cell 
substrates beginning in the late 1970s.2 While 
some of the ‘octogenarian’ immunoassays such 
as double immunodiffusion, hemagglutination, 
complement fixation, radioimmunoassay, and 
counterimmunoelectrophoresis are fading into 
oblivion, the ANA IFA has prevailed because 
of its world-wide use as a screening test for 
systemic autoimmune rheumatic diseases 

(SARD), diagnostic criteria for autoimmune 
hepatitis, a risk factor for the development of 
uveitis in juvenile idiopathic arthritis, and the 
entry criterion for classification of systemic 
lupus erythematosus (SLE).1,3 ANA testing, once 
regarded the domain of rheumatologists and 
clinical immunologists, has witnessed a widening 
spectrum of clinicians using these tests because 
of its links to a growing spectrum of autoimmune 
and autoinflammatory conditions.2 All of this 
is set against the background of remarkable 
advances in autoantibody detection, especially the 
emergence of newer high-throughput (i.e., faster 
turn-around-time for results), multi-analyte array 
technologies (MAAT). These technologies use 
comparatively small serum or plasma volumes and 
provide higher specificity while detecting a broad 
range of SARD autoantibodies.4

Over 180 autoantibodies have been described 
in SLE, more than 30 in systemic sclerosis, and 
greater than 20 in autoimmune inflammatory 
myopathies (AIM). The ongoing discovery and 
expanding spectrum of autoantibodies in SARD 

This article is in memory of Dr. Eng M. Tan (Emeritus: The Scripps Research Institute) and 
acknowledges the remarkable mentorship and tremendous contributions to our understanding of  
anti-nuclear antibodies (ANA). Dr. Tan passed away in 2024 at the age of 97. 
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might be considered as unnecessary but a 
primary rationale for these efforts is to identify 
new and clinically actionable ANAs that close the 
‘seronegative gap’ in SARD.5

Despite over half a century of ‘progress’, 
one of the major challenges continues to be 
the standardization and harmonization of ANA 
testing.6 The history of this problem is extensive 
and still plagued by significant limitations 
despite the concerted efforts of various global 
committees representing world-wide input. 
These include the Serology Sub-Committee 
of the International Union of Immunology 
Societies, which has provided easily-accessed 
reference sera containing the major autoantibody 
specificities, and an extension of those efforts 
by the International Consensus on Autoantibody 
Patterns (ICAP) to standardize the nomenclature 
of the main ANA patterns and ANA test reports.3,7 
Clinicians should take advantage of the wealth of 
ANA information on the ICAP website that can be 
easily accessed with the ICAP “app” (Figure 1).

Another major challenge to the clinical use 
and interpretation of ANA testing is evidence 
showing that the prevalence of positive ANAs in 
the general population is increasing, with some 
studies reporting rates higher than 30%.8 This 
increase has been attributed to several factors 
including environmental agents and exposure to 
xenobiotics, climate change, high sensitivity and 
low specificity of many ANA methodologies, and 
pandemics including COVID-19.9,10

It is important to understand that for an 
accurate interpretation of the ANA test results, 
both the titers and IFA patterns are very important.7 
Although there are geographic variations in 
ANA IFA pattern reporting with some regions 
restricting reports to ‘nuclear’ staining patterns, 
many laboratories also report IFA staining of 
cytoplasmic and mitotic components cells.1,7  Many 
sera also demonstrate more than one AC pattern 
(e.g., mixed patterns) or have an IFA pattern not 
currently characterized by ICAP that then receives 
an AC-XX designation followed by a descriptor.7 

Figure 1. A wealth of information on the nomenclature and related clinical features associated with a wide spectrum 
of anti-nuclear antibodies (ANA) is available on the Consensus on Autoantibody Patterns (ICAP) website and can 
be easily accessed through this ICAP app available free of charge; courtesy of Marvin J. Fritzler, MD, PhD.

https://anapatterns.org/index.php
https://anapatterns.org/index.php
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In general, SARD are characterized by high titer 
(>1:320) ANA, with the most specific HEp-2 IFA 
patterns (Figure 2) including AC-1 (anti-dsDNA, 
anti-nucleosomes), AC-3 (anti-centromere in 
limited cutaneous systemic sclerosis [SSc]), AC-4 
and AC-5 (anti-Sm and U RNPs in SLE and mixed 
connective tissue disease), AC-8, AC-9, AC-10 
(nucleolar autoantibodies characteristic of diffuse 
cutaneous SSc [dcSSc]), AC-29 (associated with 
anti-topoisomerase I/Scl-70 in dcSSC), and AC-30 
(anti-Ro60 and anti-nucleosomes observed 
in Sjögren disease [SjD] and SLE). From this 
overview, it appears that SARD autoantibodies 
typically stain and target the HEp-2 nuclei. 
Nevertheless, other IFA patterns are occasionally 
observed in SARD, and often point to overlapping 
conditions, inflammatory and infectious diseases, 
malignancy, or even the absence of overt disease. 

For example, the AC-2 HEp-2 IFA pattern, when 
confirmed as monospecific (e.g., no other known 
autoantibodies detected) anti-DFS70 antibodies 
by an antigen-specific immunoassay, rules 
out the diagnosis of SARD in >95% of cases,11 
while the AC-1, AAC-4, and AC-30 IFA patterns, 
which are similar to AC-2, -3 tends to “rule in” 
a SARD diagnosis. It needs to be appreciated 
that despite the high sensitivity of the HEp-2 
IFA test for SARD, the approximate frequency 
of a negative ANA is 5% in SLE, 3% in SSc, 1% in 
MCTD, 25% in SjD and 40 % in the broad spectrum 
of autoimmune inflammatory myopathies (AIM). 
In addition, many of the HEp-2 IFA patterns 
observed in AIM are not closely correlated with 
the specific routinely-detected autoantibodies 
(e.g., anti-Jo1, anti-MDA5, anti-HMGCR). To 
summarize, the clinician should not rely on HEp-2 
IFA screening when a diagnosis of SjD or AIM is 
being considered.

