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ARTICLE INFO ABSTRACT
Keywords: Objectives: To evaluate the ability of 1®FDG PET/CT, at diagnosis of giant cell arteritis (GCA) and during follow-
PET/CT up, to predict occurrence of relapse in large-vessel GCA (LV-GCA).
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Methods: We conducted a retrospective study using the French Study Group for Large-Vessel Vasculitis (GEFA)
network. Data from patients with LV-GCA diagnosed by PET/CT and who had PET/CT in the following year were
collected. For each PET/CT, PET vascular activity score (PETVAS) and total vascular score (TVS) were assessed,
and their ability to predict the occurrence of subsequent relapse was assessed.

Results: A total of 65 LV-GCA patients were included, of whom 55 had undergone a follow-up PET/CT 3 to 12
months after the diagnosis of GCA. Patients for whom the second PET/CT (PET2) was performed during active
GCA were excluded. PETVAS and TVS decreased between PET1 and PET2 in all patients (p < 0.001). There was
no correlation between vascular activity scores in PET2 and time to prednisone taper. For relapse prediction, at
PET1, the AUC of the TVS and PETVAS were respectively 51.9 and 41.9 at 6 months, 55.3 and 49.7 at 1 year, 55
and 55.7 at 2 years. For PET2, the AUC were respectively 46.1 and 46.7 at 6 months, 52.1 and 48.9 at 1 year,
58.4 and 52.3 at 2 years.

Conclusion: PET vascular activity scores at diagnosis and at follow-up PET/CT performed outside a period of GCA
activity do not display high performance to predict the occurrence of subsequent relapse in LV-GCA patients.
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A.-C. Billet et al.
1. Introduction

188_Fluorodeoxyglucose (FDG) positron emission tomography (PET),
often co-registered with computerized tomography (PET/CT), can
identify inflammatory vascular lesions and has shown very good sensi-
tivity to diagnose giant cell arteritis (GCA) [1,2], particularly in cases
with a large-vessel (LV) GCA phenotype [2,3].

Whereas its role in the diagnosis of GCA is well established, the
appropriate role of PET/CT for monitoring LV-GCA activity has not yet
been established [4]. After initiation of anti-inflammatory treatments (e.
g., methotrexate, prednisone, and tocilizumab), previous studies have
shown that basal FDG vascular uptake significantly decreased, espe-
cially after eight months of follow-up [5,6]. This metabolic regression is
generally correlated with clinical and biological improvement [7,8].
However, other studies have observed the persistence of a vascular
uptake in PET/CT performed in patients considered to be in remission,
as defined by an absence of clinical signs and normal C-reactive protein
(CRP) and/or erythrocyte sedimentation rate (ESR) [9]. In their obser-
vational retrospective study, Prieto-Pena et al. reported on 30 patients
with LV-GCA followed during 10.8 + 3.7 months and demonstrated a
significant reduction in vascular uptake after treatment. However, a
complete normalization of vascular uptake was achieved in less than one
third of patients [10]. It is hypothesized that the persistence of a
low-grade vascular uptake could reflect smoldering inflammation or
post-inflammatory vascular remodeling [11].

This raises questions about the value of PET/CT in predicting the risk
of subsequent relapse. In a recent prospective observational study,
Grayson et al. analyzed 170 PET/CT performed in 56 LV-GCA patients.
Using a semi-quantitative score adding the uptake grade of several
vascular territories (PETVAS), the authors showed that a PETVAS >20
points in a PET/CT performed after the initiation of treatment was
associated with an increased risk of relapse during a median follow-up of
15 months (55 vs 11 %) [12]. By contrast, PETVAS was not associated
with subsequent relapses in the study of Galli et al. [11]. The fact that
these studies contradict each other may be due to differing designs,
small numbers of patients, relatively short follow-up and the use of
different scores. We therefore set out to investigate the value of initial
(PET1) and follow-up (PET2) PET/CT, analyzed using two scores
(PETVAS and Total Vascular Score [TVS]), in predicting the risk of
occurrence of subsequent relapse. By using the two most commonly used
scores, our aim was to be able to compare our results with a large
number of other studies and practices in nuclear medicine.

2. Patients and methods
2.1. Study population

We conducted an observational retrospective study in 12 French
centers including 10 academic centers. The study was supported by the
French Study Group for Large Vessel Vasculitis (GEFA). This study was
conducted in accordance with good clinical practice and the principles
of the Declaration of Helsinki. In accordance with French law, informed
consent was not required for this study. Patients with LV-GCA were
diagnosed between 2009 and 2020.

