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ABSTRACT 

 

Background Giant Cell Arteritis (GCA) encompasses a spectrum of phenotypes, ranging from cranial 

involvement (cranial-GCA) to large-vessel involvement (LV-GCA), with frequent overlapping 

manifestations. GCA is an important cause of non-infectious aortitis with potential for severe long-

term complications such as aneurysm formation and dissection. Imaging modalities, particularly 

18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT), 

are essential for diagnosis and monitoring, as they enable assessment of vascular inflammation and 

therapeutic response. 

Visual assessment of PET scans employs a 4-point scoring system comparing arterial FDG uptake to 

hepatic activity. While practical, this approach is inherently subjective. Semi-quantitative 

techniques, including standardized uptake value (SUV)-based target-to-background ratios (TBR), 

offer enhanced reproducibility but are often time-consuming and may not accurately reflect the 

total inflammatory burden. Composite scoring systems such as PET Vascular Activity Score (PETVAS) 

or Total Vascular Score (TVS) provide semi-quantitative insights but can encounter limitations like 

ceiling effects or underestimation in segmental disease. Quantitative parameters, including total 

inflammatory vascular volume (TIVV) and total inflammatory glycolysis volume (TIGV), have been 

proposed to furnish a more comprehensive evaluation of disease activity. 

This study aimed to:  

1. Characterize baseline aortic involvement, estimate rate of aortic growth, and identify 

predictors of aneurysm development within a retrospective cohort. 

2.  Assess the utility of TIVV and TIGV in evaluating disease activity and predicting relapse or 

aortic dilatation in a prospective cohort. 

Patients and Methods  The project is divided into two parts, each using different cohorts to explore 

the two aims. 
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For the first aim, data were obtained from a retrospective cohort including patients diagnosed with 

GCA at two European referral centers. Aortic imaging was obtained via PET/CT, computed 

tomography angiography (CTA), and magnetic resonance angiography (MRA).  

For the second aim, PET/CT scans conducted prospectively in the TOPAZIO study were included. 

PET/CT scans were re-analyzed through both visual and quantitative methods. TIVV and TIGV were 

calculated using automated algorithms.  

Results The retrospective cohort comprised 157 patients. Baseline aortitis was identified in 60.4% 

of patients, with 19.6% presenting with aneurysms. The baseline aortic diameter was the strongest 

predictor of the aortic growth rate and aneurysm development. Although not significant the 

presence of aortitis was associated with aneurysm development primarily in patients receiving 

glucocorticoids (HRadj=3.2, 95% CI 0.65-15.7), suggesting the possibility of undertreatment or 

steroid-resistant disease. 

The prospective cohort included 18 patients, with analysis of 61 PET/CT scans. TIVV and TIGV 

demonstrated strong associations with active disease (odds ratios: 4.74 [95% CI 1.23-18.2] and 5.45 

[95% CI 1.36-21.8], respectively), as well as with relapse and aortic dilatation (hazard ratios: 2.50 

[95% CI 1.07-5.84] and 2.23 [(95% CI 1.04-4.82], respectively). These volumetric parameters 

outperformed conventional PET metrics such as PETVAS and TVS. Conclusion Baseline aortic 

diameter is a significant predictor of subsequent aortic complications, emphasizing the importance 

of early imaging assessment. 

TIVV and TIGV provide superior assessment of vascular inflammation and prognosis in LV-GCA 

compared to PET imaging parameters.
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1. INTRODUCTION 

Vasculitides are a heterogeneous group of diseases characterized by inflammation of the vessel wall. 

They are classified by the vessel caliber into large-vessel vasculitis (LVV), involving the aorta and its 

major branches; medium-vessel vasculitis (MVV), involving arterioles and venules; and small-vessel 

vasculitis  (SVV), involving capillaries (1). 

Giant Cell Arteritis (GCA) is classified with Takayasu’s arteritis as a large-vessel vasculitis (1,2). 

Although initially described as temporal arteritis because of granulomatous inflammation in 

temporal artery biopsy (TAB) specimens, subsequent autopsy studies and rapid advances in vascular 

imaging beginning in the early twenty-first century have demonstrated arteritis and vessel wall 

inflammation in large vessels (3–6). 

It is now recognized that GCA encompasses a broad phenotypic spectrum of medium- and large-

artery inflammation. Nomenclature has evolved to reflect this, with terms such as large-vessel GCA 

(LV-GCA), cranial GCA (C-GCA), and LV-GCA with cranial involvement, depending on the site of 

inflammation (7). 

 

1.1. Epidemiology 

GCA is the most common primary vasculitis worldwide, although precise incidence estimates vary 

depending on the case definition criteria used, which are based on histological criteria (TAB), 

diagnostic coding, or classification criteria (8). 

GCA occurs almost exclusively in patients aged >50 years, and the incidence increases with age, 

peaking in the eighth decade of life, with a 40-fold increase in disease risk compared with those 

aged 50–59 years (8–10). By contrast, patients with LV-GCA tend to be younger at onset. Women 

are more commonly affected than men, at a ratio of around 3:1 (10). 
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Both incidence and prevalence trends show a marked north–south gradient. GCA is reported to 

affect <10 cases per 100,000 persons aged 50 years or older in Mediterranean populations, whereas 

prevalence is particularly high among those of Scandinavian ancestry (8). 

 

1.2. Pathogenesis 

The pathogenesis of GCA is not fully understood, but several triggers have been proposed. 

Geographic and ethnic variations in GCA incidence suggest a substantial genetic contribution to 

disease etiology. In 2017, the first large genome-wide association study (GWAS) in GCA, including 

>2,000 individuals of European ancestry, confirmed a strong HLA class II association (11). This 

association is consistent with an antigen-driven immune response in pathogenesis and the 

predominance of CD4+ T cells within inflammatory lesions (12). The GWAS also identified risk 

polymorphisms in genes encoding plasminogen (PLG) and an isoform of the α-subunit of collagen 

prolyl 4-hydroxylase (P4HA2), which is essential for collagen biosynthesis, consistent with 

alterations in vascular remodeling (11). 

Seasonal variation in GCA has suggested a potential role for microbial pathogens. Small 

epidemiological, clinical, and molecular studies have described potential links between GCA 

incidence and varicella zoster virus, Chlamydia pneumoniae, Mycoplasma spp., and parvovirus B19 

(13–15). However, because elderly hosts commonly encounter multiple infections and microbial 

products may deposit in tissues, these findings do not prove causality for large-vessel inflammation, 

and there is no consistent evidence that any particular microorganism acts as a trigger for GCA. 

The most interesting trigger is immunosenescence. Indeed, aging might be a contributing factor, 

since the risk of GCA increases with age. Immunosenescence leads to a reduction in naïve T cells and 

regulatory T cells (Tregs), increased production of pro-inflammatory cytokines, and reduced cellular 

response to inflammatory signals. In addition, aging is associated with changes in the elasticity of 
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the vessel walls. These changes are due to various causes, such as a reduction in vascular smooth 

muscle cells, media degeneration, calcium deposition, and intimal thickening (16,17). 

All these triggers are thought to initiate the pathogenic mechanism model, which comprises several 

steps beginning with loss of immune tolerance in the arterial wall. 

First, loss of Treg cells leads to failure to suppress pro-inflammatory T cells in lymph nodes (18). The 

age-associated decline of a specialized CD8+ Treg cell population is mechanistically linked to mis-

trafficking of intracellular vesicles (17,19). Deficiencies in the PD1/PDL1 inhibitory pathway also 

contribute (20,21). 

These deficiencies remove a natural brake on the adaptive immune system, rendering the artery 

vulnerable to autoimmune-driven inflammation. Both endothelial cells and vascular dendritic cells 

(DC) are naturally rich in PDL1 and function as protective shields against activated, injurious PD1-

expressing T cells by binding PD1 and downregulating T cell activity. 

Second, in GCA, circulating and vascular DCs lack PDL1 expression, leaving activated pro-

inflammatory T cells unopposed. This results in enhanced vascular inflammation, increased 

production of the T cell cytokines interferon (IFN)γ, interleukin (IL)-17, and IL-21, excessive 

macrophage activation, and accelerated intimal hyperplasia (20–22). 

The third mechanism is endothelial barrier leakiness, which normally prevents the migration of 

circulating cells into the vessel wall. In GCA, circulating monocytes produce excess matrix 

metalloproteases (MMPs), degrade the subendothelial basal lamina, and thereby enable T cells, 

which are independently capable of producing MMP2 and MMP9, to infiltrate (23–26). Additionally, 

adventitial endothelial cells aberrantly express Jagged1, a ligand for the receptor Neurogenic locus 

notch homolog protein 1 (NOTCH1) and interact with circulating CD4+NOTCH1+ T cells, promoting 

their differentiation into tissue-invasive effector cells that produce IL-17 and IFNγ (23,27).  
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Finally, immature neutrophils enriched in the blood of patients with GCA are potent producers of 

reactive oxygen species, enabling them to breach the endothelial barrier (28). 

Inflammation-dependent neovascularization permits additional leukocyte–endothelial cell 

interactions and the propagation of inflammation (29). 

In the vessel wall, DCs are activated and maintain innate and adaptive processes (12). In parallel, 

infiltrating macrophages differentiate into multinucleated giant cells (30). This process may persist 

for years. Effector T cells show a functional bias toward T Helper (Th)1 and Th17 (31,32). The 

cytokines produced further recruit and activate macrophages, which become the most important 

source of cytokines such as IL-6, IL-12, IL-23, and IL-1; growth factors such as vascular endothelial 

growth factor (VEGF) and platelet-derived growth factor (PDGF); and MMPs such as MMP9, MMP7, 

and MMP2 (23,33). Notably, VEGF primes endothelial cells, promotes further T cell influx, and drives 

vascular remodeling, intimal thickening, and neovascularization (23,33). 

Various mechanistic studies have focused on the signaling pathways implicated in this process. Data 

point to NOTCH, Janus kinase–signal transducer and activator of transcription (JAK–STAT), and 

mammalian target of rapamycin (mTOR) (34,35). Blocking NOTCH signaling downregulates both Th1 

and Th17 (27). Transcriptomic analyses of arterial tissue have indicated a critical pro-inflammatory 

role for JAK–STAT signaling in GCA, and treatment of immunodeficient mice carrying engrafted, 

inflamed human arteries with small-molecule JAK–STAT inhibitors is highly effective (36). The last 

one (mTOR) polarizes T cells toward a pro-inflammatory, effector cell state and has been detected 

in the endothelium of the aortic wall and in Th1 and Th17 cells derived from inflammatory lesions 

(37,38). 

