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We compared the diagnostic value of ['®F]2-fluoro-2-deoxy-D-
glucose (FDG) PET imaging and 2°'TI SPECT imaging in the detec-
tion of primary lung cancer and mediastinal lymph node metastases.
Methods: Thirty-three patients with histologically-proven primary
lung cancer were examined with both FDG PET and Tl SPECT (early
and delayed scans) within a week of each study. For semiquantita-
tive analysis, the tumor-to-nontumor activity ratio (T-to-N ratio) was
calculated. Results: Although both techniques delineated focal
lesions with an increase in tracer accumulation in 28 patients, PET
identified three additional patients in whom Tl SPECT images did not
visualize any lesions on both early and delayed scans. In the
detection of lung cancer of less than 2 cm in size, FDG PET provided
higher sensitivity (six of seven, 85.7%) than did TI SPECT early scan
(one of seven, 14.3%) and delayed scan (four of seven, 57.1%).
Neither technique visualized any lesions in two patients who had
bronchioloalveolar carcinoma. The T-to-N ratio was significantly
higher with FDG PET (10.39 + 6.63) than it was with TI SPECT (early
scan, 2.37 *+ 0.86; delayed scan, 3.01 + 1.01) (p < 0.0001), whereas
there was significant positive correlation between the FDG T-to-N
ratio and the thallium T-to-N ratio (p < 0.01). Twenty-two patients
had thoracotomies. Regarding the staging of mediastinal nodes,
FDG PET detected mediastinal lymph node metastasis that was
negative on Tl SPECT, whereas both techniques excluded tumor
involvement in enlarged node at CT. Conclusion: Both techniques
have clinical value for the noninvasive detection of primary lung
cancer that is 2 cm or greater in diameter. However, if a PET camera
is available, FDG PET is considered the method of choice for the
evaluation of patients with suspected primary lung cancer that is
less than 2 cm in diameter.
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Lung cancer is increasing in incidence throughout the world
and is one of the major causes of death in many countries (/).
The CT scan has played an important role in diagnosing and
staging lung cancer. The spatial resolution of CT provides
morphologic detail that is superior to that provided by other
imaging techniques. However, CT has several limitations,
including a limited ability to distinguish benign and malignant
tumors (2). Recently, Swensen et al. (3) reported that lung
nodule enhancement that is measured with CT is related to the
likelihood of malignancy. Yamashita et al. (4) also stated that
enhancement characteristics of lung cancers reflect the number
of small tumoral vessels and the distribution of elastic fibers in
the tumoral interstitium. However, not only lung cancer but also
organizing pneumonia are enhanced significantly because the
degree of enhancement at CT is related to the vascularity of the
nodule (J).
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PET imaging with ['8F]2-fluoro-2-deoxy-D-glucose (FDG)
has the potential value of delineating viable tumor tissue on the
basis of increased glucose metabolism in the tumor. Recent
reports indicated the value of FDG PET in diagnosing human
lung cancer (6-15) and staging mediastinal nodes (/6-I18).
However, the need for an expensive PET camera and cyclotron
may limit the clinical application of this technique to patients
with suspected lung cancer. Thallium-201 also has been used
for the clinical diagnosis of lung cancer (/9-24) and the
detection of mediastinal lymph node metastasis from lung
cancer (25). Accumulation of Tl was observed in viable tumor
tissue (26), reflecting the proliferative potential of tumor cells
(27,28) on the basis of Na*-K* ATPase activity on the cell
membrane (29-31). Tonami et al. (/9) reported the value of Tl
SPECT in detecting primary lung cancer and mediastinal lymph
node metastases. FDG PET remains an expensive and compli-
cated procedure, performed with tracers and imaging equipment
that are available only at a limited number of sites. The
technology needed to perform lung SPECT with T, on the other
hand, is widely available, at only a fraction of the cost of PET.
Few comparative studies between FDG PET and Tl SPECT
have been reported (32-36). For these reasons, we performed a
head-to-head comparison of these two scintigraphic examina-
tions in patients with primary lung cancer to estimate their value
in the detection of primary lung cancer and mediastinal lymph
node metastases.

