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Giant cell arteritis (GCA) is a systemic granulomatous vasculitis clinically characterized by a prompt response to glucocorticoid therapy. Dendritic cells (DCs) play a central role in the pathogenesis of the disease and are increased in temporal arteries from GCA patients. The aim of this study was to determine the effects of glucocorticoid therapy on granulomatous infiltrates and on peripheral DCs of GCA patients. Immunohistochemical staining of temporal artery specimens from 41 GCA patients revealed a rapid reduction of the number of DCs after initiation of glucocorticoid treatment. TUNEL staining was performed to quantify apoptotic S100+ DC, CD3+ T cells, and CD68+ macrophages in the granulomatous infiltrates. An increase of apoptotic cells up to 9 ± 2% after 4–5 days of glucocorticoid therapy and up to 27 ± 5% (p < 0.001, compared to earlier timepoints) after 6–10 days was detected. A decrease of CCL19 and CCL21 expression was observed after starting glucocorticoid therapy. Granulocyte-macrophage colony-stimulating factor (GM-CSF) expression also significantly decreased under glucocorticoid therapy. No GM-CSF expression was detected in the control specimens. Glucocorticoid therapy leads to a rapid, time-dependent reduction of DCs in temporal arteries from GCA patients and reduction of mediators for cell migration. Our data suggest GM-CSF as a novel therapeutic target of GCA.
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INTRODUCTION

GCA is a vasculitis predominantly affecting medium- and large-sized arteries. DCs play a significant role in the pathogenesis of large vessel vasculitides. Studies of large-vessel vasculitis have shown that activation of tissue residing DCs causes T cell and macrophage activation that subsequently leads to granuloma formation in the vessel wall (1). DCs are found at the media-adventitia junction where they act as pathogen sensors (2). Previous data showed the immediate neighborhood of DCs and activated CD4+ T cells in inflammatory lesions of temporal artery specimens from GCA patients indicating that there was a high probability of DCs being the key antigen presenting cells in GCA (3). It was shown that activated DCs stimulate autologous CD4 T cells, which produce the proinflammatory cytokine interferon-gamma (IFN-γ) and infiltrate deeply into the vascular smooth muscle cell layer, causing matrix damage (4). Granulomatous lesions in inflamed temporal arteries harbor an array of cytokines and inflammatory mediators (1). There are two distinct immunological pathways: the interleukin (IL)-12–type 1 helper T-cell (Th1)–IFN-γ axis and the IL-6–type 17 helper T-cell (Th17)–IL-17 or IL-21 axis (5). There is evidence that Th1-related immune responses are not effectively targeted by glucocorticoid treatment (6). In fact, Th17 related cytokines have been shown to hamper both anti-inflammatory and immunosuppressant actions of glucocorticoids in peripheral lymphocytes via increased glucocorticoid-receptor beta expression (7).

Most DCs in peripheral tissues have an immature phenotype. After detection of microbial products in the presence of proinflammatory cytokines, immature DCs start to develop into mature DCs. Mature DCs develop an exceptional capacity for T cell stimulation. Immature DCs in healthy arteries fail to stimulate T cells, but DCs in polymyalgia rheumatica arteries have shown to activate T cells that originated from the GCA lesions. Therefore, it was proposed that in situ maturation and activation of adventitial DCs initiate and maintain T cell responses in GCA (8).

There are several factors influencing this process. Chemokines are known to be involved in the pathogenesis of GCA and are crucial for the activation of DCs. It was shown that in fully developed GCA, CCL19 expression in the vessel wall was increased 8-fold above controls and CCL21 expression was 24-fold higher than in normal arteries. In immunohistochemical studies, the major source of CCL19 and CCL21 protein was found to be CD83+ DCs (8). Also, the granulocyte macrophage colony stimulating factor (GM-CSF) is an important hematopoietic growth factor and immune modulator (9). Compared to patients with GCA in remission, patients with active GCA have increased mean levels of GM-CSF in culture supernatants of stimulated PBMCs (10).

GCA is clinically characterized by a prompt response to glucocorticoid therapy. Glucocorticoids are potent anti-inflammatory and immunosuppressive agents that act on different cells of the immune system, including T cells, monocytes, macrophages, osteoclasts and DCs (11–14). It has been shown that in sepsis glucocorticoids act on DCs by suppressing IL-12 production and therefore ameliorate inflammatory overresponse (15).

In monocytes and macrophages, glucocorticoids have the ability to down-regulate the production of a large number of cytokines, including IL-1, IL-6, IL-8, IL-12, tumor necrosis factor alpha (TNF-α), and GM-CSF (16–18). Glucocorticoids have also been reported to induce apoptosis in thymocytes and T lymphocytes (19, 20). Another study showed that glucocorticoids are potent inhibitors of bioactive IL12-p70 heterodimer production by human DCs (21). Earlier investigations indicated that glucocorticoids decrease the migratory capacity of DCs in vitro and reduce emigration of leukocytes from vessels (22). Further studies showed that the numbers of DCs in rat airway mucosa decrease rapidly after glucocorticoid treatment (23). It was shown that glucocorticoid treatment causes down-regulation of CD86, CD40, CD54, and MHC class II molecules on DCs (24).

To further investigate the role of DCs in the pathogenesis of GCA it was of major interest to identify the effect of glucocorticoid treatment on DCs in the granulomatous infiltrates in temporal arteries and in peripheral DCs of GCA patients.



MATERIALS AND METHODS


Patients

Temporal artery biopsy specimens for the respective immunohistochemistry, immunofluorescence techniques and in part for in-situ hybridization were procured from 41 GCA patients. The tissue samples used in this study were obtained prior to 2007. The tissue samples were taken from patients with a suspected GCA to establish the diagnosis. CD1c+ DC were isolated from 100 ml heparinized peripheral blood from 5 GCA patients. The peripheral blood samples were obtained in the period from 2002 to 2005. Consent by the institutional review board of the Hannover Medical School was given (No. 2752. 22.08.2001).

All the patients fulfilled the American College of Rheumatology (ACR) 1990 criteria for the classification of GCA (25). With the exception of 15 patients, bilateral temporal artery specimens were available from all. From each GCA patient 15 paraffin-embedded tissue sections were obtained: six consecutive samples were selected for TUNEL-Assay and the remaining nine consecutive samples were used for immunohistochemical studies. Temporal artery biopsies of the GCA patients showed typical relevant histopathology.

Patients included in this study were 50 years and older. These patients were treated with glucocorticoids for different time intervals before a biopsy was taken. Eight patients were untreated, 10 patients were on glucocorticoids for 1 day, 14 patients for 2 days, five patients for 3 days, three patients for 4 days, five patients for 5 days, two patients for 7 days, one patient for 10 days, and three patients were on long-term glucocorticoid therapy (longer than 14 days). These groups were selected to analyse the course of treatment since repeated biopsies in the same patient are unreasonable. The GCA patients received prednisolone orally in the following dosage once a day: 80 mg were administered in three patients, 75 mg in one patient, 70 mg in 25 patients, 60 mg in one patient and 30 mg in one patient. Only two patients received 100 mg, one patient 120 mg, five patients 300 mg, and one patient 500 mg soludecortin intravenously. Three patients with GCA were on long-term glucocorticoid therapy with a dosage of 5 mg prednisolone once a day. Samples from 11 patients without GCA served as controls. The control patients fulfilled two of the ACR criteria for GCA and were biopsied because of persisting bilateral headaches. Diagnoses of these 11 patients were: anterior ischemic optic neuropathy (n = 2) myocardial insufficiency (n = 1), polymyalgia rheumatica (n = 3), transitory ischemic attack (n = 1), stroke (n = 2), infectious diseases (n = 2). In 5/11 control patients, biopsy specimens were available from both left and right temporal arteries. Tonsillar tissue served as positive and negative control. GM-CSF detection was carried out in temporal artery biopsy specimens from 22 GCA patients that met 4–5 ACR criteria. Three of them were not treated with glucocorticoids, 10 were treated for 1 day, and nine were treated for 2 days at the time of biopsy. Eight temporal artery biopsy samples from 5 patients without GCA (with 2 ACR criteria) served as control. Demographic data of the patients are demonstrated in Supplementary Table 1. Temporal artery specimens were investigated by different immunohistochemistry and immunofluorescence techniques as well as by in-situ hybridization. RNA was isolated from CD1c+ dendritic cells and was used for Real time PCR.

Normal tonsil tissue served as positive and negative control. It was processed and stained at the same time as the arteria samples. Unspecific reaction of the tissue with the secondary antibody was excluded by omitting the primary antibody in the negative control.



Antibodies and Staining Kits

Polyclonal Rabbit anti-cow S100 (strongly cross-reacts with human S100; DAKO Glostrup, Denmark); goat anti-mouse CCL19/MIP-3β (reacting crosswise with the human CCL19), goat anti-human CCL21/6Ckine, monoclonal mouse anti-human CD163, monoclonal anti-human GM-CSF (all from R&D Systems, Minneapolis, USA); monoclonal mouse anti-human HLA-DR (BD Biosciences, San Jose, USA); Cy2-conjugated goat anti-mouse IgG, Cy2-conjugated goat anti-rabbit IgG (both from Jackson West Grove, USA); Dako EnVision Doublestain System, AEC+ high sensitivity substrate-chromogen system, liquid DAB substrate-chromogen system (all from DAKO Carpinteria, USA); ApopTag Plus Peroxidase in situ Apoptosis Detection Kit, ApopTag Red Kit (both from Qbiogene, Illkirch, France).



Immunolabelling of Tissue Sections

Paraffin-embedded temporal artery specimens were deparaffinized, then microwave-heated in citrate buffer.

S100 was used several times to stain dendritic cells (26, 27). For S100 staining, endogenous peroxidase activity was blocked with hydrogen peroxidase. Tissue sections were then blocked with horse serum and stained with the rabbit anti-S-100 antibody (1:1,000) in combination with Dako EnVision Doublestain Kit and developed with AEC. For each patient and control patient, S100+ cells were counted in three different temporal artery sections at 40 × magnification. Staining with anti-HLA DR, anti-CD163, anti-CCL19, anti-CCL21, and anti-GM-CSF antibodies was carried out analogously.

The number of cells per artery was counted 2-fold under the incident light microscope CK40 (Olympus Hamburg, Germany) using 40 × magnification. Selected specimens were photographed by using the Soft Imaging Software (Olympus Hamburg, Germany).

The statistical evaluation of the results was realized using the program SPSS (Statistical Package for the Social Sciences). In the imaging of DC in relation to the duration of the glucocorticoid therapy all values for the number of DC per biopsy for the same duration of therapy were combined in one group, the mean value with standard deviation was determined and the groups were compared with each other.

The ApopTag Plus Peroxidase Kit was performed according to the manufacturer's instructions on 31 paraffin-embedded consecutive temporal artery specimens to quantify apoptotic cells. The number of apoptotic cells in relation to the total number of cells in the granulomatous lesions of the temporal artery cross section was counted in four different random fields at 100 × magnification.

To visualize the DNA fragmentation in the nuclei, ApopTag Red Kit was applied according to the manufacturer's instructions on 12 paraffin-embedded tissue samples. To distinguish between different apoptotic cell types, sections were additionally stained either with anti-S100 Ab, anti-CD68 mAb, and anti-CD3 mAb in combination with the Cy2-conjugated secondary antibody. All 12 double-fluorescence-stained sections were evaluated by confocal microscopy. The selected tissue sections were visually cut by laser scanning along the z-axis cells in 0.5 μm slices.

For the detection of the intracellular localization of the DNA fragments the Laser Scanning-Confocal microscope MRC-600, Bio-Rad Microscience Ltd, Herts, UK was used. The system works with an argon laser and is connected to the Zeiss Axiovert 35 inverted microscope. The device has two separate detectors (photomultiplier) that can simultaneously convert the light energy of two different fluorochromes into electrical signals and display them on the computer. The special pinhole optic of a confocal microscope allows a point-like focusing in an imaging plane and makes a resolution along the optic (z) axis possible. Thus, cells can be optically sliced and intracellular structures can become visible.

The selected preparations were imaged along the z-axis at a distance of 0,5 um, resulting in 12–15 axial imaging planes per cells. The layer images were made using Comos software and recorded in two-channel imaging mode for both fluorochromes.

In the imaging of the apoptosis in relation to the duration of the glucocorticoid therapy all values for the percentage proportion of apoptotic cells for the same duration of therapy were combined in a group, the mean value with standard deviation was determined and the groups were also compared with each other. As a statistical test for assessing the differences between these defined groups the following tests were used: Bonferroni test for the number of DC and Tamhane test for the percentage of apoptotic cells. Differences were considered significant if the test yielded values of p < 0.05, or highly significant if it yielded values of p < 0.01.



In situ Hybridization

GM-CSF expression was determined by in situ hybridization using DakoCytomation In Situ Hybridization Detection System For Biotinylated Probes (DAKO Glostrup, Denmark) according to the manufacturer's protocol. GM-CSF+ cells were counted in two different temporal artery sections at 40 × magnification.



Isolation of Peripheral CD 1c+ Dendritic Cells, RNA Isolation, and Real-Time PCR for CSF2RB

100 ml of heparinized blood was used to isolate peripheral blood mononuclear cells (PBMC) using Ficoll-Hypaque density gradient centrifugation. Positive selection of CD1c+ peripheral DC was performed by using the CD1c (BDCA-1) Dendritic Cell Isolation Kit (Miltenyi, Bergisch-Gladbach, Germany) according to the manufacturer's protocol. To obtain total RNA, the NucleoSpin RNA II Kit (Macherey-Nagel, Düren, Germany) was applied according to manufacturer's instructions. Residues of genomic DNA in RNA samples were digested with RQ1 (Promega, Madison, USA). For Real-time PCR, 0.6 μg total RNA was subjected to reverse transcription using the Reverse Transcription Core Kit with random hexamers (Eurogentec, Seraing, Belgium) according to manufacturer's instructions. Subsequent real-time PCR was performed in an ABI Prism 7000 (Applied Biosystems, Darmstadt, Germany) with gene-specific primers for the colony stimulating factor 2 receptor beta common subunit (CSF2RB) also of the GM-CSF receptor and the housekeeping gene RPS9 in combination with SYBRGreen chemistry (Eurogentec, Seraing, Belgium). Order and sequence information of the oligonucleotides used for real-time PCR is supplied in Supplementary Table 2. Data were analyzed using Q-gene software.




RESULTS


Reduction of DC Under Glucocorticoid Therapy

The majority of DCs identified by immunohistochemical studies using anti-S100 Ab were located in granulomatous infiltrates (MHC II staining), in the adventitial layer and in a circular array along the internal and external elastic lamina (Figure 1A). In different temporal artery specimens DCs appeared in clusters. An inverse relation was observed between the length of glucocorticoid therapy and DC number (Figure 1B). Temporal arteries from both sides of an untreated GCA patient were examined. 135 DCs were present in a cross section of the right temporal artery, and 128 DCs in the cross section of the left side. After 1 day of glucocorticoid therapy 46 ± 21 DCs (mean ± standard deviation, n = 16 temporal arteries) were present in one tissue cross section. After 2–4 days only 20 ± 16 DCs (n = 30, p < 0.001) were detectable. Further decrease was monitored at later timepoints. Under long-term glucocorticoid therapy (>10 days) 9 ± 3 DCs (n = 5 temporal arteries) were determined (p = 0.004) in comparison to patients after 1 day of glucocorticoid treatment. An increase of monocyte-macrophage scavenger receptor CD163 was observed under glucocorticoid therapy that inversely correlates with the number of S100+ cells and the duration of glucocorticoid exposure (Figure 1A).


[image: Figure 1]
FIGURE 1. Reduction of DC under glucocorticoid therapy. (A) Temporal artery biopsy sections from three individual patients with GCA. Cross sections from a newly diagnosed untreated GCA patient are shown in column I, sections of a GCA patient after 2 days of glucocorticoid therapy are depicted in column II and tissue sections of a GCA patient 5 days after the initiation of glucocorticoid treatment are demonstrated in column III. Cross sections were stained with anti-MHC II mAb (row 1, 2), anti-S100 Ab (row 3), and anti-CD163 mAb (row 4). Cells positive for the particular epitope are indicated by red stain. Nuclei were stained with haematoxylin and eosin. Scale bar = 500 μm in row 1, scale bar = 50 μm in row 2–4. (B) Number of S100+ DC in 75 paraffin-embedded consecutive temporal artery sections from 41 GCA patients and 11 control patients. For each patient and control patient, S100+ cells were counted in three different temporal artery sections at 40 × magnification. Patients were grouped depending on the duration of treatment (0, 1, 2–4, 5–10, >10, controls).




Glucocorticoid Therapy Induces Apoptosis

An increase of apoptotic cells determined by TUNEL assay was seen with prolonged glucocorticoid therapy (Figure 2A). Glucocorticoid therapy induces apoptosis predominantly in inflammatory cell infiltrates. The percentage of apoptotic cells rose after 4–5 days of glucocorticoid to 9 ± 2%. From day 6 to day 10 glucocorticoids led to a significant increase in the amount of apoptotic cells, 27 ± 5% (p < 0.001, compared to the earlier timepoints) (Figure 2B). Double immunofluorescence demonstrated that CD3+ T cells and CD68+ macrophages (Figure 2C) underwent apoptosis. Confocal microscopy confirmed that DNA-fragments are intracellularly located in apoptotic S100+ DC. One example of intracellular DNA-fragmentation in DC is depicted in Figure 2D and in Supplementary Material Presentation.


[image: Figure 2]
FIGURE 2. Glucocorticoid therapy induces apoptosis. (A) DNA fragmentation of apoptotic cells (brown stain) is demonstrated by applying TUNEL assay on temporal artery sections of five GCA patients. Nuclei were stained with haematoxylin and eosin. Scale bar = 50 μm. (B) The number of TUNEL-positive cells was quantified in 31 paraffin-embedded consecutive temporal artery specimens. For each patient and control patient, TUNEL-positive cells and nuclei of all cells in four random fields (magnification 100 × ) of each specimen were counted. The percentages of TUNEL-positive cells of all cells in the samples were calculated. (C) Demonstration of intracellular DNA fragmentation in CD3+ cells (i) and CD68+ cells (ii) in a temporal artery biopsy specimen from a patient with GCA 5 days after glucocorticoid treatment. T cells and macrophages are stained with anti-CD3 mAb and anti-CD68 mAb (green fluorescene), respectively. Applying the ApopTag Red Kit, rhodamine-labeled DNA fragmentation (red fluorescene) was identified. Scale bar = 20 μm. (D) Demonstration of intracellular DNA fragmentation in tissue-residing DC in a temporal artery biopsy specimen from a patient with GCA 5 days after glucocorticoid treatment. Confocal microscopy reveals rhodamine-labeled DNA fragmentation (red fluorescence) within DC, that is stained with anti-S100 Ab (green fluorescence). Scale bar = 50 μm.




Reduction of CCL19 and CCL21 Expression in the Temporal Artery Specimens

CCL19 and CCL21 serve as ligands for CCR7, which is prominently expressed on mature DC and the CCL19/21 – CCR7 system balances immunity and tolerance (28). To investigate the surface expression of both molecules on cells of the granulomatous infiltrates, immunohistochemistry was performed on temporal artery specimens of glucocorticoid-untreated and treated GCA patients and patients negative for GCA (controls). Compared to untreated control patients, high levels of CCL19+ cells in granulomatous infiltrates were observed in untreated GCA patients. After the onset of glucocorticoid therapy, the percentage of CCL19+ cells started to decrease. Continuous reduction was observed with increased duration of therapy (Figure 3A). The same tendency was observed for the percentage of CCL21+ cells (Figure 3B).


[image: Figure 3]
FIGURE 3. Reduction of CCL19 and CCL21 expression under glucocorticoid therapy. Temporal artery sections of patients were stained with (A) anti-CCL19 mAb and (B) anti-CCL21 mAB, respectively, and numbers of positive cells were determined in three sections. For each patient and control patient, positive cells were counted in three different temporal artery sections.




Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF) Expression Decreases Under Glucocorticoid Therapy

Expression of GM-CSF in temporal artery biopsy specimens from GCA patients that where either not treated (0 days), or 1 day or 2 days treated, was analyzed by in situ hybridization on mRNA level and by immunohistochemistry on protein level. Both techniques delivered concurrent results for the expression of GM-CSF+ cells. In untreated patients about 172 GM-CSF+ cells were detected (mRNA: 169 ± 7.4, protein: 176 ± 7.9; n = 3) in the arterial cell wall. Already after 1 day of glucocorticoid treatment a reduction of GM-CSF+ cells was observed (mRNA: 104 ± 2.9, protein: 112 ± 4.0; n = 10). After 2 days of treatment <50% GM-CSF+ cells (mRNA: 76 ± 1.6, protein: 80 ± 1.9; n = 9) were detected, as compared to untreated patients (Figure 4). A significantly reduced CSF2RB expression was observed in peripheral blood CD1c+ DCs (Table 1).


[image: Figure 4]
FIGURE 4. GM-CSF expression is down-regulated under glucocorticoid therapy. GM-CSF expression was determined on mRNA level by in situ hybridization (black bars) and on protein level by immunohistochemistry using anti-GM-CSF mAb (gray bars). Temporal artery biopsy specimens were obtained from GCA patients without glucocorticoid treatment (0 days; n = 3), or after 1 day of therapy (n = 10), or after 2 days of therapy (n = 9). For each patient GM-CSF+ cells were counted in two different temporal artery sections at 40 × magnification.



Table 1. Glucocorticoid therapy reduces CSF2RB expression in peripheral blood CD1c+ DCs.
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DISCUSSION

Administration of glucocorticoids suppresses the accumulation of DCs and leads to a rapid, time-dependent normalization of DCs in temporal arteries from GCA patients. The findings reported here suggest that this effect is mediated by induction of apoptosis since the percentage of apoptotic cells increased continuously according to the length of glucocorticoid application. TUNEL positive cells were mainly located in the inflammatory lesions. Apoptosis could be the central mechanism reducing DC and other inflammatory cells in temporal arteries in GCA. Interestingly, mature DCs express a pro-apoptotic glucocorticoid receptor isoform, which is not present in immature DCs (29). Therefore, we conclude that glucocorticoids effectively suppress inflammation in GCA by diminishing cell-mediated immunity. Exposure of macrophages to glucocorticoids for 24 h specifically enhances the uptake of apoptotic leukocytes by both human and murine macrophage population (30). CD163 is used as in vivo marker for alternatively activated macrophage (31). Its expression is suppressed by pro-inflammatory mediators such as LPS, IFN-γ and TNF-α, whereas IL-6 and the anti-inflammatory cytokine IL-10 strongly up-regulate CD163 expression (32). Moreover, CD163 mediates IL-10 release itself (33). The observed increase of CD163 in temporal artery biopsy specimens from glucocorticoid treated GCA patients further supports our conclusion.

In many cell types, glucocorticoid receptor activation leads to G1 cell cycle arrest, this cytostatic condition is often reversible, such that upon withdrawal of glucocorticoid the cells re-enter the cell cycle (34). In other cell types, glucocorticoid treatment is cytotoxic and irreversible and results in programmed cell death or apoptosis (35). The transcriptional regulatory mechanisms underlying the cytostatic vs. the cytotoxic effects of the glucocorticoid receptor and the target genes affected by the receptor need to be determined. In summary, the described glucocorticoid-induced apoptosis of DC, macrophages and T cells in the granulomatous lesions seem to be an important mechanism for the immunosuppressive effect and especially the control of autoreactivity and autoimmunity.

In contrast, disease relevant tissue residing IL-12-IFN-γ-producing Th1 cells are most likely being protected from apoptosis. Plasma levels of IFN-γ are elevated in untreated GCA cases and remain elevated after corticosteroid therapy (1). Accordingly, these cells can cause disease relapse after discontinuation of GC treatment (6). This might be explained by the fact that in some cell types glucocorticoid receptor activation leads to G1 cell cycle arrest. This cytostatic condition is reversible, such that upon withdrawal of glucocorticoid therapy the cell re-enters the cell cycle (34). In other cell types, glucocorticoid treatment is cytotoxic and irreversible resulting in programmed cell death or apoptosis (35).

Another important mechanism detected in our study is the inhibition of leukocyte migration. CCL19 and CCL21 lead to migration of mature DC into lymphatic tissues for antigen presentation (26). It was hypothesized that granulomatous infiltrates in temporal arteries of GCA patients serve as a “pathologic” lymphatic tissue (36). Reduced expression of CCL19 and CCL21 under glucocorticoid therapy could thus explain reduced numbers of DCs in the granulomatous lesions by inhibition of migration and activation of DCs. Glucocorticoids also suppress the trafficking of immune cells in vivo by increasing the protein expression of macrophage migratory inhibitory factor (37).

Under inflammatory conditions, activated CD4+ T-helper cells produce large amounts of GM-CSF at systemic level. In this way an emergency myelopoiesis drives macrophages and dendritic cells or common monocyte precursors into cell cycle and releases increased amounts of classical monocytes into the blood. In peripheral blood these monocytes again differentiate into monocyte-derived dendritic cells. It is known that GM-CSF controls some common and peripheral dendritic cell functions (38).

In tissue samples from GCA patients GM-CSF was predominantly expressed in the adventitial layer, where we also detected the granulomatous infiltrates. Under glucocorticoid therapy we found a significant reduction of GM-CSF+ cells in the arterial wall. As this factor induces proliferation and activation of various types of leukocytes, the downregulation of GM-CSF might also contribute to the observed decrease of DC numbers in GCA under glucocorticoid treatment. Secondly, GM-CSF is a locally expressed mediator that has the capacity of recruiting circulating leukocytes. Real-time PCR of peripheral CD1c+ DCs in GCA patients revealed a down-regulation of CSF2RB. CSF2RB is known as the common beta-subunit of GM-CSF, IL-3 and IL-5-receptors (39). Glucocorticoid therapy may therefore prevent the injured artery in GCA from recruiting further DCs. This conclusion is also in line with decreasing numbers of DCs in the examined biopsy specimens. Furthermore, GM-CSF has additional angiogenic properties (40). Blockade of GM-CSF by GC therapy might inhibit angiogenesis of the vasa vasorum in GCA and thereby reduce leukocyte trafficking.

Granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF) have proinflammatory activities. In mouse models of rheumatoid arthritis it was shown that antagonism of G-CSF or GM-CSF significantly reduced disease activity (41). In addition, it was shown that G-CSF and GM-CSF administration can exacerbate rheumatoid arthritis, and their antagonism has a potential to reduce disease activity in RA (42). Therefore, we hypothesize, that antagonism of G-CSF or GM-CSF might also be an effective way of treating other inflammatory disorders, such as GCA. We strongly hope that our data support the initiation of a clinical trial regarding GM-CSF antagonization in GCA.

In summary, the described glucocorticoid-induced apoptosis of DC, macrophages and T cells in the granulomatous lesions seem to be an important mechanism for the immunosuppressive effect in GCA. In future studies it will have to be evaluated whether other mechanisms contribute to this effect. Further understanding of these mechanisms may allow tailoring therapies that facilitate the resolution of the inflammatory process in GCA.
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Little is known about the impact of giant cell arteritis (GCA) and its treatment on patient-reported physical, mental, and psychic quality of life (QoL). In this monocentric study, a questionnaire was sent to the 100 last patients diagnosed with GCA and followed-up in a single tertiary center. Their physical, mental and psychic status were self-assessed via close-ended questions, the 12-item short form survey (SF-12) and the 15-item geriatric depression scale (GDS). We aimed to identify parameters that were significantly associated with moderate-to-severe disability in both physical and mental domains. Ninety patients were analyzable. Moderate to severe physical disability was found in 41 (46%) patients. In multivariate analysis, walking difficulties (OR, 95% CI 8.42 [2.98–26.82], p <0.0001), muscle mass and strength reduction (OR, 95% CI 4.38 [1.37–16.31], p = 0.01) and age >80 (OR, 95% CI 4.21 [1.44–13.61], p = 0.008) were independent findings associated with moderate to severe physical disability. Moderate to severe mental disability was found in 30 (33%) patients. In multivariate analysis, depressive mood (OR, 95% CI 11.05 [3.78–37.11], p < 0.0001), felt adverse events attributable to glucocorticoids (OR, 95% CI 10.54 [1.65–213.1], p = 0.01) and use of immune-suppressants (OR, 95% CI 3.50 [1.14–11.87], p = 0.03) were independent findings associated with moderate to severe mental disability. There was a statistically significant negative correlation between GDS and the physical and/or mental disability scores (GDS and PCS-12: r = −0.33, p = 0.0013; GDS and MCS-12: r = −0.36, p = 0.0005). In conclusion, this study identified via a self-assessment of patients with GCA some medical and modifiable findings that significantly affect their physical and mental quality of life. A better knowledge of these factors may help improve the care of GCA patients.

Keywords: giant-cell arteritis, patient report outcome, auto-questionnaire, quality of life, physical disabilities, mental disabilities


INTRODUCTION

Giant cell arteritis (GCA) is the most frequent systemic vasculitis, typically affecting patients over 50. The mean age of GCA diagnosis in different studies ranges between 70 and 80 years old (1). The disease burden includes a chronic course and a subsequent prolonged treatment (2, 3), especially because of a high risk of relapse that affects approximately half of patients (4). Glucocorticoids (GCs) remain the cornerstone of treatment, and recent studies have indicated that their management has not significantly changed over the last six decades (3, 5, 6). The GC duration still ranges between 2 and 3 years (7, 8) and is associated with many GC-related side effects. Taken together, the disease and its symptoms, the chronic course and the treatment probably have an impact on the patients' quality of life (QoL), but few studies have been dedicated to this description. Medical consultations during the follow-up of a GCA patient are relatively time-limited and mostly focus on the evaluation of disease activity and treatment tolerance, both being mainly analyzed from a medical point of view.

In this study, we aimed to describe though a self-evaluation methodology, the impact of GCA and its treatments on the patients' QoL, including both physical and mental domains. Using validated scores and scales, we distinguished patients describing a modest impact of the disease and its treatment on their QoL from those with an important impact. From a comparison of these two groups, we sought to identify the factors that most significantly affected their QoL.



PATIENTS AND METHODS


Patients

All patients diagnosed with GCA and followed up in our department are included in a centralized database, and since 2015, data about each patient have been included prospectively.

From our centralized database, we retrieved the 100 last patients consecutively diagnosed with GCA in our department before 31 January 2020. In June 2020, we sent them a paper questionnaire with a stamped addressed envelope to favor returns. GCA diagnosis relied on usual criteria for the disease, including vasculitis demonstration either on the temporal artery by ultrasonography-Doppler or temporal artery biopsy and/or on the aorta and its branches by large-vessel imaging (9, 10). All patients had a regular follow-up in our department, even in the few years following GC discontinuation.

Two months after mailing the questionnaire, patients who did not respond were called on the phone. Missing information in the questionnaire was also retrieved by a systematic phone call to the patient.

The autoquestionnaire was joined to an information note explaining the objectives of the study and specifying that patients could refuse to participate. Patients who returned the questionnaire agreed to participate and gave a written informed consent.

This study was conducted in compliance with good clinical practices and the Declaration of Helsinki principles. At the time of this study, in accordance with French public health law (Art. L 1121-1-1, Art. L 1121-1-2), formal approval from an ethics committee was not required for this type of observational study. Our local ethics committee (Caen CLERS) confirmed the observational non-interventional nature of our work.



Items Included in the Questionnaire and Studied Parameters

The main objective of the questionnaire was to assess, according to the own point of view of the patients, with the possible contribution if necessary of their family caregiver, how the disease and its treatment have affected their daily life.

The questionnaire included three distinct parts. Part II and III of the questionnaire we sent to the patients is available as a supplementary material.

The first part, not reported in the present article, regards disease manifestations and clinical symptoms assessed by the patients themselves (with the possible help of their caregivers). The second part of the questionnaire regards the GC and their attributable effects. The patient-reported GC tolerance was assessed via questions that focused on eight main areas that we selected as potentially affected by the treatment: metabolic, cardiovascular, muscular, bone, cutaneous and pilar, ophthalmologic, infective, or neurocognitive and psychological complications. Patients were asked to check items in a list of predefined symptoms attributable to the disease or to GC, only if they appeared at GCA onset, during the follow-up or after GC introduction. Symptoms that preexisted before GCA were in theory not checked. In this second part, the GC-related side effects were analyzed according to the disease and treatment durations. The full description of this part is in another article.

The third part, which is reported in the present work, assessed the patients' QoL. Since GC-related side effects might influence the physical and mental disabilities of patients, we also included in this work some results of the second part.

We explored many potential physical and mental disabilities related to the disease and its treatment that might affect the patients' QoL. We thus developed close-ended questions (e.g., “At the disease onset, did you experience…?” or “Since the treatment start, did you …?”). Closed-ended questions were developed based upon the medical experience of the authors, who assess the abilities/disabilities of elderly patients daily, with the help of geriatricians. Moreover, some questions were retrieved from a literature review (11–16).

We also used the 12-item short form survey (SF-12) (QualityMetric Incorporated, License Number QM054800). The SF-12 survey explores physical, emotional and social health via assessment of physical activities, social activities, physical pain, general mental health, vitality and general health perception (17). In addition, the psychologic impact was assessed via the 30-item geriatric depression scale (GDS). The GDS added some items not explored in the SF-12 survey, especially regarding the consequences of an impaired mood. Moreover, this tool is especially appropriate to explore thymic states in elderly people.

In each patient, the SF-12 allowed us to calculate the physical score (PCS-12) and the mental score (MCS-12). A score ≥50 indicated no disability; 40-49: mild disability; 30–39: moderate disability; and <30: severe disability. We pooled together patients without and with mild disability on one side and those with moderate and severe disability on the other. Regarding the GDS, a score of 0–9 was normal, 10–19 suggested slight depression, and a score >19 was indicative of moderate to severe depression.

Based on the responses obtained in the second part of the questionnaire, we analyzed the specific impact of GC-related adverse events (AEs) on declared physical and mental disabilities.

Finally, we also asked patients to specify whether their physical autonomy, assessed via the ability to perform their usual daily activities, including walking, leaving the home, or climbing stairs, was affected since the disease diagnosis and its related treatment.

Data about baseline clinical manifestations and therapeutic management were retrieved via our centralized database.



Statistical Analysis

Categorical variables are expressed as numbers (%), and quantitative variables are expressed as medians [range]. To compare the two groups, categorical variables were analyzed using the Pearson or Fisher Chi-square test as appropriate, and quantitative variables were analyzed using Wilcoxon's rank-sum test.

Logistic regression was used to determine which factors were the most associated with moderate-to-severe physical or mental disability. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed for each factor in the univariate analysis and in the multivariate model with a backward stepwise approach using variables that reached p <0.2 in univariate analyses.

Spearman correlation coefficients were calculated to assess the correlation between GDS and PCS-12 and between GDS and MCS-12.

The statistical analyses were computed using JMP 9.0.1 (SAS Institute Inc., Cary, NC, USA). A p ≤ 0.05 defined statistical significance.




RESULTS

Among the 100 GCA patients solicited, 90 agreed to participate and sent back the completed questionnaire. The 10 patients who were not included were dead (n = 3), expressed a refusal to participate (n = 1) or did not send back the questionnaire (n = 6).

The 90 study participants were diagnosed with GCA from 2016 to early 2020, including 20 in 2016, 16 in 2017, 23 in 2018, 24 in 2019 and 7 in January 2020.