These data are of utmost importance, as they enable the identification of promising therapeutic 

targets. 
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1.3. Clinical presentation 

The initial clinical presentation of GCA is highly variable, ranging from inflammatory to ischemic 

symptoms. Generally, patients with c-GCA present with cranial symptoms (headache, scalp 

tenderness), ischemic symptoms (jaw or tongue claudication), and visual symptoms. The most 

important emergency in this setting is permanent visual loss, which in 10-15% of cases is preceded 

by amaurosis fugax. In 80% of cases, anterior ischemic optic neuropathy (AION) is the cause, 

followed by central retinal artery occlusion (5–15% of cases) and transient diplopia (≤10%) (7,39). 

Patients with predominant LV involvement more often present with systemic symptoms (low-grade 

fever, anorexia, fatigue, weight loss). Ischemic symptoms, such as limb or abdominal claudication, 

may also be present. A previous or concomitant diagnosis of polymyalgia rheumatica (PMR) is 

present in up to 40% of patients with GCA and is more frequent in those with LV involvement (7). 

Aortic complications, including dilation, aneurysm formation, and dissection, are severe long-term 

sequelae of LV-GCA. Up to one-third of patients develop an aortic aneurysm within 10 years of 

diagnosis, a complication associated with increased morbidity and mortality (40,41). 

However, GCA should be considered a spectrum of disease with varying presentations. Hence, some 

patients may present with a predominant form of c-GCA or LV-GCA, while others may have 

overlapping features of both. 

 

1.4. Diagnosis 

The diagnostic process relies on clinical examination, imaging, and biopsy. Currently, there are no 

diagnostic criteria for GCA, and initial investigations are influenced by the clinical presentation (42). 

In any case, clinical examination of patients with suspected GCA should include the temporal, 

carotid, subclavian, and axillary arteries. Physical findings include painful nodules along the 
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temporal artery, asymmetric pulses, and vascular bruits in the carotid, axillary, or subclavian 

arteries.  

Laboratory tests may also be useful and include acute-phase reactants, such as C-reactive protein 

(CRP) and erythrocyte sedimentation rate (ESR), which are markers of systemic inflammation and 

are elevated in 80-90% of patients (43,44). Notably, vasculitis may be part of systemic diseases, such 

as IgG4-related disease, systemic lupus erythematosus, or ANCA-associated vasculitis (45–47). 

Hence, levels of anti-neutrophil cytoplasm antibodies (ANCA), anti-nuclear antibodies (ANA), IgG4, 

C3 and C4, rheumatoid factor (RF), and cryoglobulin are warranted. 

Of note, the absence of these findings does not rule out GCA; in cases of clinical suspicion, imaging 

should be obtained. 

 

1.4.1. Cranial GCA 

In the c-GCA subset, given the risk of irreversible vision loss associated with diagnostic delay, fast-

track referral pathways have been developed for patients with GCA and have been shown to 

improve clinical outcomes and reduce health care costs (48). 

The utility of color duplex sonography (CDS) of the superficial temporal arteries in diagnosing GCA 

is well known (49). Specific features that increase the exam’s sensitivity and specificity include the 

“halo sign,” characterized by homogeneous, hypoechoic wall thickening in affected vessels and 

representing vessel wall inflammation, and the “compression sign,” defined as the persistence of 

visible thickening of the inflamed vessel wall after compression of the vessel lumen with the CDS 

probe (50). CDS offers several advantages in the diagnostic work-up of GCA. It is a non-invasive, safe, 

easily accessible, and repeatable procedure that does not expose patients to radiation. In fast-track 

clinics, CDS facilitates early diagnosis of GCA and has significantly reduced the incidence of severe 

ischemic complications. However, interpreting CDS findings requires careful consideration of the 
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clinical context (51). The halo sign, although indicative of GCA, may also be present in conditions 

mimicking GCA, such as atherosclerosis. False negatives are relatively common and may result from 

several factors: CDS accuracy depends heavily on the operator's expertise, and sensitivity can vary 

across GCA subsets (52). Additionally, the halo sign in superficial temporal arteries decreases rapidly 

once glucocorticoids (GCs) are started and typically disappears within 2–10 weeks (49,53–55). 

In all cases that remain doubtful despite CDS, when c-GCA is suspected, temporal artery biopsy (TAB) 

remains the gold standard (2,56–58). It is a relatively quick and low-risk procedure that requires only 

local anesthesia. Surgical complications are rare and may include facial nerve injury or scalp necrosis 

(59–61). 

A positive TAB result is highly specific for diagnosing GCA, with specificity approaching 100% (2,58). 

However, false negatives can occur, and reported sensitivity varies widely, ranging from 39% to 95% 

(62). 

Several factors can influence the sensitivity of TAB, including the quality of specimen collection, 

histological work-up, and the pathologist's expertise in diagnosing GCA (63,64). 

Compared to CDS, TAB allows ruling out mimickers of GCA with greater confidence (51,63). 

Furthermore, histological changes in temporal arteries in GCA patients may persist for months after 

steroid initiation (30,65). This provides a wider window of opportunity for diagnosis, despite 

ongoing treatment. 

 

1.4.2. Large Vessel GCA 

Multiple imaging modalities are available to assess the extent and severity of LVV, including CDS, 

magnetic resonance angiography (MRA), computed tomography angiography (CTA), and 18F-

fluorodeoxyglucose (FDG)-PET with CT (PET/CT). Each modality has advantages and disadvantages, 

and use is typically guided by the clinical scenario and local expertise. Imaging of the aorta and its 
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major branches is recommended for all patients, including those with a primarily cranial 

presentation, because great vessel involvement may influence treatment strategy and prognosis. 

The only extracranial arteries accessible to CDS are the carotid, subclavian, and axillary arteries, 

which should always be evaluated in the assessment of GCA (48,66,67). However, aortic assessment 

remains elusive.  

MRA and CTA are both useful for examining the morphological features of the vessels. Although 

MRA is less prone to inter-operator variability than CDS, it is more expensive and less widely 

available yet provides a thorough assessment of the vessel wall and can accurately identify luminal 

abnormalities. 

CTA is quicker and more widely available than MRA, with a sensitivity of 73% and specificity of 78% 

for diagnosing LV-GCA (68). However, its ability to identify vessel wall oedema and inflammation is 

probably inferior to that of MRA (48).  

18F-FDG-PET/CT provides a functional map of large-vessel inflammation. Contiguous, high-grade 

vascular FDG uptake involving multiple arterial territories is typical of active LV-GCA (69). FDG 

uptake in vasculitis can be evaluated using both visual/qualitative and semi-quantitative methods 

(70). Visual assessment typically uses a 4-point scale (0-3) to compare FDG uptake in the arterial 

wall to the liver background (71). Cumulative arterial territory scores, such as the PET Vasculitis 

Activity Score (PETVAS) and the Total Vascular Score (TVS), reflect disease burden (72,73). This visual 

grading is consistent and easy to apply in clinical practice, but it depends on the reader's experience 

and remains subjective. In contrast, semi-quantitative methods involve regions of interest (ROIs) on 

PET images to calculate standardized uptake values (SUV) (70). Target-to-background ratios (TBRs), 

obtained by comparing arterial tissue SUVs to reference tissues such as the liver or blood pool, are 

also used to quantify arterial FDG uptake (74). Although semi-quantitative approaches are 

inherently more reproducible than visual assessment, they are more time-consuming and labor-
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intensive. The drawbacks of PET include limited access, high cost, and long procedure times. 

Additionally, vascular FDG uptake is rapidly attenuated following treatment initiation. A study 

examining the diagnostic accuracy of PET after the introduction of high-dose prednisolone in 24 

patients with active LVV showed that the FDG signal was reduced after 3 days of treatment; 

although the signal at this time point was still diagnostic in 100% of patients, by 10 days this figure 

had fallen to 36% (75). PET also requires a second imaging modality to map the low-definition 

functional image. Traditionally, this has been CT, which enables collection of high-quality structural 

imaging data simultaneously with functional data, albeit at considerable radiation exposure (42). 

More recently, hybrid scanners combining PET with MRI have demonstrated promising results with 

a fraction of the radiation exposure of CT (76,77). Further studies will determine whether hybrid 

PET–MRI is a useful diagnostic tool in LVV. Additionally, advances in PET radiotracers may enable 

active vascular inflammation to be distinguished from other pathologies such as atherosclerosis 

(78–80). Radioligands with specific affinity for activated macrophages, such as 11C-(R)-PK11195, 

have shown promise in small studies demonstrating the ability to track inflammation and 

differentiate active LVV from inactive disease (81). PET may be particularly valuable in cases of 

diagnostic uncertainty, for example, to exclude occult malignancy, whether combined with CT or 

MR. 

 

1.5. Treatment 

The mainstay of treatment for GCA remains high-dose GCs (56). GCs provide rapid symptom relief 

and reduce the risk of vision loss in GCA. The optimal initial GC dose and route of administration 

have not been thoroughly investigated, but the usual dose is 40–60 mg of oral prednisolone or 

equivalent per day, as recommended by the European League against Rheumatism (EULAR) and 

American College of Rheumatology (ACR) guidelines (56,57). For more rapid, intensive effect, 
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patients with GCA-related sight-threatening symptoms may receive pulsed intravenous 

methylprednisolone.  

Following EULAR guidelines, disease-modifying agents in patients with GCA are reserved for those 

with relapsing or refractory disease or for those at increased risk of GC-related adverse effects, such 

as hypertension, osteoporosis, diabetes, or glaucoma (56). The efficacy of the IL-6 receptor-blocking 

humanized monoclonal antibody tocilizumab was demonstrated in the phase III Giant Cell Arteritis 

Actemra (GiACTA) trial, which included both newly diagnosed and relapsing patients with GCA (82). 

Treatment with tocilizumab resulted in a significantly higher proportion of patients in sustained 

remission at week 52, a longer time to disease flare, lower cumulative GC doses, and improved 

quality of life compared with placebo. Weekly dosing provided better disease control than every-

other-week dosing, particularly in relapsing and refractory cases (82). However, >40% of patients 

were unable to maintain disease remission despite adherence to recommended GC tapering, and 

extended follow-up data show that only 40% of initial responders maintain treatment-free disease 

remission after 3 years (83).  