MATERIALS AND METHODS

Patients

Thirty-three patients (20 men and 13 women) with histologically-
proven primary lung cancer participated in this study. Patient ages
ranged from 42 yr to 82 yr, with a mean of 66 yr. Final diagnosis
was established by histology (thoracotomy or bronchoscopy) in all
patients. They consisted of 21 adenocarcinomas, 8 squamous cell
carcinomas, 2 large cell carcinomas, 1 adenosquamous cell carci-
noma and 1 small cell carcinoma. The size of the primary tumors
was determined from the CT scans or the resected specimens and
ranged from 1.2 cm to 9.5 cm. Twenty (60.6%) of the lung tumors
were greater than 3 cm in diameter. Of the remaining 13 tumors, 6
were 2.0 cm—2.9 cm, and 7 were <1.9 cm. None of the patients had
insulin-dependent diabetes, and serum glucose levels just before
FDG injection were <120 mg/dl in all patients. Informed consent
was obtained in all cases from patients who participated in the
study.
Preparation of FDG

Fluorine-18 was produced by a 2°Ne(d,)'®F nuclear reaction,
and FDG was synthesized by the acetyl hydrofluorite method.

FDG PET

PET was performed using a PET camera (Headtom IV, Shimazu,
Kyoto, Japan) that has four rings, providing seven tomographic
slices. The intrinsic resolution was 5 mm FWHM at the center.
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After at least 4 hr of fasting, each subject had transmission
scanning for attenuation correction for 10 min. Immediately after
the transmission scan, FDG was administered intravenously, and a
static scan (14-24 tomographic slices at 6.5-mm intervals) was
performed 40 min later for 10 min—20 min by using a 128 X 128
matrix. The average injection dose of FDG (radioactivity of
preinjection syringe — radioactivity of postinjection syringe) was
178 MBq (4.8 mCi) and ranged from 104 MBq (2.8 mCi) to 318
MBgq (8.6 mCi). The average injection dose of FDG in this study
was approximately one-half of the dose that was reported previ-
ously (7,8). The effect of variance on the injection doses had been
evaluated previously (37); therefore, no significant correlation was
observed between the injection dose and the tumor-to-muscle
radioactivity ratio, although the image quality and s.d. of the region
of interest (ROI) data had deteriorated in the small injection dose.
Here, body weights of the patients ranged from 39.2 kg to 75.0 kg,
with a mean of 56.4 kg. The injection dose of FDG was reduced
because of low body weight.

Thallium-201 SPECT

Within a week, all patients were examined with Tl SPECT. With
the subjects at rest, 111 MBq (3 mCi) Tl-chloride were injected
into a peripheral vein, and Tl imaging was begun 15 min (early
scan) and 3 hr (delayed scan) later. SPECT was performed using a
triple-headed rotating gamma camera system (PRISM 3000,
Picker, Cleveland, OH), equipped with a high-resolution collima-
tor, collecting 30 projection images for 40 sec each over 360° by
using a 128 X 128 matrix. Total acquisition time was approxi-
mately 30 min. The intrinsic resolution was 15 mm FWHM at the
center. The slice thickness was 5.8 mm. A series of transverse
slices were reconstructed with filtered backprojection using a
Ramp Hanning filter with a cutoff frequency of 0.5 cycles/pixel.
No attenuation correction was performed.

CT Protocol

All patient had CT scanning of the chest before FDG PET and Tl
SPECT imaging. CT scans were obtained with Helical CT system
(TCT-900S/Super Helix; Toshiba, Tokyo, Japan). Contiguous
1-cm-thick sections were obtained at 1-cm intervals from the lung
apices to the adrenal glands before and during intravenous bolus
injection of contrast material at 2 ml/sec by means of a power
injector.

Data Analysis

The FDG and Tl images were visually interpreted from the films
by two readers and carefully correlated with contemporaneous CT
study. For qualitative analysis, any obvious foci of increased FDG
or Tl uptake over background were considered positive for tumor.
For semiquantitative analysis of the FDG uptake, ROIs were placed
over the most intense area of FDG accumulation. After correction
for radioactive decay, the ROIs were analyzed by computing the
standard uptake value (SUV) (tumor activity concentration/injected
dose/body weight). The SUVs were calculated using a calibration
factor between PET counts and radioactivity concentration. No
recovery coefficient correction was applied. Activity ratios were
calculated between the lesions and the homologous contralateral
normal lung for an average tumor-to-nontumor activity ratio
(T-to-N ratio). The activity ratios also are accurate methods of
differentiating malignant and benign focal pulmonary abnormali-
ties using FDG PET data analysis (38). On the other hand, for
semiquantitative analysis of Tl SPECT, the radioactivity was
measured for areas of the tumor showing the highest Tl accumu-
lation and for the homologous contralateral normal lung to calcu-
late the T-to-N ratio of the activity on early scan (early ratio, ER)
and delayed scan (delayed ratio, DR). The retention index (RI) of

Tl was also calculated for tumor activity according to the following
equation: RI (%) = (DR — ER) X 100/ER.

