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Abstract: There is currently no gold standard diagnostic test or validated serological biomarker to monitor disease activity or inform
disease prognostication in isolated Polymyalgia Rheumatica (PMR). This presents significant challenges as the diagnosis of PMR is
often complicated by multiple disease mimics, and the disease course remains highly variable, with no way to predict who will
experience multiple disease relapses and high cumulative glucocorticoid burden. Furthermore, with the expansion of the therapeutic
armamentarium of PMR, it is evident that our current one size fits all management strategy is no longer sufficient. In this narrative
review, we summarise recent studies evaluating serological biomarkers for the diagnosis and prognostication of PMR, as well as their
roles in disease activity monitoring and in identifying concomitant giant cell arteritis. We discuss their limitations, and explore barriers
to their clinical translation, and finally highlight key directions for future research studies.
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Introduction

Polymyalgia Rheumatica (PMR), one of the most common inflammatory rheumatic disorders of those aged 50 years and
above, is typified by early morning stiffness and debilitating pain which has a predilection for the shoulder and pelvic
girdle.'

The diagnosis of PMR is complex and challenging, with no definitive diagnostic test, many disease mimics and
a marked heterogeneity in disease presentation.®”>

PMR can occur in isolation, so called “isolated PMR”, or in association with giant cell arteritis (GCA),
a granulomatous vasculitis of medium and large calibre arteries.

The identification of GCA in those with PMR introduces a further layer of diagnostic complexity, especially
concerning the identification of extracranial involvement (large vessel (LV) — GCA) where the clinical signs and
symptomatology are often non- specific.

Although, isolated PMR has no direct impact on mortality or survival, it can have a detrimental impact on an
individual’s health-related quality of life and is a source of much disability.®” Moreover, the ubiquitous use of
glucocorticoids (GCs) in its management renders those with PMR susceptible to additional morbidity and unfavourable
effects, especially in the significant proportion who require prolonged treatment, which is up to 40% of patients four
years on from diagnosis.'®'? One of the key contributors to such prolonged GC use is disease relapse, with up to 50% of
patients experiencing at least one relapse during attempted GC tapering.'® Research on GC-sparing agents has massively
expanded in recent years, and the FDA approval of the interleukin-6 (IL-6) receptor antagonist, sarilumab, in refractory
PMR, heralds a new era in PMR management.'* However, whilst these advancements are exciting, they also highlight
significant deficiencies in our current management of those with PMR. The disease course of isolated PMR can be highly
heterogenous, with the likelihood of relapses and adverse events unpredictable in frequency and severity between
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individual patients. At present, we have no accurate means of patient stratification from disease outset, to identify those
patients at greatest risk for relapse who may require closer follow-up, and necessitate the earlier instigation of a GC-
sparing therapy. Such a personalised and tailored approach to patient care is imperative in PMR, especially considering
the typically older, and already more vulnerable nature of this patient cohort, with increased baseline frailty and
comorbidity.*¢

Moreover, the introduction of IL-6 receptor antagonists into the management algorithm, and their associated
neutralisation of the commonly employed acute phase reactants, C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR), further emphasise the limitations of our current methods of disease activity monitoring and underscores the
need for biomarkers which are independent of the IL-6 pathway.

Therefore, there is a significant impetus to develop novel biomarkers to aid diagnosis, monitor disease activity, aid the
identification of a concomitant GCA and facilitate disease prognostication in order to inform management decisions in
those with isolated PMR. The use of IL-6 receptor antagonists further underscores the need for new serological
biomarkers that are less dependent on the IL-6 axis.

For this narrative review, relevant English language studies were identified through searches of MEDLINE,
EMBASE, Scopus and google scholar databases to summarise the specific roles of serological biomarkers investigated
in isolated PMR. We also examine their limitations, discuss barriers to clinical translation and highlight key directions for
future research.

Serological Biomarkers in PMR Diagnosis
The lack of a gold standard diagnostic test in PMR and the marked heterogeneity in disease presentation represents
a significant diagnostic challenge for many clinicians. The vast number of disease mimics of PMR, including inflam-
matory arthropathies, rotator cuff tendinopathies, osteoarthritis, and paraneoplastic conditions, further compounds this
diagnostic difficulty.* Currently, the diagnosis of PMR is reliant upon the clinician assessment of often ambiguous signs
and symptoms accompanied by an elevation in non-specific acute phase reactants namely erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP). Consequently, there is a significant risk of diagnostic delay and particularly
misdiagnosis, which among other potentially devastating consequences, may result in unnecessary GC exposure, with
its associated morbidity. Notably, even with specialist input, observational studies have shown that approximately one
third of those initially diagnosed with PMR are reclassified during follow-up.'>'®

