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Abstract

Fluorine-18-fluorodeoxyglucose positron emission tomography ([18F]FDG PET) was assessed as a
method for providing information about the malignancy of orbital tumors. Twelve patients with 13 or-
bital tumors underwent [18F]FDG PET followed by biopsy or tumor removal via a transcranial ap-
proach. The accumulation ratio between the tumor and the contralateral normal tissue (T/N ratio) was
calculated for 10 of the 13 lesions. The T/N ratio in benign lesions was compared with that in malignant
tumors. Histological examination identified 7 lesions as malignant: anaplastic astrocytoma of the optic
nerve in 1 patient, which recurred as glioblastoma of the optic nerve, malignant lymphoma of mucosa-
associated lymphoid tissue type in 1 patient, malignant melanoma in 1 patient, adenoid cystic carcino-
ma in 2 patients, and adenocarcinoma (unknown origin) in 1 patient. The T/N ratio was 1.06 ± 0.03
(mean ± standard deviation) in benign tumors, and significantly higher at 1.81 ± 0.27 in malignant
tumors (p ＝ 0.0027). Both patterns of high and iso uptake of [18F]FDG were found in orbital pseu-
dotumor. [18F]FDG PET can determine the malignancy of orbital tumors, but cannot distinguish malig-
nant tumor from inflammatory disease such as pseudotumor.
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Introduction

Preoperative determination of the malignancy of or-
bital tumors may provide important indications
about whether impaired visual acuity and residual
visual acuity can be preserved, and intracranial ad-
vancement of the tumor prevented. Whole body
fluorine-18-fluorodeoxyglucose positron emission
tomography ([18F]FDG PET) is useful to stage or mo-
nitor the disease in patients with malignant melano-
ma or malignant lymphoma.6,11,13–15) This prelimina-
ry study investigated whether [18F]FDG PET can pro-
vide significant information for preoperative deci-
sion making regarding the treatment of orbital
tumors.

Clinical Material and Methods

This study included 12 patients, 4 men and 8 women
aged 17–72 years, with 13 orbital tumors (Table 1).

All patients had presented with some symptoms
such as ocular pain, exophthalmos, progressive
lump in the eyelid, or visual loss. Magnetic
resonance (MR) imaging (Intera; Philips, Eindhoven,
the Netherlands) had identified the orbital tumors.
The patients subsequently underwent [18F]FDG PET
before surgery.

[18F]FDG PET was performed using a Headtome
SET 120W (Shimadzu, Kyoto) to obtain five 12.5-mm
thick slices with an in-plane resolution of 6.6 mm
full width half-maximum, or a ECAT ACCEL (Sie-
mens, Munich, Germany) to obtain 47 3.375-mm
thick slices with an in-plane resolution of 6.2 mm
full width half-maximum. Patients were in-
travenously injected with approximately 185 MBq (5
mCi) of [18F]FDG, and transmission and emission
scans were obtained after 40 minutes. The area of
highest uptake of [18F]FDG was enclosed within a
region of interest. Circular regions of interest were
placed manually referring to the corresponding MR
image. The accumulation ratio between the tumor
and contralateral normal tissue (T/N ratio) was cal-
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Table 1 Summary of the patients

Case
No.

Age
(yrs) Sex Diagnosis Symptoms Size

(cm)
[18F]FDG
uptake

T/N
ratio Surgery Follow up

(mos) Outcome

1 56 F adenoid cystic
carcinoma

ocular pain 2 high — exenteration 29 PR

2 59 M adenoid cystic
carcinoma

exophthalmos 3 high 1.81 total 12 ST

3 69 F adenocarcinoma exophthalmos 4 high 1.84 exenteration 28 ST
4 51 M anaplastic

astrocytoma
exophthalmos 4 high 2.26 exenteration 24 death

glioblastoma exophthalmos 2 high 1.88 subtotal 24 death
5 64 F malignant

melanoma
loss of

vision
2 high 1.43 exenteration 21 ST,

liver metastasis
6 57 F MALT lymphoma exophthalmos 2 high 1.66 biopsy 10 death by other

disease
7 17 F fibrillary

astrocytoma
loss of

vision
2 iso 1.03 total 29 CR

8 35 M cavernous
angioma

exophthalmos 1.5 iso 1.10 total 20 CR

9 59 F cavernous
angioma

exophthalmos 3 iso 1.03 total 42 CR

10 72 F neurinoma exophthalmos 2 iso 1.08 total 53 CR
11 44 M pseudotumor loss of

vision
2.5 iso — biopsy 44 PR

12 59 F pseudotumor lump in
eyelid

2.5 high — partial 60 PG

CR: complete remission, exenteration: orbital exenteration, [18F]FDG: fluorine-18-fluorodeoxyglucose, MALT:
mucosa-associated lymphoid tissue, partial: partial removal, PG: progressive disease, PR: partial remission, ST: stable
disease, subtotal: subtotal removal, T/N ratio: tumor/normal ratio, total: total removal.
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culated for 10 of the 13 lesions. The T/N ratio in be-
nign tumors was compared with that in malignant
tumors. The significance of differences was deter-
mined by Student's t test, and differences with p º
0.05 were considered significant.

