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Abstract

Purpose of review—Giant cell arteritis (GCA) has classically been diagnosed by temporal 

artery biopsy and treated with high-dose, long-term glucocorticoid therapy. Noninvasive imaging 

increasingly is employed for diagnostic purposes, but further studies are needed to determine the 

role of imaging in monitoring longitudinal disease activity. Glucocorticoid-sparing therapy 

mitigates the numerous adverse effects of glucocorticoids. This review addresses new 

developments in these areas.

Recent findings—For diagnosis, when performed at a center with expertise in its use, temporal 

artery ultrasound has an estimated sensitivity and specificity of 78 and 79%, respectively. State-of-

the-art time-of-flight positron emission tomography/computed tomography (PET/CT) has an 

estimated sensitivity and specificity of 71 and 91%, respectively. The sensitivities of both imaging 

modalities decrease following glucocorticoid administration. Tocilizumab is an effective 

glucocorticoid-sparing therapy, demonstrating sustained glucocorticoid-free remission in 56% of 

patients receiving weekly tocilizumab compared with 18% of patients receiving a 52-week 

prednisone taper. The traditional acute phase reactants are of no value in patients treated with 

interleukin-6 receptor (IL6-R) blockade, and thus, the development of new biomarkers is an 

important priority in the field.

Summary—Noninvasive imaging techniques are increasingly used in the absence of temporal 

artery biopsy to confirm diagnostic suspicions of GCA. Tocilizumab reduces the cumulative 

glucocorticoid exposure and increases the rate of sustained remission. Ongoing efforts are directed 

towards new methods to identify disease flares.
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INTRODUCTION

Giant cell arteritis (GCA) is a form of large vessel vasculitis. It affects patients older than 50 

years of age and is approximately three times more common among women than men. 

Symptoms include headache, jaw claudication, scalp tenderness, fevers, weight loss, and 
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symptoms of polymyalgia rheumatica (PMR). In addition, ocular symptoms, such as 

transient or permanent vision loss or stroke may occur. No diagnostic laboratory test exists 

for this disease. Temporal artery biopsy has traditionally been considered the ‘gold standard’ 

for diagnosis, though the sensitivity of biopsy may be as low as 50%. More recently, 

imaging modalities have been employed with increasing frequency to establish the diagnosis 

without a positive temporal artery biopsy. The prompt institution of treatment is important 

once the diagnosis of GCA is considered as failure to initiate therapy in a timely manner 

may lead to unfortunate clinical outcomes, such as blindness. Although glucocorticoids are 

effective at controlling GCA and preventing vision loss, they can be poorly tolerated, and 

multiple attempts have been made through the years to identify effective glucocorticoid-

sparing agents. Most recently, tocilizumab, an interleukin-6 (IL-6) receptor alpha inhibitor, 

has been identified as an effective agent. This review will focus on recent updates in the 

diagnosis and management of GCA.

ESTABLISHING THE DIAGNOSIS: ULTRASOUND OF THE TEMPORAL 

ARTERY AND OTHER ARTERIES

The European League Against Rheumatism (EULAR) recommendations for imaging in 

large vessel vasculitis regard temporal artery ultrasound as the first-line imaging study for 

patients suspected of having GCA [1▪▪]. A positive ultrasound study is considered adequate 

to establish the diagnosis of GCA in the absence of a temporal artery biopsy if suspicion for 

the diagnosis is high. Findings consistent with mural inflammation and GCA include a 

hypoechoic ‘halo sign’ (Fig. 1), occlusion, or stenosis of the temporal artery. The test 

characteristics of the finding of a hypoechoic halo are estimated to be 68% for sensitivity 

and 81% for specificity. These estimates increase to 78 and 79%, respectively, if any 

ultrasonographic abnormality is considered (Table 1) [2▪▪]. Of note, most studies examining 

temporal artery ultrasound were performed in academic medical centers with expertise in 

ultrasound imaging of the temporal arteries. Whether ultrasound should be used to guide the 

temporal artery biopsy site is unclear. One study randomized patients with suspected GCA 

to ultrasound-guided temporal artery biopsy or standard temporal artery biopsy, in which the 

ophthalmologist attempted to select a segment of temporal artery that was either tender or 

nodular on examination when possible and found no improvement in the sensitivity of 

temporal artery biopsy in the ultrasound-guided group [3]. There has been some suggestion 

that a ‘directional’ biopsy (i.e. biopsy ipsilateral to where the halo sign was present) may 

increase the sensitivity in patients with a unilateral halo sign [4]. The sensitivity of 

ultrasound decreases following the use of glucocorticoids, from 92% after 0–1 days of 

glucocorticoid treatment to 80% after 2–4 days of glucocorticoids, and to 50% after more 

than 4 days of glucocorticoids [5].