The median age of these 90 patients, among whom 71% were women, was 75 [60–94] years. The median follow-up since diagnosis was 20 [3–48] months, and 52 (58%) patients still received GC when completing the questionnaire. At the time of questionnaire completion, the overall GC median duration for the whole cohort, including patients who continued, was 17 [3–48] months. Twenty-nine (32%) patients received an immunosuppressant, methotrexate for 14 and tocilizumab for 15.


Factors Associated With Moderate-to-Severe Physical Disability

According to the SF-12, the median physical score was 41 [21–57]. Twenty-two (24%) patients had a score >50, i.e., did not report any physical disability; 27 (30%) reported a score between 40 and 49, i.e., expressed a mild physical disability; 28 (31%) reported a score between 30 and 39, i.e., a moderate physical disability; and 13 (14%) reported a score <30, indicative of a severe physical disability. Altogether, 49 (54%) patients expressed no or slight physical disability, whereas 41 others (46%) described moderate-to-severe physical disability. We compared these 2 groups in Table 1 and Figure 1.


Table 1. Comparison of GCA patients according to the felt severity of physical disability assessed by the SF-12 survey.
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FIGURE 1. Comparison of different characteristics at GCA baseline and during follow-up according to whether the patients stated they suffered from moderate-to-severe physical disability (calculated through the SF-12 survey).


At baseline, patients with moderate-to-severe physical disability more frequently were >80 years of age (51 vs. 22%, p = 0.005) and had coronaropathies (15% vs. none in the other group, p = 0.006). Although the rate of GC-related AEs was not different between the two groups, patients with moderate-to-severe physical disability developed more diabetes (29 vs. 12%, p = 0.04), more muscle and strength reduction (88 vs. 55%, p = 0.0007), and more visual changes (56 vs. 31%, p = 0.01). Patients with moderate-to-severe physical disability also reported reduced autonomy (83 vs. 47%, p = 0.0004), especially walking impairment (66 vs. 20%, p < 0.0001).

In Table 2, we identified through logistic regression the factors most associated with moderate-to-severe physical disability. Walk difficulties (OR = 8.42 [95% CI, 2.98–26.82], p < 0.0001), muscle mass and strength reduction (OR = 4.38 [1.3–16.31], p = 0.01) and age >80 years (OR = 4.21 [1.44–13.61], p = 0.008) were the 3 factors with the most negative impact on physical disability.


Table 2. Factors associated with moderate-to-severe physical disability in univariate and multivariate models.
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Factors Associated With Moderate-to-Severe Mental Disability

According to the SF-12, the median mental score was 46 [22–62]. Thirty-tree (37%) patients had a score ≥50, i.e., did not report any mental disability; 27 (30%) reported a score between 40 and 49, i.e., mild mental disability; 20 (22%) reported a score between 30 and 39, i.e., moderate mental disability; and 10 (11%) reported a score <30, indicative of a severe mental disability. Altogether, 60 (67%) had no or slight mental disability, and 30 (33%) described moderate-to-severe mental disability. We compared these 2 groups in Table 3 and Figure 2.


Table 3. Comparison of GCA patients according to the felt severity of mental disability as assessed by the SF-12 survey.
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FIGURE 2. Comparison of different characteristics at GCA baseline and during follow-up according to whether the patients stated they suffered from moderate-to-severe mental disability (calculated through the SF-12 survey).


At baseline, patients who reported moderate-to-severe mental disability more frequently suffered from GCA-related ophthalmologic signs (47 vs. 25%, p = 0.04). They also reported more felt GC-related AEs (97 vs. 73%, p = 0.008), especially cardiovascular changes (47 vs. 22%, p = 0.01), muscle mass and strength reduction (93 vs. 58%, p = 0.0006), or depressive mood (73 vs. 13%, p < 0.0001). They also more frequently reported a reduction in their physical autonomy (80 vs. 55%, p = 0.02). Regarding therapeutic management, the GC durations (p = 0.81) were not different in either group, nor was the rate of relapse (p = 0.55). However, patients who reported moderate-to-severe mental disability more frequently received an immunosuppressant (47 vs. 25%, p = 0.04). Among the 29 patients who received an immunosuppressant, 7/14 (50%) who received methotrexate vs. 7/15 (47%) who received tocilizumab described moderate-to-severe mental disability (p = 1).

In Table 4, we identified via logistic regression the factors most associated with moderate-to-severe mental disability. Depressive mood (OR = 11.05 [95% CI, 3.78–37.11], p < 0.0001), felt GC-related AEs (OR = 10.54 [1.65–213.1], p = 0.01) and the use of an immunosuppressant (OR = 3.50 [1.14–11.87], p = 0.03) were the 3 factors with the most negative impact on mental disability.


Table 4. Factors associated with moderate-to-severe mental disability in univariate and multivariate models.
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Psychologic Impact Assessed via the 15-Item Geriatric Depression Scale

Among the 90 patients, 16 (18%) did not have any sign of mood disorder, 72 (80%) had slight depression and 2 (2%) had moderate-to-severe depression. The Pearson correlation with the associated p-value was calculated between the GDS and the PCS-12 and the GDS and the MCS-12. There was a statistically significant negative correlation between GDS and the physical and/or mental disability scores (GDS and PCS-12: r = −0.33, p = 0.0013; GDS and MCS-12: r = −0.36, p = 0.0005).




DISCUSSION

The impact of the chronic course of GCA and its prolonged treatment on patients' QoL has been poorly analyzed. In the present study, we showed that approximately one-third to half of patients reported a physical and/or mental disability attributable to GCA and its treatment in the months or years following diagnosis. We observed that the described physical disabilities were not directly associated with GCA manifestations or with treatment management. Conversely, reductions in muscular mass and strength, walk impairment and visual deterioration were strongly associated with the severity of physical disability. However, even though these comorbidities are potentially linked or worsened by GC use, they should also be the consequence of natural aging, which is emphasized by the older age of patients with severe physical disability. Walking difficulties, and more extensively impairment of mobility, are reported in a few GCA studies and lead to a reduction of the physical autonomy and the ability to ensure daily activities such as self-care, dressing, washing, or shopping, which is concordant with our study (11, 12). Other studies have reported the negative impact of GCA and its treatment on some patients' ability to work, practice usual hobbies or leisure activities (12, 13). Altogether, these findings suggest paying particular attention to maintaining muscular autonomy and physical activities in the oldest patients, and encourage us to propose muscle reinforcement programs for these patients.

In accordance with others (12, 14, 15), our study showed that mental disability was worsened by GCA-related ophthalmologic impairment. Interestingly, patients also reported the negative mental impact of treatments, especially due to GC and immune-suppressants. In some of the studies where GCA patients were directly interviewed, they reported that GC increased their stress and anxiety, possibly leading to social isolation (12, 15). The mental assessment via the SF-12 survey and the GDS indicated that >80% of patients showed some signs of mood disorders. Other studies confirmed reduced self-esteem in GCA patients with a negative perception of their health and the feeling of not living a normal life (12, 13).

Many other factors, independent of GCA and its treatment, might be related to this thymic decline. However, this observation suggests the importance of thymic evaluation in GCA patients.

Based on our results, two main points should be highlighted. First, regardless of the disease status and its treatment, our patients showed an altered QoL, especially when aged >80. Although the exact role of GCA and its treatment cannot be precisely assessed in a global QoL evaluation, some targetable and measurable clinical and social parameters can be routinely checked during follow-up, such as physical autonomy or muscle mass maintenance.

Even though not directly assessed in this study, optimal management of GC to reduce AEs should remain a priority. Additionally, this study emphasizes the need for patient-reported outcome measures to evaluate the GC effect, which is in accordance with a recent study (16). Therefore, different international initiatives are planned to improve outcome measurement, especially through OMERACT programs (16–19).

The second main point regards the multidisciplinary approach required to correctly manage GCA patients. In addition to disease evaluation and treatment management, physicians should integrate the geriatric dimension of some GCA patients. Other actors, such as geriatricians, psychologists or psychiatrists, physiotherapists, in-home caregivers and therapeutic education professionals should be integrated into the care pathway of GCA patients.

Although our study is one of the few reporting patient outcomes through a self-evaluation in GCA, some points should be acknowledged and might reduce the validity of our observations. First, in the absence of a control group, the patients reported some symptoms that they attributed to the disease or its treatment, but no firm confirmation could be made. Although we observed an impaired QoL in many patients, we cannot conclude that their QoL was more impaired than other aged-matched healthy people. However, the first goal of this study was to provide a descriptive picture of the medical and social impacts of the disease and its treatment in the daily lives of GCA patients. Given the methodology used, each patient completed the questionnaire at different times of their disease and treatment, which can influence some results. However, we did not find any association between the disease or treatment durations and the disabilities. In addition to validated scales (SF-12, GDS), some of the questions addressed to patients were developed from our own experience and were not all replicated in other studies. The reduction of physical autonomy or the impact of muscle mass reduction can be linked to other important factors, such as aging, and may be independent of GCA and treatment. Second, some recall biases are likely. Given the old age of some of the patients and the possible cognitive-associated troubles, some symptoms should have been added or forgotten; however, the potential help of familial caregivers should have reduced this bias. The impact of treatment only focused on GC, but some patients also received immune-suppressants that can add some AEs, which were not assessed in this study. Immuno-suppressants probably have an impact since we showed that patients with a concomitant immunosuppressant had a more important mental disability, regardless of the type of immunosuppressant, i.e., methotrexate or tocilizumab.

To conclude, our study shows that GCA patients' QoL is frequently impaired by the disease or its treatment, regardless of the intrinsic favorable benefit of the latter. Important reported factors reflecting a severe disability, such as walking difficulties, muscle mass reduction, and glucocorticoid-related adverse events, were revealed by this study and are modifiable by medical and home care. Further studies, especially with a control group, are required to confirm our results and reinforce knowledge about disease-modifiable factors that affect patients' QoL.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by CLERS-CAEN. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

HdB designed the study, analyzed the data, and wrote the manuscript. HdB, CB, AD, JB, NMS, GM, AN, AL, PC, SG, AS, SD, and AA collected the data and critically revised and edited the manuscript. All authors contributed to the article and approved the submitted version.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.777310/full#supplementary-material



REFERENCES

 1. Salvarani C, Cantini F, Hunder GG. Polymyalgia rheumatica and giant-cell arteritis. Lancet. (2008) 372:234–45. doi: 10.1016/S0140-6736(08)61077-6

 2. Albrecht K, Huscher D, Buttgereit F, Aringer M, Hoese G, Ochs W, et al. Long-term glucocorticoid treatment in patients with polymyalgia rheumatica, giant cell arteritis, or both diseases: results from a national rheumatology database. Rheumatol Int. (2018) 38:569–77. doi: 10.1007/s00296-017-3874-3

 3. Buttgereit F, Matteson EL, Dejaco C, Dasgupta B. Prevention of glucocorticoid morbidity in giant cell arteritis. Rheumatology. (2018) 57:ii11–21. doi: 10.1093/rheumatology/kex459

 4. Mainbourg S, Addario A, Samson M, Puechal X, Francois M, Durupt S, et al. Prevalence of giant cell arteritis relapse in patients treated with glucocorticoids: a meta-analysis. Arthritis Care Res. (2020) 72:838–49. doi: 10.1002/acr.23901

 5. Wilson JC, Sarsour K, Collinson N, Tuckwell K, Musselman D, Klearman M, et al. Incidence of outcomes potentially associated with corticosteroid therapy in patients with giant cell arteritis. Semin Arthritis Rheum. (2017) 46:650–6. doi: 10.1016/j.semarthrit.2016.10.001

 6. Therkildsen P, de Thurah A, Hansen IT, Norgaard M, Nielsen BD, Hauge EM. Giant cell arteritis: a nationwide, population-based cohort study on incidence, diagnostic imaging, and glucocorticoid treatment. Semin Arthritis Rheum. (2021) 51:360–6. doi: 10.1016/j.semarthrit.2021.01.007

 7. Bienvenu B, Ly KH, Lambert M, Agard C, Andre M, Benhamou Y, et al. Management of giant cell arteritis: recommendations of the French Study Group for Large Vessel Vasculitis (GEFA). Rev Med Interne. (2016) 37:154–65. doi: 10.1016/j.revmed.2015.12.016

 8. Hellmich B, Agueda A, Monti S, Buttgereit F, de Boysson H, Brouwer E, et al. 2018 Update of the EULAR recommendations for the management of large vessel vasculitis. Ann Rheum Dis. (2020) 79:19–30. doi: 10.1136/annrheumdis-2019-215672

 9. Hunder GG, Bloch DA, Michel BA, Stevens MB, Arend WP, Calabrese LH, et al. The American College of Rheumatology 1990 criteria for the classification of giant cell arteritis. Arthritis Rheum. (1990) 33:1122–8. doi: 10.1002/art.1780330810

 10. Stone JH, Tuckwell K, Dimonaco S, Klearman M, Aringer M, Blockmans D, et al. Trial of tocilizumab in giant-cell arteritis. N Engl J Med. (2017) 377:317–28. doi: 10.1056/NEJMoa1613849

 11. Jobard S, Magnant J, Blasco H, Ferreira-Maldent N, Griffoul I, Diot E, et al. Quality of life of patients treated for giant cell arteritis: a case-control study. Clin Rheumatol. (2017) 36:2055–62. doi: 10.1007/s10067-017-3619-4

 12. Robson JC, Alemida C, Dawson J, Bromhead A, Dures E, Guly C, et al. Patient perceptions of health-related quality of life in giant cell arteritis: international development of a disease-specific patient-reported outcome measure. Rheumatology. (2021) 60:4671–80. doi: 10.1093/rheumatology/keab076

 13. Liddle J, Bartlam R, Mallen CD, Mackie SL, Prior JA, Helliwell T, et al. What is the impact of giant cell arteritis on patients' lives? A UK qualitative study. BMJ Open. (2017) 7:e017073 doi: 10.1136/bmjopen-2017-017073

 14. Hellmann DB, Uhlfelder ML, Stone JH, Jenckes MW, Cid MC, Guillevin L, et al. Domains of health-related quality of life important to patients with giant cell arteritis. Arthritis Rheum. (2003) 49:819–25. doi: 10.1002/art.11464

 15. Kupersmith MJ, Speira R, Langer R, Richmond M, Peterson M, Speira H, et al. Visual function and quality of life among patients with giant cell. (temporal) arteritis. J Neuroophthalmol. (2001) 21:266–73. doi: 10.1097/00041327-200112000-00008

 16. Black RJ, Robson JC, Goodman SM, Hoon E, Lai LYH. A patient-reported outcome measure for effect of glucocorticoid therapy in adults with inflammatory diseases is needed: report from the OMERACT 2016 Special Interest Group. J Rheumatol. (2017) 44:1754–8. doi: 10.3899/jrheum.161083

 17. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-validation of item selection and scoring for the SF-12 Health Survey in nine countries: results from the IQOLA project. International Quality of Life Assessment. J Clin Epidemiol. (1998) 51:1171–8. doi: 10.1016/S0895-4356(98)00109-7

 18. Cheah JTL, Black RJ, Robson JC, Navarro-Millan IY, Young SR, Richards P, et al. Toward a core domain set for glucocorticoid impact in inflammatory rheumatic diseases: the OMERACT 2018 Glucocorticoid Impact Working Group. J Rheumatol. (2019) 46:1179–82. doi: 10.3899/jrheum.181082

 19. Flurey CA, Tugwell PS, Black RJ, Halls S, Page MJ, Robson JC, et al. The OMERACT emerging leaders program: the good, the bad, and the future. J Rheumatol. (2019) 46:1047–52. doi: 10.3899/jrheum.181126

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 de Boysson, Barakat, Dumont, Boutemy, Martin Silva, Maigné, Nguyen, Lavergne, Castan, Gallou, Sultan, Deshayes and Aouba. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	ORIGINAL RESEARCH
published: 11 November 2021
doi: 10.3389/fmed.2021.732934






[image: image2]

Presentation and Real-World Management of Giant Cell Arteritis (Artemis Study)

Alfred Mahr1*, Eric Hachulla2, Hubert de Boysson3, Nassim Guerroui4, Emmanuel Héron5, Stéphane Vinzio6, Jonathan Broner7, François-Xavier Lapébie8, Martin Michaud9, Laurent Sailler10, Thierry Zenone11, Mohamed Djerad12, Mathieu Jouvray13, Emilie Shipley14, Nathalie Tieulie15, Guillaume Armengol16, Bastien Bouldoires17, Jean-Francois Viallard18, Isabelle Idier19, Marc Paccalin20 and Valérie Devauchelle-Pensec21


1Department of Internal Medicine, University Hospital Paris (AP-HP, Saint Louis), Paris, France

2Department of Internal Medicine, Lille University Hospital, Lille, France

3Department of Internal Medicine, Caen University Hospital, Caen, France

4Department of Rheumatology, European Hospital of Marseille, Marseille, France

5Department of Internal Medicine, Hospital Quinze-Vingts, Internal Medicine, Paris, France

6Department of Internal Medicine, Groupe Hospitalier Mutualiste de Grenoble, Grenoble, France

7Department of Internal Medicine, University Hospital Centre Nimes, Nimes, France

8Department of Internal Medicine, University Hospital Centre Toulouse, Toulouse, France

9Department of Internal Medicine, Hopital Joseph Ducuing Toulouse, Toulouse, France

10Department of Internal Medicine, University Hospital of Toulouse, Toulouse, France

11Department of Internal Medicine, General Hospital of Valence, Valence, France

12Department of Internal Medicine, General Hospital of Nevers, Nevers, France

13Department of Internal Medicine, General Hospital of Arras, Arras, France

14Department of Rheumatology, General Hospital of Dax, Dax, France

15Department of Rheumatology, University Hospital of Nice, Nice, France

16Department of Internal Medicine, Rouen University Hospital, Rouen, France

17Department of Internal Medicine, Civil Hospital of Colmar, Colmar, France

18Department of Internal Medicine, University Hospital of Bordeaux, Bordeaux, France

19Medical Affairs, Chugai Pharma France, Paris La Défense, Paris, France

20Department of Internal Medicine, University Hospital of Poitiers, Poitiers, France

21Rheumatology Department, University Hospital La Cavale Blanche, Brest, France

Edited by:
Peter Mandl, Medical University of Vienna, Austria

Reviewed by:
Vidya Limaye, Royal Adelaide Hospital, Australia
 Fatma Alibaz-Oner, Marmara University, Turkey

*Correspondence: Alfred Mahr, Alfred.Mahr@kssg.ch

Specialty section: This article was submitted to Rheumatology, a section of the journal Frontiers in Medicine

Received: 29 June 2021
 Accepted: 04 October 2021
 Published: 11 November 2021

Citation: Mahr A, Hachulla E, de Boysson H, Guerroui N, Héron E, Vinzio S, Broner J, Lapébie F-X, Michaud M, Sailler L, Zenone T, Djerad M, Jouvray M, Shipley E, Tieulie N, Armengol G, Bouldoires B, Viallard J-F, Idier I, Paccalin M and Devauchelle-Pensec V (2021) Presentation and Real-World Management of Giant Cell Arteritis (Artemis Study). Front. Med. 8:732934. doi: 10.3389/fmed.2021.732934



Background: Few studies of daily practice for patients with giant cell arteritis (GCA) are available. This French study aimed to describe the characteristics and management of GCA in a real-life setting.

Methods: Cross-sectional, non-interventional, multicenter study of patients ≥50 years old who consulted hospital-based specialists for GCA and were under treatment. Patient characteristics and journey, diagnostic methods and treatments were collected. Descriptive analyses were performed.

Results: In total, 306 patients (67% females, mean age 74 ± 8 years old) were recruited by 69 physicians (internists: 85%, rheumatologists: 15%); 13% of patients had newly diagnosed GCA (diagnosis-to-visit interval <6 weeks). Overall median disease duration was 13 months (interquartile range 5–26). Most patients were referred by general practitioners (56%), then ophthalmologists (10%) and neurologists (7%). Most common comorbidities were hypertension (46%), psychiatric disorders (10%), dyslipidemia (12%), diabetes (9%), and osteoporosis (6%). Initial GCA presentations included cranial symptoms (89%), constitutional symptoms (74%), polymyalgia rheumatica (48%), and/or other extra-cranial manifestations (35%). Overall, 85, 31, 26, and 30% of patients underwent temporal artery biopsy, high-resolution temporal artery Doppler ultrasonography, 18FDG-PET, and aortic angio-CT, respectively. All patients received glucocorticoids, which were ongoing for 89%; 29% also received adjunct medication(s) (methotrexate: 19%, tocilizumab: 15%). A total of 40% had relapse(s); the median time to the first relapse was 10 months. Also, 37% had comorbidity(ies) related to or aggravated by glucocorticoids therapy.

Conclusion: This large observational study provides insight into current medical practices for GCA. More than one third of patients had comorbidities related to glucocorticoid therapy for a median disease duration of 13 months. Methotrexate and tocilizumab were the most common adjunct medications.

Keywords: giant cell arteritis, phenotype [mesh], management - healthcare, observational, glucocorticoids (GCs), methotrexate, tocilizumab


KEY MESSAGES

• Large-vessel giant cell arteritis (i.e., large-vessel involvement only) is rare (5%).

• 37% of patients experienced at least one comorbidity related to or aggravated by glucocorticoids treatment.

• One third of patients received adjunctive medication(s) (methotrexate, tocilizumab).



INTRODUCTION

Giant cell arteritis (GCA) is an inflammatory vasculopathy and the most frequent systemic vasculitis in Western countries. GCA involves large- and medium-sized arteries, predominantly the extracranial branches of the carotid arteries and the subclavian and axillary branches of the aorta (1). GCA affects older people and women more than men, with an incidence of 10 to 20/100,000 people ≥50 years old in Europe (2).

In addition to the classic cranial arteritis features, GCA includes polymyalgia rheumatica (PMR), other extra-cranial manifestations, and/or constitutional symptoms (3, 4). Apart from upper- or lower-limb claudication, large-vessel GCA (LV-GCA) might be asymptomatic. All these presentations may coincide together, occur as independent clinical subsets, or overlap. Visual ischemic complications, stroke, and aortic aneurysm or dissection are the most feared complications.

The diagnostic methods and recommended management of GCA have recently evolved. For a few decades, temporal artery biopsy (TAB) has been considered the gold standard for GCA diagnosis, and it often remains the first-intention test to propose, notably in France (5, 6). However, less invasive vascular imaging modalities are increasingly being used to study the cranial or extracranial arteries, including aorta inflammation. In this context, recommendations of the European League against Rheumatism (EULAR) on imaging in LV-GCA (7) were updated in 2018. In particular, EULAR recommendations now promote ultrasonography as the first choice for diagnosis in predominantly cranial GCA, with an additional investigation, including TAB, when the diagnosis is still in question.

Glucocorticoids (GCs) are the treatment of choice for GCA and should be initiated immediately with suspected GCA to induce remission and prevent complications (8); however, relapses are common, up to 40% (6), when the GC dose is tapered, which leads to prolonged or repeated oral treatment with risk of adverse effects (9). According to recent European or French recommendations (6, 8), tocilizumab (TCZ) (10, 11) or alternatively methotrexate (MTX) can be combined with GCs to reduce the GC toxicity. Other potential adjunct therapies (immunosuppressants and biologics) lack convincing results (6).

We do not know to what extent recent recommendations on the diagnosis and treatment of GCA are implemented in clinical practice. In France, first responses have been provided in a recent study based on national administrative health insurance claims data (12): TAB was used in 51% of the patients, and MTX was the most prescribed GC-sparing agent (12%). However, we have limited data on patients' comorbidities, clinical presentation and forms, cumulative doses for GCs as well as the use of imaging techniques for GCA diagnosis.

The aim of the study was to provide an overview of GCA, specifically the characteristics and management, in a real-life setting.



MATERIALS AND METHODS


Study Design

ARTEMIS is a cross-sectional, non-interventional, multicenter French study conducted among hospital-based internists and rheumatologists. All 2,676 eligible specialists, hospital-based internists and rheumatologists in a national independent French database were invited to participate in the study. Each specialist who agreed to participate was requested to include, consecutively during the inclusion period, a maximum of 10 patients to limit a potential center effect. According to French legislation regarding non-interventional studies, the ARTEMIS protocol (ClinicalTrials.gov NCT03658889) was approved by the ethics committee (authorization no: 2018-A00841-54. 2-18-37), which guarantees confidentiality to the participants. All patients were informed with an information document completed by investigators about the study before enrolment and had no objection to sharing their data (written consent is not mandatory for non-interventional studies according to French legislation: CNIL1818705X, No 2018-15). This study was performed in accordance with the Helsinki Declaration of 1964 and its later amendments.



Patients and Data Collection

Eligible patients were adults ≥50 years old who were seen as in- or outpatients for a new or previously diagnosed GCA. The diagnosis of GCA was according to the investigator's judgment regardless of the specific criteria used. In addition, patients had to be under GCA treatment at the inclusion visit and have no objection to participate in the study. Patients participating in an interventional study were excluded.

At the study visit, specialists collected the following information by using an electronic Case Report Form: patient journey, GCA characteristics, diagnostic methods, GCA treatments and comorbidities related to or aggravated by GCs. GCA activity was assessed by using a 100-mm visual analog scale (VAS) completed by patients and physicians.



Statistics

No formal sample size was calculated for this non-interventional study. However, from a previous study of GCA patients (database analysis of the Echantillon Généraliste des Bénéficiaires), there are 2,300 incident patients/year in France (12). Therefore, the inclusion of 300 incident and prevalent patients during the planned 5-month recruitment period seemed realistic.

Descriptive analyses were performed. Study variables were assessed with mean ± standard deviation (SD) or median [interquartile range (IQR)] for continuous variables and number (%) for categorical variables. Missing values were not replaced. Statistical analysis involved using SAS 9.3 (SAS Institute, Cary, NC, USA).

The GCA diagnosis was considered early, standard, or late when the time between first GCA symptoms and diagnosis was <1 month, 1–3 months, or >3 months, respectively. Analysis of GCA data was according to the diagnosis-to-visit interval (incident disease: <6 weeks, prevalent disease: ≥6 weeks). Cranial involvement included headaches, temporal artery abnormalities, jaw claudication, scalp tenderness, visual symptoms, and stroke and transient ischemic attack(s); LV involvement included aortic aneurysm or dilatation, aortitis and/or involvement of aortic branch(s) on imaging, claudication of a limb, sign(s) of subclavian stenosis.




RESULTS


Participant Physicians and Patient Disposition

Of the 2,676 French eligible specialists invited to participate in the study, 69 from 53 centers accepted and included at least one eligible patient. Participating specialists were mainly working in a university hospital (39/69, 56.5%) or a general hospital (30/69, 43.5%).

Of the 308 patients included from August to November 2018 by 69 hospital-based specialists (internists: 84%, rheumatologists: 15%, geriatricians: 1%), 306 fulfilled all the selection criteria. Two patients without GCA treatment at the study visit were excluded.



Characteristics of Patients

The characteristics of the patients are detailed in Table 1. The mean age of patients (67% female) was 74.0 ± 7.9 years at the study visit. Most (83%) patients had comorbidity(ies) before GCA was diagnosed, mainly hypertension, dyslipidemia, diabetes, and/or osteoporosis. Eye disorders (cataract and glaucoma) were reported in 10% of patients.


Table 1. Characteristics of patients.
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At the study visit, most patients (79%) consulted the participant hospital-based specialists as outpatients, and most (87%) had prevalent disease (diagnosis-to-visit interval >6 months). Various physicians referred the patients to participant specialists, mainly general practitioners (56%), followed by ophthalmologists (10%), neurologists (7%), emergency physicians (6%), rheumatologists (5%), or internists (4%). Since the first GCA symptom, patients consulted a mean of 2.1 ± 1.2 specialists (general practitioners: 85%, ophthalmologists: 29%, neurologists: 12%, emergency doctors: 18%, internists: 19%, rheumatologists: 14%).



Initial Patient Presentation

At the study visit, the median time since GCA diagnosis was 13.0 months (IQR 5.0–26.0): 15.0 months (7.0–30.0) for patients with prevalent disease and 0.6 months (0.2–1.0) for those with a new diagnosis. Overall, 21% of patients had an early diagnosis, 57% a diagnosis within the standard timeframe, and 22% a late diagnosis.

In total, 271 (89%) patients had cranial involvement; 29 (9.5%) had an anterior ischemic optic neuropathy, 29 (9.5%) diplopia, and 5 (1.6%) blindness. Cranial involvement was associated with PMR in 42% of patients and with LV involvement in 26%. Isolated PMR and PMR associated with LV-GCA were diagnosed in 6% of patients. In all, 5% of patients had LV-GCA (i.e., LV involvement only) (Figure 1). The GCA characteristics at diagnosis are detailed in Table 2.


[image: Figure 1]
FIGURE 1. Clinical phenotypes of giant cell arteritis at diagnosis. *The subset of cranial manifestations includes patients with strokes and transient ischemic attack(s). #The subset of large vessel involvement includes aortic aneurysm or dilatation, aortitis and/or involvement of aortic branch(s) in imaging, claudication of a limb, sign(s) of subclavian stenosis.



Table 2. Initial presentation of giant cell arteritis.
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Cranial manifestations at diagnosis were more frequent in patients with early and standard-timeframe diagnoses (92% for both timeframes vs. 82% with late diagnosis). By contrast, patients with a late diagnosis more frequently had PMR symptoms (65 vs. 43–47%) and extracranial manifestations (49 vs. 27–31%).

Among patients with prevalent disease, those with at least one relapse initially experienced extracranial event(s) (excluding PMR) more often than those without any relapse since diagnosis (46 vs. 30%, p = 0.009). At the study visit, GCA activity assessed on a 100-mm VAS was higher for patients with incident than prevalent disease [median 27 (IQR 6–63) vs. 18 (5–47)] but the difference did not reach statistical significance (p = 0.125). GCA activity rated by physicians was significantly lower for patients with prevalent disease than patient with incident disease [median 3 (IQR 0–12) and 10 (2–53), p = 0.0015], and also showed smaller numbers compared with patient ratings.



Diagnostic Methods

GCA diagnosis can be based on clinical symptoms and physical examination, acute phase reactants, TAB, and/or imaging (high-resolution color Doppler ultrasonography, MRI of the temporal arteries, angio-CT or 18FDG-PET). The mean number of methods used for GCA diagnosis was 1.9 ± 1.1. The methods used for GCA diagnosis and their contribution to the diagnosis are presented in Figure 2. Overall, TAB was the most frequently used technique (85%). High-resolution temporal artery Doppler ultrasonography, 18FDG-PET and aortic angio-CT were also frequently performed, in 31, 26 and 30% of patients, respectively, whereas MRI of the temporal arteries was used in 7% of patients. Overall, TAB confirmed the diagnosis for 54.5% of patients, high-resolution temporal artery Doppler for 15.6%, 18FDG-PET for 17%, aortic angio-CT for 8.8% and MRI for 3%. When performed, 18FDG-PET most often established the diagnosis of GCA, in 70% of patients vs. 67% for TAB. In addition, 18FDG-PET was more often used than TAB for patients with LV involvement (73 vs. 67%) (Supplementary Table 1). The use of vascular imaging was more frequent in patients with a late than early diagnosis (>3 vs. <1 month): high-resolution temporal artery Doppler ultrasonography: 42 vs. 26% of patients; 18FDG-PET: 46 vs. 17%; angio-CT: 35 vs. 19%.
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FIGURE 2. Diagnostic tests for giant cell arteritis. Proportion of patients (%). CT, computed tomography; MRI, magnetic resonance imaging; 18FDG-PET, 18F-fluorodesoxyglucose positron emission tomography.




Relapses and Complications

Patients with prevalent disease had experienced at least one relapse after diagnosis (46%), and most had one or two relapses (57 and 26%, respectively). The median time to first relapse was 10 months (IQR 5–19). Relapses were mainly evaluated according to clinical criteria (81%) and/or laboratory criteria of elevated levels of acute phase reactants (81%); they were rarely evaluated according to only laboratory criteria (14%). Cranial and rheumatic symptoms were the most frequent clinical criteria reported (in 52 and 44% of patients, respectively).

According to investigators' judgement, 16% of patients had at least one GCA complication since diagnosis, which was mainly ophthalmic (5%), psychiatric (3%) and or vascular (3%).



Treatment of GCA

All patients received GCs at least once after diagnosis, and GC therapy was ongoing in 89% at the study visit (Table 3). At diagnosis, intravenous pulse GCs were given to 54 (16%) patients for a median of 3 days (IQR 3–3). The median dose of GCs was higher for patients with incident than prevalent disease [40 (IQR 30–50) vs. 8 (5–15) mg/day]. Overall, the median cumulative oral GC dose, assessed in 87 patients, was 4,305 mg (IQR 1,920–7,000); the median cumulative oral GC dose, assessed in the 74 patients with prevalent disease, was 4,985 mg (IQR 2,838–7,170). For the 21 patients with relapse and with available data, the median cumulative dose was 7,400 mg (IQR 4,867–9,435). Most relapses (80%) were diagnosed in patients with ongoing GC therapy [median dose 10 mg/day (IQR 5–17)]; 11 and 3% of relapses occurred under ongoing immunosuppressive therapy or therapy with targeted biologics, respectively. Relapses were treated with GCs at a median prednisone equivalent dose of 20 mg/day (IQR 10–30) in 95% of cases, immunosuppressants in 21% and/or targeted biologics in 19%.


Table 3. Glucocorticoids for giant cell arteritis since diagnosis.
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In addition, 29% of patients were receiving or received at least one adjunct treatment for GCA [immunosuppressants (19%) and/or targeted biologic agents (16%)], and 6% two different adjunct medications (Table 4). MTX and TCZ were the most frequently prescribed adjunct medications (19 and 15% of patients, respectively). For the 25 (8%) patients who stopped MTX before the study visit, the mean treatment duration was 16.8 ± 15.7 months. The current mean dose of MTX was 14.4 ± 4.8 mg/week for the 35 (11%) patients who were receiving the drug at inclusion. For the 9 (3%) patients who stopped TCZ before the study visit, the mean treatment duration was 21.9 ± 16.6 months. Other adjunct medications, namely azathioprine, cyclophosphamide, leflunomide, infliximab or adalimumab, were rarely prescribed (Table 4).


Table 4. Adjunctive treatments for giant cell arteritis since diagnosis.
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Overall, 37% of patients experienced at least one comorbidity related to or aggravated by the GCs use, mainly diabetes (12%), hypertension (10%), osteopenia/osteoporosis/osteoporotic fractures (7%), insomnia (3%), and infections (3%). Cataract and glaucoma were reported as GC-related events in 1% of patients for both events (Supplementary Table 2). Osteoporosis treatment and calcium-vitamin D were given to 47 and 37% patients, respectively, in the period following diagnosis of GCA and 61% received antiplatelet agents.




DISCUSSION

In the context of the rapidly evolving landscape of recommendations for managing GCA, this French study provides insights into current medical practices in hospital centers for GCA (GCA subtypes, patient pathway, diagnostic methods, and GCA treatments).

Overall, 306 patients under treatment for GCA were enrolled by 69 hospital-based specialists from 53 centers in 2018. Most patients were females and most were at least 70 years old at the study visit, in accordance with the well-known characteristics of GCA (12–15). General practitioners referred half of the patients to the specialists who participated in the study.

At initial presentation, cranial manifestations (isolated or not) were predominant (89% of patients), as expected and previously reported (14). Isolated LV-GCA was diagnosed in only 5% of patients. Delayed diagnosis was still common (>3 months after the first medical event in 22% of patients), in particular for patients with PMR symptoms or extracranial events.

