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We evaluated the value of PET using '®F-fluorodeoxyglucose (FDG)
and ''C-methionine, individually or in combination, to distinguish
malignant from benign tumors and to identify or exclude mediastinal
metastases. Methods: Seventeen patients with a tumor in the lung
or mediastinum were evaluated with '8F-FDG and ''C-methionine
PET. For morphological comparison, we used CT, and all findings
were confirmed by histology of surgical resection specimens (n =
16) or by cytology (n = 1). Results: All tumors were visualized
equally well with both tracers, and there were no false-positive
results. In 2 patients with a malignant tumor, coexisting pneumonia
was correctly diagnosed as an inflammatory lesion because of its
wedge-like shape. PET correctly excluded hilar invasion and medi-
astinal ymph node metastases in 10 of 14 patients with primary lung
tumor. PET identified mediastinal metastases in 4 of 4 patients. CT
failed to detect mediastinal tumor spread in 2 patients and gave a
false-positive reading in 2 others. Significantly higher uptake (SUV)
and transport rate (slope) values were obtained from malignant than
benign lesions with both tracers. No major differences were seen in
either the levels of significance or accuracy when the two tracers
were compared. Slope values did not add further information to
what was obtained with SUV. Density correction of SUV and slope
values, to avoid the influence of surrounding air as well as tumor
heterogeneity, increased these differences somewhat. Both tracers
distinguished malignant from benign lesions with a 93% sensitivity
and an accuracy of 89%-95%, but sensitivity improved to 100%
when values from both tracers were combined. Conclusion: Fluo-
rine-18-FDG and '"C-methionine PET visualized all tumors equally
well and detected mediastinal spread better than CT. For differen-
tiation purposes, the problems of false-positive and false-negative
PET findings could not be safely overcome in a limited number of
cases either by the use of both tracers, by the additional use of slope
values or by lesion density correction.
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Non-small cell lung cancer (NSCLC) has become a prime
cause of death from malignant diseases (/). Most of the
12%~13% of patients with NSCLC who survive are neverthe-
less those with surgically resectable disease (2,3). To identify
this potentially curable subgroup, thorough preoperative evalu-
ation including invasive diagnostic operations is necessary.
Unfortunately, these procedures are associated with patient
morbidity and high cost (4) and are not particularly sensitive or
specific (5—8). CT can identify a subgroup of benign (e.g.,
calcified) tumors, but many lesions remain indeterminate (9-
13).

The introduction of PET has afforded a new approach to the
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diagnosis of malignant diseases, mcludmg lung cancer (/4).
PET with '8F-FDG has been shown in several reports to
distinguish various types of lung cancer from benign lesions
(15-20), though both false-positive and false-negative results
can occur (21). Alternatively, the amino acid analog ''C-
methionine has been used, with generally similar results (22—
25).

In previous studies on the value of PET for the detection of
malignant lung tumors, only one tracer, either '*F-FDG or
!'C-methionine, has been evaluated in a single patient popula-
tion and only standardized uptake values (SUV) have been used
in most studies. Furthermore, SUV and transport rate of tracer
accumulation, determined in a tumor region, apply to a tissue
mass with an unknown degree of heterogeneity at the cellular
level. The tumor region may include a variety of components,
both viable and necrotic tumor cells, edematous fluid and so on.
Additionally, in the lung, alveolar gas may also constitute part
of the volume, and in smaller lesions regional values of tracer
concentration can be more influenced by surrounding tissue due
to the limited spatial resolution of the tomographic measure-
ment. The contribution of alveolar gas is also reflected in the
physical density in the region of interest because the density of
a region containing air is reduced in proportion to the gas
volume contained. In view of the direct proportionality between
density and the absorption of 511 keV photons by the body, a
tomographic map of density, expressed in grams per centimeter
(3), can be obtained from the PET transmission measurement
(26). Thus, particularly in smaller lesions, corrections for tissue
heterogeneity and the influence of surrounding air may theo-
retically improve the accuracy of the PET measurements.

The purpose of this study was to assess the value of the
combined use of '|F-FDG and ''C-methionine PET in the
preoperative evaluation of patients with lung tumor. We also
compared the value of SUV versus transport rate (slope) and
considered whether density correction for partial volume effects
would make PET quantification more accurate.

