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Abstract

Objective  Wegener’s granulomatosis (WG) is a relatively
rare disease characterized by granulomatous necrotizing
vasculitis that primarily involves small- and medium-sized
vessels. Systemic findings observed on '*F-fluorodeoxy-
glucose (FDG) positron emission tomography (PET)/
computed tomography (CT) have not been well reported.
The purpose of this study was to evaluate the FDG PET/CT
imaging in the diagnosis and follow-up of patients with
WG.

Materials and methods Thirteen FDG PET/CT images
obtained for 8 patients (2 men and 6 women) with WG
were retrospectively analyzed. Of these, 6 were performed
for diagnosis, 2 for restaging and follow-up, and 5 for
assessment of treatment efficacy. Maximum standardized
uptake values (max SUVs) and visual analyses were used
to interpret the FDG PET/CT images. In addition, nonen-
hanced CT findings obtained during FDG PET/CT were
described.
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Results WG lesions of the upper respiratory tract and
lung were more clearly detected by FDG PET/CT fusion
imaging than by nonenhanced CT alone, and all of the
active lesions showed decreased FDG uptake after treat-
ment. In addition, FDG PET/CT can provide complemen-
tary information to indicate biopsy site based on FDG
uptakes.

Conclusions FDG PET/CT is a feasible modality for
evaluating lesion activities, therapeutic monitoring, and
follow-up of WG. Furthermore, biopsy sites of WG lesions
may be determined by FDG PET/CT.
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Introduction

Wegener’s granulomatosis (WG) is a relatively rare
disease characterized by granulomatous necrotizing vas-
culitis that primarily involves small- and medium-sized
vessels. WG was initially described as a rhinogenic
granulomatous disease by Friedrich Wegener in 1936 [1].
It usually affects middle-aged individuals, (average age,
50 years), and males and females are affected at equal
rates. The majority of clinical cases are seen in Cauca-
sians [2]. No specific etiology has been identified to
date, although WG etiology is associated with the pres-
ence of circulating antineutrophil cytoplasmic antibodies
(ANCA) directed against proteinase 3 (PR3) or myelo-
peroxidase (MPO) [3, 4]. Untreated patients rapidly
develop severe inflammation and renal failure, which can
prove life threatening if not treated on time. Early
diagnosis is, therefore, important for the improvement of
prognosis.
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Computed tomography (CT) findings for the diagnosis
of WG have been reported [5-7]. Recent case reports have
documented 18F-fluorodeoxyglucose (FDG) positron
emission tomography (PET) findings in patients with WG.
These suggest that WG exhibits relatively high FDG
uptake before treatment, which promptly decreases after
treatment [8—12]. However, no organized studies on the use
of FDG PET/CT for patients with WG have been reported.
The purpose of this retrospective study was to evaluate the
role of FDG PET/CT in the diagnosis and follow-up of a
series of WG patients.

Materials and methods
Patients and laboratory data

FDG PET/CT scans performed between April 2005 and
March 2011 at our hospital were retrospectively analyzed,
and 13 FDG PET/CT images of 8 patients (2 men and 6
women; age 39-86 years; mean age 69.8 years) with WG
were selected for analyses. On the basis of clinical and/or
biopsy findings, all patients were diagnosed with WG on
the basis of the 1990 American College of Rheumatology
criteria [13]. The results of several laboratory parameters
measured within 2 weeks of initial FDG PET/CT, includ-
ing white blood cell count (WBC), hemoglobin (Hgb),
C-reactive protein level (CRP), serum creatine, serum
blood urea nitrogen (BUN), PR3-ANCA titer, and MPO-
ANCA titer, were examined. Informed consent was waived
because of retrospective analysis. This study was approved
by the Institutional Review Board of our hospital.

FDG PET/CT technique and evaluation

Each patient was instructed to fast for more than 6 h, fol-
lowing which his/her blood glucose level was measured.
Subsequently, 185-370 MBq of FDG was administered.
An hour after injection, FDG images were acquired from
the skull vertex to the upper thighs. All studies were per-
formed using combined PET/CT tomography (Biograph
sensation 16; Siemens). Emission scans were acquired for
3 min per bed position. An ordered-subset expectation
maximization algorithm (3 iterations, 8 subsets) was used
to reconstruct all PET data. Findings of CT performed
without contrast medium (nonenhanced CT) during FDG
PET/CT (60 mAs; 120 keV; section width, 5 mm; 0.5 s/
CT rotation) were used for attenuation correction and
identification of anatomical localization.