All patients fulfilled new ACR/EULAR classification criteria for GCA
[13] and : i) were >50 years at diagnosis, ii) had a history of sedimen-
tation rate >50 mm/h or CRP >10 mg/L, iii) had at least one clinical
sign of GCA or polymyalgia rheumatica, iiii) and had proof of vasculitis
(positive temporal artery biopsy [TAB] or evidence of large vessel
vasculitis [aorta or supra-aortic trunks] by angio-CT, PET-CT and/or
angio-MRI). All patients presented large-vessel vasculitis (LVV) on
PET/CT at the time of diagnosis of GCA.

For all patients, PET/CT was performed at diagnosis (PET1), within 3
weeks of initiation of corticosteroid therapy, and during follow-up
(PET2), 3 to 12 months after diagnosis, while GCA was in remission.
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2.2. FDG-PET protocol

18FDG PET/CT (diagnostic and follow-up) were performed according
to usual conditions in each participating center. PET was coupled with a
low-dose CT scan in patients with a plasma glucose level (glycemia < 7
mmol/L). The acquisition was performed 60 to 90 min after the *FDG
injection (3 MBq/kg). For examinations performed at the investigating
center, the PET images were reconstructed using an OSEM algorithm
and an attenuation correction mode.

Physicians performed a semi-quantitative assessment of FDG uptake
by visual assessment of arterial territories, each scored on a visual scale
of 0 to 3, based on established criteria [14], comparing arterial hyper-
metabolism with liver uptake: 0 = no uptake, 1 = low grade uptake (<
liver uptake), 2 = intermediate grade uptake (= liver), 3 = high grade
uptake (> liver). PET/CT was considered positive if at least one arterial
segment had a grade > 2 uptake.

Two vascular activity scores were assessed: 1 - the Total Vascular
Score (TVS), the sum of the Meller score [7] composed of 14 arterial
territories, ranging from 0 to 42 points, including carotid arteries [n =
2], subclavian arteries [n = 2], axillary arteries [n = 2], ascending
thoracic aorta, aortic arch, descending thoracic aorta, abdominal aorta,
iliac arteries [n = 2], and femoral arteries [n = 2]) [14]; and 2 - the PET
Vascular Activity Score (PETVAS), with 9 arterial territories, ranging
from O to 27 points, including ascending aorta, aortic arch, descending
aorta, abdominal aorta, brachiocephalic trunk, carotid arteries [n = 2],
and subclavian arteries [n = 2] [12]. Contrary to TVS, PETVAS does not
include the arteries of the lower limbs, for which the interpretation of
uptake can be disturbed by atheroma [14].

2.3. Data collected and definition of relapse

Clinical, biological and therapeutic data were collected retrospec-
tively by the investigators in each center using a standardized case
report form (available in sup data), until the most recent follow-up.

Relapse was defined, after a remission period of at least 3 months, as
the recurrence of clinical signs of GCA or polymyalgia rheumatica
whatever the value of CRP, or an inflammatory syndrome (CRP >10 mg/
L) for at least 2 consecutive weeks without any other cause than GCA
and leading to an intensification of the treatment of GCA (prednisone,
DMARDs (disease-modifying antirheumatic drugs) and/or biologics).

2.4. Statistical analysis

Continuous variables are expressed as medians (interquartile range)
and categorical variables as numbers (%).

Analyses of relapse-free survival rates between diagnosis and first
relapse, estimating the discriminatory power of PET1, were performed
on the entire population. Survival analyses between the PET2 and the
first relapse, estimating the discriminatory power of PET2, were per-
formed after excluding patients who had relapsed before PET2. Survival
curves estimating the relapse rate of GCA during follow-up were drawn
using the Kaplan-Meier method from diagnosis to the first relapse and
from PET2 to the first relapse. Time-dependent receiving-operating-
characteristic (ROC) curves and area under the ROC curve (AUC) pre-
dicting GCA relapse by PET/CT scores (TVS and PETVAS) were esti-
mated at different follow-up times from PET1 and from PET2. For the
AUC predicting GCA relapse from PET2 by scores, the analyses were
adjusted for steroid dose at the time of PET2 (in mg per day) and for
delay from GCA diagnosis to PET2 (in days) using a Cox regression
model. In addition, we measured the correlation between PET/CT scores
(TVS and PETVAS) and the time to lower the steroid dose to the
following threshold after PET2, defined as 15 mg/d, 10 mg/d, 7.5 mg/d,
5 mg/d and 0 mg/d, in order to highlight the possible prescribing bias
induced by knowledge of PET/CT results when choosing how to taper
the steroid dose. Statistical analyses were performed using R (version
4.1.1) and time-dependent ROC curves drawn with the “timeROC”
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package [15].

