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Abréviations 

 

• ACG : Artérite à Cellules Géantes 

• AION : Anterior Ischemic Optic Neuropathy 

• ANCA : Anticorps anticytoplasme des polynucléaires neutrophiles 

• BAT : Biopsie d’Artère Temporale 

• CRAO : Central Retinal Artery Occlusion 

• CRP : C-Reactive Protein 

• ESR : Erythrocyte Sedimentation Rate 

• EULAR : European Alliance of Associations for Rheumatology 

• GCA : Giant Cell Arteritis 

• IL-6 : Interleukine 6 

• IRM : Imagerie par Résonance Magnétique 

• RIC : Rhumatisme Inflammatoire Chronique 

• ROC : Receiver Operating Characteristic 

• TNF alpha : Tumor Necrosis Factor alpha 

• VEGF : Vascular Endothelial Growth Factor 

• VS : Vitesse de Sédimentation
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Résumé 

Introduction : L’artérite à cellules géantes (ACG) est une vascularite aux complications 

sévères pouvant engager le pronostic vital. Sa prise en charge a récemment été 

améliorée par les biothérapies anti-interleukine-6 (IL-6), ayant aussi pour effet de 

négativer les marqueurs classiquement utilisés pour détecter l’activité de la maladie, 

comme la protéine C-réactive (CRP). La calprotectine, une alarmine sécrétée par les 

polynucléaires neutrophiles, semble intervenir dans la pathogénie de l’ACG. Non 

influencée par les anti-IL-6, elle permet déjà de suivre l’activité de certaines 

pathologies inflammatoires. L’objectif de cette étude est de déterminer si le taux de 

calprotectine sérique est associé à l’activité de l’ACG. 

Méthodes : Le taux de calprotectine sérique a été mesuré tous les 3 mois durant 1 an 

dans une cohorte de 22 patients atteints d’ACG recrutés au Centre Hospitalo-

Universitaire Grenoble-Alpes (CHUGA), parallèlement à une évaluation clinique afin 

de déterminer le statut actif ou non de la maladie. Au total, 68 échantillons ont pu être 

analysés afin de comparer le taux sérique de calprotectine entre les 22 prélèvements 

en phase active et les 46 en phase inactive. 

Résultats : Le taux de calprotectine sérique est significativement plus élevé en cas 

d’ACG active (médiane 4.09, écart interquartile (EIQ) 2.62–5.62 mg/l) par rapport à la 

phase inactive (2.33, EIQ 1.60–3.55 mg/l, p = 0.006). Le taux de calprotectine est de 

plus corrélé au taux de CRP, d’IL-6 et de Sérum Amyloïde A, mais n’est pas plus 

discriminant que la CRP pour détecter l’activité de la maladie. Son taux au diagnostic 

n’est pas non plus associé à la survenue d’une rechute durant la première année. 

Conclusion : le taux de calprotectine sérique est associé à l’activité de l’ACG. Ce 

marqueur reste fiable même chez les patients sous anti-IL-6, soulignant son utilité pour 

le suivi de la maladie. Des études de plus grande ampleur sont désormais nécessaires 

pour confirmer ces résultats. 
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I. Introduction 

1. Epidémiologie 

Les vascularites sont un groupe de maladies caractérisées par une atteinte des 

vaisseaux sanguins, dont la paroi subit une inflammation entraînant leur 

rétrécissement voire leur obstruction, occasionnant ainsi des dégâts tissulaires aux 

organes affectés. Elles sont habituellement classées selon la taille des vaisseaux 

qu’elles atteignent (Figure 1). L’artérite à cellules géantes (ACG) est la plus commune 

des vascularites des gros vaisseaux, touchant l’aorte et ses principales branches de 

division. Elle concerne principalement les sujets de plus de 50 ans avec un âge moyen 

au diagnostic de 77 ans, atteint plus de femmes que d’hommes, et a dans cette classe 

d’âge une incidence de 7-10/100 000 personnes par an en France (1). 

