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Objective. To define the proportions of agreement between fluorine-18-fluorodeoxyglucose (18F-FDG) positron
emission tomography/computed tomography (PET/CT), clinical diagnosis, and temporal artery biopsy (TAB) in
patients with polymyalgia rheumatica (PMR) and giant cell arteritis (GCA). Furthermore, the association of 18F-FDG
PET/CT uptake patterns and clinical presentation of newly diagnosed PMR and GCA was investigated.

Methods. Eighty patients newly suspected of having PMR, GCA, or concomitant PMR and GCA were included
and followed for 40 weeks. Every patient underwent an 18F-FDG PET/CT scan before or within 3 days of initiation of
steroids in case of GCA. FDG uptakes in 8 paired articular/periarticular sites and 14 arterial segments were evaluated
based on a 4-point visual grading scale.

Results. Of the 80 patients (female: 50 [62.5%]; mean age + SD: 72.0 + 7.9), 64 (80.0%) patients were diagnosed
with pure PMR, 3 (3.7%) with pure GCA, and 10 (12.5%) with concomitant PMR and GCA. Additionally, three (3.7 %)
patients were diagnosed with seronegative rheumatoid arthritis during the follow-up period. For the diagnosis of
PMR, 18F-FDG PET/CT had a proportion of agreement of 75.3 (64.2-84.4), compared with clinical diagnosis. When
comparing findings of 18F-FDG PET/CT with TAB, 18F-FDG PET/CT had a proportion of agreement of 93.0 (84.3-
97.7) in all included patients and 69.2 (38.6-90.9) in the subgroup of patients with vasculitis. C-reactive protein was
significantly higher in patients with PMR activity on 18F-FDG PET/CT compared with those without 18F-FDG PET/
CT activity (P value = 0.006).

Conclusions. 18F-FDG PET/CT is a powerful imaging technique in PMR and GCA that was in good agreement

with clinical diagnosis and TAB.
INTRODUCTION

Prompt and accurate diagnosis of polymyalgia rheumat-
ica (PMR) and giant cell arteritis (GCA) is critical to initiate cor-
ticosteroid treatment and prevent ischemic complications of
GCA. In this regard, several imaging modalities, including ultra-
sound, magnetic resonance imaging, computed tomography

ClinicalTrials.gov Identifier: NCT02985424

The present study is funded by the region of Southern Denmark, the
Danish Rheumatism Association, Department of Medicine at Svendborg
Hospital, University of Southern Denmark, Odense University Hospital, and
A.P Mgller Fonden.

'Amir Emamifar, MD, Torkell Ellingsen, MD, PhD, Sgren Hess, MD, Oke
Gerke, PhD, Henrik Petersen, MD, Niels Marcussen, MD, Peter Thye-Rgnn,
MD, PhD: University of Southern Denmark, Odense, Denmark; *Amir
Emamifar, MD, Rasmus Hviid Larsen, MD, Per Syrak Hansen, MD, Inger Marie
Jensen Hansen, MD, PhD, Michael Dahlstrgm, MD, Pia Toftegaard: Svendborg
Hospital, OUH, Svendborg, Denmark; 3Amir Emamifar, MD: Odense Patient

478

(CT), and fluorine-18-fluorodeoxyglucose positron emission
tomography/CT (18F-FDG PET/CT), have been introduced to
help confirm the diagnosis. The recent European League Against
Rheumatism (EULAR) recommendations for the use of imaging in
large-vessel vasculitis in clinical practice emphasizes the need for
an early and complementary imaging test, but there is still debate
over the most appropriate test (1,2). Recently, 18F-FDG PET/CT
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has been investigated in a number of PMR and GCA studies, and
they’ve shown high diagnostic accuracy for the detection of both
PMR and GCA (3). It can detect extracranial involvement of the
large vessels, ie, aorta and its main branches, and is also bene-
ficial to reveal occult malignancy that mimicks the symptoms of
PMR and GCA (4-6). GCA may involve the aorta and its major
branches, and it characterizes a subset of disease, namely
large-vessel GCA (LV-GCA) (7,8). GCA poses several diagnostic
challenges. Although with moderate sensitivity, temporal artery
biopsy (TAB) is still considered the gold standard for the diagnosis
of cranial-GCA (C-GCA) (9,10). However, TAB is invasive and may
alter disease management in only a few patients (11). In patients
with LV-GCA, classic cranial symptoms are less frequent, and
diagnosis of vasculitis often relies on imaging findings (8). Addi-
tionally, about 10% to 30% of patients presenting with pure PMR
have underlying GCA (12).

Until now, the attenuated diagnostic performance of 18F-
FDG PET/CT after initiation of corticosteroids as well as its inability
to detect inflammation in the cranial arteries has been considered
a downside to 18F-FDG PET/CT. However, the results of a recent
Danish study demonstrated the existence of a diagnostic window
of opportunity within the 3 days of initiation of high-dose corticos-
teroids in patients with LV-GCA (13). Moreover, 18F-FDG PET/CT
demonstrated high sensitivity and specificity in detecting inflamed
cranial arteries in steroid-naive C-GCA patients, using an elab-
orate and time-consuming technique, which suggests that TAB
could be eliminated (14).

Taking all these considerations into account, in the present
study we aimed to explore the association of 18F-FDG PET/
CT uptake patterns and the clinical presentation of newly diag-
nosed PMR and GCA. Furthermore, the proportions of agreement
between 18F-FDG PET/CT, TAB, and clinical diagnosis of PMR
and GCA were investigated.

MATERIALS AND METHODS

Study design and setting. This is a prospective, obser-
vational, and cross-sectional study. The study was performed at
the Diagnostic Center, Svendborg Hospital, in collaboration with
the section of Rheumatology, Svendborg Hospital, Svendborg,
between February 2018 and December 2019. The 18F-FDG PET/
CT scans were undertaken at the Department of Nuclear Medi-
cine, Odense University Hospital. Ethical approval was obtained
from the Regional Ethics Committee of the Region of Southern
Denmark (identification number: S-20160098) and the Danish
Data Protection Agency (J.nr 16/40522). This study was also reg-
istered at ClinicalTrials.gov (Identifier: NCT02985424).