Evaluation of Mediastinal Lymph Node Metastases
Twenty-two patients had thoracotomies, and the results of FDG
PET, Tl SPECT and CT were compared with the pathologic
findings of the mediastinal lymph nodes. CT scans were interpreted
from film by two readers who were not aware of the PET and
SPECT results. PET scans or SPECT scans also were interpreted at
a later date by two readers who were also unaware of the previous
CT interpretation. Nodes were measured along the short axis on the
transverse CT imagings and were considered abnormal if they were
=10 mm in short-axis diameter (39). Thallium-201 SPECT images
were classified as positive for nodal involvement when there was at
least one area of definitely increased radioactivity in the medias-
tinum, other than in the myocardium and thoracic spine. When
there was no uptake of Tl in the mediastinum or when the
accumulation was equivocal or could not be distinguished from
that in the myocardium or vertebra, the images were considered
negative. Foci of FDG uptake greater than mediastinal blood-pool
activity were considered tumor, and foci of FDG uptake less than
or equal to mediastinal blood-pool activity were considered non-
tumor. The SUV was not calculated for the mediastinum because of
the problem of recovery coefficient and partial volume effects (40).

Statistical Analysis

Comparison of differences in FDG and Tl uptake was performed
using the two-tailed Student’s t-test for unpaired data. Probability
values of less than 0.05 were considered to be statistically signif-
icant.

RESULTS
Table 1 summarizes the results of the radionuclide and
pathological findings for the 33 patients studied.

Visual Analysis

FDG PET delineated focal lesions with an increase in tracer
accumulation in 31 of 33 patients (93.9%) with primary lung
cancer. The smallest tumor was 15 X 10 mm in size. On the
other hand, Tl SPECT imaging showed an increase in tracer
uptake in 23 of 33 patients (69.7%) on early scan and in 27 of
33 patients (81.8%) on delayed scan. FDG PET identified three
additional patients in whom Tl SPECT images did not visualize
any lesion on either early or delayed scans (Patients 12, 13 and
15). Two of these patients had adenocarcinoma of <2 cm in
diameter (Patients 12 and 13). Another patient had adenocarci-
noma that was 3.5 cm in size and localized near normal
distribution of thallium in the myocardium (Patient 15). In the
detection of lung cancer that was =2 cm in diameter, the
sensitivities of Tl SPECT early scan (23 of 26, 88.5%) and
delayed scan (23 of 26, 88.5%) were comparable to the
sensitivity of FDG PET (25 to 26, 96.2%). A representative case
is shown in Figure 1. In contrast, in the detection of lung cancer
that is <2 cm in diameter, FDG PET provided higher sensitivity
(six of seven, 85.7%) than did either Tl SPECT early scan (one
of seven, 14.3%) or delayed scan (four of seven, 57.1%). A
representative case is shown in Figure 2. Delayed scan of Tl
SPECT provided higher sensitivity than did early scan. How-
ever, there was a patient in whom the lesion was visualized on
early scan but not on delayed scan (Patient 7). Neither FDG
PET nor Tl SPECT visualized any lesion in two patients who
had bronchioloalveolar carcinoma (Patients 1 and 2). The sizes
of these tumors were 1.2 cm and 2.2 cm.

Among the patients (n = 22) showing increased tracer
accumulation, the T-to-N ratio of FDG PET ranged from 3.13 to
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TABLE 1
Patient Characteristics and Radionuclide Imaging Results