Compared with the change in sensitivity of temporal artery biopsy with glucocorticoid 

treatment, the sensitivity of the halo sign on ultrasound may decrease more rapidly, whereas 

the histopathologic changes on biopsy subside more slowly. An early study showed no 

decrease in positive temporal artery biopsies in patients treated with glucocorticoids prior to 

biopsy, though more recent work has shown a decrease in sensitivity over time. One study 

showed that temporal artery biopsy was positive in 78% of patients treated with less than 2 
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weeks of glucocorticoids prior to biopsy, compared with 65% treated for 2–4 weeks, and 

40% treated for more than 4 weeks [6,7]. Another study evaluated patients with GCA and 

assigned them to repeat temporal artery biopsy at varying time points and found that after 3 

months, 70% were still positive; after 6 months, 75% were still positive; after 9 months, 44% 

were still positive; and after 12 months, 44% were still positive [8].

Of note, US has very limited value in evaluating the thoracic aorta and should not be used as 

a reliable method of detecting aortitis or other large vessel involvement. Whether ultrasound 

is helpful in confirming or excluding a flare of GCA in a patient with an established 

diagnosis is still under investigation [1▪▪]. Overall, ultrasound is an excellent diagnostic 

tool, though is subject to operator dependence, and thus it is important that it be utilized in 

centers where those performing and interpreting the studies are well versed in its use for the 

assessment of giant cell arteritis. Its sensitivity and specificity may further vary outside of 

academic centers, and further studies evaluating its utility in a variety of clinical practices 

will be helpful moving forward.

ESTABLISHING THE DIAGNOSIS: PET/COMPUTED TOMOGRAPHY AND 

MRI

EULAR has developed a set of guidelines for imaging in large vessel vasculitis. Positron 

emission tomography/computed tomography (PET/CT) is not recommended as part of the 

first-line imaging approach to diagnosis. PET/CT, however, is particularly helpful in 

assessing aortitis, which is detected most commonly in the ascending aorta. Data are 

increasingly emerging that PET/CT has a reasonable sensitivity in identifying vasculitis not 

only in the extracranial large blood vessels but also in the cranial vessels. A recently 

developed method that employs 1 mm tomographic cuts, for example, improves the ability 

of PET/CT to evaluate the temporal arteries [9▪].

A recent study evaluated 64 patients who underwent time of flight PET/CT. Compared with 

temporal artery biopsy, sensitivity was 92% and specificity was 85% for diagnosing 

temporal arteritis. Compared with clinical diagnosis, the sensitivity of this PET/CT 

procedure was 71% and its specificity was 91%. PET/CT also had a negative predictive 

value of 98%, demonstrating its great utility in excluding GCA in lower risk patients. 

Aortitis is detected on PET/CT in almost half of patients with a positive temporal artery 

biopsy, and among patients with large vessel vasculitis detected on PET/CT, an average of 

four vascular territories are involved (Fig. 2) [9▪,10].

Disadvantages of using PET/CT include high cost, radiation exposure, and lack of 

widespread availability of the newer generation imaging [9▪]. In addition, as is true for other 

imaging modalities, fluorodeoxyglucose (FDG) uptake, and consequently the test’s 

sensitivity decrease significantly after glucocorticoid exposure. It is recommended, 

therefore, that PET/CT be performed within 72 h of initiating glucocorticoids for the most 

accurate diagnosis [11▪]. An additional potential shortcoming is that many patients maintain 

some degree of FDG uptake in the large vessels even after treatment; thus, its role in 

monitoring disease activity remains uncertain [11▪].
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MRI has also been used to evaluate the cranial arteries, with a pooled sensitivity of around 

73% and specificity of 88%. Because of the cost and limited availability of MRI, however, 

as well as the possible adverse effects of contrast reagents, MRI is not recommended for 

first-line use in imaging [1▪▪].