Participants. Patients who were newly suspected of hav-
ing PMR, GCA, or concomitant PMR and GCA and who were
referred from primary care physicians or hospitalized at our hospi-
tal were considered for entry into the study after initial clinical and

paraclinical investigation at the Diagnostic Center. All suspected
patients were consecutively screened to see if they met the inclu-
sion criteria that is described in the protocol (15,16). Briefly, to
fulfill suspected PMR, five components of the following criteria
had to be present: age 50 years or older, bilateral shoulder or
hip pain, morning stiffness lasting more than 45 minutes, elevated
erythrocyte sedimentation rate (ESR), elevated C-reactive protein
(CRP), and disease duration of more than 2 weeks.

Regarding C-GCA, the following criteria were considered:
age 50 years or older and elevated ESR/CRP, together with at
least two symptoms related to vasculitis (scalp tenderness, vision
disturbances, headache (new or changed), jaw claudication, or
tenderness of the temporal arteria) (17). However, one cranial
symptom was enough to suspect C-GCA in patients also sus-
pected of having concomitant PMR. Patients with clinical suspicion
of LV-GCA (ie, upper-extremity claudication and upper-extremity
blood pressure discrepancies) were also eligible for inclusion.

Patients were not included in the study if they met one of the
following exclusion criteria:

1. Infections, malignancy, or any other conditions where predni-
solone was permanently unsuitable.

2. Contraindication to 18F-FDG PET/CT (blood glucose >145
mg/dL after 6 hours fasting)

3. Initiation of steroid treatment more than 3 days prior to
18F-FDG PET/CT.

4. Inability to provide informed consent

5. Patients with dementia or inability to communicate in Danish.

Data collection. Patients’ demographics, clinical eval-
uation, Charlson comorbidity index score (18), laboratory tests,
TAB results, and 18F-FDG PET/CT scan findings were col-
lected and managed by means of REDcap (Research Electronic
Data Capture), which is a secure, web-based software platform
designed to support data capture for research studies at the Open
Patient data Explorative Network (19).

Demographic data, clinical evaluation, and Charlson comor-
bidity index score were recorded at enrollment after provision of
informed consent. As a routine procedure in our center, all referred
patients were asked to provide blood samples the same day or a
day before the initial visit at the Diagnostic Center, which facilitated
the process of making the diagnosis and enrolling the patients
shortly thereafter.

18F-FDG PET/CT imaging as the index test. Every
included patient underwent an 18FDG-PET/CT scan before or
within 3 days of initiation of steroids in the case of GCA. Results of
18F-FDG PET/CT scan were blinded to both the treating clinicians
and patients, and clinical information other than project inclusion
was blinded to the nuclear medicine physicians.

18F-FDG PET/CT was performed according to department
protocol based on the European Association of Nuclear Medicine
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(EANM) guidelines on a GE Discovery PET/CT scanner (General
Electrics) (20,21). The scan field of view was 70 cm. Attenuation
correction was based on the low-dose CT scan. The PET data
were reconstructed into transaxial slices with a matrix size of 256
x 256 (pixel size = 2.74 mm) and a slice thickness of 3.75 mm
using iterative 3D ordered subset expectation maximization (3 iter-
ations, 24 subsets) with corrections for time-of-flight (GE VPFX)
and point-spread-blurring (GE sharplR). Corrections for attenua-
tion, randoms, deadtime, and normalization were done inside the
iterative loop. Analysis of low-dose CT, PET, and fused PET/CT
data was done on a GE Advantage Workstation v. 4.4. Prior to
the scan, patients fasted for at least 6 hours and for 60 minutes
after injection of a weight-adjusted dose FDG of 4 MBag/kg (mini-
mum: 200 MBq, maximum: 400 MBgq). During scanning, patients’
arms were positioned above the head. A low-dose CT without
contrast enhancement was obtained from the vertex of the skull
to the proximal femora for anatomic correlation and attenuation
correction of PE images.

Image analysis. 18F-FDG PET/CT images were not initially
assessed routinely but only evaluated with regards to incidental
findings requiring further diagnostic interventions. Such findings
were relayed to the treating clinicians. The full sets of scans were
reviewed by two experienced nuclear medicine physicians at the

191 patients (screening)

Department of Nuclear Medicine, who were blinded to all clini-
cal and laboratory data. FDG uptake patterns were recorded in
a descriptive manner in 8 paired articular/periarticular sites—ie,
shoulder joints (including acromioclavicular joint), sternoclavic-
ular joints, interspinous ligament, hip joints (including iliopectinal
bursae), greater trochanter, symphysis pubis enthesis, ischial
tuberosity, bursae interspinous (cervical/lumbar)—and 14 arterial
segments—ie, aorta, subclavian, axillary, common carotid, inter-
nal carotid, external carotid, vertebral, temporal, maxillary, basilar,
common iliac, internal iliac, external iliac, and femoral—for each
individual patient. FDG uptakes in these sites were evaluated
based on a four-point visual grading scale (VGS), as described
in earlier studies, with 0 = no uptake, 1 = slight but not negligible
uptake, lower than liver uptake, 2 = intermediate uptake, equiva-
lent to liver uptake, 3 = high-grade uptake, higher than liver uptake
(22-24). Each site was assessed by both readers individually, and
then a consensus FDG uptake grade was determined for each
articular/periarticular site as well as arterial segments in every indi-
vidual patient. We evaluated FDG uptake as being pathologic and
nonpathologic with two different VGS cutoffs. Initially, pathologic
and nonpathologic uptakes were considered as VGS of 3 or more
and less than 3, respectively. At the next step, we reanalyzed our
results, whereas VGS of 2 or more and less than 2 were defined
as pathologic and nonpathologic uptakes, respectively, because

Patients fulfilled the exclusion criteria
or did not agree to participate (n= 111)

80 patients (fulfilled the inclusion criteria)

77 patients
Concomitant PMR and Pure GCA
GCA (n=10) (n=3)

Change in diagnosis during follow-up
period (n=3)

Pure PMR
(n=64)

Figure 1. Patient flow diagram. GCA, giant cell arteritis; PMR, polymyalgia rheumatica.
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there was no consensus in the available literature. Total PMR and
GCA scores were derived from the sum of VGS in each articular/
periarticular site and arterial segment, respectively.