Thus, tocilizumab should be continued for longer than the 52 weeks initially assessed in the GiACTA 

trial, and other options might be needed. 

Recently, a phase III randomized controlled trial demonstrated the efficacy and safety of 

upadacitinib (a selective JAK inhibitor that blocks signaling by several cytokines, including 

interleukin-6 and interferon-γ) in patients with newly diagnosed and relapsing GCA. At 15 mg, 

upadacitinib was superior to placebo in inducing sustained complete remission, reducing time to 

disease flare, lowering cumulative GC exposure, and improving patient-reported outcomes (84).  

Once disease remission is achieved, GCs should be tapered, usually after 2-4 weeks. EULAR 

guidelines suggest a dose of 15–20 mg of prednisolone (or equivalent) per day after 2–3 months and 

≤5 mg/day after 1 year (56).  
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Evidence suggests that more rapid tapering may be feasible in GCA. In the GiACTA trial, sustained 

prednisone-free remission at week 52 was achieved by 14% of patients enrolled in the placebo arm 

with a 26-week GC taper and 18% with a 52-week GC taper. 68% of patients in the 26-week and 49% 

in the 52-week regimen taper presented at least one relapse during the first year. No patients in the 

two placebo arms developed ischemic manifestations after GC initiation (82). However, in the 2-

year extension, 71% of patients treated with only GCs relapsed (85). Hence, the EULAR recommends 

the use of the 26-week GC taper regimen only in combination with tocilizumab, not as initial 

monotherapy, in standard clinical practice (56). 

By contrast, tocilizumab monotherapy is currently contraindicated. Two open-label studies have 

evaluated the efficacy and safety of one year of tocilizumab monotherapy, preceded by three 

courses of intravenous methylprednisolone (86,87). The first study included patients with c-GCA, 

and 1/18 developed AION (86). The second study included only patients with LV-GCA, but concerns 

arose regarding vascular damage. An increased ascending aortic diameter was observed in 4 

patients before week 52 and in 1 patient at week 78. Aortic aneurysm surgical repair was required 

in 2 patients, 1 at week 44 and 1 after 134 weeks from tocilizumab withdrawal. Histology revealed 

active granulomatous aortitis (87). Thus, tocilizumab monotherapy cannot currently be 

recommended for remission induction. 

 

1.6. Management of follow-up 

According to the EULAR guidelines, remission in LVV is defined as the absence of clinical signs and 

symptoms attributable to LVV, the absence of vascular damage on CTA, and normalization of CRP 

and ESR (48,56). However, RCTs have used different definitions of remission. In the GiACTA trial, 

remission was defined as the absence of LVV-related signs and symptoms and normalization of CRP 

(82). 
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Generally, the evaluation of disease activity relies on clinical and laboratory assessments.  

However, several drawbacks of these evaluations limit the physician's ability to accurately assess 

disease activity. Clinical symptoms may be nonspecific (such as fever, fatigue, weight loss) or not 

clearly related to active disease (such as limb claudication). CRP and ESR may be normal even during 

active disease, especially in patients treated with tocilizumab (82). 

In this context, imaging is helpful and should be considered a biomarker of disease activity. 

 

1.7. Rationale of the study 

Currently, there is no available tool to assess disease activity. Although imaging can serve as a 

biomarker for disease activity, the EULAR guidelines only recommend repeating 18F-FDG PET/CT 

when a relapse is suspected. For long-term monitoring of vascular structural damage, MRA or CTA 

may be used, although the timing for these procedures is not specified (48).  

This is a major unmet need: although vision loss occurs early in the disease course, often before or 

within the first days of GC initiation, aortic aneurysms may be present at diagnosis but are more 

often a late complication. In a cohort of 332 patients with GCA, 14% of those with LV-GCA at 

diagnosis had developed aortic aneurysms within 4 years, compared with 5% of those with C-GCA 

at the outset (7). Patients with GCA have a 3- to 17-fold increased risk of thoracic aortic aneurysms, 

and a meta-analysis of studies with systematic imaging reported a pooled prevalence of 15% (88–

91). Furthermore, a retrospective study evaluated patients who underwent thoracic aortic surgery 

between January 1, 2000, and December 31, 2021, and assessed whether histopathological features 

of active aortitis were present. Of 49 patients with a prior diagnosis of GCA, 40 (82%) presented with 

active aortitis, and all were considered in clinical remission (92). Taken together, these findings 

indicate that more data are needed on the risk of developing aortic dilation, aneurysm, or 

dissection.  
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While 18F-FDG PET/CT is widely recognized as the preferred imaging method for diagnosis, its role 

in predicting relapse or vascular damage remains uncertain. A 2015 meta-analysis of 11 studies (four 

on GCA involving 57 patients and seven on Takayasu Arteritis involving 191 patients) reported 

pooled sensitivities of 90% and specificities of 98% for diagnosing GCA (93). However, different 

studies have not consistently shown a connection between baseline PET parameters, whether 

visual, semi-quantitative, or quantitative, and future relapses (94). Some research, however, 

indicates an association between PETVAS during clinical remission and subsequent flare-ups (73). 

This discrepancy might be because regional uptake from single lesions does not fully reflect the 

overall inflammatory burden (73,74,94,95). Therefore, there is a need for new, standardized 

imaging evaluation techniques that can better assess disease activity and predict future relapse or 

vascular damage. 

 

1.8. Aims of the study 

The aims of the present study were: 

1) to describe baseline aortic involvement; estimate the rate of aortic growth over time; and 

identify predictors of aneurysm development and aortic enlargement in a retrospective 

cohort; 

2) to investigate the role of two quantitative parameters, the total inflammatory vascular 

volume (TIVV) and the total inflammatory glycolysis volume (TIGV), in assessing disease 

activity, predicting relapses, and the onset or progression of aortic dilatation in a cohort of 

GCA patients enrolled in a prospective study, 

3) to compare these novel quantitative parameters, TIVV and TIGV, with conventional PET 

parameters, including visual score, PETVAS, TVS, SUVmean, and SUVmax. 
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2. PATIENTS AND METHODS 

2.1. Aortitis and predictors of aortic dilation 

2.1.1. Study design and population 

For the first aim, a retrospective cohort study was conducted using prospectively collected data 

from patients diagnosed with GCA between January 2009 and December 2023 at two European 

referral centers: the Azienda Unità Sanitaria Locale–IRCCS di Reggio Emilia (Italy) and the University 

Hospital of Würzburg (Germany). Patients were included if they met all the following criteria: 

- Age >50 years at diagnosis 

- GCA confirmed by temporal artery biopsy and/or imaging of cranial or large vessels 

- Availability of baseline thoracic aortic imaging within 6 months of diagnosis 

- At least one follow-up thoracic aortic imaging performed ≥6 months after baseline 

- Fulfillment of the 2022 ACR EULAR classification criteria for GCA (2). 

Medical records of the patients included were reviewed from the date of GCA diagnosis to the last 

available aortic imaging. Patients with at least 6 months of follow-up were included. Data were 

recorded using a standardized electronic data collection form. Abstracted data included 

demographics (age and sex at diagnosis), cardiovascular risk factors (smoking, hypertension, 

hypercholesterolemia, diabetes), clinical features (cranial symptoms: any of headache, scalp 

tenderness, temporal artery abnormalities on physical examination; visual symptoms: any of 

diplopia, amaurosis fugax, partial or complete visual loss; ischemic symptoms: any of jaw 

claudication, visual manifestations, stroke, transient ischemic attacks; systemic symptoms: any of 

weight loss of at least 4 kg, fever), laboratory findings (ESR, CRP) and histology findings, and medical 

treatment (initial GC doses, GC dose and duration at the time of first imaging).  

Relapse was defined as the reappearance of symptoms of GCA and/or PMR requiring treatment 

escalation.  
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2.1.2.  Imaging assessment 

All imaging studies, regardless of the indication, were included and reviewed. Aortic imaging 

included CT/CTA, MRI/MRA, and FDG PET/CT. Evaluated aortic segments were the mid-ascending 

aorta, aortic arch, mid-descending thoracic aorta, and suprarenal abdominal aorta. All segments 

were assessed as normal or abnormal, with abnormalities including aortitis, dilation/aneurysm, or 

dissection. 

PET/CT scans were independently evaluated by one nuclear medicine specialist per site using the 

visual 0-3 vascular-to-liver FDG uptake grading scale (71). Scans with grade 2 or 3 FDG uptake were 

classified as aortitis (70).  

All morphological imaging (CT/CTA, MRI/MRA) was independently reviewed by two radiologists per 

site. Aortitis was defined as vessel wall thickening and/or edema, with or without contrast 

enhancement (48). For each segment, the aortic diameter was measured on images reconstructed 

in a plane orthogonal to the direction of blood flow. For PET/CT scans, the non-contrast-enhanced 

CT study was used. 

Aortic dilation was defined as >40 mm for the mid-ascending aorta, ≥40 mm for the aortic arch and 

mid-descending thoracic aorta and ≥30 mm for the suprarenal abdominal aorta (96). For the mid-

ascending aorta, we also referred to the American College of Cardiology/American Heart Association 

(ACC/AHA) definition, which considers an ascending aortic diameter ≥4.5 cm as aneurysmal, based 

on data showing a marked increase in the relative risk of dissection beyond this threshold (97). 

The velocity in the growth of the aorta was assessed as the velocity in the dilation of the aortic area. 

Aortic dissection was identified by the presence of an intimal flap.  

Primary outcomes included: 

- Aortic diameter and prevalent aortic aneurysm at baseline. 
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- Incident aneurysm and aortic growth during follow-up assessed by annualized area changes 

in mm2/year per segment. 

 

2.1.3. Statistical analyses 

Categorical variables were reported as proportions, and continuous variables were reported as 

mean (standard deviation, SD) or median (interquartile range: Q1–Q3), as appropriate. 

Comparisons between patients with and without aortitis were performed using the χ² test or 

Fisher’s exact test for categorical variables and the t-test or Mann-Whitney U test for continuous 

variables.  

Analyses were performed at both the patient and aortic segment levels, where applicable (Figure 

1). Segment-level predictors included the presence of aortitis in the individual aortic district and the 

corresponding baseline diameter. In segment-level analyses, we computed the variance of the 

estimates while accounting for the non-independence of observations. To account for the non-

independence of observations from the same individual in segment-level analyses, we used the 

clustered variance-covariance estimator ("vce cluster" option), which computes robust standard 

errors by treating individuals as clusters. 