Biopsy or tumor removal was performed via a
transcranial approach to remove the tumor or to
confirm the histological diagnosis. The lesions
suspected of malignancy based on preoperative
[18F]FDG PET were expected to be removed as far as
possible except for mucosa-associated lymphoid tis-
sue (MALT) lymphoma. The lesions suspected to be
benign were all symptomatic. The decision making
regarding the range of removal depended on the in-
traoperative histological findings and the results of
preoperative [18F]FDG PET. Diagnosis of all tumors
was confirmed histologically. The follow-up period
was 10–60 months (mean 30 months).

Representative Cases

Case 4: A 51-year-old male presented with a 5-year
history of progressive right exophthalmos and visual
loss. MR imaging showed a right optic nerve tumor.
[18F]FDG PET revealed high uptake of [18F]FDG in
the lesion. The patient underwent tumor removal to
relieve his exophthalmos, and adjuvant radiation
therapy for the remaining tumor in the chiasm. The
histological diagnosis was anaplastic astrocytoma

(Fig. 1 middle row). The tumor recurred as glio-
blastoma 6 months after the operation (Fig. 1 lower
row). No [18F]FDG was accumulated in the remain-
ing optic tract, so a second operation was performed
to preserve the visual acuity of the remaining eye.
Visual acuity remained stable for 1.5 years after the
first operation, but the patient died after 2 years of
liver dysfunction.10)

Case 7: A 17-year-old female presented with a 2-year
history of progressive exophthalmos and visual loss.
MR imaging showed a right optic nerve tumor with
[18F]FDG accumulation similar to the normal side,
indicating the lesion was benign. Therefore, the
patient underwent tumor removal to relieve her ex-
ophthalmos after she lost useful visual acuity. The
histological diagnosis was fibrillary astrocytoma
(Fig. 1 upper row). She remained stable without
tumor recurrence for 29 months after the operation.
Case 12: A 59-year-old female presented with a
progressive lump in the right eyelid. MR imaging
showed an intraorbital tumor with high [18F]FDG
accumulation (Fig. 2). Tumor removal was planned
through a transcranial approach, but the intraopera-
tive histological findings indicated pseudotumor.
Therefore, partial removal of the tumor was per-
formed to relieve her symptoms, with postoperative
administration of steroid agent. She showed fre-
quent remissions and exacerbations during the
postoperative 60 months.



497

Fig. 1 Preoperative magnetic resonance (MR) images (left column; upper: fat suppression image,
middle and lower: T1-weighted images with gadolinium), fluorine-18-fluorodeoxyglucose
([18F]FDG) positron emission tomography scans (center column), and photomicrographs (right
column; hematoxylin and eosin stain, ×100) showing cases of fibrillary astrocytoma (Case 7,
upper row), anaplastic astrocytoma (Case 4, middle row), and glioblastoma (Case 4, lower row)
with a high level of [18F]FDG in anaplastic astrocytoma and glioblastoma, and similar level in
fibrillary astrocytoma compared to the contralateral normal region. MR images in middle
and lower rows are reprinted with permission from The Japan Neurosurgical Society.10)

Fig. 2 Preoperative magnetic resonance images
(left: T1-weighted image, center: fat suppres-
sion image with gadolinium) and fluorine-
18-fluorodeoxyglucose positron emission
tomography scan (right) showing the case of
pseudotumor (Case 12).
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Results

Histological examination identified 7 lesions as
malignant: anaplastic astrocytoma of the optic nerve
in 1 patient, which recurred as glioblastoma of the
optic nerve, malignant lymphoma of MALT type in 1
patient, malignant melanoma in 1 patient, adenoid
cystic carcinoma in 2 patients, and adenocarcinoma

(unknown origin) in 1 patient. Six lesions were iden-
tified as benign: fibrillary astrocytoma in the optic
nerve in 1 patient, cavernous angioma in 2 patients,
neurinoma in 1 patient, and inflammatory pseu-
dotumor in 2 patients.

