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Abstract. Purpose: The purpose of this study was to
investigate the pitfalls of using 2-['*F]-fluoro-2-deoxy-p-
glucose positron emission tomography (FDG-PET) for the
evaluation of osteoblastic bone metastases in patients with
breast cancer by comparing it with **™Tc-hydroxymethy-
lene diphosphonate bone scintigraphy.

Methods: Among the 89 breast cancer patients (mean age
59+15 years) who had undergone both FDG-PET and
bone scintigraphy within 1 month between September
2003 and December 2004, 55 with bone metastases were
studied. The bone metastases were visually classified by
multi-slice CT into four types according to their degree
of osteosclerosis and osteolysis—osteoblastic, osteolytic,
mixed and invisible—and compared in terms of tracer
uptake on FDG-PET or bone scintigraphy and SUV can
on FDG-PET. Differences in the rate of detection on
bone scintigraphy and FDG-PET were analysed for
significance by the McNemar test.

Results: The sensitivity, specificity and accuracy of bone
scintigraphy were 78.2%, 82.4% and 79.8% respectively,
and those of FDG-PET were 80.0%, 88.2% and 83.1%,
respectively, revealing no significant differences. Accord-
ing to the CT image type, the visualisation rate of bone
scintigraphy/FDG-PET was 100%/55.6% for the blastic
type, 70.0%/100.0% for the lytic type, 84.2%/94.7% for
the mixed type and 25.0%/87.5% for the invisible type.
The visualisation rates of bone scintigraphy for the
blastic type and FDG-PET for the invisible type were
significantly higher. The SUV .., of the blastic, lytic,
mixed and invisible types were 1.724+0.28, 4.14+2.20,
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2.97+1.98 and 2.25+0.80, respectively, showing that the
SUV hean tended to be higher for the lytic type than for
the blastic type.

Conclusion: FDG-PET showed a low visualisation rate in
respect of osteoblastic bone metastases. Although FDG-
PET is useful for detection of bone metastases from breast
cancer, it is apparent that it suffers from some limitations
in depicting metastases of the osteoblastic type.
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Introduction

Bone scintigraphy has been widely used to search for bone
metastases, and it is undoubtedly useful because it permits
a single whole-body examination with comparatively high
sensitivity [1, 2]. However, in some instances it exhibits the
disadvantage of low specificity and produces false positives
due to uptake by benign lesions, such as osteoarthritis, frac-
tures and inflammation; consequently even experienced nu-
clear physicians often have difficulty in distinguishing bone
metastases from benign disease.
2-["®F]-Fluoro-2-deoxy-p-glucose positron emission
tomography (FDG-PET) is useful for staging cancers,
detecting recurrences and evaluating the effectiveness of
treatment, and it has been reported to be of particular value
when searching for bone metastases from breast cancer [3,
4]. Accordingly, for the latter purpose we expected FDG-
PET, which reflects glucose metabolism in tumours, to be
more sensitive than bone scintigraphy, which detects re-
active bone metabolism. However, in our clinical routine
we have encountered patients with no FDG uptake in
whom computed tomography (CT) has clearly demon-
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Table 1. Comparison of the sensitivity, specificity and accuracy of
bone scintigraphy and FDG-PET for the detection of bone
metastases

Sensitivity Specificity Accuracy

Bone scintigraphy
FDG-PET

78.2 (43/55)
80.0 (44/55)

82.4 (28/34)
88.2 (30/34)

79.8 (71/89)
83.1 (74/89)

The test showed no significant differences

strated osteoblastic metastases, which also typically
displayed abnormal accumulation on bone scintigraphy.
In previous studies, low rates of detection of osteoblastic
metastases from prostate and breast cancers using FDG-
PET have been described [5, 6]. In this study, we further
extended the investigation by directly comparing FDG-
PET and bone scintigraphy for the detection of bone
metastases from breast cancer. Each bone lesion was
classified as being of blastic, lytic, mixed or invisible type
on the basis of the CT findings. By comparing the
differences in accumulation between bone scintigraphy
and FDG-PET, we attempted to clarify the pitfalls of
using FDG-PET for the detection of osteoblastic bone
metastases.