 

Figure 1. Classification des vascularites : nomenclature de Chapel Hill (2) 
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2. Sémiologie clinique 

Les principaux symptômes de l’ACG résultent de l’atteinte de la carotide 

externe, qui se traduit cliniquement par des céphalées d’horaire inflammatoire, 

volontiers temporales, une modification du pouls temporal (diminution, abolition ou au 

contraire induration), une hyperesthésie douloureuse du cuir chevelu et une 

claudication de la mâchoire signifiant une ischémie lors de la mastication. La maladie 

engendre une inflammation systémique provoquant des symptômes généraux et 

aspécifiques tels qu’une fatigue intense et un amaigrissement ; et chez près de 50% 

des patients peut s’accompagner d’une pseudo-polyarthrite rhizomélique, rhumatisme 

inflammatoire chronique touchant les ceintures (3). Le pronostic vital peut être engagé 

en raison de l’atteinte aortique, avec possiblement une aortite, des anévrismes et un 

risque de rupture, mais aussi en cas d’accident vasculaire cérébral. Le pronostic 

fonctionnel est quant à lui principalement dépendant de l’atteinte ophtalmologique de 

la maladie, avec un risque de cécité selon plusieurs mécanismes. L’atteinte des artères 

ciliaires postérieures peut en effet provoquer une neuropathie optique ischémique 

antérieure aigue, tandis que l’inflammation vasculaire peut entraîner une occlusion de 

l’artère centrale de la rétine. 

 

3. Diagnostic 

Afin de prévenir ces complications, il est donc essentiel de pouvoir 

diagnostiquer et traiter les patients de manière rapide et adaptée. Le diagnostic est 

retenu sur un faisceau d’arguments au sein duquel un poids important est accordé à 

la mise en évidence d’une inflammation temporale (4). Classiquement, cela est permis 

par la réalisation d’une biopsie d’artère temporale (BAT), montrant en cas de positivité 

une atteinte segmentaire et focale, un infiltrat inflammatoire fait de cellules géantes 
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multinucléées avec présence de granulomes et une destruction de la limitante 

élastique interne (Figure 2). Plus récemment, l’échographie doppler des artères 

temporales a été validée pour rechercher le très spécifique signe du halo, reflet de 

l’inflammation artérielle (5). La mise en évidence d’une inflammation systémique est 

de plus primordiale, et les marqueurs habituellement utilisés pour cela sont la protéine 

C-réactive (CRP), et la vitesse de sédimentation (VS). Ces marqueurs de la phase 

aigüe de l’inflammation permettent ensuite de suivre l’activité de la maladie 

conjointement aux signes cliniques et plaintes des patients. En effet, bien que le 

traitement puisse permettre d’atteindre une rémission, près de 50% des patients 

connaîtront au moins un épisode de rechute au cours de leur maladie (6).  

 

Figure 2. Biopsie d'artère temporale dans une ACG, coloration à l'hématoxyline et à 
l'éosine (7) 
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4. Thérapeutiques et suivi 

Il est ainsi capital de pouvoir détecter ces rechutes afin d’adapter au mieux le 

traitement, qui repose principalement sur la corticothérapie dont l’efficacité prouvée 

reste grevée par de nombreuses complications et effets indésirables sur le long terme. 

Afin de pallier ce risque mais aussi devant certaines formes cortico-résistantes, 

l’utilisation des biothérapies dirigées contre l’interleukine 6 (IL-6) a connu un essor 

important ces dernières années (8). Cette cytokine pro-inflammatoire semble jouer un 

rôle important dans la physiopathologie de l’ACG, en induisant une réponse 

immunitaire inadaptée, en stimulant la production d’autres cytokines inflammatoires et 

en altérant les cellules endothéliales (9). Le Tocilizumab, un anticorps monoclonal se 

liant de manière spécifique aux récepteurs solubles et membranaires de l’IL-6, a ainsi 

grandement amélioré la prise en charge des patients atteints d’ACG (10). Cependant, 

de par son mécanisme d’action, ce traitement négative artificiellement les marqueurs 

inflammatoires dépendants de l’IL-6, rendant ainsi ininterprétable la CRP et la VS. De 

fait, suivre l’activité de la maladie de ces patients présente des difficultés importantes, 

certains signes cliniques d’ACG étant peu spécifiques et pouvant ainsi entraîner une 

escalade thérapeutique lourde de conséquences, ou au contraire faire méconnaître 

une authentique rechute. 

 

5. Biomarqueurs étudiés 

Ainsi, il s’avère aujourd’hui indispensable de disposer de nouveaux marqueurs 

inflammatoires fiables permettant de s’affranchir du biais induit par les anti IL-6 (11). 

De nombreuses études ont donc été réalisées à la recherche d’un marqueur robuste, 

sans qu’une alternative solide à la CRP et à la VS n’ait pu à ce jour s’imposer. La 

concentration sérique du facteur de croissance de l'endothélium vasculaire (en anglais 
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vascular endothelial growth factor (VEGF)) permet de prédire la positivité de la BAT, 

mais n’est pas efficace pour différencier les cas atteints d’ACG de contrôles sains (12). 