Multivariable linear regression was used to identify predictors of baseline aortic diameter and aortic 

growth, whereas logistic regression was used to assess predictors of prevalent aneurysm. Cox 

proportional hazards models were used to evaluate factors associated with incident aneurysm 

formation. Aortic growth during follow-up was calculated as the change in aortic area from baseline 

to follow-up, divided by the time interval between the first and last imaging (expressed in 

mm²/year). Aortic area at each location was calculated using the formula π × r², where r = 

diameter/2.  



 20 

In evaluating aortic growth, to reduce confounding from differential follow-up time, six months of 

follow-up were added to all patients. Additionally, one outlier with extreme, rapidly progressive 

aortic dilation was excluded to improve model robustness (Figure 2). 

All regression models were adjusted for age and sex. Analyses were further stratified by GC 

treatment status at baseline imaging (yes vs. no). The presence of aortitis was also adjusted for 

study center (Reggio Emilia or Würzburg) and imaging modality (PET/CT or MRI).  

Analyses were performed using STATA 18.0.  
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Figure 1. Synopsis of the planned and reported analyses. Columns represent the different outcomes 

of interest: aortic diameter, aneurysm, and rate of area increase. Rows indicate the analytical 

perspective, cross-sectional or prospective, and the statistical unit of analysis, either the patient or 

the aortic segment. For each row at the patient level, the first column lists the characteristics 

investigated as potential determinants. Analyses at the aortic segment level are further divided into 

overall and segment-type–specific analyses. Gray cells denote analyses that are either not 

meaningful (e.g., cross-sectional analysis of velocity) or not feasible due to insufficient statistical 

power. Note that the aneurysm outcome reflects prevalence in cross-sectional analyses and 

incidence in prospective analyses. 

 

  



 22 

Figure 2. Expansion rate of aortic area over time 
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2.2. The role of TIVV and TIGV as diagnostic and prognostic biomarkers 

2.2.1. Study design and population 

For the second and third aims, data were obtained from the prospective cohort of patients enrolled 

in the study Treatment Of giant cell arteritis Patients with ultra-short glucocorticoids And 

TociliZumab: role of Imaging in a prospective Observational study (TOPAZIO) (87). This trial involved 

patients aged ≥50 years with a diagnosis of LV-GCA based on a PET/CT scan showing an FDG uptake 

≥2 in at least one large artery, ESR >40 mm/h or CRP >10 mg/L, and symptoms of GCA or polymyalgia 

rheumatica. All patients were treated with three intravenous methylprednisolone boluses (500 

mg/day) followed by weekly tocilizumab (162 mg) for 52 weeks. At week 52, relapse-free patients 

discontinued tocilizumab and entered a 26-week observational follow-up period (98). PET/CT scans 

were performed at baseline and at 24, 52, and 78 weeks (87,98). 

A cross-sectional design was conducted to evaluate the diagnostic value of the PET parameters 

(active disease vs remission). A prospective cohort design was used to assess the prognostic value 

of the same parameters (relapse and/or aortic dilation vs non-relapse/aortic dilation). For the latter, 

since an active PET was an inclusion criterion of the observational trial TOPAZIO, the baseline scans 

were excluded (Figure 3). 

Remission was defined according to the EULAR definition (56). Relapse was determined by the 

investigator and defined as one or more of the following: recurrence of signs or symptoms of GCA; 

CRP values greater than 10 mg/L, or ESR values greater than 40 mm/h, if considered by the 

investigator to be due to GCA; evidence of worsening vascular FDG uptake on PET/CT. The definition 

of relapse also included treatment restart with GC and/or tocilizumab. Non-response to treatment 

was defined as not achieving remission by week 16. 

Aortic dilation was defined as previously described (96). 
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2.2.2.  Imaging assessment 

All PET/CT scans were retrospectively reviewed. 

Visual assessment was performed by an experienced nuclear medicine physician who was aware of 

the order of the scans but not of the patients’ clinical status. Visual assessment was rated on a 0-3 

scale. Uptake was scored as ‘0’ when there was no visible uptake, ‘1’ when uptake was lower than 

the liver, ‘2’ when it was equal to liver uptake, and ‘3’ when it was significantly higher than liver 

uptake (71). Scans showing grades 2 and 3 were considered active (70). PETVAS and TVS were 

calculated by summing the visual uptake across 9 and 7 arterial territories, respectively (72,73). 

TIVV was automatically calculated for all PET using the open-source Beth Israel PET/CT viewer plugin 

for FIJI (http://petctviewer.org). The reference value was the liver SUVmean measured within a 3 

cm-diameter ROI in the right lobe. TIVV was defined using a vascular SUVmax threshold relative to 

liver SUVmean: G1 was < -10% liver SUVmean, G2 (grade 2) was the range from -10% to +10% liver 

SUVmean, and G3 (grade 3) was > 10% liver SUVmean. The following arterial segments were 

explored: the whole aorta (ascending aorta, aortic arch, descending thoracic aorta, and abdominal 

aorta), supraaortic arteries (innominate artery, subclavian arteries, common carotids), and common 

iliac arteries. TIVV was obtained by summing the inflammatory vascular volumes (IVV) of all vascular 

regions. Areas of increased physiological uptake, such as the brain, bladder, myocardium, or thymus, 

were manually excluded (Figure 4). 

TIGV was defined mathematically as TIVV x SUVmean.  

Grade 2 and 3 TIVV were calculated. Grade 1 was considered negative and excluded from 

calculation. For better comparison with Visual Score, PETVAS and TVS, SUVmean, TIVV, and TIGV 

included G2 and G3; SUVmean G3, TIVVG3, and TIGVG3 included only grade 3. 

 

2.2.3. Statistical analyses 
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Categorical variables were reported as proportions, and continuous variables were reported as 

mean (SD) or median (Q1–Q3), as appropriate. 

The diagnostic role of PET parameters in distinguishing active disease from remission, treated as a 

dichotomous outcome, was assessed using logistic regression. Models were not adjusted for age, as 

it was not associated with relapse (odds ratio [OR] 1.002, 95% CI 0.96-1.05, p-value 0.928), and 

adjustment did not change the OR estimates for the PET parameters. The variance of the ORs was 

computed using robust estimators that accounted for the non-independence of measures from the 

same patient. PET parameters were standardized to a mean of 0 and an SD of 1, and OR were 

calculated per one SD increase, except for the visual score, which is categorical. The analysis was 

performed on all 61 observations and, separately, on the 43 remaining observations after excluding 

baseline observations (Figure 3a, Figure 3b). 

The prognostic role of PET parameters was examined using a Cox regression model adjusted for age. 

All PET parameters (except the visual score) were standardized, and hazard ratios (HR) were 

calculated per one SD increase. The outcome variable was disease relapse or aortic dilatation. 

Follow-up time began on the date of the baseline PET, with time to event as the time axis. All 

patients were followed until the last available visit, relapse, or aortic dilatation, whichever occurred 

first (Figure 3c). Nonresponders were excluded from the analysis. 

Lastly, a Cox regression model was used to assess the prognostic role of early changes in PET 

parameters, i.e., from baseline to 24 weeks, in predicting disease relapse or aortic dilatation. In this 

analysis, follow-up time began at the midpoint between the baseline and 24-week PET scans, with 

time to event as the time axis. All patients were followed until the last available visit from the first 

PET, relapse, or aortic dilatation, whichever occurred first (Figure 3d). 

In these analyses, because the sample was sized for a different primary endpoint, we did not use a 

p-value threshold to reject the null hypothesis. Confidence intervals should be interpreted as 
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measures of the precision of the point estimates for the OR and HR. P-values are reported as 

continuous values representing the probability of observing a given difference in odds or hazards 

under the null hypothesis of no difference. 

Analyses were performed using STATA 18.0.  
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Figure 3. (a) Cross-sectional analysis. In this analysis, the outcome (active disease) and the PET 

parameters were assessed simultaneously at different time points: baseline, 24 weeks, 52 weeks 

and 76 weeks. The same patient can be included in the analysis more than once. (b) Cross-sectional 

analysis (excluding baseline measurements): in analysis, the outcome (active disease) and PET 

parameters were still considered at the same time. However, baseline measurements were 

excluded from the analysis. This exclusion removes the bias coming from PET positivity being a 

necessary inclusion criterion. Indeed, cases at baseline are, by definition, both active disease and 

PET-positive, thereby artificially inflating the association. (c) Longitudinal analysis (baseline PET 

parameters): in this longitudinal analysis, the association between baseline PET parameters and the 

outcome (disease relapse or aortic dilatation) was assessed over time. PET parameters were 

assessed at baseline, while the outcome was evaluated throughout the follow up period. Non-

responders were excluded from the analysis. (d) Longitudinal analysis (change in PET parameters): 

this analysis assessed the association between the difference in PET values between baseline and 

week 24, and disease relapse or aortic dilatation over time. The exposure was assessed as the 

change in PET parameters (delta) between PET scan at baseline and at week 24. Non-responders 

were excluded from the analysis; relapses assessed at 24 weeks were included. 
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Figure 4. PET/CT images ((A) MIP anterior view. (B) coronal anterior view. (C) MIP lateral view. (D) 

coronal lateral view) showing intense 18F-FDG uptake along the walls of the large vessels, with 

uptake levels exceeding that of the liver. These regions were included in the TIVV calculation. MIP: 

maximum intensity projection; TIVV: total inflammatory vascular volume. 
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3. RESULTS 

3.1. Aortitis and predictors of aortic dilation 

3.1.1. Cohort description 

A total of 157 patients were included (mean [S.D.] age 67.9 [9.1] years; 69.4% female). Demographic, 

clinical, and imaging characteristics of the study population are summarized in Table 1. Of the 

cohort, 41.4% were enrolled in Würzburg and 58.6% in Reggio Emilia. TAB was performed in 52 

patients (33.1%), and it was positive in 34 cases (65.4%). At baseline, 43 patients (27.4%) underwent 

combined MRI/MRA, while 114 (72.6%) underwent PET/CT. No patient underwent baseline CT.  

