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camera (Olympus Corporation, Tokyo, Japan). The width of the scratch wounds (ratio
of migrated cells) was measured using NIH Image ] software. As previously re-
ported [41], the relative fold-change of the scratch wound width (%) at 10 h after
introduction of the scratch wound compared with the control was calculated as the
average of at least three fields (10 h scratched area/0 h scratched area after intro-
duction of the scratch wound compared with new growth.

Invasion assay

An invasion assay was performed as previously described [42]. Cell invasion was
measured using BD Matrigel (BD Bioscience, Franklin Lakes, NJ, USA) according to
the manufacturer instructions. Briefly, 5 x 105 cells in 2 mL of serum-free medium
were seeded into the upper chamber of the system (8 um pore, 6-well format). The
bottom wells in the system were filled with DMEM with 10% FBS as a chemoattractant.
After incubation (143B: 12 h, HS-Os-1 and GLI2AN/YKNK12: 24 h), the cells in the
upper chamber were removed, and the cells outside of the bottom membrane were
stained with Hoechst 33342 (Life Technologies). Cells that had invaded through
Matrigel were counted in five random fields of the membrane. The invasion effi-
ciency of the control cells was defined as 100%.

DNA microarray analysis

Total RNA that had been extracted from U20S cells treated with control siRNA
or GLI2 siRNA (48 h) was examined to analyze the gene expression profiles of the
cells. We used the Human Gene 1.0 ST Array (Affymetrix, Inc, Santa Clara, CA, USA).
GeneChip microarray was performed by Bio Matrix Research, Inc (Chiba, Japan). Genes
with more than 1.5-fold up- or down-regulation GLI2 siRNA-treated U20S cells were
identified using GeneSpring GX11 software (Agilent technologies). The data were
deposited in the NCBI GEO database with the accession number GSE42903.

Kaplan-Meier analysis

The cutoff value that was used to determine the high expression level of RPS3
was determined using ROC analysis, and was calculated at 65.9%. Kaplan-Meier anal-
ysis was estimated in patients with RPS3 high- or low-expression levels.

Statistical analysis

All data are expressed as mean + SD. Statistical analyses were performed using
Student’s t-tests, Mann-Whitney’s U tests, and log-rank tests in Microsoft Office Excel
and Prism. ROC and Kaplan-Meier analyses were performed using Excel Statistics
2012 (SSRI, Tokyo, Japan). P values less than 0.05 were considered significant.

Results
RPS3 is a novel downstream gene of GLI2

We previously reported that the Hedgehog pathway is acti-
vated in osteosarcoma cells. Furthermore, expression of GLI2 was
significantly upregulated in human osteosarcoma cell lines and speci-
mens [20,39]. In addition, knockdown of GLI2 decreased
osteosarcoma cell invasion and lung metastases [22]. To gain further
insight into the molecular mechanisms underlying GLI2-mediated
migration and invasion of osteosarcoma, we performed a microarray
analysis. We observed that 104 genes were downregulated (>1.5-
fold) in GLI2 RNAi-treated osteosarcoma cells (Appendix:
Supplementary Fig. S1B). Among these, we selected several genes
that were reported to regulate the proliferation and metastasis of
cancer cells. We analyzed the expression of RPS3 proteins on in-
vasive osteosarcoma cell lines (143B, U20S, HOS, and HS-0s-1) and
non-invasive osteosarcoma cell lines (Saos-2, MG63, and Hu09)
[43,44]. The expression of RPS3 tended to increase protein in in-
vasive osteosarcoma cells compared with non-invasive osteosarcoma
cells (Fig. 1A). Knockdown of GLI2 in 143B and Hs-Os-1 cells de-
creased the expression levels of RPS3 (Fig. 1B). A constitutively active
form of GLI2 (GLI2AN) increased the expression of RPS3 mRNA in
YKNK-12 cells (Fig. 1C). Additionally, real-time PCR showed that tran-
scription of GLI2, PTCH1, and RPS3 mRNA was significantly increased
by stimulation of rSHH (Fig. 1D). We previously reported that treat-
ment with the FDA-approved drug arsenic trioxide (ATO) inhibited
the invasion and metastasis of osteosarcoma cells through reduc-
tion of GLI transcription [19,22]. Expression of RPS3 mRNA in