The 18F-FDG PET/CT scan was considered positive for PMR
if there was a pathologic uptake at any articular/periarticular sites
and positive for GCA if there was a pathologic uptake at any arte-
rial segments.

Clinical diagnosis as a reference test. PMR is a clin-
ical diagnosis, and in case of GCA, TAB suffers from a lack of
sensitivity as mentioned earlier. Based on the written protocal, all
patients were followed for 40 weeks after the initial diagnosis. This
time point was sufficient for the clinicians to confirm or reject the
diagnosis of PMR and GCA. This method was previously used in
several leading studies (10,25). To ensure that clinical diagnosis
was made independently from the index test, treating clinicians
were blinded with regard to 18F-FDG PET/CT findings during the
follow-up, except incidental findings that required further diagnos-
tic workup. We did not change our clinical diagnoses after unre-
vealing the 18F-FDG PET/CT results because 18F-FDG PET/CT
is still under investigation for its future potential in clinical use.

TAB as a gold standard for GCA. All included patients
were asked to do a unilateral TAB. The unilateral TAB was taken at
the otolaryngology section at our hospital according to the current
guideline (26). In patients with cranial symptoms, TAB was taken
from the symptomatic side. Results of TAB were described as
active arteritis, healed arteritis, suspect for vasculitis, normal or
arteriosclerotic, and not representative. Active arteritis on TAB was
initially considered a positive result. For further investigation, we
reanalyzed our data considering active arteritis and healed arteritis
as positive results. The pathologists were blinded to the 18F-FDG
PET/CT findings, but not to the clinical data, as these were acces-
sible through patients’ medical records.

Not all patients were steroid-naive at the time of TAB, as pre-
viously shown vessel wall infiltrates persisted over months to years
after steroid treatment (27). The TAB procedure was described in
detail in the protocol (15).

Statistical analysis. Data are presented as means (+ SD) or
(SEM) or median (interquartile range) depending on their distribu-
tions. Comparisons of the data between patients with 18F-FDG
PET/CT uptakes compatible with pure PMR, pure GCA, concom-
itant PMR and GCA, and neither PMR nor GCA were made with
the Kruskal-Wallis test. A comparison of two binary variables was
performed using the Chi-squared test. Total PMR (range: 0-24)
and GCA (range: 0-42) scores were defined as the sum of VGS
in each articular/periarticular site and arterial segment, respectively.
When the score differed from right to left side, the highest score was
considered. Wilcoxon rank-sum test (Mann-Whitney U test) was
used to compare total PMR and GCA scores in patients with and

without PMR and GCA symptoms (ie, constitutional, shoulder and
hip girdles, cranial) as well as VGS for each articular/periarticular
and arterial segment between two clinical diagnoses. Correlation
analysis was performed using Spearman correlation coefficients
(r). Proportions of agreement (primary analysis) between 18F-FDG
PET/CT findings and clinical diagnosis of PMR as well as 18F-FDG
PET/CT findings and TAB for the diagnosis of GCA were calculat-
ed. Furthermore, sensitivity, specificity, positive predictive value, and
negative predictive value were assessed using either clinical diag-
nosis or TAB as the reference, supplemented by 95% confidence
intervals (95% Cl). Exploratory data-driven cutoff values were also
determined for optimal sensitivity and specificity, in case of PMR. A
P value was considered significant if P < 0.05. No method of im-
putation was used for missing data. The statistical analysis plan is
presented as an appendix. Statistical analysis was performed using
STATA version 16.0 (StataCorp). Graphs were plotted using STATA
and ems package in R program version 3.6.

RESULTS

In total, 191 consecutive patients, referred to the Diagnostic
Center with suspected PMR or GCA, were screened to be included
in the study. One hundred eleven patients fulfilled the exclusion
criteria or did not agree to participate. Eighty patients who fulfilled
the inclusion criteria and were willing to give written consent were
included in the study. Three patients were diagnosed with seron-
egative rheumatoid arthritis during 40 weeks of follow-up (Figure
1). The baseline characteristics of patients together with clinical
examinations, lab results, and initial prednisolone dose are sum-
marized in Table 1.

Pathology results of TAB. Out of 80 patients, 9 patients
did not agree to undergo TAB. Of those from whom biopsy was
taken (n = 71), four (56.6%) patients had active arteritis and three
(4.2%) had healed arteritis on TAB (Supplementary Table 1).
The median interval between initial diagnosis and TAB was 7 (inter-
quartile range: 6-10) days. In patients with the clinical diagnoses
of pure GCA (n = 3) and concomitant PMR and GCA (n = 10), TAB
showed active arteritis in three (100%) and one (10%) patients,
respectively. Three (4.7%) out of 64 patients with pure PMR had
signs of healed arteritis on TAB.

18F-FDG PET/CT results. Results of 18F-FDG PET/CT
according to clinical diagnoses are summarized in Table 2 and
Supplementary Table 2. Increased FDG uptakes in paired articular/
periarticular sites in PMR and arterial segments in GCA are illus-
trated in Figure 2 and Figure 3. Out of 64 patients with the clinical
diagnosis of pure PMR, 1 (1.6%) (pathologic uptake cutoff of >3)
and 6 (9.4%) (pathologic uptake cutoff of >2) patients showed
signs of vasculitis on 18F-FDG PET/CT, depending on the cut-
off values used for definition of pathologic uptakes. Twenty-one
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Table 1. Baseline characteristic of the patients (n = 80) Table 1. (Cont’d)

Physical examination
Left systolic blood pressure*, mm/Hg

137 (127.5-152)