Over the past decade there have been significant advancements in the application of imaging techniques including
musculoskeletal ultrasound (MSUS), magnetic resonance imaging (MRI) and 18F-fluroodeoxyglucose positron emission
tomography (FDG-PET) with/without computed tomography (CT) to aid the diagnosis of isolated PMR.'”'® Currently,
there is no consensus on the optimal imaging modality. Bilateral subacromial-subdeltoid bursitis is the characteristic
MSUS finding in PMR, however its diagnostic performance is suboptimal, with a reported sensitivity of 66% and
specificity of 89%.'° Moreover, although safe, relatively inexpensive and widely accepted and tolerated, MSUS is highly
operator dependent and requires intense training and expertise and so its routine use is limited in many rheumatology
centres. MRI and FDG-PET-CT have each demonstrated superior sensitivity and specificity to US for the diagnosis of
PMR.?>?* However, an inherent barrier to their routine implementation in clinical practice is their constrained
accessibility and increased cost. Moreover, the use of FDG-PET-CT involves exposure to ionising radiation, and results
can be affected by GC therapy.**

Given these limitations, relying solely on imaging for PMR diagnosis, is impractical and insufficient for clinical
practice and so there is a significant unmet need to identify accurate and readily accessible serological biomarkers
(Table 1).

Routine Laboratory Parameters
Various components of the complete blood count have been evaluated for their potential diagnostic role in PMR.

A Dutch cohort of 31 pre-treatment PMR patients, demonstrated significantly lower haemoglobin (Hb) levels
(p<0.001) and significantly higher platelet counts (p<0.001) compared to healthy controls (HCs).?® When then compared
with infection controls, platelet counts remained significantly higher in those with PMR (p=0.033), however, no
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Table 1 Overview of Relevant Serological Biomarkers Studied in the Diagnosis of PMR

Serological Reference Newly Diagnosed Comparator Relevant Findings
Biomarker Isolated PMR (n) Group (n)
NLR Jung, 2019% 94 RA patients NLR, PLR and MLR higher in PMR vs RA (p<0.001)
PLR (242)
MLR
Hb Van Sleen, 20192 31 HCs (51) Lower Hb and higher platelet counts in PMR vs HCs (p<0.0001 for both).
Platelets INFc (16) Higher platelet counts in PMR vs INFc (p=0.03").
Leukocytes Carvajal Alegria, 2021 18 HCs (18) Higher leukocytes, neutrophils, Hb and platelets in PMR vs HCs (p<0.0001
Neutrophils for all).
Hb Increased IgA/lgG/ IgM in PMR vs HCs.
Platelets
IgA/ 1gG/IgM
SAA Van Sleen, 2020% 29 HCs (32) SAA higher in PMR vs HCS (p<0.0001).
INFc (13)
BAFF Van der Geest, 2015%° 12 HCs (13) BAFF, IL-6 and CXCL-9 AUC >0.9 vs HC for diagnosis. CXCL-10 AUC >0.8
CXCL-9 vs HC for diagnosis.
CXCL-10
IL-6
CXCL-9 Graver, 2021% 31 HCs (34) CXCI-9 (p<0.05) and CXCL-13 (p<0.001) increased in PMR vs HCs.
CXCL-13
CXCL-10 Shuai, 2024°" 28 RA (24) Elevated levels of CXCL-10 in PMR vs RA and HCs.
HCs (24) AUC of 0.74 for PMR vs RA.
CXCL-10 Van Nieuwland, 2024°? 20 HCs (9) No significant difference in CXCL-10 HCs vs PMR
MCP-1 Ellingsen, 2000°* 27 HCs (12) MCP-1 significantly increased in PMR vs HCs.
(CCL2)
RANTES Pulsatelli, 1998 N/A N/A RANTES significantly higher in PMR vs HCs
(CCL5)
VEGF Van Sleen, 2020% 29 HCs (32) VEGF (p=0.0001), sTie2 (p=0.016), Ang-2 (p<0.0001), and Ang2/Ang- |
sTie2 INFe (13) (p=0.0025)
Ang-1 all higher in PMR vs HCs. Only Ang-2 significantly higher vs INFc (p=0.018)
Ang-2
Ang-2/ Ang-1
TSP-1 Michailidou, 2025 45 HCs (30) Plasma TSP-1 and MFN IgG higher in PMR vs HCs (p<0.001).
Anti-MFNI
1gG
NI Won-Kim, 2025%¢ 156 RA (408) Higher SII (AUC 0.797 (95% CIl 0.757-0.837)) and CAR (AUC 0.823 (95% ClI
CAR 0.784-0.861)), scores and lower AGR (AUC 0.696 (95% Cl of 0.648-0.743))
AGR and PNI (AUC 0.691 (95% CI of 0.641-0.7411)) in PMR vs RA.
PNI Combining all four scores AUC 0.835 for PMR diagnosis vs RA

