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in the Met-dominant group (33%). In the seven patients of the
repeated PET examination, their FDG/Met uptake ratios were gen
erally unchanged after 1 yr. Conclusion: The results suggest that the
FDG/Met uptake ratio using PET may reflect the differential granu
lomatous status in sarcoidosis and be a useful tool for pretreatment
evaluation.

Key Words PET; fluorine-i 8-fluorodeoxyglucose; carbon-i 1-me
thionine; sarcoidosis; mediastinum-bilateral lymphadenopathy
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PETprovidesgreaterspatialresolutionandquantitativeanal
ysis than other imaging techniques and may provide biophysi
ological and biochemical information superimposed on the
anatomical topography. Fluorine-18-fluorodeoxyglucose
(FDG) and L-methyl-1 â€˜C-methionine(Met) are widely applied
tumor-seeking agents used together with PET, and they appear
useful for assessing the biological behavior ofmalignant tumors
(1â€”5).The mechanism of accumulating FDG into malignant
tissue is due to its enhanced glucose metabolism. A high rate of
glycolysis is a biochemical feature of malignant tissue. FDG is
transported, phosphorylated and metabolically trapped intracel
lularly because it cannot be metabolized further and cannot

Uptake of 18F-fluorodeoxyglucose (FDG)and@ 1C-methionine (Met)
in mediastinum and hilar lymph nodes was studied using PET in 31
patients with sarcoidosis. The aim of our study was to examine
whether these different tracers play a differential role in clinical
assessment of pulmonary involvement. Methods Fluorine-18-flu
orodeoxyglucose and 11C-Met PET were administered on different
days. The differential absorption ratio of these tracers was calcu
lated for the region of interest with the highest level of activity.
Clinical reassessment of sarcoidosis was made at least 1 yr after the
first PET examination. In seven patients whose lymph nodes still
remained visible by other imagings at the time of reevaluation, the
same PET study was performed agsin. Results Both FDG and Met
were accumulated in the lymph nodes in all but one patient. The
FDG and Met uptake ratios in all patients were not correlated, but
they could be divided into the FDG-dominant group (FDG/Met
uptake ratio 2) and the Met-dominant group (FDG/Met uptake
ratio < 2). Within each group, the FDG and Met uptake values were
correlated. The rate of improvement assessed by clinical status and
chest radiographs was considerably higher in the FDG- (78%) than
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diffuse out of the cell. On the other hand, accumulation of Met
into malignant tissue is thought to be due to increased amino
acid metabolism such as enhanced amino acid active transport.
Recent studies have suggested that FDG uptake may reflect the
presence of inflammation such as the infiltration of macro
phages, neutrophils and lymphocytes, and that Met uptake may
be superior for estimating the presence of viable cancer cells
(6â€”10).Because FDG and Met show different distributions in
tumor tissue, these tracers may present different information in
cancer imaging.

In patients with sarcoidosis, both FDG and Met may accu
mulate in the mediastinum and bilateral hilar lymph nodes
because both tracers seem trapped in granulomatous inflamma
tory lesions, although the degree of their uptake may be
different (6â€”10).The majority ofpatients with sarcoidosis have
a favorable outcome, as granulomas disappear over time,
probably due to a host-immune reaction. In some instances,
however, lung fibrosis ensues with subsequent lung dysfunction
possibly due to a granuloma-forming activity that overcomes
the host-immune response. The different mechanisms for FDG
and Met uptake may provide a differential role in the clinical
management of sarcoidosis. Our study focused on the different
uptake of FDG and Met in the mediastinum and bilateral hilar
lymph nodes and whether the findings would provide a short
term prognosis for sarcoidosis patients.

MATERIALS AND METhODS

Patients
Thirty-one patients with pulmonary sarcoidosis (12 women, 19

men; age range 21â€”48yr) were examined by PET using FDG and
Met. The diagnosis was based on consistent clinical features along
with transbronchial lung biopsy evidence of noncaseating epithe
lioid cell granulomas in all patients. Those who showed significant
renal, cardiac, neurologic or ophthalmic organ involvement were
excluded since these extrapulmonary disease manifestations re
quire immediate therapy with corticosteroids. Chest radiographs
were classified according to DeRemee (11 ). By chest-roentgeno
graphic staging, 18 patients had Stage 1 (bilateral hilar lymphad
enopathy without parenchymal infiltration) and 13 had Stage 2
(bilateral hilar lymphadenopathy with parenchymal infiltration)
disease.