Probably in line with the common cranial manifestations of GCA and headache, TAB remained the most commonly performed diagnostic test for GCA and was used in 85% of patients. This proportion was consistent with the proportion from a French retrospective study (91%) conducted in two hospital centers (13) but much higher than that reported in a study (51%) based on national administrative health insurance claims data between 2007 and 2015 (12). This difference may be explained by the fact that the ARTEMIS study did not enroll patients exclusively seen by community physicians (office-based rheumatologists or general practitioners who could have practices different from hospital-based specialists). Also, vascular imaging modalities were frequently used (from 26 to 31% of patients depending on the imaging performed) and contributed to the diagnosis, in particular for patients with extracranial manifestations. This observation may reflect a shift toward imaging techniques for GCA diagnosis, in accordance with recent European recommendations (7, 8). However, the use of large-vessel imaging was not systematic, which could explain the small proportion (11%) of patients with a diagnosis of non-cranial GCA.

Our study showed a high proportion of patients with GCA relapse(s) since diagnosis (46%), with a median time to first relapse of 10 months. These results are consistent with previous findings from a French monocentric study showing 52% relapse after a median of 12 months after diagnosis (15) and with the proportion of relapsing patients (42%) in a meta-analysis of non-interventional studies (16). In addition, we observed a significantly higher proportion of relapsing patients who presented extra-cranial event(s) at GCA diagnosis as compared with patients with no relapse during follow-up. In a retrospective monocentric French study, LV-GCA was found as an independent factor of relapse (hazard ratio 1.49, 95% confidence interval 1.002–2.12; p = 0.04) (15).

The toxicity related to GCs depends on both the daily dose and cumulative dose (14, 17). In our study, the high median GC dose of patients with incident disease (40 mg/day) was consistent with the median starting dose of GCs analyzed from a US database (50 mg/day) as well as the cumulative GC dose (4,305 and 4,800 mg, respectively) (14). This GC dose of patients with incident disease in our study is somewhat lower than the mean initial dose prescribed in a French population-based study (mean 41.7 vs. 54.5 mg/day) (18). As compared with non-hospital physicians, hospital specialists may prescribe lower prednisone doses in non-complicated GCA, the most frequent form of the disease.

Overall, after a median GCA duration of 13 months (15 months for prevalent patients), 37% of patients experienced at least one comorbidity related to or aggravated by the GCs taken (mainly diabetes, hypertension, osteopenia/osteoporosis/osteoporotic fractures, insomnia, and infections). The lower occurrence of side effects linked to the use of GCs in our study compared to the much higher previously reported figures (9), may be related to a lower cumulative dose and a better management of corticosteroids tolerance during the last decades but is still an issue in these older patients.

Overall, 29% of the studied patients received at least one adjunct agent since GCA diagnosis. MTX and TCZ were the most-prescribed GC-sparing agents (19 and 15% of patients, respectively). The doses of MTX used (mean 14.4 ± 4.8 mg/week) were in agreement with or close to recommendations, the minimum recommended dose being 15 mg/week for EULAR and from 7.5 to 15 mg/week for French recommendations (6, 7). By comparison, regarding the proportions of patients receiving an adjunct treatment, the French study based on national administrative health insurance claims data showed a slightly lower proportion of patients receiving MTX between 2007 and 2015 (12%) and no patients receiving TCZ during this period (12). The new prescriptions of TCZ observed in 2018 should be seen in relation to the recent approval of TCZ in this indication (in 2017).

Our real-world data are based on a large sample of patients with GCA defined as per physician judgement and without imposed classification criteria. Thus, the study provides findings for GCA management based on usual medical practices. The limitations of our study are inherent to its non-interventional design and that studied variables were analyzed only when available in patients' medical files. In addition, only GCA patients under treatment at the study visit had to be included, which may have led to an increased proportion of patients with long-standing therapies. Finally, because the study did not enroll GCA patients exclusively seen by community physicians, the extrapolation of our findings to other populations is cautioned.

In conclusion, this large observational study conducted in patients with recently diagnosed GCA provides insight into current medical practices for GCA in France. Our data show that non-cranial GCA remains a rare clinical phenotype of the disease despite the increasing use of LV imaging. In addition, the substantial proportion of patients with relapsing disease was confirmed, with high cumulative GC doses and adjunct medications (mainly MTX and TCZ) in one third of patients.
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Background: The management of giant cell arteritis (GCA) remains challenging and many patients require prolonged glucocorticoid treatment due to high disease relapse rates. We aimed to evaluate the role of leflunomide as a steroid-sparing agent in GCA.

Methods: This prospective open-label study included patients diagnosed with GCA between July 2014 and August 2020 and followed them for 96 weeks. At the time of diagnosis all patients received treatment following a predefined glucocorticoid regimen. At week 12 of follow-up, 10 mg of leflunomide per day was recommended as an adjunctive therapy. The decision to start with leflunomide treatment was patient-dependent. Follow-up visits were performed adhering to a predetermined protocol. The number of relapses, the cumulative glucocorticoid dose and treatment-related adverse events were recorded and compared between glucocorticoid-only and leflunomide groups.

Results: Of the 215 GCA patients [67.6% female, median (IQR) age 74 (66–79) years], 151 (70.2%) received leflunomide at week 12 (leflunomide group); the others continued with glucocorticoids (glucocorticoid-only group). During the study 64/215 (29.8%) patients relapsed. Of the 51 patients who relapsed after 12 weeks, 22/151 patients (14.6%) and 29/64 patients (45.3%) were in the leflunomide and glucocorticoid-only group, respectively (p = 0.001; NNT 3.3 for leflunomide). Furthermore, 80/151 patients in the leflunomide group managed to stop glucocorticoids at week 48 [with relapses in 6/80 patients (7.5%)]. The cumulative glucocorticoid dose was lower in the leflunomide group (p = 0.009).

Conclusion: In our cohort, leflunomide safely and effectively reduced the GCA relapse rate and demonstrated a steroid-sparing effect in over three quarters of patients.

KEYWORDS
 giant cell arteritis, open-label study, leflunomide, relapses, steroid sparing


Introduction

Giant cell arteritis (GCA) represents the most common primary vasculitis of large and medium-sized arteries in the population aged over 50 in Europe and North America (1). It is a rheumatologic emergency and as such requires prompt anti-inflammatory treatment to prevent irreversible ischemic complications (2–4). Glucocorticoids remain the cornerstone of treatment due to their rapid onset of action (5). Unfortunately, almost half of patients relapse during glucocorticoid tapering, and around half after glucocorticoid withdrawal (4, 6). Therefore, many patients need prolonged treatment resulting in high cumulative glucocorticoid doses (5). Therefore, patients are at risk of developing glucocorticoid-related adverse events and complications such as diabetes, arterial hypertension infections, osteoporosis, fractures and steroid myopathy (7). Many conventional synthetic and biologic disease-modifying anti-rheumatic drugs (csDMARDs, bDMARDs) have been studied for their steroid-sparing effect in treating GCA. A superior efficacy compared to glucocorticoids, as well as reduced cumulative glucocorticoid exposure and increased rate of sustained remission was compellingly shown only for tocilizumab (8). However, bDMARDs are contraindicated in some patients and are associated with a significant cost. Among csDMARDs, methotrexate is recommended as an alternative, despite the very modest evidence supporting its use (9, 10). Nevertheless, the use of methotrexate is contraindicated in chronic kidney disease, which is relatively common in the elderly population, which is the population most often affected by GCA.

Leflunomide is a safe and effective csDMARD for the treatment of inflammatory arthritides as well as systemic vasculitides (e.g., granulomatosis with polyangiitis and Takayasu arteritis) (11, 12). Due to its mechanism of action the potential effectiveness of leflunomide is expected in GCA, as it suppresses the production of proinflammatory cytokines through the activation of dendritic cells and also weakens the action of the T-cell response (13, 14).

There are no randomized controlled clinical trials supporting the efficacy of leflunomide as a steroid-sparing agent in GCA, but data from a few single-center studies, case series and case reports are promising (15–21). Our center reported in 2019 a study on leflunomide in GCA patients, comparing 30 patients treated with leflunomide vs. 46 on glucocorticoids (15). In the current extended study (both in the number of patients and the study period) we evaluated the effectiveness of leflunomide in the largest cohort of patients with GCA reported up-to-date.



Methods


Setting

This prospective open-label study was performed at the Department of Rheumatology, University Medical Center Ljubljana, a secondary/tertiary level teaching hospital, where we manage most GCA cases from the region using our fast-track protocol (4).



Patients

In the present study we enrolled patients diagnosed with GCA between July 2014 and August 2020.

GCA diagnosis was based on the corresponding clinical and laboratory features and either the positive result of a temporal artery biopsy as defined by the 1990 American College of Rheumatology criteria for the classification of GCA (22) and/or the positive result of imaging [color Doppler sonography of seven arterial territories–paired temporal, facial, occipital, carotid, vertebral, subclavian and axillary, or positron emission tomography/computed tomography (PET/CT) with the use of 18F-fluoro-2-deoxy-D-glucose (18F-FDG)].



Baseline evaluation and follow-up

The baseline patient work-up included a thorough history of GCA symptoms, comorbidities, a complete physical examination, extensive laboratory tests and imaging (color Doppler sonography or 18F-FDG PET/CT) or a temporal artery biopsy.

Follow-up visits with predetermined clinical evaluation and laboratory tests were performed at 4, 12, 24, 48, 52 (± 2) and 96 (± 2) weeks after diagnosis. Additional unscheduled visits were arranged for patients who relapsed during glucocorticoid tapering or after glucocorticoid discontinuation.

Patients who completed all scheduled follow-up visits were included in the analysis.

Disease relapse was defined as the disease worsening or new disease activity after the initial remission. We subdivided the observed relapses into laboratory-only, clinical-only or clinical and laboratory. Other reasons for the observed symptoms and/or elevated inflammatory markers (i.e., infections, malignancy, other underlying disease) had to be excluded.

Clinical relapse was defined as the reappearance of signs of cranial ischemia (headache, yaw claudication, visual disturbances–usually objectivized by an ophthalmologist), constitutional symptoms (fever, weight loss, night sweating), symptoms of polymyalgia rheumatica, and in the case of limb ischemia, the worsening of the ischemia after initial improvement after treatment. The symptoms/signs have to improve after the intensification of immunomodulatory treatment.

In the laboratory we monitored the C-reactive protein and erythrocyte sedimentation rate. A persistent increase of C-reactive protein and erythrocyte sedimentation rate, after the exclusion of infection and other causes for elevation of inflammatory parameters (e.g., malignancy), that responded to the escalation of immunomodulatory treatment was documented as a laboratory GCA relapse.

We recorded the number of relapses during the first 96 weeks of treatment, the cumulative glucocorticoid dose for each patient at 96 weeks, and adverse events associated with glucocorticoids or leflunomide.



Treatment protocol and patient stratification

The detailed study protocol has been already described (15). Briefly, according to EULAR recommendations, we initiated treatment with glucocorticoids in all patients at the time of GCA diagnosis (23, 24). The initial dose of oral methylprednisolone was 0.8 mg/kg of body weight once per day (qd), but no <32 mg qd and no more than 48 mg qd. Patients with cranial GCA experiencing ischemic complications such as visual disturbance and those with extracranial large vessel GCA additionally received methylprednisolone 250 mg intravenously for three consecutive days prior to receiving methylprednisolone orally.

The tapering of glucocorticoid therapy started after 2–4 weeks. The dose of methylprednisolone was reduced by 4 mg weekly to 16 mg qd, then 2 mg each other week to 8 mg qd, then 1 mg monthly to a maintenance dose of 4 mg qd. At week 48 we discontinued glucocorticoid treatment in patients in the leflunomide group who were in remission during the first 48 weeks of follow-up. Patients who chose to remain in the glucocorticoid-only group and patients in the leflunomide group with a relapse continued treatment with the lowest effective glucocorticoid dose after week 48.

At week 12 the add-on therapy with leflunomide 10 mg qd was offered to all patients without contraindications for leflunomide (e.g., liver failure, bone marrow suppression). Patients who refused treatment with leflunomide were allocated to the glucocorticoid-only group.

In cases of GCA relapse, the methylprednisolone dose was temporarily increased by 8–12 mg qd on top of the last previously effective dose and leflunomide (10 mg qd) was added to the treatment for patients in the glucocorticoid-only group. In cases of GCA relapse in patients who were in the leflunomide group, the methylprednisolone dose was increased as described above, and the dose of leflunomide was increased from 10 to 20 mg qd. In cases of active GCA, despite this intervention or in cases of adverse events attributable to leflunomide, leflunomide was substituted with oral methotrexate (15 to 20 mg weekly) or a bDMARD (tocilizumab or ustekinumab).



Adverse events

Adverse events were systematically recorded with particular focus on 17 types of adverse events attributable to either glucocorticoids or leflunomide: steroid diabetes, steroid myopathy, osteoporotic fracture, cataract, glaucoma, severe infection (defined as a need for antibiotic treatment or hospital admission, including tuberculosis), hair loss, weight loss, diarrhea, significant increase in blood pressure (defined as the need to increase or institute antihypertensive therapy), elevated transaminases, skin bruises, skin rash, leflunomide induced pneumonitis, polyneuropathy and bone marrow toxicity.



Ethical standards

The study was approved by the National Medical Ethics Committee, approval number 112/09/14.

All patients provided their written consent for the use of their demographic and clinical data.



Statistical analysis

Descriptive statistics were used to analyse the studied population. The results were expressed as medians and interquartile ranges (IQR) for metric continuous variables with skewed distribution, and as numbers and proportions for categorical variables. To test the differences between the observed groups, we used the Mann–Whitney U test for metric and Fisher's exact test for categorical variables. The significance threshold selected in all analyses was set at 0.05. The Jamovi (Sydney, Australia) software (version 2.3.0) was used for statistical calculations.




Results


Stratification of GCA patients and baseline patient characteristics

During the 74-month period, we identified 266 patients with newly diagnosed GCA, of whom 51 patients did not complete all the scheduled visits and were therefore excluded from further analyses. Of the remaining 215 patients, 151 (70.2%) chose to start leflunomide (i.e., leflunomide group) and 64 (29.8%) chose not to (i.e., glucocorticoid-only group) (Figure 1).


[image: Figure 1]
FIGURE 1
 Flow chart in giant cell arteritis patients.


All patients underwent a vascular ultrasound, and 168/215 (78.1%) had a positive temporal artery ultrasound. In addition, 42 of 47 patients with a negative temporal artery ultrasound had ultrasound findings consistent with vasculitis in one of the other examined arteries. A temporal artery biopsy was performed in 100 patients, and was positive in 86 cases (86.0%). A PET/CT was performed in 27 patients and was consistent with vasculitis in 24 cases (88.9%).

The baseline demographic and clinical characteristics as well as inflammatory markers of the 215 GCA patients (67.6% female) who were followed for at least 96 weeks are presented in Table 1, column A. Their median (IQR) age was 74 (66–79) years. Cranial GCA was diagnosed in 138 (64.2%) patients and the rest had extracranial large vessel GCA. There were no significant differences in baseline demographic and clinical characteristics or inflammatory markers between the leflunomide and glucocorticoid-only group (Table 1, column B).


TABLE 1 Baseline characteristics of giant cell arteritis patients in the leflunomide and glucocorticoid-only group.
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Follow-up from week 0 to week 96

During the study 64/215 (29.8%) patients relapsed. Overall, we documented 81 relapse episodes, as some patients had more than one relapse: we documented one relapse in 51 (79.7%) patients, two relapses in 10 (15.6%) patients, three relapses in two (3.1%) patients and four relapses in one (1.6%) patient).

Patients with extracranial large vessel GCA relapsed more frequently compared to cranial limited GCA (46.9% patients had large vessel involvement in the relapsing GCA group, compared to 31.1% cases of large vessel involvement in the non-relapsing GCA group, p = 0.031).

In 18 patients the first relapse occurred during the first 12 weeks after diagnosis (i.e., before adding the leflunomide), while 63 episodes occurred in 51 patients from week 12 to week 96 of the follow-up.

Of the 51 patients with a relapse after week 12 of follow-up, 22 patients were in the leflunomide group [22/151 patients (14.6%); 25 episodes] and 29 in the glucocorticoid-only group [29/64 patients (45.3%); 38 episodes]. The difference in the relapse rates between the groups was significant (p < 0.001), with the number needed to treat (NNT) for leflunomide standing at 3.3 (95% CI 2.3; 5.5). Among the documented relapses, 59% were laboratory-only, 6% were clinical-only and 35% were concurrently clinical and laboratory.

In 18 relapsing patients leflunomide was increased from 10 to 20 mg. In 14 patients, methotrexate was prescribed after relapse. In two relapsing patients ustekinumab was used and in one patient tocilizumab was used after leflunomide failure (however this patient was finally treated with secukinumab).



Follow-up of leflunomide group after glucocorticoid withdrawal

In 80 (53.0%) of the 151 patients in the leflunomide group, glucocorticoid treatment was discontinued at week 48, as per protocol. Three patients decreased the methylprednisolone dose after 48 weeks from 4 mg qd to 2 mg qd. The rest continued treatment with methylprednisolone of 4 mg qd. During the follow-up period in the leflunomide group after glucocorticoid discontinuation (from week 48 to week 96) we documented relapse in 6 out of the 80 (7.5%) patients (these relapses were included in the quota of all relapses in leflunomide group).



Cumulative glucocorticoid dose at week 96

At the last follow-up visit (week 96) the cumulative median (IQR) prednisolone-equivalent doses were 7.0 (5.2; 7.7) g and 7.7 (7.0; 7.9) g in the leflunomide and glucocorticoid-only group, respectively. The difference in cumulative glucocorticoid dose was significant (p = 0.009).



Adverse events

We documented at least one of the adverse events of special interest in 187 (87.0%) patients. Adverse events were observed in 87.4 and 85.9% of patients in the leflunomide and glucocorticoid-only group, respectively. In total we observed 419 adverse events (Table 2, column A). The two adverse events that were significantly more frequent in the leflunomide group were hair loss (p = 0.016) and diarrhea (p = 0.016). None of the patients had leflunomide-associated bone marrow toxicity, pneumonitis or polyneuropathy. The frequencies of adverse events are shown in Table 2, column B.


TABLE 2 Adverse events in the leflunomide and glucocorticoid-only group.

[image: Table 2]

Forty-one out of 151 (27.2%) patients discontinued leflunomide due to one or more adverse events, after a median (IQR) 18 (7, 27) weeks of treatment.




Discussion

The management of GCA remains a challenge, despite new insights into disease pathogenesis, improved diagnostic options, fast-track protocols and approval of bDMARDs for its treatment. In spite of the growing choice of treatment options, glucocorticoids have remained the mainstay of therapy for GCA regardless of their long-term adverse effects and increased awareness of the importance of glucocorticoid-sparing treatment regimens. Among csDMARDs, methotrexate has been extensively studied in GCA but without much success (9, 25). Leflunomide, which is an effective and safe csDMARD, has not been extensively studied in GCA, even though its mechanism of action supports its potential benefit in the treatment of GCA due to its immunomodulatory effect through the inhibition of dendritic cell maturation, which is considered the principal pathogenetic mechanism in GCA (13, 14). Leflunomide also modulates interleukin-6 levels, known to be elevated in GCA (26).

To our knowledge, we have reported the largest cohort of patients who have cranial or large vessel GCA, were treated with an add-on therapy with leflunomide and followed for 96 weeks. We focused on the occurrence of relapses, assessing the potential steroid-sparing effect of leflunomide and its safety.

After week 12 of follow-up, i.e., after the cohort was split into leflunomide and glucocorticoid-only group, we observed significantly fewer relapses in the leflunomide group, with an NNT for leflunomide of ~3 patients. Furthermore, even after the glucocorticoids were discontinued at week 48 for more than half of the patients in the leflunomide group, only 7.5% of patients relapsed in the period from week 48 to week 96. This data demonstrates that most patients in whom glucocorticoid can be discontinued after 48 weeks remain in remission on leflunomide alone for at least a year. Additionally, these patients achieved and remained in remission with a significantly lower cumulative glucocorticoid dose at week 96. This effect was reached by adding a low-dose leflunomide of only 10 mg qd, which is lower than the standard dose for treatment of rheumatoid arthritis (27).

There were no serious or life-threatening adverse events observed that were attributable only to leflunomide, such as hypersensitivity reaction, bone marrow toxicity, pneumonitis or polyneuropathy. The rate of adverse events observed was similar between the two groups, since both groups received glucocorticoids. The two adverse events that were significantly more common in the leflunomide group were hair loss and diarrhea, which were resolved after discontinuation of leflunomide, suggesting that the risk of persistent and relapsing GCA and prolonged treatment with glucocorticoids outweighs the risk of leflunomide-associated toxicity. Moreover, there was no significant difference in the occurrence of severe infections between the groups, a finding further supporting the use of leflunomide. Numerically speaking, the infection rate was even lower in leflunomide group. We also found our results to be in line with a recent study in large vessel GCA, where a 24.3% discontinuation rate was reported (20). Similarly, in studies in rheumatoid arthritis, the drop-out due to leflunomide adverse events was 25% (28).

These data extend previous observations from the first ever prospective observational single-center study, conducted at our center, which confirmed a significant difference in the rate of relapses in the group receiving leflunomide in addition to standard glucocorticoid therapy compared to the control group receiving glucocorticoids alone during the first 48 weeks of follow-up (13.3 vs. 39.1%, p = 0.02), but with a lower number of enrolled patients (76 patients) (15).

A recent prospective Indian observational study reported 22 patients newly diagnosed with cranial-only GCA with an add-on therapy with leflunomide to a predefined glucocorticoid regimen at week 0, demonstrating that the maintenance of continuous steroid-free remission was achieved in 68% of patients for a median follow-up period of 24 months (18). Seven (31.8%) patients in this cohort experienced a clinical relapse after a median of 12 months after initial remission, a rate significantly higher than in our cohort; however, due to the different design of the study and limited number of patients, a comparison is inapplicable.

Another recent, though retrospective study from the UK reported long-term experience with the use of leflunomide in a cohort of 70 patients with large-vessel GCA (20). Of all the patients on leflunomide, 23% experienced at least one relapse; however, patients starting leflunomide due to a relapse later on in the course of the disease course were also included. Compared to our findings, we can speculate that the relapse rate might be lower if all patients were started on leflunomide early on in the course of the disease, even though our cohort included large-vessel as well as cranial GCA patients. The findings in this study were additionally supported by the use of imaging, confirming a positive response in the majority of patients.

To date, there are only a few other available pieces of data supporting the effectiveness of leflunomide as a steroid-sparing agent in GCA from a few other single-center studies, case series and case reports. A study carried out in Norway reported 11 retrospectively identified patients with difficult-to-treat GCA receiving leflunomide showing a significant reduction of CRP (p = 0.02) and a significantly smaller dose of prednisolone (p = 0.02) as early as after 3 months of treatment (17). Another retrospective Norwegian study, comparing leflunomide and methotrexate in the treatment of GCA, showed a significant difference in the time-to-remission rate in patients treated with leflunomide (56.4 vs. 86.4 weeks for leflunomide and methotrexate, respectively) (16). A case series from the UK demonstrated that 22 out of 23 patients (9 with difficult-to-treat GCA and 14 with difficult-to-treat polymyalgia rheumatica) had a complete or partial response to leflunomide, which was well-tolerated in all except in three patients, who experienced rashes, diarrhea and peritoneal abscesses (21).

Most of the up-to-date published studies are retrospective in nature and dealt with patients with difficult-to-treat diseases, some of whom had previously been unsuccessfully treated with another csDMARD (e.g., methotrexate), and who mostly required higher doses of glucocorticoids than the standard tapering regimen. It is therefore difficult to establish conclusions. The two prospective studies demonstrate additional evidence, but are limited by the relatively low number of patients included. Nevertheless, all the available data suggest the effectiveness of adjunctive treatment with leflunomide in GCA patients.

Our study was limited by its single-center, open-label design and the smaller size of the control group (glucocorticoid-only group); however, it was the result of a previously acquired positive experience with the use of leflunomide at our center. Due to its limitations, the results and conclusions of our study should be interpreted with caution. Nevertheless, we have presented the largest cohort of GCA patients treated with leflunomide to date. The main strength of our study is its prospective nature and external validity by means of the prospective inclusion of an unselected real-world GCA population, and the fact it followed a predefined systematic treatment regimen and follow-up strategy. Despite the limitations, this study significantly contributes to the growing knowledge of the effectiveness of leflunomide and its steroid-sparing effect in patients with GCA.

In conclusion, in this prospective single-center, open-label study, by adding leflunomide to the EULAR-recommended glucocorticoid regimen in GCA treatment, we demonstrated the encouraging potential of leflunomide to safely and effectively reduce the relapse rate at a lower cumulative glucocorticoid dose in over three quarters of GCA patients in our cohort.

Our experiences with leflunomide should be further verified in a randomized control trial.
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Objective: The aim of this study was to analyze inter- and intra-observer agreement for contrast-enhanced ultrasonography (CEUS) for monitoring disease activity in Giant Cell Arteritis (GCA) in the wall of axillary arteries, and common carotid arteries.

Methods: Giant cell arteritis patients have CEUS of axillary arteries and common carotid. These images were rated by seven vascular medicine physicians from four hospitals who were experienced in duplex ultrasonography of GCA patients. Two weeks later, observers again rated the same images. GCA patients were recruited in from December 2019 to February 2021. An analysis of the contrast of the ultrasound images with a gradation in three classes (grade 0, 1, and 2) was performed. Grade 0 corresponds to no contrast, grade 1 to moderate wall contrast and grade 2 to intense contrast. A new analysis in 2 classes: positive or negative wall contrast; was then performed on new series of images.

Results: Sixty arterial segments were evaluated in 30 patients. For the three-class scale, intra-rater agreement was substantial: κ 0.70; inter-rater agreement was fair: κ from 0.22 to 0.27. Thirty-four videos had a wall thickness of less than 2 mm and 26 videos had a wall thickness greater than 2 mm. For walls with a thickness lower than 2 mm: intra-rater agreement was substantial: κ 0.69; inter-rater agreement was fair: κ 0.35. For walls with a thickness of 2 mm or more: intra-rater agreement was substantial: κ 0.53; inter-rater agreement was fair: κ 0.25. For analysis of parietal contrast uptake in two classes: inter-rater agreement was fair to moderate: κ from 0.35 to 0.41; and for walls with a thickness of 2 mm or more: inter-rater agreement was fair to substantial κ from 0.22 to 0.63.

Conclusion: The visual analysis of contrast uptake in the wall of the axillary and common carotid arteries showed good intra-rater agreement in GCA patients. The inter-rater agreement was low, especially when contrast was analyzed in three classes. The inter-rater agreement for the analysis in two classes was also low. The inter-rater agreement was higher in two-class analysis for walls of 2 mm thickness or more.

KEYWORDS
contrast-enhanced ultrasonography (CEUS), giant cell arteritis–large-vessel, agreement, giant cell arteritis, large-vessel vasculitis (LVV)


Introduction

Giant cell arteritis (GCA) is the most common vasculitis in elderly people, with large-vessel vasculitis (LVV) involvement in slightly more than half of the GCA cases, such as the aorta and its branches particularly the axillary artery (1–3). GCA is characterized by an arterial wall inflammatory process within the vessel wall leading to structural arterial wall alterations from mild thickening until arterial occlusion, with late complications as aneurysm (4). Assessment of arterial wall inflammatory activity is important for monitoring GCA activity. Traditionally, the GCA evaluation was based on the clinical signs with monitoring of biological inflammatory markers such as erythrocyte sedimentation rate or C-reactive protein (CRP), but with the use of interleukin-6 receptor blockers, these biological parameters are becoming less informative. More recently, imaging by computed tomography (CT) scan, positron emission tomography (PET/CT) scan, color Doppler ultrasonography (CDUS) or magnetic resonance imaging (MRI), have become very important in the diagnosis of GCA but their use for the follow-up, in particular to evaluate the LVV activity of the disease, remains to be specified. Follow-up imaging data are heterogeneous, mainly because of a lack of standardization in the interpretation of these images.

Contrast-enhanced ultrasound (CEUS) was developed for a better vascular visualization. This examination is an ultrasound in B-mode, associated with an injection of ultrasound contrast. It consists of microbubbles of weakly soluble sulfur hexafluoride gas stabilized by a phospholipid and palmitic acid envelope, which allows an increase in circulation time after intravenous injection and therefore an increase in the duration of the examination (5). These microbubbles remain strictly localized to the vascular compartment. They are eliminated within 15 min after the injection.

Contrast-enhanced ultrasound was developed to improve the visualization of the vessel lumen and to identify unstable carotid plaques at an increased risk of stroke. These unstable plaques are characterized by the presence of intraplaque inflammation, leading to the formation of neovascularization that are likely to rupture, which may result in plaque fissure, thrombus formation, and stroke (5, 6). Injection of an ultrasound contrast medium allows ultrasound visualization of microbubbles circulating in these neo-vessels. CEUS is also used to improve vascular visualization in aortic prosthesis monitoring and in digestive vascular imaging.

In GCA, arteries could be evaluated using B-mode and CDUS imaging. Typical signs of GCA are circumferential, homogeneous, hypo-echogenic wall thickening (“halo sign”) or compression sign for temporal arteritis (7–9). The intima-media thickness (IMT) ≥1 mm cutoff value, in the axillary artery has sensitivity and specificity values of 96.1–100% for GCA but 6 months after GCA treatment, approximately 50% of the patients had persistent arterial thickening despite normalization of biological inflammatory markers and the absence of clinical symptoms (10–12). To improve wall thickening analysis, CEUS could be used for vascular imaging, especially for patients with a persistent thickened vessel wall in large-vessels.

Studies using CEUS in patients with GCA or Takayasu arteritis (TA) describe uptake of ultrasound contrast agent into the vessel wall in active vasculitis (11–16). Previously published studies with CEUS in LVV used a semi-quantitative score with three-class scale (6). CEUS could detect an increase in the vascularization of the wall of these arteries, which seems to correlate with the activity (11, 17, 18). Few studies have been performed in GCA patients and they most often report GCA patients associated with TA patients. A pilot study of seven patients with TA (n = 5) or GCA (n = 2) has evaluated CDUS and CEUS of the carotid arteries (14). Of the 14 carotid arteries examined, 50% had lesions on CDUS (parietal thickening), and 64% had neovascularization of the wall on CEUS. CEUS was positive on both carotid arteries in one patient while the CDUS was negative, and conversely, parietal thickening was noted on one carotid artery in one patient on CDUS without contrast uptake on CEUS. Another study compared CEUS and PET/CT of the carotid arteries in a series of 31 consecutive patients with TA (n = 14), or GCA with LLV on PET/CT (n = 17) (15). In 10 patients, PET/CT revealed carotid arteries FDG uptake considered as active disease. Using the PET/CT as a reference, the sensitivity and specificity of carotid CEUS were 100 and 92%, respectively. Inflammation revealed by PET/CT and neovascularization of the arterial wall revealed by CEUS were correlated (15).

Thus, up to date, the biggest challenge in CDUS as in CEUS is the lack of quantitative, reliable, and effective measures to evaluate disease activity in GCA and monitoring of treatment response.

The objective of this study was to investigate the reliability (consistency and reproducibility) of arterial wall CEUS in GCA with semi-quantitative visual analysis by comparing the classification of different experts on sets of ultrasound loops (inter-rater association) and on experts’ own repeated ratings (intra-rater association).



Materials and methods


Inclusion criteria

Inclusion criteria were GCA patients, with American College of Rheumatology (ACR) criteria (19), or age >50 years and CRP >10 mg/L and vasculitis on imaging: ultrasound, MRI, CT or PET/CT (20–23). This study included patients with large-vessel involvement with increased IMT ≥0.8 mm at the axillary or common carotid arteries on CDUS. Patients were included from December 2019 to February 2021.



Contrast-enhanced ultrasound examination

Contrast-enhanced ultrasound was performed on a Toshiba Aplio 400 ultrasound machine (Canon Medical Systems, Europe) with a L11-4 linear array probe according to the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) guidelines (24). The common carotid artery and axillary arteries were assessed by the same experienced physicians. The ultrasound examination was performed with the patient in the supine position. For each patient, the bilateral carotid and axillary arteries were examined and the wall thickness (IMT) of the common carotid artery and axillary arteries were measured.

The mechanical index was between 0.06 and 0.09. The instrument parameters were kept consistent for all patients. The gray scale was automatically adapted. The maximum IMT was measured using CDUS, and the most prominently thickened vessel segment was chosen based on the accessibility to all parts of the vessel wall. CEUS was performed at the thickest site of the common carotid or axillary artery. Micro Flow Imaging (MFI) mode was used for recording image loops.

Each contrast agent infusion was followed by a saline flush with 10 ml of NaCl 0.9% solution. After injection of 2.5 mL of ultrasound contrast agent (SonoVue, Bracco S.p.A., Milan, Italy), a continuous ultrasound video was recorded over 60 s, and the image loops were stored on an ultrasound machine. Afterward, the recorded movies were analyzed by a real time examination.



Study design

Images were analyzed by experienced seven vascular physicians (named thereafter observers) from three university hospitals and one general hospital. Consensus meetings were held, a first meeting to specify the evaluation method and comparing the analysis data obtained by the evaluation of three experienced investigators, then each observer analyzed 10 loops of training images and after analysis of the data a second meeting to adjust and harmonize the evaluations was held; then each operator analyzed 4 series of 30 image loops. An initial three-class analysis was performed. The degree of neovascularization at the thickening wall on CEUS was defined as follows (Figure 1): grade 0, no vascularization, representing no moving microbubbles in the thickened artery lesions; grade 1, limited or moderate vascularization, representing limited or moderate visible appearance of microbubbles in the thickened artery lesions; and grade 2, severe vascularization, representing extensive wall vascularization with a clear visible appearance of microbubbles (Supplementary Video 1) (14). A second two-class analysis was then performed, describing no wall contrast or arterial wall contrast. The order of reviewing the image sets was different between each series; the review of each image set was performed with at least a 2-week interval to reduce recall bias. The investigators were blinded to clinical and biological data.


[image: image]

FIGURE 1
Contrast-enhanced ultrasonography in arterial wall in giant cells arteritis patients (A), no contrast-enhanced (B), grade 1 moderate contrast-enhanced (C), grade 2 high contrast-enhanced in longitudinal section (D), grade 2 contrast-enhanced in cross section (T0: wall reference at the start of contrast infusion; T1: wall contrast at the end of the recording, red arrow specific arterial wall thickening area where contrast-enhanced was evaluated).




Ethics

This study was conducted in compliance with the Declaration of Helsinki principles and received ethics approval by the local ethics committee of the University Hospital of Nantes. Each patient included in this study received written information and no patient objected to this study. No written informed consent was needed by the ethics committee because of the retrospective study design (French public health code article: L 1121-1).



Statistical analysis

Agreement and association measures are used to quantify the degree of consistency between experts’ categorical (e.g., binary or ordinal) ratings. For ordered ratings, measures of association are recommended since diminishing credit is assigned for pairs of ratings on the same patient’s test result which are similar but not in full agreement. Measures of agreement are focusing on assessing the levels of exact concordance (i.e., where raters assign the exact same category to a subject’s test result), whereas measures of association also take into account the degrees of disagreement among raters’ classifications.

In this design, a group of raters scored a set of patients’ test results twice, leading to dependencies between classifications. Hence we applied the modeled based kappa evaluation developed by Nelson et al. that provides an overall evaluation (consistency and reproducibility) of the association among multiple raters’ paired scores of patients’ imaging results, at two points of time (25, 26). As no intervention was planned between the two points of time, the consistency between rater’s paired assessments is determined by the intra-rater association whereas the reproducibility is at tested by the inter-rater association.

