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7.1 SUMMARY

Background: The incidence of bone metastases in soft-tissue sarcoma (STS)
patients seems to be low, but has not been separately studied. In this study we
aimed to determine the value of routine radionuclide bone scanning in
preoperative staging of STS patients.
Methods: Preoperative bone scans were retrospectively evaluated in 109
consecutive patients (median age 44 year, range 1 - 86) with intermediate or
high grade STS. Scans were scored in 3 categories: 1=metastases very likely,
2=equivocal and 3=normal or benign lesions.
Results: Category 1 scans  were found in 8/109 patients (7%), in all eight
patients bone metastases were confirmed. Six of these 8 patients had pain, all
had additional lung-, bone marrow- or lymph node metastases. The highest
rate (17%) was found in the rhabdomyosarcoma subgroup (n=18). Category
2 (equivocal) scans  were present in 12/109 (11%), in all of which bone
metastases were excluded through additional investigations. Category 3
(normal) scans were found in 81%. Bone metastases were at least as frequent
as lung metastases (4%) and were the single site of systemic disease in 4%.
The rate of bone metastases was 55% in patients with bone pain, versus 2%
in patients without pain.
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Conclusions: Bone metastases in primary STS patients are rare (7%), yet in
this study at least as frequent as lung metastases. The low rate in
asymptomatic patients versus the high rate in symptomatic patients supports
the use of bone scanning in symptomatic patients only. The yield of routine
bone scanning is low.

7.2 INTRODUCTION

Soft-tissue sarcomas are a heterogeneous group of malignant tumors that can
arise from mesenchymal structures at any site of the body. These tumors
constitute 1% of all cancers. A large proportion (45-55%) is located in an
extremity (1, 2).  They often reach a large size before a diagnosis is
established. Soft-tissue sarcomas grow locally aggressive, frequently invade
surrounding tissues and disseminate to distant sites. Treatment planning
depends on information regarding the presence or absence of metastases, the
local situation and histological tumor parameters such as tumor grade. After
combined modality treatment in patients without metastases, the overall 5 year
survival rate is reported to be around 70% (3). However, depending on various
prognostic factors these survival rates may vary between 32% and 81% (4,5)..

At presentation, systemic metastases are not very common with reported
frequencies between 7 and 25%, but they may develop in up to 30% of
patients within the first year after diagnosis (2,5-8). Most often systemic
metastases are found in the lungs, but bone may also be involved. Screening
for pulmonary metastases is usually performed using CT scanning of the chest
(9). To detect bone metastases radionuclide bone scintigraphy is generally
applied.
 Bone scintigraphy is a very sensitive method to detect bone metastases,
but not very specific. Trauma, degenerative or inflammatory disease may also
cause increased tracer uptake. However, the pattern of abnormalities together
with clinical information (e.g. presence of pain) increases specificity: in case
of multiple lesions randomly spread throughout the skeleton the likelihood of
bone metastases is very high. Conversely, when scans are completely normal,
the absence of bone metastases is quite certain. In many cases, however, the
pattern of abnormalities is not typical, and further imaging studies are required
to confirm or exclude metastatic disease. This can lead to increased costs.

The yield of routine bone scintigraphy in primary staging of soft-tissue
sarcoma has not been formally studied. Although in clinical practice the
incidence of bone metastases in soft tissue sarcoma seems to be low, the
finding of bone metastases will severely influence treatment. Therefore the aim
of this study was to evaluate the usefulness of routine bone scintigraphy in the
staging of patients with a soft-tissue sarcoma.
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Table 1. Patient characteristics (n=109).

sex (n, % of total))
male 64 59%
female 45 41%

age (in years)
median 44
range 1 - 85

tumor site (n, % of total)
head and neck 11 10%
upper limb / shoulder 12 11%
chest 6 6%
abdomen 5 5%
trunk 7 6%
(retro)peritoneum / pelvis 10 9%
lower limb / hip 58 53%

tumor histology (n, % of total)
liposarcoma 23 21%
rhabdomyosarcoma 18 17%
sarcoma not otherwise specified 13 12%
malignant fibrous histiocytoma 12 11%
synovial sarcoma 12 11%
malignant schwannoma 9 8%
leiomyosarcoma 7 6%
angiosarcoma 4 4%
fibrosarcoma 4 4%
epitheloidcell sarcoma 4 4%
extraskeletal osteosarcoma 2 2%
haemangioendothelial sarcoma 1 1%

7.3 PATIENTS AND METHODS

Patients
All 109 patients with an intermediate or high grade soft-tissue sarcoma who
had undergone bone scintigraphy between 1989 and 1996 in the University
Hospital Groningen (a hospital with a tertial referral function for the northern
part of The Netherlands) were retrospectively analyzed. Pathological diagnosis
was based on tumor material, obtained from an incision biopsy or complete
resection. The studied patients form a subgroup of all ~350 soft-tissue
sarcoma patients treated in this period; all other patients had undergone bone
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scintigraphy in local referring hospitals from which original and complete
imaging data were not available.