Baseline characteristic Results Baseline characteristic Results
of the patients (n =80) of the patients (n =80)
Agey 720+79 Scalp tenderness to palpitation, n (%) 4 (5.7%)
Female gender, n (%) 50(62.5%) Lab results, [reference values]
Body mass index*, kg/m? 25.4(22.0-279) Hemoglobin*, mmol/L [8.3-10.5] 76(7.2-8.2)
Smoking status, n (%) Leucocytes*, T0E9/L [3.50-8.80] 9.4(8.0-11.1)
Never smoker 27 (33.7%) Platelet*, TOE9/L [145-350] 3475
Smoker (including former smoker) 53 (66.2%) (294-446.5)
Alcohol status, n (%) Albumin®, g/L [34-45] 41 (39-43)
<6 units per week 58 (72.5%) Vitamin D, nmol/L [50-160] 82.2+2938
>6 units per week 22 (27.5%) ESR*, mm [2-20] 53 (38-77)
Duration of symptoms before diagnosis, n (%) CRP*, mg/L [ <6.0] 37 (17-63)
2-4 weeks 18 (22.5%) Fibrinogen*, umol/L [5.2-12.6] 15 (13.1-17.2)
5-8 weeks 33 (41.2%) Immunoglobulin A*, g/L [0.70-4.30] 2.7 (2.0-3.6)
9-16 weeks 17(21.2%) Immunoglobulin G*, g/L [6.1-15.7] 10.1 (8.7-11.9)
17-24 weeks 5 (6.2%) Immunoglobulin M*, g/l [0.40-2.30] 0.8 (0.5-1.3)
>24 weeks 7 (8.7%) Serum-free light chains*, [0.60-1.56] 1.2 (1.0-1.5)
Initial symptoms, n (%) RF positive, n (%) 8 (10%)
Weight loss 31 (38.7%) Anti-CCP positive, n (%) 3(3.7%)
+ Weight loss*, kg 4(2-5) ANA positive, n (%) 16 (20.2%)
Tiredness 76 (95.0%) C-ANCA positive, n (%) 2 (2.6%)
Fever 17(21.2%) P-ANCA positive, n (%) 1(1.3%)
Neck pain 54(68.3%) Prednisolone initial dose, mg/d* 20 (20-40)
Shoulder pain 71(88.7%) Note. Results are presented as numbers (percentage), mean + SD, or
Arm pain 70(87.5%) *median (interquartile range) depending on their distribution.
Thigh pain 65 (82.3%) Abbreviations: ANA, antinuclear antibody; anti-CCP: anti-cyclic
Buttock pain 65 (81.2%) citrullinated peptide; C-ANCA, cytoplasmic-antineutrophil cytoplasmic
Other joints pain 31 (38.7%) antibody; CRP, C-reactive protein; ESR, erythrocyte sedimentation
Morning stiffness 66 (83.5%) rate; GCA{ giant cell arteritis; P-AN(;A, perinuglear-antineutrophil
- Morning stiffness*, min 60 (30-120) cytop_l:_:ls.mlc antibody; PMR, polymyalg_la rheumatica; RA, rheumatoid
Arm dlaudication 26 (32.9%) arthritis; RF, rheumatoid factor; VAS, visual analogue scale.
Scalp pain 7 (8.7%)
New or changed headache 15 (18.7%)
Jaw claudication 11 (13.7%) patients with a pathologic uptake cutoff value of 3 or more (26.2%)
Visual disturbances 1501 8-72/0) and seven patients with a pathologic uptake cutoff value of 2
Pai?elg tlz ;2?;%@;!52* ;g 515%58/8)) or more (8.7%) di<?l not show pathologic FDG uptakes in any artic-
Patients global VAS score* 80 (60-90) ular/periarticular sites or arterial segments.
Physician global VAS score* 30(25-40) The mean + SEMfor total PMR and GCA scoreswere 12.2 +0.7
C"Q'Ca‘ g'&gR”OS'S based oninitial symptoms, n (%) 64 (80.0%) and 0.8 +0.2, respectively. The mean (SEM) of VGS for each articular/
Pji GCA 3 (3.7'% )0 periarticular site as well as arterial segment in patients whose diag-
Concomitant PMR and GCA 10 (12.5%) noses of PMR, GCA, or concomitant PMR and GCA were con-
Seronegative RA 3(3.7%) firmed during follow-up (n = 77) are illustrated in Figures 4A and 4B.
Charlson comorbidity index score* 3(2.5-4)

Ischial tuberosity, hip joint (including iliopectinal bursae), shoulder
joint (including acromioclavicular joint), and greater trochanter had

Right systolic blood pressure®, mm/Hg 135 (124-147) the highest FDG uptakes (Figure 4A). In the case of GCA, the high-
Left diastolic blood pressure, mm/Hg 821£10.7 est FDG uptakes were detected in subclavian, axillary, vertebral, and
Right diastolic blood pressure, mm/Hg 801 £11.4 . ) ) ) .
Left radial pulse, per minute 76.4+13.4 basilar arteries consecutively (Figure 4B). No FDG uptakes in tem-
Right radial pulse, per minute 75.6+137 poral and maxillary arteries were found. The mean + SEM of VGS for
Temfeméure*r °C | 36.8(36.6-37.2) each articular/periarticular site as well as arterial segment in patients
Neck tenderness to palpitation, n (%) 15 (21.4%) . - ' . .
Shoulder tenderness to palpitation, n (%) 20 (28.6%) with clinically confirmed d|agnpses of PMR, GCA, or concomitant
Arm tenderness to palpitation, n (%) 30 (42.9%) PMR and GCA are presented in Table 3.
Buttock tenderness to palpitation, n (%) 23(32.9%) VGS values for ischial tuberosity, hip joint (including iliopec-
Thigh tenderness to palpitation, n (%) 27(38.6%) tinal bursae), shoulder joint (including the acromioclavicular joint),
Restricted shoulder motion, n (%) 63 (88.7%) N ) . . .
Temporal area tenderness to palpitation, 5.(7.7%) and greater trochanter were significantly higher in patients with
n (%) pure PMR than in those with pure GCA and concomitant PMR and
Nonpulsatile temporal artery, n (%) 5(71%) GCA. VGS for subclavian, basilar, vertebral, and femoral arteries

(Continued)

were statistically significantly higher in patients with pure GCA than
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Table 2. Results of 18F-FDG PET/CT based on clinical diagnosis (pathologic cutoff of >3)