GLUCOCORTICOIDS AND THEIR TOXICITIES

Glucocorticoids were first-line therapy – and the monotherapy – for GCA for nearly 70 

years. Conventional wisdom dictated the importance of high initial doses of prednisone, 

typically on the order of 1 mg/kg/day, or pulse-dose methylprednisolone 1 g intravenously 

daily for 3 days in the setting of imminent vision impairment or frank vision loss. Treatment 

with glucocorticoids generally consisted of a minimum of 1 year of prednisone or another 

glucocorticoid, tapering from high to low doses over many months without a specified 

endpoint. The majority of patients treated with prednisone alone ultimately require 

additional dosing because of flares or refractory symptoms, particularly if attempts are made 

to stop glucocorticoids entirely within 1 year [12▪▪].

Despite this unquestioned efficacy of high-dose prednisone for quelling active GCA and 

preventing vision loss, the toxicities of conventional glucocorticoid dosing for the treatment 

of GCA are daunting. Up to 90% of patients have at least one adverse event while taking 

glucocorticoids, with the most frequent occurrences being cataracts and bone mineral 

disease. For each 1000 mg increase in glucocorticoid exposure, the hazard ratio for adverse 

events increases by 3% [13]. A series of nested case–control analyses evaluated numerous 

complications as well as the dose-dependent nature of the risk. Among GCA patients taking 

prednisone 30 mg daily or more compared with those on lower daily prednisone (5 mg daily 

or less), the odds ratios for complications were: diabetes (4.7), osteoporosis (1.9), fractures 

(2.6), glaucoma (3.5), serious infection (3.3), and death (2.1), with many complications 

occurring after years [14].

Another study showed similar rates of osteoporosis and fractures among male and female 

individuals despite the fact that female individuals have more risk factors at baseline for 

fracture [15]. The possibility of weight gain is also a particular concern to many patients and 

may contribute to poor adherence. Prior studies in vasculitis have shown mixed results 

regarding the effect of glucocorticoids on weight gain. Improvement in disease activity, for 

example, is associated with weight gain regardless of cumulative prednisone dose, and 

patients who fail to achieve disease control may not experience weight gain despite 

receiving larger doses of glucocorticoids [16,17].

TREATMENT WITH TOCILIZUMAB

The first reported randomized controlled trial to assess the efficacy of tocilizumab in GCA 

randomized 20 patients to either tocilizumab 8 mg/kg intravenous monthly or placebo 

infusions in addition to glucocorticoids and found a higher relapse-free survival in the 

tocilizumab group (85 versus 20%, P = 0.001) at week 52 [18]. The Giant Cell Arteritis 

Actemra (GiACTA) trial enrolled 251 patients, randomized to one of four arms: tocilizumab 

162 mg weekly or every other week (combined with a 26-week prednisone taper), or a 
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prednisone taper alone (either 26 or 52 weeks). The primary endpoint – the rate of sustained 

glucocorticoid-free remission at week 52 – was achieved in 56% of the weekly tocilizumab 

group and 53% of the every other week tocilizumab group compared with 14% in the 26-

week prednisone group and 18% in the 52-week prednisone group. The cumulative 

prednisone dose was significantly lower in both tocilizumab groups compared with both 

prednisone groups. Serious adverse events were seen more frequently in the prednisone 

groups [12▪▪]. The effects of tocilizumab on glucocorticoid-sparing were observed in both 

relapsing and newly diagnosed GCA.

TREATMENT WITH USTEKINUMAB

Ustekinumab has also been studied as a potential glucocorticoid-sparing agent in GCA, but 

with less consistently positive results and is not Food and Drug Administration (FDA)-

approved for treatment. The investigators in one open-label study of 25 patients with 

refractory GCA treated all patients with ustekinumab in addition to glucocorticoids and 

demonstrated that no patients relapsed while on ustekinumab. Over 52 weeks, the median 

daily prednisolone dose decreased from 20 to 5 mg. In addition, CT angiography 

demonstrated improvement in large-vessel vasculitis in all patients [19]. However, a 

subsequent open-label study evaluating ustekinumab in combination with a 6-month 

prednisone taper was terminated early because of the observation of disease flares in 7 out of 

the first 11 (63.6%) patients enrolled. Only two patients (18%) achieved the primary 

outcome of prednisone-free remission with normal inflammatory markers at 52 weeks [20]. 