Bone scintigrams were obtained before resection of the tumor. The
presence or absence of skeletal pain and the location of this pain (tumor area
itself or elsewhere) was recorded from clinical records. All patients had
undergone CT scanning of the chest to screen for pulmonary metastases. We
analyzed in all patients whether the results of bone scintigraphy had prompted
further investigations and what results these gave. Finally, when bone
metastases were present, we analyzed the impact on subsequent treatment.

Bone scintigraphy and interpretation.
Bone scintigraphy was performed using standard technology. Patients

were injected with 500 - 700 MBq Tc-methylenediphosphonate. Whole body99m

scans and additional spot views were obtained 3-5 hr later using a single or
double head gammacamera (Orbiter, Diacam or Multispect, manufactured by
Siemens Inc, Hoffman Estates, IL) equipped with high-resolution-low-energy
collimators.

Bone scans were originally, at the time of acquisition, interpreted by an
experienced nuclear medicine physician as part of standard clinical care. This
physician was blinded to the results of other staging procedures but usually
aware of patient symptoms and the location of the tumor. All original images
were reanalyzed by another nuclear medicine physician, only aware of the
location of the primary tumor. The original interpretation was independently (by
a third person) classified as category 1 (almost certainly bone metastases),
category 2 (equivocal malignant or benign abnormalities) or category 3
(completely normal of almost certainly benign abnormalities). The second
reading was directly classified. The three categories were defined in advance
of the study and were chosen because they comply with the general practice
of bone scan interpretation, based on translating a pattern of abnormalities into
a likelihood of metastatic disease. In 98% of cases both readers agreed on the
classification, in 2 cases (2%) there was one category difference (both:
category 2 vs 3) that could easily be resolved by consensus. 

The gold standard for the presence or the absence of bone metastases
was the combination of the bone scan reading, the results of further
investigations (absence or presence of typical sclerotic lesions on X-rays,
appearance of tumor tissue in bone, cortex defects or signal changes as
visible on CT or MRI) and a two year clinical follow up period in patients with
an equivocal bone scan reading.

7.4 RESULTS

The 109 patients included ranged in age from 1 to 85 year, median age was
44 year. Patient and tumor characteristics are presented in Table 1. Nineteen
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patients (17%) were younger than 18 year. Tumors observed in this group
were: rhabdomyosarcoma (n=14), epitheloidcell sarcoma (n=1), fibrosarcoma
(n=1), synovial sarcoma (n=1), not specified (n=2).

Category 3 bone scans (normal or almost certainly benign abnormalities)
were present in 89 patients (81%, Table 2). Lesions scored as �almost certainly
benign� were usually the result of degenerative disease in spine or joints, or
clearly caused by a recent trauma. Three of these 89 patients had bone pain
not associated with the primary tumor itself, that could have been caused by
metastases, but in all bone scanning showed a typical pattern of degenerative
lesions. This was confirmed with radiographs of involved areas. In 12 of these
89 patients (13%) further imaging studies were performed that always
confirmed benign disease.

Table 2. Characteristics per scan reading category.

Scan reading Normal Equivocal Bone metastases

Category 3 2 1

Number (% of total) 89 (81%) 12 (11%) 8 (7%)

Number with bone pain
(% of category) 3 (3%) 2 (17%) 6  (75%)

Number with metastases elsewhere 
(% of category) 0 (0%) 2 (17%) 8 (100%)

Further imaging after bone scan
(% of category) 12 (14%) 7 (58%) 8 (100%)

Category 2 bone scans (equivocal malignant/benign abnormalities) were
present in 12 patients (11%). In 7 of these 12 (58%) further investigations were
performed, that always excluded metastatic disease (diagnoses in these
patients: degenerative disease (n=4), hyperparathyroidism (n=1), osteitis
condensans (n=1), traumatic rib lesion (n=1)). In 3 patients no further
evaluations were carried out, because the treating surgeon considered bone
metastases unlikely despite the report. In these 3 patients no metastases were
found during >2 year follow-up. In the remaining 2 patients, no additional
studies were performed because metastases elsewhere (in one lymph node-
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and in the other lung metastases) already determined further treatment. In
neither one evidence of bone metastases was found during follow-up. No
patient in category 2 received chemotherapy. Bone pain was only present in
2 patients but appeared to be due to severe degenerative lumbar disease. If
bone scanning would have been omitted in this group, treatment would not
have been different.