Aortitis was identified in 93/154 patients (60.4%) at baseline, detected in 32.6% of MRI/MRAs and 

71.2% of PET/CT scans. Overall, aortitis was detected in 310/616 (50.3%) vascular segments 

evaluated: 77 mid-ascending aorta, 80 aortic arch, 81 mid-descending aorta, and 72 suprarenal 

aorta. Distribution of patients according to the time from diagnosis to imaging is reported in Figure 

5. GC treatment was started before baseline imaging in 39.6% of patients, equally distributed 

between those with and without aortitis. Mean prednisone dose at the time of imaging was 16.8 

mg/day, and median duration was 30 days. No patients were receiving tocilizumab at the time of 

baseline imaging. Compared with those without aortitis, patients with aortitis were younger (66.5 

vs 69.7 years, P = 0.028), had a significantly lower prevalence of cranial (42.4% vs 65.0%, P = 0.006), 

visual (6.5% vs 28.3%, P < 0.0001), and ischemic symptoms (18.5% vs 41.7%, P = 0.002), were on a 

lower prednisone dose at first imaging (13.3 vs 20.3 mg/day, P = 0.001) and for a longer duration 

(40 vs 22 days, P = 0.016), and were more frequently enrolled at the Reggio Emilia center. 
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Table 1. Clinical and imaging characteristics of patients with and without aortitis  

 

Overall 

n 157 

With Aortitis 

n 93 

Without 

Aortitis 

n 61 

p 

Age (years), mean (SD) 67.9 (9.1) 66.5 (8.9) 69.7 (9.0) 0.028 

Female 109 (69.4) 65 (69.9) 41 (67.2) 0.726 

Hypercholesterolemia 56/156 (35.9) 28/92 (30.4) 26/61 (42.6) 0.122 

Hypertension 99/156 (63.5) 58/92 (63) 41/61 (67.2) 0.597 

Diabetes 19/155 (12.3) 11/92 (12) 8/60 (13.3) 0.802 

Current smoker 37/155 (23.9) 23/92 (25) 14/60 (23.3) 0.815 

Center    0.037 

Würzburg 65 (41.4) 33 (50.8) 32 (49.2)  

Reggio Emilia 92 (58.6) 60/89 (67.4) 29/89 (32.6)  

Cranial symptoms 81/155 (52.3) 39/92 (42.4) 39/60 (65) 0.006 

Visual symptoms 24/155 (15.5) 6/92 (6.5) 17/60 (28.3) <0.0001 

Ischemic symptoms 44/155 (28.4) 17/92 (18.5) 25/60 (41.7) 0.002 

Systemic symptoms 91/155 (58.7) 57/92 (62) 33/60 (55) 0.394 

PMR 43/155 (27.7) 26/92 (28.3) 17/60 (28.3) 0.992 

TAB positive* 34/52 (65.4) 12/21 (57.1) 19/28 (67.9) 0.441 

GCs at first imaging 59/149 (39.6) 30/87 (34.5) 29/59 (49.2) 0.076 

Prednisone dose (mg/day), 

mean (SD) 
16.8 (16.2) 13.3 (15.4) 20.3 (16.6) 0.001 

Duration of GCs treatment 

(days), median (Q1, Q3) 
30 (7.5, 95) 40 (8.5, 87.75) 22 (7.5, 100) 0.016 

ESR (mm 1st hour), mean 

(SD) 
69 (36) 74.3 (35.7) 60.7 (34.6) 0.030 

CRP (mg/dl), mean (SD) 6.4 (5.9) 6.1 (5.3) 6.6 (6.6) 0.650 

Symptoms duration at first 

imaging (weeks), median 

(Q1, Q3) 

13 (5, 25.5) 17 (8, 31) 10 (4, 22.75) 0.090 

LV Imaging modality    <0.0001 

MRA 43 (27.4) 14 (32.6) 29 (67.4)  

PET/CT 114 (72.6) 79 (71.2) 32 (28.8)  

Diameter at first imaging  n 153 n 91 n 59  

Mid-ascending aorta (cm), 

mean (SD) 
3.68 (0.43) 3.73 (0.45) 3.62 (0.40) 0.124 

Aortic arch (cm), mean (SD) 3.06 (0.38) 3.12 (0.37) 2.95 (0.38) 0.005 

Mid-descending aorta (cm), 

mean (SD) 

2.91 (0.35) 2.97 (0.36) 2.81 (0.32) 0.008 

Suprarenal aorta (cm), 

mean (SD) 
2.32 (0.31) 2.39 (0.31) 2.23 (0.28) 0.001 

Patients with prevalent 

aneurysms 
30/153 (19.6) 23/91 (25.3) 7/59 (11.9) 0.05 

Number of aortic segments 

with prevalent aneurysm 
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1 27 21 6  

2 1 1 0  

3 2 1 1  

Median time between first 

and last imaging (months), 

median (Q1, Q3) 

30 (17, 69.5) 38 (17, 76) 28 (14.5, 50.5) 0.093 

Patients with relapses 60/151 (39.7) 31/87 (35.6) 28/61 (45.9) 0.209 

Annual growth rate 

(mm2/year) (mean, sd)  
n 153 n 91 n 59  

Mid-ascending aorta 

(mm2/year), mean (SD) 
0.02 (0.11) 0.03 (0.11) 0.01 (0.11) 0.305 

Aortic arch (mm2/year), 

mean (SD)  
0.03 (0.09) 0.02 (0.10) 0.03 (0.09) 0.554 

Mid-descending aorta 

(mm2/year), mean (SD) 
0.02 (0.12) 0.02 (0.10) 0.01 (0.15) 0.609 

Suprarenal aorta 

(mm2/year), mean (SD) 
0.00 (0.07) 0.00 (0.07) 0.01 (0.06) 0.271 

Incident aneurysms     

Number of incident 

aneurysm 
19 14 5  

Patients without aneurysm 

at baseline 
12 8 4  

Patients with aneurysm at 

baseline 
7 6 1  

* Percentages are calculated only in patients who underwent TAB. 
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Figure 5. Percentage of patients who underwent imaging within six months before or after 

diagnosis. Time is reported in weeks. 
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3.1.2.  Baseline aortic diameter and aortic dilation 

Patients with aortitis had significantly larger aortic diameters at baseline than those without aortitis 

in the aortic arch (3.12 vs. 2.95 cm; p=0.005), mid-descending aorta (2.97 vs. 2.81 cm; p=0.008), and 

suprarenal aorta (2.39 vs. 2.23 cm; p=0.001) (Table1). 

In cross-sectional analyses, a larger baseline aortic diameter was independently associated with the 

presence of aortitis at both the patient level (β = 0.184; p<0.0001) and the aortic segment level 

(β = 0.154; p=0.001). In segment-level models, aortitis within a given district was significantly 

associated with larger diameter in the aortic arch (β = 0.130; p=0.030), mid-descending aorta 

(β = 0.158; p=0.003), and suprarenal aorta (β = 0.143; p=0.002). 

In multivariable models, female sex (β = -0.304; p<0.0001), hypercholesterolemia (β = -0.134; 

p=0.003), visual symptoms (β = -0.190; p=0.003), and ischemic symptoms (β = -0.196; p<0.0001) 

were associated with smaller baseline aortic diameters (Table2). 

Aortic aneurysms were identified in 30 patients (prevalence: 19.6%) and in 36 of 616 aortic 

segments (5.8%), most frequently involving the mid-ascending aorta (n=28). Aortitis was 

significantly associated with higher odds of prevalent aortic dilation, with a stronger effect at the 

patient level than the segment level (OR = 2.26; 95% CI: 1.00-5.11 vs. OR = 1.50; 95% CI: 0.69-3.25). 

Female sex and hypercholesterolemia were both associated with lower odds of prevalent aortic 

dilation (OR = 0.19; 95% CI: 0.09-0.40 and OR = 0.32; 95% CI: 0.13-0.80, respectively) (Table2). 

Ten patients had baseline mid-ascending aorta aneurysm according to the ACC/AHA definition. The 

association between aortitis and prevalent aortic dilation remained significant when applying a 

threshold of 4.5 cm for the mid-ascending aorta (OR = 3.23 [95% CI: 0.85, 12.30]). 

The results remained largely consistent when analyses were stratified by GC treatment status at 

baseline imaging. However, the association between aortitis and prevalent aortic dilation appeared 
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stronger among patients already receiving GCs (OR = 4.08; 95% CI: 1.06–9.94) than among 

untreated patients (OR = 2.03; 95% CI: 0.75–5.46). 

Similarly, adjusting for study center (Reggio Emilia or Würzburg) and imaging modality (PET/CT or 

MRI) did not materially alter the findings (Table 3). 
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Table 2. Cross-sectional analyses (age and sex adjusted) 

  Outcome: Diameter at baseline Outcome: Prevalent aneurysm 

   n Coeff p 95%CI events OR p 95%CI 
P

a
ti

e
n

t 
le

v
e

l 
 

Age at Imaging 616 0.003 0.278 -0.002 0.008 36 1.01 0.72 0.96 1.06 

Female 428 -0.304 0.000 -0.411 -0.197 12 0.19 0.00 0.09 0.40 

Hypercholesterolemia 224 -0.134 0.003 -0.223 -0.045 6 0.32 0.02 0.13 0.80 

Hypertension 388 -0.008 0.863 -0.097 0.081 22 0.78 0.49 0.38 1.58 

Diabetes 76 -0.036 0.615 -0.175 0.104 4 0.81 0.71 0.27 2.40 

Current smoker 144 -0.009 0.874 -0.116 0.098 7 0.66 0.43 0.23 1.87 

Visual symptoms 92 -0.190 0.003 -0.316 -0.065 3 0.39 0.12 0.11 1.30 

Ischemic symptoms 172 -0.196 0.000 -0.291 -0.102 6 0.46 0.10 0.19 1.16 

Systemic symptoms 364 -0.001 0.980 -0.089 0.087 25 1.18 0.66 0.56 2.49 

Cranial symptoms 316 -0.085 0.070 -0.177 0.007 15 0.63 0.23 0.29 1.34 

PMR 172 -0.031 0.551 -0.134 0.072 7 0.69 0.40 0.30 1.63 

Aortitis 368 0.184 0.000 0.099 0.268 26 2.26 0.05 1.00 5.11 

A
o

rt
ic

 s
e

g
m

e
n

t 

le
v
e

l 
 

Aortitis by district overall 310 0.154 0.001 0.063 0.245 20 1.50 0.30 0.69 3.25 

Aortitis by district           

Mid-ascending aorta 77 0.100 0.133 -0.031 0.230      

Aortic arch 80 0.130 0.030 0.012 0.248      

Mid-descending aorta 81 0.158 0.003 0.054 0.262      

Suprarenal aorta 72 0.143 0.002 0.055 0.231      

 