Patient Age FDG

no. (V) Sex Histological type Size (cm) T-to-N ratio TER TIDR

1 51 F Bronchioloalveolar carcinoma 1.2x1.0 Negative Negative Negative

2 54 F Bronohioloalveolar carcinoma 22x%x17 Negative Negative Negative

3 63 F Bronchioloalveolar carcinoma 38x37 3.86 1.97 248

4 67 M Bronchioloalveolar carcinoma 40x37 4.29 1.81 1.64

5 46 M Adenocarcinoma 19x15 1.97 Negative 1.53

6 62 F Adenocarcinoma 20x20 3.13 1.56 1.56

7 51 F Adenocarcinoma 25x%x25 3.19 1.35 Negative

8 64 F Adenocarcinoma 30x22 8.95 2.10 3.02

9 70 M Adenocarcinoma 32x26 10.80 243 3.81
10 75 M Adenocarcinoma 1.8%x13 2.04 Negative 1.68
1 59 F Adenocarcinoma 35x%x22 3.72 1.23 2.32
12 42 F Adenocarcinoma 15X 15 3.59 Negative Negative
13 63 M Adenocarcinoma 1.8x1.2 5.14 Negative Negative
14 53 M Adenocarcinoma 29x29 6.60 1.36 2.09
15 59 F Adenocarcinoma 35x25 8.26 Negative Negative
16 68 M Adenocarcinoma 3.8x36 9.44 2.21 245
17 4l F Adenocarcinoma 9.5x%x5.0 3.41 Negative 1.94
18 7 M Adenocarcinoma 25x%x20 5.01 144 245
19 75 M Adenocarcinoma 4.4 x40 22.70 3.28 5.76
20 70 F Adenocarcinoma 27x20 8.99 224 2.98
21 64 M Adenocarcinoma 50x42 16.70 2.20 299
22 66 M Squamous cell carcinoma 45x40 11.10 277 3.54
23 75 M Squamous cell carcinoma 1.7%x1.0 5.05 227 411
24 70 M Squamous cell carcinoma 6.3 X 45 29.80 3.83 2.82
25 66 M Squamous cell carcinoma 15x%x15 495 Negative 1.71
26 76 M Squamous cell carcinoma 3.0x3.0 12.90 291 4.79
27 77 F Squamous cell carcinoma 40X 3.0 792 222 3.07
28 70 M Squamous cell carcinoma 55 X% 4.0 12.30 2.86 295
29 76 M Squamous cell carcinoma 70x28 17.70 3.06 293
30 82 F Large cell carcinoma 44x23 6.16 1.72 242
31 64 M Large cell carcinoma 5.0x 3.8 4.75 Negative 1.42
32 76 M Adenosquamous cell carcinoma 3.1 X341 8.21 1.78 2.01
33 72 M Small cell carcinoma 48 x3.0 13.30 2.02 4.02

29.8, with a mean of 10.39. Early ratio of Tl SPECT ranged
from 1.23 to 4.79, with a mean of 2.37, and DR ranged from
1.56 to 5.76, with a mean of 3.01. The T-to-N ratio was
significantly higher with FDG PET (10.39 * 6.63) than it was

with Tl SPECT (ER: 2.37 * 0.86, p < 0.0001; DR: 3.01 =
1.01, p < 0.0001) (Fig. 3). There were significant positive
correlations between FDG T-to-N ratio and Tl ER (r = 0.869,
n = 23, p < 0.01) (Fig. 4A) and between FDG T-to-N ratio and

3.0 X

FIGURE 1. Patient 26, squamous cell carcinoma, 3.0 >
pT1NOMO. (A) CT image shows nodule in the left lung. (B) FDG PET shows
significantly hot accumulation in the tumor (SUV, 7.22; T-to-N ratio, 12.9). (C)
Early scan on Ti SPECT. (D) Delayed scan on TI SPECT. Tl SPECT also
reveals good visualization of the tumor (ER, 2.91; DR, 4.79; R, 64.6%).

3.0 cm,
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FIGURE 2. Patient 12, moderately differentiated tubular adenocarcinoma,
1.5 X 1.5 X 1.2 cm, pT1NOMO. (A) CT image shows nodule in the right lung.
(B) FDG PET shows hot accumulation in the tumor (SUV, 2.64; T-to-N ratio,
3.59). (C) Early scan on Tl SPECT. (D) Delayed scan on Tl SPECT. Neither
early nor delayed Tl SPECT visualized any lesions.
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FIGURE 3. The T-to-N ratio was significantly higher with FDG PET (10.39 +
6.63) than it was with TI SPECT (ER, 2.37 * 0.86; DR, 3.01 + 1.01) (p <
0.0001).

DR (r = 0.598, n = 27, p < 0.01) (Fig. 4B), whereas there was
no significant correlation between FDG T-to-N ratio and Tl RI
(r = 0.215, n = 22, p value not significant). There were also
significant positive correlations between FDG SUV and Tl ER
(r = 0.698, n = 23, p < 0.01) and between FDG SUV and DR
(r = 0.526,n = 27, p < 0.01), whereas there was no significant
correlation between FDG SUV and TIRI (r = 0.118, n = 22,
p value not significant).