MATERIALS AND METHODS

Patient Selection

Seventeen patients [11 men, 6 women; aged 58 * 12 yr (mean
*+ 1 s.d.); range 32-77 yr] scheduled for surgery of chest tumors
were studied. With one exception (Case 1, Table 1, where only
cytological investigation of bronchoscopical specimens was per-
formed), biopsy specimens from both the primary tumor and hilar
mediastinal metastases were obtained at surgery. The specimens
were evaluated by routine histopathological procedures, and the
diagnoses (Table 1) were not subsequently reconsidered in any
case. None of the patients had been receiving any other therapy at
the time of surgery/needle biopsy. Before PET, all patients had
been assessed with conventional preoperative investigations, in-
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Patient Data, Lesion Characteristics and Surgical Occurrence of Mediastinal Metastases Compared with CT and PET

TABLE 1

. Mediastinal metastasis
Lesion Tumor
Patient Age Sex Tumor Malignant/ Histology size* densityt Surgically On On
no. o location benign cm?) (g/emd) verified CT  PET
1 77 M Sin Malignant Squamous cell carcinoma 3.60 0.74 nd Yes Yes
2 62 M Sin Malignant Large cell carcinoma 9.08 1.10 No No No
3 47 M Sin Malignant Squamous cell carcinoma 4.68 1.04 No No No
4 70 M Dx Benign Lung cyst 1.52 0.81 No No No
5 49 F Med. Benign Cystic thymoma 9.66 1.01 No No No
6 67 M Sin Malignant Large-cell carcinoma 2.66 0.75 No No No
7 43 F Sin Malignant Adenocarcinoma 7.92 0.97 Yes No Yes
8 32 F Med. Malignant Extraskeletal osteosarcoma 12.62 1.1 No No No
9 70 F Dx Malignant Adenocarcinoma 433 0.85 No No No
10 56 F Dx Malignant Adenocarcinoma 6.29 0.95 No No No
1" 69 M Sin Malignant Squamous cell carcinoma 6.16 0.98 No Yes No
12 66 M Sin Malignant Rectal adenocarcinomat 5.90 0.98 No No No
13 70 M Sin Malignant Squamous cell carcinoma 7.69 1.03 Yes Yes Yes
14 47 M Sin Malignant Adenocarcinoma 21.68 1.10 NoS NoS  NoS
15 48 F Dx Malignant Adenosquamous carcinoma 4.60 0.89 No Yes No
16 64 M Dx Malignant Squamous cell carcinoma 13.76 1.03 Yes No Yes
17 53 M Sin Malignant Adenocarcinoma 2.60 0.57 No No No

* Mean from '®F-FDG and ''C-methionine PET.
T Attenuation measurement in connection with PET.
* Lung metastasis of rectal adenocarcinoma.

§ Surgically verified contralateral lung metastasis in this patient detected by CT and 'F-FDG-PET but not included in the axial field of view of the

camera at ''C-methionine-PET.

M = male; F = female; nd = not done; Sin = left lung; Dx = right lung; Med. = mediastinal origin.

cluding CT, lung function tests and bronchoscopic or transthoracic
biopsies. Fifteen patients had a malignant tumor, and two had a
benign lesion (Table 1). One patient (Case 12) was later found to
have metastases from a rectal carcinoma; all other patients had
primary thoracic lesions. In two patients with lung cancer, coex-
isting pneumonia was found. All 17 patients were investigated with
both tracers. The surgical decision was made independently of the
PET results. The study was approved by the Ethical Committee of
the Medical Faculty of Uppsala University, and all patients gave
their informed consent.

PET

The ''C and '®F were produced at the Uppsala University PET
Center. The ''C was produced as ''CO, by the "*N(pa)''C reaction
using a Scanditronix 17 MeV cyclotron (Scanditronix AB, Upp-
sala, Sweden). Carbon-11-methionine was synthesized via ''C-
methyl iodide and prepared for intravenous administration (27).
Fluorine-18-FDG was synthesized according to a previously de-
scribed method using a PETtrace FDG MicroLab system (General
Electric Medical Systems, Uppsala, Sweden) (28).