The fundamental difference in these two open-label experiences with ustekinumab appears 

to be the maintenance of glucocorticoid therapy in one, and the discontinuation of 

glucocorticoid treatment completely in the other.

OTHER TREATMENT MODALITIES

Abatacept, a CTLA-4 immunoglobulin that acts as a negative regulator of T-cell 

costimulation, was studied in a randomized withdrawal trial design. The relapse-free 

survival rate in the abatacept group was 48% compared with 31% in the placebo group (one-

sided P-value = 0.049). There was also a longer median duration of remission in the 

abatacept group (9.9 versus 3.9 months) and no increase in adverse events though abatacept 

is not FDA approved for GCA treatment [21].

HOW LONG SHOULD TOCILIZUMAB BE CONTINUED?

Although tocilizumab has shown encouraging results as a glucocorticoid-sparing treatment 

for GCA, the optimal duration of treatment remains unknown. A follow-up study of 17 

patients who had received 1 year of tocilizumab treatment and were in treatment-free 

remission at the time of tocilizumab cessation showed that eight patients (47%) relapsed 

after a mean of 6.3 months. The patients in that study who relapsed following the 

discontinuation of tocilizumab were younger and had a greater degree of vessel wall 

enhancement on MRI at baseline compared with those who did not flare. All of the patients 

in the study, however, had persistent MRI abnormalities at follow-up [22]. The proper 

interpretation of persistent MRI enhancement in GCA remains uncertain.
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A long- term, 2-year extension of the GiACTA trial followed patients who had received 

either tocilizumab with glucocorticoids or glucocorticoids alone, with treatment at the 

discretion of the provider. Forty-nine percent of the patients in the weekly tocilizumab group 

and 39% of the patients in the every other week tocilizumab group maintained complete 

remission during the entirety of part 2, and 65% of these patients were treatment free. The 

highest proportion of patients who maintained complete remission while not on any 

treatment was 68% in the weekly tocilizumab group. Forty-two percent of the patients who 

achieved sustained disease remissions on weekly tocilizumab and a 26-week prednisone 

taper maintained treatment-free remissions for 2 years after tocilizumab discontinuation, 

underscoring the point that although vigilance for the possibility of disease flares remains 

crucial in GCA, not all patients require continuous treatment with immunosuppressive 

medications [23▪].

RISK FACTORS FOR TREATMENT FAILURE OR RELAPSE

Despite treatment with glucocorticoids and even tocilizumab, a substantial portion of 

patients still experience flares either during or after the discontinuation of these 

immunosuppressive medications. A study of 149 tocilizumab-treated patients showed that 

24% experienced a flare, and 64% were still receiving prednisone at the time of the flare. 

Approximately 25% of the disease flares occurred while patients were taking greater than 10 

mg daily [24]. Inflammatory markers are not reliable indicators of flare, particularly in 

patients receiving IL6-R blockade treatment. Ninety-two percent of patients receiving 

tocilizumab had normal C-reactive protein (CRP) levels at the time of flare. Moreover, 34% 

of patients treated with prednisone alone had normal CRP levels at disease flare. This 

highlights the need for the discovery of additional biomarkers.

The study described above that reported a higher degree of mural enhancement on MRI 

among patients who relapsed after stopping tocilizumab treatment found no differences in 

sex, presence or absence of cranial symptoms, presence or absence of a positive temporal 

artery biopsy, or other factors that predicted posttreatment relapse [22].

A follow-up analysis from the GiACTA trial, however, showed that female sex, worse 

patient-reported outcomes at baseline, and treatment with prednisone alone (as opposed to 

tocilizumab) were independent predictors of treatment failure [25]. In a multivariate 

analysis, women with GCA were more than five times more likely than men to fail treatment 

if treated with prednisone alone. The two strongest risk factors for GCA flare were the 

absence of treatment with tocilizumab and female sex.