Statistical analysis Inter- and intra-observer agreements (or association) were interpreted by the Landis and Koch interpretation: 0.21–0.40: fair; 0.41–0.60: moderate, 0.61–0.80: substantial; ≥0.81: almost perfect.




Results

We included 30 patients with newly diagnosed or known GCA with LVV of the axillary and/or carotid arteries. The mean age of all included patients was 75.7 ± 5.7 years. The patients were predominantly female: 63.3% (19 females). The mean wall thickness was 2.1 ± 1.1 mm.

For the whole of the observers, the mean number of views of each ultrasound loop was 4.4 ± 1.1 in three-class scale analyses. Inter and intra−observer agreements of arterial wall contrast-enhanced ultrasonography in three-class analysis are summarized in Table 1. The intra-observer association is high (0.7), indicating substantial consistency between both evaluation series at time 1 and time 2 by each observer. The inter-observer association at time 1 is low (0.27) and at time 2 is even lower (0.22). This indicates that consistency between raters is no more than fair.


TABLE 1    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in three-class scale analysis.
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The agreement of arterial wall contrast in two classes is presented in Table 2. The two-class assessment modestly increases inter-observer agreements, moving from fair to moderate agreement. However, the intra-rater agreement is lower than in the three-class evaluation, indicating a lesser consistency in the evaluation between two views of ultrasound loops.


TABLE 2    Inter-observer agreement of arterial wall contrast-enhanced ultrasonography in two-class scale analysis (CI: confidence interval).

[image: Table 2]

Out of the 30 image loops, 13 had an arterial wall thickness greater than 2 mm. Inter and intra−observer agreement of arterial wall contrast-enhanced ultrasonography in three-class or two-class analysis, according to an arterial wall thickness less or greater than or equal to 2 mm are presented in Tables 3,4. In the cases, the intra-observer association ranges from 0.53 to 0.69, indicating moderate to substantial consistency between both evaluation series by each observer. The inter-observer agreements were fair ranging from 0.25 to 0.35 in the three-class analysis. In the two-class analysis, they showed a great variability especially for walls <2 mm.


TABLE 3    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in three-class scale analysis according to an arterial wall thickness (CI: confidence interval).
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TABLE 4    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in two-class scale analysis according to an arterial wall thickness (CI: confidence interval).
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The physician’s experience did not affect inter- and intra-observer agreements (Tables 5,6). However, the CEUS is globally little performed in GCA, thus none of the physicians has performed more than 300 CEUS in GCA to evaluate disease activity in arterial wall.


TABLE 5    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in three-class scale analysis according to physician’s experience (CI: confidence interval).

[image: Table 5]


TABLE 6    Inter and intra-observer agreement of arterial wall contrast-enhanced ultrasonography in two-class scale analysis according to physician’s experience (CI: confidence interval).
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Discussion

This multicenter study is the first to investigate inter- and intra-observer agreements of arterial wall contrast in GCA with visual assessment of contrast. In this study, intra-observer agreement in the analysis of arterial parietal contrast uptake in GCA was good with an analysis performed in three-class scale. On the other hand, the inter-observer agreement is fair with κ between 0.22 and 0.27 for an analysis in three-class scale, the inter-observer agreement is slightly better from fair to moderate when the analysis is performed in 2-class scale with κ between 0.35 and 0.41.

Parietal thickening appears to be important to consider in the visual analysis of contrast uptake since inter-observer agreement in the two-category analysis showed higher agreement rates when the wall had a thickness of ≥2 mm. Thus, it is possible that the performance of semi-quantitative contrast score analysis is different in GCA compared with TA because wall thickenings in TA are often much greater than in GCA (12–15). The thicker the wall the more concordant the assessment between observers, however, it remains insufficiently reproducible in this study to take a decision for therapeutic modification.

The results of this study discuss the value of visual assessment of wall contrast uptake in view of the poor inter-observer agreement. Thus, a study of contrast uptake by quantitative methods seems more interesting during LVV. Some authors have proposed other ways of analyzing contrast intake. As such, Bergner et al. used the difference in contrast-enhanced areas between lumen contrast and arterial wall contrast for the study of contrast uptake (16). To better analyze the arterial wall in the LVV, an automated contrast analysis method with digital detection tools should be validated. For CEUS, Giordana et al. reported a lowering of the gray scale median of the common carotid wall under steroid treatment in TA (27). If CEUS interpretation is efficient and reproducible, it could be used in routine clinical practice; it will make monitoring much easier to repeat, safer, faster, and much more cost-effective than MRI or PET/CT. Thus, CEUS could be a good method to monitor GCA activity with large-vessels involvement. The results highlight the need to increase the reproducibility of CEUS as the inter-observer agreement was disappointing. If these results are confirmed, visual interpretation of CEUS cannot be recommended for LVV evaluation in routine practice. It does not seem appropriate to decide on a treatment change based on a visual analysis of the CEUS.

The variability of ultrasound should be put into perspective with inter-observer agreement variabilities for other imaging techniques. To our knowledge, there is no study that has investigated the concordance between observers for CT in GCA. For PET/CT, visual grading system analysis in four classes with liver uptake as reference had good inter observer agreement with κ from 0.79 to 0.96 (28). In CDUS, the main inter-observer agreement data were performed on the temporal arteries and axillary arteries. For the diagnosis of temporal arteritis, “halo” and “compression” signs were the main CDUS patterns for GCA diagnosis. For the halo sign, the agreement between the observers evaluated on images was 0.95 and the agreement of the halo sign on video loop was 0.84 (9). Compression sign for the diagnosis of temporal arteritis had an excellent inter-observer κ:0.83–0.92 (9, 29). For chronic wall modifications of axillary arteries in GCA, the CDUS inter-reader reliability was κ 0.79–0.80 for and κ was 0.88 for intra-reader agreement (30).

The strengths of this study are the multicenter image analysis, image loops were performed in a single center with an identical image acquisition protocol, a blinded analysis of clinical biological data and imaging such as PET/CT. The limitations of this study include the small number of patients and the absence of a probe motion reduction system to limit motion artifacts that alter the interpretation of image loops with the MFI mode. Concerning the experience acquisition of the physician, CEUS is mainly performed in a few expert centers, unlike GCA diagnostic or follow-up CDUS, because few patients with artery wall thickenings are eligible for CEUS and very few centers realize CEUS. Acquiring experience in performing and interpreting the CEUS seems to us to be more difficult to obtain than mastering the compression sign or the halo sign with the CDUS. Thus, the development of software to assist interpretation seems fundamental to have a better reproducibility of results and to have a quantitative evaluation of the contrast uptake.



Conclusion

This multicenter study showed that the intra-observer agreement for CEUS was good for the semi-quantitative visual analysis. In contrast, inter-observer agreement was poor for semi-quantitative visual analysis and moderately improved when contrast uptake analysis was binary. A significant parietal thickening improved inter-observer agreement in binary analysis. Prospective studies with digital and automated CEUS analysis should be performed to clarify the interest of CEUS in the follow-up of GCA.
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Giant cell arteritis (GCA), the most common non-infectious vasculitis, mainly affects elderly individuals. The disease usually affects the aorta and its main supra-aortic branches causing both general symptoms of inflammation and specific ischemic symptoms because of the limited blood flow due to arterial structural changes in the inflamed arteries. The pathogenesis of the GCA is complex and includes a dysregulated immune response that affects both the innate and the adaptive immunity. During the last two decades several studies have investigated interactions among antigen-presenting cells and lymphocytes, which contribute to the formation of the inflammatory infiltrate in the affected arteries. Toll-like receptor signaling and interactions through the VEGF-Notch-Jagged1 pathway are emerging as crucial events of the aberrant inflammatory response, facilitating among others the migration of inflammatory cells to the inflamed arteries and their interactions with the local stromal milieu. The increased use of checkpoint inhibitors in cancer immunotherapy and their immune-related adverse events has fed interest in the role of checkpoint dysfunction in GCA, and recent studies suggest a dysregulated check point system which is unable to suppress the inflammation in the previously immune-privileged arteries, leading to vasculitis. The role of B-cells is currently reevaluated because of new reports of considerable numbers of plasma cells in inflamed arteries as well as the formation of artery tertiary lymphoid organs. There is emerging evidence on previously less studied cell populations, such as the neutrophils, CD8+ T-cells, T regulatory cells and tissue residing memory cells as well as for stromal cells which were previously considered as innocent bystanders. The aim of this review is to summarize the evidence in the literature regarding the cell populations involved in the pathogenesis of GCA and especially in the context of an aged, immune system.
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Introduction

Giant cell arteritis (GCA) is a non-infectious vasculitis affecting medium and large size arteries, especially the aorta and its main branches (1). It is the most common vasculitis in the western world with an incidence ranging from 5.8 to 22.2 per 100 000 inhabitants aged ≥50 years (2–5). Epidemiologic studies in the northern hemisphere have shown a clear north-to-south and west-to-east gradient, with the disease affecting mostly Caucasians (2, 3, 5–7). In Europe and North America, the female to male ratio is nearly 3:1 whereas the ratio tends to be 1:1 in western Asia (6, 8). The mean age at the diagnosis is 75 years (2, 3). Headache, scalp tenderness, jaw claudication, visual symptoms, polymyalgia rheumatica and arm claudication are common symptoms of the disease. Visual loss, stroke and aortic aneurysms are among the most feared manifestations of the disease. Most patients develop concurrently constitutional symptoms as malaise, fever, anorexia and weight loss as a consequence of the uncontrolled inflammation (9, 10). Elevated inflammatory markers are present in the majority of the patients (11, 12). In the appropriate clinical context, a positive temporal artery biopsy or typical imaging findings are required for the diagnosis of GCA. Glucocorticoids (GCs) are the mainstay of the treatment and other immunosuppressive agents are administrated adjunctively to reduce the exposure to GCs (13, 14).

GCA is traditionally considered to be an immune-mediated disease where the responsible vasculitogenic antigen(s) has yet not been identified. Overexpression of MHC class II genes located in the regions between HLA-DRA and HLA-DRB1 and even the over-presentation of genes located in the HLA-DQA1 and HLA-DQA2 suggest that GCA is an antigen driven immune mediated disease (15–17). Additionally, the presence of clonally expanded T-cells in different arterial sites suggests that there is a particular response to specific epitopes (15, 18, 19).

The arterial mural layers are considered the primary fields where the events of the inflammatory cascade take place. In GCA, large and medium sized arteries with diameter ≥2,000 μm are usually affected (20). These arteries have 3 mural layers: the intima, the media, and the adventitia. The arterial wall contains endothelial cells, vascular smooth cells, elastic membranes, matrix and fibroblasts (20). In these large arteries, the necessary nutrients cannot reach all the mural layers by diffusion from the lumen, and especially the high energy-demanding media layer. A microvasculature system is necessary, to transfer all the necessary nutrients from the arterial lumen to all 3 arterial layers. This microvasculature system is also called vasa vasorum (“vessels of the vessel”). In contrast with small arteries which do not have vasa vasorum, there are resident vascular dendritic cells (vasDCs) in the interface between the media and the adventitia of large arteries (15, 20). These cells play a critical role in the pathogenesis of GCA, which involves both the innate and the adaptive immune system.



Innate immune system in GCA


Toll-like receptors

The Toll-like receptors (TLR) are a family of transmembrane proteins which were identified in the mid 1990's. So far 10 types of TLRs have been identified. The TLRs 1, 2, 4, 5, 6 and 10 are expressed on the cellular surface and the TLRs 3, 7, 8 and 9 are expressed in cytosolic vesicles (21). TLRs act as pattern recognition receptors (PRRs), binding pathogen-associated molecular pattern ligands (PAMPs) and damage-associated molecular pattern ligands (DAMPs) (21, 22). The PAMPs originate directly from microbial agents, whereas the DAMPs are damage products from the inflamed tissues which have been produced during the “battle” between the host's immune system and the invader (21–23). In the event of a dysregulated interaction between the immune system and the specific tissue (20), DAMPs may act as kick-starters of an inflammatory response even in the absence of infection, trauma and ischemia (24). Several studies have pinpointed dendritic cells (DCs) as key players in this dysregulated interaction between the immune system and the arterial wall (19, 20, 25). Varying combinations and patterns of TLRs may expressed in the vasDCs of different arteries and an intriguing hypothesis could be that the activation of a specific TLR pattern leads to a specific immune response in arteries sharing the same or similar TLRs pattern, offering a possible explanation for the tissue tropism in GCA (20, 26).



Dendritic cells

DCs comprise an important link between the innate and adaptive immunity. Several studies have shown that this population of vasDCs, which is dysregulated in GCA, has a key role in the pathogenesis of the disease (19, 20). These vasDCs usually reside at the adventitia-media border and in normal arteries are tolerogenic which means that they don't have the ability to stimulate T-cells (19). A plausible hypothesis is that PAMPs and DAMPs from the main circulation (e.g., from one or more infectious agents in susceptible individuals) may reach the adventitia-media border via vasa vasorum (19, 26). In individuals predisposed for GCA (by TLR polymorphisms or other genetic and/or environmental factors), vasDCs may be activated by the presence of these danger signals, gaining T stimulatory capacity (15, 19, 26, 27). This activation causes the migration of these DCs into the media, where DCs produce chemotactic factors (e.g., CCL19 and CCL21) which in turn cause the migration and activation of T-cells and macrophages (19, 20). The subsequent inflammatory cascade, orchestrated mainly by Th1- and Th17-cell mediated responses, contributes to the granulomatous infiltrate seen in GCA (20, 28).



Macrophages

The wall of normal medium-sized and large arteries is usually devoid of macrophages and T-cells (64). The macrophages are recruited to the arterial layers probably by activated vasDCs and T cells via vasa vasorum (15). Chemokine release from vascular smooth muscle cells (VSMCs), induced by IFN-γ, has been shown to be important for this recruitment (29). Recently, Watanabe et al. showed that monocytes from patients with GCA produce high amounts of matrix metalloproteinase 9 (MMP-9), which allows them to digest the basement membrane of vasa vasorum capillaries and enter the adventitial tissue, and thus exerting tissue-invading abilities and at the same time facilitating the invasion of other inflammatory cell populations (30).

Among these macrophages, there are two main types, polarized in response to the microenvironment of the arterial wall: the M1 phenotype and the M2 phenotype (Figure 1) (15, 31). The M1 macrophages are specialized in proinflammatory actions whereas the M2 macrophages are more specialized in tissue-repairing mechanisms (20).


[image: Figure 1]
FIGURE 1
 M1 and M2 macrophages, and their role in giant cell arteritis. In GCA there are two main types of macrophages. The M1 macrophages specialized in proinflammatory and tissue destructive actions and the M2 macrophages specialized in tissue repair mechanisms. Created with BioRender.com. Adapted from “Macrophage polarization: M1 and M2 subtypes”. Retrieved from https://app.Biorender.com/biorender-templates.


In GCA, activated M1 macrophages reside both in the adventitia and in the media. In the adventitia, the macrophages produce pro-inflammatory cytokines such as IL-1 and IL-6 contributing to the maintenance of the inflammatory response (15, 18, 31), whereas in the media, the M1 activated macrophages, produce molecules which contribute to the degradation of the arterial wall, molecules such as MMPs and reactive oxygen species (ROS) (15, 20, 32, 33).

The M2 activated macrophages reside at the media-intima border producing angiogenic growth factors such as vascular endothelial growth factor (VEGF) contributing to the morphological and structural changes of the arterial lumen with wall-thickening and stenosis as a part of a dysregulated repair process (15, 18).

The typical granulomas in GCA consist of activated T-cells, macrophages and histiocytes, usually including multinucleated giant cells (20). Multinucleated giant cells are the histopathological hallmark of giant cell arteritis found in up to 75% of the positive temporal biopsies (34–36). They are the result of fusion of activated macrophages (37). This process, and the differentiation of macrophages to effector cells in the vasculitis lesions, have been shown to be partly driven by granulocyte-macrophage colony stimulating factor (GM-CSF) and macrophage stimulating factor (M-CSF) signaling (38).



Neutrophils

Neutrophils are crucial mediators of the innate immune response (39) and play a vital role in the pathogenesis of many autoimmune diseases via release of neutrophil extracellular traps (NETs) (40). Circulating immature neutrophils were recently identified in patients with GCA that extravasated into the surrounding tissues of temporal arteries and produced elevated levels of extracellular ROS leading to enhanced vascular damage (41). Some other studies have demonstrated enhanced neutrophil activation as assessed by elevated levels of N-formyl methionine (fMET) that is a potent neutrophil chemoattractant, and calprotectin in the peripheral blood of patients with GCA. Circulating fMET was capable for mounting a de novo neutrophil activation in vitro, in a formyl peptide receptor 1 (FPR1)-dependent manner (42, 43). Neutrophilic infiltration has also been observed at the adventitia and media of involved arteries in GCA (44, 45) with presence of NETs identified in temporal artery biopsies from patients with GCA (46).




Adaptive immune system in GCA


T-cells

In a manner similar to the macrophages, the medium-sized and large arteries are normally devoid of T-cells (20). In GCA, activated vasDCs, residing in the adventitia-media border near the vasa vasorum, secret chemotactic factors which attract T-cells to these arteries. Consequently, depending on the interaction between the antigen-presenting cells and T-cells, T-cells differentiate into two main T-helper (Th) lineages: the Th17 and the Th1 lineage (Figure 2) (20).


[image: Figure 2]
FIGURE 2
 Cytokine signatures in GCA. Lineage polarization of naive T-cells in giant cell arteritis. Created with BioRender.com. Adapted from “Induction of 2nd order cytokines”. Retrieved from https://app.Biorender.com/biorender-templates.




Th17 cells

The Th17 cells constitute a key T-cell population in the pathogenesis of GCA. The frequencies of Th17 cells in the peripheral blood measured by flow cytometry have been consistently reported to be higher in patients with GCA in comparison to healthy controls (28, 47, 48). Naïve T-cells, under the stimulation of TGF-β and IL-6 or IL-21 upregulate the IL-1R and IL-23R (20). Consequently, the presence of TGF-β, IL-1β, IL-6 and IL-21 leads to the differentiation of naïve T-cells toward to the Th17 lineage (Figure 2) (49). The activated Th17 cells produce a plethora of cytokines such as IL-17, 1L-21, IL-22 and chemokine ligand 20 (CCL20) (20, 49). The production of these cytokines and chemokines contributes directly and indirectly both to the systemic manifestations of the disease and to the local arterial damage (e.g., the stimulating effect of IL-17 to macrophages). However, after treatment with GCs, both the number of Th17 cells and the concentration of Th17-related cytokines are markedly reduced in patients with GCA, both locally and in the peripheral blood of the patients (20, 28).



Th1 cells

The Th1 cells is another sub-population of T-cells which is critically involved in the pathogenesis of GCA. Unlike Th17 cells, the number of Th1 cells and the Th1-related cytokines seem not to be affected by the treatment with GCs, as they remain elevated both in the arterial tissue and in the blood (28). The presence of IL-12 in the arterial microenvironment shifts the differentiation of naïve T-cells toward to the Th1 lineage leading to the production of the powerful inflammatory cytokine IFN-γ (Figure 2) (20, 50). IL-12 has a key role in the activation of macrophages, the production of damage molecules (MMPs, ROS etc.) and the proliferation and migration of vascular smooth muscle cells (20).



T-regulatory cells

Abnormalities of T-regulatory cells (T-regs) also contribute to the pathogenesis of GCA. The high concentrations of IL-6, IL-21 and IL-23 in the microenvironment cause the blockage of the Forkhead box protein P3 (FOXP3), a transcriptional factor which is necessary for the differentiation of T-regs (Figure 2). Additionally, the presence of these cytokines, upregulates the transcriptional factor RORγt which stimulates the Th17 differentiation (51, 52). Consequently, the frequencies of T-regs in patients with GCA measured by flow cytometry have been reported low (47, 48). Recently, a pathogenic role of Tregs has also been proposed. Miyabe et al., demonstrated a pathogenic T-reg phenotype with impaired suppressor capacity and increased IL-17 production (53). Thus, in patients with GCA the Tregs are not only decreased in number, but their functionality is also impaired.



CD8+ T cells

The relative low numbers of CD8+ T cells both in the peripheral blood and in affected arteries has initially implicated a limited role of CD8+ T cells in the pathogenesis of GCA (54–56). However, a defect in peripheral immunosuppressive CD8+ Tregs have been recently demonstrated in the elderly (56, 57). CD8+ T regs normally regulate the activation and proliferative expansion of CD4+ T cells. Furthermore, it is now known that CD8+ T cells are more susceptible to age-related changes and their number decrease with increased age whereas naïve CD4+ cell are more resistant to age-related changes (58, 59). Thus, CD8+ T cells may have an unexplored contribution to the induction of the disease although they are not present in great number in the inflammatory infiltrate (60).



Tissue-resident memory cells

Tissue-resident memory T-cells (a subset of memory T-cells) appears to play a critical role in sustaining the inflammatory process. These cells stay on local tissues instead of returning to secondary lymphoid organs (61). The reason for this is to provide a rapid and effective response upon antigen re-encountering in the tissue. In GCA, it is now believed that these cells play a crucial role in the renewal and maintenance of the inflammatory infiltrate (62, 63).



B-cells

The role of B cells in GCA is not currently understood. It is believed that the B cells do not exert a key role in the pathogenesis of GCA. Previous theories regarding specific autoantibodies (e.g., cardiolipin antibodies) which could have a role in the pathogenesis of GCA have not confirmed by other studies (64–66). However, a recent study which investigated the changes in the histopathological image between the initial biopsy and a second follow up biopsy, randomly performed 3, 6, 9 or 12 months after the initial biopsy, showed the presence of plasma cells in the inflammatory bulk. In the initial biopsies, plasma cells were recorded in the 83% of the TABs whereas the percentage was lower (40%) in the second follow up biopsy (67). In line with these observations, Ciccia et al. (25) demonstrated that in patients with GCA, and more specific in the media layer of the temporal artery, there is a unencapsulated formation consisted of B cell aggregates, follicular dendritic cells, surrounding T cells and high endothelial venules. These structures are called as artery tertiary lymphoid organs (ATLOs). The ATLOs are formed postnatally and in response to chronic inflammation. Newly formed lymphatic vessels may transfer cytokines, chemokines, antigens, PAMPs and DAMPs from the arterial microenvironment to ATLOs. ATLOs were absent in healthy controls and were present in patients with GCA independently of the presence of atherosclerosis (25, 68). Interestingly, B cell survival factors such as BAFF and APRIL were present at higher levels in patients with GCA than in healthy controls (25). These factors are produced by endothelial cells and vascular smooth muscle cells, indicating an interaction between stromal cells and immune cells (25). Recently, a study from Netherlands, following a previous study from the same group which showed low circulating B-cells in active GCA, demonstrated massive and organized B-cell infiltrates in the aorta of patients with LV-GCA (69, 70).

Figure 3 illustrates important steps in the GCA pathogenesis.
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FIGURE 3
 Model of sequential steps in pathogenesis of giant cell arteritis. (A) A healthy temporal artery is devoid of macrophages and T-cells. Vascular dendritic cells (vasDCs) are located in the adventitia-media border as a part of the immunosurveillance system. (B) The immunotolerance in GCA breaks and the activated vasDCs migrate to the media where they produce chemotactic factors. (C) Macrophages and T-cells are recruited from the main circulation probably entering the artery through the vasa vasorum. MMP-9 producing monocytes as well as the VEGF-NOTCH1-Jagged1 pathway facilitate the migration of macrophages and T-cells. (D) M1 macrophages located in the adventitia produce proinflammatory cytokines maintaining the inflammatory response. M1 macrophages located in the media produce tissue destructive molecules such as MMP-9 and reactive oxygen species (ROS). M2 macrophages in the intima-media border produce angiogenic growth factors such as VEGF contributing to the dysregulated repair mechanism in GCA. T cells continue to infiltrate the artery's layers with direction from adventitia to intima. (E) The destruction of the artery's tissue continues, T-cell inhibitory signals as the PDL1-PD1 are weakened in GCA leaving the activation of T-cell unopposed. At the same time a dysregulated repair process is in progress with excessive neo-angiogenesis and fibrosis. In some cases, artery tertiary lymphoid organs are located in the media. (F) The final result of the chronic inflammation is the formation of granulomas (up to 75% of the examined temporal artery biopsies) and the progressive stenosis and in some cases occlusion of the artery due to a maladaptive response to injury. Created with BioRender.com.





Cytokine signatures in GCA


The IL-6–IL-17 signature

IL-6 is a pleiotropic cytokine which can be secreted both from immune and stromal cells (endothelial cells, fibroblasts, and vascular smooth muscle cells), and is therefore an important mediator in the crosstalk between the immune system and the injured tissue (20, 71). IL-6 contributes to elevation of inflammatory markers through the activation of hepatocytes and plays an important role in the differentiation of naïve T-cells into functional lineages. More specifically, IL-6 in the presence of TGF-β steers the T cell differentiation toward the Th-17 lineage and at the same time, in synergy with IL-21 and IL-23, blocks the transcription factor FOXP3 which is essential for the differentiation of Tregs (Figure 2) (20, 71, 72). Thus, the presence of IL-6 exerts proinflammatory effects by differentiating naïve T-cells into the inflammatory Th-17 subset and restricts possible counteractions of the immune system by reducing (in absolute number and/or functionality) anti-inflammatory T-cells as T-regs (20).

The Th-17 cells produce a plethora of proinflammatory cytokines such as IL-8, IL-17, IL-21, IL-22, IL-26, CCL 20 and GM-GSF (20). The receptors of these cytokines are located both locally (e.g., IL-17 dependent activation of macrophages, endothelial cells, vascular smooth muscle cells and fibroblasts) and remotely (e.g., IL-22 mediated hepatocyte activation and production of acute phase reactants) (20, 73, 74). At early disease stages, a combination of Th-17 related cytokines is found both in the inflammatory infiltrate and in the peripheral blood. However, a previous study has demonstrated that treatment with GCs is highly effective in downregulating the Th-17-axis, by rapidly suppressing the production of IL-1, IL-6, and IL-23 cytokines, cytokines which are essential for the differentiation of Th17 cells (28). Consequently, the production of IL-17 is suppressed both in blood and in the inflamed arteries.



The IL-12–IFN-γ signature

In GCA-affected arteries, activated vasDCs may be a source of IL-12 (20, 75). Following stimulation with IL-12, naïve CD4+ T cells undergo lineage polarization into Th1 cells, through activation of the master transcription factor T-bet and suppression of the master transcription factor GATA-3 which favors a Th2 lineage polarization (Figure 2) (72). Consequently, Th1 lineage-specific genes are expressed and Th2-related genes are suppressed. Activated Th1 cells secrete the powerful proinflammatory cytokine IFN-γ. Generally, IFN-γ is mainly produced by NK-cells, CD8+ T cells, Th1 cells, macrophages and DCs (76), and IFN-γ receptors are mostly encountered in granulocytes, monocytes and macrophages (56). IFN-γ not only enhances the ongoing inflammatory process but also intensifies the tissue injury (20). Furthermore, IFN-γ interacts with tissue stromal cells like VSMC and endothelial cells. VSMC under the influence of IFN-γ become either apoptotic or migratory, with direction toward intima, contributing to arterial luminal stenosis (20, 77). Contrary to the response of the Th-17 axis to GCs, Th-1 responses are regulated mostly by the IL-12–IFN-γ cytokines, and are therefore unaffected by standard immunosuppressive treatment, as demonstrated by studies of tissue transcripts and plasma concentrations of IFN-γ (20, 28).

It has recently been demonstrated that plasma levels of IFN-γ and other proteins related to T cell function may be elevated years before clinical disease onset (78), further underlining the importance of this pathway and suggesting that it may drive very early disease mechanisms.




Check point dysregulation in GCA

A second co-stimulatory signal (e.g., CD28/CD80-86) is required for the activation of T-cell dependent immunity when an antigen binds to a T-cell receptor (TCR) (79). This is balanced by inhibitory signals which limit T-cell activation (e.g., CTLA-4/CD80-86 and PD-1/PD-L1) (79). Malignant cells usurp the PD-1-PD-L1 pathway by expressing the immunoinhibitory ligand PD-L1. Consequently, these cancer cells deliver immunoinhibitory signals when they encounter PD-1+ T-cells and thus evade immunosurveillance (80). Therefore, the PD-1/PD-L1 checkpoint inhibition is a well-recognized target in cancer immunotherapy, providing revolutionary results by unleashing the force of T-cell-dependent immunity upon malignant cells. Interestingly, immune-related adverse events (irAEs), as the price of the uncontrolled T-cell activation, are frequent side effects of cancer immunotherapy evolving any organ or system (81). Among other irAEs, several case reports of patients developing GCA under treatment with PD-1/PD-L1 inhibitors (Nivolumab, Pembrolizumab) have been published recently (82–85). Indeed, in GCA it seems that there is a dysregulation in PD-1/PD-L1 checkpoint inhibition (86). PD-L1 is normally expressed in antigen-presenting cells, stromal cells, and tumor cells whereas PD1 is expressed in T-cells, B-cells, NK-cells, activated monocytes, and dendritic cells (80, 86). In GCA-affected arteries, there is low expression of PD-L1 transcripts with no demonstrable expression of PD-L1 in vasDCs whereas most T-cells in the granulomas were PD-1 positive (87). Therefore, a mechanism which could inhibit excessive immunity in the arteries is defective, allowing infiltrating T-cells to remain activated. Of note, in healthy arteries, there was a high expression of PD-L1 transcripts and no expression of PD-1 transcripts, a finding confirming that normal arteries are devoid of T-cells (Figure 4) (88). Furthermore, in vivo blocking of PD1 in an animal model of GCA [chimeras of severe combined immunodeficiency (SCID) mice with transplanted human arteries, reconstituted with peripheral blood mononuclear cells from patients with GCA], exacerbated vascular inflammation and amplified T cell cytokine production (87).
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FIGURE 4
 PDL1-PD1 checkpoint dysregulation in cancer and in giant cell arteritis. The expression of PDL1 on cancer cells delivers immunoinhibitory signals to T-cells and thus cancer cells evade tumor surveillance. In GCA, there is low expression of PDL1 on vascular dendritic cells whereas most T-cells arriving in the artery are PD1-positive. Created with BioRender.com. Adapted from “T-cell Deactivation vs. Activation.” Retrieved from https://app.Biorender.com/biorender-templates.


It has been suggested that expression of PD-L1, and hence the PD-L1/PD-1 regulatory pathway, is regulated by glucose metabolites (89). The positive association between mitochondrial pyruvate levels and macrophage PD-L1 expression (89) and the reduced prevalence of diabetes mellitus at GCA diagnosis (90) are compatible with a protective effect of hyperglycaemia from such dysregulation. Recently, lower fasting blood glucose levels were demonstrated in individuals subsequently diagnosed with GCA, suggesting that metabolic factors influence the risk of GCA, possibly through effects on checkpoint function (91).



Stromal interactions in GCA

The main components of the arterial vessel wall are the endothelial cells, vascular smooth muscle cells, vasDCs, elastic membranes, matrix, and fibroblasts. Theories which consider GCA as strictly an immune-mediated disease, where an unknown vasculitogenic stimulus breaks down the self-tolerance and elicits autoimmunity, overlook two major factors: (1) the age cut-off (2) the strict tissue tropism. Recent studies have tried to shed light on the interaction between the immune system and the local stromal milieu. The emerging theme is that stromal cells or extracellular matrix components could interact with the immune system playing a key role in breaking the self-tolerance and maintaining the inflammatory process.


Endothelial cells

Endothelial cells form a barrier between the circulating immune cells and the arterial wall. Endothelial cells have the capacity to interact with immune system by expressing various adhesion molecules, receptors, and ligands. Wen et al. demonstrated a model in which endothelial cells in vasa vasorum could induce pathogenic effector functions in CD4+ cells through VEGF-NOTCH1-Jagged1 interactions (57). An increased concentration of VEGF in the serum of patients with GCA have been demonstrated, which in turn, causes up-regulation of the Jagged1 ligand in endothelial cells of vasa vasorum (92, 93). The origin of the increased VEGF is currently unknown. Previous studies have also demonstrated that NOTCH1 is also aberrantly expressed in CD4+ cells of patients with GCA. Thus, the VEGF-NOTCH1-Jagged1 pathway facilitates the invasion of CD4+NOTCH1+ T cells into vessel wall and the polarization into Th1 and Th17 effector subsets (94, 95). Notably, a prerequisite for the invasion of T-cells in the arterial wall is that MMP-9 producing monocytes have first digested the basement membrane in order to open a way for the infiltrating T-cells (30, 63).



Vascular smooth muscle cells

Layers of VSMC are located in the media layer of medium- and large-sized arteries. These cells express in their surface molecules which allows them to communicate with neighboring cells, e.g., NOTCH1receptors and their Jagged1 and Delta1 ligands (20). Thus, as they act as signal-transducing and signal-receiving cells, they can influence the tissue microenvironment and the communication with the immune cells which bear the same receptors and ligands (20). Furthermore, upon proper stimulation, they proliferate and migrate to the intima where they produce abnormal matrix proteins and contribute to narrowing and potentially occlusion of the lumen. In the model with implanted human arteries in SCID mice, blockade of the NOTCH signaling pathway markedly reduced the transformation of VSMC from a contractile to non-contractile phenotype in arteries with established GCA. Furthermore, the T-cell density in the infiltrate was reduced and likewise the production of IFN-γ and IL-17 (95).

Another elegant study has recently demonstrated increased concentration of endothelin 1 (ET-1) in GCA-affected arteries (96). The main source of ET1 was leukocytes and monocytes and both ET receptors were upregulated in infiltrating leukocytes, endothelial cells and VSMC. Thus, this enabled the interaction between stromal cells and infiltrating immune cells. The ET-1 mediated activation of VSMC promoted their migration from media to intima with concurrent production of MMP-2 which facilitated the fragmentation of the internal elastic lamina. The authors concluded that, beyond vascular tone regulation, the ET-1 mediated activation of VSMC plays an important role in vascular remodeling in GCA (96).



Extracellular matrix

Aging causes changes in the structure of arterial walls. The walls of the arteries become thicker and stiffer. They also lose their elasticity and therefore are more prone to age-related comorbidities, such as hypertension (97). These structural changes also reflect changes in the composition of extracellular matrix, e.g., less elastin more collagen (97). Little is known about the potential role of extracellular matrix's components on initiating or suppressing an autoimmune response. For instance, in multiple sclerosis, galectin 1A, an endogenous glycan binding protein which is produced by stromal cells and subsequently stored in extracellular matrix, found to elicit a tolerogenic response by inducing tolerogenic DCs which produce IL-27. These DCs blunt Th1 and Th17 responses and promote the differentiation of Tregs (98).




The role of immune aging and inflammaging

During the last decade a new research field has emerged, the field of geroscience, which investigates the link between aging and age-related chronic disease (99). Seven pillars of aging were identified: (i) adaptation to stress, (ii) epigenetics, (iii) inflammation, (iv) macromolecular damage, (v) metabolism, (vi) proteostasis, and (vii) stem cells and regeneration (99, 100). These pillars are interconnected, and interact with each other. It seems that abnormalities in each of these pillars cause inflammation which in turn affects all the other pillars, making inflammation the common denominator in the pathogenesis of age-related diseases (100). This chronic, low-grade, sterile inflammation, which increases with increasing age, is called inflammaging (100, 101).