The patients were examined with a Scanditronix GE 4096
whole-body PET camera that simultaneously produces 15 contig-
uous, 6.5-mm-thick axial slices and an in-plane resolution of 5-6
mm (29). All patients fasted for at least 4 hr before undergoing
PET examination. CT images or plain chest radiographs were used
as a means to position the patient’s tumor region in the axial field
of view of the PET scanner. After a 10-min transmission scan at
each of one or two bed positions, the tumor region was investigated
after a rapid intravenous injection of (mean * s.d.) 770 = 100
MBq ''C-methionine or 400 + 70 MBq '®F-FDG. When the
injection was started, a dynamic scanning sequence was initiated,
continuing for 45 min (‘'C-methionine) or 50 min (‘®F-FDG).
When the main tumor was not located in the vicinity of the hilar
regions, a second 10-min emission scan was performed to include
these areas. Plasma samples from a peripheral vein in the foot,
which was arterialized by warming, were obtained at scheduled

intervals and analyzed for ''C or 'F concentration. The concen-
trations of blood glucose and plasma methionine were also mea-
sured.

Image Reconstruction and Analysis

The image reconstruction produced a set of dynamic images,
each representing a quantitative estimate of the radioactivity
concentration. A 128 X 128 matrix and a 6-mm Hanning filter
were used. Data were corrected for attenuation and radiation
scatter. The data obtained 14—45 min (''C-methionine) or 35-50
min (‘®F-FDG) after injection were summed to produce an average
image. The radioactivity concentration in the average image was
recalculated to provide images of SUV.

Quantitative analyses were also performed on a pixel by pixel
basis, according to the technique described by Patlak (30) gener-
ating images of transport rates (slope values) into tissues by using
plasma radioactivity as a reference. Due to the paucity of individual
analyses of plasma methionine metabolites, a standard correction
was calculated from previous data (3/).

In the SUV images, regions of interest (ROIs) representing the
largest axial tumor area were drawn according to a standardized
procedure whereby an isocontour was positioned halfway between
the greatest tumor radioactivity and the adjacent areas. Thus, for
each PET study, the Sokolow color scale was adjusted to 100%
(white) for the area of the greatest tumor activity and 0% (black)
for the region close to the tumor edge. The isocontour was then
drawn along the 50% activity level. In each tumor ROI, an
additional area comprising the four contiguous pixels (1.00 cm?)
with the greatest activity and designated hotspot (hs) was identi-
fied. The ROIs in the SUV images (SUV, SUV,,) were used in the
transport rate images (slope, slope;,). Moreover, thoracic vertebral
bodies were outlined, and larger ROIs were drawn in normal lung,
chest muscle and mediastinum at a level cranial to the heart.

All ROIs were also transferred from the SUV images to the
corresponding transmission scans for measurements of attenuation.
The latter were used to correct the indices of tumor tracer
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TABLE 2
Individual SUV, Slope, SUV; ns @nd Slope. s Values at Fluorine-18-FDG and Carbon-11-Methionine PET

18, 11 t ot
Patient Malignant/ F-FDG C-methionine
no. benign SuvV Slope SUVeorr hs Slopeor hs Suv Slope SUVeor ns SlopPecor he
1 Malignant 105 55 16.9 9.2 46 49 7.0 83
2 Malignant 7.7 48 83 5.6 5.8 11.3 76 15.1
3 Malignant 79 44 8.4 4.8 5.6 108 71 141
4 Benign 26 0.9 33 1.0 29 47 40 6.8
5 Benign 23 0.6 25 0.7 1.7 24 24 30
6 Malignant 23 09 33 14 4.1 4.7 6.5 75
7 Malignant 8.9 4.2 120 6.2 54 7.7 6.6 9.6
8 Malignant 5.8 32 72 41 75 17.7 8.4 195
9 Malignant 48 3.2 7.7 53 2.8 49 35 6.4
10 Malignant 34 15 4.0 1.8 53 128 7.0 16.9
1 Malignant 9.0 3.7 118 52 85 15 10.7 144
12 Malignant 8.5 4.8 103 6.0 49 8.2 6.6 15
13 Malignant 8.1 48 94 5.7 5.8 9.0 7.3 11.2
14 Malignant 87 59 97 6.7 6.7 15.1 84 15.7
15 Malignant 49 2.8 6.2 3.6 3.9 71 6.0 109
16 Malignant 15.8 7.7 20.3 115 9.6 105 1.3 125
17 Malignant 3.0 13 72 29 38 6.1 6.9 1.0
3 Benign 3.2 13 1.1 15 37 6.9 45 83
(pneumonia)
™ Benign 33 14 52 24 34 43 7.7 9.9
(pneumonia)

* Patients 3 and 7 also had pneumonia, distinctly separate from their primary tumor.