They were referred to our department between 1993 and 1995
because of abnormal shadows on chest radiographs or uveitis, and
they presented with mediastinum-bilateral hilar lymphadenopathy
(MBHL) greater than 10 mm in diameter on chest CT. Pulmonary
involvement was assessed by chest radiographic imaging including
CT findings. Extrathoracic involvement was considered present if
ocular, skin, joint, peripheral lymph node, neurologic or other
extrathoracic manifestations of sarcoidosis were documented. The
serum angiotensin-converting enzyme (ACE) level was measured
because it is one of most widely used markers of disease activity
(12). None of these patients had undergone treatment for sarcoid
osis before the PET run, nor did any receive treatment throughout
the study. No patient had diabetes mellitus.

We assessed 24 patients as newly diagnosed, because their chest
radiographs at about 1 yr before visiting our department had been
normal. In the other 7 patients, similar abnormalities as at the time
of diagnosis were detected in their chest radiographs about 1 yr
previously.

PET Imaging
Synthesized by CYPRIS (cyclotron for production of radioiso

tope) and CUPID (clinical used positron-emitting isotope delivery)
respectively, using a cyclotron system by Sumitomo Heavy Indus
tries (Ehime, Japan), 148 MBq FDG and 555 MBq Met were

injected intravenously into each patient after they had been fasting
for 24 hr. Because PET is influenced by nutritive conditions, it was
performed after at least 6 hr of fasting and at the same time of day.
Transmission scans were obtained for attenuation correction, and
both FDG and Met were injected intravenously as a bolus after the
transmission scans. Sixty minutes after FDG injection and 20 mm
after Met injection, sequential PET scans were performed only on
the thorax for 20 mm with a Headtome-III scanner (Shimadzu
Corp., Tokyo, Japan) whose spatial resolution was 1.05 cm
FWHM. Each patient was positioned to obtain PET images on a
plane of the mediastinum and hilar lymph nodes as shown on the
chest radiograph. In the tomographic mode providing a 5 1.2-cm
square field of view, 12 slices, with a 8.2-mm thickness, of PET
images were simultaneously obtained. Quantitative analysis was
performed on a pixel-by-pixel (1 pixel = 16 mm (2) basis. Tracer
accumulation was measured in a 10- X 10-mm region of interest
(ROI), and the ROl was set on the area where tracer activity was
the highest. The location of the ROI for FDG and Met PET was
different, because the sites of the highest tracer activity were not
the same. Using the MBHL activity of tracers, the differential
absorption ratio (DAR) of tracer to MBHL was calculated. We
assumed that the specific gravity of MBHL and the body was 1,
and the DAR was derived from the following equation:

DAR = MBHL activity/(injected dose counts/body weight).

A phantom test to correct the partial volume effect was not
performed. In our preliminary study, we had examined the medi
astinum and hilar regions in patients who did not suffer from
sarcoidosis. Neither FDG nor Met was accumulated in those
regions.

Gallium-67 Uptake in Mediastinum-Bilateral Hilar
Lymphadenopathy

All patients had peripheral blood examination and whole-body
67Ga scanning of the bronchoalveolar lavage (BAL) before PET
imaging. Gallium-67 uptake in MBHL was graded as follows: (a)
0: no accumulation; (b) 1: distinct accumulation; and (c) 2: marked
accumulation, as strong as in the liver. To minimize observer bias,
the uptake grade was evaluated by nuclear medicine physicians
without prior knowledge of the patient's clinical history, physical
examination and laboratory data.