L’IL-6 est bien sûr associée à l’activité de l’ACG, mais est comme précédemment décrit 

influencée par le Tocilizumab et la corticothérapie (13–15). Le niveau de sérum 

amyloïde A (SAA) semble significativement plus élevé durant les phases d’activité de 

la maladie, mais ces résultats n’ont pas encore été validés à grande échelle ni ses 

performances comparées à celles des marqueurs traditionnels (16,17). Une étude 

récente a quant à elle montré que l’ostéopontine serait d’une part associée à l’activité 

de la maladie quel que soit son traitement, et d’autre part prédictive de rechute, mais 

ces résultats restent là aussi à confirmer sur des effectifs plus importants (18). 

 

6. La calprotectine, nouveau marqueur inflammatoire 

La calprotectine, un hétérodimère de deux protéines se liant au calcium 

(S100A8 et S100A9), a montré des résultats prometteurs dans l’ACG, permettant de 

discriminer des patients de sujets sains (19,20). Cette alarmine représente 40% des 

protéines cytosoliques des polynucléaires neutrophiles, et 2 à 4% de celles des 

monocytes (21,22). Lorsqu’elle est libérée, la calprotectine active directement les 

cellules endothéliales, et induit une sécrétion de cytokines inflammatoires telles que le 

TNF alpha et l’interleukine 1 (23). Elle se fixe de plus sur le récepteur Toll like 4 (TLR-

4) et le Récepteur des Produits Avancés de Glycation (Receptor of Advanced 

Glycation End Products (RAGE)), activant ainsi l’immunité innée (22) (Figure 3). La 

calprotectine peut moduler l’activité de la métalloprotéase MMP9 (23) et pourrait ainsi 

jouer un rôle important dans la physiopathologie de l’ACG, dans laquelle les 

monocytes et macrophages ont montré une production aberrante de cette protéase au 

niveau des lésions vasculitiques (24). De plus, la calprotectine a été observée en 
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quantité abondante dans l’adventice et la media des artères temporales de patients 

atteints d’ACG, comparativement à des sujets sains (20). Enfin, les gènes codant pour 

la calprotectine apparaissent surexprimés dans les artères temporales de ces patients 

(25). 

 

Ce marqueur a déjà été éprouvé dans diverses pathologies inflammatoires. 

Dans les maladies inflammatoires chroniques de l’intestin, la calprotectine fécale est 

intégrée à la pratique courante car corrélée à l’activité de la maladie. Dans les 

rhumatismes inflammatoires chroniques (RIC), son élévation semble refléter une 

inflammation locale plus que systémique, contrairement aux marqueurs de phase 

aigüe traditionnels (26). Dans la polyarthrite rhumatoïde, la calprotectine sérique 

détecte l’activité de la maladie plus efficacement que la CRP et la VS (27,28), tandis 

que son niveau dans le liquide synovial est associé à la destruction de l’articulation 

concernée, reflétant ainsi son expression localisée (23). Elle est de plus corrélée avec 

les scores d’activités de cette pathologie (Tableau 1). Chez ces patients, la 

calprotectine sérique ne semble pas négativée par le Tocilizumab, contrairement aux 

marqueurs classiques (27). De même, la calprotectine est associée aux signes 

inflammatoires en Imagerie par Résonance Magnétique dans les spondylarthrites 

axiales (29). Dans les vascularites à ANCA, elle détecte l’activité de la maladie (30) et 

pourrait même en prédire les rechutes (31,32). Enfin, bien que sa concentration 

semble négativement corrélée à la posologie de prednisolone, la calprotectine reste 

bien mesurable sous corticothérapie (33).  
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Tableau 1. La calprotectine sérique est corrélée avec les scores d’activité dans la 
polyarthrite rhumatoïde (d’après Romand X. et al, Joint Bone Spine 2019 (22)) 

Etudes CRP VS DAS28 NAG Milieu 
d’analyse 

Test ; Niveau de calprotectine moyen 

Hammer HB et al. 

2010 (34) 
0.59 0.67 N/E N/E EDTA 

plasma 
ELISA personnel [67] ; 
Médiane 2.2, EI (1.1–4.2) mg/l  

Hammer HB et al. 

2007 (35) 
0.57 0.50 0.55 0.49 EDTA 

plasma 
ELISA personnel [67] ; 
Médiane 1.8, (0.3–8.7) mg/l 

Andres Cerezo L 

et al. 2011 (36) 
0.44 N/E 0.50 0.44 Sérum BÜHLMANN LABORATORIES AG, SUISSE  

Moyenne±ET 5.99±0.88 mg/L et 1.92± 1.16 
mg/L respectivement avant et après le 
traitement 

Jonsson MK et al. 