As evidenced by the Choosing Wisely 
recommendations endorsed by the Canadian 
Rheumatology Association in 2015, and 
‘consensus’ statements of the American College 
of Rheumatologists and the American College of 
Pathologists, the use and abuse of ANA testing 
is the subject of considerable criticism.12 There is 
general agreement that once a SARD diagnosis 
has been established the ANA should not be 
repeated. However, there are exceptions in 
which a repeat ANA may be helpful, such as in 
SARD patients who develop features of another 
or overlapping condition, with an example being 
limited cutaneous SSc patients who develop 
anti-mitochondrial antibodies suggesting the 
presence or onset of primary biliary cholangitis. 
Recently, the Effective Health Care (EHC) Program 
stated that there is a “broad clinical consensus 
that ANA testing (including ANA sub-serologies) 
should not be used to screen for SARDs in primary 
care,” Therefore, “there is no clinical uncertainty 
that a new systematic review could potentially 
address.”13 In other words, despite evidence to 
the contrary12, this evidence indicates that ANA 
testing must be curtailed (particularly in primary 
care) because of its “poor positive and negative 
predictive values (positive predictive value 
[PPV] 29%, negative predictive value [NPV] 77%), 
leading to increased health care costs with unclear 
clinical benefit.” With these issues in mind, my 
perspectives on the future of ANA testing are 
summarized in four questions.

Figure 2. Common HEp-2 indirect immunofluorescence 
assay (IFA) patterns observed in systemic autoimmune 
rheumatic diseases (SARD) sera: a) homogeneous/diffuse 
nuclear staining (AC-1) associated with antibodies to 
dsDNA and nucleosomes; b) speckled nuclear staining 
(AC-4, AC-5) associated with antibodies to Sm and other 
nuclear ribonucleoproteins (RNP); c) discrete speckled 
nuclear staining (AC-3) associated with anti-centromere 
antibodies and limited cutaneous systemic sclerosis; 
d) anti-nucleolar antibodies (AC-8, AC-9, AC-10) 
associated with diffuse cutaneous systemic sclerosis 
(SSc); courtesy of Marvin J. Fritzler, MD, PhD.
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First, what should be done with well-known 
evidence that some ANA and related 
autoantibodies antedate the diagnosis of SARD by 
up to 20 years?14 Unfortunately, the proclamations 
from Choosing Wisely and the EHC arise from a 
rather myopic perspective that ANA testing should 
be limited to patients with a high PPV/low NPV for 
SARD. Clearly, because the frequency of a positive 
ANA test approaches 30% in the population, ANA 
testing should not be done on patients without any 
clear evidence of a SARD.

Second, the circular logic is difficult to 
rationalize because, if the suspected SARD 
patient has a high PPV, why should the ANA 
test be performed at all? Some argue that this 
is necessary for suspected SLE individuals to 
fulfill the ACR/EULAR classification criteria. 
However, it is important to remember that these 
are classification criteria, not diagnostic criteria. 
An important aspect that seems to be overlooked 
is that when conventional diagnostic and an 
‘intent to treat’ approach to ANA testing is used, 
the diagnosis of SARDs is delayed. As a result, a 
considerable proportion of patients have active 
disease and end organ damage at the time of or 
shortly after the diagnosis is made.12 This delay in 
diagnosis is associated with remarkably high direct 
and indirect health care costs.15 Conditions such 
as renal disease, pulmonary fibrosis, hypertension, 
and irreversible joint damage, to name a few, 
require much more intensive and expensive 
care. This leads to a decreased health-related 
quality of life and additional increased indirect 
costs. These observations are prompting many 
clinicians to reconsider their approach to SARDs, 
making concerted efforts to achieve much 
earlier diagnoses, as exemplified by studies of 
undifferentiated connective tissue disease16 and 
the Very Early Diagnosis of Systemic Sclerosis 
(VEDOSS) cohort.17 It needs to be appreciated that 
achieving an earlier diagnosis is currently primarily 
in the domain of primary health care providers, who 
serve as the SARD ‘case finders’.12 Screening tests 
such as ANA for SARD are used as part of ‘case 
finding’. Then, based on clinical acumen, patients 
are referred to subspecialists for evaluation and 
appropriate management. In my view, it is quite 
unfortunate that some rheumatologists are unhappy 
when they receive a referral for an ANA-positive 
individual who has “nothing”. I think that this 

situation is a win-win for the patient, the physician, 
and the health care system. In my view, a much 
clearer and proactive approach is needed for 
assuring these apparently ‘healthy’ individuals that 
a positive ANA is not a diagnostic of a disease.  It 
is beyond the scope of this brief overview to cite 
the growing literature that other biomarkers can 
be used as predictors of disease in ANA-positive 
individuals that might have a low pre-test 
probability of a SARD. This approach will be more 
realistic and actionable when artificial intelligence 
(AI) (discussed briefly below) is used to weigh and 
sort various aspects of an individual’s health to 
predict an emerging SARD or other condition.

Third, if primary care physicians and ‘nurse’ 
practitioners are not the early SARD case finders in 
the real world when there is a severe shortage of 
tertiary care rheumatologists, who is? 

Fourth, given the documented and perceived 
limitations of the ANA IFA test as a screen for 
SARD,18 what should replace it? As a succinct reply 
to this question, some modern laboratories are 
migrating to ANA immunoassay platforms that are 
highly automated and digital,2 as well as to MAAT, 
which offer higher throughput and faster turn-
around-times.4 Recent evidence indicates that the 
best approach for ANA testing is to screen with 
the relatively inexpensive HEp-2 IFA ANA and then 
reflex to a MAAT.2,19 Some laboratories use solid 
phase ANA tests, which, despite earlier limitations, 
now have performance that is comparable to, if 
not better than, the HEp-2 IFA when used in a 
reflex test setting.19 Similarly, the digital automated 
ANA test systems referred to above have superior 
performance characteristics compared to ‘manual’ 
systems, offering hope that this is an important 
step toward harmonization of the ANA test.

Many clinicians often find the wealth of 
laboratory investigation and imaging results 
overwhelming and confusing (e.g., low titer ANA, 
obscure ANA IFA patterns, and MAAT results), 
making it unclear how they are clinically actionable. 
There is considerable optimism that AI and 
machine learning approaches will help clarify this 
by combining testing data into likely diagnoses 
and subsets of SARD, while also recommending 
actionable approaches and prognostic 
considerations for managing patients.20 
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Conclusion
In summary, despite its long history, there 

is a strong need for evidence-based approaches 
to ANA testing. Future laboratory testing 
needs to consider the importance of disease 
prevention fostered by ‘case finding’ and the 
attenuation of significant morbidity and health 
care expenditures.12,18 As MAATs improve and 
decrease in price, it is possible that the ANA 
test will no longer be the SARD screening assay 
of choice. In the meantime, the judicious use of 
the ANA test should focus on making an early 
and accurate diagnosis of SARD, with the best 
‘value’ of the ANA test being in individuals with 
a moderate pre-test probability of the disease. 
Given the high frequency of ANA in the general 
population, individuals with either a high or low 
pre-test probability are unlikely to benefit from the 
test. Individuals with a high pre-test probability will 
likely gain more benefit from proceeding directly to 
MAAT analysis of autoantibodies.
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The Impact of Chimeric Antigen 
Receptor (CAR) T Cell Therapy: 
Its Potential to Reshape 
Rheumatology Practice
Akihiro Nakamura, MD, PhD