osteosarcoma cells was decreased by ATO treatment (Fig. 1E). We
also identified several GLI-binding sites within the RPS3 promoter
(Fig. 1F). These findings suggest that GLI promoted the expression
of RPS3.

RPS3 regulates the migration and invasion of osteosarcoma cells

We examined the function of RPS3 in the migration and inva-
sion of osteosarcoma cells. 143B and HS-Os-1 were treated with RPS3
siRNA, which decreased the expression of RPS3 protein (Fig. 2A).
Knockdown of RPS3 significantly inhibited migration and invasion
in osteosarcoma cell lines (Fig. 2A). We previously reported that
forced expression of GLI2AN increased the migration of YKNK-12
human mesenchymal stem cell (GLI2AN/YKNK-12) [22]. We used
GLI2AN/YKNK-12 to evaluate the role of RPS3 in migration and in-
vasion of osteosarcoma. Migration and invasion of GLI2AN/YKNK-
12 cells were greater than those of control vector-transfected YKNK-
12 cells (control/YKNK-12), and knockdown of RPS3 in control/
YKNK-12 cells did not affect migration and invasion. However, the
upregulated phenotypes of GLI2ZAN/YKNK-12 cells were decreased
by knockdown of RPS3 (Fig. 2B). We also found that forced expres-
sion of RPS3 increased the migration and invasion of shcontrol/
143B cells (Vector shcontrol/143B vs. RPS3 shcontrol/143B). The
reduction in migration and invasion by GLI2 knockdown was re-
covered by forced expression of RPS3 (Fig. 2C). These findings suggest
that the RPS3 gene is downstream of GLI2 and mediates migration
and invasion of osteosarcoma cells.

RPS3 expression in osteosarcoma tissue was higher in patients with
lung metastasis

Immunohistochemical examination showed that the expres-
sion of RPS3 was higher in osteosarcoma tissue compared with that
in normal bone. Less than 2% of cells in normal bone were weakly
stained; thus, this was regarded as negative because the staining
was too weak and the staining pattern was clearly different from
that of positively-stained osteosarcoma cells (Fig. 3A). The number
of RPS3-positive cells in osteosarcoma tissue was significantly in-
creased in patients with lung metastasis (Fig. 3B). Statistically
significant differences could not be achieved because of the small
number of patients, and patients with high RPS3 expression showed
relatively shorter survival times (Appendix: Supplementary Fig. S1C).
Additionally, RPS3 expression level was high in tissue in which GLI2
expression level was high, such as cases #2, #4, and #5 (Table 1).
Our findings suggest that RPS3 might be a marker of highly inva-
sive osteosarcoma.