2017 (37) 
0.66 0.50 N/E N/E EDTA 

plasma 
CALPROLAB, NORVEGE ; 
Médiane 1.05, EI (0.57, 2.24) mg/L 

Hurnakova J et al. 

2017 (38) 
0.56 0.38 0.35 N/E Sérum BÜHLMANN LABORATORIES AG, SUISSE  

Médiane (étendue) 2.9 (0.8-3.4) et 1.7 (0.4-
3.4) µg/mL  

Nordal HH et al. 

2017 (39) 
N/E N/E 0.49 0.47 

 
EDTA 
plasma 

CALPRO AS, NORVEGE ; 
Médiane 1.15, EI (0.70–1.95) mg/L  

CRP : protéine C-réactive, VS : vitesse de sédimentation, DAS28: Disease Activity Score de 28 
articulations, NAG : nombre d’articulations gonflées, EDTA : EthylèneDiamineTétraAcétique, N/E : non 
évalué, ELISA : Enzyme-Linked Immunosorbent Assay, EI : Ecart Interquartile = 25,75 percentile, ET : 
Ecart Type.   

 

Figure 3. Calprotectine et immunité innée (40) 

 
MAPK: Mitogen-activated protein kinases, mDia1: mouse Diaphanous-related formin-1, Myd88: 
myeloid differentiation primary response 88, NF-κB: nuclear factor-kappa B, RAGE: receptor for 
advanced glycation end-products, S100A8: calgranulin A, S100A9: calgranulin B, SHP-1: Src 
homology region 2 domain-containing phosphatase-1, TLR4: Toll Like Receptor 4 
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7. Objectif de l’étude 

Ces propriétés ainsi que son utilisation dans d’autres pathologies 

inflammatoires font donc de la calprotectine un marqueur prometteur pour suivre 

l’activité de l’ACG. Dans une étude récente, elle apparaît comme plus élevée chez les 

patients en phase active par rapport à ceux en rémission, sans pour autant surpasser 

à ce jour les propriétés métrologiques de la CRP et de la VS (25). Dans cette étude, 

nous visons donc à confirmer ces résultats afin d’évaluer la calprotectine sérique 

comme marqueur d’activité de l’ACG dans une cohorte locale. 
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II. Article original  

Abstract 

Introduction: Giant cell arteritis (GCA) is a vasculitis with severe, life-threatening 

complications. Its management has recently been improved by anti-interleukin-6 (IL-6) 

biotherapies, which however negate classically used markers detecting disease 

activity, such as C-reactive protein (CRP). Calprotectin, an alarmin secreted by 

neutrophils, appears to be involved in the pathogenesis of GCA. Unaffected by anti-IL-

6, it is already used to monitor activity in some inflammatory diseases. The aim of this 

study is to determine if serum calprotectin levels are associated with GCA activity. 

Methods: Serum calprotectin levels were measured every 3 months for 1 year in a 

cohort of 22 GCA patients recruited from the Centre Hospitalo-Universitaire Grenoble-

Alpes (CHUGA), alongside a clinical evaluation to determine disease status. A total of 

68 samples were analyzed to compare serum calprotectin levels between 22 active 

and 46 inactive samples. 

Results: Serum calprotectin levels were significantly higher in active GCA (median 

4.09, interquartile range (IQR) 2.62-5.62 mg/l) than in inactive phase (2.33, IQR 1.60-

3.55 mg/l, p = 0.006). Calprotectin levels also correlated with CRP, IL-6 and Serum 

Amyloid A levels, but did not outperform CRP to detect disease activity. Its level at 

diagnosis was not associated with relapse during the first year either. 

Conclusion: serum calprotectin levels are associated with GCA activity. This marker 

stays reliable even in patients undergoing anti-IL-6 therapy, making it a useful tool for 

clinicians to monitor patients. Larger studies are now needed to confirm these results.  
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Introduction 

 

Giant cell arteritis (GCA) is a serious and potentially life-threatening condition, 

with an estimated incidence of around 10 cases per 100 000 individuals over the age 

of 50 in France (1). GCA is the most common form of vasculitis in adults and is primarily 

characterized by inflammation of large vessels including temporal arteries. If untreated 

GCA leads to permanent vision loss, stroke and even death. Other complications 

include cranial ischemic manifestations such as jaw claudication, scalp tenderness, 

and headache. Chronic inflammation in GCA is associated with an increased risk of 

cardiovascular events, and to systemic symptoms like fatigue, weight loss and fever 

that may also impact the quality of life of affected subjects. Close monitoring of patients 

is necessary to screen, prevent and/or treat these complications. 