In recent years, genetically modified T cell therapy, using chimeric antigen receptor 
(CAR)-engineered T cells, has revolutionized the field of rheumatology. While CAR T cell therapy 
is approved by government agencies, including Health Canada, as a standard treatment for B cell 
lymphoproliferative malignancies, it has also shown remarkable efficacy in refractory cases of rheumatic 
diseases, including systemic lupus erythematosus, systemic sclerosis, idiopathic inflammatory 
myopathies, ANCA-associated vasculitis, and rheumatoid arthritis. A single infusion of CAR T cells 
has demonstrated the potential to induce long-term drug-free remission in most cases. This therapy 
achieves profound B cell depletion in both blood and tissues—an effect not typically observed with 
conventional antibody-based B cell-target therapies. Despite its transformative potential, several 
challenges remain, including questions around long-term safety, high costs, limited accessibility, and 
the absence of standardized guidelines, which complicate its broader application. Rheumatologists 
face practical uncertainties, such as determining the optimal timing for treatment, selecting suitable 
patients, and identifying which diseases might benefit the most from this therapy. This editorial explores 
the fundamental principles of CAR T cell therapy, highlights the unresolved challenges, and provides 
insights into how rheumatologists can optimize its use for managing rheumatic diseases. (Please note 
that this manuscript was written in April 2025. Given the rapid advancements and emerging evidence in 
this field, there may be updates by the time this article is published.)
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Introduction

Since the first report of five refractory 
cases of systemic lupus erythematosus (SLE),1 
chimeric antigen receptor (CAR) T cell therapy 
targeting CD19-expressed B cells has garnered 
considerable attention as a potential treatment 
capable of inducing long-term remission for 
autoantibody-driven rheumatic diseases. 
According to the currently available literature, 
this therapy has been used in refractory cases 
of SLE,1,2 systemic sclerosis (SSc),3-5 idiopathic 
inflammatory myopathy (IIM),5,6 ANCA-associated 
vasculitis (AAV), and rheumatoid arthritis (RA),7 
with additional reports likely to emerge for 
other rheumatic conditions. These patients 
had tried various currently available treatment 
options but failed to achieve disease control. 
Remarkably, all but one patient with IIM achieved 
drug-free remission without recurrence following 
a single infusion of CAR T cells, as reported in 
the latest conference update,8 which included 
up to 3 years of follow-up in 30 patients with 
autoimmune diseases.

Although the remarkable effects of 
CAR T cell therapy have significantly impacted 
rheumatologists, they have also raised important 
considerations. Key questions include which 
types of rheumatic diseases, at what stages, 
and for which patients this therapy should be 
used. Additionally, safety concerns, cost, and 
available facilities remain major factors for many 
rheumatologists when contemplating the use of 
CAR T cell therapy in clinical practice.

This editorial provides insights into the 
fundamental aspects of CAR T cell therapy—such as 
its mechanism of action, efficacy, and safety—while 
also discussing its potential impact and practical 
considerations for rheumatologists to optimize patient 
outcomes with this groundbreaking treatment. 

What is CAR T Cell Therapy 
and Why is it So Effective? 

CAR T cells are genetically engineered by 
inserting CARs into T cells, typically using viral 
vectors. These T cells can be obtained from 
either the same patient (autologous)1 or a donor 
(allogeneic).5 CARs have various subtypes based 
on their targets and structural differences, with 
newer generations engineered to maximize their 
binding affinity to target cells.4,9,10 In rheumatic 
diseases, where autoreactive B cell clones are 
primary targets, CARs targeting B cell surface 

markers such as CD19 or B cell maturation 
antigen (BCMA) have been used.11,12 Once these 
CAR T cells are expanded and infused back into 
the patient, they recognize their target B cell 
lineages and eliminate the cells expressing these 
targets by releasing T cell-derived cytotoxic 
enzymes, such as granzymes and perforin.9 
Following administration, CAR T cells undergo 
dramatic expansion upon activation through 
interaction with targeted B cells, remain at high 
levels in the circulation for several weeks, and 
gradually decline over the next several months.1,8 
The key information on CAR T cells is provided 
in Table 1.

The efficacy of CAR T cells for autoimmune 
rheumatic diseases has been extensively 
discussed elsewhere,1,13 and the results so far 
appear remarkably promising. Targeting B cells 
is not a new strategy in autoimmune-driven 
rheumatic diseases. Why, then, are CAR T cells 
so effective compared to other antibody-based 
B cell-targeted therapies, such as rituximab? 
The short answer lies in the ability of CAR T cell 
therapy to achieve deep depletion of B cells. As 
described below, several factors contribute to this 
superior efficacy.

First, as a “live-cell” therapy, CAR T cells 
possess the unique ability to migrate into tissues. 
Unlike rituximab, which primarily depletes 
circulating B cells, CAR T cells can infiltrate into 
major organs such as the kidneys, lungs, and even 
the brain by crossing the blood-brain barrier.14 
Once in the target tissues, CAR T cells bind to, 
and eliminate B cells, including autoreactive 
B cell clones, resulting in profound B cell 
depletion within these tissues. Indeed, a recent 
study demonstrated that while both CAR T cell 
therapy and rituximab effectively deplete B cells 
in the peripheral blood, only CAR T cell therapy 
achieves a visibly complete B cell depletion in 
tissues such as lymph nodes, colon, kidneys, 
and gallbladder.15 This distinctive feature of 
CAR T cell therapy is particularly crucial in treating 
autoimmune diseases because it provides multiple 
benefits, including:

• Eliminating B cell maturation into plasmablasts or 
plasma cells that produce autoantibodies

• Reducing B cell-driven cytokine release
• Preventing B cell-mediated antigen presentation 

to naïve T cells, which could otherwise 
differentiate into effector T cells and contribute 
to tissue damage.
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Another potential explanation for the deep 
B cell depletion achieved by CAR T cell therapy is 
its target, CD19 or BCMA. Unlike CD20, CD19 and 
BCMA are expressed on a broader range of more 
matured B cell lineage cells, including plasmablasts 
and some fractions of plasma cells. This is 
particularly critical, as they are major sources of 
autoantibodies. These plasmablasts and plasma 
cells do not predominantly express CD20 and 
can therefore persist in the circulation, tissues, or 
blood after anti-CD20 therapies such as rituximab 
and obinutuzumab.15,16

Another striking feature of CAR T cell therapy 
is its ability to induce B cell reconstruction. Within 
3 to 7 days post-administration, B cells are usually 
completely eliminated from the circulating blood. 
However, approximately 3 months after CAR T cell 
infusion, B cells reemerge in the circulation with a 
phenotype similar to that of healthy individuals,1,13 

yet autoantibodies remain undetectable. This 
suggests a “reset” of the B cell population 
following CAR T cell administration. Importantly, 
this reset appears to be long-lasting, as patient 
observations over a span of 2 years have shown 
no reemergence of detectable autoantibodies.13 
Although the long-term outcomes beyond 2 years 
remain unknown and need to be monitored, the 
treatment has thus far produced remarkable 
results, including the regeneration of seemingly 
healthy B cells without pathogenic phenotypes.