Discussion

It has been reported that aberrant activation of the Hedgehog
pathway can drive tumorigenesis. Recent studies showed that GLI
activation is involved in the progression of osteosarcoma [19,44,45].
We previously demonstrated that knockdown of GLI2 inhibited pro-
liferation of osteosarcoma cells through regulation of the cell cycle,
and inhibited the growth of osteosarcoma in vivo [20]. In addition,
inhibition of GLI2 prevents osteosarcoma invasion and lung me-
tastases [22]. Additionally, it was reported that the Smad- and
GLI-mediated signaling pathways are activated in high-grade con-
ventional osteosarcoma [46]. To identify the downstream gene of
GLI2, we performed a microarray analysis. Consequently, we se-
lected several genes as novel downstream genes of GLI2, including
RPS3, CLNS1A, LIPH, TFPI, MMP3, PSG4, FLAP, OLAH, and MILR1. No
significant association with GLI2 expression was found, and with
the exception of RPS3, knockdown of these genes did not inhibit the
migration of osteosarcoma cells (Appendix: Supplementary Fig. S1D);
knockdown of RPS3 markedly decreased the migration and
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Fig. 1. GLI2 regulates RPS3 expression. (A) The expression of RPS3 protein in invasive osteosarcoma cell lines (143B, U20S, HOS, and HS-Os-1) and non-invasive osteosar-
coma cell lines (Saos-2, MG63, and HuO9) were assessed using western blotting. Comparisons were made with NHOST cells, which were defined as 1.0. (B and C) After 72 h
of RNAI treatment, RPS3 mRNA levels in GLI2 siRNA/143B or HS-Os-1, and stable GLI2AN/YKNK-12 cell lines were examined using real-time PCR and western blotting. Com-
parisons were made with control siRNA- or control vector-transfected cells, for which the relative expression was defined as 1.0. (D) Expression of GLI2, PTCHI, and RPS3
mRNA in 143B or HS-Os-1 cells was assessed using real-time PCR following treatment with 500 ng/mL of rSHH for 48 h. Comparisons were made with vehicle-treated cells,
for which the relative expression was defined as 1.0. (E) After 24 h treatment with 0.5 uM ATO, RPS3 mRNA levels in vehicle- or ATO-treated 143B and HS-0S-1 cell lines
were examined using real-time PCR. Comparisons were made with vehicle-transfected cells, for which the relative expression was defined as 1.0. (F) Genomic DNA se-
quences of RPS3 promoters. Gray boxes indicate the transcription initiation point. Normal boxes indicate GLI-binding sites; GACCACCCA and asterisks show matched genes.
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Fig. 2. RPS3 is a novel downstream factor of GLI2 that promotes invasiveness of osteosarcoma cells. (A) After 48 h treatment with RNAI, RPS3 protein levels in 143B and
HS-0s-1 cells that were transfected with control siRNA (sicontrol) or RPS3 siRNA (siRPS3) were examined using western blotting. After 24 h treatment with RNAi, migrated
RPS3 siRNA-143B or -HS-0s-1 cells were examined using wound healing assays. Invading cells were examined using an invasion assay. The percentage of migrating or in-
vading cells in control siRNA-transfected cell lines was defined as 1 or 100% (bottom). (B) After 24 h treatment with RNAI, RPS3 siRNA-treated control/YKNK-12 or GLI2A-
treated migrated or invaded cells were examined using wound healing or invasion assays. The wound area ratio was calculated. Invading cells (%) in control siRNA-
transfected control/YKNK-12 cells were defined as 100. (C) After 24 h of transfection with overexpression vector, migrating or invading control vector- (Vector) or RPS3
expression vector (RPS3)-transfected control sShRNA/143B (shcontrol) or GLI2 shRNA/143B (shGLI2) cells were examined using wound healing or invasion assays. The wound
area ratio was calculated. Invading cells (%) in control siRNA-transfected control/YKNK-12 cells were defined as 100. *P <0.05 **P <0.01, Student’s t-tests (A) and one-way

ANOVA (B and C).
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invasion of osteosarcoma cells. In contrast, forced expression of RPS3
promotes the migration and invasion of osteosarcoma cells. These
findings suggest that RPS3 mediates the migration and invasion of
osteosarcoma cells.