3. Results

3.1. Characteristics of the study population

We collected data for 87 patients with LV-GCA diagnosed by PET/CT
between January 2009 and May 2020, of whom 22 were excluded (3
PET2 performed > 12 months after diagnosis and 19 patients for missing
data). Therefore, 65 patients were included in the analysis to estimate
the discriminatory power of PET1. We then excluded a further 10 pa-
tients (4 due to relapse before PET2, 6 because PET2 was performed
during a relapse), leaving 55 patients to estimate the discriminatory
power of PET2 (Fig. 1).

Characteristics of included patients are summarized in Table 1. All
65 patients met the 2022 ACR/EULAR criteria [13] with diagnostic PET
evidence of LVV. The population was mainly women (n = 50; 77 %) with
a median age of 69 years at diagnosis. At GCA diagnosis, the main car-
diovascular risk factors were active smoking (26 %) and arterial hy-
pertension (28 %). Common general signs included weight loss (55 %)
and fever (32 %). One in two patients had cephalic symptoms including
headache (48 %) and jaw claudication (25 %). Only five (8 %) patients
described visual disorders (amaurosis [n = 3], acute anterior ischemic
optic neuropathy [n = 1], diplopia [n = 1]). Temporal arterial biopsy

LV-GCA
n=130
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was performed in 59 patients (91 %) and was positive in 53 % of cases.
All patients received prednisone at a dose of 0.7 to 1 mg/kg/day at
diagnosis and three patients received pulses of methylprednisolone.

At PET1, the median vascular activity scores were 24 (19 - 30) for
TVS and 21 (16 - 26) for PETVAS. Vascular activity scores (TVS and
PETVAS) decreased in all patients between PET1 and PET2 (supple-
mentary Figure 1). At PET2, all 55 patients were free of clinical signs
with a median CRP level of 5 mg/L (0-10) and a median prednisone dose
of 9 mg/day (5 - 15). In addition to prednisone, 6 patients were receiving
tocilizumab and 4 patients methotrexate.

3.2. Relapses

During the follow-up period of 42.5 months (19.3 —72.0 months),
28/65 (43 %) patients experienced at least one relapse. At the time of the
first relapse, 24 patients were still receiving prednisone, 3 patients were
treated with tocilizumab and one with methotrexate. Among the 55
patients for whom PET2 was available during remission of GCA, 18
relapsed during the subsequent follow-up. In this population, median
survival from PET2 until the first relapse was not reached. After PET2,
the probability of relapse was 30 % after 1 year and 41 % and 2 years of
follow-up (Fig. 2).

Excluded (n = 43)

A 4

LV-GCA diagnosed and controlled by
PET/CT
n=_87

LV-GCA at PET1
n==65

> LVV diagnosed or controlled by CT
or MRI
Excluded (n = 22)
»| - PET 2 performed >12 months

after diagnosis (n = 3)
- Missing data (n =19)

Excluded (n =10)

A 4

LV-GCA at PET2
n=>55

Fig. 1. Flow chart of the study

PET2 performed at the time of relapse

\4

LVV: Large-vessel vasculitis; LV-GCA: Large-vessel giant cell arteritis; MRI: Magnetic resonance imaging.
CT: scanner; MRI: magnetic resonance imaging; PET: positron emission tomography; PET/CT: positron emission tomography/scanner.
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Table 1
Description of the studied population.

Population at PET1 (GCA diagnosis) n=65

Age (years), median (IQR) 69 (64 —74)

Female sex, n (%) 50 (77 %)

Cardiovascular risk factors, n (%)
Active smoking 17 (26 %)
Arterial hypertension 18 (28 %)
Dyslipidemia 10 (15 %)
Diabetes 6 (9.2 %)

History of cardiovascular disease, n (%)
Ischemic cardiopathy 1 (1.5 %)
Peripheral arterial disease 2(3.1 %)
Stroke 2 (3.1 %)

GCA symptoms, n (%)
Weight loss 36 (55 %)
Fever 21 (32 %)
Cephalic signs 34 (53%)
Headache 31 (48 %)
Scalp tenderness 13 (20 %)
Jaw claudication 16 (25 %)
Visual signs 5 (7.7 %)
Clinical abnormality of temporal artery 16 (25 %)
Stroke 3 (4.6 %)
Polymyalgia rheumatica 23 (35 %)

Biology

Hemoglobin (g/dL), median (IQR)

CRP (mg/L), median (IQR)

Temporal artery biopsy, n (%)
Positive

Doppler US-scan of temporal arteries

11.2 (10.3-11.8)
74 (42 - 106)

31/59 (53 %)