Abbreviations: AGR, albumin-to-globulin ratio; Ang-1, angiopoietin-1; Ang-2, angiopoietin-2; AUC, area under curve; BAFF, B-cell activating factor; CAR, C-reactive
protein-to-albumin ratio; CXCL-9, C-X-C motif chemokine ligand 9; CXCL-10, C-X-C motif chemokine ligand 10; CXCL-13, C-X-C motif chemokine ligand 13; Hb,
haemoglobin; HCs, healthy controls; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; IL-6, interleukin-6; INFc, infection controls; MCP-1, monocyte
chemoattractant protein-1; MFNI, mitochondrial antigen mitofusin-1; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; PMR, polymyalgia rheumatica; PNI, prognostic nutritional index; RA, rheumatoid arthritis; RANTES, regulated on activation, normal T cell expressed
and secreted; SAA, serum amyloid A; SlI, systemic immune-inflammation index; sTIE-2, soluble Tie2; TSP-1, thrombospondin-1; VEGF, vascular endothelial growth factor; vs,
versus.

significant difference in Hb levels was observed.”® These findings underscore the need to carefully select a comparator
group that accurately reflects the future clinical context in which the potential biomarker will be used.

Similarly, a French cohort of 18 untreated PMR patients had significantly higher serum levels of leukocytes
(p<0.001), neutrophils (p<0.001) and platelets (p<0.001), with decreased Hb (p<0.001) levels, compared with 18 age-
and sex-matched HCs.?” The untreated PMR patients also demonstrated increased levels of serum gamma-globulins
(immunoglobulin (Ig) — A,- G and -M) (12.1+0.6g/l) compared to matched HCs (8.8+0.8g/1).”” Interestingly, when
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comparing a cohort of PMR patients (n=94) to a cohort of patients with rheumatoid arthritis (RA) (n=242), the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR)
were all significantly higher in patients with PMR (p<0.001), and correlated with CRP.*

As previously mentioned, the acute phase reactants, CRP and ESR are the most commonly employed serological
markers to aid PMR diagnosis. However, the published literature on their efficacy and reliability is inconsistent owing
largely to their non-specific nature, with alternative infectious, inflammatory and neoplastic conditions also resulting in
their elevation. Moreover, normal ESR and CRP levels have been observed in up to 14% of patients at the time of
diagnosis.*”*° However, these studies have a number of limitations including their retrospective design and the
heterogeneity of diagnostic criteria applied. Nonetheless, the presence of an elevated ESR and/or CRP is
a prerequisite in the most commonly employed PMR classification criteria.*'

Increased levels of serum Amyloid A (SAA), another acute phase reactant, was demonstrated to be significantly
higher in PMR patients versus HCs (p<0.001), however there was no significant difference when compared with

infection controls.?®

Cytokines, Chemokines and Other Proteins

Interleukin-6 (IL-6) is considered a key pathogenic molecule in isolated PMR, and therefore, unsurprisingly, its serum
levels are significantly higher in those with untreated isolated PMR compared with HCs.?62%**%% However,
a noteworthy finding, was the absence of a statistically significant difference in IL-6 levels between individuals newly
diagnosed with PMR and a comparator infection control group.?® This suggests a lack of specificity, limiting its clinical
utility as a future independent diagnostic biomarker.

In addition to IL-6, van der Geest et al, demonstrated the potential utility of the serum B-cell activating factor
(BAFF), C-X-C Motif Chemokine Ligand (CXCL)- 9 and CXCL-10 in the diagnosis of PMR.?’ The pathogenic role of
B-cells is an emerging focus of research, supported by a growing body of evidence of a disrupted B cell homeostasis in
individuals with PMR.***> B-cells express multiple chemokine receptors on their surface, facilitating their migration in
response to several chemokines such as CXCL —9,-10 and —13, ultimately propagating systemic inflammation.*®*” BAFF
is a potent B cell survival factor. Both BAFF and CXCL-9 demonstrated excellent discriminatory ability compared to
HCs, with the area under the curve (AUC) values exceeding 0.9 on receiver operating characteristic curve (ROC)
analysis.”> CXCL-10 also showed good diagnostic accuracy in PMR when compared to HCs, with an AUC greater than
0.8.%° These findings were confirmed in another study where serum CXCL-9 levels, in addition to CXCL-13 levels, were
significantly increased in treatment naive PMR patients (n=31) versus HCs.** Two recent studies have reported
conflicting findings regarding CXCL-10 expression at diagnosis: one observed elevated levels in PMR patients compared
to HCs and RA controls,*! while the other study found no significant difference between PMR and HCs.**

Two additional chemokines; plasma monocyte chemoattractant protein-1 (MCP-1/ CCL2) and Regulated on
Activation, Normal T cell expressed and Secreted (RANTES/ CCL5) were significantly higher in untreated PMR patients
compared with HCs, however, they did not correlate with disease activity (Table 1, Figure 1). **-** Both of these studies
were undertaken over twenty years ago, and the findings have not yet been validated.