Bronchoalveolar Lavage
Bronchoalveolar cells were obtained by BAL in the standard

manner (13 ) by instilling 150 ml sterile saline in 50-ml aliquots
into a subsegment ofthe right middle lobe. BAL fluid (BALF) was
then aspirated after each instillation. This procedure was performed
at least 1 wk before the PET run. Cell numbers were counted and
cell differentials were determined by counting over 500 cells on a
cytocentrifuge smear stained with Wright-Giemsa. Small portions
of cells were subjected to flow cytometric analysis for lymphocyte
surface phenotyping (CD4 and CD8). The activities of soluble
interleukin-2 receptor (sIL-2R), interleukin- 1 @3(IL-l 3), IL- 1 re
ceptor antagonist (IL-lra), interferon-y (IFN-y) and tumor necro
sing factor-a (TNF-cr) in BALF were measured by ELISA meth
ods.

Second PET Study and Clinical Reevaluation
We reevaluated the newly diagnosed 24 patients as to whether

the disease had improved or deteriorated over the previous 12-mo
period. Pulmonary and extrathoracic involvement were assessed
similarly to the first PET examination. The serum ACE level was
examined again and a decrease in its value was considered an index
of improvement. Improvement also was defined as either disap
pearance or reduction of MBHL or parenchymal infiltration in the
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chest CT findings or extrathoracic involvement. The same PET runs
were repeated in the 7 patients whose MBHL still existed at more than
10 mm in diameter at least 1 yr after the first PET examination to
determine whether FDG or Met uptake had changed.

Statistical Malysis

The rates of accumulation of FDG and Met were compared by
the Wilcoxon signed rank test. Correlations between serum ACE
levels and BAL data were examined with the Pearson's correlation
coefficient, and p values were determined by Fisher's A to Z.
Correlation between PET and Ga was examined by Spearman's
rank correlation test. The clinical features and short-term prognosis
between the groups were compared by the chi-square test. The data
between the first and second PET examinations were compared by
the paired Student's t-test. Data are mean Â±s.e.

RESULTS

Met and FDGUptake Values in Mediastinum-Bilateral Hilar
Lymphadenopathy

Overall sensitivities of FDG and Met PET in detecting
MBHL were both 97% (30/3 1 instances). The lesion in one

patient showed a negative result from PET diagnosis with both
tracers, probably because the size of MBHL was the smallest
(about 10 mm) among our patients. The mean FDG uptake
value (6.02 Â±0.58) was significantly higher than that of Met
(3. 14 Â±0.29) (p < 0.0 1) (Fig. 1), althoughin somecasesMet
uptake was higher than that of FDG. No significant correlation
was found between FDG and Met uptake values among all the
patients (Fig. 2). There was no difference in either FDG or Met
uptake when comparing patients in Stage 1 with those in Stage
2 (Fig. 1).

We divided the patients into two groups on the basis of the
average FDG and Met uptake values of 6.02 and 3. 14, respec
tively. One was the FDG-dominant group, whose FDG/Met
uptake ratio was more than 2.0, and the other was the Met
dominant group, with a ratio of less than 2.0. In each group,
there was significant linear correlation between FDG and Met
uptake values (FDG-dominant group, r 0.93, p < 0.01;
Met-dominant group, r = 0.41, p < 0.01) (Fig. 2).

The incidence of pulmonary involvement in the first PET
study was slightly higher in the FDG- (67%) than in the
Met-dominant group (47%) (p < 0.05), while the incidence of
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differencebetweon FOG- and methionine-dominant groups (p < 0.05).

TABLE I
Clinical Features at Fwst PET Examination and Short-Term Prognosis in FDG- and Methionine-Dominant Groups

extrathoracic involvement was similar between the two groups
(Table I).

Comparison Between PET and Gallium-67 Scans
Gallium-67 uptake was correlated with FIX) uptake (r =

0.40, p < 0.05) but not with Met uptake (Fig. 3). In patients
whose 67Ga uptake score was 2, the Met uptake value was high
when the FDG uptake value was low, and the reverse was also
true.

Correlation Between PET and Other Disease Indices
FDG uptake was correlatedwith the lymphocyte count (r =

0.57, p < 0.01) and sIL-2R (r = 0.46, p < 0.05) ofBALF. Met
uptake, on the other hand, was correlated with ACE (r = 0.45,
p < 0.05), total cell (r = 0.37, p < 0.05) and lymphocyte counts
(r = 0.44, p < 0.05), CD4/CD8 (r = 0.47, p < 0.05) and
IL-Ij3/IL-lra ratios (r = 0.65, p < 0.05), and IL-1j3 concentra
tion (r = 0.54, p = 0.12) in BALF (Table 2).