Practical Considerations 
for Rheumatologists 

Given such astonishing results, CAR T cell 
therapy holds significant potential for broader use 
in rheumatic diseases. However, there is currently 
no specific guidance or evidence for the optimal 

Questions Answers based on currently available reports 

What are the sources of CAR T cells? Autologous (from the patient) or Allogenic (from healthy donors)

Which markers are targeted by CAR T cells? CD19 and/or BCMA

How are CARs inserted? Mostly virus-mediated insertion (e.g., lentiviral or retroviral vector) 

How long does it take to expand CAR T cells 
before administration?

Several weeks. The CAR T cells are expanded using cocktails of 
cytokines, such as IL-2, IL-7, and IL-15 

How soon are B cells eliminated from the 
circulation after CAR T cell infusion? Within a week (between 3 and 7 days)

How long do CAR T cells remain in the body 
after infusion?

They are expanded over several weeks and gradually decreased over 
the following months

Which rheumatic diseases are 
the best targets for CD19- or 
BCMA-CAR T cell therapy?

B cell-driven autoimmune diseases, such as SLE, SSc, IIM, RA, SjS, 
and AAV

What are the common adverse events 
associated with CAR T cell therapy for 
rheumatic diseases?

CRS (grade 1*), neutropenia, lymphocytopenia, and infections (ICU 
cases are uncommon)
The risks of ICANS and cancer appear to be very low

When does B cell reconstruction begin to  
be seen? Approximately 3 months after CAR T cell infusion

Are newly emerging B cells pathogenic 
during reconstruction?

Based on currently available evidence, the new B cells appear to  
be healthy

Table 1. Ten common questions and answers regarding CAR T cell therapy for rheumatic diseases (based on 
evidence available as of January 2025); courtesy of Akihiro Nakamura, MD, PhD. 
 
*Based on the Penn grading scale.18  
 
Abbreviations: AAV: antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis, BCMA: B cell maturation 
antigen, CAR: chimeric antigen receptor, CD19: cluster differentiation-19, CRS: cytokine releasing syndrome, 
ICANS: immune-cell-associated neurotoxicity syndrome, IIM: idiopathic inflammatory myositis, IL: interleukin, 
RA: rheumatoid arthritis, SjS: Sjögren’s syndrome, SLE: systemic lupus erythematosus, SSc: systemic sclerosis. 
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use of CAR T cell therapy due to the limited 
number of cases in which it has been applied in 
rheumatic diseases. For rheumatologists, it is 
essential to address critical questions to optimize 
the treatment, including which diseases, at what 
time points, and for which patients CAR T cell 
therapy should be prioritized.

Although current evidence is limited, the 
nature of this therapy targeting B cells makes it 
clear that B cell-driven, autoantibody-mediated 
rheumatic diseases are the most suitable 
targets. In this context, SLE, SSc, IIM, AAV, and 
RA are reasonable candidates for CAR T cell 
therapy, as these diseases are driven by 
autoantibody-mediated inflammation that 
results in tissue damage. Importantly, recent 
omics-based phenotypic stratification has 
revealed substantial heterogeneity within the 
same disease, highlighting the need to identify 
patients with strong autoantibody signatures 
in their circulation and/or tissues. Other 
B cell-driven diseases, such as Sjögren’s disease 
and IgG4-related disease, are also considered 
to potentially receive benefits from CAR T cell 
therapy. These diseases are currently being 
investigated in clinical trials, primarily based in 
China, as of January 2025 (ClinicalTrials.gov 
ID: NCT06497361 and NCT06056921). In contrast, 
diseases primarily driven by non-B cell populations 
(seronegative diseases), such as psoriatic arthritis 
and spondyloarthritis,17 are unlikely to be suitable 
candidates for B cell-targeted CAR T cell therapy.

The timing of CAR T cell administration 
also requires discussion. Based on currently 
available reported cases, all patients have 
received the therapy after undergoing multiple 
treatments. This approach is logical at this point, 
as CAR T cell therapy is not yet a standard 
treatment for rheumatic diseases, largely 
due to the limited availability of facilities, its 
extremely high cost (approximately $350,000 to 
$500,000 USD per infusion),9 and unconfirmed 
long-term safety. However, given the favourable 
outcomes observed over a period of up to 
3 years,8 and potentially beyond, rheumatologists 
may need to consider the optimal timing for 
CAR T cell administration to achieve the best 
treatment outcomes.

In this context, from my personal perspective, 
if no major barriers are identified in the future, 
earlier administration—before exhausting all 
other available treatments—may need to be 
considered, as treatment outcomes and prognosis 
primarily depend on minimizing permanent 

tissue and organ damage caused by long-term 
inflammation, vasculopathy, and fibrosis. To 
achieve this, it is crucial to risk-stratify patients 
based on various assessments, including the 
speed of disease progression, histological 
evaluation, imaging modalities, and functional 
studies. Once appropriate candidates are 
identified, a multidisciplinary team comprising of 
the rheumatologist and other specialists such as 
hematologists, nephrologists, and respirologists, 
along with an ethics board, should review the case 
and consider CAR T cell therapy if it is deemed the 
best option. Given the complexity of these cases 
and the need for facilities with access to a range 
of specialists within a multidisciplinary team, it 
is most practical to conduct CAR T cell therapy 
at tertiary academic centres. These centres 
often have hematologists experienced in using 
CAR T cell therapy for hematological cancers, 
therefore making them the most suitable option 
when Canadian rheumatologists begin using 
this therapy. Collaborating with hematologists 
also allows for the monitoring of hematological 
parameters, such as B cell reconstitution 
and potential hematological adverse events, 
after administration.