van Sleen et al, evaluated vascular angiogenesis biomarkers including vascular endothelial growth factor (VEGF),
soluble Tie2 (sTIE-2), angiopoietin-1 (ang-1) and angiopoietin-2 (ang-2) in 29 newly diagnosed treatment naive isolated
PMR patients (Table 1). ** Similar to prior studies,*®*’ VEGF was elevated compared to HCs (p< 0.001).>® Furthermore,
the other evaluated markers of angiogenesis, with the exception of ang-1, demonstrated statistically significant higher
levels versus controls including sTIE-2 (p=0.016), ang-2 (p<0.0001) and ang-2/ ang-1 ratio (p=0.0025).%*

Recently, the pathogenic role of mitochondrial-mediated platelet activation in a Swedish cohort of 45 isolated PMR
patients has been reported. The potential utility for the anti-mitochondrial antibody directed towards specific mitochon-
drial antigen mitofusin-1 (MFN-1) in the diagnosis of isolated PMR was demonstrated, with plasma levels of anti-MFN1
IgG antibodies significantly higher than in HCs (p<0.01).> A significantly higher level of thrombospondin-1 (TSP-1),
a marker of platelet activation, in PMR vs HCs (p<0.001) was also demonstrated.*
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Figure | Venn diagram illustrating the current evidence on the utility of serological biomarkers in Polymyalgia Rheumatica for diagnosis, prognostication, and assessment of
increased disease activity. The diagnostic biomarkers (pink circle) represent those with demonstrated utility in identifying isolated PMR. The prognostic biomarkers (purple
circle) are associated with worse disease outcomes, including higher cumulative glucocorticoid exposure, delayed time to drug free remission and increased relapse
rates. The disease activity biomarkers (yellow circle) reflect increased disease activity, including disease relapse, relative to a clinically defined remission state. Overlapping
regions represent biomarkers with multiple clinical applications.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio (MLR); Hb, haemoglobin; Plt, Platelets; Alk
phos, Alkaline phosphatase; SAA, Serum Amyloid A; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobin M; IL-6, interleukin-6; sIL-6 R, soluble interleukin-6
receptor; sTIE-2, soluble Tie2; ang-1, angiopoietin-1; ang-2, angiopoietin-2; BAFF, B-cell activating factor (BAFF); CXCL-9, C-X-C Motif Chemokine Ligand 9; CXCL-10,
C-X-C Motif Chemokine Ligand 10; CXCL-13, C-X-C Motif Chemokine Ligand |3; IL-6, Interleukin-6; MCP-1, monocyte chemoattractant protein-1; RANTES, Regulated on
Activation, Normal T cell expressed and Secreted; TSP-I, thrombospondin-1; MFNI, mitochondrial antigen mitofusin-1; 1, increased; |, decreased.

Composite Laboratory Scores
Another newly published study, involving 156 PMR patients, and 408 RA controls, evaluated laboratory-based inflam-
matory scores — including the systemic immune-inflammation index (SII), C-reactive protein-to-albumin ratio (CAR),
albumin-to-globulin ratio (AGR) and prognostic nutritional index (PNI) as diagnostic tools for PMR (Table 1). *°
Patients with PMR exhibited higher CAR (AUC 0.823, 95% CI 0.784-0.861) and SII (AUC 0.797, 95% CI
0.757-0.837) scores and lower AGR (AUC 0.696, 95% CI 0.648-0.743) and PNI (AUC 0.691, 95% CI 0.641-0.7411)
values than those with RA.*® Moreover, combining these scores improved the diagnostic ability, with an AUC of
approximately 0.835.%

Serological Biomarkers in Monitoring Disease Activity in PMR

The recently published treat-to-target recommendations for GCA and PMR suggest regular monitoring of those with
PMR, as frequently as every 1-4 weeks until remission is achieved, in order to ensure optimal patient outcomes and
maximise health-related quality of life.”® However, a significant unmet need in monitoring patients with isolated PMR is
the lack of a practical and specific biomarker that accurately correlates with disease activity. As previously discussed, the
presentation of PMR can be heterogeneous with multiple disease mimics which not only limit the diagnostic process but
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can also impact the effective monitoring of active disease during follow-up. Accurate identification of disease relapse is
essential for clinicians to prevent unnecessary exposure to potentially harmful immunosuppressive agents in the absence
of a disease relapse, while also ensuring timely intervention where appropriate to avoid suboptimal disease control.

A major obstacle in the assessment of biomarkers of disease activity in PMR is the lack of an international consensus
on the definition of disease relapse and remission. This has resulted in a marked heterogeneity in the definitions used to
define disease activity in clinical studies,”’ which results in significant limitations not only in the interpretation of
findings but also in the ability to compare results across studies in the future.

Current monitoring strategies in PMR consist primarily of a clinician-based assessment and the evaluation of
traditional inflammatory markers, namely ESR and CRP. This strategy is inherently problematic considering that
symptoms may be non-specific during disease relapse, and normal CRP or ESR values have been observed in up to
17% and 27% of relapses, respectively.*’ Moreover, this approach has limited value in those prescribed IL-6 antagonists
with their associated normalisation of both ESR and CRP.