 

Table 3. Cross-sec�onal analyses adjusted by age, sex, center and imaging modality 

 

  Outcome: Diameter at baseline Outcome: Prevalent aortic dilation 

   n Coeff p 95%CI events OR p 95%CI 

P
a

ti
e

n
t 

le
v
e

l 

v
a

ri
a

b
le

s 

Aortitis 368 0.167 0.000 0.082 0.252 26 2.25 0.07 0.94 5.38 

A
o

rt
ic

 s
e

g
m

e
n

t 

le
v
e

l 
 

Aortitis by district overall 310 0.150 0.002 0.058 0.242 20 1.53 0.32 0.66 3.54 

Aortitis by district           

Mid-ascending aorta 77 0.107 0.128 -0.031 0.244      

Aortic arch 80 0.130 0.030 0.012 0.248      

Mid-descending aorta 81 0.154 0.003 0.054 0.255      

Suprarenal aorta 72 0.166 0.000 0.077 0.254      
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3.1.3. Longitudinal outcomes 

The median time between the first and last imaging was 30 months. The distribution of patients by 

time from first to last imaging is shown in Supplementary Figure 6. There was a significant increase 

in aortic diameters between the first and last imaging (mean change 0.11 cm at the mid-ascending 

aorta, P < 0.0001; 0.09 cm at the aortic arch, P< 0.0001; 0.09 cm at the descending aorta, P< 0.0001; 

0.02 cm at the suprarenal aorta, P = 0.099) without difference between patients with and without 

aortitis. Mean annual expansion rates of the aortic area ranged from 0.00 to 0.03 cm2 /year, again 

without differences between patients with and without baseline aortitis (Table 1). At follow-up 

imaging, new aortic dilation was identified in 12 of 123 patients without baseline dilation (incidence: 

9.8%) and in 24 of 580 not dilated aortic segments (4.1%), most frequently involving the mid-

ascending aorta (n = 13) (Table 4). Baseline aortic diameter was the strongest predictor of aortic 

area increase (β = 0.088, P = 0.006) and incident aortic dilation development (HR 3.85 [95% CI: 2.02, 

7.32]). In multivariable models, visual symptoms were associated with smaller aortic area increase 

(β = −0.111; P = 0.038), while neither baseline aortitis nor other clinical variables were 

independently associated with aortic expansion or incident aortic dilation development (Table 5). 

At follow-up imaging, 8 patients developed a new mid-ascending aorta aneurysm according to 

ACC/AHA definition. Baseline aortic diameter remained the only predictor of incident aortic dilation 

when applying a threshold of 4.5 cm for the mid-ascending aorta (HR 3.83 [95% CI: 1.76, 8.35]). 

Interestingly, when analyses were stratified by GC treatment status at the time of baseline imaging, 

aortitis had a stronger, although not significant, effect on the risk of developing a new aortic dilation 

during follow-up in patients who were treated (HR 3.19 [95% CI: 0.65, 15.67]) compared with those 

who were not (HR 0.48 [95% CI: 0.09, 2.38]). The effect was confirmed at the overall segment level 

in the velocity of aortic area increase (β = 0.098, P = 0.074), with a larger effect in the aortic arch (β 
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= 0.212, P = 0.026) (Table 5). Adjusting for study centre (Reggio Emilia or Würzburg) and imaging 

modality (PET/CT or MRI/MRA) did not alter the findings (Table 6). 

 

 

Figure 6. Distribution of patients according to the time from first to last imaging 
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Table 4. Aneurysms by aortic segment  

 Prevalent In regression Incident Never  

Overall 36 2 24 556  

Aortic segment      

Mid-ascending aorta 28 2 13 113  

Aortic arch  2 0 4 148  

Mid-descending aorta 1 0 4 149  

Suprarenal aorta 5 0 3 146  
 

 

 

 

 

 

 

 

 

 

 

Table 5. Longitudinal Analyses on incident outcomes (age and sex adjusted) 

  Outcome: New aneuriysm 

Outcome: Velocity in area 

increase  

   n events HR p 95%CI n Coeff p 95%CI 

P
a

ti
e

n
t 

le
v
e

l 
 

Age at Imaging 628 24 1.07 0.01 1.01 1.12 611 0.000 0.866 -0.005 0.004 

Female 436 14 0.54 0.20 0.21 1.38 427 0.006 0.882 -0.077 0.090 

Hypercholesterolemia 224 5 0.59 0.33 0.20 1.70 224 -0.077 0.061 -0.157 0.004 

Hypertension 396 14 0.94 0.92 0.30 2.94 387 -0.083 0.064 -0.170 0.005 

Diabetes 76 5 1.87 0.43 0.40 8.68 75 0.006 0.955 -0.208 0.220 

Current smoker 148 3 0.58 0.48 0.13 2.57 413 0.031 0.499 -0.060 0.122 

Visual symptoms 96 1 0.61 0.65 0.07 5.16 92 -0.111 0.038 -0.216 -0.006 

Ischemic symptoms 176 4 1.16 0.85 0.26 5.16 172 -0.059 0.214 -0.152 0.034 

Systemic symptoms 364 13 1.58 0.36 0.60 4.16 364 0.073 0.079 -0.009 0.155 

Cranial symptoms 324 13 1.50 0.42 0.57 3.93 316 0.009 0.827 -0.075 0.093 

PMR 172 4 0.52 0.29 0.15 1.76 172 -0.057 0.145 -0.135 0.020 

Aortitis 372 15 1.07 0.90 0.35 3.27 367 0.011 0.821 -0.086 0.108 

A
o

rt
ic
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e
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m

e
n
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le
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e

l 
 

Aortitis by district overall 314 12 0.88 0.81 0.31 2.47 305 0.019 0.674 -0.071 0.109 

Diameter (cm) 616 24 3.85 0.00 2.02 7.32 611 0.088 0.006 0.026 0.151 

Aortitis by district (adjusted by age, sex and baseline diameter)      

Mid-ascending aorta             76 0.116 0.233 -0.076 0.308 

Aortic arch             78 0.083 0.159 -0.033 0.199 

Mid-descending aorta             80 -0.072 0.341 -0.221 0.077 

Suprarenal aorta            71 -0.039 0.260 -0.108 0.029 
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Table 6. Longitudinal Analyses on incident outcomes adjusted by age, sex, center and imaging 

modality 

  Outcome: New aortic dilation Outcome: Velocity in area increase  

   n events HR p 95%CI n Coeff p 95%CI 

P
a

ti
e

n
t 

le
v
e

l 

v
a

ri
a

b
le

s 

Aortitis 372 15 1.38 0.55 0.48 3.94 367 -0.018 0.682 -0.106 0.069 

A
o

rt
ic

 s
e

g
m

e
n

t 
le

v
e

l 

v
a

ri
a

b
le

s 

Aortitis by district 

overall 314 12 1.09 0.86 0.40 3.01 305 0.017 0.698 -0.068 0.101 

Diameter (cm) 616 24 3.91 0.00 2.12 7.22 611 0.077 0.017 0.014 0.140 

Aortitis by district (adjusted by age, sex and baseline diameter)      

Mid-ascending aorta             76 0.113 0.196 -0.059 0.286 

Aortic arch             78 0.111 0.088 -0.017 0.239 

Mid-descending aorta             80 -0.135 0.063 -0.277 0.007 

Suprarenal aorta            71 -0.047 0.193 -0.118 0.024 
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3.2. The role of TIVV and TIGV as diagnostic and prognostic biomarkers 

3.2.1.  Cohort description 

Baseline features of the cohort are reported in Table 7. Eighteen patients were included from March 

2019 to November 2020, and 10 completed follow-up through week 78. Eight patients dropped out 

before week 78: two before week 24 due to nonresponse to treatment; one at week 29 due to 

withdrawal of informed consent; one at week 44 due to adverse events (aortic aneurysm surgical 

repair); and four due to disease relapse at weeks 24 (PMR, persistent grade 3 FDG uptake), 52 (low-

grade fever, elevation of CRP, persistent grade 2 FDG uptake), 60 (systemic symptoms, elevation of 

CRP), and 74 (PMR, elevation of CRP). Three patients showed aortic dilatation (two at week 24 and 

one at week 52). Following EULAR consensus definitions, the proportion of patients in remission at 

weeks 24, 52, and 78 was 13/18 (72%), 10/17 (59%), and 8/17 (47%), respectively. Three additional 

patients relapsed after the 6-month observational period, at 38 weeks (PMR, elevation of CRP), 76 

weeks (fever, elevation of CRP), and 96 weeks (PMR, elevation of CRP) after tocilizumab 

discontinuation. At the most recent visit in our Vasculitic Clinic, after a median (Q1, Q3) follow-up 

of 148 (64, 178) weeks from tocilizumab discontinuation, 5/17 patients (29%) remained in relapse-

free remission. 

A total of 61 PET scans were included in this study.  

The mean TIVV values were 82 (SD 67) and 262 (SD. 181) for remission and active disease, 

respectively. For TIGV, the mean values were 187 (SD 153) and 608 (SD 414) for remission and active 

disease, respectively.  

The mean PETVAS scores were 9.0 (SD 4.5) and 15.2 (SD 5.6) for remission and active disease, 

respectively. The mean TVS scores were 6.7 (SD 3.4) and 10.8 (SD 4.4) for remission and active 

disease, respectively.  
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The mean SUVmean values were 2.29 (SD 0.31) and 2.40 (SD 0.36) in remission and active disease, 

respectively. The mean SUVmean G3 values were 2.76 (SD 0.38) and 2.78 (SD 0.35) in remission and 

active disease, respectively. The mean SUVmax values were 4.32 (SD 1.87) and 5.28 (SD 1.58) in 

remission and active disease, respectively. 

At baseline, 4 patients had a visual score of grade 2 and 14 had a visual score of grade 3. At week 

24, 3 patients had a visual score of grade 2 and 4 had a visual score of grade 3. At week 56, 3 patients 

had a visual score of grade 2 and 1 had a visual score of grade 3. 

