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Abstract

:

The role of 18F-fluorodeoxyglucose (FDG) positron emission tomography (18F-FDG PET) in the diagnosis of large vessel vasculitis (LVV) is well established. It permits us to assess the extent and the grade of vascular involvement and to rule out the other causes in clinical scenarios characterized by less specific symptoms. The advantages of 18F-FDG PET are far less clear in monitoring disease activity over time. Studies looking for the role of 18F-FDG PET as a potential biomarker had conflicting results and whether and when to repeat it during follow-up is based on clinical experience. A comprehensive assessment, including clinical, laboratory and morphological imaging is still required to monitor patients with large-vessel vasculitis over time. The aim of this review is to present more recent data about the utility of 18 F-FDG PET in the diagnosis and follow-up of LVV.
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1. Introduction


Large-vessel vasculitides (LVVs), namely giant cell arteritis (GCA) and Takayasu’s Arteritis (TAK), are a group of heterogeneous diseases involving the aorta and its main branches [1]. They share similar clinical and radiological features. GCA affects elderly people over 50 years old, whereas TAK is more common among young female patients [1,2,3].



18F-fluorodeoxyglucose positron emission tomography (18F FDG-PET) scanning is a useful non-invasive metabolic imaging modality for evaluating patients with fever of unknown origin and tumors [4]. 18F FDG accumulates in hypermetabolic cells, and a high-grade uptake in the vascular wall is a typical sign of active LVV. Ample evidence suggests that it may be used as a surrogate of histological examination, especially in cases where obtaining biopsies is not feasible [5,6].



The assessment of FDG uptake may be qualitative or semiquantitative. The qualitative method visually compares the FDG uptake in the vessel wall to a background tissue, such as the liver. The Meller visual scale determines the inflammation, like the Deauville score for lymphoma, qualitatively: grade 1 for an FDG uptake < liver, grade 2 is similar to the liver, and grade 3 > liver [7,8]. Back in 2018, Grayson et al. developed a qualitative summary score based on global arterial FDG uptake, the PET Vascular Activity Score (PETVAS), which, using the grades from different arterial territories, reflects the global inflammatory burden of the disease [9].



On the other hand, the semiquantitative methods define regions of interest (ROI) to calculate the standardized uptake values (SUV) or ratios, such as the target-to-background ratio (TBR) that referenced SUV from arterial tissue to the liver or blood pool [10].



Advantages of the use of FDG-PET in the management of LVVs include the possibility to diagnose the aortic involvement without histologic confirmation, and especially in cases of diagnostic uncertainty, it may be helpful to exclude malignancy or infections. Additionally, advances in PET radiotracers may distinguish active vascular inflammation from other pathologies, such as atherosclerosis. Potential drawbacks of FDG-PET include limited access and high cost [11,12,13]. Further, vascular FDG uptake is attenuated rapidly following treatment initiation, making the use of arterial FDG uptake to guide treatment decisions and monitor disease activity less well-defined. In this review, we aim to describe the recent evidence about the accuracy and usefulness of FDG-PET in diagnosing and monitoring LVV.




2. FDG-PET in the Diagnosis and Activity Assessment of LVV


No validated diagnostic criteria exist for GCA or TAK. Historically, diagnosis of LVV was based on clinical signs and symptoms. These include specific signs and symptoms related to the particular vascular involvement, such as vascular bruits, claudication of the limbs, headache, carotidynia, visual loss and stroke, but also less specific symptoms like fever, myalgias and weight loss. In the latter case, 18F FDG-PET plays a crucial role not only in the diagnosis of LVV, but also in ruling out other conditions (e.g., malignancies, infections). In 2018 the EULAR recommendations proposed management recommendations for LVV and stated that every suspected diagnosis should be confirmed by imaging (either ultrasound or MR for temporal or other cranial arteries, ultrasound, CT, PET/CT, or MRI for the aorta/extracranial arteries) or by biopsy [14,15]. Further, in the recent update, 18F FDG-PET is recommended not only as the first imaging modality in the assessment of the large vessel involvement in GCA and TAK, but also as an alternative of ultrasound in the evaluation of cranial arteries in GCA (https://doi.org/10.1136/ard-2023-224543, access on 9 October 2023). Thus, imaging (and particularly 18F FDG-PET) has become mandatory in the clinical armamentarium to diagnose GCA and TAK.