 

To do so and follow disease activity, traditional acute phase reactants such as CRP 

and ESR are commonly used, but can easily be influenced by other active conditions. 

On the contrary, up to 16% of patients may even present normal CRP and ESR at 

diagnosis in GCA (19). Synthetized in liver, these markers reflect a systemic 

inflammation and vary quickly, limiting their use to short term evaluation. Indeed, there 

is currently no reliable biomarker to predict disease course (41). Such markers would 

not only permit a closer monitoring of at-risk patients to prevent life-threatening 

symptoms or vision loss, it would also be helpful in glucocorticoid sparing therapy. 

Moreover, the recent incorporation in clinical practice of Tocilizumab, an anti-IL-6 

receptor monoclonal antibody, has hindered the use of traditional markers whose 

regulation rely on IL-6 pathway (8,41).  
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Therefore, new biomarkers have been tested in GCA to discriminate cases from 

healthy controls. VEGF concentration has been shown to predict biopsy positivity, but 

is not effective in differentiating clinical cases of GCA from controls (12). IL-6 was 

described to be associated with GCA activity, but is of course highly influenced by 

Tocilizumab and even steroids (13–15). Serum Amyloid A (SAA) levels seem to be 

significantly higher in active disease compared with inactive disease, but its 

performances have not been compared to traditional markers yet (16,17). One recent 

study also found serum osteopontin to be linked to disease activity regardless of 

therapy and predictive of relapse, but these results are yet to be confirmed in larger 

cohorts (18). Therefore, there is as of now a real need for a reliable biomarker to assess 

disease activity (11).  

 

Calprotectin, a heterodimer of two calcium-binding proteins of the S100 family, S100A8 

and S100A9, has shown promising results in assessing disease state. Also described 

as myeloid related protein MRP-8 and MRP-14, or calgranulin A and B (27,42), this 

alarmin represents 40% of cytosolic proteins in neutrophils, and 2-4% in monocytes 

(21,22). When released, calprotectin directly activates endothelial cells, and induces 

Th1 type cytokine secretion such as TNF and IL-1 (23). It also triggers Toll like receptor 

4 (TLR-4) and Receptor of Advanced Glycation Endproducts (RAGE), thus activating 

the innate immunity pathway (22). This complex exhibits potent pro-inflammatory 

effects, and its level primarily reflects ongoing inflammation at local sites rather than a 

generalized systemic inflammatory response (26).  Moreover, calprotectin can 

modulate metalloprotease MMP9 activity (23) and might therefore play an important 

role in GCA physiopathology, as monocytes and macrophages have shown an 

aberrant production of this protease in vasculitis lesions (24). Comparing temporal 
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arteries from GCA patients to control ones, abundant presence of calprotectin was 

observed in the adventitia and media layers of affected vessels (20) while gene 

expression analysis revealed a notable upregulation in the expression of calprotectin 

genes (25).  

 

This marker has already proved useful in other inflammatory conditions. For instance, 

the use of faecal calprotectin in inflammatory bowel diseases has been integrated in 

clinical practice for some time as it correlates with disease activity (43). In inflammatory 

rheumatisms, serum calprotectin could be used as a monitoring tool: in rheumatoid 

arthritis, it has been showed to detect activity more accurately than CRP or ESR 

(27,28), while its level in synovial liquid was found to be associated with articular 

destruction, reflecting its locally-released character (23). Moreover, its level does not 

seem to be suppressed by Tocilizumab therapy in these patients, as opposed to ESR 

and CRP (27). Likewise, calprotectin was associated with inflammatory parameters 

and Magnetic Resonance Imaging inflammation in early axial spondyloarthritis (29). 

Recent studies also showed that calprotectin is associated to disease activity in ANCA 

associated vasculitis (30) and may even predict relapse in these diseases (31,32). 

Finally, although it seems to negatively correlate with prednisolone dosage, 

calprotectin stays measurable during glucocorticoid therapy (33).  

 

In GCA, calprotectin seems to discriminate efficiently affected patients from healthy 

controls (19,20) and may also be significantly higher in active compared to inactive 

disease, while not outperforming ESR and CRP as of now (25). With this study, we 

aim to confirm these findings by evaluating calprotectin as a marker of disease activity 

in a local cohort of GCA patients. 
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Methods 

Cohort details 

This retrospective and monocentric study is based on the local cohort BioACG, which 

recruited GCA patients between October 2015 and January 2018 in internal medicine, 

ophthalmology and neurology wards of the Grenoble Alpes University Hospital. 