18F-FDG PET/CT Pure PMR  Pure GCA  PMR+ GCA  Seronegative RA Total
results n=:64 n=3 n=10 n=3 n=280
PMR activity 51 (79.7%) 0 (0%) 4 (40%) 1(33.3%) 56 (70.0%)
GCA activity 0 (0%) 1(33.3%) 1(10%) 0 (0%) 2 (2.5%)
PMR and GCA activity 1(1.6%) 0 (0%) 0 (0%) 0 (0%) 1(1.2%)
Neither PMR nor GCA activity 12 (18.7%) 2 (66.7%) 5 (50%) 2 (66.7%) 21 (26.2%)

Abbreviations: 18F-FDG, fluorine-18-fluorodeoxyglucose; CT, computed tomography; GCA, giant cell arteritis;
PET, positron emission tomography; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis.

in patients with pure PMR. Additionally, VGS values for aorta, sub-
clavian, axillary, common carotid, basilar, and vertebral arteries were
higher in patients with concomitant PMR and GCA compared with
patients with pure PMR, and the results were statically significant.

None of the articular/periarticular sites and arterial segments
showed a statistically significant difference of VGS in patients with
pure GCA compared with patients with concomitant PMR and
GCA when there was FDG uptake in at least one patient.

Agreement between 18F-FDG PET/CT, TAB, and
clinical diagnosis. For the diagnosis of PMR, 18F-FDG PET/CT
had a proportion of agreement of 75.3 (64.2-84.4) (Table 4 and
Supplementary Table 3).

Considering the total PMR score, a cutoff value of 9 (out
of 24) had the highest level of accuracy at 81.5% with a pro-
portion of agreement of 80, sensitivity of 79.7%, specificity of
83.3%, positive predictive value of 98.3%, and negative predic-
tive value of 25%. Further increase in the cutoff value increased

specificity, though sensitivity decreased dramatically (Supple-
mentary Figure 1).

The proportion of agreement for the diagnosis of GCA, with
18F-FDG PET/CT and TAB, in the included patients is summarized
in Table 5 and Supplementary Table 4. When comparing findings
of 18F-FDG PET/CT to TAB, 18F-FDG PET/CT had a proportion
of agreement of 93.0 (84.3-97.7) when considering positive TAB
as active arteritis (Table 5). Considering positive TAB as active and
healed arteritis, 18F-FDG PET/CT had a proportion of agreement
of 88.7 (79.0-95.0) (Supplementary Table 5).

In a subgroup analysis in those with vasculitis, ie, patients
with pure GCA and concomitant PMR and GCA, 18F-FDG PET/
CT had a proportion of agreement of 69.2 (38.6-90.9) when com-
pared with TAB (Table 6 and Supplementary Table 6). When con-
sidering positive TAB as active arteritis and healed arteritis, the
results did not change because no healed arteritis was found in
these subgroups of patients as earlier reported in Supplementary
Table 1.

Figure 2. FDG-PET whole-body MIP image (left column) and fused axial FDG-PET/CT images shows increased FDG uptake in the soft tissues
around the shoulders and hips and bilaterally at the ischial tuberosity. FDG uptake is clearly higher than liver uptake, ie, level 3 uptake, and thus

categorized as pathologic.
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Figure 3. FDG-PET whole-body MIP image (left) and sagittal PET (upper right) and fused PET/CT (lower right) images of the aorta shows
increased FDG uptake in the thoracic aorta, subclavian arteries and axillary arteries. FDG-uptake is clearly higher than liver uptake, ie, level 3
uptake, and thus categorized as pathologic. Note nodular calcification in the aorta without FDG uptake. This finding together with the diffuse
FDG uptake along the vascular wall also points to vasculitis rather than atherosclerosis as the underlying etiology for FDG uptake.

Association between clinical data and total VGS for
PMR and GCA in patients with clinically confirmed diag-
noses of PMR, GCA, or concomitant PMR and GCA. A sum-
mary of exploratory correlations between clinical data and total
VGS for PMR and GCA can be found in Supplementary Table 7.

There was a significant moderate correlation between total
VGS for PMR and CRP (r, = 0.35, P = 0.005). Additionally, total
VGS for PMR and GCA showed a significant, weak, and negative
correlation (r, = —0.29, P = 0.025). Supplementary Figure 2 illus-
trates the differences for total VGS for PMR and GCA between
each clinical diagnosis, namely pure PMR, pure GCA, and con-
comitant PMR and GCA. There was a significant difference
between total VGS for PMR and GCA when comparing them in
patients with pure PMR and pure GCA as well as pure PMR and
concomitant PMR and GCA. We found no statistically significant
difference neither for total VGS for PMR nor for GCA when com-
paring them in patients with pure GCA and concomitant PMR and
GCA.

Fibrinogen showed a significant correlation to serum levels
of CRP (r, = 0.60, P < 0.0005) and ESR (r, = 0.57, P < 0.0005).

When comparing total PMR and GCA scores in patients
with and without constitutional symptoms (weight loss, tiredness,
fever), shoulder girdle symptoms (pain and stiffness in neck, shoul-
der, and upper arm), hip girdle symptoms (pain and stiffness in

buttock and thigh), and cranial symptoms (new or changed head-
ache, jaw claudication, temporal area pain, scalp pain), total PMR
score was significantly higher in patients who had shoulder girdle
symptoms (P = 0.040) and hip (P = 0.007) and lower in patients
who had cranial symptoms (P = 0.0001). In addition, we found a
significantly higher total GCA score in patients who had cranial
symptoms (P = 0.0001) and a lower GCA score in patients who
had hip girdle symptoms (P = 0.011). No statistically significant dif-
ferences were found in total PMR and GCA scores in patients with
and without constitutional symptoms (Supplementary Table 8).

Correlation analyses between VGS for each articular/
periarticular sites as well as arterial segments in
patients with clinically confirmed diagnoses of PMR,
GCA or concomitant PMR and GCA. Correlations between
each articular/periarticular sites as well as arterial segments are
presented in Supplementary Tables 9 and 10, respectively. In
general, there were several significant correlations between VGS
of articular sites in the shoulder and hip girdles (Supplementary
Table 9). Besides, in terms of vasculitis, VGS of arterial branches
showed significant correlations with their origins—for instance,
axillary with subclavian (r, = 0.84, P < 0.0005) as well as vertebral
with subclavian (r, = 0.40, P = 0.0003) arteries (Supplementary
Table 10).
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Figure 4. The mean (standard error) of visual grading scale for each articular/periarticular site (A) and arterial segment (B).