2.1. Large Vessel Giant Cell Arteritis


The use of FDG-PET in the diagnosis of LVV and polymyalgia rheumatica (PMR) is now well established. The first study in this regard was published in 1999 by Blockmans et al., who observed in the study group, consisting of patients with temporal arteritis and PMR, a significant increase in FDG uptake in the thoracic vessels, and arteries of the upper and lower limbs compared to the control group [16].



According to Blockmans et al., using temporal artery biopsy (TAB) as the reference standard, PET showed diagnostic sensitivity and specificity of 67% and 66%, respectively [17].



Lariviere et al., using the final diagnosis of GCA based on clinical judgment as the gold standard in a study of 24 patients, reported similar sensitivity values (77%), with a specificity of 100% [18]. It is likely that the low specificity reported by Blockmans underestimates the true diagnostic potential of PET, as TAB (used in this case as the reference standard) is often negative in the large vessel GCA (LV GCA) phenotype, where the temporal arteries can be spared from the inflammatory process.



Patients with a clinical suspicion of GCA should promptly start on glucocorticoids. In a retrospective study including ten patients with a new diagnosis of GCA, Nielsen highlighted that three days after the introduction of high-dose steroids (prednisone 60 mg orally), it was still possible to make a correct diagnosis of LV-GCA in 10 out of 10 patients, despite an inevitable reduction in FDG uptake on PET. However, at 10 days from the start of cortisone, only 5 out of 14 patients were correctly diagnosed with LV-GCA, and the diagnostic sensitivity of PET decreased to 36% [19]. Therefore, imaging should not be delayed once a clinical diagnosis of LV-GCA is made.




2.2. Takayasu’s Arteritis


The utility of 18F FDG-PET in the diagnosis of TAK is corroborated by multiple case series and case reports [20,21].



For years, angiography has been the gold standard in the diagnosis of TAK since it detects precisely vascular stenoses [22]. However, the presence of vascular lesions is already a sign of damage. The vascular uptake at 18F FDG-PET may assess the extent of vessel involvement before morphological abnormalities occur.



A recent meta-analysis included seven studies for a total of 191 patients with TAK (96 with active TAK, according to the National Institutes of Health (NIH) criteria in four studies). The FDG-PET parameters used to detect vascular inflammation were the visual analysis (n = 6 studies) and the semiquantitative analysis (n = 1). For the detection of large-vessel inflammation in TAK according to the disease activity status, FDG-PET showed a pooled sensitivity at 87% (95% CI, 78.0–92.6) and a pooled specificity at 73% (95% CI, 62.5–81.3). The specificity increased to 84% (95% CI, 72.5–91.5%) (p = 0.134, I2 = 46.3%) by combining the four studies assessing the disease activity state with the NIH scale [23]. These findings underline that in the absence of other clinical features of clinical active vasculitis, FDG-PET findings must be evaluated in the appropriate clinical context since different conditions (such as atherosclerosis or vascular remodeling) may mimic the presence of vasculitis.



FDG-PET seems more accurate in distinguishing clinical active disease in TAK than in GCA, as demonstrated by the work of our group evaluating the accuracy of FDG-PET in the assessment of active disease in LVV. Visual PET/CT grading scale better distinguished between clinically active and inactive disease in TAK (72% sensitivity, 78% specificity, AUC 0.75) than in LV GCA (51% sensitivity, 83% specificity, AUC 0.67) [24].



Further, incorporating 18F-FDG-PET in the definition of disease activity in TAK may also be useful in the standardization of recruitment of patients to be enrolled in randomized controlled trials. A survey among physicians indicated that FDG-PET data significantly improved agreement about enrolment decisions between raters (inter-rater reliability (IRR) = 0.68 (95% CI 0.67, 0.69) to IRR = 0.88 (95% CI 0.87, 0.89); p < 0.01) and were more strongly related to enrollment decisions than acute phase reactants levels [25]. These data indicate that 18F FDG-PET is one of the most important tools in the diagnosis of TAK and may be used as a complementary assessment in the evaluation of disease activity.





3. FDG-PET in the Follow-Up of LVV


Monitoring disease activity in LVV may be challenging. Patients often present with non-specific symptoms (such as fatigue and weight loss) and often the same symptoms may indicate either disease activity or vascular damage. Further acute phase reactants may be altered by treatment, especially Tocilizumab, which decreases the synthesis of ESR and CRP by blocking the interleukin 6 receptor. Novel biomarkers are currently understudy, including S100 proteins, pentraxin-3 and osteopontin. These molecules are independent of the interleukin 6 pathway and are less altered by treatment; however, their use in clinical practice has not been implemented yet. Other molecules are also being studied as markers of arterial remodeling (such as metalloproteinases 2 and 9, VEGF, YLK-40 and angiopoietins) or organ damage (such as pentraxin-3, for optic nerve ischemia) (https://doi.org/10.1007/s11926-021-00980-5 access on 9 October 2023).