Safety

The safety of CAR T cell therapy, both in 
the short-term and long-term, is a major concern 
when applying it to rheumatic diseases. Given the 
limited number of cases in rheumatic diseases, any 
risks associated with CAR T therapies reported in 
hematological malignancy cases are considered 
conceivable. Although it is too early to draw 
definitive conclusions, the current safety profiles in 
rheumatic diseases appear to be milder than those 
in cancer treatments. 

Major adverse events related to CAR T cell 
therapy include cytokine release syndrome (CRS), 
immune effector cell-associated neurotoxicity 
syndrome (ICANS: a condition caused by 
systemic inflammation and elevated cytokines, 
leading to CNS inflammation and can potentially 
life-threatening cerebral edema), macrophage 
activation syndrome (MAS), and hematological 
malignancies. CRS is commonly observed as an 
early adverse event following infusion, but most 
instances are grade 1 CRS (based on the Penn 
grading scale18), which is generally manageable 
with anti-pyretic treatments. Although grade 3 
CRS and grade 4 ICANS were recently reported 
in a patient treated with CD19 CAR T cell therapy 

http://ClinicalTrials.gov
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for polyrefractory RA,7 grade 2 or 3 CRS and other 
conditions, including ICANS and MAS, appear to 
be very uncommon based on currently available 
data.8 This may be attributed to the smaller burden 
of B cells targeted by CAR T cells in rheumatic 
diseases compared to cancer, where a larger 
number of B cells are targeted and destroyed by 
the therapy. The destruction of B cells, especially 
in B cell lymphoma, continuously activates not 
only CAR T cells but also innate immune cells such 
as monocytes, macrophages, and neutrophils.19 
This activation leads to the release of cytotoxic 
or inflammatory cytokines that can cause tissue 
or organ damage. Furthermore, in cancer-related 
CAR T cell therapy, newly emerged rheumatic 
diseases have been reported, including RA, 
palindromic rheumatism, and inflammatory 
myositis.20 This may be due to increased 
neoantigen (cancer cell-derived autoantigen) 
exposure from destroyed cancer cells to CD4+ 
T cells, triggering the activation and maturation 
of B cells that produce autoantibodies. Although 
new rheumatic diseases secondary to CAR T cell 
therapy have not been reported in patients with 
rheumatic diseases, this is theoretically possible. 
Therefore, careful monitoring—both during 
hospitalization following the infusion and during 
outpatient follow-up—is essential following 
therapy, particularly in distinguishing these 
conditions from the original rheumatic diseases.

Regarding the risk of infections, it is 
conceivable that CAR T cell therapy increases 
this risk. Indeed, severe infections have been 
reported in 7 out of 35 patients (20%), over an 
observation period of up to 3 years, including 
pneumonia related to COVID-19, cytomegalovirus 
(CMV), or respiratory syncytial virus (RSV).8 In 
particular, due to common adverse events such 
as neutropenia and lymphocytopenia following 
lymphodepletion with cyclophosphamide and 
fludarabine prior to CAR T cell infusion, potential 
infectious risks should always be considered. 
However, during the observation period of up to 
3 years, no cases requiring ICU admission were 
identified.8 Additionally, since CAR T cell therapy 
has the potential to induce drug-free remission for 
years, the long-term risk of infections—particularly 
after B cell reconstruction following CAR T cell 
therapy—may decrease overall in patients with 
rheumatic diseases. Although infectious risks need 
to be firmly evaluated in clinical trials compared 

with control groups, CAR T cell therapy may 
ultimately reduce overall long-term infectious 
risks in rheumatic diseases. It is also crucial to 
maximize vaccination prior to CAR T cell therapy. 
The immunity acquired following vaccination is 
likely maintained even after CAR T cell-mediated 
elimination of CD19-expressing B cells, because 
long-term plasma cells generally do not express 
CD19, and they remain in the bone marrow 
for years.

In terms of malignancies, there are no reports 
of CAR T cell therapy causing malignancies in 
rheumatic diseases. Although the risk of T cell 
malignancy following CAR T cell therapy has raised 
concerns due to their nature of expansion after 
infusion, a recent analysis of over 3,000 pediatric 
and adult patients with hematologic malignancies 
(with a median observation period of up to 
17.7 months) revealed only one case (0.03%),21 
indicating an extremely low risk. This risk appears 
to be similar for rheumatic diseases. 

Future Directions and Conclusions

The excitement surrounding this innovative 
treatment, which offers the potential for long-term, 
drug-free remission and represents a significant 
step toward the ultimate goal of a ‘cure’ for 
autoimmune-driven rheumatic diseases, is already 
motivating rheumatologists to take the next 
steps. However, several critical challenges and 
uncertainties must be addressed to move forward. 
First, it is essential to confirm the efficacy and 
safety of this therapy beyond 3 years to ensure 
sustainable clinical outcomes without unforeseen 
adverse effects. As of April 2025, more than 
80 clinical trials targeting rheumatic diseases 
are actively ongoing worldwide, according to the 
ClinicalTrials.gov registry. Most of these studies 
are being conducted in China, the United States, 
and various European countries. Currently, no 
trials are registered in Canada. However, given 
the approval of CAR T cell therapy for hematologic 
conditions, there is potential to initiate related 
clinical trials in Canada in the near future. 

Second, as discussed in previous sections, 
rheumatologists must optimize patient selection 
and the timing of administration. Ideally, guidelines 
or recommendations for CAR T cell therapy will 
be developed in the future, but robust data is 
required to do so. While such data are unlikely 

https://clinicaltrials.gov/
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to be available in the next few years, preliminary 
guidance for clinicians could be developed in 
the future if the therapy comes to be regarded 
as a standard option for refractory patients. 
Regarding the types of diseases, testing this 
approach in other rapidly progressive and 
life-threatening B cell-driven diseases—such as 
anti-melanoma differentiation-associated protein 5 
(MDA5)-positive dermatomyositis and catastrophic 
antiphospholipid antibody syndrome—should 
also be considered. This could broaden its 
applicability and address unmet needs in these 
critical conditions.

Finally, to achieve the best outcomes from 
this therapy, and minimize the risk of adverse 
events, such as graft-versus-host disease, 
further refinements in CAR structure (targeting 
different molecules beyond CD19 and BCMA), 
delivery systems (e.g., CRISPR technology), 
and exploration of alternative cell sources, such 
as γδ T cells and natural killer (NK) cells, are 
necessary. Additionally, employing allogeneic CAR 
T cells to bypass the need for T cell collection 
from patients, along with scaling production and 
marketing efforts, could significantly reduce costs 
and improve access to this transformative therapy.