Although it has been hypothesized that patients with GCA who have involvement of the 

aorta and its primary branches as opposed to cranial GCA have a disease phenotype that is 

more difficult to treat, to date the outcomes of patients with GCA and large vessel 

involvement have not been proved different compared with those with cranial disease only 

[10].
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USE OF BIOMARKERS TO IDENTIFY FLARE

Attempts have been made to identify biomarkers that could be useful in monitoring disease 

and identifying a flare. This is especially important as tocilizumab suppresses the 

erythrocyte sedimentation rate (ESR) and CRP, thus rendering them unreliable as markers of 

disease activity. Despite the role of IL-6 in GCA, IL-6 levels have not been shown to 

correlate with disease activity [24].

One study found that matrix metalloproteinase-3 (MMP-3), pentraxin-3, and soluble tumor 

necrosis factor receptor 2 (sTNFR2) were significantly elevated in GCA patients compared 

with age-matched and sex-matched controls, and that tocilizumab resulted in normalization 

of these levels. MMP-3 levels also had a weak association with MRI signal intensity on 

MRA of the aortic wall [26]. Two studies recently evaluated the role of serum amyloid A in 

evaluating disease activity. One study found that the serum amyloid A (SAA) levels were 

significantly higher in GCA patients with active disease compared with inactive disease 

[27▪]. Another study analyzed the profiles of healthy blood donors and patients with GCA 

and found that levels of SAA as well as interleukin-23 (IL-23) and IL-6 were significantly 

higher in patients with GCA compared with healthy controls. Changes in the SAA levels 

also correlated with relapses of disease as well as visual disturbance [28]. Though these 

serum markers are not currently used in clinical practice, these studies may pave the way for 

studies of therapy targeted toward SAA.

MONITORING WITH SERIAL IMAGING

Longitudinal MRI, PET/CT, and ultrasound have been studied in GCA patients with mixed 

results. One study showed that all patients in lasting remission still had enhancement on 

MRI with low intensity vessel wall signal at the time of follow-up [22]. Another study also 

showed that MRI vessel wall signal does not parallel clinical disease activity [29▪]. 

Similarly with PET/CT, the majority of patients still have some degree of vascular uptake 

after 1 year, though the level of maximal uptake can potentially help to distinguish patients 

in remission from those with active disease [11▪,30]. For temporal artery ultrasound, one 

group described two patients in whom the halo sign was significantly diminished with 

tocilizumab treatment, and further studies are ongoing to evaluate this [31]. The use of 

imaging to confirm or exclude a flare is not known though is recommended for long-term 

monitoring of patients with known large vessel involvement [1▪▪].

CONCLUSION

In summary, the diagnosis and treatment of GCA have evolved substantially in recent years. 

Temporal biopsy was once regarded as the only definitive way to diagnose GCA, whereas 

noninvasive imaging studies can now be used. Furthermore, some noninvasive imaging 

studies are also helpful for detecting large vessel or aortic involvement. Their role in the 

longitudinal monitoring of disease activity requires further evaluation. Similarly, long-term 

treatment with glucocorticoids was regarded as the only reliable therapeutic option for 

patients with GCA for decades. Tocilizumab has emerged recently as an agent that 

substantially increases the rate of glucocorticoid-free remission and reduces the cumulative 
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glucocorticoid doses required to maintain disease control. Further studies are necessary to 

identify other novel treatment options as well as other biomarkers that can accurately 

identify flares.
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KEY POINTS

• Noninvasive imaging techniques can allow for a diagnosis of GCA without a 

temporal artery biopsy.

• Glucocorticoids remain a mainstay in the treatment of GCA, though are 

associated with numerous toxicities.

• Tocilizumab helps to reduce the rate of flare, increase remission, and reduce 

the cumulative dose of glucocorticoid.
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FIGURE 1. 
Temporal artery ultrasound with doppler demonstrating the halo sign. Ultrasound 

demonstrating a longitudinal view of the left superficial cutaneous temporal artery. The halo 

sign is indicated by the white arrows and is demonstrated as a hypoechoic lining around the 

artery.
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FIGURE 2. 
Large vessel vasculitis on positron emission tomography/computed tomography (PET/CT). 

PET/CT in a patient with giant cell arteritis demonstrating intense fluorodeoxyglucose 

avidity in the bilateral vertebral and subclavian arteries, indicated by the black arrows.
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