There is, therefore, an urgent need to develop novel biomarkers for monitoring disease activity. However, compared
to other clinical applications, there is a distinct paucity of studies evaluating the utility of serological biomarkers for
disease monitoring in isolated PMR (Box 1).

Routine Laboratory Markers
Two studies, using differing definitions of disease activity, and cut-off scores, have assessed components of the complete
blood count, namely NLR, PLR and MLR to assess disease activity.>>>> Jung et al, demonstrated a significant decrease in
NLR (p<0.001), PLR (p<0.001) and MLR (p<0.001) upon resolution of disease activity.”> Owens et al, also demon-
strated the correlation of PLR with disease activity (defined by the mean PMR-activity score (PMR-AS)) during follow-
up (OR 15.6; 95% CI 2.7-28.2), and there was also a trend towards significance for mean NLR and mean PMR-AS (OR
10.1, 95% CI 0.9-21.3).3

A routinely available, acute phase soluble plasma protein, fibrinogen, has also been studied, and compared to both
CRP and ESR, for its potential role in assessing disease activity in PMR, where it was found to be more specific than
either ESR or CRP for the detection of response to treatment, with an overall sensitivity of 92% and specificity of 96%
on ROC analysis.”* Moreover, values above the upper limit of normal for fibrinogen, CRP and ESR were associated with
likelihood ratios of active disease of 20.53, 2.9 and 2.8 respectively (p<0.001).>% This most certainly suggests a potential
utility of fibrinogen, perhaps in combination with CRP and ESR, to aid the detection of disease activity in isolated PMR,
however, since this study in 2013 these findings have not been validated.

Box | Serological Biomarkers Demonstrating Potential
Utility for Monitoring Disease Activity in Isolated PMR

Serological Biomarkers demonstrating potential
utility for monitoring disease activity in isolated PMR

Routine Laboratory Values
Neutrophil to lymphocyte ratio (NLR)*’
Platelet-to-lymphocyte ratio (PLR)3”*°
Monocyte-to-lymphocyte ratio (MLR)*’

Serum Fibrinogen®?

Cytokines and other proteins
Interleukin-6*2
*B-cell activating factor*?
*Plasma Calprotectin® >3
Thrombospondin (TSP)- 148

Anti-mitofusin-1 (MFN-1) IgG*®

Notes: *Indicates independence from Interleukin-6 pathway.
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Whilst evaluating the role of immune complex-mediated neutrophil activation in the pathogenesis of PMR,
Michailidou et al, showed the significant decrease in plasma calprotectin after GC therapy (p<0.001).>* This paralleled
with a previous finding where plasma calprotectin was significantly decreased after the start of treatment with GCs, and
correlated with the daily dose of prednisolone (r=0.36; p<0.01).>® The investigation of plasma calprotectin is particularly
notable, given its independence from the IL-6 pathway, and thus potential utility as a biomarker of disease activity for
those on IL-6 receptor antagonists.

Cytokines, Chemokines and Other Proteins

Recently, the association of anti-MFN1 IgG antibodies and TSP-1 with disease activity in a Swedish cohort of isolated
PMR patients was reported.’> With GC therapy, the levels of anti-MFN1 IgG antibody (p<0.001), TSP-1 (p=0.023) and
platelet count (p=0.021) dropped significantly.>”

Upon GC induced remission, a significant decrease in serum BAFF and IL-6 was demonstrated in a Dutch cohort of
PMR patients however no significant modulation of CXCL9, CXCL10, IL-10 or sIL-2R was observed.”> Similar to
calprotectin, given its independence of the IL-6 pathway, serum BAFF has a potential utility in monitoring disease
activity in those receiving IL-6 receptor antagonists. Further studies are required to clarify their role in the therapeutic
setting.

Serological Biomarkers in PMR Disease Prognostication

Contrary to the previously held perception of isolated PMR as a benign, GC responsive disease, a 2022 systematic
literature review and meta-analysis of international studies by Floris et al, confirmed the contrasting true reality of the
disease trajectory.>® The pooled prevalence of those still taking GCs at 1,2 and 5 years was 77% (95% CI 71-83%), 51%
(95% CI 41-61%) and 25% (95% CI 15-36%) respectively.’® Additionally, the pooled proportion of those experiencing
at least one relapse during the first year of treatment was 43% (95% CI 29-56%).°® The disease course for individual
patients is heterogenous, and unfortunately, we have no way to prognosticate which patients will experience recurrent
relapses, GC dependence and overall worse disease outcomes.

As the therapeutic armamentarium of PMR expands, with an increasing number of GC-sparing therapies under
evaluation,”’ the ability to predict disease course and risk stratify patients from disease outset is an area garnering
increased scientific attention. Such a prognostic biomarker holds promise for enabling personalised treatment from the
time of diagnosis, improving disease control whilst also minimising unnecessary exposure to high cumulative GC
burdens with their associated morbidity.