Patients included presented active disease, may it be at diagnosis or during relapse. 

Diagnosis had to follow the 1990 American College of Rheumatology classification, 

with at least 3 criteria among: age of at least 50, decreased temporal artery pulse or 

temporal artery tenderness, elevated ESR above 50mm/h, new onset of localized 

headache, biopsy sample including an artery showing necrotizing arteritis, 

characterized by a predominance of mononuclear cell infiltrates or a granulomatous 

process with multinucleated giant cells. In case of negative biopsy, diagnosis had to 

be confirmed by an independent committee. GCA was considered active if patients 

presented with GCA-related symptoms and elevated acute phase reactants, in line with 

latest EULAR recommendation (4). Patients were excluded if undergoing chronic 

dialysis, benefiting from corticosteroid therapy for more than 8 days (with the exception 

of low dose for polymyalgia rheumatica), or suffering from another condition leading to 

chronic inflammation (solid neoplasia, chronic inflammatory disease or infection). 

They were then followed for 1 year each, with clinical examination and predefined 

blood samples at inclusion (M0) and every 3 months (M3, M6, M9 and M12). 
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Outcome measures 

Canonical demographic and disease-related outcomes measures were recorded at 

baseline. Unless specified otherwise for secondary objectives, disease activity was 

defined as GCA-related symptoms with elevated acute phase reactants, in line with 

latest EULAR recommendation (4). Relapse was defined as recurrence of active 

disease after a period of absence of all clinical signs and symptoms attributable to 

active GCA and normalisation of acute phase reactants. 

 

Objectives:  

Primary objective was to determine if calprotectin level was associated with disease 

activity, by comparing sera drawn during active disease to inactive ones. To get rid of 

the probable correlation between calprotectin and CRP levels, we performed a 

secondary analysis with a broader definition of disease activity, as any symptoms 

attributed to GCA regardless of inflammatory markers. 

 

Secondary objectives were (i) the comparison of calprotectin and canonical 

inflammation biomarkers, (ii) the assessment of calprotectin relationship with specific 

symptoms of GCA, and (iii) the evaluation of calprotectin as a marker of relapse. 

Thus, we tested for correlation between calprotectin and CRP, ESR, IL-6 and SAA at 

all time points, and compared ROC curves of calprotectin and CRP. 

Secondly, considering the known utility of calprotectin in rheumatologic diseases, we 

looked for an association between calprotectin level and the presence of arthralgia at 

baseline. Likewise, given the high incidence of ocular complications in our cohort, we 

compared baseline calprotectin in patients with and without ocular complications, 
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defined as one of the following: Anterior Ischemic Optic Neuropathy (AION), Central 

Retinal Artery Occlusion (CRAO) or diplopia. 

Finally, we compared calprotectin at diagnosis in patients later relapsing (n=5) to those 

not relapsing (n=12). 

 

Serum analysis 

Samples were stored at -80C° until analysis. Calprotectin serum level was measured 

by immunoturbidimetric assay with BÜHLMANN sCAL® turbo kits on an Optilite 

automat (The Binding Site). 

 

Statistical analysis 

Mann-Whitney U test was used to compare 2 groups when a non-parametric test of 

significance was appropriate, depending on Shapiro test. If distribution was normal, 

Student-t test was used. 

Correlation was assessed using non-parametric Spearman rank correlation analysis. 

Risk of relapse was compared between groups using Kaplan-Meier survival analysis 

with log rank test. All statistics were performed using Jamovi 2.3.21. All tests were 

considered significant when p<0.05. 
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Results 

A total of 68 samples were analyzed, of which 22 were drawn during active disease (at 

diagnosis for 14 samples, during relapse for 8) (Figure 4).  

 

 

 

 

 

 

 

 
EDTA: Ethylenediaminetetraacetic acid 

 

All patients were treated by corticosteroids, 3 received Tocilizumab (4 samples in 

inactive group, 1 in active group). Baseline characteristics are described in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Anterior Ischemic Optic Neuropathy, Central Retinal Artery Occlusion, 
amaurosis, visual loss, diplopia 

 

Variables Data No  (%) 

Age median (range) 77.5 (58 – 93) 
Women  16 (73) 
Fever 4 (18) 
Headache 14 (64) 
Asthenia 17 (77) 
Arthralgia 14 (64) 
Ocular symptoms1 13 (59) 
Jaw claudication 8 (36) 
Cough 4 (18) 
Dysphagia 2 (9) 
Scalp tenderness 9 (41) 
Stroke 1 (5) 
Positivity of temporal biopsy 10 (45) 
Included at diagnosis 17 (77) 
        Relapse during first year  5 (29) 
 