The term immunosenescence describes all the age-related changes in the immune system (102). The main characteristics of immunosenescence are (1) the low-grade sterile inflammation (inflammaging), (2) the impaired wound healing, (3) the increased susceptibility to infections and cancer, (4) the lower responses to antigen stimulation (e.g. vaccinations) as well as, (5) the increased risk for autoimmune diseases (103). Both the innate and the adaptive immune system are affected by the process of aging (Figure 5). In the bone marrow, an important step toward immune aging is the myeloid skewing of hematopoietic stem cells (HSC) with decreased ability to differentiate into the lymphoid lineage (104). Changes in the microarchitecture of the spleen have also described in the elderly with increased atrophy (105). Thymus involution begins in early childhood and by the age of 75 year the thymus is mostly a fat tissue (105, 106). After the 5th decade of life and with further increased age, the number of circulating naïve T-cells, both CD8+ and CD4+ are markedly reduced although the reduction is less pronounced for the CD4+ populations (107, 108). With increasing age, there is reduced CD28 expression in both CD4+ and CD8+ lymphocytes (109–111). In individuals older than 65 years, CD4+CD28- cells represent up to 50% of the total CD4 lymphocytes whereas in young people the respective frequency ranges from 1 to 2.5% (109, 112). The reduced CD28 expression has been proposed both as a marker of normal aging and as a marker of early aging under chronic inflammatory stimulation (109, 111). Of note, these CD4+CD28- cells are potent secretors of pro-inflammatory cytokines such as IFN-γ and IL-2 (109, 113). Interestingly, increased numbers of CD4+CD28- cells have been reported both in peripheral blood and vascular lesions in patients with GCA (114). On the other hand, there is ample support for a role of CD28 co-stimulation in the pathogenesis of GCA (63), and treatment with CTLA4-Ig, which blocks CD28, has been shown to reduce the risk of relapse in patients with GCA (115). This apparent paradox may reflect co-stimulation in de novo activation of T cells that drives the disease process, leading to emergence of immunosenescent cells that retain some effector functions.
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FIGURE 5
 Effects of aging on the immune system. Effects of aging on the immune system with focus on the main cellular populations contributing to GCA pathogenesis. Created with BioRender.com.


Furthermore, there is a gradual decline in the number of naïve T-cells in the periphery whereas the numbers of memory T-cells increase with age (105). The number of naïve B cells also declines with increased age as well as the quality of the humoral immune response characterized by lower antibody responses, decreased high-affinity antibodies and decreased IgG isotype class switching (105, 107, 116). The innate immune system is also profoundly affected by aging as there are several functional declines in the cellular populations comprising the innate immune system. With increasing age of the host, the granulocytes exhibit reduced functions including impaired phagocytosis and reduced production of reactive oxygen species (107, 117, 118). Macrophage phagocytosis and the ability of DCs to maturate and present antigen is also gradually impaired with aging (107). Of note, average levels of proinflammatory cytokines such as TNF-a and IL6 were reported to be increased in the elderly, leading to higher production of C-reactive protein by the liver (107, 119, 120).



The role of infections in GCA

Cyclical fluctuations in the incidence of GCA and the granulomatous nature of the infiltrate favor theories that infection may play a role in the pathogenesis of the disease (121, 122). Epidemiological studies have shown weak to moderate associations between infections and the subsequent development of GCA (123, 124). Several studies have reported associations between antecedent infections, both viral and bacterial, and the future development of GCA (122, 125–129). However, these results were not reproducible in other, independent studies. It is doubtful whether an infectious agent could influence the immune system so profoundly and on so many levels. A more plausible hypothesis could be that an infection is the last part of the drama, where the infection causes an unpredictable and strong reaction of the immune system, because of the cumulative effect of other previous dysregulated interactions between the immune system and host tissues. On the other hand, the demonstration of elevated plasma IFN-γ levels years before GCA onset suggest that host responses to a range of different microbial pathogens may be involved in early stages of the disease process (78).



Clinical implications

Insights on the role of cellular populations in the pathogenesis in GCA, and their variability, may help us to define clinically meaningful disease subsets. Systematic studies of tissue and blood samples may lead to identification of patients at increased risk of relapse or severe complications. Such investigations might also guide future targeted therapy.

Several targeted immunosuppressive drugs have been used as add-on to GCs, with the aim of reducing long term GC use and related toxicity (130). As expected based on the biology of IL-6, and its role in GCA, IL-6 inhibition by the anti-IL-6 receptor antibody tocilizumab is effective in GCA that has been verified by biopsy or large vessel imaging, and enables rapid GC tapering with reduced risk of relapse (13). Tocilizumab works equally well in patients with a clinical presentation dominated by cranial symptoms, and those presenting mainly with signs and symptoms of polymyalgia rheumatica. However, relapses after discontinuation of anti-IL-6 therapy do occur (131), possibly reflecting persistence of Th1 cells in chronic vascular infiltrates.

Preliminary results from a phase II randomized clinical trial indicated clinical efficacy for the IL-17A inhibitor secukinumab in patients with GCA (132). Targeting IL-17 would also be expected to affect mainly the IL-6-IL-17 pathway, potentially with greater short term anti-inflammatory effects compared to the impact on chronic aspects of the disease. These hypotheses need to be investigated in extended clinical trials.

Other agents that have been tried in the treatment of GCA include anti-CSF2 therapy using mavrilimumab (133), which blocks GM-CSF signaling, and would be expected to have an impact on giant cell formation, and JAK-inhibition [e.g. baricitinib (134)], which has a broader effect on intracellular signaling and activation of T cells and other cell populations that makes it promising as a strategy for treating GCA.



Conclusions

GCA is characterized by an aberrant immune response involving both the innate and adaptive immunity. It is doubtful whether a single external culprit (e.g., an infectious agent) could provoke such an extensive and chronic inflammatory response. Furthermore, theories of a single external culprit fail to explain the strict tissue tropism and why GCA affects mainly the elderly. Future studies may elucidate the contribution of internal factors, such as age-related changes in cell turnover, metabolism and dealing with molecular debris, in combination with the aging immune system. Epidemiological studies have shown a lower incidence of certain types of cancer in patients with GCA after diagnosis (135, 136). The development of the disease in some susceptible individuals could therefore be an epiphenomenon of a superior tumor surveillance, as response to cancer treatment with check point inhibitors has been associated with autoimmune related adverse events, including GCA (137, 138). Innate check-point dysregulation contributing to GCA development may be influenced by metabolic factors (89). The importance of T-cell dysregulation has been further underlined by the recent demonstration of elevated T-cell related cytokines years before disease onset (78).
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Background/aim: To determine the epidemiology and clinical features of giant cell arteritis (GCA) in Canterbury, Aotearoa New Zealand, with a particular focus on extra-cranial large vessel disease.

Methods: Patients with GCA were identified from radiology and pathology reports, outpatient letters and inpatient hospital admissions in the Canterbury New Zealand from 1 June 2011 to 31 May 2016. Data was collected retrospectively based on review of electronic medical records.

Results: There were 142 cases of GCA identified. 65.5% of cases were female with a mean age of 74.2 years. The estimated population incidence for biopsy-proven GCA was 10.5 per 100,000 people over the age of 50 and incidence peaked between 80 and 84 years of age. 10/142 (7%) people were diagnosed with large vessel GCA, often presenting with non-specific symptoms and evidence of vascular insufficiency including limb claudication, vascular bruits, blood pressure and pulse discrepancy, or cerebrovascular accident. Those with limited cranial GCA were more likely to present with the cardinal clinical features of headache and jaw claudication. Patients across the two groups were treated similarly, but those with large vessel disease had greater long-term steroid burden. Rates of aortic complication were low across both groups, although available follow-up data was limited.

Conclusion: This study is the first of its kind to describe the clinical characteristics of large vessel GCA in a New Zealand cohort. Despite small case numbers, two distinct subsets of disease were recognized, differentiating patients with cranial and large vessel disease. Our results suggest that utilization of an alternative diagnostic and therapeutic approach may be needed to manage patients with large vessel disease.
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Introduction

Giant Cell Arteritis (GCA) is the most common vasculitis affecting people over the age of 50 years. Highest rates are observed in people with Scandinavian ancestry and epidemiological characteristics have been well-described in large populations across Europe and Northern America (1, 2). Little work has been published on the epidemiology of GCA in Aotearoa New Zealand (NZ). One retrospective cohort study reported a mean annual incidence of 12.7 per 100,000 over the age of 50 for biopsy-proven GCA (3) and a recent study assessing diagnostic performance of color duplex ultrasound reported an incidence in NZ Europeans and Māori of 13.2 and 12.2, respectively (4). Additional work has been conducted exploring seasonal influence on rates of GCA in NZ, with no meaningful trends identified (5).

GCA is a clinically heterogenous disease characterized by granulomatous inflammation of medium and large vessels. Traditionally described as a disease of the temporal arteries, it is now understood to be a systemic disease involving the aorta and any of its major tributaries (6–8). Three primary disease subtypes are recognized: classical or “pure” cranial GCA (C-GCA); extracranial manifestations in the context of established cranial disease; or isolated extracranial large vessel disease without cranial manifestations. The latter two are both designated large vessel GCA (LV-GCA). Each of these phenotypes may occur with or without co-existent symptoms of polymyalgia rheumatica (PMR) (9).

The extent and distribution of vascular involvement in LV-GCA can vary considerably and presenting symptoms are often non-specific. Diagnosis may be difficult as LV-GCA patients are less likely to yield a positive temporal artery biopsy (TAB) and less likely to meet the 1990 American College of Rheumatology (ACR) classification criteria for a diagnosis of GCA, which rely heavily on cranial manifestations (10, 11). Patients with GCA are 17 times more likely to develop thoracic aortic aneurysm compared to age and sex-matched controls and occurrence of this complication is associated with increased mortality (12, 13). Detection of LV involvement is crucial because complications are potentially catastrophic and may not present until years after diagnosis (14–16).

Despite increased awareness of LV involvement in GCA and its potential complications, there is still a paucity of knowledge regarding true incidence rates, implications on treatment strategies and surveillance of long term sequelae. To our knowledge, characteristics of extracranial manifestations, irrespective of cranial involvement, have never been described in a NZ cohort. This proposed research seeks to further our understanding of the epidemiology, clinical manifestations, and complications GCA in NZ, with a particular focus on extra-cranial disease, thereby guiding future screening and management protocols.



Materials and methods


Study design

This retrospective cohort study included incident cases of GCA diagnosed in the Te Whatu Ora Waitaha Canterbury (formerly Canterbury District Health Board) between 1 June 2011 and 31 May 2016. This study was developed in consultation with Māori researcher groups and was approved by the University of Otago, Human Research Ethics Committee (Reference: H21/065).



Inclusion and exclusion criteria

All male and female patients with incident GCA were included. Fulfillment of the 1990 American College of Rheumatology (ACR) classification criteria (10) was not required, with the exception of age > 50, as these criteria are known to preclude patients with isolated extra-cranial disease (11). A positive temporal artery biopsy (TAB) was not required; however, a diagnosis of biopsy-negative GCA had to be confirmed by the treating Rheumatologist, Ophthalmologist, Neurologist, or General Physician. Patients were excluded if an alternative cause for large vessel vasculitis (LVV), such as Takayasu, was confirmed or suspected.



Case identification

Case identification was based on keyword search of radiology reports, histopathology reports and rheumatology outpatient letters, as well as International Coding of Disease (ICD) classification for inpatient admissions. Keywords included “temporal arteritis,” “giant cell arteritis,” “arteritis,” “aortitis,” “vasculitis,” and “Takayasu.” Radiology reports were derived from all imaging modalities at Christchurch Hospital as well as private radiology providers within Canterbury. Features compatible with a diagnosis of vasculitis included circumferential wall thickening, with or without contrast enhancement, and/or vascular stenosis/occlusion, and/or vascular dilation/aneurysm. It was the final opinion of the radiologist that determined the assignment of a positive or negative study. All histopathology reports from Canterbury Health Laboratories were reviewed, except skin and renal specimens, which limited results returning with small vessel vasculitis. Once cases were identified, available electronic medical records were reviewed to confirm the diagnosis of GCA.



Data collection

Data collection included demographics, time to diagnosis, presenting clinical features, biopsy and laboratory results, distribution of large vessel involvement, disease complications, treatment, and treatment related outcomes. Duration of follow-up was determined by the last clinical encounter, up until 31 May 2021, allowing a minimum 5-year follow-up for all patients. Refer to Supplementary File 1 for the data extraction table.



Study definitions

For the purposes of the study, patients were classified into two groups: those with limited cranial GCA (C-GCA) and those with extra-cranial large vessel GCA (LV-GCA). The latter was defined by the presence of extra-cranial vasculitis on imaging or histopathology, as designated by the reporting radiologist or pathologist. Clinical features suggesting large vessel disease included upper or lower limb claudication, vascular bruits, blood pressure or peripheral pulse discrepancy, aortic aneurysm, dissection or rupture, evidence of ischemic sequelae or end organ infarction due to large vessel stenosis (17).



Statistical analysis

Descriptive data are presented as frequencies and percentages for categorical variables and mean with standard deviation (SD) for continuous variables. The frequency of a specific feature is stated as the number of cases with that feature/number of cases in which the feature was detailed, except in the case of clinical symptoms, where symptoms that were not reported were assumed to be absent. Univariate analysis using Fisher’s Exact test was used to study categorical variables. T-tests were used to compare the mean age at diagnosis. Mean incidence rate was estimated by Poisson regression, based on 2013 census data available through Tatauranga Aotearoa.1 Stata software (17.0, StataCorp LLC, College Station, TX) was used for data synthesis. All significance tests were two-tailed and values of p < 0.05 were considered significant.




Results

One hundred forty-two patients with incident GCA were identified in the study period. 100 (70.4%) were biopsy-proven GCA; of the remaining 42 cases, 7 did not undergo a biopsy, 2 were technically unsuccessful and 33 had negative biopsies. The mean annual incidence for biopsy-proven GCA (n = 100) was 10.5 (95% CI 8.7, 12.8) per 100,000 over the age of 50, and this increased to 15 (95% CI 12.6, 17.6) when all cases were included (n = 142). Patients were predominantly female (65.5%), with a mean ± SD age at diagnosis of 74.2 ± 8.9 years. Incidence rates were highest after 65 years of age and peaked between 80 and 84 years (Figure 1).


[image: image]

FIGURE 1
Incidence of biopsy-proven giant cell arteritis (GCA) in Canterbury (adjusted for age and sex, 95% CI).


10/142 (7%) had LV-GCA confirmed on imaging and 7 of the remaining 132 patients with limited C-GCA had symptoms suggestive of possible extra-cranial involvement, but without confirmation on imaging or histopathology. Baseline characteristics of the LV-GCA and C-GCA cohorts are summarized in Table 1. There was no statistically significant difference in baseline demographics between the two groups. The mean delay from symptom onset to diagnosis was longer in the LV-GCA group at 11.6 weeks, compared to 6.7 weeks, although statistical significance was not met (p = 0.08). Patients with C-GCA were more likely to present with headache and jaw claudication, while those with LV-GCA were more likely to experience weight loss, upper limb claudication, vascular bruits, blood pressure and pulse discrepancy or cerebrovascular accident. There was no difference in baseline laboratory parameters including CRP, ESR, platelet count and hemoglobin. Those with C-GCA were more likely to undergo a TAB (p = 0.008), but there was no difference in the rate of biopsy positivity between the two groups (p = 0.38). Only 50% of the patients with LV-GCA fulfilled the 1990 ACR classification criteria, which was significantly less than the 82% seen the C-GCA group (p = 0.03).


TABLE 1    Baseline characteristic of patients with limited cranial giant cell arteritis (GCA) compared to those with large vessel GCA.
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Imaging modalities used to detect LV-GCA were computed tomography angiography (CT-A), magnetic resonance angiography (MR-A), and ultrasound (US), with 7, 4, and 1 studies, respectively, positive. Imaging was conducted either to evaluate symptoms of vascular disease, such as stroke or limb claudication, or as work up for pyrexia of unknown origin (PUO) (n = 2). Arterial involvement was most frequently detected in the proximal branches of the aorta, with brachial, axillary and vertebral most frequently involved. Of those with imaging of the brachial arteries 83% were positive, 66.7% for axillary arteries and 80% for vertebral arteries (Figure 2).


[image: image]

FIGURE 2
Distribution of disease involvement in the 10 patient with large vessels vasculitis detected on computed tomography angiography (CT-A), magnetic resonance angiography (MR-A), and ultrasound (US).


Patients with LV- and C-GCA were universally managed with corticosteroid therapy, with no difference in starting dose of oral prednisolone. There was also no difference in the number of patients requiring intravenous (IV) methylprednisolone, although indications differed. Of the two LV-GCA patients requiring IV methylprednisolone, one was for management of arm ischemia and the other was for a posterior circulation stroke with co-existent vision impairment secondary to central retinal artery occlusion (CRAO). IV Methylprednisolone in the C-GCA group was exclusively used for visual disturbance.

Follow-up data was limited, as information was not available for patients discharged to the care of their General Practitioner (GP). Available data suggests those with LV-GCA were more likely to continue prednisolone 5 years after diagnosis compared to C-GCA patients (p = 0.007) (Table 2). Of those continuing prednisolone, there was no difference in mean dose between the two groups at 1-, 3-, and 5-years of follow-up. Use of an alternative immunosuppression was typically reserved for patients with refractory PMR symptoms. Methotrexate was the treatment of choice, with two C-GCA patients also receiving leflunomide, noting Tocilizumab was not available for treatment of GCA during the study period.


TABLE 2    Comparison of treatment variables in patients with large vessel giant cell arteritis (GCA) and cranial GCA.

[image: Table 2]

The mean duration of follow-up was 48.3 months for LV-GCA patients (n = 9) and 31.6 months for C-GCA patients (n = 72) (p = 0.1), of those followed up within the public hospital outpatient setting (Table 3). Irreversible vision loss was seen at similar rates across the two groups, but permanent neurological deficit due to stroke seen at higher rates in the LV-GCA group (p = 0.001). 5 (3.8%) of the C-GCA patients had a known abdominal aortic aneurysm (AAA) and one (0.8%) had a thoracic aortic aneurysm that pre-dated their GCA diagnosis, two of whom required repair during follow-up. Two C-GCA patients develop a new AAA during follow-up, one requiring surgical repair. Two LV-GCA patients were diagnosed thoracic aortic dilation either at diagnosis or during follow-up, not meeting criteria for aneurysm. This rate was significantly higher than that observed in C-GCA patients (p = 0.004). One C-GCA patient developed a Type B thoracic and abdominal aortic dissection, managed conservatively. No dissections were observed in the LV-GCA group.


TABLE 3    Comparison of disease outcomes in patients with large vessel GCA (LV-GCA) and cranial GCA (C-GCA).
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Discussion

To our knowledge this is the only study to describe clinical characteristics of patients with LV-GCA in Aotearoa New Zealand. Demographics are similar to those previously reported in NZ, with a mean age of 74.2 years, female predominance (incidence ratio 1.59), and primarily affecting those of European descent (93%). The mean annual incidence for biopsy-proven GCA was marginally lower than that reported elsewhere in NZ (3, 4), at 10.5 per 100,000 over the age of 50, but correlates with a large population study from the UK (18), where many NZ Europeans in Canterbury are descendant. There were no differences in demographics between the LV- and C-GCA cohorts, which contrasts existing literature suggesting LV-GCA patients have a younger age at diagnosis (11, 19, 20), and may be a consequence of our small case numbers.

Clinical features at presentation were different between the two groups. C-GCA patients were more likely to present with the cardinal features of GCA such as headache and jaw claudication, while LV-GCA patients often presented with non-specific symptoms including weight loss and features of vascular insufficiency. Current literature suggests that cranial symptoms are inversely associated with LV involvement (21). Only 50% of our LV-GCA patients fulfilled the 1990 ACR classification criteria for GCA, which relies heavily upon cranial manifestations, indicating these criteria are insensitive for patients with LV disease (10, 22). Atypical presenting features and insensitive classification criteria pose challenges to the detection of disease and likely account for the diagnostic delay among patients with LV-GCA. This observation is well-described in other large cohort studies (11), and although a trend toward diagnostic delay was seen in our LV-GCA cohort, statistical significance was not met. A high index of suspicion is required to diagnose patients presenting with non-specific symptoms. In our cohort patients with LV-GCA were less likely to undergo a biopsy compared to those with limited cranial disease (p = 0.008); it is unclear whether the decision not to pursue biopsy was due to a low index of disease suspicion or anticipated low test yield. Of those who did undergo a biopsy, there was no difference in rates of biopsy positivity (p = 0.38). This contrasts current literature, which suggests LV-GCA patients are less likely to yield a positive biopsy result (11), posing further challenges to a timely diagnosis.

The extent and distribution of LV involvement can vary considerably and the reason for such a diverse spectrum of disease remains poorly understood. Our results confirm that LV-GCA has a predilection for proximal branches of the aorta (19), with highest rates of vasculitis identified in the upper limb and vertebral arteries. A relatively low number of GCA patients in our cohort had LV vasculitis detected (7%). This figure aligns with earlier GCA studies, where routine imaging of large vessels was not undertaken and LV-GCA was estimated to account for 3–15% of all GCA cases (8). More recently, prospective studies with dedicated LV imaging have reported rates of LV involvement from 29 to 83% (23, 24). Ongoing variability in reported rates is due to the broad spectrum of clinical presentations, use of various imaging modalities and inconsistent disease definitions. LV imaging of patients with GCA was not routinely conducted in Canterbury during the study period and may explain why detection rates of LV-GCA in our cohort align more closely with earlier GCA studies.

Patients with LV- and C-GCA were universally managed with corticosteroid therapy, with no difference in starting dose of oral prednisolone. Although follow-up data was limited, patients with LV-GCA were more likely to remain on steroids 5 years after diagnosis. This observation is similarly reflected in large cohort studies (25). Current literature is conflicting but suggests that LV-GCA patients may have higher relapse rates compared to C-GCA, with higher cumulative corticosteroids exposure long term (11, 26), and may explain the increased rates of steroid use at 5 years in our LV-GCA cohort. Follow-up data from our study is insufficient to comment on relapse rates, as most relapses were managed by the GP in the primary care setting. Two LV-GCA patients were diagnosed with thoracic aortic dilation, without meeting criteria for aneurysm, a rate significantly higher than that observed in C-GCA patients (p = 0.004). LV-GCA is a recognized risk factor for aortic complications, with potentially catastrophic complications that may not present until years after diagnosis (14–16). Routine screening for LV disease has not been adopted globally, although recent guidelines, including those published by the ACR/Vasculitis Foundation, recommend all patients with newly diagnosed GCA undergo non-invasive vascular imaging to evaluate large vessel involvement and facilitate long term surveillance of potential disease sequelae (27, 28). The resource implications of such an approach, particularly in settings with limited access to advanced imaging, are not insignificant and there remains lack of clear consensus about management and follow-up.

The main limitation of this study is its small case numbers. Only 10 patients with LV-GCA were detected, which limits the statistical power of the analysis and possibly explains the absence of observations that are consistently described in larger cohorts, such as younger age and longer delays to diagnosis for LV-GCA patients. Follow-up data was particularly limited, which is a consequence of the retrospective study design and a reflection of the health care system in NZ, where many chronic diseases are managed in the primary care setting. Another limitation of this study relates to case ascertainment. While it is expected that the majority of patients with GCA were managed in the public healthcare system, and temporal artery biopsies analyzed by Canterbury Health Laboratories, the methods applied for case identification may have missed patients managed privately, or in the primary care setting. The private sector makes up a small portion of the healthcare landscape in NZ. Access was granted to review a representative sample of private patients’ case notes, with no cases of GCA identified, suggesting few patients with GCA are seen privately. Numerous methods for case ascertainment were applied to capture such patients; however, it is not possible to quantify how many may have been missed across various sectors. While this number is expected to be small, it may explain why the incidence seen in our cohort is slightly lower than that reported by Abdul-Rahman and Nagarajah (3, 4). Finally, the cases of LV-GCA may suffer from selection bias, as imaging was performed at the discretion of the treating clinician, and therefore only those with symptoms of LV extra-cranial involvement underwent LV imaging. A prospective study with LV imaging of all consecutive GCA patients would be required to eliminate such bias.

This study is the first of its kind to describe the clinical characteristics of patients with LV-GCA in New Zealand. Incidence was comparable to previous NZ studies, and although case numbers were small, two distinct subsets of disease were apparent. Those with cranial disease were more likely to present with the cardinal clinical features of headache and jaw claudication, while patients with LV-disease often presented with non-specific symptoms including vascular insufficiency and were less likely to fulfill the ACR classification criteria for GCA. In general, treatment approach was similar, however, those with LV-GCA had greater long term steroid burden, suggesting these patients may have a more refractory disease course and require a tailored therapeutic approach. A large prospective study with LV imaging of all consecutive GCA patients is required confirm our findings, but these results suggest that an innovative diagnostic and therapeutic approach may be required to manage patients with large vessel disease.
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Aims: Temporal artery biopsy (TAB) is a widely used method for establishing a diagnosis of Giant Cell Arteritis (GCA). The optimal TAB length for accurate histological GCA diagnosis has been suggested as 15 mm post-fixation (15–20 mm pre-fixation). The aim of this study was to determine the relationship between a histological GCA diagnosis and optimal TAB length in the South Australian (SA) population.

Materials and methods: Pre-fixation TAB length (mm) was reported in 825/859 of all samples submitted to SA Pathology between 2014 and 2020 from people aged 50 and over. When more than one biopsy was taken, the longest length was recorded. Analyses of both TAB length and TAB positive proportions were performed by multivariable linear and logistic regression analysis, including covariates sex, age, and calendar year.

Results: The median age of participants was 72 (IQR 65, 79) years, 549 (66%) were female. The TAB positive proportion was 172/825 (21%) with a median biopsy length of 14 mm (IQR 9, 18). Biopsy length (mm) was shorter in females (p = 0.001), increased with age (p = 0.006), and a small positive linear trend with calendar year was observed (p = 0.015). The TAB positive proportion was related to older age (slope/decade: 6, 95% CI 3.6, 8.3, p < 0.001) and to TAB length (slope/mm 0.6, 95% CI 0.2, 0.9, p = 0.002), but not sex or calendar year. Comparison of models with TAB length cut-points at 5, 10, 15, 20 mm in terms of diagnostic yield, receiver operating characteristics and Akaike Information Criteria confirmed ≥ 15 mm as an appropriate, recommended TAB length. However, only 383 (46%) of the biopsies in our study met this criteria. The diagnostic yield at this cut-point was estimated as 25% which equates to an expected additional 30 histologically diagnosed GCA patients.

Conclusion: This study confirms that TAB biopsy length is a determinant of a histological diagnosis of temporal arteritis, and confirms that a TAB length ≥ 15 mm is optimal. Approximately half the biopsies in this study were shorter than this optimal length, which has likely led to under-diagnosis of biopsy-proven GCA in SA. Further work is needed to ensure appropriate TAB biopsy length.

KEYWORDS
giant cell arteritis (GCA), biopsy, vasculitis, diagnosis, temporal arteritis


Background

Giant Cell Arteritis (GCA) is an autoimmune condition causing inflammation of medium and large blood vessels, known as vasculitis. GCA is the most common vasculitis affecting the elderly. When presented with a case suggestive of the diagnosis of GCA, there is a need to initiate further investigations to exclude or confirm the diagnosis, historically based on the criteria set out by the American College of Rheumatology (ACR) (1), and more recently, the additional use of ultrasound and other imaging modalities of affected blood vessels (2).

With a specificity of 100%, a temporal artery biopsy (TAB) with histopathology demonstrating necrotizing arteritis characterized by a predominance of mononuclear cell infiltrates or a granulomatous process with multinucleated giant cells, has been a mainstay for a diagnosis of GCA (3). The average diagnostic yield of TAB for GCA is estimated as 25% (IQR 17, 34) (4), with a recent meta-analysis estimating an average sensitivity of only 77% (5), although this was highly variable with estimates from individual studies ranging between 50 and 95%. Therefore, a negative TAB does not exclude disease. This may in part be attributable to the recognition of extra-cranial disease (large vessel vasculitis) as part of the GCA disease spectrum, and it has been suggested that TAB may have an even lower sensitivity in these patients (6). However, technical aspects of the TAB sampling may also contribute to a decreased sensitivity of TAB for GCA. One such aspect is the presence of “skip lesions,” where areas of normal pathology may be interspersed within inflamed sections of the artery, resulting in a false negative result. Indeed, retrospective and prospective examination of TAB specimens have identified skip lesions in TAB from 28% of people with temporal arteritis, with inflammatory foci as small as 330 microns identified (7). Because of these skip lesions, the length of the TAB segment is therefore important. Both the British Society for Rheumatology (8) and the European League Against Rheumatism (9) recommend a TAB length of at least 1 cm (10 mm) which is supported by multiple studies (10–12). Other studies have suggested a minimum TAB length of 5 mm (13, 14) or even 20 mm (15–17) is appropriate. Two studies, which more formally evaluated TAB length in relation to diagnostic sensitivity demonstrated that 1.5 cm (15 mm) was the change point for GCA diagnostic sensitivity (18, 19), concluding that the optimal TAB length for accurate GCA diagnosis is at least 15 mm post-fixation (15–20 mm pre-fixation), with greater lengths unlikely to provide significant additional diagnostic yield. In contrast, other studies have reported no relationship between TAB length and diagnostic yield (20–23).

The aim of this study was to determine the relationship between optimal TAB length and a histopathological diagnosis of GCA in the South Australian (SA) population.



Materials and methods

We retrospectively analyzed the results of all TAB reports from January 2014 to December 2020 for biopsies from people aged 50 years and over submitted to the SA public health sector pathology laboratory (SA Pathology). A total of 859 biopsy reports were reviewed, with 825 (96%) reporting pre-fixation TAB length (mm). When more than one biopsy was taken, the longest length was recorded. Age at biopsy and sex information was also collected on all biopsies. The details of the biopsy report including presence of inflammatory cell infiltrate, presence of Giant cells, disruption of internal elastic media, intimal hyperplasia and involvement of vasa vasorum were taken into account. The final opinion of the pathologist determined the assignment of the biopsy into either positive or negative categories. Although the TAB reports were unstructured, a review of specific details reported in 90 positive TAB indicated that giant cells (n = 70, 78%), intimal hyperplasia (n = 68, 76%), and adventitial inflammation (n = 68, 76%) were frequent findings. Over 80% of positive TAB reported inflammatory infiltrates involving all layers of the temporal artery. Those reporting inflammatory infiltrates without the specific term “transmural infiltration” had other strong characteristics of GCA such as the presence of Giant Cells. A specimen with significant eosinophilic infiltrate was excluded.

Statistical analysis was performed using Statav16 (StataCorp LLC, TX, USA). Multivariable regression analyses were used to determine covariates for TAB length (linear regression), TAB length ≥ 15 mm (logistic regression), and TAB positivity (logistic regression). All analyses included additional covariates sex, age, and calendar year. Both linear and quadratic terms were evaluated for the linear covariates age and TAB length, but a quadratic term was only retained for age in the logistic regression model for a TAB positive outcome based on the Akaike Information Criterion (AIC). Results were interpreted as marginal population-averaged predictions of the outcome for each covariate, which for the logistic regression model for TAB outcome, was the predicted proportion of positive TAB results. Additional models for the TAB outcome were estimated with the TAB length covariate dichotomized at 5, 10, 15, and 20 mm, and these models were compared using the AIC, the area under the receiver operating curve (AUC-ROC), and diagnostic yield (positive predictive value, PPV).



Results

The median age at biopsy of the 825 patients included in the study was 76 years, 549 (66%) were female, with 172 (21%) TAB positive (Table 1). The age and sex distribution of TAB positive patients were comparable to that of previous studies of biopsy-proven GCA in South Australia (24). Notably, the number of TAB performed in 2020 (n = 143), the first year of the COVID pandemic, was not decreased compared to previous years (103 TAB in 2019 and 140 in 2018).


TABLE 1    Temporal artery biopsy (TAB) study demographics.
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The overall median biopsy length was 14 mm (IQR 9, 18). Analysis of biopsy length (mm) using a multivariable linear regression model (Figure 1) demonstrated that biopsy length was shorter in females compared to males (difference: −1.8 mm, 95% CI −2,9, −0.8), increased with older age (0.7 mm/decade, 95% CI 0.2, 1.1), and although variable, there was a smoothed linear trend toward increased length with increasing calendar year (p = 0.015). To put this in context, the difference in TAB length for 2017 onward compared to pre 2017 was 1.4 mm (95% CI 0.37, 2.35), after adjustment for age and sex.


[image: image]

FIGURE 1
Temporal artery biopsy (TAB) length and covariates age, sex, and calendar year (multivariable linear regression). Results are expressed as marginal, population-averaged, outcome means.


The relationship between a positive TAB and covariates sex, TAB age, TAB year and TAB length were determined using a multivariable logistic regression model, with the best model including a quadratic term for age. Patients with a positive TAB were more likely to be older (median age 76 vs. 71 years, Table 1 and Figure 2), but there was no association with either sex or TAB year (Figure 2). Importantly TAB length (mm) was associated with a positive TAB result in a linear manner. When adjusted for age, sex, and calendar year, the odds ratio for the association between a positive TAB result and TAB length was 1.04/mm, 95% CI 1.01, 1.06, p = 0.002, which equates in an increase in the marginal probability/proportion of a positive TAB result of 0.6%/mm (95% CI 0.2, 0.9, Figure 2).
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FIGURE 2
Temporal artery biopsy (TAB) positivity and covariates TAB length, sex, age, and year (multivariable logistic regression). Results are expressed as marginal, population-averaged, outcome means.


Subsequent models compared the effect of dichotomizing TAB length at cut-points 5, 10, 15, and 20 mm on a TAB positive result (Table 2). While the differences were relatively small, the model with TAB length dichotomized at 15 mm was the best model with both the smallest AIC and largest AUC-ROC, however, less than half of the biopsies (383, 46%) in this study met this criteria. The diagnostic yield (positive predictive value) for TAB length ≥ 15 mm was 24.5% (95% CI20.4, 28.7), which, if all TAB had achieved this length, equates to an average of 30 additional individuals with a diagnosis of biopsy-proven GCA.


TABLE 2    The relationship between TAB length, dichotomised at 5, 10, 15, and 20 mm, and a positive TAB result.
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Discussion

A suspected diagnosis of GCA may be considered a medical emergency as early diagnosis with treatment intervention can prevent serious complications such as blindness and stroke. A GCA diagnosis is supported by a positive TAB, and increasingly, medical imaging technologies (2), which otherwise can be difficult or delayed because there are no laboratory findings specific for GCA and no particular signs or symptoms specific for the diagnosis. Exclusion of a GCA diagnosis is also important to prevent unnecessary exposure to the adverse effects associated with long-term corticosteroids.

With a specificity of 100%, a positive TAB remains an important tool for the diagnosis of GCA, yet it has a sensitivity of only 77% (5). Inadequate biopsy length has been identified in many, but not all, studies as a key factor in determining the diagnostic yield (sensitivity) of TAB for GCA diagnosis, attributable to “skip lesions” in the artery. Yet there is also a lack of consensus regarding the optimal TAB length. Reasons for these discrepancies may include the lack of standardization of biopsy harvesting, processing techniques and reporting, underlying differences in the TAB diagnostic yield due to differences in TAB referral (17), as well as a variable number of patients already on corticosteroid treatment at the time of biopsy.