Category 1 bone scans (almost certainly bone metastases) were found
in 8 patients (7%). In all, additional investigations were carried out and bone
metastases were confirmed in all. Six patients (75%) had severe bone pain in
one or more of the metastatic locations (Table 3), the other 2 patients were
painfree. One of these 2 asymptomatic patients (no 4, Table 3) had severe
anemia, trombocytopenia and a leuco-erythroblastic blood smear, that was the
result of diffuse bone marrow infiltration. The other asymptomatic patient with
multiple bone metastases (no 2, Table 3) had doubtful lung metastases at
presentation that became overt 2 months later.

In total, 10 patients (9%) presented with metastatic disease: lung
metastases were found in four patients (4%), one in the equivocal bone scan
group (category 2) and three in the bone metastases group (category 1 scan).
Lymph node metastases were found in 5 patiens (5%), four in the bone
metastases group, one in the equivocal bone scan group. One patient (from
the category 1 group) presented with bone marrow metastases. There were
no indications of liver metastases in the entire studied group.  All patients with
bone metastases apparently had additional other metastatic locations (both
locoregional and distant), although in 4% bone was the only distant location of
metastatic disease. Calculated from these data, sensitivity of bone scintigraphy
for the detection of bone metastases was 100% since all patients with bone
metastases were detected. Specificitity was 88% (89/(89+12)), based on the
(conservative) assumption that category 2 readings are false positives.

Overall, bone pain was present in 11 patients, which turned out to be the
result of bone metastases in 6 (55%), while only 2 of the 98 (2%) pain free
patients had bone metastases.

In all patients the finding of bone metastases changed treatment
significantly: in 6 out of 8 primary surgery was cancelled, whereas in the other
2 patients surgery now had a palliative intent (Table 3).  In 2 patients a
hyperthermic isolated limb perfusion was performed, for palliative reasons.
Five patients received primary chemotherapy, and also in 5 patients
radiotherapy was given both on the primary tumor and on painful metastatic
lesions.
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Table 3. Clinical features of patients with bone metastases.

nr sex / age tumor histology primary sites of metastases treatment
location bone pain elsewhere

1 f / 40 rhabdomyosarcoma orbita multiple LN, BM ct,rt
2 f / 51 myxoid liposarcoma left leg no pain Lung hilp,ct
3 f / 73 MFH left knee pelvis Lung rt
4 f / 20 rhabdomyosarcoma right foot no pain BM ct
5 f / 63 myxoid liposarcoma right leg ribs Lung hilp,surg,rt
6 m / 10 rhabdomyosarcoma left leg right hip/leg LN ct,rt
7 m / 60 angiosarcoma left thorax left ribs, LN none

right shoulder
8 m / 58 leiomyosarcoma bladder left hip LN surg,rt

-------------------
*) LN = lymph node, BM = bone marrow, ct = chemotherapy, rt = radiotherapy
 surg= surgery, hilp = hyperthermic isolated limb perfusion

7.5 DISCUSSION

In this study routine bone scintigraphy had a relatively low yield: bone
metastases were found in 7% of all patients with an intermediate or high grade
predicted on clinical grounds, because of bone pain not attributable to the
primary tumor. Therefore, if bone scans had been obtained in the 11
symptomatic patients only, 98 bone scans and 14 further investigations would
have been saved (Table 2). In that case, bone metastases would have been
missed in 2 patients  (patient 2 and 4, Table 3). However, one of these missed
patients developed lung metastases shortly thereafter, while the other had
overt clinical symptoms of metastatic bone marrow involvement. Therefore, the
clinical yield would have been almost the same when bone scans had only
been performed in symptomatic patients. Although we did not perform cost
calculations, it is evident from these data that routine use of bone scanning is
not cost-effective in patients with primary soft-tissue sarcoma.