The role of FDG-PET findings is still to be clarified: on one side, a positive FDG-PET imaging could detect active vasculitis and inform treatment decisions; on the other side, the evidence of active vasculitis during apparent clinical remission is still a complicating matter. Older autopsy studies have pointed out that vasculitis is often still present histologically in patients with LVV, despite being considered inactive at the time of death [26,27]. Further, patients with LVV can develop new arterial lesions on vascular imaging during periods of apparent clinical remission [9,15].



However, whether an increased FDG uptake without clinical signs of active disease requires adjustment of treatment is still unknown, and studies using it as a biomarker of disease activity have shown conflicting results.



3.1. Giant Cell Arteritis


A study involving 22 patients diagnosed with GCA found a notable decrease in overall basal FDG vascular uptake after 8 months of tocilizumab treatment [28]. All patients achieved clinical remission during the follow-up period. The researchers utilized a Total Vascular Score (TVS) ranging from 0 to 33 to quantitatively measure vascular inflammation. The study concluded that 18F FDG-PET/CT is valuable for monitoring the progression of LVV as it exhibits a strong correlation with clinically assessed disease activity. Nonetheless, the limited number of patients who underwent follow-up scans significantly hampers the broader applicability of the study’s results.



In an observational study called the RIGA study, researchers aimed to assess the response to treatment in patients with new-onset GCA using 18F FDG-PET/CT in combination with clinical and laboratory assessments [29]. The study included 88 patients with active, newly diagnosed LV GCA who met the inclusion criteria of the GiACTA trial [30]. Within two weeks of diagnosis, all participants underwent a baseline PET scan. Treatments included prednisolone alone for 27 patients, a combination of glucocorticoids and methotrexate for 42 patients and glucocorticoids with tocilizumab for 19 patients. Baseline PET scans indicated active vasculitis in 82 out of 88 patients. The researchers employed PETVAS to gauge treatment response in terms of vascular inflammation. The average PETVAS decreased from 18.9 at baseline to 8.0 during the follow-up period. All patients exhibited a decrease in global vascular uptake on follow-up scans, regardless of the treatment regimen. However, patients treated with methotrexate (reduction of about 12.3 units) or tocilizumab (reduction of about 11.7 units) experienced greater reductions in PETVAS compared to those receiving glucocorticoids alone (reduction of about 8.7 units). These PETVAS changes correlated with symptom resolution and a decline in acute-phase reactant levels.



On the other hand, a study outlined the discrepancy between disease activity assessments based on clinical evaluation and 18F FDG-PET/CT findings in GCA patients treated with tocilizumab [31]. The researchers utilized two imaging evaluation methods: the TVS and the TBR in 30 patients with PET evidence of extra-cranial large vessel involvement. At baseline, despite adequate glucocorticoid therapy, all patients were considered clinically active, leading to the initiation of tocilizumab treatment. After an average follow-up period of 10.8 ± 3.7 months, a notable reduction in vascular uptake was observed. The TBR at the thoracic aorta decreased from an average of 1.70 ± 0.52 to 1.48 ± 0.25 (p = 0.005), while the TVS dropped from an average of 4.97 ± 2.62 to 3.13 ± 1.89 (p < 0.001). At the end of the follow-up, approximately 83.3% of patients were considered clinically inactive. 18F FDG-PET/CT criteria for remission involved the complete normalization of vascular uptake during follow-up. Since only 30% and 10% of patients achieved normalization of TBR and TVS, respectively, complete agreement between clinical remission and PET normalization was lacking.



Regarding the role of 18F FDG-PET in predicting future relapses in GCA, data in the literature are contrasting. Bellan et al. retrospectively reviewed the medical records of 19 GCA patients who had a baseline 18 F FDG-PET/CT available [32]. Four relapses occurred over a median follow-up of 15 months (interquartile range of 4.5 to 26.5 months), but the authors did not find a significant difference in the baseline median SUVmax of patients who experienced a relapse [5.70 (IQR 5.34–5.89)] and those who did not [5.74 (IQR 4.98–7.99), p = 0.92]. The conclusion of the study was that the initial FDG vascular uptake was not effective in categorizing patients with an increased likelihood of experiencing subsequent relapses.