Two board-certified radiologists/nuclear medicine phy-
sicians used visual assessments separately. One of the
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physicians measured the standardized uptake values
(SUVs). Regions of interest (ROIs) were drawn to
encompass the original location of WG lesions. Maximum
SUVs (max SUVs) in the ROIs were then recorded. For
semiquantitation, a dedicated work station was used to
obtain max SUVs in each ROL

Findings of nonenhanced CT performed during FDG
PET/CT were used for evaluation of the morphology of the
upper respiratory tract and pulmonary lesions (e.g. shape,
location, and size). The two evaluators assessed these CT
findings using visual assessment.

Statistical analysis

Continuous variables that may not have been normally
distributed because of the small number of patients or
examinations were reported as median and interquartile
ranges. Spearman’s correlation coefficients (two-tailed)
were used to evaluate whether laboratory data correlated
with max SUVs. A p value of <0.05 was considered sta-
tistically significant. SPSS ver. 18.0 for Windows (SPSS
Japan Inc, Japan) was used for all statistical analyses.

Results

The patients’ background characteristics and laboratory
data are shown in Table 1. Two of the 8 patients had a past
history of prednisone and immunosuppressant therapy. In
all but 2 patients, the WG lesions were located in the upper
respiratory tract, lungs, or kidneys. The MPO- and PR3-
ANCA levels were abnormal in 4 patients. No significant
correlation was found between max SUVs and the labo-
ratory data (WBC, Hgb, CRP, creatine, BUN, PR3-ANCA
titer, and MPO-ANCA titer). In all patients except 1, his-
tological findings were indicative of vasculitis. One patient
(Case7) was diagnosed with WG based on the symptoms of
upper respiratory tract and chest X-ray findings because she
rejected to undergo a biopsy. At the end of the observation
period, all the patients were in remission, and 2 transferred
to other hospitals.

A total of 13 FDG PET/CT scans of 8 patients were
analyzed. The subsets of patients were examined for dif-
ferent purposes, which are listed in Table 2 and described
below. The reviewers completely agreed in visual inter-
pretation and max SUVs. They then evaluated the shape
and location of WG lesions on nonenhanced CT during
FDG PET/CT using visual analysis (Table 3). In 5 patients
who underwent PET/CT examinations before and after
treatment, all lungs and upper respiratory lesions had
shrunk in size.
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Table 2 Indications and imaging characteristics of '*F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography

No Indications for BG max SUVs for nasal, throat, and max SUVs for lung Abnormal FDG uptake in other areas

PET/CT ear lesions lesions
1 Diagnosis 88 8.43 7.10 Bone marrow, mediastinal and hilar LNs, and spleen
Response 139 1.89 2.07 No finding
Diagnosis 76 254 6.79 Mediastinal and hilar LNs
Diagnosis 85 4.30 341 Sacrum and spine
Response 85 141 1.11 Esophagus and left hip joint
Follow-up 96 1.63 1.27 Esophageal cancer
Relapse 82 4.18 1.41 Stomach
Diagnosis 98 5.10 4.00 Decreased renal uptake due to renal failure
Response 184 1.62 2.12 Muscle uptake due to type 2 DM, decreased renal uptake
due to renal failure
7 Diagnosis 123 5.47 0.76 Bone marrow, spleen
Response 85 1.46 0.97 Esophagus, left pubis (fracture)
8  Diagnosis 128 7.89 0.69 Right lobe of prostate
Response 132 1.37 0.58 Right lobe of prostate

BG blood glucose, LN lymph node, DM diabetes mellitus

Table 3 Nonenhanced CT findings during '®F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/computed tomography (CT)

No Lesion characteristics and location on nonenhanced CT performed during FDG PET/CT

