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Abstract. Background: Positron emission tomography (PET)
with 18-F-fluorodeoxyglucose (FDG) has already proved useful
in assessing the extension of esophageal carcinomas, detecting
tumor recurrence and monitoring responses to therapy. This
study aimed to elucidate the potential role of FDG-PET
compared with technetium-99m methylene diphosphonate
(Tc-99m MDP) bone scintigraphy in the evaluation of bony
metastasis in esophageal carcinoma patients. Patients and
Methods: Forty-four patients with thoracic esophageal
carcinomas, who underwent FDG-PET together with bone
scintigraphy within 1 month between January 2000 and
September 2003, were included in this study. Results: Of the
44 patients, 13 had 31 bone metastases and, of these, 6 were
diagnosed pretreatment and 7 had recurrence after
esophagectomy surgery. Of the 31 metastases, 9 were in the
vertebral column, 11 in the thoracic cage (including the ribs,
clavicle, sternum and scapula), 9 in the pelvic bones and 2 in
the long bones of the extremities. In evaluating the detection of
bony metastasis, FDG-PET showed 92% sensitivity, 94%
specificity and 93% accuracy, compared with 77%, 84% and
82%, respectively, for bone scintigraphy. Although the
sensitivity, specificity and accuracy of PET were slightly higher
than those of bone scintigraphy, these differences were not
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statistically significant according to the McNemar’s test. Three
patients with false-negative findings on their bone scans had
positive findings with PET; all of these lesions were osteolytic
metastases. Conclusion: FDG-PET scans were superior to
bone scintigraphy in detecting bony metastases of esophageal
carcinomas. Therefore, FDG-PET can be used for the
detection and follow-up of bone tumors when Tc-99m MDP
bone scintigraphy gives negative findings.
Positron emission tomography (PET) with 18-Ffluorodeoxyglucose (FDG) provides physiological information
that enables the diagnosis of cancer based on altered tissue
glucose metabolism (1). The role and potential value of PET,
which is a non-invasive imaging modality, has been widely
investigated in recent years (2-5), and markedly increased
FDG uptake in esophageal carcinomas has been documented
in several studies (6-13). FDG-PET imaging might, therefore,
facilitate diagnosis in patients with malignant diseases by
helping differentiate between benign and malignant tumors,
assess disease extension (6-12), detect tumor recurrence (14,
15) and monitor responses to therapy (16-19). The authors
previously reported the usefulness of FDG-PET in staging
esophageal squamous cell carcinomas (SCCs), and its higher
sensitivity, specificity and accuracy in lymph node detection
compared to computed tomography (CT), particularly in the
neck and upper thoracic region (20). FDG-PET might also be
of value in detecting recurrent esophageal carcinomas (21).
The majority of patients with esophageal carcinomas have
an advanced disease at the time of diagnosis (22). The
majority of distant metastases of esophageal carcinomas
involve the lymph nodes, liver, lungs and bones. Bone
scintigraphy using technetium-99m methylene diphosphonate
(Tc-99m MDP) is widely used for the detection of bony
metastasis in patients with esophageal cancer. Bone scanning
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is a simple and harmless technique and has a higher
sensitivity than X-rays. However, its sensitivity and specificity
have recently been reported to be lower than those of
magnetic resonance imaging (MRI) (23). Preliminary studies
have shown FDG-PET to be superior to bone scintigraphy in
detecting bone metastases from lung (24, 25) and breast (26,
27) cancers, but not from prostate cancer (28). However, no
comparisons of FDG-PET and bone scintigraphy in
esophageal cancer have been reported.
This study aimed to elucidate the potential role of FDGPET compared with Tc-99m MDP bone scintigraphy in the
evaluation of bony metastasis in esophageal carcinoma
patients.