Similarly, in a prospective study, including 21 patients newly diagnosed with GCA who fulfilled the 1990 American College of Rheumatology classification criteria for GCA, all the participants had an 18F FDG-PET/CT scan performed within 72 h of starting prednisolone treatment and were prospectively followed-up over a 12-month period [33,34]. Since patients with a baseline TVS > 10 were not more likely to experience relapse than those with a baseline TVS < 10, the researchers concluded that PET is not a useful tool in predicting the risk of relapse. Nevertheless, it is important to consider that these conclusions are constrained by the small cohort size and the relatively short duration of follow-up.



On the contrary, results from a retrospective cohort including 254 patients with GCA showed that the large vessel involvement, the negativity of temporal artery biopsy, the male gender and the presence of musculoskeletal symptoms defined a clinical subset with a more relapsing disease (https://doi.org/10.1177/1759720X211009029 access on 9 October 2023). These results have recently been confirmed by a meta-analysis about the predictors of relapse in GCA. Thirty studies were included for a total of 2595 patients. Female sex and the large vessel involvement were predictors of relapse with an OR of 1.43 and 2.04, respectively (https://doi.org/10.1016/j.jbspin.2022.105494 access on 9 October 2023). Taken together, these data indicate that the assessment of large vessel involvement at baseline should be warranted in all patients with a new diagnosis of GCA to detect those at major risk of relapse who may potentially benefit from the early introduction of GC-sparing agents since the onset. In this context, 18F FDG-PET is fundamental as an initial imaging assessment. However, when and how often to repeat it during follow-up is still debated (https://doi.org/10.1136/ard-2023-224543 access on 9 October 2023).



Figure 1 illustrates a case of GCA at the time of diagnosis and its subsequent post-therapy follow-up.




3.2. Takayasu’s Arteritis


Similar to LV-GCA, also in TAK studies using 18F FDG-PET as a marker of response to treatment have shown conflicting results.



Twenty-one TAK patients enrolled in an observational cohort were evaluated every six months with clinical assessment and imaging. Treatment decisions were categorized as increased, decreased or unchanged. The FDG uptake was measured using PETVAS. The authors found that despite an improvement of PETVAS (21 vs. 16, p = 0.02 in seven patients treated with infliximab), rarely PET findings normalized, despite a significant improvement in the clinical evaluation [35].



A recent meta-analysis including eight studies (four longitudinal and four cross-sectional) found a moderate diagnostic accuracy to discriminate between patients with a clinical active LVV and those in clinical remission when treatment is initiated (sensitivity 77%, specificity 71%), indicating that 18F-FDG PET may aid in monitoring treatment response, but its findings need to be interpreted in the context of other clinical findings [36].



Different studies assessed the role of FDG-PET in predicting relapses in TAK. Specifically, Kwon et al., in a retrospective study involving 33 patients with inactive TAK according to the NIH criteria, evaluated the features associated with subsequent relapses, defined as the recurrence of clinically active disease following an inactive period and requiring therapy modification. Vascular FDG uptake was expressed using TBR. The mean observation period was 4.5 years. Eight (27.3%) patients had a relapse. The only two factors associated with multivariable analysis with an increased risk of relapse were a raised erythrocyte sedimentation rate (ESR) (hazard ratio (HR) 7) and TBR (HR 11.5) [37]. These findings suggest that TBR, together with the ESR, independently predicts the relapse risk and is thus useful to stratify clinically inactive patients for the risk of relapse.



Another retrospective study from a single center tried to predict not only relapses (primary outcome) but also other clinically relevant parameters (sustained remission, development of new angiographic lesions and changes in the therapeutic regimen) [37]. Thirty-two patients with TAK were assessed at baseline and subsequently at regular intervals over a median of 84 months. Sustained remission was defined as a lack of new manifestations of disease activity, no new angiographic lesions and no glucocorticoid treatment for at least six months.



Eleven (34.4%) patients at baseline were judged to have active disease according to the modified NIH criteria. Patients were stratified according to SUVmax values. This study demonstrated that patients with baseline SUVmax values > 1.3 (that better distinguished active disease from non-active) had an increased risk of relapses (odds ratio (OR) 5.66) and needed to change immunosuppressive agents (OR 7.93). However, at multivariate analysis, no associations were found with the development of disease relapses and with new angiographic lesions.