Detection of Mediastinal Lymph Node Metastases
Twenty-two patients with non-small cell lung cancer had
thoracotomies, and tumor involvement of mediastinal lymph
nodes was proven in 4 of 22 (18.2%) patients. FDG PET
identified negative N2 nodes in 16 of 18 (88.9%) patients with
negative nodes (Table 2). PET missed two of four nodal
metastases. These nodes were <1 cm and had only microscop-
ically tiny metastases (tumor emboli in peripheral sinus).
Thallium-201 SPECT identified negative N2 nodes in 17 of 18
(94.4%) patients with negative nodes. TI SPECT missed three
of four nodal metastases. One was 1.7 X 1.0 cm, and the other
nodes were <1 cm in diameter. CT missed three of four nodal
metastases. These nodes were <1 c¢cm in diameter. None of the
techniques detected mediastinal lesions in two patients who had
microscopically tiny metastases in normally sized lymph nodes.

TABLE 2
Comparative Performances of CT, Thallium-201 SPECT and FDG
PET in Staging Mediastinal Lymph Node Metastases

Mediastinal lymph node metastases
Positive Negative
CcT
Positive 1 4
Negative 3 14
TI SPECT
Positive 1 1
Negative 3 17
FDG PET
Positive 2 2
Negative 2 16

In one patient, FDG PET detected mediastinal lymph node
metastases that were negative on Tl SPECT (Fig. 5). In one
patient, both FDG PET and Tl SPECT detected a tumor in a
normally-sized lymph node. In 18 patients without mediastinal
lymph node metastases, four patients had lymphadenopathy on
CT. In two of these patients, both FDG PET and Tl SPECT
excluded tumor involvement in enlarged nodes at CT. Although
false-positive results were somewhat common with CT, they
occurred only occasionally with FDG PET and Tl SPECT.
There were two false-positive cases, with a slight increase in
FDG uptake (one hyperplasia of lymph follicle and one anthra-
cotic node). Another false-positive case showed a slight in-
crease in Tl uptake (hyperplasia of lymph follicle).

DISCUSSION

In the detection of lung cancer that is =2 cm in diameter, the
sensitivities of Tl SPECT early scan (23 of 26, 88.5%) and
delayed scan (23 of 26, 88.5%) were comparable to the
sensitivity of FDG PET (25 of 26, 96.2%) (Fig. 1). In contrast,
in the detection of lung cancer that is <2 cm in diameter, FDG
PET provided higher sensitivity (six of seven, 85.7%) than did
either Tl SPECT early scan (one of seven, 14.3%) or delayed
scan (four of seven, 57.1%) (Fig. 2). The T-to-N ratio was 3—4
times higher with FDG PET than it was with TI-SPECT (Fig.
3). Thus, FDG-PET provided better sensitivity for detecting
lung cancer that is <2 cm in diameter and had a higher T-to-N
ratio than did T1 SPECT. However, neither FDG PET nor Tl
SPECT visualized any lesion in two patients who had bronchi-
oloalveolar carcinoma. Scott et al. (/0) reported that, based on
visual inspection of the images, the FDG-PET scans correctly
identified 44 of 47 pulmonary malignancies. Of the three
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FIGURE 4. (A) Relationship between FDG T-to-N ratio and T ER. There was significant positive comrelation between FDG T-to-N ratio and T ER (r = 0.869,
n = 23, p < 0.01). (B) Relationship between FDG T-to-N ratio and Tl DR. There was significant positive correlation between FDG T-to-N ratio and TIDR (r =

0.598, n = 27, p < 0.01).
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FIGURE 5. Patient 32, adenosquamous cell carcinoma, pT2N2MO. (A)
Slightly enlarged right mediastinal lymph node (arrow) in a patient with a right
lung primary lesion is seen on contrast-enhanced CT scan. (B) PET scan
shows intense FDG uptake (arrow) by mediastinum 40 min after tracer
injection. (C) Early scan on Tl SPECT. (D) Delayed scan on TI SPECT. Neither
early nor delayed TI SPECT visualized any lesions. Metastatic cancer was
proven in the right mediastinal nodes of this patient.

false-negative findings, two were for tumors that were <1 cm
in diameter, and the other was for a bronchioloalveolar carci-
noma. Thus, FDG PET scans correctly identified pulmonary
malignancies that were >1 cm in diameter, except for bronchi-
oloalveolar carcinomas. Tumors <1 c¢m in diameter were noted
to be particularly difficult to evaluate because of their small size
relative to the resolution of the PET scanner (7). In general,
objects that are smaller than twice the resolution of the imaging
system will show recovery coefficients that are substantially
less than one (40).