Patients are numbered as in Table 1.
nd = not done.

accumulation for variations in density. The tumor tissue density
was calculated by multiplying the ratio of the attenuation in the
lesion and mediastinum by the density of mediastinum (1.04)
according to Rhodes et al. (26). The density-corrected indices were
then obtained by dividing the tumor SUV and slope value,
respectively, by the lesion density. The values obtained (SUV .,
slope r and SUV ;1 SIOPE.or 1ss TESPectively) were thus ex-
pressed relative to the air-free tissue content of the lesion rather
than relative to the thoracic volume occupied by the lesion. In
addition, corrected tracer accumulation values were calculated for
the two pneumonias.

CcT

Intravenous contrast-enhanced CT was performed during sus-
tained respiration with a Siemens Somatom Plus or AR CT scanner
(Siemens, Erlangen, Germany) using 8- or 10-mm slice thickness
and increment. Scanning parameters were 130 or 140 kV, 130 or
200 mAs. Images were reconstructed by standard algorithms. In
four of the patients, spiral CT was applied. A 17.2-cm scan
including the hilar regions and the upper or lower thorax, depend-
ing on the previous findings on chest radiographs, was performed
during 24 s at 137 kV and 110 mAs and reconstructed in 8-mm
overlapping slices with 4-mm increment.

image Interpretation

The CT images were interpreted blind by a board-certified
thoracic radiologist. In the vast majority of patients, the PET
examinations were performed by one physician, and the images
were then analyzed by another board-certified radiologist trained in
PET who was blind to both the results of CT and chest radiography
and the surgical and histopathological findings. The PET imaging
reports, written separately for ''C-methionine and '®F-FDG de-
scribed the location of the lesions and the presence or absence of
metastases. At the final image evaluation, PET and CT were
viewed together retrospectively. The results of PET and CT were
correlated to the findings at surgery. In this prospective study, the
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surgical decision was taken independently from the PET results.
Surgery was therefore performed even in cases where additional
lesions were diagnosed by PET, thereby leading to an upstaging of
the disease.

Statistical Analysis

Nonparametric Mann—Whitney U tests and Wilcoxon signed
rank tests were used for unpaired and paired analyses, respectively.
In calculations of sensitivity and specificity, optimal cutoffs were
chosen retrospectively for each tracer SUV,_,, ,,; and slope o ns
value to yield the fewest false-negative and false-positive cases
possible. Pneumonia was found in two patients with malignant
primary lesions. Because pneumonia is known to have critically
indeterminate PET values, in the absence of any existing case with
only pneumonia as a primary lesion, these lesions have been
statistically evaluated as separate cases. In contrast, mediastinal
metastases of a primary lung tumor, already included in the
calculations, were not evaluated separately.

RESULTS

All individual patient characteristics, including histopatho-
logical results and the occurrence of metastases at surgery, CT
and PET are reported in Table 1. The individual quantitative
PET results are given in Table 2.

CcT

In comparison with the operative findings, CT correctly located
the lung tumors in 15 patients and located the mediastinal tumors
in the remaining two patients. CT correctly excluded tumor growth
from the lung into the mediastinum or the presence of pathologi-
cally enlarged hilar and/or mediastinal lymph nodes (short axial
diameter >1 cm) in 8 of 14 patients with primary lung tumors. In
the remaining six patients, mediastinal CT findings were shown to
be false-positive in two, true-positive in one, false-negative in two
and not confirmed in the unoperated patient. Contralateral lung
metastases were suspected at CT in one patient with adenocarci-
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noma (Case 14, Table 1). Lung opacities, consistent with broncho-
pneumonia and confirmed by surgery, were found to coexist with
but were distinctly separate from the tumor in two patients.

PET—Visual Evaluation

Fluorine-18-FDG PET and ''C-methionine PET detected all the
15 lung and two mediastinal tumors equally well. The pattern of
tracer accumulation was the same for both ''C-methionine and
'8F.FDG where most lesions were visualized as focal areas of
increased tracer accumulation in comparison with the surrounding
tissues (Fig. 1). In the larger tumors, however, a central region of
low radioactivity concentration was found (Fig. 2) corresponding
to tumor necrosis. In one patient with a cystic tumor (a benign
thymoma), the tracer accumulated exclusively in a thin peripheral
rim of solid tissue (Case S, Table 1, Fig. 3). A benign lung cyst
(Case 4, Table 1) was faintly visible at PET but was found
quantitatively to have an unexpectedly high tracer accumulation
with both tracers (Table 2).