Available data 28/65
Positive** 15/28
PET1
TVS, median (IQR) 24 (19 - 30)
PETVAS, median (IQR) 21 (17- 26)
Population at PET2 n=>55
Time between PET1 and PET2 (month), median (IQR) 7 (5-9.6)
PET2
TVS, median (IQR) 7 (2-14)
Delta TVS, median (IQR)*** —15 (-20, -7)
PETVAS, median (IQR) 6 (2-12)
Delta PETVAS, median (IQR)*** -12 (-19, —-6)
Prednisone dose (mg/day), median (IQR) 9(5-15)
CRP (mg/L), median (IQR) 5 (0-10)
Occurrence of relapse after PET2, n (%) 18 (33 %)

*Positive temporal artery biopsy = a mononuclear inflammatory infiltrate of the
media and/or intima.

" Positive doppler of temporal arteries = halo sign on at least one temporal
artery.

""" Delta TVS and delta PETVAS are the differences of scores between PET1
and PET2 (a negative value indicates a lower score at TEP2).

PET: positron emission tomography; TVS: total vascular score; PETVAS: PET

vascular activity score.

3.3. Value of PET/CT for predicting subsequent relapses

First, we studied the discriminatory power of PET1 to predict
occurrence of relapse among our population of 65 patients. The AUC of
the TVS was 51.9 at 6 months, 55.3 at 1 year, 55 at 2 years and 62.3 at 3
years. The AUC of the PETVAS was 41.9 at 6 months, 49.7 at 1 year, 55.7
at 2 years and 61.9 at 3 years. The ROC curves are shown in Fig. 3.

Second, the discriminatory power of PET2 to predict relapse was
estimated in the 55 patients who had a follow-up PET/CT during a
period of remission. The AUC was adjusted for the dose of prednisone
(mg/day of prednisone equivalent) at the time of PET2 and for the delay
from GCA diagnosis to the follow-up PET/CT (in days). The adjusted
AUC of the TVS was 46.1 at 3 months, 52.1 at 6 months, 51.4 at 1 year
and 58.4 at 2 years. The adjusted AUC of the PETVAS was 46.7 at 3
months, 48.9 at 6 months, 48.3 at 1 year and 52.3 at 2 years (Fig. 4).

Furthermore, we investigated the correlation between PET2 vascular
activity scores (TVS and PETVAS) and time to prednisone taper after
PET2. To this end, we analyzed regression lines and correlation
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Fig. 2. Relapse-free survival curves
A: Time from diagnosis to first relapse; B: Time from control PET/CT (PET2) to
first relapse.

coefficients between TVS and PETVAS scores and the time lapse before
the prednisone dose was lowered to the next threshold, defined as 15
mg/d, 10 mg/d, 7.5 mg/d, 5 mg/d or 0 mg/d, in order to highlight the
possible prescribing bias induced by knowledge of PET/CT results when
establishing the course of prednisone dose tapering. We found no cor-
relation between prednisone taper and PET/CT results for either TVS (r
= 0.259, p = 0.054) or PETVAS (r = 0.198, p = 0.14), which suggests
that clinicians did not significantly take the PET2 result into account
when deciding whether to continue tapering prednisone or not (Fig. 5).

4. Discussion

PET/CT plays an increasingly important role in the diagnosis of GCA,
especially LV-GCA [4,16]. GCA activity is monitored through clinical
signs and biological markers of inflammation, particularly CRP. How-
ever, the increasing use of tocilizumab for the treatment of GCA com-
plicates the follow-up of these patients, since tocilizumab blocks the
production of the main markers of inflammation (CRP, fibrinogen) and
consequently interferes with the ESR [17,18]. As a result, the use of
PET/CT to monitor GCA activity has increased dramatically in recent
years. Therefore, it is important for clinicians to be able to analyze
PET/CT images precisely and in more detail, using a semi-quantitative
approach that allows scores to be assessed.

Two scores are currently used: the TVS and, more commonly, the
PETVAS, the latter of which does not include the arteries of the lower
limbs in the calculation of the score, as these are arterial segments often
affected by atherosclerotic lesions that can lead to hypermetabolism on
PET-CT without true vasculitis [12]. The value of these scores correlates
well with the activity of the vasculitis. TVS [19,20] and PETVAS [11,12]
are indeed higher at GCA diagnosis than when GCA is in remission under
treatment. PETVAS is able to distinguish clinically active and inactive
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LVV with a sensitivity of 60 % and a specificity of 80 %, with a PETVAS
>10 threshold [11]. However, 80 % of patients with GCA in apparent
remission retain hypermetabolic segments on PET-CT. This raises the
question of the predictive value of this persistent hypermetabolism [21].