Patients and Methods
Patients. Forty-four patients with thoracic esophageal carcinomas,
who underwent FDG-PET together with bone scans within 1
month between January 2000 and September 2003, were included
in this study. All the patients were treated at the Department of
General Surgical Science (Surgery I), Gunma University, Graduate
School of Medicine, Japan. Informed written consent was acquired
from all individuals prior to enrollment in this study. The median
age of the patients was 63.4 years, with a range of 43 to 76 years.
The tumor stage and disease grade were classified according to the
sixth edition of the TNM classification of the International Union
Against Cancer (UICC).
PET imaging. PET images were obtained using a SET 2400 W
(Shimadzu Corporation, Kyoto, Japan) with a 59.5-cm transaxial
field of view and a 20-cm axial field of view. A whole-body image
was initiated 40 min after an injection of 275-370 MBq FDG using
the simultaneous emission–transmission method (20). Four to 5
sections from the head to the thigh were imaged for 8 min per
section. Patients fasted for at least 4 h before FDG-PET. The
imaging protocols were approved by the institutional review board
(29), and all patients gave informed consent before undergoing the
examination. All PET images were evaluated qualitatively by at least
two experienced nuclear medicine physicians. Functional images of
the standardized uptake value (SUV) were produced from the
attenuation-corrected transaxial images, the amount of FDG
injected, body weight and the cross-calibration factors between PET
and the dose calibrator. SUV was defined as the concentration of
radioactivity in the tissue or lesion (MBq/ml) x body weight
(g)/injected dose of FDG (MBq). The blood sugar level in all
patients was less than 100 mg/dl at the time of the PET scan.
Bone scintigraphy. Tc-99m MDP bone scintigraphy was performed
in whole-body scan mode using a Toshiba E.CAM gamma camera
(Toshiba Corporation, Tokyo, Japan). Whole-body bone scans
were obtained 3-4 h after an injection of 740 MBq Tc-99m MDP,
using high-resolution collimation on a twin-headed gamma camera.
Statistical analysis. Bony metastasis was assessed by histological
findings or a clinical and radiological follow-up that included CT,
MRI, bone scintigraphy, FDG-PET and specific X-ray studies for
at least 6 months; these lesions were defined as the gold standard
(GS). The sensitivity, specificity and accuracy of FDG-PET and
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Figure 1. (a) Coronal positron emission tomography scans demonstrating
a primary tumor (arrow) with intense FDG uptake in the lower
mediastinal region and multiple bony metastases (arrowhead) in the
vertebral column, ribs and pelvic bones. (b) Bone scintigraphy
demonstrating multiple uptake of the radionuclides (arrow) in the
vertebral column, ribs and pelvic bones.

bone scintigraphy were calculated using standard definitions (30).
The McNemar test was used to analyze significant increases in the
number of false-positive or false-negative findings (31).

Results
Of the 44 patients studied, 13 had 31 bone metastases
confirmed histologically or in the clinical follow-up (Figure
1). Of these 13 patients, 6 were diagnosed pretreatment and
7 had recurrence after esophagectomy surgery. Of the 31
metastases, 9 were in the vertebral column, 11 in the
thoracic cage (including the ribs, clavicle, sternum and
scapula), 9 in the pelvic bones and 2 in the long bones of
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Discussion

Figure 2. Coronal (a) and axial (b) images of positron emission tomography
scans demonstrating intense FDG uptake in the lumbar spine (arrow), which
was proved to be a false-positive lesion in a clinical follow-up.

the extremities. In the detection of bony metastasis, FDGPET showed 92% sensitivity, 94% specificity and 93%
accuracy, compared with 77%, 84% and 82%, respectively,
for bone scintigraphy. The sensitivity, specificity and
accuracy of PET were slightly higher than those of bone
scintigraphy, but these differences were not statistically
significant according to the McNemar’s test. A falsenegative finding with PET was found in 1 patient, because
differentiation between the primary tumor and adjacent
thoracic spine metastasis of the primary tumor was not
possible. Two false-positive lesions occurred with PET, in
the shoulder joint and lumbar spine (Figure 2), and a
subcutaneous lesion in the thoracic cage was missed. Five
patients with false-positive findings on their bone scans had
uptake in the thoracic spine and cage and lumbar spine, and
3 patients with false-negative findings on the bone scans had
positive findings with PET (Figure 3). All of these lesions
were osteolytic metastases.