Demographical and clinical differences based on
18F-FDG PET/CT findings in patients with clinically con-
firmed diagnoses of PMR, GCA, or concomitant PMR
and GCA. When comparing demographical and clinical data in
patients with pathologic 18F-FDG PET/CT uptake of >3, com-
patible with PMR activity, GCA activity, PMR and GCA activity,
and neither PMR nor GCA activity, CRP was significantly higher
in patients with PMR activity on 18F-FDG PET/CT compared
with those without 18F-FDG PET/CT activity (neither PMR nor
GCA) (P = 0.006). We did not observe any statistical differences

between these groups when a pathologic cutoff value of 2 or more
was considered (Supplementary Table 11).

DISCUSSION

The current study prospectively investigated the diagnostic
performance of 18F-FDG PET/CT in 80 patients with initial pres-
entation of PMR, GCA, or both compared with the clinical diagno-
sis of PMR as well as TAB in the case of GCA. For the diagnosis
of PMR, 18F-FDG PET/CT had a proportion of agreement of 75.3
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Table 3. Visual grading scale for each articular/periarticular site as well as arterial segment according to the clinical diagnoses

Pure PMR vs Pure GCA vs Pure PMR vs
Concomitant Pure GCA Concomitant PMR Concomitant PMR
Pure PMR Pure GCA PMR and GCA P Value® and GCA P Value® and GCA P Value®
Articular/periarticular sites

(mean + SEM)
Shoulder joint 24+01 03+03 14+04 0.005 018 0.014
Sternoclavicular joint 1.2+02 03+03 0.8+03 0.26 0.51 0.38
Interspinous ligament 0.2+0.1 0.0+0.0 02+0.2 0.58 0.58 0.93
Hip joint 24+01 03+03 12+04 0.003 0.21 <0.001
Greater trochanter 2.3+01 0.3+0.3 1.5+03 0.007 0.10 0.021
Symphysis pubis enthesis 1140 03+0.3 1+03 0.27 0.32 0.87
Ischial tuberosity 25+01 03+03 1.8+04 0.002 0.08 0.052
Bursa interspinous 14+0.2 0.7+07 11£0.5 0.31 0.63 0.52

Arterial segments

(mean + SEM)
Aorta 0.0+0.0 0.0+0.0 02+0.2 0.58 0.011
Subclavian 0.1 +0.1 1.7+09 06+03 0.001 0.19 0.009
Axillary 01+0.0 1.0+1.0 06+03 0.06 0.85 0.001
Common carotid 0.0+0.0 0.0+0.0 0.1+£01 0.58 0.011
Internal carotid 0.0+00 0.0+0.0 0.0+0.0
External carotid 0.0+0.0 0.0+0.0 0.0+0.0
Maxillary 0.0+0.0 0.0+0.0 0.0+0.0
Basilar 0.0+0.0 0.7+0.7 03+0.2 0.002 0.57 0.007
Vertebral 0.0+00 1.0+1.0 05+03 0.001 0.57 0.006
Temporal 0.0£0.0 0.0+£0.0 0.0+£0.0
Femoral 0.0+0.0 1.0+£1.0 0.0+0.0 <0.001 0.07 1.0
Common iliac 0.0+£0.0 0.0+0.0 0.0+£0.0
Internal iliac 0.0+0.0 0.0+ 0.0 0.0+0.0
External iliac 0.0+ 0.0 0.0+0.0 0.0+ 0.0

Bolded vallues indicate significant results.

Abbreviations: GCA, giant cell arteritis; PMR, polymyalgia rheumatica.

¢ P values are calculated by Wilcoxon rank-sum test.

(64.2-84.4). Considering the total PMR score, a cutoff value of
9 (out of 24) had the highest level of accuracy of 81.5% with a
proportion of agreement of 80, sensitivity of 79.7%, specificity of
83.3%, positive predictive value of 98.3%, and negative predic-
tive value of 25%. Of 64 patients with pure PMR, 1 (1.6%; patho-
logic uptake cutoff of >3) and 6 (9.4%; pathologic uptake cutoff
of >2) patients showed signs of vasculitis on 18F-FDG PET/CT.
Ischial tuberosity, hip joint (including iliopectinal bursae), shoulder
joint (including acromioclavicular joint), and greater trochanter had
the highest FDG uptakes, and VGS scores for these sites were

Table 4. Agreement between 18F-FDG PET/CT and clinical
diagnosis of PMR (pathologic cutoff of >3)

Clinical Clinical
18F-FDG PET/CT Diagnosis - Diagnosis +
18F-FDG PET/CT without PMR 2 18
activity
18F-FDG PET/CT with PMR activity 1 56
Total assessed 3 74
Proportion of agreement (95% Cl) 75.3 (64.2-84.4)

Sensitivity (95% Cl)
Specificity (95% Cl)

75.7% (64.3%-84.9%)
66.7% (9.4%-99.2%)
Positive predictive value (95% Cl) 98.2% (90.6%-100.0%)
Negative predictive value (95% Cl) 10.0% (1.2%-31.7%)
Abbreviations: 18F-FDG, fluorine-18-fluorodeoxyglucose; Cl, confi-
dence interval; CT, computed tomography; PET, positron emission
tomography; PMR, polymyalgia rheumatica.

statistically significant and higher in patients with pure PMR than
in those with pure GCA and concomitant PMR and GCA patients.

When comparing findings of 18F-FDG PET/CT with TAB,
18F-FDG PET/CT had a proportion of agreement of 93.0 (84.3-
97.7) in all included patients and of 69.2 (38.6-90.9) in the sub-
group of patients with vasculitis. The highest FDG uptake was
detected in subclavian, axillary, vertebral, and basilar arteries,
consecutively. No FDG uptakes in temporal and maxillary arteries
were reported. Of patients with a cutoff value of 3 or more, or
those with a cutoff value of 2 or more, 21 (26.2%) and 7 (8.7%)
patients, respectively, did not show pathologic FDG uptakes in
any articular/periarticular sites or arterial segments.