In the present study, our results demonstrate that neither PETVAS
nor TVS was predictive of occurrence of subsequent relapse, with all
AUCGs close to 0.5 for both scores. This suggests that PET-CT may help
clinicians to assess the activity of vasculitis at a given time, but not to
predict its evolution in the medium or short term and therefore to adjust
the follow-up or treatment of patients.

Our results are in line with those of other studies, which often

73

included patients with GCA or Takayasu arteritis in both TVS [19,20]
and PETVAS [11]. The study by Grayson et al. is one of the few to show
that the value of PETVAS can predict the risk of relapse during subse-
quent follow-up [12]. They performed a prospective analysis of patients
with Takayasu’s arteritis (n = 26) and GCA (n = 30) who underwent
serial PET/CT at 6-months interval during the course of the disease.
After centralized review PET/CT, the risk of relapse was compared be-
tween patients with PETVAS < or > 20 points thus showing that PETVAS
> 20 during follow-up was associated with an increased risk of relapse
compared to patients with PETVAS < 20 points (55% vs 11 %, p =
0.003). These differences between the results of the Grayson et al. study
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and our study may be explained by several factors. First, the Grayson
et al. study included patients with GCA and Takayasu’s arteritis,
whereas our study included only GCA. Secondly, the 26 patients with
GCA in the Grayson et al. study had GCA for 2.6 +/- 2.7 years at the time
of inclusion, whereas all patients in our study had their first PET-CT scan
at the time of diagnosis of GCA. It is therefore possible that the patients
included in the Grayson et al. study were more refractory than those in
our study and therefore at greater risk of relapse. This may explain why
some of them maintained a PETVAS of more than 20 points, which is
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relatively high. In fact, only 4/55 (7 %) patients in our study had a
PETVAS > 20 points at the time of PET2.

In addition, a number of factors may affect the results of follow-up
PET/CT and explain the heterogeneity of results in these studies [11,
12,19-21], including the treatment of GCA and the time elapsed between
diagnosis and follow-up PET/CT. Some authors have indeed suggested
that the metabolic response is greater with methotrexate and tocilizu-
mab than with prednisone alone [8]. In our cohort, most patients were
treated with prednisone, which did not allow us to identify a difference
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between the two groups.

In most studies, the lack of association between the persistence of
low vascular activity and an increased risk of relapse raises questions
about the persistence of smoldering inflammation [11]. This could of
course correspond to low-grade vascular inflammation, but the fact that
it is not significantly associated with an increased risk of relapse suggests
that this is not always the case. It is also possible that the
semi-quantitative approach (grade 0-3) used to assess the TVS and
PETVAS scores is not sensitive enough to discriminate precisely between
patients with active and inactive disease. It would therefore probably be
useful to have more quantitative approaches based on standard uptake
values. We also hypothesized that glucose consumption detected by
18EDG PET/CT can be assumed by non-inflammatory cells involved in
vascular remodeling, such as smooth muscle cells and myofibroblasts,
which proliferate in the arterial wall and whose activation and prolif-
eration is less controlled by treatments such as prednisone [22,23]. New
tracers other than '®FDG could help to discriminate inflammation from
vascular remodeling. Along this line, recent data have shown that
58Ga-DOTATATE PET/MRI, that specifically links to somatostatin re-
ceptors expressed by activated macrophages, had excellent sensitivity
for detecting vascular inflammation in GCA and TAK [24]. Its ability to
correlate better with GCA activity than '®FDG PET/CT, to predict risk of
relapse or even to distinguish between inflammation and vascular
remodeling has not yet been investigated but could lead to major ad-
vances in the coming years.

We acknowledge that our study has some limitations. First, patients
were included in different centers from 2009 to 2020 with various PET
techniques and resolutions. Systematic centralized double reading of all
PET/CT was not possible due to the retrospective nature of our study.
However, all PET/CT were interpreted by at least one nuclear physician,
including a standardized semi-quantitative evaluation [25]. In addition,
PET1 were performed within 3 weeks of initiation of corticosteroid
therapy, a period during which the sensitivity of PET/CT could be
reduced by the treatment. Another limitation is that the clinician pre-
scribing the PET2 was aware of the imaging results, which may have
influenced therapeutic decision making and therefore the risk of relapse.

In conclusion, our study in patients with evidence of LVV in PET/CT
at the time of diagnosis shows that the extent of vascular hypermetab-
olism measured by FDG PET/CT at the diagnosis of GCA or during
follow-up within 3 to 12 months, whether assessed by PETVAS or TVS, is
not sufficiently discriminatory to assess the risk of relapse or to guide
therapy.
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