Routine Laboratory Parameters

Van Sleen et al, demonstrated that a baseline pre-treatment Hb level higher than the median, predicted a shorter time to
GC-free remission (p=0.025).>® An elevated baseline platelet count was also associated with an adverse prognosis.’®
Whilst Jung et al, failed to demonstrate a prognostic role of NLR or PLR in predicting disease relapse,”> Owens et al,
reported baseline NLR to be a statistically significant predictor of GC-resistant PMR (OR 14.01; 95% CI 1.49-278.06).>*
Notably, a trend toward significance for baseline PLR (OR 5.02; 0.49-71.54) in predicting GC-resistance was also
observed.”

There are conflicting results in the literature regarding the utility of ESR and CRP in disease prognostication and predicting
glucocorticoid remission in PMR. This may be explained by the varied timelines and inconsistent outcome definitions used in
these studies. Higher baseline ESR levels have been associated with failure to achieve remission at 24 months (p=0.012),”” and
prolonged GC requirement (p=0.041),?® with CRP also identified as an independent risk factor for disease relapse (OR 6.296,
p=0.047).°° However, studies have also reported no prognostic value for baseline CRP and ESR.?%"%? The trajectory of CRP
values does however, suggest prognostic promise, with a normal CRP value (<0.5mg/dL) at 6 months from baseline
independently associated with complete remission at 12 months (p=0.017) in one study,”® and the achievement of a CRP
value <0.17mg/dL at 1 month from baseline associated with a higher probability of GC-free remission at 30 months in another
study.64 Moreover, persistently elevated CRP values are also associated with an increased risk of disease relapse.®® Van Sleen
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et al, also demonstrated higher baseline levels of the acute phase reactant, SAA, were predictive of prolonged GC therapy
(p=0.041).%®

Another routinely available laboratory parameter — serum alkaline phosphatase — was recently evaluated in a small,
retrospective study where a high initial serum alkaline phosphatase (>225.0 U/I) was a significant predictor of future
PMR relapse risk (OR 5.65; 95% CI 1.27, 25.20; p=0.02).%>

Additionally, reflective of the new therapeutic strategies, and the subsequent evolving research agenda, a quicker
response to the IL-6 antagonist, tocilizumab, was observed in isolated PMR patients with higher baseline gamma

globulin levels.”’

Cytokines and Other Proteins

Persistently elevated IL-6 levels, especially those that remain elevated throughout the entire first year of therapy were
associated with an increased frequency of disease relapse.®® Moreover, higher baseline soluble IL-6 receptor (sIL-6R)
levels significantly correlated with the number of subsequent relapses, and using multivariate analysis, the combination
of high sIL-6R levels with low Hb values at baseline increased the risk of relapse 10.1 fold.®” Conversely, Van Sleen
et al, failed to show an association between baseline serum IL-6 and long term GC requirement.”® However, they did
demonstrate levels of ang-2 and the ratio of ang-2/ang-1 at baseline were higher in those who subsequently remained on
GC therapy at 24 months versus those in GC remission, with ang-2 AUC 0.87 (p=0.0045) and ang-2/ang-1 ratio AUC
0.83 (p=0.013).%® Moreover, they also reported low serum VEGF levels (p=0.031) were more predictive of prolonged GC
therapy.?®

Serologica Biomarkers to ldentify GCA in PMR

There is a well-established association of PMR with GCA, with both sharing many epidemiologic, immunological and
clinical manifestations resulting in the recently proposed “GCA-PMR Spectrum Disease” (GPSD).®® Indeed, population-
based studies have shown that 16 to 21% of those with PMR have, or will develop GCA.? Moreover, subclinical GCA
(GCA with no classical cranial or ischaemic symptoms) is reported to occur in 23-29% of those with clinically perceived
isolated PMR.®’

GCs form the cornerstone of management for both conditions, however, the dose used to treat isolated PMR is
significantly lower than that required to treat GCA. Therefore, failure to detect GCA may result in failure to appropriately
manage patients, with the potential for catastrophic consequences including ischaemic and vascular complications such
as vision loss, inflammatory aneurysm formation and rupture with an associated increased mortality. Whilst, in clinical
practice, the classical presentation of cranial (c-) GCA alerts clinicians to actively pursue a diagnosis of c-GCA, the often
non-specific and heterogeneous symptoms of LV-GCA can result in its underdiagnosis. This is further complicated by the
difficulty in detecting large vessel aortitis, with the use of non-irradiating ultrasound limited to the axillary arteries and
supra-aortic trunks, and the majority of cases requiring either computed tomography (CT) angiography (CTA), magnetic
resonance angiography (MRA) or PET-CT. These interventions are costly, and not readily available in every rheumatol-
ogy centre. Therefore, there is a need to identify a method of stratifying the patients in whom GCA is more likely, and in
whom further complementary examinations such as imaging and temporal artery biopsy are warranted.