Figure 4. Study flowchart 

Table 2. Baseline characteristics of included patients 
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Calprotectin level according to clinical status 

Calprotectin levels were significantly higher in active disease (median 4.09, 

interquartile range (IQR) 2.62–5.62 mg/l) compared with patients with inactive disease 

(2.33, IQR 1.60–3.55 mg/l, p = 0.006) (Figure 5). If disease activity was defined as 

GCA related symptoms only, regardless of acute phase reactants, difference was still 

significant (p = 0.019). 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Box plot of 68 calprotectin levels of GCA on the basis of clinical status (active 
disease: 22; inactive disease: 46). Box represents mean ± Standard Error of the 
Mean, whiskers are interquartile range. 

Figure 5. Serum calprotectin level according to clinical status. 
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Correlation between calprotectin and canonical inflammation biomarkers 

Calprotectin was positively correlated with CRP at all time points with a Spearman’s 

Rho of 0.288 (p = 0.017), with IL-6 (Rho = 0.503, p < 0.001) and with SAA (Rho = 

0.273, p = 0.020) (Figure 6). Rho correlation coefficients indicated a significant but 

moderate association. There was no significant correlation between calprotectin and 

ESR (p = 0.172). 

 
 
 
 
Figure 6. Correlations between calprotectin and canonical inflammation biomarkers 

 
* Log-rank test significant for positive correlation  

rs²: Spearman's determination coefficient 
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ROC curves 

When disease activity was defined as GCA related-symptoms only regardless of 

inflammatory markers, calprotectin ROC curve exhibited an area under the curve of 

0.669 to assess disease activity (Figure 7). In comparison, CRP presented an area 

under the curve of 0.720. The two curves did not differ significantly, with a p value of 

0.202 for DeLong test.  

A cutpoint of 2.57mg/L gave calprotectin a sensitivity of 74.07% with a specificity of 

56.10% to detect disease activity (Youden’s index 0.302). For maximal specificity, a 

cutpoint of 4.47mg/L gave calprotectin a sensitivity of 44.44% with a specificity of 

90.24% to detect disease activity (Youden’s index 0.347). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. ROC curves of calprotectin and CRP for assessing disease activity 

Calprotectin 

CRP 
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Relationship with clinical symptoms 

Calprotectin level was not associated with the presence of arthralgia (p = 0.210), nor 

with ocular complications (Anterior Ischemic Optic Neuropathy, Central Retinal Artery 

Occlusion, amaurosis, visual loss, diplopia) (p = 0.564). 

 

Risk of relapse 

Calprotectin level at diagnosis was not associated with relapse during the first year of 

disease course (p = 0.529). 

When dividing patients into two groups relative to median calprotectin at diagnosis, we 

observed a non-significant tendency regarding the risk of relapse during the first year 

(Figure 8). Patients with a below-median level of calprotectin seemed to present a 

greater risk of relapse during first year than patients with an above-median level (log-

rank p = 0.27). 

 

 
 

Figure 8. Kaplan-Meier curves for risk of relapse during first year depending on 
calprotectin level at diagnosis 
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Discussion 

In this study, calprotectin was associated to GCA activity, whether it was defined as 

clinical symptoms only or in combination with elevated acute phase reactants. These 

results are consistent with a 2018 study from Springer et al. which found an elevation 

of mean calprotectin level in active large vessel vasculitis compared to inactive disease 

(25). While its precise implication in pathogenesis remains to be unveiled, calprotectin 

was found abundant in the adventitia and media layers of temporal arteries of patients 

compared to controls (20), and gene expression analysis revealed a notable 

upregulation in this disease (44). It may thus reflect an ongoing local inflammation in 

GCA. 

Calprotectin was positively correlated with CRP, a well-studied and traditionally used 

marker in GCA. For low values of CRP, we observed a wide array of calprotectin 

values, hinting at calprotectin potential to detect active disease with low to negative 

CRP, which should be explored in further larger studies. IL-6 and SAA were also 

positively correlated with calprotectin, reinforcing its value as a tool to detect activity 

as those markers have been showed to be associated with disease activity (16,45).  

Surprisingly, calprotectin was not correlated with ESR in our study. We observed a 

large dispersion of ESR measurements in our cohort during active disease. While this 

marker is criticized by some authors as insensitive in GCA diagnosis (46), it is also 

known to be modified by lots of cofactors that may vary in our cohort, as weight, red 

cells blood count, renal function, heart failure or corticosteroids dosage. Our univariate 

analysis may thus be biased, explaining this result. 