Materials and methods

Patients

The subjects were 89 breast cancer patients who had been treated in
our hospital between September 2003 and December 2004. They
ranged in age from 29 to 83 years, and their mean age was 59+15
years. Based on the biopsy and magnetic resonance imaging (MRI)
findings and the clinical course, bone metastases were definitively
diagnosed in a total of 55 patients. MRI studies were performed in all
55 patients with bone metastases, and 51 of the 55 patients had
evidence of progressive metastatic disease during the study period or

Fig. 1. a Coronal CT image of
multiple blastic-type bone me-
tastases in a 75-year-old-woman
after surgery for breast cancer.
Sclerotic changes were seen in
multiple vertebral bodies.

b Posterior bone scintigram.
Uptake was observed in multi-
ple vertebral bodies. ¢ Coronal
FDG-PET image. No uptake is
seen in the bone metastases

improvement following treatment. Histological confirmation was
obtained in six patients. None of the 55 patients had previously
received any treatment such as hormone manipulation therapy,
chemotherapy or radiotherapy to the bone lesions. All patients
provided written informed consent before entry into the study.

Imaging

All patients underwent bone scintigraphy and FDG-PET within 4
weeks of each other (mean interval 2.5 weeks). For bone
scintigraphy, 740 MBq (20 mCi) of “*™Tc-hydroxymethylene
diphosphonate (HMDP) (Nihon Medi-Physics Co., Ltd.) was in-
travenously injected, and planar anterior and posterior images were
obtained 2 h later. Single-photon emission computed tomography
(SPECT) imaging of sites of suspected bone lesions was also
performed in all patients. A dual-headed gamma camera, PRISM
2000XP (Royal Philips Electronics, Cleveland, USA), equipped
with a low-energy high-resolution collimator, was used. After a 4-h
fast, patients were intravenously injected with approximately 250—
300 MBq (body weight x 5 MBq) of '®F-FDG. Fifty minutes after
the injection, the patient voided, and 60 min after the injection, 23-s
transmission scans and 2.5-min emission scans were obtained from
the upper thigh to the neck using a dedicated high-resolution system
(Allegro; Philips/ADAC, Cleveland, USA) with a 56-cm axial field
of view, a resolution of 5.1 mm (axial) X 6.2 mm (in-plane) full-
width at half-maximum, and a three-dimensional acquisition mode.
The acquisition data were reconstructed by segmented attenuation
correction and a three-dimensional raw action maximum likelihood
algorithm (3D-RAMLA) method.

The degree of osteosclerosis and osteolysis in metastatic bone
lesions was evaluated on the images obtained by 16-detector mul-
tislice CT (Aquilion, Toshiba Medical Systems Corp, Nasu, Japan).
Multislice CT imaging of sites of bone metastases was performed
using the following scanning parameters: rotation time, 0.5 s;
detector collimation, 16x1 mm; voltage, 120 kV; amperage, 250—
300 mA; and pitch, 15/16. Bone metastases on axial, sagittal and
coronal images on a bone window (window width 2,200/window
level 200) were visually classified into four types: blastic, lytic,
mixed and invisible. Metastases were classified as being of the
invisible type when there was no difference in appearance compared
with surrounding normal bone.
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Fig. 2. a Axial CT image of a lytic-type metastasis in a 75-year-old man with breast carcinoma. A lytic metastasis is visible in the right 10th
rib (arrow).b Posterior bone scintigram. The 10th rib contains a lytic metastasis in the form of a hot lesion (arrow), highly suggestive of a
metastasis. ¢ Axial FDG-PET image. Uptake was observed in the lytic metastasis to the 10th rib (arrow)

The sensitivity, specificity and accuracy of FDG-PET and bone
scintigraphy were calculated on a patient by patient basis for each
type. The mean standard uptake values (SUV ean) of the four types
of bone metastasis on FDG-PET were measured and compared.
FDG-PET, bone scintigraphy and CT images were evaluated in-
dependently by two board-certified nuclear physicians.