Although TI SPECT detected lung cancer in the majority of
patients, the sensitivity of TI SPECT was inferior to that of FDG
PET in the detection of lung cancer that is <2 cm in diameter
in our study. Tonami et al. (4/) reported visualization of 147
(100%) malignant pulmonary lesions in 170 patients with
suspected malignant pulmonary lesions that were >2 cm in
diameter. Similarly, Suga et al. (42) evaluated 106 suspected
malignant thoracic lesions that were >2 cm in diameter with TI
SPECT. All 48 (100%) malignant lesions were visualized on TI
SPECT. These authors concluded that the lack of thallium
uptake in nodules that are >2 cm in diameter effectively
excluded malignancy. Orihashi et al. (43) evaluated 40 pulmo-
nary nodules between 1 cm and 3 cm in diameter with Tl
SPECT. Two of three malignant lesions <2 cm in diameter
were not visualized, whereas all malignant lesions that were >2
cm in diameter were visualized. These reports were consistent
with our results.

Thallium-201 SPECT has another limitation that is due to its
background uptake in muscle and myocardium, as seen in
Figures 1 and 5. The background uptake in muscle may hinder
determination of chest wall (rib/muscle) involvement. Thalli-
um-201 uptake in myocardium may hinder the detection of lung
cancer. In this study, one of three patients with positive FDG
PET but negative T1 SPECT had lung cancer localized near the
myocardium.

Several reasons for the discordance between FDG and TI
distributions are possible (32). First, the spatial resolutions and
the sensitivities were strikingly different between PET and
SPECT, which may cause a great difference in image quality

(44—-46). Martin et al. (44) compared FDG SPECT with FDG
PET to evaluate malignancies. Sensitivities of PET and SPECT
were 82.8 cpm/MBq and 4.8 cpm/MBgq, respectively (recon-
structed special resolutions, 7 and 17 mm, respectively). FDG
SPECT detected 36 of 46 (78%) lesions that were depicted at
FDG PET. In the detection of malignancies <1.8 cm in
diameter, FDG PET provided higher sensitivity than did FDG
SPECT. These results were similar to the results of our study
comparing FDG PET and Tl SPECT, and it was suggested that
T1 SPECT may be comparable to FDG SPECT in the detection
of lung cancer. Second, the scintigraphic detectability depends
not only on size of the lesion and degree of uptake of
radiopharmaceutical but also on the contrast of the lesion
uptake with surrounding tissues (44). Activity ratios between
the lesions and the homologous contralateral normal lung
(T-to-N ratios), on average, were higher with FDG PET
(10.39 * 6.63) than they were with Tl SPECT (ER, 2.37 *
0.86; DR, 3.01 * 1.01), and two lung cancers that were =5 cm
in diameter were not depicted on early scan of Tl SPECT. A
part of these phenomena may be attributed to increased TI
accumulation in the normal lung, especially on early scan of Tl
SPECT. Third, the mechanisms of the accumulation of these
tracers in tumors are different. FDG is transported, phosphor-
ylated and metabolically trapped in tumor cells as FDG-6-
phosphate. The mechanisms for increased FDG-6-phosphate
accumulation in many cancer cells has been shown to be due to:

1. increased expression of glucose transporter molecules at
the tumor cell surface;

2. increased level/activity of hexokinase; and

3. reduced levels of glucose-6-phosphatase compared to
most normal tissues (15).