Notably, whilst the early detection and management of GCA are imperative, the clinical implications of a concomitant
subclinical vasculitis have yet to be established. It is an ongoing area of active research and indeed much interest and
debate within the rheumatology community.”® "

Nevertheless, as mentioned GCA is frequently underdiagnosed in those with PMR and indeed is postulated to
represent a leading cause of disease relapse and GC-resistance in PMR patients. To ensure timely diagnosis of GCA,
limit associated morbidity and mortality, and facilitate the instigation of appropriate management early on, the identifica-
tion of sensitive serological biomarkers to detect GCA in those presenting with PMR is an area of critical investigation
(Table 2).
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Table 2 Summary of Serological Biomarkers Demonstrating
a Positive Association with Giant Cell Arteritis

Baseline Serological Biomarker | Study Reference(s)

Associated with a concomitant GCA in PMR

Vascular Markers

High Ang-2 Van Sleen, 2020%
Increased Ang-2/ Ang-1 Van Sleen, 2020%
Low MMP-3 Yamashita, 202574

Ramon, 20247°
Van Sleen, 20227¢
Fukui, 201677

High sTie-2 Van Sleen, 2020%

Endothelial Function

High sCD 141 Ramon, 20247

Systemic Inflammation/ Other

High CXCL-9 Ramon, 20247°
Low IL-6 Ramon, 20247°
High Alkaline Phosphatase Yamashita, 2025”*
Low Calprotectin Michailidou, 2023%*

Combination Laboratory Scores

Low MMP-3/ sCD 141 Ramon, 20247°

Increased CXCLY/ IL-6 Ramon, 20247°

Abbreviations: Ang-2, Angiopoietin 2; Ang-1, Angiopoietin-1; CXCL-9,
C-X-C Motif Chemokine Ligand 9; IL-6, Interleukin-6; MMP-3, Matrix
metalloproteinase-3; sCDI141, soluble thrombomodulin; sTIE-2, soluble
Tie-2.

Routine Laboratory Parameters

Lower Hb (p=0.013), white blood count (p=0.007) and neutrophil counts (p=0.031) have been reported in those with
subclinical GCA versus those with isolated PMR.”® A meta-analysis that included studies up until 2020, reported the
association of elevated platelet counts (OR 1.51; CI 1.05-2.18) and subclinical GCA detected using FDG-PET-CT.®° The
same meta-analysis failed to demonstrate any positive correlation between acute phase reactants, namely CRP and ESR,
and the presence of subclinical GCA.%° The substantial heterogeneity in reported prevalence of subclinical GCA across
the included PET studies (0-80%) should be noted however, underscoring methodological inconsistencies which may
substantially limit the reliability and generalisability of these findings. Using US to detect subclinical vasculitis,
a multicentre, international cohort study, also failed to demonstrate a statistically significant association between CRP
and ESR levels and the presence of subclinical GCA.” A further recent, retrospective study found no statistically
significant association between CRP and ESR levels in a Belgian cohort with FDG-PET-CT confirmed subclinical
vasculitis versus an isolated PMR cohort.”® However, two additional studies have reported the potential of a higher
baseline ESR to distinguish those with and without GCA.?*7° There are several possible explanations for this incon-
sistency in findings, including the heterogeneous patient cohorts studied, the different imaging modalities employed and
the varying definitions of subclinical vasculitis used across the studies.
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Lower plasma calprotectin levels have been reported in those with PMR and GCA versus isolated PMR (p=0.014),>*
and recently a higher median baseline alkaline phosphatase level was demonstrated in a Japanese cohort with PMR and
GCA versus isolated PMR (OR 25.2, p=0.032).”

Vascular Markers

Serum vascular markers, including those implicated in vascular remodelling are gaining increased traction as potential
biomarker candidates for this purpose (Table 2), owing to the logical assumption that the involvement of vessels in GCA
will afford a distinguishing feature of GCA from PMR.

In particular high levels of serum ang-2, a protein involved in angiogenesis, have demonstrated promise as a marker
for the presence of GCA in PMR, with an AUC of 0.90 in one study.”® Moreover, the ratio of ang-2/ang-1 also predicted
the presence of GCA in PMR, with an AUC of 0.88 in one study (using a cut-off value of >0.051)** and an AUC of 0.78
in another study (using a cut-off of >0.048).7¢

Matrix Metalloproteinases (MMP) play a key role in vascular remodelling and the destruction of cellular matrix
proteins, inducing media destruction and internal elastic lamina fragmentation.®* The most promising, and consistently
demonstrated finding is of a low serum level of MMP —3 as an excellent predictor of GCA in those with PMR.”*"’
Endothelial cells also play a pivotal role in GCA pathogenesis by facilitating the recruitment of T cells via the vasa
vasorum of the adventitia, where endothelial cells express adhesion molecules including intercellular adhesion molecule-
1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1). However, no significant difference was observed in
ICAM-1, or VCAM-1 levels in those with isolated PMR versus those with PMR/GCA overlap.”®

Interestingly however, levels of soluble thrombomodulin (sCD141), a transmembrane protein expressed on the
surface of endothelial cells that plays a key role in preventing inflammatory infiltration of the endothelium, were
significantly higher in those with GCA/ PMR than isolated PMR with an AUC of 0.7 (p=0.002).”