At week 76, 3 patients had a visual score of grade 2 and 2 had a visual score of grade 3. 
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Table 7. Baseline characteristics of the enrolled patients 

Study population (n=18)  

Age, years  68.5 (10.6) 

Sex 

   Female  13 (72%)  

   Male  5 (28%)  

Ethnic origin  

   White  18 (100%)  

Newly diagnosed LV-GCA 9 (50%) 

Relapsing LV-GCA 9 (50%) 

Glucocorticoid pre-treatment 13 (72%)  

CRP, mg/L  35 (36) 

ESR, mm/h  56 (41) 

Symptoms of active vasculitis 15 (83%) 

PETVAS 17.3 (5.1) 

TVS 12.3 (4.5) 

Visual score 

   Visual score 2 4 (22%) 

   Visual score 3 14 (78%) 

TIVV, ml 309 (180.9) 

TIVVG3, ml 112 (92.2) 

SUVmean  2.41 (0.43) 

SUVmean G3 2.72 (0.38) 

SUVmax  5.48 (1.70) 

TIGV, ml 725 (424.8) 

TIGVG3, ml 314 (280.1) 

Data are mean (SD) or n (%) 
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3.2.2.  Diagnostic role of PET metrics 

Of the 61 PET/CT scans, 29 were performed in patients with active disease (18/18 at baseline, 4/17 

at week 24, 4/15 at week 52, and 3/11 at week 78) (Figure 7).  

In the cross-sectional regression analysis excluding baseline PET/CT scans, TIVV and TIGV were 

strongly associated with active disease, with ORs of 4.74 (95% CI 1.23–18.2) and 5.45 (95% CI 1.36–

21.8), respectively. Additionally, the visual score, PETVAS, and TVS showed moderate associations 

with the outcome, with ORs of 2.26 (95% CI 0.94–5.44), 2.16 (95% CI 0.87–5.33), and 1.86 (95% CI 

0.76–4.52), respectively. However, these OR estimates were imprecise, and the differences might 

be due to chance. Conversely, SUVmax, SUVmean, and SUVmean G3 showed weaker associations 

with the outcome, with ORs largely compatible with random fluctuations: 1.41 (95% CI 0.73–2.75), 

1.52 (95% CI 0.69–3.34), and 1.37 (95% CI 0.68–2.75), respectively (Table 8). Similar results were 

observed when all 61 PET/CT scans were included: ORs for TIVV and TIGV were 10.94, 95%CI 3.07-

38.97; 11.61, 95%CI 3.19-42.33, respectively. ORs for PETVAS and TVS were 4.35, 95%CI 1.94-9.80 

and 3.49, 95%CI 1.64-7.45, respectively. The differences in PET parameters between active and non-

active disease did not change when analyses were conducted at the different time points (week 24, 

week 52 and week 76). 
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Figure 7. PET/CT view of a patient followed longitudinally at various time points: (A) anterior view 

in a patient with active disease and high TIVV; (B, C) MIP anterior view showing disease remission; 

(D) anterior view demonstrating relapse; (E) PETVAS and TVS scores. (F) TIVV value.  
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Table 8. ORs of having active disease for different PET parameters. Cross-sectional analysis. ORs 

are expressed for the increase of a standard deviation of standardized variables, unless otherwise 

specified.  

  Active disease 

  NO   YES   Cross-sectional analysis 

  
N  

% 
Mean SD   

N  

% 
Mean SD   

Odds 

Ratio 
95%CI 

P-

value 

Total   
32  

74.4 
      

11  

25.6 
            

Age     67.8 8.4     68.0 13.0         

PETVAS     9.0 4.5     11.8 4.7   2.16 
0.87-

5.33 
0.095 

TVS   6.7 3.4   8.3 3.0  1.86 
0.76-

4.52 
0.173 

*Visual 

Score 
                  

2.26  
0.94-

5.44 
0.068 

  1 
23  

71.9 
      

4  

36.4 
      

  2 
5  

15.6 
      

4  

36.4 
      

  3 
4  

12.5 
      

3  

27.2 
      

TIVV     82.2 66.5     183.7 158.0   4.74 
1.23-

18.2 
0.023 

TIVVG3     15.9 22.9     47.7 53.9   5.18 
1.22-

22.0 
0.026 

SUVmean     2.3 0.3     2.4 0.2   1.52 
0.69-

3.34 
0.299 

SUVmean 

G3 
    2.8 0.4     2.9 0.3   1.37 

0.68-

2.75 
0.381 

SUVmax     4.3 1.9     5.0 1.4   1.41 
0.73-

2.75 
0.305 

TIGV     187.3 152.6     418.3 331.6   5.45 
1.36-

21.8 
0.017 

TIGVG3     42.2 61.6     129.7 145.8   6.11 
1.26-

29.6 
0.025 

 

*Non-standardized variable. Odds ratio is reported for unit increase.  
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3.2.3.  Prognostic role of PET metrics 

Over a median (Q1, Q3) follow-up of 117 (56, 204.5) weeks, 7 patients experienced disease relapse 

and 3 developed aortic dilatations, for a total of 10 events. The Cox hazard model showed strong 

associations of TIVV and TIGV with time to relapse or aortic dilatation, with HRs of 2.50 (95% CI 

1.07–5.84) and 2.23 (95% CI 1.04–4.82), respectively.  

In contrast, PETVAS and TVS showed weaker associations with prognosis (HR 1.79; 95% CI 0.84–3.80 

and HR 1.27; 95% CI 0.67–2.39, respectively), while visual score, SUVmean, and SUVmax showed 

weak, if any, associations with the outcome, with HRs near 1 (Table 9). When aortic dilatation was 

excluded from the outcome definition, the association between TIVV and TIGV and time to relapse 

was weak (HR 1.34, 95%CI 0.46-288; HR 1.06, 95%CI 0.40-2.86, respectively). On the other hand, all 

three patients who developed aortic dilatation showed markedly elevated inflammatory PET 

metrics at baseline, particularly TIVV and TIGV with a mean of 517.7 (SD 1.7) and 1319 (SD 584.9), 

respectively. These findings suggest a potential strong association between the initial inflammatory 

burden detected by PET/CT and the subsequent development of aortic dilatation.  

Finally, an analysis was performed to evaluate the prognostic significance of early changes in PET 

parameters (delta), i.e., differences between baseline (t0) and week 24 (t24). The Cox models lacked 

sufficient statistical power to achieve acceptable precision for HRs; nevertheless, the only HRs with 

high values were for visual score (HR 3.86, 95%CI 0.41-36.27), TIVV (HR 1.90, 95%CI 0.06-57.38), and 

TIGV (HR 1.81, 95%CI 0.08-41.66). When aortic dilatation was excluded from the outcome definition, 

associations between changes in visual score (HR 13.99, 95%CI 0.69-283.83), TIVV (HR 8.80, 95%CI 

0.08-943.89), and TIGV (particularly TIVVG3 [HR 316.08, 95%CI 0.49-205315.00] and TIGVG3 [HR 

22.81, 95%CI 0.57-918.43]) and subsequent relapse became stronger, albeit imprecise. These 

findings suggest a potential role for early reduction of TIVVG3 in lowering the risk of relapse. Figure 

8 represents the correlation matrix of PET parameters. 
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Table 9. Hazard ratios of having relapse or aortic dilatation during follow up for different PET 

parameters measured at baseline. HRs are expressed for the increase of a standard deviation of 

standardized variables, unless otherwise specified. 

  Relapse or aortic dilatation 

  NO   YES   Longitudinal analysis 

  
N 

% 
Mean SD   

N 

% 
Mean SD   

Hazard 

Ratio 
95%CI 

P-

value 

Total   
6  

37.5 
      

10 

62.5 
            

Age     64.8 10.6     71.4 8.9   1.07 0.98-1.17 0.119 

PETVAS     15.2 4.1     20.1 4.1   1.79 0.84-3.80 0.133 

TVS   11.0 4.1   14.1 4.2  1.27 0.67-2.39 0.463 

*Visual 

Score 
                  

1.50 0.18-12.2 0.704 

  1 
0  

0 
      

0  

0 
      

  2 
2  

33.3 
      

1  

10 
      

  3 
4  

66.7 
      

9  

90 
      

TIVV     257.5 104.1     380.9 197.6   2.50 1.07-5.84 0.035 

TIVVG3     90.8 66.7     142.4 102.3   1.91 0.89-4.11 0.097 

SUVmean     2.3 0.5     2.5 0.4   1.42 0.71-2.83 0.313 

SUVmean G3     2.6 0.5     2.8 0.4   1.19 0.62-2.28 0.594 

SUVmax     5.2 1.6     5.4 1.2   1.06 0.41-2.77 0.898 

TIGV     582.7 233.1     903.8 460.4   2.23 1.04-4.82 0.039 

TIGVG3     250.5 218.1     400.5 311.2   1.76 0.84-3.63 0.129 

 

*Non-standardized variable. Hazard ratio is reported for unit increase.  
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Figure 8. Correlation matrix among PET parameters 

 
 

 

  

PETVAS Visual Score TIVVG3 TIVV SUVmean G3 SUVmean SUVmax TIGVG3 TIGV TVS

PETVAS 1

Visual Score 0,793 1

TIVVG3 0,786 0,647 1

TIVV 0,716 0,627 0,852 1

SUVmean G3 0,063 0,076 0,013 -0,147 1

SUVmean 0,223 0,196 0,174 0,015 0,753 1

SUVmax 0,411 0,463 0,457 0,409 0,389 0,239 1

TIGVG3 0,776 0,628 0,993 0,809 0,088 0,24 0,474 1

TIGV 0,766 0,652 0,909 0,978 -0,01 0,153 0,467 0,888 1

TVS 0,937 0,795 0,781 0,672 0,155 0,298 0,423 0,782 0,735 1
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4. DISCUSSION 

This work enhances our understanding of the relationship between inflammation and subsequent 

vascular damage in GCA by examining the role of imaging in clinical management, especially in 

patients with LV-GCA. Our findings emphasize that imaging should be viewed not just as a diagnostic 

tool but as a vital part of disease characterization, prognostic assessment, and ongoing monitoring. 

Importantly, the study integrates two complementary aspects of imaging: assessing structural 

vascular damage and quantifying inflammatory burden. 

In the cohorts from Reggio Emilia and Würzburg, aortic involvement was common at diagnosis, with 

60% of patients showing aortitis, often affecting the entire aorta (panaortitis), and 20% already 

displaying early aortic dilation, most frequently in the mid-ascending aorta. After a median follow-

up of 30 months, 10% of patients without initial dilation developed new dilation, mainly involving 

the mid-ascending aorta. Patients with GCA have a 3- to 17-fold increased risk of developing thoracic 

aortic aneurysms. Aortic dilatation may occur early or late in the disease, affecting 15–23% of newly  

diagnosed patients and 22.2% to 33.3% of patients after a median disease duration of 5.4 and 10.3 

years, respectively (88–90,96,99–102). The prevalence and incidence of aortic dilation in our study 

are consistent with these findings. 