The current standard of practice for the detection of osseous
metastatic diseases is conventional bone scans of the entire
body using Tc-99m MDP. The radiotracer used is absorbed
onto the bone surfaces and its uptake depends on local blood
flow and osteoblastic activity (32). Although Tc-99m MDP
scintigraphy is sensitive in the detection of advanced skeletal
metastatic lesions, early involvement might be missed,
because this technique relies on the osteoblastic reaction of
the involved bone rather than actual tumor detection. In
adults, the sensitivity of skeletal scintigraphy has been
reported as 62% to 89% (33). Recently, PET has emerged as
one of the most promising new imaging modalities for the
detection of skeletal metastases. This study compared the
potential role of FDG-PET compared with Tc-99m MDP in
evaluating bony metastasis in esophageal carcinoma patients.
Thirteen of the 44 patients studied had bone metastases.
In the detection of bony metastasis, FDG-PET showed 92%
sensitivity, 94% specificity and 93% accuracy, compared with
77%, 84% and 82%, respectively, for bone scintigraphy. The
sensitivity, specificity and accuracy of PET were, therefore,
slightly higher than those of bone scintigraphy. Three
patients with false-negative findings on their bone scans had
positive findings with PET; these patients had osteolytic
metastases. From these results it can be suggested that PET
is superior to bony scintigraphy in detecting osseous
metastases. This might be because of its ability to detect the
presence of tumors directly by metabolic activity, rather than
indirectly by showing tumor involvement due to increased
bone mineral turnover. Another reason might be its ability
to detect metastatic foci earlier than bone scintigraphy.
Some reports have described the high specificity, but
comparable sensitivity, of FDG-PET imaging for bony
metastasis (24-26, 34). Bury et al. reported that FDG-PET
could detect metastatic bone involvement more accurately
than bone scintigraphy in patients with non-small cell lung
cancer (24). In particular, PET was more specific and had a
higher positive predictive value than bone scintigraphy. Kao
et al. also reported the better specificity, but lower
sensitivity, of FDG-PET in detecting bone metastases (34).
Cook et al. reported that FDG-PET was superior to bone
scintigraphy in the detection of osteolytic breast metastases,
which are associated with poor prognosis (27). In contrast,
osteoblastic metastases showed lower metabolic activity and
were frequently undetectable by PET. They mentioned that
the cause of this difference was unclear, but it might have
been attributable to the lower volumes of viable tumor
tissue within osteoblastic osseous metastases, because these
tend to be more acellular in nature (35, 36). Furthermore,
the sensitivity of FDG-PET imaging in detecting
osteoblastic bony metastases, observed especially in prostate
cancer, is generally less than bone scanning using MDP
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Figure 3. Coronal (a) and axial (b) images of positron emission tomography scans demonstrating intense FDG uptake in the lumbar spine. A CT showed
an osteolytic lesion (arrow) in the lumbar spine (c). Bone scintigraphy (d) does not demonstrate abnormal uptake, therefore this is a false-negative lesion
on bone scintigraphy.

(28). In recurrent breast cancer, FDG-PET can detect
significantly more lymph nodes but less bone metastases
compared with conventional imaging, including bone
scintigraphy (37). PET might miss, in particular, osteoblastic
lesions, which are normally found by conventional bone
scans (38, 39). The lesions undetectable with PET are
predominantly correlated with radiologically osteoblastic or
mixed osteoblastic/osteolytic lesions (37). On the other
hand, there are a number of patients with positive bone
lesions that have been exclusively detected by FDG-PET.
Bone scintigraphy using Tc-99m MDP showed 90%
sensitivity but poor specificity (61%) (23). The false-positive
cases can be explained by the non-selective uptake of the
radionuclide in any area of increased bone turnover
(degenerative changes, inflammatory processes, mechanical
stress, and so on). It was previously reported that falsenegative findings might be obtained in a small percentage
of patients with purely osteolytic lesions or in patients with
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slow-growing lesions, where the reactive bone is not
detectable (23, 40). In the present study, bony metastasis
was undetected by bone scintigraphy in 3 patients with
osteolytic lesions, but detected on FDG-PET.
There are several advantages with PET that might lead
to its superior detection of bone metastases compared with
Tc-99m MDP bone scintigraphy. First, PET possesses a
higher spatial resolution than bone scintigraphy (26, 40, 41).
Secondly, FDG-PET and bone scintigraphy utilize different
mechanisms to detect bony metastatic sites: Tc-99m MDP
bone scintigraphy depends on osteoblastic bone reactions
within the cancer cells, while FDG-PET gauges glucose
influxes into the cancer cells (26). Therefore, FDG-PET
might detect bony metastases at an earlier stage, even if
cancer cells are restricted to the bone marrow (26).
In conclusion, it can be suggested that FDG-PET scans
are superior to bone scintigraphy in the detection of purely
osteolytic diseases and in the early detection of osseous
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metastatic diseases of esophageal carcinomas. Therefore,
FDG-PET is essential in the detection and follow-up of
bone tumors when 99mTc-MDP bone scintigraphy produces
negative results.
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