Comparison Between FDG and Methionine-Dominant
Groups

We compared the ACE levels, the cell counts, CD4/CD8
ratios and cytokines of BALF between the two groups. IL-1@
(p < 0.05) and IL- 1(3/IL- 1ra (p < 0.0 1) ratios in the Met
dominant group were significantly higher than those in the
FDG-dominant group (Table 3).

Clinical Course
The disease activity in the seven patients who had the second

PET runs decreased about 1 yr later judging from changes in
their chest radiographs and ACE levels. Both FDG and Met
uptake values also decreased (p < 0.05), although the ratio of
the FDG/Met uptake value was unchanged (Table 4).

FIGUREa Relationshipbetween@ FDG
and (B)Met uptake values and 67(3@up
take score. Each closed circlerepresents
a patient.

The short-term prognosis is shown in Table 1. No patients
received any treatment after the initial PET scan. The FDG
dominant group showed a significantly greater remission mci
dence of MBHL compared to the Met-dominant group (78%
versus 33%)(p < 0.05). The incidence of unchanged MBHL
plus that of the appearance of pulmonary involvement, assessed
by CT, was higher in the Met- (67%) than in the FDG-dominant
group (22%). MBHL was unchanged in 40% (6 cases) of the
Met-dominant group and in 11% (1 case) ofthe FDG-dominant
group. The appearance rate ofpulmonary involvement was 27%
(4 cases)in the Met- and I 1% (I case)in the FDG-dominant
group.

DISCUSSiON
In our study, we examined whether PET could predict the

clinical course of sarcoidosis by evaluating the different pro
pensities of FDG and Met accumulation in MBHL. The
FDG-dominant group had a higher rate of MBHL remission
(78%) and a lower rate of appearance of pulmonary involve
ment plus unchanged MBHL (22%), while the Met-dominant
group had a lower rate of MBHL remission (33%) and a higher
rate of appearance of pulmonary involvement plus unchanged
MBHL(67%). These resultssuggested thatdisease activity may
not persist in the FDG-dominant group, while in the Met
dominant group the disease activity may continue to exist
long-term and this group may develop chronic sarcoidosis of
the lungs.

PET, used together with FDG, may be a useful imaging
modality for evaluating disease activity in chronic inflamma
tory processes such as pulmonary sarcoidosis, although large
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SerumBALFACETCCLymLymslL-2RIL-1f3IL-iraIFN-@yTNF-aGroup

(IU/L/37Â°C)(10@/mI)(%)(10@/ml) CD4/CD8 (U/mi)(pg/me(p@/mF)(lU/mi)(pg/me IL-if3/1L-lra

*p< 0.05.
ACE= angiotensin-convertingenzyme;BALF= bronchoalveolarlavagefluid;TCC= totalcellcounts;Lym= lymphocyte;slL-2R= solubleinterleukin-2

receptor IL-113= interleukin-1f3 IL-ira = interleukin-1 receptor antagonist IFN-y interferon-% TNF-a tumor necrosing factor-a ns = not significant.

SerumBALFACETCCLymLymslL-2RIL-1f3IL-iraIFN--yTNF-aGroup(lU/1137Â°C)(1O@/ml)(%)(10@/mE)CD4/CD8(U/mi)(pg/me(pg/mi)(lU/mI)(pg/mI)IL-1f3#IL-1

raFDG

19.6 Â±1.63.05 Â±0.6439.6 Â±6.61.36 Â±0.295.14 Â±0.6740.9 Â±11.4650 Â±2031485 Â±2642.95 Â±0.222.76 Â±0.310.48 Â±0.16

TABLE 2
Correlation Between FDG and Methionine Uptakes and Serum ACE and Cell Counts and Cytokines of BALE

FDGuptakensnsnsr = O.5rnsr =0.46knsnsnsnsnsMethionineuptaker=0.45*r=O.3rnsr=0.44*r=0.4rnsr=0.54*nsr=0.65*

scale, well-designed studies are warranted for defining PET's
role in managing sarcoidosis patients (14â€”16). In our study, we
assessed disease activity in the mediastinum and hilar lymph
nodes using PET, as well as 67Ga imaging, which has been
established as a useful marker for evaluating sarcoidosis activ
ity. Patients with a higher 67Ga accumulation in the lymph
nodes showed a higher uptake value of FDG. Lymph nodes
about 10 mm in diameter seemed to be too small for accurate
evaluation by FDG and Met uptake using PET. But, for those
larger than 10 mm, both FDG and Met accumulated in the
mediastinum and hilar lymph nodes suggesting sarcoid lymph
nodes have a higher metabolic demand for both glucose and
amino acids.