PET with both tracers correctly and independently excluded
hilar invasion and mediastinal lymph node metastases in 10 of 14
patients with primary lung tumor. PET with both tracers detected
mediastinal tumor spread later confirmed by surgery in the three
patients as well as in the patient who didn’t undergo surgery (Case
1, Table 1, Fig. 1). Visual evaluation with '®F-FDG PET also
detected contralateral lung metastases near the right diaphragm in
Case 14 (Table 1), but this area was not included in the axial field
of view with ''C-methionine PET. In two patients with lung cancer
(Cases 3 and 7, Table 1), pneumonia was also correctly diagnosed
as an inflammatory lesion because of its wedge-like shape.

In the case of ''C-methionine PET, small mediastinal areas of
unspecific (nontumor) tracer accumulation were found in the
occasional patient. These uptakes were rather confusing in the
initial phase of the image reading, but they were found consistently
to have a typical location corresponding to the mucous membranes
of the carina and the proximal main bronchi, and could in the
subsequent evaluation be discarded as nonspecific findings. On the
other hand, the normal tissue uptake of ''C-methionine by bone
marrow and esophagus provided excellent anatomical landmarks
that facilitated the image interpretation and made possible a more
precise description of the tumor location (Fig. 4) than was the case
with '8F-FDG, where the normal tissue uptake was low.

PET—Quantitative Tissue Measurements

The variations in blood glucose and plasma methionine concen-
tration were small (mean * s.d.) 4.8 * 0.9 (range: 3.9-7.6)
mmol/liter and 20 * 5.8 (range: 11-33) umol/liter, respectively.

Fluorine-18-FDG versus Carbon-11-Methionine. The uptake
(SUV) and transport rate (slope) in tumors and normal tissues are
given in Tables 2 and 3. In the tumors, including pneumonias,
8F.FDG SUV,,,, »s Values were higher than corresponding ''C-
methionine values (19% higher mean value, not significant). By
contrast, the tumor transport rate (slope . ns) showed a converse
relationship, with higher values for ''C-methionine than for 'F-
FDG (148% higher mean value, p < 0.001). A weak correlation
was found between the SUV_, .., for the two tracers (r = 0.66) but
not between corresponding slope,,,, ns- The tracer accumulation in
the primary tumors did not differ significantly from that in the
metastases, although there was a tendency toward higher values in
the former.

Fluorine-18-FDG-PET. The tumor SUV_. . and slope . s
were closely correlated (r = 0.97). In the lung tumors, both SUV . 1.
and slope,,, s were (mean 29% and 38%, respectively) higher than
the corresponding uncorrected values (p = 0.001).

The density corrected values (SUV . ns, SIOP€or 1s) distin-
guished the benign from the malignant tumors irrespective of
whether the pneumonias were included in the benign group (p <
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FIGURE 1. (A) Fluorine-18-FDG PET scan of a patient (Case 1, Table 1) with
squamous cell carcinoma. Upper panel (arows): lung tumor. Lower panel
(amow heads): mediastinal metastasis. (B) The same tumor and mediastinal
metastasis as in (1A) visualized with 'C-methionine PET.

0.01, p < 0.01) or not (p < 0.05, p < 0.05) (Table 3A). The levels
of significance were decreased when uncorrected SUV (but not
slope) was used (Table 3A).

When malignant tumors were compared with all nonmalignant
lesions (the benign tumors plus the two pneumonias in Cases 3 and
7, Table 1), both SUV_ . s and slope o, ns» With cutoffs of 3.5 and
1.5, respectively, correctly distinguished 14 of 15 malignant and 3
of 4 benign lesions, leaving one false-positive (pneumonia in
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FIGURE 2. Carbon-11-methionine (right) PET of a patient (Case 13, Table 1)
with squamous cell carcinoma with a central necrosis (amow). Note the
unspecific tracer accumulation corresponding to the carinal region and main
bronchi (arrow head). Anatomical landmarks such as vertebral body (thick
arrow) stemum and scapulae are easily identified.

patient 7, Table 1) and one false-negative case (large cell cancer in
patient 6) (Fig. 5, Table 4). Thus, the sensitivity of both SUV ., 1
and slope,,, s Was 93%, the specificity 75% and the accuracy 89%
(17 of 19).

For the uncorrected slope, similar values were obtained; but for
SUV, sensitivity decreased to 87% (13 of 15) and accuracy to 84%
(16 of 19), whereas specificity remained the same (Table 4).