The T/N ratio was 1.06 ± 0.03 (mean ± standard
deviation, n ＝ 4) in benign tumors, and significantly
higher at 1.81 ± 0.27 (n ＝ 6) in malignant tumors (p
＝ 0.0027). The T/N ratio was 1.03 in fibrillary as-
trocytoma, 2.26 in anaplastic astrocytoma, and 1.88
in glioblastoma (Fig. 1).

Discussion

This preliminary study demonstrated that accumula-
tion of [18F]FDG in benign orbital tumors (fibrillary
astrocytoma, cavernous angioma, neurinoma) was
comparable to that in the contralateral normal tis-
sue, whereas uptake of [18F]FDG was high in malig-
nant orbital tumors (anaplastic astrocytoma, glio-
blastoma, MALT lymphoma, malignant melanoma,
adenocarcinoma, adenoid cystic carcinoma) and
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pseudotumor. [18F]FDG tends to accumulate in in-
flammatory diseases as well as malignant lesions.3,12)

Therefore, unexpectedly high uptake of [18F]FDG
may indicate malignant or premalignant lesions.1)

Low grade lymphomas such as MALT lymphoma
may also not accumulate [18F]FDG.12) MALT lympho-
ma has also been reported to show increased
[18F]FDG uptake.2,14) Our findings indicated in-
creased [18F]FDG uptake in orbital MALT lymphoma
with T/N ratio of 1.66. However, [18F] FDG PET
could not distinguish inflammatory lesion from
malignant tumor.

[18F]FDG PET has several advantages for the de-
tection of orbital tumor over conventional imaging
such as computed tomography or MR imaging, in-
cluding the ability to metabolically characterize
tumors, early prediction of the response to
chemotherapy, and evaluation of asymptomatic
residual lesions.8) On the other hand, current PET
has low image resolution of 5 to 8 mm that may be
too cumbersome to detect very small intraorbital
tumors. Additionally, FDG PET may show a false
negative in lesions with heterogeneous glucose con-
sumption such as uveal melanoma or retinoblasto-
ma.8)

One of our patients with pseudotumor (Case 11)
had received steroid agent for lymphocytic adeno-
hypophysitis pointed out before. This patient
showed equivalent [18F]FDG accumulation to the
contralateral normal tissue, whereas the patient
without preoperative administration of steroid agent
(Case 12) showed high [18F]FDG accumulation.
Steroid agent might have masked the clinical aggres-
siveness of the lesion. Therefore, [18F]FDG PET may
reflect the clinical aggressiveness of the lesion.

Malignant glioma should be treated immediately
to prevent development of the lesion whereas benign
optic glioma needs careful consideration for surgi-
cal intervention. Surgical intervention for benign
optic glioma, especially in young patient, is justified
by blindness, posterior invasion, exophthalmos, and
pituitary hypothalamus disturbance, because some
tumors behave as non-neoplastic or self-limiting,
and so have good prognosis.4,5,13) Our patient with
fibrillary astrocytoma presented with exophthalmos,
and underwent surgery after she lost the visual acui-
ty necessary for daily life. She had no evidence of
neurofibromatosis type 1. 11C-methionine PET is a
prognostic factor independent from [18F]FDG, and
11C-methionine uptake is correlated with cellular
proliferation.9,11) 11C-methionine is apparently su-
perior to [18F]FDG for the detection of grade 3 glio-
ma.7,8) In this study, [18F]FDG PET could indicate the
malignancy of orbital glioma, and provided im-
portant information about the timing of surgery or

the extent of the surgical removal. However, there
was no correlation between the T/N ratio and the
malignancy of optic glioma.

The present study involved a limited number of
patients, so further research is required to more fully
elucidate the usefulness of [18F]FDG PET in the treat-
ment of the orbital tumors.
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Commentary

This well documented paper illustrates the use of fluo-
rine-18 FDG PET in orbital pathology. The authors
describe their experience, making clear that this tech-
nique has both false positive and false negative errors.
To my eyes, the false positive error (namely a positive
fluorine-18 FDG PET for a pseudotumor) is particu-
larly risky, and must be kept in mind. It means that
the decision whether to operate or not on a particular
orbital mass cannot be taken on the basis of this ex-
amination. Despite this, I think that fluorine-18 FDG
PET can play a significant role in the management of
orbital tumors, particularly for adjuvant postopera-
tive treatment once the histological diagnosis has
been achieved by surgical removal/biopsy. Clinical
judgment and experience are still the basis of any sur-
gical decision, and complementary examinations may
only support it.
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