Knockdown of RPS3 in GLI2AN/YKNK-12 cells decreased the in-
vasion of cells by 50% relative to that of control siRNA-transfected
YKNK cells. Forced expression of RPS3 did not completely restore
invasion by GLI2 knockdown. Our findings suggest that other factors
are involved in GLI2-mediated invasion of osteosarcoma cells. Al-
though the detailed molecular mechanisms of RPS3 expression by
GLI2 have not been clarified, our present results showed that RPS3
is a downstream gene of GLI2 and a novel mediator of osteosar-
coma invasion. Wan et al. reported that RPS3 is a subunit of NF-
¥B and that it interacts with p65 [34]. Several reports showed that
NF-xB promotes osteosarcoma cell invasion and metastasis [47-49].
These findings suggest that the GLI-RPS3-NF-xB pathway might
promote the invasion of osteosarcoma cells. Furthermore, we pre-
viously reported that the Notch pathway is activated in osteosarcoma
and is related to its growth [50]. It is known that NF-xB is an es-
sential downstream regulator of the Notch pathway. Hence, RPS3
may be a regulatory molecule between the Hedgehog and Notch
pathways in osteosarcoma.

It has been reported that the production of several ribosomal
proteins is upregulated in several cancers [51]. Several oncogenes
and tumor suppressors regulate the production of ribosomes [52-56].
In addition, RPS3 is involved in radioresistance or invasion of tumor
cells [15,17]. We also showed that high expression levels of RPS3
as well as GLI2 in primary osteosarcoma tissue were correlated with
poor clinical outcomes. However, further studies are required to elu-
cidate the relationship between GLI2/RPS3 expression and prognosis,
as the sample number was small in the current study. A recent study
showed that ANP63¢, a splice variant of p63, induces the expres-
sion of GLI2 and is involved in the malignant phenotype of
osteosarcoma [44].Thus, the ANP630—~GLI2-RPS3 axis might have
an important role in the progression of osteosarcoma. Kim et al. re-
ported that the level of secreted RPS3 protein increases in malignant
cells [57]. Thus, quantitation of RPS3 in serum may be a marker to
diagnose primary or recurrent metastasis of osteosarcoma.

Taken together, we have shown that RPS3 is a novel down-
stream gene of GLI2 that mediates osteosarcoma invasion and
metastasis of osteosarcoma. These findings will improve the un-
derstanding of osteosarcoma pathogenesis, and indicate that the
GLI2-RPS3 pathway may be an attractive therapeutic target for treat-
ing osteosarcoma metastasis.
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Abstract. We analyzed the prognostic factors in patients
with metastatic bone tumors and evaluated the efficacy of
different modalities in identifying the primary lesions. A total
of 145 patients with bone metastases who attended the ortho-
paedic outpatient clinic were included in this study. The most
frequent site of bone metastases was the spine. The primary
tumor type was differently distributed between patients with
a known primary tumor at the first visit and those with an
unknown primary lesion. The number of breast cancer cases
was statistically significantly lower in the primary-unknown
group. However, the number of myeloma cases was significantly
higher in the primary-unknown group. Survival was signifi-
cantly lower in the skeletal-related events (SREs) compared to
that in the non-SREs group. Furthermore, survival was signifi-
cantly worse in patients with a performance status (PS) of =2
compared to those with a PS of <1 and neurological complica-~
tions occurred statistically more often in the group with worse
PS (=2). Survival rates were significantly lower in the non-spinal
compared to those in the spinal metastatic group. Since the
majority of breast cancer patients presented with metastasis
in the spine, a breast cancer origin was a positive prognostic
factor in patients with spinal metastases. Although there were
no significant differences between computed tomography (CT)
and "*F-fluoro-2-deoxyglucose (®F-FDG) positron emission
tomography (PET)-CT in detecting primary lesions, CT may
be the first choice due to its feasibility. In conclusion, lung
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cancer, SREs and worse PS were adverse prognostic factors
for patients with bone metastasis. In addition, CT scans may
be more useful for determining the primary lesion of a bone
metastasis compared to *®*F-FDG PET-CT in a timelier manner.