Thallium-201 uptake is considered to reflect the regional
perfusion and viability of tumor cells (20,21). Regarding the
mechanism of Tl accumulation in tumors, a relationship to
Na*-K* ATPase has been reported (23,24). Slosman et al. (47)
reported that cell incorporation of Tl differed from that of
[*H]deoxyglucose in vitro, suggesting that it was not directly
related to cell glycolysis activity. Oriuchi et al. (35) also
showed that Tl uptake in glioma may be independent of
increased glucose transport or metabolism, using comparative
SPECT and PET studies. However, both FDG and T1 have been
shown to be markers of viable tumor in autoradiographic
studies (26,48). Here, there was a significant positive correla-
tion between FDG uptake (SUV and T-to-N ratio) and Tl uptake
(ER and DR) in primary lung cancer (Fig. 4A and B).
Another issue in lung cancer management is whether the
tumor has spread to the mediastinal lymph nodes. This question
is of substantial importance in non-small cell lung cancer, in
which a cure is generally possible only with the complete
excision of viable tumor from the thorax. Prospective data from
the multi-institutional Radiologic Diagnostic Oncology Group
trial (2) showed that, in staging non-small cell lung cancer, CT
was only 52% sensitive and 69% specific, whereas MR imaging
was 48% sensitive and 64% specific. Wahl et al. (/6) reported
that FDG PET was substantially more accurate than CT in
staging presumed non-small cell lung cancer. In this prospective
study of 23 patients, FDG PET was about 81% accurate, CT
was 52% accurate (p < 0.05) and neither CT nor FDG PET was
perfect in this clinical setting. However, FDG PET often had the
capability to detect tumors in some normally-sized lymph nodes
and exclude tumor involvement in enlarged lymph nodes.
Yokoi et al. (25) compared Tl SPECT with CT in the detection
of mediastinal lymph node metastases from lung cancer in 113
patients. The sensitivity of CT was 62%, and the specificity was
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80%. These rates were higher for TI SPECT (76% and 92%,
respectively), and Tl SPECT was considered to be very helpful
in facilitating prediction of the presence of mediastinal metas-
tases in patients with enlarged nodes at CT. In our preliminary
study, one patient had true-positive FDG PET and false-
negative Tl SPECT (Fig. 5). FDG PET had the capability to
detect mediastinal lymph node metastases that were negative on
Tl SPECT. However, no techniques, including FDG PET,
detected mediastinal lesion in two patients who had microscop-
ically tiny metastases (tumor emboli in peripheral sinus) in
normally-sized lymph nodes. This finding may be partly attrib-
uted to the phenomenon that FDG uptake is related to viable
cancer cell number (49). Two patients had true-negative FDG
PET and Tl SPECT and false-positive CT. FDG PET and TI
SPECT also had the capability to exclude tumor involvement in
enlarged nodes at CT.

This study has several limitations. First, the number of
patients who had pathologic staging of their mediastinal lymph
nodes is limited. This study included only four patients with
tumor involvement of mediastinal lymph nodes. Therefore, few
conclusions can be drawn from these data regarding the ability
of FDG PET imaging to detect mediastinal lymph node metas-
tases. It is clear that additional study is essential. Second, both
the PET and the SPECT are limited in this study in their ability
to detect distant metastases, such as adrenal/liver involvement,
which is a vital aspect of the staging of these patients with lung
cancer, because of the “non”-whole-body mode of image
acquisition. Third, this study included only cases of histologi-
cally proven lung cancer. Therefore, although the true-positive
rate for these studies could be calculated, the true-negative rate
could not be evaluated. In this respect, a prospective analysis of
patients with suspected lung cancer may be warranted for
comparing the diagnostic accuracy of these techniques.

CONCLUSION

In the detection of lung cancer that is =2 cm in diameter, the
sensitivity of Tl SPECT was comparable to the sensitivity of
FDG PET. Furthermore, there was significant positive correla-
tion between FDG uptake and Tl uptake in primary lung cancer.
Therefore, both techniques are considered to have clinical value
for the noninvasive detection of primary lung cancer that is =2
cm in diameter. FDG PET, however, provided significantly
higher sensitivity in patients with primary lung cancer that is
<2 cm in diameter and higher contrast than T1 SPECT. If a PET
camera is available, FDG PET is considered the method of
choice for the evaluation of patients with suspected lung cancer
that is <2 cm in diameter.
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Technetium-99m-Labeled Anti-EGF-Receptor
Antibody in Patients with Tumor of Epithelial
Origin: I. Biodistribution and Dosimetry for

Radioimmunotherapy

Normando Iznaga-Escobar, Leonel A. Torres, Alejo Morales, Mayra Ramos, Ivette Alvarez, Niuvis Pérez, Roberto Fraxedas,
Oscar Rodriguez, Nelson Rodriguez, Rolando Pérez, Agustin Lage and Michael G. Stabin