Carbon-11-Methionine PET. A weak correlation was observed
between tumor SUV_, 1, and slope ., ns (r = 0.71). Mean tumor
SUV_orr ns and slope.,,; ns Were both 40% higher than the corre-
sponding uncorrected values (p < 0.001).

Carbon- 1 I-methionine uncorrected SUV and slope distinguished
significantly the benign from the malignant tumors, irrespective of

FIGURE 3. Fluorine-18-FDG (upper panel) and ''C-methionine (lower panel)
PET of a patient (Case 5, Table 1) with a cystic (benign) thymoma (arrow).
Note the faint tracer accumulation in a thin peripheral rim of solid tissue.
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FIGURE 4. Fluorine-18-FDG (upper panel) and ''C-methionine (lower panel)
PET of a pneumonia in patient (Case 3, Table 1) with a central squamous cell
carcinoma (not shown) with bronchial obstruction. Note the greater tracer
accumulation of 11-C-methionine than of '8F-FDG.

whether the pneumonias were included in the benign group (p <
0.01, p < 0.05) or not (p < 0.05 for both) (Table 3B). However, in
contrast to corresponding '8F-FDG values, only the slope, ., i (but
not the SUV_,,; 1) distinguished malignant from benign lesions,
including pneumonias (p < 0.05), whereas both indices distin-
guished malignant and benign lesions equally well (p < 0.05 for
both), provided the pneumonias were excluded (Table 3B).

With a cutoff of 5.0, uncorrected SUV distinguished 14 of 15
malignant tumors and 4 of 4 nonmalignant lesions (benign and
pneumonias); sensitivity of 93%, specificity of 100% and accuracy
of 95% in (18 of 19), whereas slope and slope,,, ,, incorrectly
classified both cases of pneumonia above the cutoff (7.0), resulting
in an equal sensitivity of 93% (14 of 15) but an impaired specificity
of 50% (2 of 4) and an impaired accuracy of 84% (16 of 19) (Fig.
S, Table 4). For SUV_, 1, sensitivity was unchanged, compared
with uncorrected SUV, but specificity declined to 75% (3 of 4),
giving an accuracy of 89% (17 of 19) (Fig S, Table 4).

Combined "*F-FDG and ''C-Methionine Analysis. The com-
bined analysis—including ranked values of indices from both
tracers—distinguished malignant from benign lesions just as well
as did the individual tracers (p < 0.01 and p < 0.05 for SUV_, ps
and slope . ns» respectively; p < 0.05 for both uncorrected SUV
and slope). When a lesion was considered malignant, provided
either the '®F-FDG or the ''C-methionine value was above the
cutoff limit chosen for the individual tracer, 15 of 15 malignant and
3 of 4 benign lesions were correctly identified with SUV . s
(sensitivity of 100% in 15 of 15, specificity of 75% in 3 of 4 and
accuracy of 95% in 18 of 19) (Fig. 5, Table 4). In the same fashion,
slope . ns had an equal 100% sensitivity (15 of 15) but was less
specific 50% (2 of 4) and less accurate 89% (17 of 19) (Fig. 5,
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TABLE 3
A: Fluorine-18-FDG PET Measurements (mean * 1 s.d.) for Different Tissues

Slope x Slopecon X Slopepg < Slopecor hs X
Tissue n Suv 10~2%/min SUVorr 10"%/min SUV, 10"%/min SUVcorr ns 10 %/min
Tumors
Benign 2 25*022 0.76=*0.23 28 +08 0.89 + 0.44 2.7 +041 0.79 = 0.05 29+ 06 0.90 = 0.21
Malignant 15 73*34" 390+180%* 82+36% 440+190% 8944 5126 95+ 45% 530260
Pneumonia 2 33=x01 1.30 = 0.09 44+19 1.80 + 0.84 36 *0.1 1.70 = 0.03 3.1x29 2.00 = 0.59
Metastases® 5 6.0=*31 3.60 = 1.90 82+20 5.00 +2.10 70+39 3.20 = 1.40 82*25 410 = 1.50
Lung 17 053*0.2 0.07 = 0.04 24+03 0.32 + 0.16
Mediastinum 17 24+*03 0.23 + 0.11
Muscle 17 072 +02 0.16 + 0.09
Vertebralbody 17 2.0 = 0.6 073 +0.34
Liver 4 32*04 035+ 0.15
B: Carbon-11-Methionine PET Measurements (mean *+ 1 s.d.) for Different Tissues
Slope X Slopegor X Slope,,s X SloPecor hs X
Tissue n suv 10~%/min SUVeor 10~2%/min SUV,, 10~ %/min SUV o he 10~ %/min
Tumors
Benign 2 2309 3.60 + 1.60 28*15 4.40 + 2.70 28 +06 420 +1.80 3110 490 + 2.70
Malignant 15 56+18% 050+380" 63+13T 105+3.00" 7.1+25% 119=+470" 74 19" 12.3 + 3.70""
Pneumonia 2 35+03 5.60 + 1.90 48 + 16 7.10 = 0.50 43 +0.8 6.90 = 3.00 6.1 +23 9.10 + 1.10
Metastases’$ 4 4712 5.80 = 0.80 64*10 7.90 +1.40 57*25 6.50 + 0.90 72+19 8.50 + 1.00
Lung 17 06 *01 0.86 + 0.31 25*05 3.30 = 1.30
Mediastinum 177 11*03 1.10 = 0.58
Muscle 17 074+011 1.10+035
Vertebral body 17 42+*13 6.90 = 2.80
Liver 4 11.2x22 17.8 + 580