Sarcoidosis is a chronic systemic granulomatous disorder of
unknown etiology and may involve the mediastinum and hilar
lymph nodes. The characteristics of this disease are inflamma
tory reaction with activated lymphocyte and macrophage infil
tration followed by formation of granulomas. While the major
ity of granulomas resolve without treatment, some progress to
lung fibrosis. Patients diagnosed at an advanced age or those
with many organs involved have been reported to have a poor
prognosis (I 7), but the factors influencing the prognosis are yet
unknown. There has been no generally accepted method for
predicting the outcome of sarcoidosis, although histological
examination at open-lung biopsy is a standard for disease
activity and cellular infiltration. Serum ACE levels, 67Ga scan
and BAL cell counts also have been recognized as markers for
pulmonary inflammation, but their relationship to the prognosis
has not been established.

PET, using FDG and Met, has been reported clinically useful
for malignant tumor diagnosis by evaluating hyper-metabolic
demands for glucose and amino acids (1â€”5).FDG uptake may
reflect tumor-host immune system response, because this tracer
mainly accumulates in tumor-associated macrophages and
young granulation tissues rather than in tumor cells (6, 10). On
the contrary, a microautoradiographic study (JO) has demon
strated that Met uptake was achieved largely by viable cancer

cells, while the uptake by macrophages and granulation tissues
was low. Mechanisms of FDG and Met uptake may provide a
differentiating role for PET in evaluating physiological func
tions. In our present PET sarcoidosis study, the activities of
granuloma formation and granuloma-associated immune cells
may have been reflected by Met and FDG accumulations,
respectively.

It is likely that FDG accumulates in MBHL because the
sarcoidosis lesion is rich in inflammatory cells and granulomas.
On the other hand, accumulation of Met in MBHL was
considered to be low, because sarcoidosis is a granulomatous
disorder and Met uptake in experimental inflammation has been
reportedly low (10,18). The accumulation of Met in MBHL in
sarcoidosis was clearly demonstrated in our study, although any
correlation between histopathologic changes and uptake re
mains unclear.

FDG and Met uptake values showed no correlation among
the total group of patients, because no patients were found
whose FDG and Met uptake rates were equally high. In the
patients with a high FDG uptake rate, the Met uptake was
relatively low and vice versa. Our patients could be divided into
two groups, FDG- and Met-dominant, based on the average
values of FDG and Met uptake. FDG and Met uptake values
were correlated within the respective groups. This phenomenon
may be specific for sarcoidosis, because in malignant diseases
a linear correlation was observed between FDG and Met uptake
values (5) even though the pattern of the FDG PET image was
reported to be nonspecific in sarcoidosis and malignant tumors,
and it was difficult to differentiate between them (15). The
second PET runs showed that the difference between the two
groups may result not from the activity and condition but rather
from a qualitative difference. The FDG/Met uptake ratio in the
patients was unique in that it remained unchanged when no
treatment was given during the clinical course. These results
emphasize the heterogeneous nature of the inflammatory pro
cess in this disease.

Sarcoidosis may deteriorate or improve as a result of the

TABLE 3
Serum ACE and Cell Counts and Cytokines of BALEin FOG- and Methionine-Dominant Groups

dominant
Methionine- 21.3 Â±1.3 2.76 Â±0.38 32.7 Â±5.4 1.01 Â±022 7.18 Â±1.21 29.4 Â±3.4 2000* Â±560 897 Â±91 3.78 Â±0.5 3.5 Â±0.67 1.79* Â±0.32

dominant

*p< 0.05.
ACE= angiotensin-convertingenzyme;BALE= bronchoaWeolarlavagefluid;TCC= totalcellcounts;Lym= I@,mphocyte;slL-2R= solubleinterleukin-2

reosptor@lL-1@3= interleuIdn-1@;IL-ira = interleukin-ireceptor antagonist IFN-@= interferon-@TNF-a tumor necrosingfactor-a.
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ACE(lU/L/37Â°C)FDG uptakeMethIOnme uptakeFDG/MethiOnme uptakeratioFirst