Centers of Molecular Immunology, Clinical Research and Medical-Surgical Research, Institute of Nephrology, Orthopedic
Hospital Frank Pais, Havana, Cuba; and Radiation Internal Dose Information Center, Oak Ridge, Tennessee

Accurate estimation of biodistribution and absorbed dose to normal
organs and tumors is important for immunoscintigraphic studies
and radioimmunotherapy treatment planning. Methods: Four pa-
tients (3 men, 1 woman; mean age 54.8 *+ 9.2 yr; range 42-64 yr)
were administered 3 mg of anti-human epidermal growth factor
receptor (anti-hEGF-r) antibody (ior egf/r3), radiolabeled with %™ Tc
activity of 39.5 + 1.1 mCi (range 38.5 mCi~40.7 mCi) by intravenous
bolus infusion. After administration, blood and urine samples were
collected from three patients up to 24 hr after injection. Whole-body
anterior and posterior scans were obtained at 5 minand 1, 3, 5 and
24 hr after injection. Using a computer program, regions of interest
were drawn over the heart, liver, spleen, bladder and tumor to
measure the activity in the source organs at each scanning time.
Time-activity curves for each source organ were then fitted to
monoexponential or biexponential functions by nonlinear least
squares regression using the flexible polyhedrals method, which
adequately fit our data with the correlation coefficient of 0.985 +
0.013, and were integrated to determine organ residence times. The
mean absorbed doses to the whole body and various normal organs
were then estimated from residence times and from blood and urine
samples using the methods developed by the Medical Internal
Radiation Dose Committee. The effective dose equivalent and
effective dose were calculated as prescribed in ICRP Publication
Nos. 30 and 60. Results: Plasma disappearance curves of ®™Tc-
labeled anti-hEGF-r antibody were best-fit by a two-compartment
model in all patients with a distribution half-life (t,,,) of 0.207 hr *
0.059 hr (mean *+ s.d., n = 3) and an elimination half-life (t,,g) of
13.9 hr = 2.2 hr. Among the various organs, significant accumula-
tion of the radiolabeled antibody was found in the liver (48.5% *
4.4%, mean * s.d.), heart (3.50% *+ 0.17%) and spleen (3.1% =
1.8%) at 5 min postadministration. These values were reduced to
3.2% * 0.4%, 0.1% * 0.01% and 0.1% = 0.1%, respectively, at 24
hr. Mean cumulative urinary excretion of ®®™Tc-labeled anti-hEGF-r
antibody was 4.6% * 0.6% at 24 hr postinjection. Estimates of
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radiation absorbed dose to normal organs in rad/mCi administered
(mean * s.d., n = 4) were: whole body 0.017 * 0.002; gallbladder
wall 0.074 + 0.007; spleen 0.136 = 0.076; and liver 0.267 * 0.036.
The effective dose equivalent and effective dose estimates for adults
were 0.041 * 0.008 remymCi and 0.027 + 0.004 rem/mCi admin-
istered. Conclusion: This feasibility study indicates that ®*™Tc-
labeled anti-hEGF-r antibody (ior egf/r3) can be used safely; this
analysis provides a dosimetric framework for future studies. This
monoclonal antibody, labeled with '®®Re, could possibly permit a
successful regional radioimmunotherapy of tumors of epithelial
origin.

Key Words: biodistribution; dosimetry; radioimmunotherapy; hu-
man epidermal growth factor
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’Ee technique for the production of monoclonal antibodies
(MAbs) of predefined specificity (/) resulted in a dramatic
increase in the application of radiolabeled antibodies for radio-
immunodiagnosis (RAID) and radioimmunotherapy (RAIT).
Numerous clinical trials using radiolabeled MAbs for tumor
detection, biodistribution and internal radiation dosimetry have
been conducted in recent years (2-4). Significant positive
results have now been achieved in RAID (5,6) and RAIT
(7-11).

The calculation of the absorbed dose has been important in
nuclear medicine. Such dose estimates are used to determine the
health risks involved and the amount of radionuclides that
should be administered to patients during routine procedures.
The current Medical Internal Radiation Dose (MIRD) formal-
ism (12,13) for estimating doses to individual organs usually
includes the assumption of uniform radionuclide distribution in
homogeneous media. Although this assumption is not strictly
valid in many cases, its use in evaluating internal dose estimates
for safety purposes remains routine.

The antibody ior egf/r3, developed at the Center of Molecular
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