While this therapeutic approach offers 
unprecedented promise, its widespread adoption 
and success will depend on addressing several 
challenges. Advances in technology, clinical 
validation of long-term safety, and innovative 
solutions to cost barriers will be critical in making 
this therapy a practical and sustainable option for 
patients with autoimmune rheumatic diseases. 
With continued research and collaboration, this 
treatment could pave the way for a new era in 
medicine, reshaping treatment strategies driven 
by rheumatologists.
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Imaging for Diagnosis and 
Differential Diagnosis of  
Axial Spondyloarthritis
Denis Poddubnyy, MD, PhD, MSc (Epi)

Introduction

Spondyloarthritis refers to a group of 
inflammatory rheumatic diseases characterized 
by shared clinical features, such as inflammatory 
involvement of the axial skeleton, a specific 
pattern of peripheral joint involvement (usually 
asymmetric mono- or oligoarthritis, predominantly 
involving the lower extremities), enthesitis, 
and dactylitis.1 Common extra-musculoskeletal 
manifestations include acute anterior uveitis, 
psoriasis, and inflammatory bowel disease 
(Crohn’s disease and ulcerative colitis).

Axial spondyloarthritis (axSpA) denotes the 
subset of spondyloarthritis with predominant 
involvement of the spine and sacroiliac joints. The 
term axSpA encompasses both non-radiographic 
disease (no definite structural damage on 
X-rays of the sacroiliac joints) and radiographic 
disease, which has historically been referred to 
as ankylosing spondylitis. In clinical practice, 
these entities represent a spectrum. axSpA may 
initially present without X-ray changes and in 

some patients, may later progress to classic 
ankylosing spondylitis.

In this article, we will review the approach to 
diagnosing (versus classifying) axSpA and examine 
the role of imaging modalities in diagnosing axSpA 
and distinguishing it from common mimics.

Epidemiology

AxSpA typically begins in early adulthood, 
most commonly in the third decade of life. The 
prevalence of axSpA in the general population 
ranges from 0.3–1%, with variations depending 
on ethnicity and prevalence of the HLA-B27 
gene. Notably, there is a sex difference between 
non-radiographic and radiographic axSpA: 
radiographic axSpA (ankylosing spondylitis) 
shows a male predominance (~2:1), whereas 
non-radiographic axSpA affects men and women 
almost equally.1 A hallmark problem in axSpA 
care has been diagnostic delay. Historically, 
patients have waited many years from symptom 
onset to diagnosis, with global estimates placing 
the average delay at approximately 6–8 years.2 
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Such delays occur mainly due to attribution of 
back pain to mechanical/degenerative causes 
and a lack of awareness about the condition. 
Although increased awareness and the availability 
of magnetic resonance imaging (MRI), which 
supports early diagnosis, have begun to shorten 
the diagnostic delay in some regions, it remains 
unacceptably prolonged for many patients.

Paradoxically, while delayed diagnosis 
remains an issue, overdiagnosis of axSpA has 
emerged as a concern in recent years. Heightened 
awareness and reliance on MRI have led some 
patients with mechanical or degenerative 
back pain to be incorrectly diagnosed with 
axSpA. A recent interim report from a German 
telemedicine project (IMPROVE-axSpA) found 
that approximately one-third of patients carrying 
a diagnosis of axSpA were reclassified as not 
having the disease after expert re-evaluation, 
with other conditions deemed the cause of 
their symptoms.3 Overdiagnosis is often driven 
by misinterpretation of imaging. For example, 
overcalling nonspecific bone marrow edema 
(BME) on MRI as evidence of axSpA. Both delayed 
diagnosis and overdiagnosis can be harmful: 
delayed diagnosis allows the progression of 
inflammation and structural damage, whereas 
overdiagnosis can expose patients to unnecessary 
treatments and psychological burden. Recognizing 
this dual challenge, clinicians must use a 
balanced approach to diagnosing axSpA, carefully 
integrating clinical and imaging findings.

Diagnosis and Classification

When evaluating a patient for possible 
axSpA, it is crucial to distinguish diagnostic 
criteria from classification criteria.4 Diagnosis 
is the process by which a clinician, using all 
available information (history, exam, laboratory 
tests, imaging), determines whether an individual 
patient has axSpA with a certain level of 
probability. Classification criteria, on the other 
hand, are standardized definitions used primarily 
in research to create homogeneous study 
populations. The modified New York criteria for 
ankylosing spondylitis, established in 1984, require 
definite sacroiliitis visible on X-ray plus at least 
one clinical criterion.5 This means that in traditional 
practice, a patient needed to have established 
structural damage in the sacroiliac joints to fulfill 
the “AS” criteria. In 2009, the Assessment of 
SpondyloArthritis International Society (ASAS) 
proposed new classification criteria for axSpA 

to promote the new spondyloarthritis concept 
and to enable recognition of earlier stages of the 
disease. Notably, patients can be classified as 
axSpA either by the imaging arm (active sacroiliitis 
on MRI or definite radiographic sacroiliitis, plus 
at least one SpA feature) or by the clinical arm 
(HLA-B27 plus at least two other SpA features).6 
These criteria introduced MRI as the method 
of visualizing active inflammation, aiming to 
identify axSpA before irreversible structural 
changes occur. 

It is important to remember that meeting the 
ASAS classification criteria does not automatically 
equate to a clinical diagnosis; clinicians must 
still exclude other causes and consider the 
total clinical picture. Conversely, a patient who 
does not neatly fulfill classification criteria may 
still be diagnosed with axSpA by an expert 
clinician. In summary, while classification criteria 
are useful guides, and have improved early 
recognition, a practical diagnostic approach must 
remain individualized.