SecondFirstSecondFirstSecondFirstSecondPatient
no.examinationexaminationexaminationexaminationexaminationexaminationexaminationexaminationii4.9

ii.98.96.93.i2.72.82.6213.6
12.43.95.82.03.ii.9i.9321

.8 15.5i2.07.03.4i.83.53.8417.0
12.4i3.06.93.82.03.43.5526.5
i9.O6.52.73.10.92.13.0616.5

i9.33.32.03.1i .i1 .ii.9720.1
1i .ii i .03.23.8i.22.92.7Meani8.6
14.5*8.449*3.2i.82.52.8Â±s.e.i

.7 1.3i.50.8020.30.30.3â€¢Sign@f@@tly

differentfromvalues at first PETstudy (p < 0.05).

TABLE 4
Changes in ACE, FDG and Methionine Uptake Values Between First and Second PET Examinations

balance of activities between forming granuloma and its reso
lution in the cytokine-network produced by activated lympho
cytes, macrophages and epithelioid cells (19,20). In our study,
we compared PET results with the production of cytokines in
BALF. Met uptake was well correlated with IL-1j3 and the
IL-1@/IL-1ra ratio and may reflect macrophage and/or epithe
bid cell activation (19,21,22). On the other hand, FDG uptake
was correlated with the activity of sIL-2R and may reflect
lymphocyte activation (23,24). It is conceivable from previous
studies that the pattern of uptake of FDG and Met manifests
itself differently over a variety of proliferating cell fractions
(6â€”10,25). It is likely that sarcoidosis patients with a high
IL- 1 @3/IL-1ra ratio or high IL- 1f3 level have a poor prognosis
and those with a high sIL-2R level have a good prognosis (24).
The inflammatory and granulomatous reactions may persist
with subsequent tissue dysfunction in patients with a higher Met
uptake value, although the precise mechanisms remain un
known.

Although we observed our sarcoidosis patients only over the
short term, they could be separated into two groups by the
different prognosis at the first diagnosis by using PET with
FDG and Met. The inflammatory and granulomatous activities
seem to decrease over time without treatment giving a good
prognosis to the FDG-dominant group. On the other hand, the
disease activity is likely to continue, resulting in pulmonary
involvement, and giving a poor prognosis for the Met-dominant
group. These results suggest that FDG and Met uptake in
MBHL, as measured by PET, may reveal the activities of the
host-immune response and granuloma formation, respectively.
Further studies of the mechanisms of FDG and Met uptake into
lymph nodes and long-term follow-up of disease activity with
PET would be useful.

CONCLUSION
Sarcoid lymph nodes, less than 10 mm in diameter, seem

difficult to accurately evaluate by PET due to resolution
difficulties. Although glucose and amino acid metabolism may
increase in most sarcoidosis patients, the wide variation in FDG
and Met uptake may imply heterogeneity of lymph node
metabolism. Both FDG and Met uptakes were indices of disease
activity, but they may provide different information. A good
prognosis may be expected for the FDG-dominant group, but
not for the Met-dominant group. PET is one of the most
reliable, yet noninvasive, imaging techniques for qualitatively
evaluating disease activity, although the PET procedure may
have limitations related to metabolism.
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Canceroftheheadandneckaccountsfor4%â€”5%ofall
cancers in the western world (1 ), with much higher incidences
in other areas. Ninety-five percent of the cancers arise from
squamous epithelium (SSC) and about 1.5% of head and neck
cancers are adenoid cystic carcinomas (ACCs) that arise mainly
from the minor salivary glands. Lymphomas account for 1.5%
of cases ofhead and neck cancer. The remaining 2% of cancers
of the head and neck are melanomas, soft-tissue tumors and
thyroid and parathyroid tumors.