* p < 0.05 compared with benign tumors (n = 2).
tp < 0.05.

*p < 0.01 compared with benign tumors and pneumonias as a single group (n = 4).

§ Mediastinal metastases from lung cancer.
See Methods section for abbreviations of PET indices.

Table 4). Uncorrected SUV showed the same results as did SUV , 1.
For uncorrected slope, sensitivity and accuracy decreased to 93%
(14 of 15) and 84% (17 of 19), respectively, compared to Slope . ns»
whereas the specificity remained the same (50%) (Table 4).

DISCUSSION

In this study, the diagnostic values of '*F-FDG and ''C-
methionine PET for lung tumors were investigated and com-
pared. Visually, PET using either tracer detected all the malig-
nant and benign tumors equally well. In contrast to CT, PET
with either tracer correctly identified (and excluded) mediasti-
nal lung cancer metastases. Significantly higher uptake and
transport rate values were obtained in malignant than in benign
lesions with both tracers. With optimally chosen cutoff limits,
the uptake and transport rate values from either tracer distin-
guished malignant from benign lesions with a sensitivity of
87%-93% and an accuracy of 84%-95%. Sensitivity increased
to 100% when both tracers were optimally combined.

The ability of PET to detect lung tumors and to distinguish
between malignant and benign forms, as shown by the results of
this study, confirms the findings in previous regorts. Similar
results have been obtained when using either '"*F-FDG (15-
20,32,33) or ''C-methionine (24), where the levels of sensitiv-
ity to detect malignant lesions varied between 83% and 100%,
and the specificities ranged between 60% and 100%. The
false-negative cases were small tumors (/7,/9), adenocarcino-
mas (19,24,34), isolated cases of bronchioloalveolar cancer
(34), liposarcoma (24), carcinoid (33) and recurrent broncho-
genic carcinomas (32,35). The false-positive cases were mainly
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inflammatory lesions such as abscesses (24,32), granulomas
(17,19,24) and aspergillomas (19,24). In this study, an unex-
pectedly large accumulation of tracer was found in a lung cyst,
although this lesion was visually interpreted as benign. More-
over, the relatively high tracer uptake found in the two cases of
pneumonia did not hamper the visual interpretation, thanks to
the wedge-like appearance of the lesions.

In one report, Kubota et al. (24) studied two different groups,
either with '"®F-FDG or with ''C-methionine, but no patients
were examined with both tracers. Generally speaking, when the
two tracers were compared, we found that uptake values with
'8F_FDG were somewhat higher, whereas transport rates
were on average more than twice as high with ''C-methio-
nine. A correlation could be discerned between the '*F-FDG
and ''C-methionine SUV_,,, , but not between the corre-
sponding slope,,, - NO major differences were observed
either in the degree of significance or in accuracy when the
uptake and transport values of the two tracers were com-
pared. With regard to the specificity data, reflecting the
ability of PET to exclude malignancy, the paucity of benign
lesions in this study must be taken into consideration when
interpreting the results.