Nasal, throat, and ear lesions Lung lesions Kidney Others
lesions
Uptake Shape on CT Uptake location Shape on CT Shape on  Shape on CT
location CT
1 Nasal Mild mucosal thickness Bilateral lower lobes ~ Bronchial wall thickness, and No No findings
septum consolidations findings
2 Nasal Not detected Both lungs Multiple nodules and No No findings
septum consolidations findings
3 Bilateral Not detected Bilateral upper lobes ~ Multiple nodules, consolidation, = No Soft tissue
auditory and right lower lobe and pleural effusion findings  density in
tube sacrum
4 No findings No findings No findings Fibrosis and small nodules in the No Esophageal
right middle and lower lobes findings  cancer
5  Right Destruction of right maxillary No findings Atelectasis of left upper lobe No No findings
maxillary wall, soft tissue of right orbit bronchial wall thickness, findings
sinus
6 Nasal Mild mucosal thickness Bilateral lower lobes  Consolidation, IP No GB stones
septum findings
7  Bilateral Not detected Bilateral lungs Bronchitis No Compression
auditory findings  fractures
tube
8  Right Mild mucosal thickness No lesion No lesion No GB stones
maxillary findings
sinus

GB gallbladder, /P interstitial pneumonia

Diagnosis and initial activity
Of the total, 6 patients (Nos. 1, 2, 3, 6, 7, and 8) were

examined by FDG-PET/CT to diagnose. FDG uptake
revealed thickening of the nasal mucosa in 2 patients
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(Fig. 1) and exudative otitis media in 3 patients (Fig. 2), 4
of whom had lesions that were hardly detected by CT
imaging alone. The interquartile range of max SUV for the
6 patients with upper respiratory tract lesions and 4 with
lung lesions of the 6 patients was 3.86-8.03 (median 5.28)
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Fig. 1 A 79-year-old woman (Case 6) underwent FDG PET/CT after
developing a fever of unknown origin. Serum MPO-ANCA titer was
elevated to 295 U/ml, although serum PR3-ANCA titer was within
normal limits. After a biopsy performed from nasal FDG uptake area,
she was diagnosed with WG. a A maximum intensity projection
(MIP) image showing abnormal FDG uptake in the nasal mucosa
(arrow), bilateral lungs (arrow heads), and decreased renal uptake
due to renal failure. b An axial FDG PET/CT image showing
increased FDG uptake in the nasal wall (arrow; max SUV, 5.10),
although the findings of nonenhanced CT alone do not show the nasal
lesion. ¢ An axial FDG PET/CT image showing increased FDG

f0.00

uptake at the nodular shadows in both lungs (white and black arrows;
max SUV, 4.00). After the predonisolone and immunosuppressant
therapy, FDG PET/CT was performed to survey the malignancy. The
patient had type 2 diabetes mellitus due to steroid therapy. d MIP
images obtained after treatment show no FDG uptake in the nasal
mucosa and mild FDG uptake in bilateral lungs. e, f Axial FDG PET/
CT images obtained after treatment show no FDG uptake in the nasal
mucosa (max SUV, 1.62) and lungs (max SUV: 2.12). The both lung
lesions resisted antibiotic therapy. Finally we diagnosed these lung
opacities as one of the findings on WG on the basis of the treatment
response
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Fig. 2 A 65-year-old woman (Case 3) with WG underwent PET/CT.
Serum MPO-ANCA titer and PR3-ANCA titer were elevated to 27.4
and 5.5 U/ml, respectively. a An MIP image showing the abnormal
FDG uptake in the nasopharynx (arrow) and lung (arrow heads).
b An axial FDG PET/CT image showing increased FDG uptake in the
bilateral auditory tubes (white and black arrows; max SUV, 4.30),
although the findings from nonenhanced CT alone do not show
abnormality in the bilateral auditory tubes. ¢ An axial FDG PET/CT
image showing increased FDG uptake at the nodular shadows in both
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lungs (white and black arrows; max SUV, 3.41; white arrows). At
follow-up FDG PET/CT performed 5 months after treatment, both
serum MPO-ANCA and PR3-ANCA titers were within normal limits.
d Five months after treatment, an MIP image shows no FDG uptake in
the nasal mucosa and bilateral lungs (white arrows). e, f. Five months
after treatment, an axial FDG PET/CT image shows no FDG uptake in
the nasal mucosa (max SUV, 1.41) and bilateral lungs (max SUV,
1.11) (white arrows)
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and 3.56-7.02 (median 5.39), respectively. Based on FDG
uptakes, Nos. 1, 3, 6 and Nos. 2, 3 were biopsied at the
upper respiratory tract and the lung, respectively. However,
kidney lesions could not be detected by FDG PET/CT. All
patients were treated with prednisone and immunosup-
pressant therapy after diagnosis.