A number of previous studies investigated the diagnostic per-
formance of 18F-FDG PET or 18F-FDG PET/CT in patients with
PMR, C-GCA, or LV-GCA (5,6,25,28-37). A prospective study by
Henckaerts et al determined that in patients with steroid-naive
PMR, a total skeletal score of 16 or more in 12 articular regions
(scored on a three-point scoring system with O = no FDG uptake;
1 = moderate FDG uptake, less than liver uptake; and 2 = intense
FDG uptake, equal or more than liver uptake) had a sensitivity,
specificity, positive predictive value, and negative predictive value
of 85.1%, 87.5%, 93.4%, and 73.7%, respectively. Signs of vas-
culitis were observed in 15% of PMR patients in this study (29).
Another study by Sondag and colleagues noted that in patients
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Table 5. Agreement between 18F-FDG PET/CT and TAB in
the included patients, considering TAB positive as active arteritis
(pathologic cutoff of >3)

18F-FDG PET/CT TAB - TAB +
18F-FDG PET/CT without GCA activity 65 3
18F-FDG PET/CT with GCA activity 2 1
Total assessed 67 4
Proportion of agreement (95% Cl) 93.0(84.3-97.7)
Sensitivity (95% Cl) 25% (0.6%-80.6%)
Specificity (95% Cl) 97.0% (89.6%-99.6%)

Positive predictive value (95% Cl) 33.3% (0.8%-90.6%)
Negative predictive value (95% Cl) 95.6% (87.6%-99.1%)

Abbreviations:  18F-FDG,  fluorine-18-fluorodeoxyglucose;  Cl,
confidence interval; CT, computed tomography; GCA, giant cell
arteritis; PET, positron emission tomography; TAB, temporal artery
biopsy.

with newly diagnosed PMR or relapse of PMR compared with
patients with neoplasm as a control group, presence of 3 or more
sites with significant uptake (cutoff value of >2, scored on four-
point scale with O = no uptake, 1 = slight uptake, 2 = moderate
uptake and 3 = uptake higher than the liver) out of 17 different
sites had a sensitivity of 74% and specificity of 79%. In this regard,
shoulder, ischial tuberosity, interspinous bursae, greater trochanter,
and hips had the highest FDG uptake (28). A sensitivity of 79% for
diagnosing PMR with the aid of 18F-FDG PET/CT was reported by
Lund-Petersen et al in a retrospective study if FDG uptake at any
two of the shoulder, hip, and spinous processes were detected.
Vascular FDG uptake was seen in 7% of patients, whereas 14% of
patients had no uptake or other pathological uptakes (31).

In terms of GCA, estimation of sensitivity and specificity
were more complicated because the disease has several subtypes.
Though sensitivity and specificity of 18F-FDG PET/CT are mostly
described in patients with LV-GCA, which indicates high sensitivity
and specificity for diagnosing LV-GCA (30,34,36,37), a few recent
studies revealed the high diagnostic performance of 18F-FDG PET/
CT in detecting inflammation in the cranial vessels (14,25). For
instance in a study by Sammel et al (25) on 64 patients with newly

Table 6. Agreement between 18F-FDG PET/CT and TAB in
patients with vasculitis, ie, pure GCA and concomitant PMR and
GCA (pathologic cutoff of >3)

18F-FDG PET/CT TAB - TAB +
18F-FDG PET/CT without GCA activity 8 3
18F-FDG PET/CT with GCA activity 1 1
Total assessed 9 4

Proportion of agreement (95% Cl)
Sensitivity (95% Cl)
Specificity (95% Cl)

69.2 (38.6-90.9)
25.0% (0.6%-80.6%)
88.9% (51.7%-99.7%)

Positive predictive value (95% Cl) 50.0% (1.3%-98.7%)

Negative predictive value (95% Cl) 72.7% (39.0%-94.0%)
Abbreviations: 18F-FDG, fluorine-18-fluorodeoxyglucose; Cl, confi-
dence interval; CT, computed tomography; GCA, giant cell arteritis;
PET, positron emission tomography; PMR, polymyalgia rheumatica;
TAB, temporal artery biopsy.

suspected GCA, the sensitivity and specificity of 18F-FDG PET/
CT for the diagnosis of GCA were 92% and 85% compared with
TAB and were 71% and 91% compared with clinical diagnosis. In
their study, the subjective global assessment of the scans was con-
sidered as being positive or negative for GCA. This was of great
importance when considering the global assessment of the PET/
CT scans; as in this study, FDG uptakes were not detected in tem-
poral arteries in approximately 60% of biopsy-positive patients with
GCA. Therefore, it can be postulated, for instance if the study pop-
ulation mostly consists of pure C-GCA with individual involvement
of the temporal artery, that the sensitivity of 18F-FDG PET/CT wiil
dramatically decline. This was nearly seen in the study by Nielsen et
al, in which sensitivity dropped from 82% to 36%, considering FDG
uptakes in temporal and/or maxillary and/or vertebral arteries versus
only FDG uptakes in temporal artery (14). However, in the Nielsen et
al study, PET images were cropped by the investigators to minimize
the risk of bias to only include head and neck, and, as a matter of
fact, was different in study design from the study by Sammel et
al. Compared with the results of our study, 18F-FDG PET/CT did
not show high sensitivity for diagnosing GCA when compared with
TAB, though it had excellent specificity. This discrepancy was due
to the fact that no FDG uptakes in temporal and maxillary arteries
were detected in the current study. On the other hand, our study
population consisted of both PMR and GCA patients. When we
limited our analysis to those with vasculitis, ie, pure GCA and con-
comitant PMR and GCA, sensitivity was increased to 75% at its
best. Furthermore, arm positions (over head or by the side) during
scanning might have impacted the 18F-FDG PET/CT results. Nev-
ertheless, the clinical value of 18F-FDG PET/CT might differ in differ-
ent clinical settings. Though high sensitivity is especially important
in malignant diseases in order to not overlook the disease, in rheu-
matic diseases, specificity could be of more importance in order to
not overtreat the patients. This was why we primarily analyzed our
data based on the pathologic cutoff value of 3 or more.