3.3. Giant Cell Arteritis and Takayasu’s Arteritis


An observational study from NIH used PETVAS to assess its role as a marker of relapsing disease. In 39 patients, longitudinal data about FDG-PET/CT and clinical assessment were available. Clinical relapse was defined as a recurrence of clinical symptoms attributable to LVV and the necessity to increase the prednisone dose to at least 10 mg daily and/or add another immunosuppressant. A PETVAS threshold of 20 could differentiate clinical active disease from remission and predict future relapse. The rate of relapse in patients with a PETVAS > 20 was 45% versus 11% in patients with a PETVAS < 20 (p = 0.03) [9]. Interestingly, patients with PETVAS ≥ 20 were more likely to have GCA than TAK, probably due to atherosclerosis in the former group contributing partly to vascular FDG uptake in LVV during clinical remission.



On the contrary, data about 81 patients with LVV who underwent an FDG PET/CT scan during a period of clinical remission were collected in a retrospective cohort. Relapse was defined by the reappearance of signs/symptoms attributable to vasculitis, resolution of signs/symptoms after increasing or restarting prednisone, increased acute phase reactants and exclusion of other causes. Thirty-four clinical relapses occurred (19 in TAK and 15 in GCA), but PETVAS was not a good predictor (age- and sex-adjusted HR 1.04 (95% CI 0.97, 1.11), p = 0.252), with a sensitivity of 47.1% and a specificity of 73.8% [24]. Of note, the retrospective collection of data may be biased by confounders, such as the GCs dose and more prospective studies are required to evaluate the role of 18F FDG-PET as a biomarker in LVV.



Whether the persistence of FDG-PET is associated with angiographic progression (stenoses, dilations or aneurysms) is another critical issue in monitoring disease activity.



In a retrospective study, 100 consecutive patients with LVV (49 with TAK and 51 with LV-GCA) with baseline PET/CT and morphological imaging (CT/MR angiography (CTA and MRA, respectively)) performed within three months were included [38]. A total of 1206 vascular segments were examined. Twenty-eight patients who underwent another CT/MR between 6 and 30 months from baseline were included in the per-segment and per-patient analyses. Seven new stenoses/dilations occurred, exclusively in TAK patients. The baseline PET score was strongly associated with incident stenoses/dilations (p = 0.001), while baseline wall thickening was not (p = 0.708), indicating that only a PET score was a good predictor of new vessel-wall damage during the follow-up.



Similarly, a prospective study evaluated 1091 arterial territories from 70 patients with LVV (TAK = 38; GCA = 32) [39]. All patients underwent baseline MRA or CTA of the aorta and primary branches as well as PET. All patients repeated the imaging assessment after at least six months per standardized imaging protocol. Over 1.6 years of median follow-up, new lesions (stenosis, occlusion, or aneurysm) developed only in eight arterial territories, always in TAK. At baseline, 298 territories were active on PET and only 24 (8%) presented an angiographic progression. A total of 80% of the arterial territories presenting progressive vascular damage were active on PET at baseline, confirming the results of the previous study. Furthermore, the analysis within a patient showed that an arterial territory with baseline PET activity had 20 times higher odds for angiographic change than a paired arterial territory without PET activity (p < 0.01).



These two studies reinforce the need to use PET and morphological imaging as complementary assessments to evaluate disease activity and vascular damage over time in patients with LVV. However, using PET scores to guide treatment in LVV is still open to question, and more prospective studies are needed.





4. Conclusions


18F FDG-PET has a clear role in diagnosing LVVs and has become a part of clinical tools to assess vascular involvement whenever a biopsy is not feasible. However, the increased availability of imaging has led to a more frequent diagnosis of vasculitis due to incidental findings. In this last context, imaging evaluation in the proper clinical setting becomes mandatory.



In the monitoring of vasculitis, the role of 18F-FDG PET is still interlocutory. On one side, it may inform treatment decisions if the disease is still clinically active. Conversely, the persistence of vascular uptake during periods of clinical remission may indicate subclinical vasculitis, remodeling or healing. Studies addressing these points and assessing the role of PET as a marker of relapsing or more aggressive disease are controversial. The decision about when to repeat a PET during follow-up should be tailored on an individual basis.
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Figure 1. A 66-year-old woman diagnosed with giant cell arteritis. (A) FDG-PET whole-body MIP image shows increased FDG uptake in the aorta, carotid, subclavian and iliac arteries. FDG uptake is higher than liver uptake (grade 3 according to the Meller scale) and thus cate