In this study we have confirmed that there is a linear relationship between pre-fixation TAB length and the proportion of positive TAB results. Yet there are also practical constraints on the routinely achievable TAB lengths (particularly in females), and the recommended TAB length must balance the risk of biopsy with the probability of a positive result. Importantly, we identified that a TAB length of at least 15 mm was optimum for the predictive performance of our model, a result which is supported by two prior studies (18, 19). A high proportion of TAB lengths shorter than 15 mm may be characteristic of many studies, given that an overall mean length of 14.1 mm was estimated from a meta-analysis of 49 studies (4), but an increase to a minimum TAB length of 15 mm is realistic and achievable. To assess the potential impact of this, we estimated that a TAB length of at least 15 mm would have led to a positive TAB in an additional 30 patients who otherwise had a missed diagnosis or reduced treatment options, such as access to Tocilizumab which is reserved for biopsy positive cases in Australia.

Improved awareness of the importance of TAB length may not only decrease diagnostic and treatment delay, but may also obviate the need for a contralateral biopsy when there is a negative result, except when there is high index of clinical suspicion (15, 25). There was some evidence of such an improved awareness in our study, as we observed a small increase in biopsy length over the study duration, which has also been reported by some other studies over a longer time-frame (20, 26). We also observed, perhaps surprisingly, that TAB lengths increased with older age which could be consistent with an awareness of the importance of TAB in these patients who have a higher probability of GCA. In contrast, TAB length was shorter in females who also have a higher probability of GCA. This suggests that there may also be some anatomical or aesthetic constraints on TAB length. There is variation in site of TAB. Some surgeons preferring the common superficial temporal artery anterior to the tragus of the ear in favor of the frontal branch of the temporal artery. The difference in yield between these sites was not compared but might be useful to determine in future studies.

The strengths of this study are that it is a large study with all TAB processing and testing performed at a single laboratory which handles approximately 75% of TAB in South Australia. Therefore, it is a representative sample of suspected GCA cases in South Australia, without additional variability in sample processing and reporting. Some limitations include that there was no follow-up on the final clinical diagnosis, and therefore the effect of TAB length on the sensitivity/specificity of TAB for GCA diagnosis could not be evaluated. Further, there was no information on corticosteroid treatment at the time of biopsy, which may have also modified the relationship between TAB length and a positive TAB.

In conclusion, TAB remains a mainstay for a diagnosis of GCA, and TAB length is an important determinant of a positive result. We recommend a minimum pre-fixation length of 15 mm to obtain the maximum diagnostic yield for this procedure, yet approximately half of the biopsies in our study, and likely most published studies, did not meet this criterion. While there are some indications that awareness of the importance of TAB length is increasing amongst vascular or ophthalmologic surgeons, further emphasis is required. Standardization of TAB harvesting, processing techniques and reporting (including length) may also contribute to optimal diagnosis of biopsy-proven GCA.
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Giant cell arteritis is the most common vasculitis in adults above 50 years old. The disease is characterized by granulomatous inflammation of medium and large arteries, particularly the temporal artery, and is associated acutely with headache, claudication, and visual disturbances. Diagnosis of the disease is often complicated by its protean presentation and lack of consistently reliable testing. The utility of color doppler ultrasound at the point-of-care and FDG-PET in longitudinal evaluation remain under continued investigation. Novel techniques for risk assessment with Halo scoring and stratification through axillary vessel ultrasound are becoming commonplace. Moreover, the recent introduction of the biologic tocilizumab marks a paradigm shift toward using glucocorticoid-sparing strategies as the primary treatment modality. Notwithstanding these developments, patients continue to have substantial rates of relapse and biologic agents have their own side effect profile. Trials are underway to answer questions about optimal diagnostic modality, regiment choice, and duration.

KEYWORDS
giant cell (temporal) arteritis, color Doppler ultrasonography (CDUS), biologic therapeutics, clinical trials, diagnostics - clinical characteristics


1 Introduction

Large vessel vasculitis (LVV) refers to a spectrum of diseases unified by granulomatous inflammation of the aorta and its major branches. Takayasu arteritis and giant cell arteritis (GCA) are the major entities of LVV, differing in primarily in their age of onset. The focus of this review will be GCA, the most common vasculitis in adults above 50 years old. While patients may present classically with headache, jaw claudication and visual disturbances in the setting of other constitutional symptoms, there is a wide spectrum of disease (1). Disease flares may cause permanent vision loss, cerebral ischemia or aortic aneurysms if not treated promptly with corticosteroids. Often, patients will require other adjunctive therapeutics to prevent relapse or treat steroid-refractory disease. Since the first histological description of GCA in the early 20th century, (2) there have been numerous developments in elucidating its pathogenesis and optimizing its management. The present paper will review the disease with mention of diagnostic advancements, shifts in treatment strategies, and several landmark trials exploring novel therapeutics.



2 Pathophysiology

The granulomatous inflammation of the medium- and large-sized vessels arising from the aortic arch is mediated by a slew of cellular and humoral immune components (Figure 1). The inciting factor for development of GCA is unknown but thought to be virus-related. Resident dendritic cells were shown to be the first immune elements that are activated via their toll like receptors (TLRs) (3). Mature dendritic cells release a variety of chemokines that trigger the recruitment and differentiation of various members of the CD4+ T cell lineage.


[image: image]

FIGURE 1
Vascular pathogenesis of GCA. The inciting factor for the development of GCA is unknown but though to involve the activation of resident dendritic cells via their toll-like receptors. The subsequent release of interleukin IL-6 and IL-12 promotes the differentiation of CD4+ T-helper cells (Th) into Th17 and Th1 cells, respectively. Th17 cells release IL-17 which is responsible for inhibiting T-regulatory (Treg) cells, stimulating hepatic acute phase reactants (APRs) and monocytes. Th1 cells release mediators of chronic inflammation, including interferon gamma (IFNγ) and tumor necrosis factor alpha (TNFα). While the former stimulates monocyte differentiation into macrophages, the latter influences the formation of multinucleated giant cells. The net of effect of macrophages, smooth muscle cells (SMCs) and giant cells is the release of platelet-derived growth factor (PDGF). PDGF is responsible, in part, for the intimal hyperplasia, stenosis, and thrombosis of large vessels in GCA. Matrix metalloproteinases (MMP) are derived from macrophages and result in the degradation of the tunica media. The resulting vascular remodeling underlies aneurysms in GCA. B cells have no established role in GCA but have been found in the adventitia of arterial biopsies and are implicated in certain chemokine axes. IL-6 is responsible for the constitutional symptoms such as fever and malaise as well as the production of APRs. DC, dendritic cell; CD4+, CD4+ T-helper cell; Mac, macrophages; IL, interleukin. Parts of the figure were drawn by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0 Unported License (https://creativecommons.org/licenses/by/3.0/).


The release of IL-1β, IL-6, and IL-23 from dendritic cells induce the differentiation of CD4+ T cells into T-helper 17 (Th17) cells. The Th17 subtype, and their derivative cytokines IL-17, IL-22, and GM-CSF, play a vital role in initiating the pro-inflammatory response. Th17 cells stimulate the hepatic production of acute phase reactants (APRs) and other immune cells such as monocytes (4). The dendritic and Th17 cell pools are also responsible for the downregulation of T regulatory (Treg) cells through IL-6 and IL-17, respectively. The blunting of the typical anti-inflammatory balance is, at least partially, responsible for the chronic nature of GCA (5).

Dendritic cells additionally induce the differentiation of CD4+ T cells into Th1 cells through IL-12 and IL-18. Th1 cells tend to release mediators of chronic inflammation, including interferon gamma (IFN-γ) and tumor necrosis factor alpha (TNF-α). IFN-γ is involved in the activation of vascular smooth muscle cells and the recruitment of monocytes and their differentiation into macrophages. Histiocytes subsequently form the eponymous multinucleated giant cell under the influence of TNF-α (6). Notably, while the Th17 cells appear to be modulated by glucocorticoid therapy, the Th1 subtype remains active in chronic disease (7).

While B cells play a less significant role in the pathogenesis of GCA, there have been implications of B cell pool dysregulation in recently diagnosed patients (8). A 2019 histological examination of 9 aortic biopsies in patients with GCA found adventitial B cell infiltrate organizing into a lymphoid pattern typical of large vessel vasculitides such as Takayasu arteritis (9). Two chemokine axes, CXCL9-CXCR3 and CXCL13-CXCR5, have been implicated in the recruitment and organization of B cells in GCA, though further work should elucidate its role as a therapeutic target (10).

Macrophages were shown to play a key role in intimal hyperplasia and angiogenesis through the release of platelet derived growth factor (PDGF) and matrix metalloproteinases (MMPs) (11–13). Vascular stenosis and thrombosis from intimal hyperplasia is responsible for the jaw claudication and ocular manifestations of GCA. MMPs degrade the media and are responsible for vessel aneurysm. Cytokines, particularly IL-6, remain the backbone of the systemic inflammatory reaction and are responsible for the constitutional signs such as fever, malaise, and myalgias. The culmination of these inflammatory mediators in GCA alludes to the many potential targets for novel steroid-sparing therapy.



3 Clinical presentation

The spectrum of symptoms in patients with GCA are a sequela of vascular occlusion and thus prompt vascular, ophthalmologic, rheumatologic, and neurologic workups. The GCA disease spectrum encompasses three broad phenotypes: Cranial GCA (C-GCA), Large Vessel GCA (LV-GCA), and mixed. C-GCA is associated with the prototypical symptoms of GCA including headache, temporal artery abnormalities and visual disturbances. LV-GCA includes the development of aneurysms or arterial stenoses and presents with limb claudication and aortitis, alongside the traditional symptoms (14). While large vessel involvement occurs in less than half of patients with any GCA, it is associated with increased mortality (15, 16). The mixed phenotype includes features of both C-GCA and LV-GCA and may represent nearly 80% of GCA cases (17).

There appear to be additional associations with polymyalgia rheumatica, another common inflammatory disease with similar epidemiology, pathophysiology, and presentation. A recent meta-analysis of 566 patients found that over 25% of patients with polymyalgia rheumatica (PMR) may present with signs of subclinical GCA, particularly increased aortic uptake in PET scanning (18). Best practice management for these subtypes remains an area of continued investigation (19).

Certain constitutional symptoms are present in most patients with 50% of patients experiencing a low-grade fever, though in some patients the only presenting symptoms may be myalgias. Beyond fever, headache with scalp tenderness, fatigue, facial pain, and weight loss have all been associated with GCA. Notably, one meta-analysis found that the presence of temporal headache did not confer a significantly higher likelihood ratio for diagnosis of GCA. However, other vaso-occlusive signs such as jaw and limb claudication were more sensitive for diagnosis of GCA (20).

Temporal artery abnormalities may present as nodular, tortuous swellings of the vessel with possible loss of pulsation. These findings are secondary to the intimal hyperplasia and sclerosis from chronic inflammation and macrophage-derived PDGF and MMPs (13). A 2021 meta-analysis collected data from 68 studies and approximately 4,000 biopsy-confirmed unique cases of GCA. The authors suggested that any temporal regional abnormality or temporal arterial tenderness or pulselessness doubled the odds, at minimum, for a positive biopsy (21).

Data from a large population-based cohort found that visual changes occur in around 20% of patients and progressing to vision loss occurs in less than 5% (22). Commonly, patients will report a transient, painless monocular vision loss (i.e., amaurosis fugax), though it may be painful in up to 10% of patients (23). Vision loss in GCA is often secondary to arteritic anterior ischemic optic neuropathy (AAION) due to occlusion of the short posterior ciliary arteries that supply the choroid and optic disk. This phenomenon appears as “chalk white” optic disk edema with possible hemorrhage and cotton-wool spots on fundoscopic examination. Less commonly, GCA-associated vision loss may be due to posterior ischemic optic neuropathy or central retinal artery occlusion. Rarely, patients will present with diplopia due to ischemia of extraocular muscles or visual hallucinations, as described in previous literature (23–25).


3.1 Other associations

GCA symptomology may often be vague and variable. The malaise, headache, fever, and elevated CRP in conjunction with rare reports of dry cough, have generated some diagnostic confusion with COVID-19. Associated diagnostic delay has been suggested to be responsible for increase morbidity from GCA in a single-center fast-track program (26). A 2021 systematic literature review of several cohorts compared the clinical presentation of GCA and COVID-19 and identified key distinguishing features. Jaw claudication and visual loss were rarely reported in COVID-19 cases while lymphopenia appeared nearly exclusively in GCA (27). Interaction of the two disease processes, particularly due to the upregulation of IL-6 and IL-7 in both conditions, has the potential to produce serious adverse outcomes, as described in two case studies with GCA-associated visual loss (28, 29). How, if at all, management is adjusted based on COVID remains an area of investigation.



3.2 Relapse

Relapse during or after glucocorticoid therapy has been reported in over half of patients and up to 21% experience multiple relapses. One study found that relapse appeared independent of glucocorticoid dosage and often appeared while undergoing treatment (30). Other risk factors for relapse are less well established, with a recent study showing that LV-GCA, a negative TAB, primarily musculoskeletal symptoms, and female gender were all associated with an increased risk (31). Another recent trial found that higher platelet count and a glucocorticoid-induced transcript 1 polymorphism reduced the risk of relapse (NCT01400464) (32). While relapse symptoms are often milder – reporting as being headaches, PMR-like symptoms, or claudication – patients would nevertheless benefit from treatments with sustained remission (33, 34).




4 Diagnostics

Even before obtaining confirmatory diagnostic testing, immediate treatment with corticosteroids and tocilizumab is recommended in cases with high suspicion of GCA. Criteria for the diagnosis of GCA were originally set forth in 1990 by the American College of Rheumatology (ACR; Table 1). Accordingly, patients are deemed to have GCA and are recommended TAB if they meet three or more of the five criteria, with a sensitivity of 93.5% and specificity 91.2% (35). One major pitfall of the criteria arises in cases of very low or high pretest probability; for example, if a patient presents with a new headache over the age of 50 with elevated ESR, they are recommended a TAB. Whereas these protean symptoms may be sequelae of malignancy, infection, or other autoimmune conditions, rather than GCA. A recent paper proposed a revised set of criteria (rACR) to avoid temporal artery biopsy in cases such as above or in those with cardinal symptomology. The rACR stratifies criteria into two domains, one encompassing the cardinal and the other the protean signs and symptoms, for a total of nine points (Table 2). In a review of the criteria 100% of patients scoring five or more had a positive biopsy and thus could possibly avoid biopsy. A score of three or more detected 91% of positive cases, whether or not it is acceptable to miss one to two cases to avoid biopsy is debated (36, 37).


TABLE 1    1990 ACR Guidelines for GCA.
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TABLE 2    rACR Guidelines for GCA.
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The two main governing bodies, the ACR and EULAR, recently released joint guidelines for the classification of GCA (Table 3). These guidelines are applied after the diagnosis of a medium- or large-vessel vasculitis is established to further classify the presentation as GCA. Importantly, these are not aimed to be used as initial diagnostic criteria. Analysis of the 2022 criteria found a sensitivity of 87% and specificity of 95%, with superior sensitivity when compared to the 1990 ACR criteria (38).


TABLE 3    2022 ACR/EULAR Classification Guidelines for GCA.
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4.1 Temporal artery biopsy

TAB should be performed as soon as possible after beginning glucocorticoids and the ACR continues to recommend a long segment (>1 cm), unilateral biopsy in conjunction with clinical evaluation as the gold-standard for diagnosis. A retrospective cohort showed that biopsy results were positive in 78% of clinically-diagnosed GCA that started treatment within two weeks of TAB. A delay of over four weeks showed TAB-positivity in only 40% of patients, suggesting normalization of histologic findings (39). However, due to the small sample size of 78 patients with only five receiving TAB after four weeks, extrapolation to the broader clinical setting may be less robust. Nonetheless, a meta-analysis of 3,092 patients revealed that TAB had a pooled 77% sensitivity with a decreasing trend in positive biopsies, on par with other diagnostic testing (40).

Examination of temporal artery biopsies with hematoxylin and eosin staining typically shows panarterial lymphocytic infiltrates with granulomas. The evaluation may also reveal hyperplasia and fragmentation of the elastic laminae with minimal neutrophil invasion. Elastic van Gieson may reveal disruption of the internal elastic lamina and, while used for repeat biopsies, is not routinely recommended by the ACR (41). Skip lesions have been reported in roughly 10% of cases and raise concern for missed diagnoses, hence, the whole clinical picture and additional diagnostics remain important for thorough workup (42).

There are plethora patterns of GCA beyond the classic histological changes described above, which underlies the variability in disease presentation (43). One study proposed a model of sequential angioinvasion, beginning with adventitial involvement and ending with a panarterial inflammatory infiltrate. However, aside from an association of severe cranial symptoms with a panarterial pattern, the authors found few prognostic indicators based on histology alone (42).



4.2 Color Doppler ultrasound

Color Doppler Ultrasound (CDUS) is an ultrasonography technique that assesses directionality of blood flow. CDUS was first shown to be able to diagnose GCA in certain high pre-test probability cases in 1997 (44). Of particular importance is the ability to simultaneously image other cranial rami and large arteries including the axillary and subclavian, without added invasive testing. A meta-analysis of 43 individual studies found that CDUS has a specificity of 96% and sensitivity of 77% for GCA (45). The evaluation of ultrasound’s role in patients suspected of having extracranial and cranial giant cell arteritis or EUREKA study was a recent multicenter cohort study. Researchers demonstrated comparable specificities and sensitivities to prior work and showed that positive CDUS findings independently conferred a greater odds ratio for GCA diagnosis at six months than TAB alone (46). A separate multicenter prospective cohort study, the role of ultrasound compared to biopsy of temporal arteries in the diagnosis and treatment of giant cell arteritis, or TABUL, suggested that CDUS has superior sensitivity though inferior specificity compared to TAB (47). Collectively, these findings suggest CDUS may soon be considered the most appropriate first line test.

The prototypical finding in GCA is a dilated superficial temporal artery with a non-compressible, hypoechoic “halo” in the vessel wall, reflecting panarterial inflammation, thickening, and edema (44, 48). However, the incompressible halo sign is not pathognomonic for GCA. Many ultrasonographic features are shared among other ANCA-associated vasculitides, amyloidosis, and atherosclerosis, often complicating diagnosis in uncertain cases (49). Concerns were raised regarding poor inter-rater reliability described in one study (47). The implementation of recent training programs has shown good reliability with up to 96% interobserver agreement (48, 50, 51).

The prognostic and longitudinal utility of CDUS is still under investigation. The Halo Score is a recent development by van der Geest and colleagues and is predicated on the counting of halos in several temporal and axillary artery segments. While the sensitivity and specificity of this test alone was not superior to standard US workup, a high Halo Scores accurately identified patients at considerable risk for vision loss (52). Future work may explore the possibility of tailoring patients’ glucocorticoid dosing schedule based on such scoring.

Joint CDUS and TAB “fast-track pathways” are increasingly used by institutions (53–56). These programs employ a multidisciplinary team and structured algorithms to rapidly evaluate, diagnose, and define treatments for patients with suspected GCA. One study found significant reduction in vision loss due to faster time to diagnosis and initiation of treatment but no change in rates of relapse (55). The TABUL study demonstrated that ultrasound alone may provide comparable diagnostic accuracy with a significant reduction in cost and a theoretical 43% reduction in biopsies. Notably, the authors found that both ultrasonographers and pathologists had moderate interrater agreement (47). How, and if for all patients, fast-track pathways will continue utilizing TAB as a diagnostic standard is still under debate.

The use of CDUS to monitor disease progression is less well-documented. A 2018 systematic review found that the halo sign resolves in most patients undergoing adequate treatment, though no other reliable prognostic features were identified (45). The optimal use of CDUS remains a subject of investigation with recent literature examining the role of axillary (57, 58) and extended ultrasonographic evaluation in prognosis and disease monitoring (59, 60). Results of a recent study suggest that limited CDUS of the axillary arteries misses 4% of patients with LV-GCA identified by an extended exam (including carotid, vertebral, subclavian, and axillary arteries). Furthermore, in this study population, 9% of patients with LV-GCA had only vertebral artery involvement (59). Such extended examination requires advanced equipment and training that may ultimately be worthwhile for monitoring disease progression without the need for contrast agents used in other modalities. The advent of higher resolution probes may impact specificity of CDUS and its integration into practice is currently under investigation (NCT04204512).



4.3 FDG-Positron emission tomography

2-[Fluorine-18]-fluoro-2-deoxyglucose positron emission tomography (FDG-PET) is an imaging technique grounded in measuring metabolic activity and traditionally used for the diagnosis, staging and monitoring of malignancies. The modality has been shown to be applicable for hypermetabolic lesions such as GCA and other chronic inflammatory disorders with active cellular infiltrate (61). However, it is not considered a first-line diagnostic modality due its cost and radiation exposure. FDG-PET was first employed in tracking the involvement of large arteries in LV-GCA. Recent advancements in imaging technology permit the spatial resolution of the smaller cranial vessel involvement in C-GCA and distinguish lesions from the high background cranial uptake of FDG (62). Results from the Giant Cell Arteritis and PET Scan (GAPS) study showed that FDG-PET of the head and chest has a negative predicative value of 98%, though up to 20% of patients have additional incidental findings (NCT02771483) (63). A 2022 trial found that the combined use of cranial and extracranial FDG-PET decreased specificity and positive predictive value but increased sensitivity and negative predictive value in diagnosing GCA (NCT05246540) (64). The use of combined FDG-PET and magnetic resonance imaging (MRI) with angiography (MRA) has also been explored. While MRI alone can resolve GCA-associated intimal hyperplasia and other inflammatory changes (65), combined FDG-PET/MRI provides an additional lens to evaluate the underlying biochemical mechanisms (66, 67). How this will change standard imaging is under evaluation and it’s use as the sole diagnostic test is under scrutiny (NCT04204876 & NCT05000138). Considering the cost of these modalities, FDG-PET may be less practical than point-of-care CDUS.

The role of FDG-PET in prognosis and longitudinal evaluation is similarly unclear. FDG uptake did not appear to distinguish patients with active disease and those in remission (68) and appeared to normalize within three days of beginning glucocorticoid therapy (69). In LV-GCA, increased aortic FDG uptake was shown to be associated with an increased risk of thoracic aneurysm (70, 71). To date, no other correlations with disease patterns have been elucidated and there remains a paucity of research on the clinical impact of FDG-PET results.

The focus of current research is the discovery of novel radiotracers that may have improved specificity for GCA. A recent trial was started comparing the use of Ga-DOTATATE to FDG for the detection of inflammation and its potential to correlate with disease activity in patients receiving glucocorticoids (NCT03812302). The use of a somatostatin receptor tracer is also under investigation (NCT04071691). While many other tracers are currently in trial for their use in monitoring cancers, T cell- (72) and macrophage-specific (73, 74) tracers have been shown to identify areas of vascular inflammation and could be extrapolated to GCA. These studies are reviewed in detail elsewhere (75).



4.4 Magnetic resonance imaging

MRI is a high-resolution imaging modality that has been shown to be effective in evaluating inflammation of cranial vessels. Imaging may show evidence of luminal stenosis, vessel dilatation or aneurysms. Compared to TAB, MRA was 93% sensitive and 81% specific for GCA (45). The ACR recommends the use of MRA for the diagnosis of GCA if biopsy or CDUS is inconclusive (41). Interestingly, a 2022 study demonstrated that while CDUS, MRA, and retinal angiography were independently accurate, a combination of MRA followed by CDUS if inconclusive was 100% sensitive, specific, and accurate (76). These findings support EULAR guidelines which recommend a multi-modality diagnostic approach. Additional studies are needed to compare FDG-PET with MRA.

Disease monitoring after initial presentation is also recommended based on institutional availability to evaluate the extent of large vessel aneurysms and stenoses. Imaging frequency and modality should be determined by joint patient physician decision-making. Compared to CDUS, a small study found that MRA did not have significant differences in sensitivity and specificity in the diagnosis of GCA, when compared to TAB (77). A more recent cross-sectional study found that CDUS was more sensitive in detecting vasculitic changes in large vessels compared to MRA (78). Given the higher cost of MRA and the exposure to contrast, CDUS is often a more appropriate test.



4.5 Conventional angiography

Computed tomography angiography (CTA) has been used in the historical evaluation of large vessel involvement in GCA and often shows wall thickening with a double ring of contrast enhancement. A small case-control study showed that CTA was able to resolve superficial temporal artery abnormalities such as perivascular contrast enhancement and blurring of vessel walls (79). Several studies (80, 81) suggest that PET/CT provides superior sensitivity over CTA alone. This is reflected in the EULAR guidelines, which do not routinely recommend that the diagnosis of GCA or evaluation of LVV hinge on CTA (82).



4.6 Laboratory markers

The inflammatory milieu in generalized inflammation stimulates the hepatocellular production of C-reactive protein (CRP). While CRP is a direct marker of inflammation, erythrocyte sedimentation rate (ESR) is a surrogate marker, reflecting the increase in fibrinogen that may occur secondary to many conditions. Measurement of these markers is standard in the workup of GCA, and both are often markedly elevated in patients with acute disease. ESR above 100 mm/hr was found to be associated with a 3-fold increase in likelihood of GCA, whereas ESR below 40 mm/hr or a CRP below 2.5 mg/dl nearly halved the likelihood of GCA (20).



4.7 Diagnostic guidelines

Both the ACR and EULAR have recently updated their guidelines to reflect the advancements in diagnostic imaging. While largely similar, there are some differences in the diagnostic guidelines set forth by the ACR and the EULAR. Notably, the ACR guidelines continue to endorse a TAB over temporal ultrasound owing largely to differences in ultrasonographic training. While they recommend adjunctive large vessel imaging after confirmation by biopsy, angiographic imaging alone is not deemed sufficient for initial diagnosis (41). Contrarily, the EULAR cite a strong level of evidence for diagnosis without biopsy in cases of positive cranial MRA or temporal and axillary ultrasound (82). Longitudinal imaging, while evidenced to have value in monitoring structural damage, is not routinely recommended by the EULAR. Instead, personal preference and cost-benefit analysis should drive clinical decision-making when evaluating disease flares. The ACR recommends that some form of longitudinal clinical monitoring be done, whether it be clinical examination, laboratory evaluation or imaging. In light of the recent 2022 joint ACR/EULAR classification criteria, unified diagnostic guidelines may be on the horizon.




5 Management


5.1 Glucocorticoids

Glucocorticoids have been vital for the acute and chronic treatment of GCA. Through several mechanisms, including inhibition of the Th17 cell pool, glucocorticoids modulate inflammation and effectively reduce the risk of vision loss. Oral glucocorticoids are often initiated at 1 mg/kg/day with higher dosing for patients with severe ophthalmologic symptoms. The British Society of Rheumatology (BSR) recommends pulsed intravenous (IV) administration of up to five days of 1,000 mg methylprednisolone for patients with high-risk features (83). However there are no randomized controlled trials (RCTs) comparing outcomes of either route, thus clinical decision-making is largely consensus-based (84). The side effect profile of IV glucocorticoids, especially in the elderly populations where GCA is prevalent, should also be taken into consideration when selecting initial treatment.

After initiation, glucocorticoids are generally tapered over the course of a year, although there are differences in published guidelines. In the United States tapering is often six to eight months while the EULAR recommends 18 to 24 months of tapering. A European trial is currently underway comparing rates of remission and side effects for 28- and 52-week tapering regiments (NCT04012905).



5.2 Glucocorticoid-sparing therapies

Patients will often restart courses of glucocorticoids to manage flares, substantially increasing their cumulative exposure. While longer regiments effectively reduce serious GCA-related adverse events, repeated glucocorticoid therapy harbors its own set of serious side effects. Often cited side effects of glucocorticoids include newly diagnosed hypertension, diabetes mellitus, as well as osteonecrosis, increased rates of infections, and cataracts. One case-control study in patients with GCA found that higher cumulative dose of glucocorticoids (30 versus 5 mg/day) was associated with a nearly five-fold increased risk of diabetes mellitus, a two-fold increased risk of osteoporosis and two-fold increased risk in all-cause mortality (85). A larger study based on data from US and UK databases concluded that for each gram of cumulative glucocorticoid exposure, there is a three to eight percent increase in risk of any steroid-related adverse event (86).

Diverse classes of adjunctive therapies have been explored since the initial treatment of GCA with glucocorticoid monotherapy decades years ago (Table 4). Many of these therapeutics are currently under laboratory investigation and, to date, methotrexate and tocilizumab are the only FDA-approved treatments in the United States. Guidelines for treatment of the initial disease and subsequent flares are shifting toward prioritizing the newly licensed glucocorticoid-sparing therapy tocilizumab. The follow sections review the noteworthy investigational drugs by their therapeutic class.


TABLE 4    Clinical trials for GCA treatment.
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5.2.1 Non-biologic adjuncts


5.2.1.1 Methotrexate

Methotrexate is a dihydrofolate reductase anti-metabolite used to treat a variety of malignancies due to its antagonism of DNA synthesis. Its mechanism in treating autoimmune disorders involves inhibiting the breakdown of adenosine and preventing the activation of T- and B-cells. Methotrexate is the most common non-biologic agent used in addition to glucocorticoids for the management of GCA (87). To date, only three RCTs have been performed with results showing either no difference in rates of relapse (88, 89) or reduction in relapse from 84 to 45% (90). A pooled meta-analysis suggested a 35% reduction in risk of first relapse with significant reduction in total glucocorticoid exposure versus placebo. Whether or not the glucocorticoid-sparing effect of methotrexate outweighs it side effect profile remains unclear from this study (91).

The ACR currently recommends the use of methotrexate based on clinician experience and patient preference (41). How methotrexate will continue to play a role in GCA management is under debate, principally due to the marked efficacy of tocilizumab (92). One advantage of methotrexate is that it is a small molecule chemical and trends significantly cheaper than contemporary biologics. A 2020 RCT is evaluating efficacy of a 12-month treatment of methotrexate versus tocilizumab in 200 patients (NCT03892785). The authors hypothesize that rates of remission will be comparable, resulting in superior cost efficiency. Other non-biologic adjuncts such as azathioprine (93), cyclosporine A (94), and dapsone (95) have been studied but yielded, at most, modest results with strikingly poor side effect profiles.



5.2.1.2 Leflunomide

Leflunomide, with its active metabolite teriflunomide, inhibits dihydroorotate dehydrogenase, a mitochondrial enzyme involved in pyrimidine synthesis. It has been shown as an effective agent in RA, Takayasu arteritis, and PMR (96, 97). Its use in clinical practice is based on results from smaller case reports and open-label studies. Several case series’ showed efficacy and good tolerability with steroid-sparing effect in patients with GCA (98, 99). A 2018 observational study demonstrated significant reduction in relapse compared to the glucocorticoid group with a significantly lower cumulative steroid dose (100). Compared to methotrexate, leflunomide appeared to induce remission earlier, particularly in patients requiring higher doses of prednisolone initially (101). To date, there have been no randomized controlled trials comparing leflunomide with standard therapies.




5.2.2 Interleukin pathway inhibitors


5.2.2.1 Interleukin-1

Anakinra, an IL-1 receptor antagonist, showed efficacy in a case series of six patients. Notably, the authors found disappearance of aortitis in one patient and reduction in FDG vascular uptake in three. Four patients achieved steroid-free remission by median 56 months (102). Though the results appear promising, data from an ongoing trial, the Giant Cell Arteritis and Anakinra Trial (GiAnT), may clarify its efficiency compared to placebo (NCT02902731).



5.2.2.2 Interleukin-6

IL-6 is the predominant cytokine in the pathogenesis of and was found to be consistently elevated in GCA. Tocilizumab, sold under the trade name Actemra®, is a humanized anti-IL-6 receptor monoclonal antibody first used for the treatment of multicentric Castleman disease in 2009 (103). The Giant-Cell Arteritis Actemra (GiACTA) trial is a phase 3 RCT that showed a weekly or biweekly dose of 162 mg tocilizumab with prednisone provided superior rates of remission and longer flare-free intervals than patients solely on prednisone. Adverse events occurred in about 15% of patients receiving tocilizumab but over 22% of patients on placebo and prednisone taper (104). Even with promising results from trials, up to 40% of patients relapsed after cessation of treatment with tocilizumab. Newer research appears to suggest that long-term therapy with tocilizumab may be appropriate. The incidence of adverse events is comparable between treatment regiments greater than or less than a year, with clinical improvement in 90-100% of patients by 24 months (105, 106). Both EULAR (107) and the 2021 ACR (41) guidelines have shifted to recommend tocilizumab with a glucocorticoid taper for both the initial treatment of GCA and management of subsequent flares. Studies of different dosing schedules and routes (108) as well as long-term safety profiles (NCT03202368) are currently underway.

IL-6 is key player in the healthy immune response against infection and blockade of this system is responsible for the increased risk of infection with use of tocilizumab (10% patients per year) (105). As with other immune modulating agents, screening for tuberculosis is recommended prior to beginning treatment. Tocilizumab was also shown to increase the risk for bowel perforation and has been documented to increase lipids in some patients. Trimonthly laboratory monitoring for neutropenia (occurring in about 4% of patients), thrombocytopenia, and hyperlipidemia as well as liver function testing is recommended during treatment.

Sirukumab is another humanized anti-IL-6 monoclonal antibody that entered phase three trial in 2015 (NCT02531633). While results are limited due to early study termination by the sponsoring agency, sirukumab with a prednisone taper was found to reduce number of flares compared to placebo with taper. There were no reports of bowel perforation, but the rates of infection and laboratory abnormalities were consistent with those found in the tocilizumab trial. A related biologic, sarilumab, was under investigation until its suspension in April 2020 due to COVID-19 (NCT03600805).



5.2.2.3 Interleukin-17

IL-17 from Th17 cells is responsible for part of the GCA inflammatory response. While glucocorticoids have already been shown to inhibit the Th17 axis, targeting with biologics may provide additional benefits. Secukinumab is a humanized anti-IL-17A monoclonal IgG antibody, sold under the brand name Cosentyx®, that is currently FDA-approved for the treatment of plaque psoriasis. A phase two trial showed efficacy and an acceptable safety profile of secukinumab versus placebo (NCT03765788). Two recent phase 3 trials are underway and will compare the use of secukinumab with a prednisone taper versus a placebo with taper (NCT05380453 & NCT04930094).



5.2.2.4 Interleukin-12 & Interleukin-23

The IL-12 and IL-23 pathways are the targets for the monoclonal antibody ustekinumab, which may modulate the Th1 and Th17 response simultaneously. A smaller study found that ustekinumab induced complete remission and successfully lowered the total glucocorticoid dose for 14 patients (109). A follow-up open-label study of 13 patients showed poor outcomes with very high rates of relapse (110). In light of these mixed findings, a newer phase two open-label study might better show the efficacy of ustekinumab (NCT03711448). Janssen Pharmaceuticals is currently comparing the use of guselkumab, an IL-23 specific receptor antagonist against placebo in 60 patients (NCT04633447).




5.2.3 T-Llymphocyte modulators

T cell activation requires a CD28-mediated costimulatory signal from antigen presenting cells (APCs). Several trials have explored blocking T cell activation with abatacept, a biologic CTLA4 analog that binds B7 protein on APCs. The first placebo-controlled study showed longer duration of remission but had similar rates of adverse effects compared to prednisone alone (111). Its clinical use is still under investigation with a phase three trial currently underway (NCT04474847). Notably, there was a recent 28-patient study directly comparing the efficacy of abatacept against tocilizumab. In the study cohort, tocilizumab appeared to have superior rates of remission and reduced the cumulative dose of steroids compared to abatacept (112).