One hundred ninety-one patients were referred, often by gen-
eral practitioners, to our Diagnostic Center and screened for possi-
ble inclusion in this study. With the exception of a few patients who
did not agree to participate, we found that a considerable number
of referred patients with a suspicion of PMR and/or GCA were clas-
sified with other diagnoses, mostly musculoskeletal diseases with
normal or slightly increased acute phase reactants. This points out
the complexity of PMR and GCA diagnoses that still needs more
work, though there has been great improvement in recent years.

When comparing demographical and clinical data in patients
with 18F-FDG PET/CT uptakes (pathologic cutoff of >3) compati-
ble with PMR activity, GCA activity, PMR and GCA activity, and nei-
ther PMR nor GCA activity, CRP was significantly higher in patients
with PMR activity on 18F-FDG PET/CT compared with those with-
out 18F-FDG PET/CT activity (neither PMR nor GCA). However,
no statistical differences between these groups were found when
a pathologic cutoff value of 2 or more was taken into considera-
tion. Previously, Blockmans et al and Lund-Petersen et al found
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no correlation between clinical features and PET findings (5,31). In
contrast, Rosenblum et al demonstrated significant associations
between clinical factors, ie, age, body mass index, as well as CRP
and arterial FDG uptake (38). Additionally, the total PMR score was
consistent with patients’ symptoms of shoulder and hip, and the
total GCA score was consistent with cranial symptoms.

Total VGS for PMR and CRP were moderately correlated
(ro =0.35). Additionally, total VGS for PMR and GCA showed a
significant, weak, and negative correlation (r, = —0.29). The latest
finding suggests that the higher global burden of PMR on 18F-
FDG PET/CT is associated with the lower global burden of vas-
cular involvement. This may indicate that, in clinical practice, the
PMR patients presenting with a typical PMR picture, with inten-
sive involvement of shoulder and hip, have a lower risk of vas-
cular involverment compared with those with atypical and milder
symptoms. However, because of the exploratory nature of these
findings, this should be confirmed by future studies.

The strengths of the current study include the following:
Firstly, all PMR patients were steroid-naive at the time of per-
forming 18F-FDG PET/CT. In the case of GCA, all scans were
performed within 3 days of treatment initiation. Secondly, the
diagnosis of PMR and GCA was confirmed by 40 weeks of
follow-up, which minimized the risk of bias due to misdiagno-
sis and misclassification. This approach was also described in
numbers of previous studies. For instance, in the 2016 TABUL
ultrasound study, 6-month follow-up assessment was used to
confirm the final diagnosis (10). Thirdly, in all patients—including
PMR patients—TAB was performed. Fourthly, nuclear medicine
physicians were blinded to the clinical and laboratory data, and
treating clinicians were blinded to the findings of 18F-FDG PET/
CT during the follow-up period, except for serious incidental find-
ings. Lastly, and more importantly, this study reflected the real-life
diagnostic dilemma of PMR and GCA in daily clinical practice and
represented a variety of phenotypes of the disease spectrum.

Our study had some limitations. First of all, the imaging
interpretation we used in this study was based on visual scoring.
This method of interpretation, though commonly used previously,
is remarkably investigator dependent with interobserver variability.
Furthermore, individual differences in general FDG uptake, distri-
bution, metabolic activity, and the time lapse between injection
and scanning may impact uptake in the liver that was the basis for
VGS assessment, although steps were taken to standardize the
imaging protocol (6). Secondly, 18F-FDG PET/CT was performed
within 3 days of treatment initiation in the case of GCA, which was
due to fear of ischemic complications and blindness. Although,
this exact diagnostic window for performing 18F-FDG PET/CT
in new-onset LV-GCA patients has been proposed by Nielsen et
al, whether this could be generalized to newly diagnosed C-GCA
patients, still needs to be confirmed in future studies (13). Thirdly,
cranial vessel uptake assessment in this study was limited to tem-
poral, maxillary, basilar, vertebral, and carotid arteries. However,
the involvement of other cranial arteries, for example occipital or

facial, has been addressed in previous studies (25,39). Perhaps,
visualization of additional cranial arteries would result in increased
sensitivity. At last, our results should be interpreted cautiously in
case of GCA, as the number of patients with GCA in our study
was limited. It is also worth mentioning that the expected FDG
uptake in healed arteritis on TAB is likely less than active arteritis,
which is why we analyzed our data on two occasions.

The results of the present study have a high degree of gen-
eralizability. Our study population represented a real-life PMR and
GCA population with varied phenotypes of the disease and was
not limited to a specific subtype of the disease. Furthermore, the
VGS used for interpretation of 18F-FDG PET/CT has been fre-
quently used in dalily clinical settings. Though 18F-FDG PET/CT is
largely accessible in Denmark and expenses are covered by the
Danish health insurance system, availability and cost of 18F-FDG
PET/CT may hamper the generalizability of this method in some
international centers.

To summarize, there is great heterogeneity in the literature
regarding the diagnostic performance of 18F-FDG PET/CT in
patients with PMR and GCA. This is partly due to the nature of
PMR and GCA disease with variable phenotypes and study pop-
ulations and partly because several methods of assessment are
used for interpretation of 18F-FDG PET/CT—ie, the number of
sites evaluated, VGS versus semiquantitative assessment (eg,
standardized uptake value metric, target-to-background ratios,
etc), or both. In conclusion, we found 18F-FDG PET/CT to be a
valuable imaging technique in PMR that was in good agreement
with clinical diagnosis. Additionally, we found it can detect under-
lying GCA in patients with PMR. 18F-FDG PET/CT can also help
with the diagnostic workup of PMR and GCA patients to rule out
other mimics of the disease, especially in the case of PMR. How-
ever, particular attention should be paid to the patients with indi-
vidual inflammation in the cranial arteries, in which the sensitivity
of 18F-FDG PET/CT is influenced by the small diameter of these
vessels, though with excellent specificity.
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