Fig. 3. a Axial CT image of a
mixed-type metastasis in a 49-
year-old woman after surgery for
breast cancer. A mixed blastic-
lytic metastasis is seen in the
vertebral body of T7 (arrow).

b Posterior whole-body bone
scintigram. High uptake is seen
in the vertebral body of T7
(arrow). Multiple bone metas-
tases were suspected because of
the presence of uptake in the
right Sth and 8th ribs, suggestive
of metastases. ¢ Axial FDG-PET
image. FDG-PET showed high
uptake in T7 (arrow), corre-
sponding to the uptake on bone
scintigraphy

Statistical analysis

The results of FDG-PET and bone scintigraphy were compared using
the McNemar test. P values <0.05 were considered significant.
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Fig. 4. a Coronal CT image of an
invisible metastasis in a 55-year-
old woman after surgery for
breast cancer. The metastasis
should be present at the site
indicated by the arrow, but could
not be clearly seen. b Posterior
bone scintigrams. Uptake in the
ilium bone metastasis is unclear
(arrow). ¢ Coronal FDG-PET
image. Uptake was seen in the
ilium (arrow). This metastasis
had a SUV can 0f 2.9. d Gado-
linium-enhanced MR image with
coronal fat suppression. En-
hanced signal intensity is seen in
the ilium (arrow), suggesting a
bone metastasis. The lesion grew
larger during follow-up, sug-
gesting bone metastases
clinically

Results

Bone metastases were present in 55 patients. Bone scin-
tigraphy revealed **™Tc-HMDP uptake at 49 sites that were
diagnosed as metastases, but was false positive at six sites
and false negative at 12 sites. FDG-PET revealed FDG
uptake at 48 sites, but it was false positive at four sites and
false negative at 11 sites. The causes of the false positives
on bone scintigraphy were a rib or sternal traumatic frac-
ture, osteoarthritis of a vertebral body, osteomyelitis and a
bone island. The false positives on FDG-PET were due to a
rib fracture or acute coxitis.

Table 2. The visualisation rates of bone scintigraphy and FDG-PET
for the different CT types of bone metastases

CT type Bone scintigraphy ~ FDG-PET p value

Blastic (18)  100.0 (18/18) 55.6 (10/18)  p<0.0781

Lytic (10) 70.0 (7/10) 100.0 (10/10) NS
Mixed (19) 842 (16/19) 94.7 (18/19) NS
Invisible (8)  25.0 (2/8) 87.5(7/8)  p<0.0313

NS=significant

The sensitivity, specificity and accuracy of bone scin-
tigraphy were 78.2%, 82.4% and 79.8% respectively, and
the corresponding values for FDG-PET were 80.0%, 88.2%
and 83.1%, respectively. The sensitivity, specificity and
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Fig. 5. Box-whisker graph of SUV .., values of the different types
of bone metastases

European Journal of Nuclear Medicine and Molecular Imaging Vol. 32, No. 11, November 2005



accuracy of FDG-PET were higher, but the difference was
not significant (Table 1).

Bone metastases were classified on CT as being of the
blastic, lytic, mixed and invisible types at 18, 10, 19 and 8
sites, respectively. Representative CT patterns are shown in
Figs. 1, 2, 3 and 4. The visualisation rates of bone
scintigraphy and FDG-PET for the four types are shown in
Table 2. The visualisation rate of FDG-PET for the blastic
type (55.6%, 10/18) was significantly lower than that of
bone scintigraphy (p<0.0781). The visualisation rate of
FDG-PET for the invisible type (7/8) was significantly
higher than that of bone scintigraphy (p<0.0313). There
was no significant difference in the visualisation rates of
the two imaging modalities for the lytic and mixed types.

The SUV can values of the blastic, lytic, mixed and
invisible types were 1.72+0.28, 4.144+2.20, 2.97+1.98 and
2.2540.80, respectively. The SUV .., of the lytic type
tended to be higher than that of the blastic type, and the
SUV hean Values of the mixed and invisible types were
intermediate between those of the blastic type and the lytic

type (Fig. 5).