Treatment response evaluation

Of the total, 5 patients (Nos. 1, 3, 6, 7, and 8) underwent
FDG PET/CT for evaluating the efficacy of treatment. The
median and interquartile range of the interval between pre-
and post-treatment FDG PET/CT were 12 months and
3-34 weeks, respectively. Shortest interval between pre-
and post-treatment FDG PET/CT was 1 month (Case 1).
All patients had received chemotherapy for WG. Five
FDG-avid lesions in upper respiratory tract completely
disappeared after treatment. Five FDG-avid lesions in both
lungs were found in 5 patients before treatment. Of these
lesions, 3 showed background level FDG uptake, and 2
showed lower FDG uptake compared with blood pool or
mediastinal uptake after treatment. The interquartile range
of max SUV for the 5 patients with upper respiratory tract
lesions and 3 with lung lesions of the 5 patients was
1.39-1.75 (median 1.46) and 1.11-2.07 (median 2.07),
respectively.

Follow-up

Two patients who had been diagnosed with WG (Nos. 4
and 5) were examined by FDG PET/CET to evaluate
exacerbations of WG lesions based on physical or other
imaging modality findings during follow-up after treatment
completion. FDG PET/CT was performed in 1 patient (No.
5) to evaluate WG activity after treatment because she
developed fever. The other patient (No. 4) underwent FDG
PET/CT for staging before initiation of chemoradiotherapy
for esophageal cancer. These FDG PET/CT images showed
no active FDG uptake associated with WG lesions.

Discussion

WG is a rare type of systemic vasculitis that involves the
upper and lower respiratory tracts and the kidneys [1].
There are several reported cases in which active WG
lesions were detected by FDG PET [8-12]. The results
of our study indicated that WG lesions in the upper
respiratory tract were easier to detect by FDG uptake
during FDG PET/CT than by nonenhanced CT alone
(Figs. 1, 2).

The diagnosis of WG is occasionally delayed because of
nonspecific clinical symptoms. The use of CT for the
diagnosis of WG has been reported, although specific CT
diagnostic findings have not been confirmed because of
various lesion patterns [5-7]. A few reports have shown the
usefulness of gallium-67 citrate (Ga-67) scintigraphy for
the diagnosis and assessment of disease activity in patients
with WG [14]. Of late, there have been a few case reports
on FDG PET findings in patients with WG [8-12]. FDG
PET/CT imaging findings, including max SUV, is useful
for diagnosis as well as assessment of treatment efficacy in
patients with malignancy and inflammation, and it is
reportedly superior to Ga-67 scintigraphy in the field of
oncology [15, 16]. Our study also showed FDG PET/CT to
be a complementary modality via the indication of suitable
biopsy sites and assessment of treatment efficacy. As an
additional advantage, nonenhanced CT during FDG PET/
CT facilitates the diagnosis of WG by behaving as a
complementary modality for detecting lesions on the basis
of anatomical location. CT during FDG PET/CT frequently
showed residual lesions in the lungs after treatment, and
FDG uptake showed that these residual lesions were
inactive.

The subjects of this study had relatively low serum PR3-
ANCA titers. The correlation between PR3-ANCA titer
and WG has been well established [3, 4]. Although PR3-
ANCA testing can aid in diagnosis, the findings are not
conclusive. Conversely, a negative PR3-ANCA test result
is not enough to exclude WG diagnosis, and biopsy
remains the standard means of diagnosis [17]. This fact
suggests that FDG uptake may become one of the ideal
imaging to evaluate WG activity.

The first limitation of this study was the small sample
size. However, WG is a rare disease, and opportunities to
study FDG PET/CT images of patients with WG are rare.
Moreover, this limitation is unlikely to have affected our
conclusion because the usefulness of PET for other types of
vasculitis has been demonstrated in previous studies. A
second limitation is the various intervals between treatment
and FDG PET/CT in each patient. However, we were able
to perform FDG PET/CT within 1 month after treatment to
accurately interpret remission status.

In conclusion, this study showed FDG PET/CT to be a
useful modality for diagnosis, assessment of treatment
efficacy, and follow-up of WG, even in cases with residual
masses. In addition, FDG PET/CT can provide comple-
mentary information for the diagnosis and assessment of
WG in addition to the information obtained by ANCA
titers.
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