To apply the ASAS classification criteria, 
patients must first have an established diagnosis 
of axSpA. In practice, diagnosing axSpA is a clinical 
decision that is supported by investigations. 
Clues such as chronic back pain starting before 
age 45, the inflammatory character of back pain 
(improvement with exercise, no improvement 
with rest, night pain, morning stiffness of more 
than 30 minutes, and alternating buttock pain), 
peripheral arthritis, enthesitis, acute anterior 
uveitis, psoriasis, inflammatory bowel disease, a 
positive HLA-B27, and elevated C-reactive protein 
levels all increase suspicion. However, none of 
these features is specific or diagnostic on its 
own. Indeed, even the concept of “inflammatory 
back pain” has limitations, as many patients 
with mechanical back issues can experience 
inflammatory-type back pain symptoms.7 Likewise, 
HLA-B27 is prevalent in ~5–15% of the healthy 
population, thus, while it greatly increases the 
pre-test probability in a patient with compatible 
symptoms, it is not a definitive test. Given the lack 
of a single clinical or lab “gold standard” for axSpA, 
imaging plays a pivotal role by providing objective 
evidence of inflammation or structural change in 
the sacroiliac joints and spine. Imaging findings, 
when interpreted within the proper clinical 
context, can confirm the diagnosis of axSpA or 
suggest alternative pathologies. The diagnostic 
approach, therefore, relies on a synthesis of 
clinical assessment, laboratory results, and 
imaging studies. 
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Role of Imaging in axSpA

Imaging undeniably plays an important role in 
diagnosing and assessing axSpA, often being the 
only possibility to objectively confirm the presence 
of inflammatory involvement of the sacroiliac joints 
or spine.8

X-rays
The typical imaging evaluation for suspected 

axSpA begins with conventional X-rays of the 
pelvis (sacroiliac joints).9 X-rays have been used for 
decades to detect structural changes consistent 
with axSpA, such as erosions, sclerosis, changes 
of the joint space, and eventual ankylosis. If the 
initial X-rays are normal or equivocal and clinical 
suspicion remains high, MRI of the sacroiliac 
joints is the next step. The stepwise approach of 
performing X-rays followed by MRI is reflected 
in recommendations and represents a practical 
strategy to maximize diagnostic yield. However, 
in settings where MRI and X-rays are equally 
available, X-rays can be omitted due to their 
limitations outlined below.

Radiographic changes take time to develop, 
and in the early stages of axSpA (the first few years 
of symptoms), X-rays are often normal. In fact, a 
significant proportion of axSpA patients, especially 
women, may never develop advanced radiographic 
sacroiliitis even after many years, remaining in 
the non-radiographic category. Therefore, the 
sensitivity of X-rays for detecting early disease is 
quite low.10 Even when structural changes exist, 
they can be subtle, and inter-reader reliability for 
grading sacroiliitis on X-ray is only moderate at 
best. Changes such as sclerosis can also be due to 
other causes (for example, osteitis condensans ilii 
[OCI] or degenerative changes in general), which 
can confuse interpretation. Therefore, a normal 
X-ray does not rule out axSpA, and an abnormal 
X-ray with mild changes is not always definitive. 
Because of these issues, radiography is increasingly 
seen as an initial screening tool. If it shows definite 
changes, a diagnosis of radiographic axSpA can 
be made; however, if the findings are negative or 
equivocal, further imaging is warranted.

Magnetic Resonance Imaging
MRI has revolutionized the diagnosis of axSpA 

by allowing the visualization of active inflammation 
in the sacroiliac joints and spine. The hallmark MRI 
finding in active axSpA is BME in the subchondral 
bone on fat-suppressed T2-weighted sequences, 
such as Short Tau Inversion Recovery (STIR).11 This 

appears as bright areas in the usually dark bone 
marrow and represents osteitis (Figure 1). MRI can 
also show capsulitis, enthesitis, and inflammatory 
signals in the joint space or in the erosion cavity 
in the sacroiliac joints, as well as inflammatory 
lesions in the spine, such as spondylitis, facet 
arthritis, costovertebral or costotransverse arthritis, 
and enthesitis. In addition to inflammation, MRI 
can depict structural lesions, including erosions 
(appearing as dark defects in the bright marrow 
fat), subchondral fat deposition (bright signal 
on T1), sclerosis (low signal on both T1 and T2), and 
ankylosis. One specific structural lesion visualized 
by MRI is the phenomenon of “backfill”, which is 
the replacement of an erosion cavity by tissue with 
fat signal. This appears as a high T1 signal filling 
the joint space where bone has eroded (Figure 1). 
Backfill is considered a reparative change and is 
a specific sign of chronic axSpA damage, often 
preceding new bone formation across the joint.

An important aspect of practical imaging 
application is the standardization of protocols 
and reporting. Recently, an international task 
force, a collaboration between ASAS and the 
Spondyloarthritis Research and Treatment Network 
(SPARTAN), developed a standardized MRI protocol 
for the sacroiliac joints to maximize diagnostic 
utility.12 The consensus recommended that MRI to 
evaluate the sacroiliac joints for signs of axSpA 
should include at least four sequences, as depicted 
in Figures 1 and 2:

1. A semi-coronal T1-weighted sequence to 
assess structural damage,

2. A semi-coronal T2-weighted fat-suppressed 
sequence, such as STIR, to detect 
active inflammation, 

3. An erosion-sensitive sequence in the 
semi-coronal plane to enhance visualization 
of cortical bone erosions, which can be a 
T1 fat-suppressed gradient echo, known 
as Volumetric Interpolated Breath-hold 
Examination (VIBE), Liver Acquisition 
with Volume Acceleration (LAVA), or 
T1 High-Resolution Isotropic Volume 
Examination (THRIVE), depending on the MRI 
manufacturer, and 

4. An additional T2-weighted fat-suppressed 
semi-axial sequence for further evaluation of 
inflammatory lesions.

Most MRI scanners now can accommodate 
these sequences within a single exam of a 
reasonable duration.
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Furthermore, the ASAS has recently 
emphasized the need for optimal communication 
between rheumatologists and radiologists. They 
have defined a set of relevant clinical information 
that should be provided to the radiologist when 
requesting imaging for patients with suspected 
axSpA. This information includes the presence of 
mechanical stress factors, HLA-B27 status, and key 
clinical features to aid in accurate interpretation.13

Likewise, radiologists are encouraged to use 
structured reporting for sacroiliac joint images. 
They should note the presence or absence of active 
inflammation (BME on MRI) and structural lesions 

(erosions, fat metaplasia, sclerosis, ankylosis). 
Additionally, they should provide an overall 
impression of whether the findings are 
suggestive of axSpA or more consistent with 
alternative diagnoses.14

The strength of MRI is its ability to facilitate 
early diagnosis. A patient with only a few months of 
inflammatory back pain can already show definite 
sacroiliitis on MRI, even though X-rays might remain 
normal for years. MRI evidence of sacroiliitis, such 
as active lesions, especially if paired with structural 
lesions like small erosions, greatly increases the 
probability of axSpA. Thus, MRI has become the key 

Figure 1. Typical patterns of MRI changes in the sacroiliac joints in axial spondyloarthritis; courtesy of  
Denis Poddubnyy, MD, PhD, MSc (Epi).   
 