In the combined analysis of '*F-FDG and ''C-methionine
PET results, only a minor additional piece of information was
forthcoming compared with what was found in the data from
either individual tracer. This concerned the two false-negative
cases of malignancy. The circumstance that categorized the
lesion as malignant if it belonged to the malignant group by at
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FIGURE 5. The distribution of individual SUV,,, n, and slope., ns (110%/
min) with PET using '8F-FDG (two left groups) and ' C-methionine (two right
groups). Open circles are malignant lesions and filled circles and triangles
represent benign tumors and pneumonias, respectively. Dotted lines are
optimally chosen cutoffs.

least one of the tracers increased the sensitivity in the combined
analysis to 100% for SUV_,, ,,s and slope,,,, ns- The specificity
for slope_, ns Was, however, reduced to 50%, that is, worse
than for uncorrected '®F-FDG slope, because both pneumonias
would have been considered as malignant by the same criterion.

We found no advantage in distinguishing between malignant
and benign lesions by adding transport rate (slope) values
compared with uptake (SUV) values alone irrespective of
whether these indices were corrected for potential tissue density
heterogeneity and/or partial volume effects of surrounding lung

tissue or not. By contrast, Hiibner et al. reported that transport
rate values were more accurate than uptake indices for separat-
ing cancers from benign masses (32). The addition of density
correction marginally improved the sensitivity with '*F-FDG
but decreased the specificity with ''C-methionine PET (Table
4, SUV_,, ns compared with uncorrected SUV), although these
differences were due solely to the differences found in isolated
cases (the tumor in Case 17 and the pneumonia in Case 3, Table 2).

The main problem with CT visualization of mediastinal lung
cancer metastases is that the image reading is based on the
identification of enlarged lymph nodes. Thus, metastases within
the normal mediastinal node size range (largest diameter < 1
cm) usually escape detection. In a multi-institutional trial,
Webb and colleagues found that, based on node size criteria, CT
was 52% sensitive and 67% specific (/7). Furthermore,
McLoud et al. found that 40% of resected, visually enlarged
nodes were free from cancer cells (36). In this study, where four
patients had mediastinal metastases, CT detected only two of
these cases, whereas two other CT scans were false-positive. In
contrast, the visual interpretation of PET with both tracers
correctly identified all four cases with mediastinal spread, but
there were no false-positive mediastinal findings. Our findings
are in agreement with an earlier study (37) in 11 patients with
mediastinal involvement of NSCLC, where sensitivity and
specificity values of 82% and 81%, respectively, were reported
for '®F-FDG-PET, compared with 64% and 44%, respectively,
for CT.

CONCLUSION

The results of this article corroborate previous findings
concerning the value of PET with '*F-FDG and ''C-methionine
for tumor differentiation and the advantage of the technique
over CT for staging of lung cancer. As in most other reports, an
overlap between malignant and benign tumor accumulation
indices was evident. The problem with these indeterminate
lesions could not be fully overcome either by combined
investigation with '*F-FDG and ''C-methionine or by the
additional use of transport rate values or density correction for
tumor heterogeneity and surrounding air.
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Iodine-131-Metaiodobenzylguanidine Uptake in
Metastatic Carcinoid Tumor to the Orbit

Michael W. Hanson, Andrew M. Schneider, David S. Enterline, Jerome M. Feldman and Jon P. Gockerman
Division of Nuclear Medicine, Department of Radiology, Divisions of Endocrinology and Oncology, Department of Medicine,
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Metastatic tumor is one of several etiologies of space-occupying
masses in the orbit that accounts for 1%-13% of all orbital masses
(7). In the adult patient population, breast cancer is the most
common tumor to metastasize to the orbit followed by metastases
from the lung, prostate and gastrointestinal tract (2). It is rare for
carcinoid tumors to metastasize to the eye or to the orbit. Carcinoid
tumors arise from Kulchitsky cells that originate in the neural crest.
Histologically, these tumors resemble, but are not as aggressive as,
adenocarcinomas. Most carcinoids arise in the gastrointestinal tract
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or the lung. The most common site for carcinoid metastases is the
liver. On anatomical imaging studies, such as CT and magnetic
resonance imaging, metastatic orbital carcinoid tumors appear as
nonspecific tumor masses. Carcinoid tumors have an affinity for
uptake of the radiopharmaceutical '3'l-metaiodobenzyiguanidine
(MIBG) (3). We report a case of a patient with a known carcinoid
tumor who developed a left orbital mass that demonstrated abnor-
mal uptake of '3'I-MIBG indicative of metastatic carcinoid tumor to
the orbit.

Key Words: carcinoid tumor; orbital metastasis; iodine-131 meta-
iodobenzylguanidine
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