5.2.4 TNFα inhibitors

TNFα has been identified in the arteries of patients with GCA. Single case studies and case series’ have shown some promise in treatment of GCA (113–116). However, RCTs of infliximab (117), etanercept (118), and adalimumab (119) did not appear to significantly improve outcomes versus placebo and the risk for infections were noticeably higher.



5.2.5 JAK/STAT pathway inhibitors

The Janus Kinase (JAK) and signal transduction activator of transcription (STAT) pathway induces DNA transcription from extracellular ligands such as cytokines. Both Th1 and Th17 have been linked to STAT proteins and thus the JAK/STAT pathway is thought to play a role in the inflammation of large-vessel vasculitides (120). Indeed, mouse models of vasculitis have shown that inhibition of the JAK/STAT pathway may blunt the production of inflammatory mediators and thus is a feasible target for therapeutics (121).

Baricitinib, sold under the trade name Olumiant®, is a small molecule inhibitor of JAK1 and JAK2 first licensed for the treatment of TNF antagonist-resistant rheumatoid arthritis in 2018. In 2022 it was also licensed for the treatment of alopecia areata and COVID-19. Recently published results from a pilot study of baricitinib (NCT03026504) showed good tolerability and durable glucocorticoid-free remission in 13 of 15 patients (122). Upadacitinib (Rinvoq®), another small molecule inhibitor approved for the treatment of rheumatoid arthritis, is currently under investigation for its use in GCA (NCT03725202).

Despite promising rates of remission, JAK/STAT inhibitors carry an increased risk of infection. As with other immunomodulating therapies, further research and cost-benefit analyses need to be done before its role in the treatment of GCA is solidified.



5.2.6 GM-CSFRα inhibitors

GM-CSF was identified as a key component in the pathogenesis of GCA. Mavrilimumab, a humanized monoclonal antibody that targets the GM-CSF Receptor alpha chain, is a therapeutic agent that was first investigated as a treatment for rheumatoid arthritis in 2011 (123). A recent phase 2 trial showed lower rates of remission and longer time to flares compared to glucocorticoid taper in 42 patients (NCT03827018). While the study reported no serious adverse effects, further work needs to be done to assess long-term efficacy and compare it to tocilizumab and other investigational therapeutics (124).




5.3 Surgical interventions

Surgical interventions in GCA are primarily aimed at ameliorating vascular injuries to the aorta and its major branches. Aside from urgent intervention in cases of dissection or ischemia, the ACR recommends elective surgeries based on patient preference, healthcare team consensus, and during disease remission (41). Vessel stenosis can occur at any time during the disease course, with cases of critical limb ischemia requiring venous bypass grafting or endovascular repair (125, 126). Commonly, the bypassed or repaired vessel may fail either from anastomotic aneurysm or re-occlusion. A recent case series also demonstrated successful endovascular repair of intra-cranial vessels in patients with tocilizumab-resistant disease and stroke (127). Endovascular repair will likely continue to evolve and play a larger role in cases of GCA with severe angiopathy (128).




6 Discussion

Giant cell arteritis is a granulomatous inflammation of medium and large arteries and is the most common vasculitis in older adults. While it remains a diagnostic challenge, the use of ultrasound has now complemented the traditional temporal artery biopsy as standard workup, though supplementary testing including FDG-PET and MRI are used in certain scenarios. Advancements in diagnostics and the development of streamlined programs have benefited countless patients by reducing time to treatment and improving disease monitoring. Several trials continue to investigate the role of these modalities. One study is currently validating a diagnostic CDUS algorithm and is pending results (NCT02703922). One aims to answer how the diagnostic accuracy of CDUS and FDG-PET change with the onset of treatment (NCT03765424). Another prospective study is directly comparing the clinical use of common diagnostic modalities in GCA diagnosis (NCT05248906). Certainly, with new evidence, more concrete diagnostic algorithms will be implemented.

While there is much research underway for novel agents, there remains a debate about best practice with current standards of treatment. Does time of glucocorticoid taper impact rates of remission and risk of side effects? How do parameters for glucocorticoid taper change with the use of tocilizumab? Does tocilizumab benefit from glucocorticoid administration or is monotherapy sufficient? Does tocilizumab in combination with glucocorticoids reduce risk of AION (NCT04239196)? Where does methotrexate enter the equation and is this antiquated drug still relevant for treatment? Results from several trials in the coming years will hopefully answer some of these questions. The GCA treatment with ultra-short GC and tocilizumab (GUSTO) trial (NCT03745586) showed that a three-day course of high dose glucocorticoids had adequate rates of remission in 13 of 18 patients, comparable to the standard 24-week taper course (129). Another 30-patient open-label trial showed that 12 months of tocilizumab with initial two months prednisone taper was able to induce remission in 77% of patients by 12 months (130). Where along this spectrum is the optimum treatment and can we predict which patients will respond to glucocorticoids or tocilizumab (NCT05479448 & NCT05045001)?

Tocilizumab has shown promise in improving remission and glucocorticoid-associated complications, but the therapy is expensive, confounds common biomarkers for monitoring, and 50% may relapse after cessation of treatment. In the coming years, head-to-head comparisons of efficacy and safety between these anti-interleukin therapies may change best practice guidelines. Already, a RCT comparing the efficacy of the biologics rituximab, infliximab, and tocilizumab using a crossover design is underway in the United Kingdom (NCT05168475). The study is enrolling a broad patient population with diagnoses of any non-ANCA-associated vasculitides including polyarteritis nodosa, Takayasu arteritis, and GCA, among others. While it is the first trial to date directly comparing several biologic agents, the number of patients with GCA may be limited, lessening the power of the study and its extrapolation to GCA specifically.

Considering all these advancements GCA remains a chronic disease, patient choice and quality of life should still drive treatment decisions. Is there any way to determine who is at risk (NCT01241305 & NCT02967068) and are there any preventative measures that can improve patient outcomes? For those already undergoing treatment, can we give hydrocortisone (NCT042391960) or other ‘rescue’ therapies to improve quality of life?
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Background: Vascular ultrasound enables fast-track diagnosis of giant cell arteritis (GCA), but this method remains subjective. We aimed to determine intima-media thickness (IMT) cut-off values for large vessel GCA (LV-GCA) and identify the clinically relevant factors influencing it.

Methods: We included 214 patients referred for ultrasound evaluation within a fast-track clinic due to suspected GCA. IMT was measured in axillary, brachial, subclavian, superficial femoral, and common carotid arteries (CCA), in a place without identifiable atherosclerotic plaques. IMT cut-off values for vasculitis were determined by comparing measurements in arteries classified as vasculitis vs. controls without GCA/polymyalgia rheumatica (PMR).

Results: Giant cell arteritis was diagnosed in 81 individuals, including extracranial LV-GCA in 43 individuals. Isolated PMR was diagnosed in 50 subjects. In 83 remaining patients, another diagnosis was confirmed, and they served as controls. The rounded optimal IMT cut-off values for the diagnosis of axillary vasculitis were 0.8 mm, subclavian-0.7 mm, superficial femoral-0.9 mm, CCA-0.7 mm, and brachial-0.5 mm. The IMT cut-off values providing 100% specificity for vasculitis (although with reduced sensitivity) were obtained with axillary IMT 1.06 mm, subclavian-1.35 mm, superficial femoral-1.55 mm, CCA-1.27 mm, and brachial-0.96 mm. Axillary and subclavian arteritis provided the best AUC for the diagnosis of GCA, while carotid and axillary were most commonly involved (24 and 23 patients, respectively). The presence of calcified atherosclerotic plaques was related to an increase of IMT in both patients and controls, while male sex, age ≥ 68, hypertension, and smoking increased IMT in controls but not in patients with GCA.

Conclusion: Cut-off values for LV-GCA performed best in axillary and subclavian arteritis but expanding examination to the other arteries may add to the sensitivity of GCA diagnosis (another location, e.g., brachial arteritis) and its specificity (identification of calcified atherosclerotic plaques in other arteries such as CCA, which may suggest applying higher IMT cut-off values). We proposed a more linear approach to cut-off values with two values: one for the most accurate and the other for a highly specific diagnosis and also considering some cardiovascular risk factors.
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Key messages

• Intima-media cut-off values for large vessel GCA perform best in axillary and subclavian arteritis.

• Expanding examination to multiple arteries adds to the diagnostic sensitivity and specificity.

• The presence of some cardiovascular risk factors (male sex, age ≥ 68, hypertension, smoking, and the presence of calcified atherosclerotic plaques) may confound intima-media cut-off values.

• We proposed prior confounder analysis to apply cut-off values with two values: one for most accurate and the other for highly specific diagnosis.



Introduction

Diagnosis of giant cell arteritis (GCA) with large vessel involvement is delayed compared to temporal arteritis but is improving, thanks to the wider implementation of imaging in clinical practice (1, 2). Ultrasound-based fast-track clinics enable fast diagnosis of GCA and rapid initiation of treatment to prevent disease complications (3). Ultrasonography is a promising method for the diagnosis of not only temporal arteritis (4) but also extracranial, large vessel GCA (LV-GCA) (5–9). Compared to temporal artery biopsy, color duplex ultrasonography (CDU) offers faster results and is non-invasive and cost-effective, while serving high sensitivity and specificity (10). The most important ultrasonographic sign of large artery wall inflammation is an increase of intima-media thickness (IMT) with some characteristic features known as the “halo sign” (Figure 1) (11, 12). However, in elderly patients with GCA, atherosclerosis is common and requires careful differentiation with an increase of IMT caused by vasculitis (13, 14). Observer dependency and lack of standardization of the ultrasound method remain major concerns. Modern high-frequency ultrasound probes provide resolutions that enable exact vessel wall thickness measurements. There is a need to define IMT consistent with the halo sign for the diagnosis of GCA and identify the potential factors that influence IMT. Therefore, we aimed to determine IMT cut-off values for LV-GCA in a real-life scenario considering patients' cardiovascular risk factors as potential confounders.


[image: Figure 1]
FIGURE 1
 Color duplex sonography of axillary artery and longitudinal plane. Signs of vasculitis in an axillary artery (arrow) sliding down to a normal intima-media in the brachial artery (slope sign).




Materials and methods


Study population

Between April 2011 and June 2015, 312 patients suspected of GCA were referred for CDU evaluation within a fast-track GCA clinic. Referrals for GCA evaluation were not limited, and they included ophthalmological manifestations, other manifestations of cranial GCA, polymyalgia rheumatica (PMR) manifestations, pyrexia of unknown origin, and others. All consecutive, confirmed GCA cases were included but 98 controls (negative temporal and large vessel CDU and low clinical probability of GCA) were not included due to the loss of follow-up. They were not referred back for GCA reevaluation although our department is the only local reference center for vasculitis. We included isolated PMR as a distinct subgroup in the analysis to evaluate possible atherosclerosis in this subgroup and its risk factors. We finally included 214 subjects in the study. A history of hypertension, smoking, and diabetes mellitus was assessed. Arterial hypertension was defined as systolic blood pressure of ≥140 mm Hg and/or diastolic blood pressure of ≥90 mm Hg. Diabetes mellitus was defined in accordance with the Polish Society of Diabetology guidelines as a positive oral glucose tolerance test, a random glucose level of ≥200 mg/dl with clinical manifestations, or with fasting glucose of ≥126 mg/dl. Hypercholesterolemia was defined as an LDL cholesterol level of ≥115 mg/dl. Smoking was noted in case of a history of >3 pack years of smoking. Fasting lipid profiles were measured or retrieved from the medical records (within 1 year prior to GCA diagnosis) in 137 patients. Temporal artery biopsy (TAB) was performed in 44 patients, and contrasted computed tomography (CT) of the thoracic and abdominal aorta was performed in 126 patients. The research was approved by the decision KB-0012/111/10 and KB-0012/12/14 of the Local Ethical Committee.



GCA diagnosis

Final GCA and PMR diagnoses were established by a team of a minimum of two experienced rheumatologists and confirmed in at least one follow-up visit within 9 months. Patients with cranial GCA met ACR criteria (15). Large vessel GCA diagnosis was confirmed by arterial ultrasound and/or aortic CT (defined as circumferential, long-segmental aortic wall thickening of ≥3 or ≥2 mm with adjacent adventitia involvement) together with the presence of GCA or PMR manifestations. Patients with PMR met the 2012 EULAR/ACR classification criteria (16).



Ultrasound examination

All CDU, together with categorization into arteritis and non-arteritis findings, were performed before or within 3 days after treatment initiation, by a single physician (M.M.), experienced with performing >800 ultrasound examinations in suspected LV-GCA. He was blinded to diagnosis but aware of clinical presentation. Bilateral CDU examination of brachial, axillary, subclavian, superficial femoral, and common carotid arteries (CCA) was performed in all patients in both transverse and longitudinal planes. Halo sign definition was consistent with the one formulated by OMERACT: homogenous, hypoechoic wall thickening, well-delineated toward the luminal side, visible both in longitudinal and transverse planes, and most commonly concentric in transverse scans (11). Maximal IMT was measured from vessel lumen to media-adventitia interface, in mm with two decimals, in a place without identifiable atherosclerotic plaques, preferably on the distal wall. Maximal IMT from the left and right side locations were noted as well as mean IMT of corresponding left and right side measurements were calculated, which has to be included in further analysis. IMT cut-off values for vasculitis were determined by comparing measurements in arteries classified as vasculitis vs. controls. Additionally, measurements in arteries classified as vasculitis were compared with corresponding locations in GCA without large vessel vasculitis. The presence of calcified atherosclerotic plaques covering over 25% of vessel lumen in carotid bulbs and femoral arteries was assessed with CDU and noted. Esaote MyLab25Gold machine with 5–10 and 10–18 MHz linear probes was used.



Statistical analysis

Receiver operating characteristic (ROC) curves were calculated (Figure 2). Minimal difference between sensitivity and 1- specificity was chosen for optimal IMT cut-off values for vasculitis. Mann-Whitney and χ2 Pearson tests were used to compare between groups. Intrarater reliability was calculated from repeated measurements in 21 vessels of 5 patients and controls. For interrater reliability, 51 IMT measurements in 10 patients and controls were additionally performed by JF. Both readers underwent similar training and used the same equipment. Concordance correlation coefficients for intrarater and interrater reliability were calculated. The p < 0.05 were considered to be significant. Statistical analysis was performed using STATA software (version 12.0; StataCorp).


[image: Figure 2]
FIGURE 2
 Receiver operating characteristic (ROC) curves for cut-off values of intima-media thickness (IMT) depicting vasculitis in patients with giant cell arteritis. The maximal IMT value from bilateral color duplex ultrasonography measurements was chosen.





Results


Study population

Giant cell arteritis was diagnosed in 81 individuals (TAB was positive for GCA in 31/44 biopsied patients), PMR in 131, and isolated PMR (without concomitant GCA) in 50 patients. Aortitis was diagnosed in 39 out of 126 patients based on CT. Extracranial LV-GCA was diagnosed in 43 patients. In the remaining 83 patients, another diagnosis was confirmed, and they served as non-GCA/PMR controls. Study population characteristics are included in Table 1. Notably, 5 patients with GCA failed to follow up. In the remaining, the diagnosis was sustained. None of the patients with non-GCA were reclassified to GCA. Patients with GCA were significantly older by a mean of 8 years compared with the controls (73 ± 9 vs. 65 ± 10 years). Calcified atherosclerotic plaques covering over 25% of the vessel lumen were significantly less common in isolated PMR compared to GCA and controls. Other patients' characteristics potentially confounding IMT were similar (Table 2). The number of patients referred by different medical specialists is presented in Supplementary Table 1.


TABLE 1 Subtypes of GCA and PMR and structure of controls characterizing 214 included patients.

[image: Table 1]


TABLE 2 The characteristics of patients.
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IMT measurements

In controls but not in patients with GCA, mean IMT was influenced by age, gender, hypertension, and smoking. The presence of calcified atherosclerotic plaques was associated with increased IMT in PMR, GCA, and controls (Table 3). In LV-GCA cases, IMT in brachial, axillary, subclavian, femoral, and carotid arteries was significantly higher in both vs. controls and isolated PMR. In isolated cranial GCA, large vessel IMT did not differ vs. controls (Table 4). Left CCA IMT was higher compared to the right side in GCA (0.76 ± 0.28 vs. 0.67 ± 0.26; p = 0.011) with no significant left to right differences in other arteries in GCA, PMR, and in controls. Receiver operating characteristic (ROC) curves for cut-off values of IMT depicting vasculitis are depicted in Figure 2. Cut-off values for IMT depicting vasculitis vs. controls are listed in Table 5.


TABLE 3 Factors potentially influencing intima-media thickness in GCA, isolated PMR, and controls.
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TABLE 4 Mean IMT in different affected large arteries in LV-GCA vs. cranial GCA with no LV-GCA, isolated PMR, and controls.
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TABLE 5 Cut-off values for IMT depicting vasculitis in patients with GCA vs. controls.
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The concordance correlation coefficient for intrarater reliability was 0.96 (95% CI 0.93–0.99), for interrater reliability was 0.96 (95% CI 0.93–0.98), and concordance for the GCA diagnosis was 100%.




Discussion

The diagnostics of large vessel GCA was improved by introducing new imaging techniques (7, 17–19). However, recommendations for extracranial arteries imaging have a much lower level of evidence compared with cranial arteries (2). IMT cut-off values were not used by the OMERACT group as a modality to define halo signs consistent with vasculitis due to lacking data (11). Defining ultrasound reference ranges could further improve the reproducibility and feasibility of this method.

Among arteries tested in our study, axillary and subclavian arteritis provided the best AUC for the diagnosis of GCA (Table 5), while CCA and axillary were most commonly involved (Table 4). It confirms previous experts' opinions (2, 6, 7) suggesting choosing the axillary artery for LV-GCA assessment. We demonstrated that CCA is the most commonly involved in GCA—a phenomenon that was proved in PET-CT studies but was hard to demonstrate in previous US studies probably due to a problem of differentiation with atherosclerosis that is frequent in this location (20). Axillary artery also demonstrated the lowest difference between highly specific and optimal cut-off values, a phenomenon possibly explained by a lower influence of atherosclerosis in axillary artery compared to arteries prone to develop atherosclerosis (carotid and femoral). However, we confirmed previous observations (21) that expanding the number of arteries examined may add to the diagnosis. In our study, this was the case with CCA (higher number of vasculitis in CCA vs. axillary arteries) and brachial arteries (one case of untypical brachial artery involvement without axillary arteritis). In addition, assessing calcified atherosclerotic plaques in typical places supplies clinically practical information on the potential confounding of IMT results by atherosclerosis (mean IMT was higher in patients with calcified atherosclerotic plaques), which may reduce false positive GCA rates. In our large real-life group, IMT highly specific for vasculitis was higher compared to the previously proposed IMT cut-off values (7, 22). It may be explained by a large cohort and a substantial number of controls with atherosclerosis (patients with atherosclerosis predisposing conditions such as RA were included in the control group and a significant number of patients were referred by neurologists typically with atherosclerosis-related stroke to exclude its vasculitis etiology).

We demonstrated that IMT values may discriminate between GCA and its mimics (Table 4); however, false positive ultrasound results can be found in several diseases (23). An ultrasonographer should consider not only IMT but also the location of the pathological change (11), its structure, and echogenicity, as well as the grade of general atherosclerosis that all add to the final diagnosis of LV-GCA. Importantly, applying cut-off values requires prior identification of atherosclerosis by an ultrasonographer. The methodological obligation in our study was the measurement in a place without atherosclerotic plaque. Interpretation of IMT significance might be enriched by considering the presence of generalized atherosclerosis. The utility of IMT to diagnose or exclude GCA may be low according to the applied cut-off value. Therefore, we proposed two different IMT cut-off values, one based on optimal sensitivity and specificity and the other one that provided 100% specificity in our group, however, with reduced sensitivity. With that approach, lower cut-off values provide a probability for diagnosis instead of a definite diagnosis and necessitate additional ultrasonographic features and a more watchful approach to diagnosing GCA.

Our results indicate that IMT cut-off should be used cautiously to diagnose vasculitis, especially in the case of the presence of atherosclerosis and risk factors of atherosclerosis. Although calcified atherosclerotic plaques were assessed in arterial bifurcations typical for atherosclerosis (to check for the presence of general atherosclerosis) and not at the site of IMT measurement, their presence was correlated with increased IMT both in patients with GCA and controls. Male sex, age ≥ 68, hypertension, and smoking were associated with increased IMT in controls. Of note, these conditions (except for calcified atherosclerotic plaques) did not significantly influence the increase of IMT in patients with GCA suggesting that primary IMT increase by vasculitis might have overcome traditional CV risk factors.

Significantly increased IMT of the left CCA in GCA compared with the right in our observation seems to be only explained by anatomical asymmetry (the left CCA emerges directly from the aortic arch, whereas the right from the brachiocephalic trunk). The difference in left-to-right involvement in LV-GCA has been previously encountered but is not highlighted phenomenon (20, 24, 25). An ultrasonographer may profit from that knowledge when considering CCA arteritis. Interestingly, our brief review of the Medline database performed in April 2022 using a combination of Takayasu, GCA, vasculitis, and “left common carotid artery” or “right common carotid artery” revealed more articles concerning left than right side vascular complications.

An additional secondary result showed a decreased number of calcified atherosclerotic plaques in patients with isolated PMR vs. controls (Table 2). It is interesting in the context of occasionally reported favorable CV outcomes in patients with PMR/GCA (26). However, it requires further studies as some studies reported increased subclinical vascular changes in PMR, even in the absence of vasculitis (27).

Limitations of this study were that non-GCA/PMR controls were younger vs. GCA. However, age did not influence IMT in patients with GCA. The general limitation of the CDU method is that the assessment of IMT remains observer dependent as the measurement in a place without atherosclerotic plaques requires prior categorization into atherosclerosis/non-atherosclerosis. The possible limitation of the ultrasound-based study is that the observer might be reluctant to classify CCA with slightly increased IMT as vasculitis because this artery is commonly involved in atherosclerosis (13). This location might be an even more common site of arteritis in GCA, as demonstrated by PET examinations (20), but it should be examined by ultrasound with caution to conclude on vasculitis at least until more studies on CCA vasculitis vs. atherosclerosis will be available. We believe that determining the grade of atherosclerosis by assessing the presence of typical plaques in the carotid bulb and femoral arteries is feasible, to gain more information on the nature of the increase of IMT in CCA. The limitation of the study includes a lack of data on patients' obesity.

The strengths of the study include real-life referrals, examination of multiple large arteries, which, to the best of our knowledge, were not vastly analyzed previously, thorough analysis of potential confounders, and excellent interrater reliability.

In conclusion, we proposed IMT cut-off values to assess the probability of the diagnosis of GCA. Applying cut-off values may be enriched by prior identification of confounding by atherosclerosis, age, gender, hypertension, and smoking. They performed best in axillary and subclavian arteritis but examination of the other arteries may add to the diagnosis of GCA.
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Objective: To provide clinical guidance to Norwegian Rheumatologists and other clinicians involved in diagnosing and treating patients with giant cell arteritis (GCA).

Methods: The available evidence in the field was reviewed, and the GCA working group wrote draft guidelines. These guidelines were discussed and revised according to standard procedures within the Norwegian Society of Rheumatology. The European Alliance of Associations for Rheumatology (EULAR) recommendations for imaging and treatment in large vessel vasculitis and the British Society for Rheumatology (BSR) guidelines for diagnostics and treatment in GCA informed the development of the current guidelines.

Results: A total of 13 recommendations were developed. Ultrasound is recommended as the primary diagnostic test. In patients with suspected GCA, treatment with high doses of Prednisolone (40–60 mg) should be initiated immediately. For patients with refractory disease or relapse, Methotrexate (MTX) should be used as the first-line adjunctive therapy, followed by tocilizumab (TCZ).

Conclusion: Norwegian recommendations for diagnostics and treatment to improve management and outcome in patients with GCA were developed.
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giant cell arteritis (GCA), large vessel vasculitis, guidelines, diagnosis, treatment


Introduction


Background

Giant cell arteritis (GCA) is the most common systemic vasculitis in adults and has a spectrum of possible presentations (1, 2). The main subsets include isolated cranial arteritis (c-GCA), isolated large vessel vasculitis (LV-GCA), and coexisting cranial and large vessel vasculitis (mixed-GCA) (2). Polymyalgia rheumatica (PMR) and GCA are closely related, and some argue that PMR lies within the spectrum of GCA. However, these conditions may occur simultaneously or independently of each other (3–5).

Giant cell arteritis occurs almost exclusively in people older than 50 years of age, with a peak in onset between 70 and 80 years of age and with a female predominance (6, 7). The majority of epidemiological studies on GCA have investigated European or North American populations, and the highest incidence has been reported in Nordic countries or North-American people of Scandinavian descent (8). Data on GCA occurrence in Africa, Asia, the Middle East, South- and Latin America, and Oceania are sparse and suggest that the condition is less common in non-Caucasians.

The annual incidence rate for GCA in Norway was recently estimated to be 22.5 per 100,000 persons ≥50 years of age (7).

Giant cell arteritis’ etiopathogenesis is not fully understood but is considered to involve a combination of genetic and environmental factors (9). Different compositions of genetic background may contribute to global differences. There is also evidence that lifestyle factors such as body mass index, glucose levels, and smoking may influence the risk of GCA (10–14).



Objectives of the guidelines

These recommendations aim to provide clinical guidance to Rheumatologists and other clinicians involved in diagnosing and treating GCA patients. The guidelines cover individuals older than 50 years of age suspected to have GCA. The guidelines aim to harmonize the diagnostic and treatment procedures across specialists and departments in the Norwegian Healthcare System.




Methods

The Norwegian GCA working group (the members are the authors of these guidelines) developed the recommendations by reviewing the available evidence and writing the draft guidelines. The draft guidelines were discussed and revised according to standard procedures within the Norwegian Society of Rheumatology.

The European Alliance of Associations for Rheumatology (EULAR) recommendations for imaging and treatment in large vessel vasculitis (15, 16) and The British Society for Rheumatology (BSR) guidelines for diagnostics and treatment in GCA (17) served as the basis to the development of current guidelines. As the American College of Rheumatology guidelines recommend the use of Tocilizumab very early in the treatment of GCA patients, which is not refunded by the Norwegian Health Authorities, we chose not to incorporate these guidelines in the Norwegian guidelines (18). Also, the evidence on diagnostics and treatment of GCA published after 2018 was reviewed and included in this work. The PubMed and a combination of the search terms Giant cell arteritis and treatment and/or diagnosis were used. The review of individual studies was restricted to randomized controlled studies or prospective observational studies with >50 participants. The guidelines were proposed, discussed, revised, and accepted by voting/reaching an agreement by the majority of the members of the working group and the professional council (in Norwegian: Fagrådet) of the Norwegian Society of Rheumatology. The method used to obtain consensus was voting among members during meetings of the working group.

The present guidelines are the foundation upon which clinical practice should be based. Guidelines, unlike some types of policies, are not mandatory. Individual patient circumstances may influence clinical decisions, and clinicians should work alongside patients to make care-based shared decisions. Thus, failure to adhere to these guidelines should not necessarily be considered negligent. These guidelines should not be used to limit access to other diagnostic or treatment options.



Results


Diagnosis


Recommendation 1

In patients with suspected GCA, a thorough history should be obtained, including inquiry about polymyalgia symptoms, new-onset headache, tongue- or jaw-claudication, vision disturbances, arm or leg claudication, constitutional symptoms (fatigue, fever, and weight loss). Additionally, a thorough clinical examination and laboratory workup should be performed including heart and lung auscultation, blood pressure in both arms, temperature, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and full blood count (Table 1).


TABLE 1    Clinical symptoms and findings and laboratory results in giant cell arteritis (GCA) patients.

[image: Table 1]



Recommendation 2

Patients suspected of having GCA, should be directly referred to a Fast-Track Clinic (FTC) or a rheumatologist for further evaluation, treatment, and follow-up within 24 h. In cases where FTC- or rheumatology consult is unavailable within 24 h the patient may be referred to other relevant specialists (e.g., neurologist, ophthalmologist, and internist). FTC consists of an evaluation by ultrasound or other imaging modality which can confirm the diagnosis immediately (19). Diagnostic work-up should not delay the initiation of treatment.



Recommendation 3

In patients with suspected GCA, ultrasound of at least temporal and axillary arteries (20) should be performed by an ultrasonographer experienced in vascular ultrasound using high-end ultrasound equipment (21) (Tables 2, 3). Ultrasound of the facial artery further increases the sensitivity to diagnose GCA (20). If ultrasound is not available or inconclusive, a biopsy of the temporal artery should be considered. The length of the biopsy should be >1 cm after fixation. Giant cells in the biopsy are not obligate for the diagnosis of GCA, but appropriate pathological findings should be present (Table 4). Alternatively, Magnetic Resonance Angiography (MRA) of temporal arteries or Positron Emission Tomography (PET-CT) may be performed. In addition, ultrasound of large vessels (carotid, vertebral, and subclavian) (22) or CT of large vessels or MRA or PET-CT depending on the availability is recommended. It is essential to recognize the disease extent as early as possible as large vessel involvement may indicate difficult-to-treat disease, while temporal artery involvement has been associated with a higher risk for visual loss (23, 24). The choice of imaging modality depends on the local availability.


TABLE 2    Ultrasonographic findings in giant cell arteritis (GCA) patients (33).
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TABLE 3    Threshold intima media thickness (IMT) values in ultrasound examination (34).

[image: Table 3]


TABLE 4    Histological findings in patients with giant cell arteritis (GCA) (35).

[image: Table 4]



Recommendation 4

In a patient with high clinical suspicion of GCA and a positive diagnostic test (biopsy or imaging modality), no further test is required to confirm the diagnosis. In patients with low clinical suspicion of GCA and a negative diagnostic test (biopsy or imaging modality), the probability for GCA is low. In other cases, an individual assessment will be necessary for further diagnostics.



Recommendation 5

In patients with GCA and visual symptoms, referral to an ophthalmologist is highly recommended. Initiation of treatment should not be delayed while waiting for this evaluation (Figure 1 and Table 5).


[image: image]

FIGURE 1
Diagnostic algorithm for giant cell arteritis (GCA).



TABLE 5    Summary of the Norwegian society of rheumatology’s recommendations on diagnosis and treatment of patients with giant cell arteritis (GCA).
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Treatment


Recommendation 6

In patients with suspected GCA, glucocorticoids should be immediately initiated. The diagnostic work-up should not delay the initiation of treatment. For patients without visual manifestations we recommend a starting dose of 40 mg Prednisolone/day. In patients with visual involvement (visual loss, diplopia, amaurosis fugax, and blurred vision), we recommend starting with 60 mg Prednisolone/day. A single dose of 500 mg × 1 methylprednisolone iv followed by Prednisolone 60 mg/day may be individually considered, but the evidence is sparse (25–27).



Recommendation 7

In patients with GCA, Prednisolone should be tapered by 5 mg every 2nd week till 20 mg/day, after that with 2.5 mg every 3rd week till 10 mg/day, and after that with 1.25 mg every 3rd week to 5 mg/day. We recommend continuing treatment with 5 mg/day at least for 1 year after initiation of Prednisolone. Further tapering can be considered on an individual basis if the patient has been in remission for at least 1 year. When starting with dose 60 mg/day, Prednisolone should be tapered by 10 mg every week till 40 mg/day, thereafter tapering as described above (Table 6).


TABLE 6    Prednisolone tapering.

[image: Table 6]



Recommendation 8

If the patients suffers a relapse, we recommend an increase in Prednisolone dose to the last effective dose, or a higher dose based on the severity of the relapse and an individual assessment. In patients with refractory disease or a major relapse (Table 7), initiation of Methotrexate (MTX), preferably subcutaneously, 20 mg/week, should be considered. The dose should be adjusted according to the patient’s age and kidney function. Tocilizumab (TCZ) 162 mg/week sc should be considered if the patient is not tolerating MTX or suffer a relapse while on MTX (according to the Norwegian Tender System). Leflunomide or Azathioprine may be considered, but evidence supporting their use is scarce. There is currently no robust evidence supporting the use of TNF-α inhibitors or other biologics than TCZ in patients with GCA.


TABLE 7    Definitions of disease activity (16).

[image: Table 7]



Recommendation 9

Giant cell arteritis patients with new-onset disease should be referred to a measurement of bone mass density. In patients with GCA and high risk for osteoporosis, treatment according to the Norwegian guidelines for osteoporosis should be initiated (28).



Recommendation 10

In patients with GCA, we do not routinely recommend using Acetylsalicylic acid unless cardiovascular reasons support its use (Figure 2).


[image: image]

FIGURE 2
Treatment algorithm for giant cell arteritis (GCA).





Follow up


Recommendation 11

In GCA patients, follow-up should be continued every month until remission is achieved. Thereafter follow-up at 3 months, 6 months, and thereafter yearly.



Recommendation 12

In GCA patients who suffer a relapse, the relapse should, if possible, be confirmed by an imaging modality, preferably ultrasound, and/or laboratory tests (29, 30). Modified Kerr’s (NIH) criteria (originally developed for Takayasu arteritis) may be used to monitor disease activity (31) (Tables 7, 8).


TABLE 8    Modified Kerr’s criteria: >1 point indicates active disease (31).

[image: Table 8]



Recommendation 13

In GCA patients with relapsing or refractory disease, alternative diagnoses should be considered (e.g., malignancy, autoinflammatory syndromes).
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Age =70 years, n (%) 306
Female sex, n (%) 306
Body mass index at diagnosis 202
(kg/m?)

Mean + SD

26 kg/m?

Smoking status at inclusion, 1 (%) 279
Non-smoker ever

Former smoker

Smoker

At least one comorbidity prior to 306
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Comorbidities (=2% of patients), 306
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Dyslipidemia

Diabetes mellitus
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Depression

Atrial fibrillation

Hypothyroidism

Hypercholesterolemia
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Asthma

Sleep apnea syndrome
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Polymyagia theumatica
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Time between GCA diagnosis and 306
inclusion (months), mean % SD
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Antihypertensive agent 305
Antiplatelet agent 304
Proton pump inhibitor 305
Statin 305
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GCA, giant cell arteritis; IQR, interquartile range; SD, standard deviation.
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Cranial manifestations, 1 (%)
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Anomalies of the temporal arteries
Anterior ischemic optic neuropathy
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Mouth pain or jaw claudication during
mastication

Stroke or transient ischemic attack
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Other

PMR symptoms, n (%)

Morning stifiness and/or pain in the
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Morning stifiness and/or pains in the
pelvic girdle
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Arthralgia
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fimb
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ESR (mm/1% h) >50 mm/h, n (%)
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CRR, C-reactive protein; ESR, erythrocyte sedimentation rate; PMR, polymyaigia rheumatica.
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6(4.9)
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49 (46.2)
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2(1.9)
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58/122 (47.5)

52(89.7)

37 (63.8)

42(72.4)
7(12.1)
0
2(3.4)
56/122 (45.9)

5(89)

30(53.6)

3(5.4)
9(16.1)

6(10.7)
11(19.6)
52/62 (83.9)
98/113 (86.7)
91/122 (74.6)
45 (50.0)
51(46.0)
79(86.8)
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124/267 (46.4)

105 (84.7)
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“Incident patients: diagnosis-to-visit interval <6 weeks; prevalent patients: diagnosis-to-visit interval =6 weeks. Bold values indicate proportion of patients in each group with available

data.
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Ongoing treatment with GCs at study visit (mg), n (%)
Current dose of GCs at study visit (mg), median (QR)
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Number of
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273
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95% CI 95% CI
Age >80 2(082-509]  0.12
Ophthalmologic signat  2.63[1.04-6.71] ~ 0.04
diagnosis
Use of 253[1.02-6.37] 0.04 3.50(1.14-11.87] 0.03
immunosuppressants

Felt adverse events 10.5(1.98-195.4] 0.003 10.54 [1.66-213.1] 0.01
attributable to GC

Cardiovascular 3.16[1.24-828)  0.02
complications

Reduction of physical ~ 3.27 [1.23-9.88]  0.02

autonomy

Walking difficulies ~ 2.12[0.87-5.25] 0.1

Muscle mass and 10(2.66-65.5  0.0002

strength reduction

Cognitive and 6[1.85-27.00  0.002

psychologic changes

Depressivemood  9.94 [3.74-28.96] <0.0001 11.05[3.78-37.11] <0.0001
Exalted mood 2.76[1.07-7.24)  0.04

Initabilty 225[0.93-562) 0.07

Any infections requiring 2.32 [0.87-6.20]  0.09

treatment

Odds ratios (ORs) and 95% confidence intervals (Cls).
GCA, giant cell arteritis; GC, glucocorticoids.
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None-to-slight Moderate-to-severe P
physical disability physical disability

(n=149) (n=41)
Demographics

Age 280 11(22) 21(51) 0.005
Female 33(67) 31(76) 039
Cardiovascular risk factors before GCA

22 cardiovascular risk factors 18(37) 13(32) 061
Coronaropathy 0 6(15) 0.006
Any stroke before GCA 0 1) 027
GCA characteristics at diagnosis

Large-vessel vascuitis 14/47 (30) 14/40 (35) 0.60
Any cranial sign 40(82) 31(76) 0.49
Ophthalmologic sign 16/(33) 13(32) 092
Uni- or bi-lateral blindness 4(18) 431) 039
Polymyalgia heumatica 21(43) 14 (34) 0.40
GCA treatments and course

GC discontinuation at last 17 (35) 21(51) 011
follow-up.