Subchondral bone marrow oedema is observed in the middle part of the cartilaginous compartment of the right 
sacroiliac joint, indicated by arrows on the T2-weighted sequence with fat suppression (T2 FS). This is accompanied 
by erosions, indicated by arrowheads on the T1-weighted sequence and the erosion-sensitive T1-weighted fat 
supressed gradient echo sequence (T1 FS GRE). Additionally, backfill is noted, shown by a thin arrow on T1, along 
with fat lesions in the bone marrow, indicated by a thick arrow on T1.
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to identifying non-radiographic axSpA. Additionally, 
MRI is useful in difficult cases (e.g., young patients 
with persistent symptoms but normal X-rays,) as it 
can help re-classify these patients as having axSpA 
if the findings are positive. 

Despite its benefits, MRI has challenges and 
pitfalls. The specificity of MRI changes, particularly 
BME, is limited. Mechanical stress on the sacroiliac 
joints can also produce BME lesions that mimic 
inflammation. Healthy athletes, postpartum women, 
and individuals with heavy physical workloads 
have been found to exhibit sacroiliac joint BME 
on MRI in the absence of axSpA.15,16 Typically, 
these mechanical lesions occur at predictable 
locations (known as “mechanical load zones”) 

in the sacroiliac joint. These zones include the 
anterior-inferior (ventrocaudal) corners of the 
joint and areas adjacent to the ligamentous part 
of the joint. Furthermore, mechanically induced 
lesions are not associated with erosive damage, 
backfill, or ankylosis, which differentiates them 
from axSpA-compatible lesions. Therefore, 
when interpreting MRI for suspected axSpA, it is 
important to look for the coexistence of active 
inflammation with structural changes, such as 
erosions or backfill or ankylosis, to confirm the 
true inflammatory nature of the lesions.

One of the most important differential 
diagnoses for axSpA is OCI.17 OCI is a benign 
condition often observed in women, classically 

Figure 2. Typical patterns of MRI changes in the sacroiliac joints in osteitis condensans; courtesy of  
Denis Poddubnyy, MD, PhD, MSc (Epi).   
 
The pattern of mechanically induced changes includes bone marrow oedema in the ventral part of both sacroiliac 
joints, indicated by arrows on the T2-weighted sequence with fat suppression (T2 FS). This is accompanied by 
sclerosis, indicated by arrows on the T1-weighted sequence and the erosion-sensitive T1 FS GRE sequence. Of 
note, there is no evidence of erosive damage.
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postpartum, and is considered a prototype disease 
with mechanically induced changes in sacroiliac 
joints. On pelvic X-rays, OCI appears as triangular 
areas of sclerosis on the iliac side of the sacroiliac 
joints, usually bilateral and symmetric. On MRI, 
OCI can confuse matters by also displaying 
subchondral BME, as shown in Figure 2. In fact, 
studies have demonstrated that OCI can present 
with BME in the sacroiliac joints, sometimes quite 
extensively. However, the key distinguishing MRI 
features are the predominant localization of edema 
in the ventral mechanical load zone and the virtual 
absence of erosions.

Computed Tomography 

Computed tomography (CT) provides 
exquisite bone detail and is considered the gold 
standard for visualizing structural changes in the 
sacroiliac joints. CT can confirm the presence of 
erosions and ankylosis with far greater sensitivity 
and specificity than X-rays.18 Traditionally, CT 
has not been used routinely in axSpA diagnosis 
because of the high radiation dose a standard 
pelvic CT imparts, which is significantly higher 
than that of X-rays or MRI. However, recent 
advances in low-dose CT techniques and 
protocols have significantly reduced radiation 
exposure while preserving diagnostic yield. 
Modern low-dose CT of the sacroiliac joints can 
be performed with a radiation dose comparable to 
that of a set of X-rays, making it a feasible option 
for imaging these joints. Studies have shown that 
low-dose CT is more sensitive than X-rays for 
detecting sacroiliac erosions and offers excellent 
reliability, as the 3D detail of CT eliminates the 
projectional ambiguities of X-rays. For example, 
small erosions or posterior joint fusions that are 
not visible on X-rays can be readily identified 
on CT.

Therefore, CT could be used when MRI is 
contraindicated, such as in pacemaker patients, 
or when MRI is unavailable. CT can also be a 
problem-solver when MRI and X-ray findings 
conflict. For instance, if a patient has suggestive 
MRI changes, but normal X-rays, a CT scan can 
verify the presence of subtle erosions. Despite 
these advantages, CT is limited to showing chronic 
changes and does not reveal active inflammation. 
In addition, the availability of low-dose CT 
protocols might be limited. Thus, while CT is 
a valuable adjunct in difficult cases, current 
recommendations place it as a second-line option. 

Future Directions

The landscape of imaging in axSpA 
continues to evolve, with ongoing efforts to 
improve diagnostic precision and reduce errors. 
One key direction is education and training, as 
the increased use of MRI has made it clear that 
accurate interpretation requires specific expertise. 
Misinterpretation of sacroiliac joint MRIs has 
contributed to overdiagnosis. To address this 
issue, rheumatology and radiology communities 
are emphasizing training in axSpA imaging. The 
ASAS group has developed an interactive online 
case library featuring MRI examples that span the 
spectrum of axSpA and its mimics. Clinicians can 
use this resource to hone their interpretative skills, 
with cases that include classic active sacroiliitis, 
OCI, degenerative joints, and more. This resource 
is available here. Such educational tools, along 
with workshops and courses on MRI reading, aim 
to standardize the identification of positive MRI 
findings for axSpA. 

Another promising avenue is the use of 
artificial intelligence (AI) in imaging analysis. 
AI algorithms, particularly deep learning models, 
are being developed to detect sacroiliitis on 
radiographs and MRIs.19,20 In the future, a 
trained algorithm might assist radiologists by 
flagging suspicious lesions or even quantifying 
inflammation. AI could also help reduce 
inter-reader variability, providing more consistent 
interpretations. While these tools are still in the 
research stages, they may eventually integrate 
into clinical practice as decision support systems.

Additionally, improvements in imaging 
technology itself are on the horizon. 

Conclusion

In conclusion, imaging in axSpA is a dynamic 
field where improvements in technology, 
technique, and training are converging. For 
clinicians today, the focus should be on using 
the available imaging tools wisely: adhering to 
recommended approaches, being aware of pitfalls, 
and seeking expert input when in doubt. By doing 
so, rheumatologists can diagnose axSpA at the 
earliest appropriate time and thereby initiate 
therapy for those who need it while sparing those 
who do not. Ongoing research and innovation 
promise to make this balance easier to achieve, 
moving us toward an era of even more precise and 
personalized care in axSpA.

http://cases.asas-group.org
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