Introduction

The recent advances in cancer treatment have improved patient
survival. Cancers that have metastasized to the bones are
considered to be at an advanced stage. Metastatic bone tumors
often promote skeletal-related events (SREs), which include
pathological fractures, neurological complications caused by
compression of the spinal cord or cauda equina, or hypercal-
cemia, as well as the need for radiotherapy or surgery of the
bone metastasis (1,2). Although the prognosis of patients with
certain types of cancer has improved with the recent advances
in chemotherapy and radiotherapy, patients with metastatic
bone tumors require treatment of the primary lesion as well as
anti-SRE assessment, in order to improve their quality of life
and prognosis.

Metastatic bone tumors are treated by multidisciplinary
teams, in which orthopaedic surgeons play an important role
in the diagnosis and treatment of the bone metastasis, as well
as in the detection of the primary cancer lesion. A delay in the
diagnosis increases the risk of SREs and negatively affects the
prognosis. In this regard, we investigated the background of
patients with bone metastasis and the factors associated with
prognosis. We investigated 145 cases of metastatic bone tumors
with respect to the primary lesion, affected bone site and
frequency of SREs and evaluated the effectiveness of a single
computed tomography (CT) scan of the chest/abdomen/pelvis
against that of ®F-fluoro-2-deoxyglucose ("*F-FDG) positron
emission tomography (PET)-CT scan in detecting the primary
lesion of a metastatic bone tumor.

Materials and methods

Patients. In this retrospective study, we reviewed the medical
records and imaging results of 145 patients with metastatic bone
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tumors who were referred to the Department of Orthopaedic
Surgery, Kagoshima University, between 2006 and 2011.
The patients included 81 men and 64 women, with a mean
age of 65 years (range, 29-87 years) and a mean follow-up of
9 months. A bone scan was performed on 97 patients.

The study protocol was approved by the Ethics Committee
on Clinical Research at the Kagoshima University Hospital
and all the patients provided written informed consent prior
to inclusion.

Evaluation of imaging modalities and patient survival. Two
well-trained radiologists reviewed all the bone scan results and
compared them with radiographs, CT or magnetic resonance
imaging (MRI) scans. The results of the imaging modalities
were assessed taking into account clinical symptoms and
any positive findings that indicated bone metastasis. To iden-
tify the primary lesion, a single chest/abdominal/pelvic CT,
BE.FDG PET-CT and TI scan were performed on each
patient. Following an initial detection of the primary lesion,
roentgenogram, MRI, biopsy and formal clinical follow-up
were performed to obtain a definitive diagnosis. We examined
the frequency of each primary tumor, bone metastatic site and
incidence of SREs; we also estimated the survival rate and the
detection rate of the original lesion using clinical examina-
tions and evaluated the factors affecting survival. The survival
rate was analyzed according to the Kaplan-Meier method.
The clinical examinations that were performed to locate the
original tumor were also evaluated.

Statistical analysis. Statistical analysis was performed using
the Student's t-test or the Chi-square test and analyzed using
Microsoft Office Excel software (Microsoft, Redmond, WA,
USA). Kaplan-Meier analysis was performed using Kaplan 97
software. P<0.05 was considered to indicate statistically
significant differences.

Results

Primary lesion and bone metastatic site. We examined the
origin of all metastatic bone tumors (145 cases). The most
frequent origin of bone metastasis was lung cancer (34 cases,
23%), followed by breast cancer (19 cases, 13%), kidney cancer
(10 cases, 7%), liver cancer (10 cases, 7%), thyroid cancer
(9 cases, 6%), prostate cancer (9 cases, 6%), colorectal cancer
(8 cases, 6%), malignant lymphoma (7 cases, 5%), multiple
myeloma (6 cases, 4%), gastric cancer (6 cases, 4%), and
bladder cancer (4 cases, 3%) , as previously reported (3-5). The
primary tumor could not be identified in 5 cases (3%; Fig. 1A).
The Kaplan-Meier analysis demonstrated that the 1-, 2- and
3-year survival rate was 49, 34 and 18%, respectively, among
all patients with bone metastasis (Fig. 2).