Limited cancer stages, especially in the oral cavity, are
accurately assessed by clinical evaluation but tumor depth is
clinically underestimated in more advanced stages (2). Addi
tionally, in a prospective evaluation of 81 consecutive patients,
17% ofmultiple primary lesions were clinically overlooked (3).
The use of the appropriate imaging technology depends on the
availability, expertise and experience of the radiologist and on
the quality of the equipment available (4). The advantages of
CT include (a) better sensitivity to bone destruction; (b) better
delineation of nodal architecture; (c) lower costs; (d) higher
availability; and (e) lower rate of claustrophobia. The advan
tages of MRI include (a) no necessity for iodinated contrast
media; (b) less dental artifacts; (c) multiplanar acquisition; (d)
detailed imaging of soft-tissue invasion outside the nasophar
ynx; and (e) retropharyngeal node involvement (5). Neverthe
less, MRI is hampered in the detection of bone erosion (6),
which is crucial for planning the extent of surgery. CT remains
the gold standard in staging of head and neck tumors in many
institutions (7), including ours.

Despite advances in surgical technique and adjuvant radio
chemotherapy, recurrent disease ultimately develops in about
halfofpatients with squamous cell carcinoma (5CC) and ACC.
Morphological imaging techniques are of limited use in the
secondary staging of patients with severe anatomical changes
after radiotherapy, surgery and flap reconstruction in the mouth
floor.

In clinical routine, many patients present with the accidental
finding ofenlarged lymph nodes in the head and neck region. In
the absence ofvisible pathologies ofthe mucosa, the differential
diagnosis has to be made between an occult but advanced
primary tumor (most likely in the diagnostic cold spot of the
nasopharynx), systemic malignancies or inflammatory lymph
node enlargement.

At present, nuclear medicine plays only a limited role in the

We prospecth,ehjinvestigated200 patientswith the clinicalsusp
Cionfor head and neck tumors. The final diegnoses were 94 primary
and 56 (37 confirmed, 19 excluded) recurrent squamous cell carci
nomas (SCC5), 3 primary and 7 (4 confirmed, 3 excluded) recurrent
adenoid cystic carcinomas (ACCs), 6 non-Hodgkin's lymphomas,
10 distant metastases, 6 other malignancies, 10 inflammatory and 8
other nonmalignant conditions. Methods Bone (600 MBq @rc
3,3-diphosphono-i ,2-propane dicarboxylic add tetrasodium salt)
and hexakis-2-methoxyisobut@l isonitrile (MIBI)(600 MBq @c
MIBI)SPECTwere both performed under identical conditions (triple
head gamma camera; ultra-high-resolution, parallel-hole collima
tors; three-dimensional posthitering) and judged independently and
after superimposition. The results were compared to the results of
biopsy, surgery and CT. Results The overall sensitivity/specificity of
MIBI was 90%178% for tumor detection and 90%/95% for the
identification of malignant lymph node involvement (CT: 79%/66%,
respecthiely 90%/79%). In the subgroup of recurrent SCC and ACC
the sensitivfty/specfficity for tumor detection was 95%f7i % for MIBI
versus 78%/68% for CT. The isolated assessment of bone SPECT
had a sensitivity/specificity of iOO%/i7% for osseous tumor spread.
Image fusion of MIBI and bone SPECT differentiated between
regio-local bone involvement and inflammatory changes and in
creased the specificity of bone SPECT to 100% in primary staging.
Tumor size, stage, histo@gy and pretreatment had no StatIStiCally
significant effect on tracer uptake or diagnostic utilityof scintugraphy.
Conclusion: We propose the combined @rc-MIBIand bone
ultra-high resolution SPECT as a highly useful imaging approach in
the primary and secondary Staging in patients with suspected
malignancies in the head and neck region. The high specificity for
malignancies in the head and neck region may be used in the
differential diagnosis between head and neck malignancies and
inflammatory disease in patients with the accidental finding of
enlarged lymph nodes and no clinical signs of a primary tumor.
Image fusion with bone scanning is mandatory forthe topographical
orientation and increases the specificity of bone scanning to differ
entiate between inflammatory or malignant causes of increased
bone metabolism.

Key Words: technetium-99m-hexa1@s-2-methox@,isobut@t1isonitrile;
image fusion; head and neck cancer, bone scan; staging
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