Baseline aortitis was linked to larger aortic diameters and the presence of aneurysms at diagnosis. 

However, it did not independently predict the development of aneurysms or continued aortic 

growth during follow-up. Instead, baseline aortic diameter was the strongest predictor for future 

aneurysm formation and ongoing aortic enlargement. 

Our results align partially with four retrospective studies indicating that FDG uptake in large vessels 

at diagnosis correlates with an increased risk of future aortic complications (102–105). Supporting 

this, a recent prospective study of 106 patients evaluated vascular FDG uptake at diagnosis and its 

relationship with changes in aortic size. After a median of 6 years, patients with positive baseline 
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PET scans showed greater increases in thoracic aortic diameter and a higher incidence of thoracic 

aortic aneurysms compared to those with negative scans (106). These findings suggest that vascular 

FDG uptake at diagnosis is an independent risk factor for the development of thoracic aortic 

aneurysms in GCA.  The fact that baseline aortic diameter was the strongest predictor in the Reggio 

Emilia and Würzburg cohorts for both incident aortic dilation and progressive aortic expansion, 

however, supports the importance of baseline aortic measurements for risk stratification. 

Notably, our finding that greater baseline inflammatory volume (TIVV and TIGV) is associated with 

aortic dilation suggests that overall inflammatory burden may have a greater impact than regional 

FDG uptake in predicting aortic dilatation. This underscores the potential of TIVV and TIGV as 

valuable prognostic tools in clinical practice, offering a more sensitive approach to monitoring 

disease progression and therapeutic response.  

Furthermore, the utility of FDG PET/CT in predicting future relapses in LVV patients remains debated 

(94). The latest EULAR guidelines do not currently recommend PET/CT for monitoring treatment, 

although they recognize the need for an objective tool to assess disease activity during follow-up 

(48). Many studies have not found a link between baseline PET parameters (whether visual, semi-

quantitative, or quantitative) and subsequent relapses, some report an association between PETVAS 

during clinical remission and future flare-ups (73). Consistent with these findings, baseline PET 

parameters (TVS, PETVAS, SUV, TIVV and TIGV) showed only weak correlations with relapse risk. 

However, early changes in high-grade inflammatory volume (specifically delta TIVVG3 and delta 

TIGVG3) appeared to be associated with future disease recurrence. Although these findings are 

preliminary due to limited sample size, they suggest that dynamic shifts in inflammatory burden 

during treatment may hold more prognostic value than static baseline measurements. This indicates 

a potential role for PET imaging not only in monitoring therapy but also in early identification of 

patients at higher risk of relapse. These findings parallel recent advancements in oncology PET 
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imaging, in which metabolic tumour volume has demonstrated superior prognostic accuracy 

compared with traditional metrics, highlighting the growing utility of volumetric and metabolic 

measures in chronic disease management (107,108). 

A key methodological factor between the two cohorts involves GC therapy prior to imaging. It is well 

known that GCs rapidly reduce vascular FDG uptake, particularly within the first 3–10 days of high-

dose treatment (75). In the retrospective cohorts of Reggio Emilia and Würzburg, 40% of patients 

had already started GC therapy before baseline imaging, although the doses were relatively low and 

more typical of PMR than vasculitis (average prednisone dose: 17 mg/day; median treatment 

duration: 30 days). This may partly explain differences between our findings and earlier studies. 

Conversely, TIVV and TIVG were assessed in PET/CT scans performed according to protocol in the 

TOPAZIO study, where all patients received three boluses of methylprednisolone and tocilizumab 

monotherapy (87). Although the re-evaluation was retrospective, the cohort was homogeneous 

regarding imaging protocols, treatments, and follow-up. 

Variations in follow-up duration, GC exposure, and timing of imaging are likely to significantly 

influence the prognostic effectiveness of inflammatory imaging. 

Interestingly, in the retrospective cohorts from Reggio Emilia and Würzburg persistent aortitis 

despite GC treatment was linked to existing aneurysms and showed a trend toward association with 

new aneurysm development in treated patients. This suggests that PET-positive aortitis post-

treatment may identify a subgroup with steroid-resistant or inadequately managed vascular 

inflammation, possibly at higher risk for structural complications. Subclinical LVV has been reported 

in up to 23% of PMR patients, raising concerns about hidden vascular inflammation and long-term 

damage (109–112). Case reports and small series have documented PMR patients developing aortic 

aneurysms over time, supported by recent histopathological evidence. In a retrospective study of 

4.621 patients undergoing thoracic aortic repair, 43 had a history of isolated PMR, with active aortic 
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inflammation found in 70% of them, even up to ten years after diagnosis (113). These findings 

suggest that subclinical LVV is likely under-recognized in PMR and may contribute to aortic 

complications.  

Furthermore, patients with aortitis in the Reggio Emilia and Würzburg cohorts tended to be younger 

and less frequently exhibited cranial or ischemic symptoms, often experiencing longer delays in 

diagnosis. These findings align with previous research, including the study by Moreel et al. 

(103,106,114,115). Such a phenotype reflects earlier descriptions of a systemic or PMR-like 

presentation in patients with predominant large-vessel involvement (7). Hence, the link between 

aortitis and increased baseline aortic diameter may indicate diagnostic delays in this subgroup, who 

often show systemic features or refractory PMR but lack classical cranial signs. This supports the 

idea that prolonged vascular inflammation can cause early structural damage by the time of 

diagnosis. Although current evidence does not support routine vascular imaging or long-term aortic 

monitoring for all PMR patients, targeted imaging may be beneficial for selected cases, especially 

those with relapsing, refractory, or atypical disease.  

In patients with active LV-GCA, TIVV and TIGV also showed a stronger relationship with clinical 

disease activity than traditional qualitative or semi-quantitative parameters such as PETVAS, TVS, or 

SUV-based metrics. One prior study evaluated the diagnostic accuracy of TIVV and TIGV for 

detecting active disease in a retrospective cohort of 36 patients with Takayasu arteritis (116). Both 

TIVV and TIGV exhibited excellent intra- and inter-rater reliability. Receiver Operating Characteristic 

(ROC) curves, based on absolute values, produced similar area under the curve (AUC) results to 

physician global assessments, across metrics such as SUVmax, SUVmean, TBR, TIVV, TIGV, and 

PETVAS.  

The main methodological difference between the two studies lies in how TIVV was calculated. Ora 

et al. drew ROIs where FDG uptake exceeded a SUVmean threshold of 1.5. In our study, we used the 
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liver SUVmean as the cutoff. This allowed us to classify inflammation volume based on severity and 

to compute both TIVV and TIVVG3, which represent volumes with inflammation at or above, and 

strictly above, the liver’s SUVmean, respectively. 

This approach, grounded in the validated visual grading score, appears to offer strong diagnostic 

and prognostic accuracy. Parameters for TIVV and TIGV that include both grade 2 and 3 volumes 

were similarly associated with disease activity, compared to those considering only grade 3 volumes. 

Moreover, baseline TIVV and TIGV that encompass both grades demonstrated superior 

performance in predicting future relapse and vascular damage compared to metrics limited to grade 

3 volumes.  

Consistent with prior research, SUVmax and SUVmean alone did not show a significant association 

with disease activity. This highlights an important pathophysiological point: GCA is a systemic 

inflammatory condition characterized by widespread vascular involvement rather than localized 

hypermetabolic lesions. Therefore, relying solely on peak uptake measures may not accurately 

represent the overall inflammatory burden. In contrast, volumetric-metabolic parameters 

encompass both the extent and intensity of vascular inflammation, offering a more comprehensive 

view of disease activity. 

Strengths of the study include its multicenter design, standardized data collection, and 

comprehensive imaging assessment incorporating both PET/CT and MRI/MRA. The segment-level 

analysis used in the first part of the study further enhances the resolution of anatomical patterns, 

providing detailed insights into aortic involvement in GCA. 

Nevertheless, several limitations must be acknowledged. First, the retrospective design of the first 

part of the project and the unblinded retrospective re-analysis of the PET/CT scans performed in the 

TOPAZIO by a single nuclear medicine physician. 
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Additionally, although two different cohorts were used in the first part, imaging was interpreted 

locally at each site, which may have introduced variability in measurement techniques and reduced 

inter-site consistency.  

The duration of follow-up, while adequate to detect early changes, may have been insufficient to 

fully capture long-term complications such as aneurysm formation. Moreover, the use of low-dose 

GCs in the retrospective cohorts prior to baseline imaging raises concerns about potential under-

treatment of vascular inflammation, which could have influenced both imaging findings and 

outcomes.  

In the second part of the project, the use of GCs was standardized, but the sample size was small.  

An additional limitation concerns the semiautomatic approach employed. Although TIVV and TIGV 

serve as quantitative parameters, their computation still requires manual input, which introduces 

potential variability and increases the time burden. However, their quantitative nature makes them 

strong candidates for full automation. Recently, robust and precise artificial intelligence models for 

organ segmentation have emerged, capable of delineating large vessels on CT scans, including those 

with low-dose, non-contrast enhancement (117). By using these segmentations, quantitative 

metrics can be computed from PET overlays, enabling swift analysis across large datasets. 

Nonetheless, establishing standardized metrics for consistent evaluation remains crucial, along with 

generating substantial evidence to support the efficacy of these quantitative approaches.  
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5. CONCLUSIONS  

In conclusion, this study advocates for a comprehensive imaging-based approach to GCA that 

combines quantification of inflammatory burden with assessment of vascular structure. The 

baseline aortic diameter stands out as the most reliable predictor of future aneurysm development, 

highlighting the importance of structural evaluation at diagnosis. Volumetric PET parameters such 

as TIVV and TIGV seem to offer a more accurate reflection of disease activity than traditional 

qualitative metrics and may provide early prognostic insights into relapse and vascular dilation. 

These results indicate that inflammation triggers vascular injury, while long-term disease 

progression is shaped by structural remodeling and mechanical factors. By integrating metabolic 

and morphological imaging, we can enhance personalized risk assessment and improve strategies 

for ongoing surveillance in patients with LV-GCA. 
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