The most frequent bone metastatic site was the spine
(143 cases), including the cervical vertebrae (28 sites),
thoracic vertebrae (45 sites), lumbar vertebrae (53 sites)
and sacrum (17 sites). Other sites of metastasis included the
femur (28 cases), pelvis (27 cases), humerus (16 cases) and
ribs (15 cases) (Fig. 1B). Our findings revealed that the most
frequent spinal metastatic site was the lumbar spine, followed
by the thoracic and cervical spine. It was previously reported
that the most frequent metastatic site was the thoracic spine,
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followed by the lumbar and cervical spine (6-9). To explain
this discrepancy, we compared the primary malignant tumor
between the lumbar and thoracic metastatic groups. We identi-
fied no statistically significant difference in the primary lesion
between these two groups.

The primary tumor site distribution was compared between
patients with a known primary lesion and those with unknown
primary lesion at the first visit. In the primary-known group
(n=84), the primary tumors were breast (18 cases, 21%), lung
(11 cases, 13%), liver (9 cases, 11%), thyroid (7 cases, 8%)
and kidney cancer (6 cases, 7%). In the primary-unknown
group (n=61), the primary tumors were lung cancer (23 cases,
38%), myeloma (5 cases, 8%), kidney and prostate cancer and
malignant lymphoma (4 cases each, 7%) (Table I). During
the follow-up period, the primary lesion was not identified in
5 cases. The number of breast cancer cases was statistically
significantly lower in the primary-unknown group. However,
the number of myeloma was significantly higher in the
primary-unknown group.

Factors affecting the prognosis of bone metastasis. We first
investigated the association between prognosis and SREs and
observed that survival was significantly lower in the SREs
compared to that in the non-SREs group (Fig. 3A). In addi-
tion, PS was found to be an important factor for the selection
of the appropriate chemotherapeutic regimen and, therefore,
we investigated the association between patient prognosis and
PS (10,11) and survival was found to be significantly lower in
the PS=2 compared to that in the PS<1 group (Fig. 3B). Since
the most frequent bone metastatic site was the spine, we inves-
tigated the association between spinal metastasis and patient
prognosis. The Kaplan-Meier analysis revealed that the 1- and
3-year survival rates for patients with spinal metastases was 56
and 23%, respectively. Furthermore, the 1- and 3-year survival
rates for patients with non-spinal metastases were 37 and 8%,
respectively. Therefore, survival rates were significantly lower
in the non-spinal compared to those in the spinal metastatic
group (Fig. 3C). To determine which factors were associated
with a favorable prognosis in patients with spinal metastasis, we
investigated the association between prognosis and neurological
complications caused by compression of the spinal cord or cauda
equina. The Kaplan-Meier analysis revealed that neurological
complications did not exert a significant effect on survival for
any of the patients with bone metastasis (Fig. 3D). We next
investigated the primary lesion in the non-spinal and spinal
metastatic groups and found that the number of breast cancer
patients was higher in the spinal metastatic group (Table II).

Association between SREs and prognosis or PS. We demon-
strated that the survival rate was significantly lower in the
PS=2 compared to that in the PS<l group (Fig. 3B). We
investigated the association between SREs and PS. The inci-
dence of SREs among all the bone metastatic cases was 107
(74%). Hypercalcemia (serum calcium levels, 10.4-12.6 mg/dl;
normal range, 8.5-10.3 mg/dl) occurred in 8 cases (5.5%) and
was accompanied by renal dysfunction in 4 of the 8 cases
(Table II1A). Symptoms caused by compression of the spinal
cord or cauda equina were observed in 36 cases (24.8%),
including symptoms of the cervical (11 cases), thoracic
(15 cases) and lumbar segments (10 cases) (Table IIIA and B).
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Table I. Comparison of the primary tumor site between groups
with known and unknown origin at initial visit.