GG duration in all patients 17 [6-48) 19(6-44) 024
GC duration of >18 months 19 (39) 21(51) 024
Use of immune-suppressants 15(31) 14(34) 072
Any disease relapse 25 (51) 24 (58) 0.48
Total folow-up 17 [6-48) 21[6-50] o011
Follow-up for GCA lasting >2 28(57) 31(76) 0.07
years

Felt adverse events 39 (80) 34(83) 069
attributable to GC

Cardiovascular changes 15 (31) 12 (29) 0.89
Any metabolic 23(47) 21(51) 069
complications

Diabetes melitus 6(12) 12 (29) 004
Weight gain 20 (41) 16.(39) 0.86
Muscle mass and strength 27 (55) 36(88) 0.0007
reduction

Cognitive and psychologic 44.(90) 37(90) 0.13
changes

Memory loss 15.(30) 21(51) 0.047
Depressive mood 15 (31) 20 (49) 0.08
Exalted mood 16/(33) 10 (24) 039
Insomnia 36(73) 29(70) 077
Irritabilty 25 (51) 17 (41) 037
Osteoporotic fractures 3(6) 5(12) 031
Cutaneous and hairiness 30 (61) 33(80) 0.047
changes

Any infections requiring 9(18) 14.(34) 0.09
treatment

Any visual change 15(31) 23(56) 001
Cataract 14(29) 21(51) 0.03
Persisting articular pain 24 (49) 30(73) 0.02
Reduction of physical 23(47) 34(83) 0.0004
autonomy

Need some help in daly 4@ 13(32) 0,005
activities

Mechanical fall 10 (20) 9(22) 0.86
Walking difficulties 10 (20) 27 (66) <0.0001

Values are numbers (%) or medians [range].
GCA, giant-cel arteritis; GC, glucocorticoids.
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Univariate OR, P Multivariate OR, P

95% CI 95% Cl

Age >80 362[1.49-926] 0004 421[1.44-1361] 0.008
GC discontinuation 1.97[0.85-4.68] 0.1

GC duration >12 1.88[0.78-4.72]  0.16

months

GCA >2 years 232[0.95-595] 006

Diabetes melitus 297[1.03-936] 004

Cutaneous and 261[1.02-7.15] 004

hairiness changes

Muscle mass and 5.87[2.1-19.33] 0.0005 4.38(1.87-1631] 0.01

strength reduction
Persisting articular pain 2.32 [0.98-5.70]  0.06

Mermory loss 238[1.01-6.73] 005

Depressive mood 215[0.92-5.19] 008

Any infections requiring 2.30 [0.88-6.26]  0.09

treatment

Any visual change 290[1.23-7.02] 001

Walking difficulties 752 (3-20.23]  <0.0001 8.42 [2.98-26.82) <0.0001

Odds ratios (ORs) and 95% confidence intervals (Cls).
GCA, giant cell arteritis; GC, glucocorticoids.
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None-to-slight Moderate-to-severe  p
mental disability mental disability

(n = 60) (n=30)
Demographics
Age >80 18(30) 14.47) 0.12
Female 42 (70) 22(73) 0.74
Cardiovascular risk factors before GCA
2 cardiovascular risk factors 21(35) 10(39) 088
Coronaropathy 36 3(10) 037
Any stroke before GCA 0 10 0.16
GCA characteristics at diagnosis
Large-vessel vascultis 17(28) 11(41) 025
Any cranial sign 46 (77) 25(83) 047
Ophthalmologic sign 15 (25) 14 (47) 0.04
Uni- or bi-lateral biindness 3(19) 5(42) 0.06
Polymyalgia theuratica 22(37) 13 (43) 054
GCA treatments and course
GC discontinuation at last 24 (40) 14 (47) 055
follow-up.
GC duration in all patients 17 [6-48) 18 (6-44) 081
Total follow-up 19[6-50] 24 [6-47] 033
GC duration of > 18 months 27 (45) 13 (43) 088
Use of immunosuppressants 15 (25) 14 (47) 0.04
Any disease relapse 34(57) 15 (50) 055
Follow-up for GCA lasting >2 21(35) 10(39) 088
years
Felt adverse events 44(73) 29(97) 0008
attributable to GC
Cardiovascular changes 13(22) 14 (47) 0.01
Any metabolic complications 28 (47) 16 (53) 055
Diabetes melitus 10(17) 8(7) 026
Weight gain 23(38) 13 (43) 065
Muscle mass and strength 35 (58) 28(93) 0.0008
reduction
Cognitive and psychologic 51(85) 30 (100) 003
changes
Memory loss 22(37) 14.47) 036
Depressive mood 13(22) 22(79) <0.0001
Exalted mood 13(22) 13 (43) 003
Insomnia 41 (68) 24(80) 024
Inmitability 24 (40) 18 (60) 0.07
Osteoporotic fractures 4@ 4(18) 029
Cutaneous and hairiness 40 (67) 23(77) 033
changes
Any infections requiring 12 (20) 11(37) 0.09
treatment
Any visual change 26 (43) 12 (40) 076
Persisting articular pain 37 (62) 17 (657) 065
Reduction of physical 33 (55) 24 (80) 0.02
autonomy
Need some help in daily activities 10(17) 79 0.45
Mechanical fall 11(18) 8@7) 036
Walk diffculties 2135) 16(53) o1

Values are numbers (%) or medians [range].
GCA, giant-cell arteritis; GC, glucocorticoids.
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Clinical

Clinical

Laboratory

symptoms

New-onset headache,
often in the temporal
area.

Jaw/tongue claudication.
Acute visual symptoms
(e.g., amaurosis fugax,
acute visual loss,
diplopia)

Constitutional symptoms
(e.g., weight loss >2 kg,
fever, fatigue, night
sweats, and dry cough).
Polymyalgia symptoms
Limb claudication

findings
Tenderness/thickening
of the temporal arteries
with or without
reduced pulsation.
Scalp tenderness
Bruits (particularly in
the axilla).

Reduced pulses/blood
pressure of the upper
limbs

findings
Anemia

Elevated CRP or
ESR
Thrombocythemia
Elevated liver
enzymes (ALP)
Normal creatinine
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Vessels Ultrasound

Cranial arteries Halo sign: homogenous, hypoechoic wall thickening
that is well delineated toward the luminal side that is
visible both in longitudinal and transverse planes, most
commonly concentric

Compression sign: the thickened arterial wall remains
visible upon compression due to vasculitic wall

thickening in comparison to surrounding tissue

Large vessels Most commonly concentric vessel wall thickening
Other findings homogeneous, hypo- or isoechoic (increased Intima
media thickness)’

Atherosclerosis hypo-, iso- or hyperechoic,
non-homogeneous and localized plaques seen mainly

in the large vessels at bifurcations
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Clinical symptoms
suspicious for GCA

Prednisolone

[ Intiste treatment with ]

Refer immediately to a Fast
track GCA
clinic or a rheumatologist

[ Perform a diagnostic

test

]

l

l

l

l

Low clinical probability
+

negative diagnostic test

High or moderate High or moderate : =
clinical probabity clinical probabity Low °'“‘°°: RYOGORNY
+ + ~ .
postive diagnostic test negative diagnostic test positive diagnostic test
kositlve test] [Negative test]
GCAs 0 fuither Perform a new
diagnostic tests are <€ aarostc fost
required

No GCA
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Intiate treatment with 40-60

mg Prednisolone
(5 R)
If visual manifestations:
Consider 500 mg Methylprednisolone i.v
x1
\3 J,
Taper Prednisolone with 10
mgfweek to 40 mg; then with S
mg/f 2nd week to 20 mg, then
with 2,5 mgi2nd week to 10 mg,
then with 1,25 mg2nd week to
Smg
Major relapse or -
refractory disease nenotrelegse
-Increase Prednisolone | l
dose to the last Increase Prednisolone
effective dose < Refractory disease ](- dose to the last
-Initiate Methotrexate 20 effective dose
mg sciweek
|
f -Refractory disease B
-Sideeffects of
§ Methotrexate 2
Inttiate Tocilizumab 162
mgivweek
[ Refractory disease ]
v v
Reevaluate diagnosis Remission { Continue Prednisolone tapering
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GCA (N =381) Isolated PMR (N = 50) Non-GCA/PMR controls (N = 83)

Female/male 53 (65%)/28 (35%) 37 (74%)/13 (26%) 54 (65%)/29 (35%)
Age (years, mean & SD; min-max) 73 £9;55-95 694 9;52-87 65 % 10; 44-89
Hypertension 53 (65%) 31(62%) 44 (53%)
Smoking 36 (44%) 14 (28%) 29 (35%)
Diabetes mellitus 13 (16%) 6(12%) 15 (18%)
Hypercholesterolemia 25/66 (38%) 12/33 (36%) 19/38 (50%)
Calcified atherosclerotic plaques 34 (42%) 11 (229%) 33 (40%)
Upper limbs claudication 4(49%) 0(0.0%) 1(1.2%)

ignificant differences (p < 0.05); GCA, giant cell arteritis; PMR, polymyalgia theumatica; SD, standard deviation.
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GCA (N =81) Isolated PMR (N = 50) Non-GCA/PMR controls (N = 83)
Mean IMT £SD (mm) p R MeanIMT£SD (mm) p R MeanIMT£SD (mm) p R

Female 0.73 £ 0.41 0.375 0.08 0.55£0.20 0.009* 0.16 0.49 +0.15 <0.0005* 0.28
Male 0.80 & 0.60 0.62 £ 0.21 0.61£0.19
Age < 68 years 0.74 4 0.43 0.505 0.03 0.53£0.17 0.035* 0.11 0.50 £ 0.16 <0.0005* 0.35
Age > 68 years 0.77 £ 0.52 0.59 £0.22 0.59+0.17
Hypertension 0.7540.48 0.675 0.03 0.56 £ 0.20 0.536  0.04 0.56 £ 0.18 0.001*  0.19
No hypertension 0.77 £ 0.50 0.58 £ 0.21 0.50+0.16
Smoking 0.79 &+ 0.56 0.288 0.08 0.59£0.19 0.171  0.08 0.58 +0.20 0.017*  0.13
No smoking 0.73 4+ 0.42 0.56 £+ 0.21 0.5240.16
Diabetes mellitus 0.75 £ 0.68 0.932 0.05 0.65 = 0.30 0.089 0.10 0.54£0.16 0570 0.02
No diabetes 0.76 & 0.45 0.56 £ 0.19 0.53+0.18
Hypercholesterolemia** 0.81 & 0.59 0.035*0.13 0.65 £ 0.22 0.009* 0.15 0.54 £ 0.15 0.854  0.03
No hypercholesterolemia 0.71 & 0.40 0.56 & 0.21 0.5540.17
Calcified atherosclerotic plaques*** 0.8240.58 0.015*0.15 0.68 £ 0.27 <0.0005* 0.20 0.62 £+ 0.20 <0.0005* 0.37
No calcified atherosclerotic plaques 0.72 4+ 0.42 0.53£0.16 0.48 +0.13

IMT was calculated from measurements in all arteries (axillary, subclavian, superficial femoral, common carotid, and brachial), "p<0.05, “*assessment limited to 99 patients and 33 controls,
and " calcified plaques covering >25% of the vessel lumen. GCA, giant cell arteriti;

PMR, polymyalgia rheumatica; SD, standard deviation; R, Spearman’s Rank Correlation Coefficient.
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Artery LV-GCA mean IMT + Cranial GCA with no Isolated PMR mean Non-GCA/PMR

SD, mm (#) LV-GCA mean IMT £ IMT = SD, mm controls mean IMT %
SD, mm (N = 38) (N =50) SD, mm (N = 83)
Brachial 074 £0.33 (8) 040 0.1 039%0.13 037 £0.10
Axillary 1.42* 058 (23) 0.55£0.15 0534 0.19 0.51£0.15
Subclavian 131" £0.51 (18) 050 0.1 050 £ 0.14 049 £0.15
Common carotid 1.13* % 0.43 (24) 0.68 £ 0.17 0.610.17 0.57£0.18
Superficial femoral 1.90° £ 1.20 (11) 054 £0.17 054023 050+ 0.15

“Number of patients with vasculitis. Significant findings are marked with asterisks: ‘p < 0.05 vs. all other groups. IMT, intima-media thickness; LV-GCA, large vessel giant cell arteritis;
PMR, polymyalgia rheumatica; SD, standard deviation.
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Artery AUC Optimal IMT cut-off IMT cut-off for 100% specificity

to diagnose GCA to diagnose GCA
IMT (mm) Sens. (%) Spec. (%) IMT (mm) Sens. (%) Spec. (%)
Brachial 0.842 0.48 88 85 0.96 25 100
Axillary 0.969 0.81 87 94 1.06 62 100
Subclavian 0.974 0.66 100 84 135 38 100
Common carotid 0.910 0.73 92 79 127 2 100
Superficial femoral 0.958 0.92 91 97 155 60 100

The maximal IMT value from bilateral CDU measurements was chosen. AUC, area under the curve; sens., sensitivity; spec., specificity; GCA, giant cell arteritis.
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Elevated CRP or ESR not attributed to other causes than +1
vasculitis

Clinical symptoms of ischemia (headache and jaw +1
claudication) not attributed to other causes than vasculitis
Constitutional symptoms (fatigue, fever, weight loss, and +1
polymyalgia symptoms) not attributed to other causes than

vasculitis

Findings suggesting active vasculitis in an imaging +1

modality:
Involvement of new vascular areas

Increasing IMT in already involved areas
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Histological features In GCA

Location All three arterial layers may be involved. In severe cases there is a diffuse widespread inflammatory infiltration

Main inflammatory bulk is located in the adventitia media junction

The inflammatory infiltrate has a concentric ring appearance, with the thicker ring adjacent to adventitia-media junction and the
thinner ring in proximity to media-intima junction (transmural inflammation)

The media is relatively spared

The myofibroblastic proliferation of intima leads to occlusion of the lumen

Types of cells CD-4+ lymphocytes and macrophages are the most commonly seen
Giant cells are seen in 50-75% of cases and their absence do not preclude the diagnosis

Plasma cells and eosinophils may also be seen; neutrophils are rarely present

Other histological patterns

Periadventitial and The inflammation in GCA spreads from adventitia to intima. Inflammation affecting only the periadventitial vessels, the vasa
adventitial inflammation vasorum and the adventitial tissue may also be seen
Cautious interpretation is needed taking into account clinical, laboratorial and imaging findings

Isolated intima inflammation Rarely seen

Healed arteritis Features of healed inflammation:

irregular intima proliferation,

changes in the internal elastic lamina,

fibrosis and neovascularization of the media and adventitia in the absence of ongoing active inflammation

Note that: These changes can also be seen as a result of normal aging (atherosclerosis)

Atherosclerosis Regular intima proliferation with focal loss of the internal elastic lamina. Calcifications could be present

Fibrinoid necrosis Rarely seen (Evaluate for other diagnoses, if clinical findings are not typical for GCA)
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# of

recommendation

1 Refer patients suspected of having GCA to a Fast-Track GCA clinic (19) or a rheumatologist within 24 h. Treatment should not be
delayed while waiting for this evaluation.

2 Obtain a thorough history and perform clinical examination and laboratory work up.

3 In patients with high clinical suspicion of GCA and a positive diagnostic test (temporal artery biopsy or any imaging modality) no further

test is required to confirm the diagnosis.

4 Perform ultrasound of temporal and axillary arteries using high-end ultrasound equipment. Ultrasound of facial artery increases the

sensitivity (32). If ultrasound is not available or inconclusive, perform another diagnostic test.

5 Refer to ophthalmologist if visual manifestations.

6 Initiate treatment with 40 mg Prednisolone/day in patients without visual manifestations. Initiate treatment with Prednisolone

60 mg/day if visual manifestations are present, consider a single dose of 500 mg IV methylprednisolone.

7 Taper daily Prednisolone dose as described in Table 6.

8 In minor relapse: Increase Prednisolone dose to the most recent effective dosage. In refractory disease or major relapse: Initiate
Methotrexate (MTX) 20 mg/week sc. Consider Tocilizumab (TCZ) 162 mg/week sc if the patient is not tolerating or has a refractory or
relapsing disease while on MTX.

9 Patients with GCA and high risk for osteoporosis should receive treatment according to the Norwegian guidelines for osteoporosis
diagnostics and treatment.

10 Acetylsalicylic acid should not be used routinely, and should be considered on individual indication.
11 A relapse should be confirmed by an imaging modality. Modified Kerr’s (NIH criteria) could be used to monitor disease activity (31).
12 Reevaluate the diagnosis in patients not responding to standard treatment.

13 Follow-up should be performed every month until remission is achieved, and then after 3 months, 6 months, and yearly.
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WWEELS

Prednisolone

dose (mg)

1 60 Starting dose when visual
manifestations

2 50

3+4 40 Starting dose when no visual
manifestations

5+6 35

7+8 30

9+10 25

11+12 20

13+14+15 17.5

16 +17 +18 15

19+20+21 12,5

22+23+24 10

25426 +27 8.75

28 +29 + 30 7.5

31+32+33 6.25

34-52 5
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Major relapse

Recurrence of active disease with either of the
following:

a. Clinical features of ischemia (jaw claudication, visual
symptoms, visual loss attributable to GCA, scalp
necrosis, stroke, limb claudication)

b. Evidence of active aortic inflammation resulting in
progressive aortic or large vessel dilatation, stenosis, or
dissection

Minor relapse

All patients suffering a relapse without the
characteristics of a major relapse (constitutional

symptoms, polymyalgia, and headache)

Refractory Active disease despite the use of standard care therapy
disease
Remission Absence of all clinical signs and symptoms attributable

to active GCA

Normalization of ESR and CRP

No evidence of progressive vessel narrowing or
dilatation for patients with large vessel involvement
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Examined artery IMT threshold (in mm)

Common temporal 0.42
Frontal temporal 0.34
Parietal temporal 0.29
Facial artery 0.37
Axillary artery 1.0
Subclavian artery 1.0
Occipital artery 0.4
Vertebral artery 0.7
Common carotid 1.0
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Mean TAB length (mm)

Mean TAB length (mm)

Sex
18-

17
16 1
15+
14 -

13

12 -

| 1
Male Female
p = 0.001

Age
181

17 -
16 -
15 -
14 -

134

12~

50 65 60 65 70 75 80
TAB age
p =0.006

Year
18 -

17+

16 ;

1o+ 1l
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134
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Comparison All  TAB positive TAB negative P-value

n 825 172 (21%) 653 (79%)

Female: 1 (%) 549 (66%) 109 (63%) 440 (67%) 0.32!
Age: Median (IQR) 72 (65,79) 76 (71, 81) 71 (63, 79) <0.0012
Biopsy length (mm): 14 (9, 18) 15 (10.5, 20) 13(9,18) <0.001%
Median (IQR)

Pearson’s chi-square.
2Wilcoxon rank sum.
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Descriptor
n (%)

OR (95% CI)
PPV (95% CI)
AUC-ROC

(95% CI)
AIC

TAB length (mm)

>5
(vs. <5)

798 (97%)
1.85 (0.53,
6.50)

21.0% (18.3,
23.8)

0.682 (0.640,
0.724)

801.67

> 10
(vs. < 10)

617 (75%)
1.66 (1.07,
2.59)

22.6% (19.5,
25.8)

0.689 (0.648,
0.731)

797.40

>15
(vs. < 15)

383 (46%)
1.57 (1.10,
2.24)

24.5% (20.4,
28.7)

0.692 (0.649,
0.734)

796.59

>20
(vs. < 20)

192 (23%)
1.52 (1.02,
2.25)

26.0% (20.1,
31.9)

0.690 (0.648,
0.732)

798.49

OR, odds ratios; PPV, positive predictive values; AUC-ROC, the area under the receiver
operating curve; AIC, Akaike information criterion; were estimated from logistic regres-

sion models, adjusted for covariates sex, age, and calendar year.
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Demographics

Gender (female)

Age at diagnosis (mean =+ SD)
New Zealand European

Maori

Pacifica

Presenting clinical features (n/N, %)
Delay to diagnosis in weeks (mean = SD)
Cranial manifestations
Headache

Jaw claudication

Scalp tenderness

Transient visual disturbance
Permanent vision loss
Systemic/constitutional manifestations
Polymyalgia rheumatica

Fever

Weight loss

Cough

Features of extra-cranial disease
Upper limb claudication

Lower limb claudication
Vascular bruits

Blood pressure discrepancy
Pulse discrepancy

Aortic aneurysm at diagnosis
Cerebrovascular accident
Laboratory tests (mean + SD)
CRP (mg/L)

ESR (mm/h)

Platelets (x 107/L)

Hemoglobin (g/L)

Temporal artery biopsy

TAB Performed

TAB Positive

1990 ACR criteria

Fulfilled at least 3/5 ACR criteria

Large Vessel GCA (n =10)

6/10

8/9
1/9
0/9

3/10
3/10
1/10
3/10
3/10
2/10
9/10
5/10
3/10
6/10
3/10
10/10
3/10
1/10
3/10
2/10
5/10
2/10
3/10

7/10
4/7

5/5

70.6 9.6

11.6 £8.8

954 +79.1
66.3 & 30.2
413.9 £ 152
112.1 £ 15.7

The bold numbers are those P values that meet statistical significance (< 0.05).

60% 87/132
88.9% 114/122
11.1% 0/122

0% 3/122

30% 115/124

30% 103/123

10% 57/122

30% 70/122

30% 41/123

20% 18/123

90% 89/124

50% 68/124

30% 35/123

60% 28/123

30% 10/123

100% 7/123

30% 1/123

10% 2/123

30% 0/123

20% 1/123

50% 0/123

20% 1/123

30% 2/123

70% 128/132
57% 96/128
50% 100/122

Cranial GCA (n=132)

65.9%
74.5+£8.8
93.4%
0%
2.6%

6.7 £7.5
92.7%
83.7%
46.7%
57.4%
33.3%
14.6%
71.8%
54.8%
28.5%
22.8%
8.1%
5.7%
0.8%
1.6%
0%
0.8%
0%
0.8%
1.6%

91.5 £ 88.5
53.4 4 30.8
384.4 +158.7
125.8 £24.5

97%
75%

82%

P-value (<0.05)

0.74
0.19
0.48
0.08
0.81

0.08
<0.001
0.001
0.042
0.11
1.00
0.65
0.29
1.00
1.00
0.018
0.059
<0.001
0.001
0.21
<0.001
0.015
<0.001
0.015
0.003

0.89
0.26
0.57
0.08

0.008
0.38

0.030
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Treatment

Starting Prednisolone dose mg (mean = sd)
Need for IV Methylprednisolone at presentation
Continuing Prednisolone (n/N, %)

After 1 year

After 3 years

After 5 years

Mean dose (mg)

After 1 year

After 3 years

After 5 years

Patients starting an alternative immunosuppressive agent

during follow-up (n/N)
Methotrexate

Leflunomide

The bold numbers are those P values that meet statistical significance (< 0.05).

Large Vessel GCA (n =10)

2/10

9/9
7/9
6/7

2/10

2/2
0/2

52 4+14.0
20%

100%
77.8%
85.7%

8.8+ 4.6
83163
8.8+6.3

20%

100%
0%

Cranial GCA (n=132)

14/129

87/97
47/86
30/95

16/130

16/16
2/16

59.8 +11.8

10.6 £8.2
64+52
8.7 +11.7

10.9%

89.7%
54.7%
31.6%

12.3%

100%
12.5%

P-value (<0.05)

0.049
0.38

0.60
0.29
0.007

0.53
0.45
0.98
0.62
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Outcomes

Follow-up data available (n/N)

Mean Duration of Follow-up (months)
Disease complications at diagnosis
Irreversible Vision Loss (n/N,%)
Neurological Deficit Due to stroke (n/N,%)
Aortic complications during follow-up
Abdominal aortic aneurysm

Thoracic aortic dilation

Aortic dissection or rupture

Large vessel GCA (n =10)

9/10
48.3 £ 30
2/10 20%
3/10 30%
0/10 0%
2/10 20%
0/10 0%

The bold numbers are those P values that meet statistical significance (< 0.05).

Cranial GCA (n =132)

72/132
31.6+28
12/129 9.3%
1/129 0.8%
2/132 1.5%
0/132 0%
1/132 0.8%

P-value (<0.05)

0.1

0.27
0.001

1.0
0.004
1.0
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Subtypes of GCA and PMR N (%) Structure of non-GCA/PMR controls (N = 83) N (%)

GCA 81 Rheumatoid arthritis 26 (31)
Extracranial LV-GCA* 43 (53) Osteoarthritis 12 (14)
Aortitis 39 (48)** Infections 7(8)
Axillary arteritis 23(28) Neoplasms 6(7)
Subclavian arteritis 18 (22) Atherosclerosis with related complications 5(6)
Superficial femoral arteritis 11(14) Migraine 1(5
Brachial arteritis 8 (10y Fibromyalgia 34
PMR 131 Vasculitis (other than GCA) 34
Isolated PMR**** 50 Systemic lupus erythematosus 3(4)
Spondyloarthropathies 20)
Neuralgias 2(2)
Others 10 (12)

" At least unilateral vasculitis in the large vessel was required to classify the case as GCA, “"based on CT performed in 126 patients, “"all but one spreading per continuum from axillary
arteritis, and ~" without concomitant GCA. GCA, giant cell arteritis; PMR, polymyalgia rheumatica.
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Score
Entry Criterion

- Age at disease onset greater than 50 years

- Absence of exclusion criteria®

Domain I

1 New onset localized headache

1 Sudden onset of visual disturbances

2 Polymyalgia Rheumatica (PMR)

1 Jaw Claudication

2 Abnormal temporal artery on physical exam
Domain IT

1 Unexplained fever or anemia

1 ESR greater than 50 mm/hr

2 Compatible pathology" on biopsy

Expanded set of criteria across two domains of presentation. Patients with three points
out of the eleven total are diagnosed with GCA.

©Including tenderness to palpation or decreased pulsation.

V Fibrinoid necrosis with perivascular leukocyte invasion and granulomas.
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Score
Absolute requirement
- Age at disease onset greater than 50 years
Additional clinical criteria

Morning stiffness in shoulders or neck
Sudden onset visual loss

Jaw or tongue claudication

New temporal headache

Scalp tenderness

RPN N W N

Temporal artery abnormality ¢
Laboratory, Imaging, and Biopsy Criteria

3 Maximum ESR greater than 50 mm/hr or maximum CRP greater than
10 mg/L

5 Positive temporal artery biopsy or positive halo sign on temporal artery
ultrasound

2 Bilateral axillary involvement v

2 FDG-PET activity throughout aorta

These criteria classify medium- or large-vessel vasculitis as GCA after excluding other
etiologies. A sum of scores greater than or equal to 6 is deemed positive for GCA.
©Including tenderness to palpation, cord-like appearance, or decreased pulsation.

V Angiography showing luminal stenosis, increased uptake on FDG-PET, halo
sign on ultrasound.
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Pathway Drug target Agent Class Trials

Cytokine signaling
1L-1 Anakinra Recombinant IL-1R antagonist NCT02902731

IL-6 Tocilizumab mAb NCT01791153, NCT03202368,
NCT04239196, NCT03745586,
NCT05479448, and NCT05045001

1L-6 Sirukumab mAb NCT02531633
IL-6 Sarilumab mAb NCT03600805
1L-17 Secukinumab mAb NCT03765788, NCT05380453, and
NCT04930094
IL-12/1L-23 Ustekinumab mAb NCT03711448
IL-23 Guselkumab mAb NCT04633447
TNFa Infliximab mAb NCT00076726 and NCT05168475
TNFa Etanercept mAb NCT00524381 and NCT05168475
TNFa Adalimumab mAb NCT00305539 and NCT05168475
GM-CSFRa Mavrilimumab mAb NCT03827018
JAK-STAT signaling
JAK1/JAK2 Barcitinib Small molecule NCT03026504
JAK1 Upadacitinib Small molecule NCT03725202
T-lymphocyte
CTLA4 Analog Abatacept Selective costimulatory modulator NCT04474847

Multiple agents have been explored for the treatment of GCA, with particular interest in the cytokine signaling pathways. Drug targets, classes and respective trials are reviewed. IL,
interleukin; TNF, tumor necrosis factor; GM-CSF, granulocyte-macrophage colony stimulating factor; JAK-STAT, janus kinase signal transducer and activator of transcription; CTLA,
cytotoxic T-lymphocyte-associated protein; mAb, monoclonal antibody.
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Score Criterion

1 Age at disease onset greater than 50 years

1 New headache

1 Temporal artery abnormality ¢

1 Erythrocyte sedimentation rate greater than 50 mm/hr
1 Abnormal temporal artery biopsy

A patient is deemed to have GCA and are recommended to have a TAB if they meet three
or more of these criteria.
©Including tenderness to palpation or decreased pulsation.
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Measure of agreement

Intra-rater
Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.56
0.35
0.41

(95% CI)

(0.43; 0.69)
(0.21;0.57)
(0.25; 0.60)
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Measure of association

Arterial wall thickness <2 mm
Intra-rater

Inter-rater (1st evaluation)
Inter-rater (2nd evaluation)
Arterial wall thickness >2 mm
Intra-rater

Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.69
0.35
0.35

0.53
0.25
0.25

(95% CI)

(0.59; 0.79)
(0.20; 0.50)
(0.20; 0.50)

(0.46; 0.60)
(0.09; 0.41)
(0.09; 0.41)
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A B

Adverse event ALL GCA LEF GC p value
[n=215;n (%)] (n=151; %) (n = 64; %)
Bruises 119 (55.3%) 523 625 0.180
Steroid diabetes 61 (28.4%) 272 313 0.620
Steroid myopathy 149 (22.8%) 258 156 0113
Osteoporotic fracture 10 (4.7%) 53 31 0727
Cataracts 29(13.5%) 119 172 0.382
Glaucoma 3(1.4%) 07 31 0212
Severe infection 3 (20.0%) 172 266 0137
Hair loss 54(25.1%) 208 141 0016
Weight loss 14.(6.5%) 79 31 0239
Diarrhea 19 (8:8%) 119 16 0016
Increased BP 9(4.2%) 46 31 10
Elevated transaminases 5(2.3%) 26 16 10
Bone marrow toxicity 4 0 4 -
Leflunomide rash 1(05%) 07
Tuberculosis 0 0 0
Leflunomide pneumonitis 0 0 - -
Leflunomide neuropathy 4 0

GCA, giant cell arteritis; LEE, leflunomide group; GC, glucocorticoid-«
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Measure of association

Intra-rater
Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.70
0.27
0.22

(95% CI)

(0.65; 0.75)
(0.19; 0.35)
(0.15; 0.29)
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Variable Number of analyzed Total N = 306

patients

At least one adjunct treatment, n (%) 306 90 (29.4)

Immunosuppressants, n (%) 306 59(19.3)
Methotrexate 58(18.9)
Azathioprine 2(0.7)
Cyclophospharide 103
Leflunomide 1(0.3)

Targeted biologic agents, 1 (%) 306 48(15.7)
Adalimumab 1(0.3)
Infiximab 103

Tociizumab 47 (15.4)
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Characteristics

Female
Age (years)
Constitutional symptoms
Polymyalgia theumatica
Headache

Jaw claudication

Visual symptoms

Visual loss

Stroke

Large vessel vasculitis
ESR (mm/h)

CRP (mg/l)

GCA, giant cell arteritis; L

A

ALLGCA
(n=215)

146 (67.9%)
74 (66,79)
161 (74.9%)
31 (14.4%)
149 (69.3%)
95 (44.2%)
46 (21.4%)
13(6.0%)
4(1.9%)
77 (35.8%)
83 (60; 110)
91 (46; 140)

, leflunomide group; GC, glucocorticoid:
ESR, and CRP which are presented as median (IQR).

LEF
(n=151;70%)

715

73 (66 78)
735
159
715
46.4
19.9
46
26
33.1

80 (60; 110)

91 (47; 140)

GC
(n = 64; 30%)

594
77(69; 84)
78.1
109
64.1
39.1
250
94
0
422
91(60; 111)
95(37; 137)

p value

0.110
0177
0.606
0.402
0332
0369
0467
0214
0320
0217
0610
0960

, erythrocyte sedimentation rate; CRP, C-reactive protein. Results are presented as n (%), except age,
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Measure of association Estimated kappa (95% CI)

Physician with more than 5 years of experience

Intra-rater 0.68 (0.66; 0.70)
Inter-rater (1st evaluation) 0.35 (0.32;0.38)
Inter-rater (2nd evaluation) 0.36 (0.33; 0.39)

Physician with less than 5 years of experience

Intra-rater 0.72 (0.70; 0.73)
Inter-rater (1st evaluation) 0.39 (0.36; 0.42)
Inter-rater (2nd evaluation) 0.38 (0.35; 0.41)
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Measure of association Estimated kappa

Physician with more than 5 years of experience

Intra-rater 0.51
Inter-rater (1st evaluation) 0.07
Inter-rater (2nd evaluation) 0.42

Physician with less than 5 years of experience
Intra-rater 0.62
Inter-rater (1st evaluation) 0.68

Inter-rater (2nd evaluation) 0.55

(95% CI)

(0.38; 0.65)
NA
NA

(0.47; 0.76)
NA
NA
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Measure of association

Arterial wall thickness <2 mm
Intra-rater

Inter-rater (1st evaluation)
Inter-rater (2nd evaluation)
Arterial wall thickness >2 mm
Intra-rater

Inter-rater (1st evaluation)

Inter-rater (2nd evaluation)

Estimated kappa

0.56
0.36
0.02

0.57
0.22
0.63

(95% CI)

(0.42; 0.70)
(0.19; 0.66)
(—0.09; 0.27)

(0.45; 0.68)
(0.05; 0.44)
(0.59; 0.86)