Discussion

FDG-PET has been shown to be superior to bone scintig-
raphy for the detection of bone metastases [2—5]. This is in
keeping with the results of our study, which showed a
general trend towards a higher rate of lesion detection
using FDG-PET. The rate of visualisation of osteoblastic
metastases, however, was significantly higher with bone
scintigraphy than with FDG-PET. On bone scintigraphy,
increased accumulation in blastic metastases is usually
observed owing to an osteoblastic bone reaction to cancer
cells; however, the cause of the decreased FDG uptake by
osteoblastic bone metastases on FDG-PET is largely un-
known [5]. According to the mechanisms of bone me-
tastasis proposed by Galasko et al., bone formation and
destruction occur simultaneously, but, in blastic metasta-
ses, bone formation by osteoclasts predominates in the
space that results after bone destruction, whereas in lytic
metastases, bone destruction and tumour cell growth pre-
dominate in the bone resorption space, and mixed me-
tastases represent a mixture of blastic and lytic metastases
[6]. Based on these mechanisms of bone metastasis, we
postulated that the decreased FDG uptake in blastic bone
metastases may be explained as follows: osteoblast pro-
liferation in blastic metastases results in an increase in the
bone matrix and a relative decrease in cell density; this
leads to lower FDG accumulation since FDG uptake in
tissue reflects the underlying glucose metabolism and cell
density.

Another factor to be considered is the degree of
malignancy. Shreve et al. ascribed the low SUVs on FDG
PET for osteoblastic metastases, including those from
prostate cancer, to the low malignancy of the primary
lesion [7]. This theory can be extrapolated to bone me-
tastases from breast cancers, and the degree of aggres-

1257

siveness of the primary lesion may have had a direct
relationship with the SUVs in our population, too. In
fact, Cook et al. reported that osteoblastic metastases of
breast cancer with low FDG uptake had a good outcome,
whereas their osteolytic counterparts with high FDG up-
take had a poor outcome [§].

The visualisation rate of FDG-PET for lytic metastases
was high (100.0%). Since breast cancer cells with very
rapid glucose metabolism grow in the resorption space in
osteolytic metastases, high FDG uptake can be easily
predicted, and osteolytic metastases are frequently asso-
ciated with extraosseous mass formation, resulting in a
higher detection rate. Presumably the uptake of FDG by
mixed (blastic—lytic) metastases will depend on the balance
between decreased uptake by blastic metastases and
increased uptake by lytic metastases.

The invisible-type metastases in our series of patients
were devoid of bone destruction and also small, often less
than 5 mm. We believe that the invisible type in our study
corresponds pathologically to the intertrabecular type of
bone marrow metastasis described by Yamaguchi et al.
In their study, these lesions were characterised by tumour
cell infiltration of the bone marrow space without ap-
parent bone destruction. Yamaguchi et al. pointed out that
radiographs and scintigraphy often failed to show any
findings in lesions with the intertrabecular pattern [9].
Intertrabecular metastases are frequently minute metastat-
ic lesions 2-3 mm in diameter, and it has been reported
that early-stage metastases detected on imaging studies
are often of the intertrabecular type [10]. An animal
experiment by Hiraga et al. showed that intertrabecular
type metastases are characterised by rapid tumour cell
growth, scant stroma around the tumour cells and fewer
osteoclasts than are present in normal bone [I1], sug-
gesting that scant deposition of hydroxyapatite-containing
matrix results in the absence of increased uptake. The
visualisation rate of bone scintigraphy for isodensity-type
metastases in the present study (25%) was very low,
indicating that many bone metastases not visualised by
multislice CT are also not visualised by bone scintigraphy.
The visualisation rate of FDG-PET for invisible type
metastases, on the other hand, was higher than expected,
suggesting that FDG-PET may contribute to the detection
of microscopic early bone marrow metastases that are too
small to be visualised by bone scintigraphy or multislice
CT. This may be because invisible-type bone metastases
grow rapidly and have rapid glucose metabolism.

Although osteoarthritis was among the causes of false-
positive results on bone scintigraphy, FDG-PET yielded
true-negative results in patients with osteoarthritis, which
increased its specificity. We speculate that glucose metab-
olism is not very rapid in osteoarthritis, except in the acute
stage. However, since FDG-PET produces false-positive
results in lesions in which glucose metabolism is predicted
to be rapid, such as acute osteomyelitis and fractures [12,
13], images should be carefully interpreted in conjunction
with consideration of symptoms and clinical findings.
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Conclusion

FDG-PET was shown to be useful in detecting bone me-
tastases from breast cancer. It does, however, suffer from
the drawback of a lower visualisation rate for osteoblastic
bone metastases, presumably because of the low density
of cells embedded in the bone matrix and the absorption
of radioactivity. Care must be taken when using FDG-
PET alone to search for bone metastases in breast cancer
patients.
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