Origin known Origin unknown

at initial visit Cases (%) - diagnosed Cases (%)
Breast 18 (21) Lung 23 (38)
Lung 11 (13) Myeloma 5°(8)
Liver 9(11) Kidney 47
Thyroid 7(8) Prostate 4(7)
Kidney 6(7) Lymphoma 4 (7)
Prostate 5(6) Gastric 3(5)
Colorectal 5(6) Colorectal 3(5)
Lymphoma 34) Thyroid 2(3)
Esophagus 34 Pancreas 2(3)
Gastric 34 Bladder 2(3)
Uterus 34 Breast 1*(2)
Tongue 2(2) Others 8(12)
Bladder 2(2)

Myeloma 1° (1)

Others 6(7)

Total 84 (100) Total 61 (100)

1P<0.01, *P<0.05.

Table II. Comparison of the primary tumor site between groups
with and without spinal metastasis.

Spinal metastasis (+) Cases Spinal metastasis (-) Cases
Lung 22 Lung 12
Breast 17 Kidney 5
Liver 8 Thyroid 4
Prostate 7 Liver 4
Colorectal 6 Bladder 4
Thyroid 5 Lymphoma 3
Kidney 5 Esophagus 2
Myeloma 5 Gastric 2
Gastric 4 Breast 28
Lymphoma 4 Prostate 2
Pancreas 3 Colorectal 2
Tongue 2 Others 4
Others 11

Total 99 Total 46
P<0.05.

Pathological fractures were detected in 23 cases (15.9%),
including fractures of the extremities (femur, 9 cases; and
humerus, 5 cases); thoracic vertebrae, 3 cases; and lumbar verte-
brae, 2 cases (Table I11C). Surgery for SREs was performed in
26 cases (18%), including internal fixation (10 cases), resection
plus reconstruction (9 cases), spinal decompression (2 cases),
spinal fusion (4 cases) and total en bloc spondylectomy (1 case)
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Figure 1. Number of bone metastases. (A) Number of cases with bone metas-
tases per primary lesion. (B) Number of patients per bone metastatic site.

(Table I1ID). Radiotherapy for bone metastasis was performed
in 75 cases (51.7%).

In the group with better PS scores (<1, n=32), patho-
logical fractures were detected in 3 cases (9.4%), neurological
complications were observed in 3 cases (9.4%), hypercalcemia
occurred in 2 cases (6.3%), surgery for SREs was performed
in 4 cases (12.5%) and radiotherapy was performed in
14 cases (43.8%). In the group with poor PS scores (=2,
n=113), pathological fractures were detected in 20 cases
(17.7%), neurological complications caused by compression
of the spinal cord or cauda equina were observed in 33 cases
(29.2%), hypercalcemia occurred in 6 cases (5.3%), surgery
for SREs was performed in 24 cases (21.2%) and radiotherapy
was performed in 70 cases (61.9%). Among the 5 SREs, only
neurological complications were found to be significantly
increased in the group with a PS score of =2 compared to that
with a PS score of <1 (Table IIIE).

Identification of the primary lesion using imaging studies. The
primary tumor site was identified using diagnostic imaging in
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Figure 3. Comparison of survival rates. The Kaplan-Meier analysis revealed that (A) survival was significantly lower in the skeletal-related events (SREs) com-

pared to that in the non-SREs group; (B) survival was significantly lower in

the performance status (PS)=2 compared to that in the PS<I group; (C) survival

rates were significantly lower in the non-spinal compared to those in the spinal metastatic group; and (D) neurological complications did not exert a significant

effect on survival for any bone metastatic patients; n.s., not signifigant.