Cytokines, Chemokines and Other Proteins

Low levels of serum IL-6 (p=0.004) and higher levels of serum CXCL-9 (p=0.002) have been associated with
a concomitant GCA in PMR vs isolated PMR.”> Ramon et al, evaluated the utility of combinations of serological
biomarkers to optimise the identification of GCA in PMR (Table 2). > Whilst, the AUC was <0.7 for sCD141, CXCL-9
and IL-6 when evaluated separately, the CXCL-9/ IL-6 ratio was significantly increased in those with GCA (p<0.001;
cut-off >32.8, AUC 0.76), whilst the MMP-3/ sCD141 ratio was significantly lower in patients with GCA (p<0.001; cut-
off <5.3, AUC 0.79).”° Finally, Ramon et al, reported both sCD141 and MMP-3/sCD141 ratio to have high diagnostic
accuracy in subclinical GCA with an AUC of 0.81 (p=0.004) and 0.77, respectively (p=0.01).”> Future studies are
warranted to validate these findings, and cut-off values.

Discussion/ Future Perspectives
Whilst many of the serological biomarkers described above provide promise (Figure 1), there is to date, insufficient
evidence to warrant their incorporation into routine clinical practice.

Despite its high prevalence, PMR has been relatively underrepresented in studies exploring novel serological

biomarkers. However, the past year has seen a noticeable rise in the publication of such studies,?'>*3%:36:74.75

reflecting
the increasing recognition of PMR as an important research priority.

Despite this, unfortunately the majority of studies to date are heterogenous, low powered observational studies
employing differing definitions of disease activity, remission and relapse with varied follow-up duration. This lack of
consistency hampers comparability, meta-analyses and ultimately their interpretation and future clinical application.

In order to elicit the translation of novel serological biomarkers into clinical practice, there are several considerations
that must be incorporated into future studies. Whilst a randomised control trial (RCT) would be the gold standard study
design to evaluate a novel serological biomarker, before undertaking this we need prospective, ideally multicentre and
multinational studies that are adequately powered, with a sufficient follow-up duration and control for confounding
variables. These will provide the preliminary data to then undertake validation studies and ultimately pursue more
specific well designed RCTs.
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In an effort to ensure homogeneity of such studies, there is an urgent need for an internationally accepted definition
for PMR disease activity states including relapse and remission.

In the studies outlined throughout this article, the marked heterogeneity of reporting of study findings was apparent.
Many studies failed to provide cut-off values for their findings and used varying statistical analyses. Whilst a statistically
significant mean difference between individual biomarkers at different disease states or regarding specific outcomes
fosters promise, there is no granularity to this finding. The use of ROC analysis providing an AUC with sensitivity and
specificity values provides greater information on discriminatory ability and predictive performance and so, should be
employed where possible. Moreover, to facilitate accurate analysis, it is of utmost importance that careful consideration
is given to the choice of control group. HCs were the primary control group in the included studies, however, the
comparator group should reflect those in whom the biomarker would have the most impact in differentiating clinically,
such as those most likely to mimic PMR (eg late onset RA).

A further consideration is the choice of analyte measurement technique used, as this can significantly influence assay
performance characteristics and consequently the interpretation of study findings - particularly for cytokines in the low
concentration range. The two most commonly used methods in PMR research are single plex enzyme-linked immuno-
sorbent assay (ELISA), which typically requires large sample volumes, and high throughput bead-based multiplex
immunoassays such as Luminex. The Luminex platform offers the advantage of the simultaneous quantification of
multiple analytes from a small sample volume, along with enhanced sensitivity and a broad dynamic range, albeit at the
expense of higher cost, and reduced reproducibility across platforms.®' Importantly, differences in assay methodology
can lead to variability in analyte cut-off values and lower detection limits, making it essential that all future studies
clearly specify the assay technique employed and report relevant thresholds to ensure the reliability and comparability of
results across studies.

Finally, there is an emerging focus on the evaluation of composite laboratory scores and serological ratio scores as
biomarkers in isolated PMR, with positive associations thus far.>®’> This is an exciting avenue for future research and
reflects how the future of biomarker research in PMR will likely not be dependent on an individual serological marker or
disease parameter but instead involve an evidence based multi-modal approach.

Conclusion
Despite the significant need, to date there is no gold standard serological biomarker to aid diagnosis, assess disease
activity or guide disease prognostication and stratification in those with isolated PMR.

Over the past five years, there has been a significant increase in published studies investigating the role of serological
biomarkers in PMR, surpassing the total number published in the previous decade. This reflects not only the clinical need
but also the growing momentum and renewed interest in biomarker research within PMR.

In particular, the development and application of composite laboratory scores is an emerging and promising area of
future research. Despite this several key challenges persist in the evaluation and translational integration of novel
serological biomarkers into clinical practice. Looking ahead, the successful implementation of biomarkers in PMR
will likely depend on a comprehensive, multimodal approach.
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