 

Regarding ROC curves, calprotectin does not seem as robust as CRP to assess 

disease activity. However, calprotectin has the advantage of not being negated by 
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Tocilizumab, unlike IL-6 and markers relying on its pathway as CRP (27). It thus 

appears as an interesting biomarker in patients undergoing anti-IL-6 therapy. 

Moreover, clinician was not blinded to CRP when assessing activity, thus presenting a 

risk of misclassification bias of symptoms that might have been otherwise considered 

not related to GCA. This result anyway emphasizes the place of calprotectin as a 

complement to other biomarkers, particularly when CRP is not interpretable, or when 

it is low despite a strong clinical suspicion of disease activity. In that regard, a low cut-

off value for calprotectin may be of use, to give as much sensitivity as possible to this 

test. On the contrary, when clinical presentation seems doubtful with symptoms 

seemingly attributable to another etiology, a higher cut-off value may provide enough 

specificity to rule out differential diagnosis when positive. There is thus no perfect cut-

off threshold, which might depend on clinical situations with a grey area for median 

values that should be explored in larger studies. 

 

Considering clinical symptoms, our cohort did not exhibit difference in calprotectin level 

regarding arthralgia. While calprotectin in rheumatoid arthritis is associated with 

disease activity (27), physiopathology is different in GCA, in which ongoing 

inflammation in other sites (notably large vessels) may be responsible for most 

calprotectin elevation during active disease. Moreover, type of arthralgia was not 

detailed in our cohort, and we can hypothesize that focusing on shoulders and hips 

pain may give different results as calprotectin has been showed to be elevated in 

polymyalgia rheumatica (even in the absence of GCA) (33,47). Given the small size of 

our cohort, a simple lack of power may also be responsible for this result. 
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Likewise, ocular complications did not seem to be associated with calprotectin level, 

while it has been suggested to be associated with lower CRP, ESR and SAA levels 

(25). The broad definition of ocular complications used in our study, not differentiating 

diplopia, amaurosis, AION and CRAO, may explain these results. 

 

When looking at risk of relapse, we observed a non-significant tendency for a higher 

risk of relapse in patients presenting with a below-median level of calprotectin at 

diagnosis. No marker has been showed to negatively correlate with risk of relapse in 

GCA so far, apart from Matrix Metalloproteinase 2, which is also decreased in active 

disease (17). Small sample size, with only 17 patients, rendered this analysis prone to 

type 1 error which may explain this difference. Further studies with more patients are 

needed to analyze calprotectin role in predicting relapse.   

In that regard, some authors suggest that calprotectin, as an alarmin, may rise earlier 

than CRP before clinical activity (25). Our study was not designed to look for such 

ability, which would appear as a useful tool to clinician to monitor GCA patients.  

 

This study presents several limitations. First, its size may have hindered some of our 

results with a lack of power. Secondly, our cohort monocentric and retrospective design 

limits its external validity, as patients’ recruitment in internal medicine, ophthalmology 

and neurology wards only may induce a selection bias, GCA patients being also 

diagnosed in other wards like geriatric and vascular medicine. Finally, the short 

duration of follow-up prevented us from studying the link between calprotectin and 

relapse with enough events. However, our work also presents strengths, as it notably 

reflects real life practice with blood samples drawn and analyzed regardless of ongoing 

treatments or actives pathologies. This study is the second one to show an association 
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between calprotectin and GCA activity (25), and the first one to focus specifically on 

GCA. Our results are robust as they stay strongly significant with both definitions of 

activity, with and without an elevation of acute phase reactants, thus limiting a potential 

misclassification bias due to elevated CRP for our primary objective.   

 

 

Conclusion 

With the growing use of Tocilizumab in GCA, hindering the relevance of traditional 

biomarkers such as CRP or ESR, the need for a new biomarker becomes urgent to 

assist clinicians in the evaluation of GCA patients. In this study, we showed that 

calprotectin, an alarmin whose role in pathogeny becomes more and more apparent, 

may be of use to fulfill this role. While its clinimetrics parameters are in our study 

surpassed by those of CRP, it presents the main advantage to remain detectable in 

patients undergoing Tocilizumab therapy, and may also be useful when clinical 

suspicion is high despite a low to negative CRP.  Larger studies are now needed to 

confirm these findings, and to explore calprotectin role as a potential marker of relapse.
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III. Conclusion :
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