49 cases, which included CT (32 cases) and *F-FDG PET-CT
(17 cases) (Table IVA). Whole-body bone scans and Tl scans
could not identify the primary lesion. CT was performed on
55 patients (90%) in whom the primary tumor was not identi-
fied during the first visit to the hospital. The time interval from
the first visit until the CT scan was performed was 3.6 days.
BE_FDG PET-CT was performed on 39 patients (64%) with

unidentified primary tumors. The time interval from the first
visit until the ®F-FDG PET-CT was performed was 7.2 days.
CT scans helped identify the following primary cancers:
lung (16 cases), kidney (3 cases), thyroid (2 cases), pancreatic
(2 cases) and bladder cancer (2 cases), myeloma (2 cases)
and others (5 cases). ®F-FDG PET-CT scans identified the
following primary cancers: lung (6 cases), prostate (4 cases),
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Table III. Analysis of SREs.
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A, Number of cases per SRE

Hyper- Spinal Radiation therapy Surgery for Total cases
Cases Fracture calcemia compression for bone metastasis bone metastasis with SREs
No. (%) 23(15.9) 8(5.5) 36 (24.8) 75 (51.7) 26 (17.9) 107 (73.8)

B, Distribution of spinal metastases in patients with symptoms caused by compression of spinal cord or cauda equina

Cases Cervical spine Thoracic spine Lumbar spine Total
No. (%) 11 (30.5) 15 (41.7) 10 (27.8) 36 (100)
C, Pathological fractures
Cases Femur Humerus Thoracic spine Lumbear spine Others Total
No. (%) 9(39.1) 5217 3(13.0) 28.7) 4(17.5) 23 (100)
D, Type of surgery for pathological fractures
Resection plus Spinal Total en bloc

Cases reconstruction Internal fixation Spinal fusion decompression spondylectomy Total
No. (%) 9 (34.6) 10 (38.5) 4(154) 2(77) 1(3.8) 26 (100)
E, Incidence of SREs in groups with better (<1) and worse (=2) PS

Radiation therapy Surgery for

Cases, no. (%) Fracture Hypercalcemia Spinal compression for bone metastasis bone metastasis
PS<1 (n=32) 3094) 2(63) 3094 14 (43.8) 4 (12.5)
PS=2 (n=113) 20 (17.7) 6(53) 33 (29.2) 70 (61.9) 24 (212)

SRE, skeletal-related event; PS, performance status. *P<0.05.

colorectum (2 cases) and others (5 cases) (Table IVB). A CT
scan alone was able to identify primary tumors of the bladder
(2 cases), myeloma (2 cases) and thyroid cancer (1 case) that
could not be identified using ®F-FDG PET-CT imaging.
However, a ®F-FDG PET-CT scan alone was able to identify
primary lung cancer (1 case), myeloma (1 case) and colorectal
cancer (1 case) (Table IVB). Although there were no significant
differences between CT and ®F-FDG PET-CT scans in the
detection of primary lesions, CT scans were found to be more
useful in determining the primary lesion of a bone metastasis
in a timelier manner.

Discussion

Over the last few years, the number of cancer patients has
increased. The majority of patients who are diagnosed with
bone metastasis are referred to an orthopaedic surgeon to
evaluate the bone metastasis and its progression, locate the
primary lesion and decide upon treatment options.

We demonstrated that metastasis to the spine was the most
frequent, followed by the femur and pelvic bone, as previously
reported (6). Of the total bone metastases, the ratio of spinal
metastasis was 54.7% (141/258 lesions). Our findings revealed
that the number of bone metastases to the spine was lower
compared to what was previously reported; in addition, the
incidence of lumbar metastasis was relatively high compared
to previous reports (6-9,12). Overall survival depends mainly
on the type of the primary tumor. We did not identify a statis-
tically significant difference regarding the type of primary
tumor between the lumbar and thoracic metastatic groups. The
relatively low number of spinal metastases may be the cause
of this discrepancy. However, further studies are required to
elucidate this issue.

It has been reported that the median overall survival of
patients with spinal metastases is 7 months. In addition, only
10-20% of patients with spinal metastases remained alive at
2 years after diagnosis (12). We found that the 1-year survival
rate was 49% and the 3-year survival rate was 18% among