Despite the relatively low frequency, in all patients the finding of bone
metastases changed treatment significantly.  Naturally, these changes in
management were not exclusively induced by the bone metastases, but also
by co-existing other metastases, that were always present. However, there
were 5 (4%) patients with bone metastases as the only site of distant disease,
although they had regional lymph node metastases. In fact, in this study bone
metastases were somewhat more frequent as lung metastases, although the
difference is not significant. This is in contrast with the population based study
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in 508 soft-tissue sarcoma patients by Gustafson, who reported lung
metastases to be the first site of metastatic disease in the large majority of
patients (5). However, in that study it is not clear which patients had undergone
bone scintigraphy during staging. Since treatment may differ in systemically
versus locoregionally metastasized disease, it appears that bone scintigraphy
provides relevant information and cannot be cancelled totally.

In general, one could debate on which frequency of metastases justifies
routine application of imaging in all patients. This depends on the frequency
of the searched abnormalities in the population studied, the sensitivity and
specificity of the search tool and the therapeutic consequences. Bone
scanning with its high sensitivity but low specificity, is generally only cost-
effective when applied in subgroups with an increased risk. For example, the
2% rate of positive bone scans makes bone scintigraphy not cost-effective in
T1 and T2 breast cancer patients 10, in contrast with the yield of ~25% positive
scans in stage III patients. 11 In prostate cancer, the yield of bone scintigraphy
in newly diagnosed patients was less than 1% when the prostate-specific
antigen (PSA) level was low (<20 nmol/ml) (12). In lung cancer staging, bone
scans are only advised when pain or increased alkaline phosphatase levels
are present (11,13).  The present findings of a low rate of bone metastases in
asymptomatic soft-tissue sarcoma patiens and a high rate in symptomatic
patients are in agreement with the situation in these above-mentioned tumors.
This same discussion can be applied to searching for lung metastases using
CT scanning. The American Joint Committee on Cancer recommends chest
CT scanning only when tumor size exceeds 5 cm or in moderate or poorly
differentiated soft-tissue sarcomas (14).

As a method to detect skeletal metastases, bone scintigraphy proved to
be accurate. All cases with a category 1 reading (bone metastases very likely)
indeed had bone metastases, as evidenced by other imaging studies and
follow-up, whereas all cases with a category 3 reading (normal or nearly
normal) were free of bone metastases. The equivocal group was relatively
small (11%) and in none bone metastases were found. There were no false
positives in category 1. The positive predictive value of a category 1 reading
therefore amounts to 100% and the negative predictive value of a category 2
or 3 reading again to 100%.

Although routine bone scintigraphy in the study group as a whole does
not seem worthwhile, one could argue on its application in subgroups. In a
recent review on rhabdomyosarcoma in children by Arndt and Crist, routine
bone scanning was recommended, although supporting references were
lacking (15). Cogswell found a 18% frequency of bone metastases at
presentation in 40 children with a rhabdomyosarcoma, but did not mention
whether metastases elsewhere were co-existing or whether symptoms were
present (16).  Three patients in our small rhabdomyosarcoma subgroup (n=18)
had bone metastases, two of which (aged 10 and 40 years) had metastatic
bone pain and would therefore also have been detected using a strategy
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employing bone scintigraphy in symptomatic patients only. The third patient
(aged 20) had symptomatic trombocytopenia based on diffuse bone marrow
involvement. Therefore, although in disagreement with current clinical practice
and study protocols and only based on a small subgroup, the strategy to
perform bone scintigraphy only in symptomatic patients may also apply in
rhabdomyosarcoma patients. Naturally, all patients too young to report their
symptoms reliably are excepted and should be studied routinely.

Apart from staging, another reason for performing routine bone
scintigraphy could be the determination of local bone involvement by the soft-
tissue sarcoma. However, MRI and CT studies seem more precise for this
purpose, because especially CT reliably detects defects in the bone cortex (
17). A bone scan, however, can already be positive if a sarcoma causes local
hyperaemia near the periost without true bone involvement. Since MRI or CT
are considered standard investigations in the local staging of sarcoma patients
nowadays (18,19), bone scans for this indication are only necessary in doubtful
cases.

Another parameter that could lead to the suspicion of bone metastases,
is the serum level of alkaline phosphatase. Unfortunately, we do not have
complete records for this parameter, but there were at least 5 in the 8 patients
with bone metastases that had a normal alkaline phosphatase level (data not
shown). The sensitivity therefore seems limited. Furthermore, the alkaline
phosphatase level may also be increased due to local bone destruction by the
primary tumor, so also the specificity for systemic bone metastases cannot be
very high. Therefore, this parameter does not appear very helpful.

Since this is a retrospective study from a tertial referral center, some
selection bias cannot be excluded. We selected patients that had undergone
bone scanning in our own center of which all original scan data were
completely available. It is possible that especially patients with symptoms
attributable to bone metastases would already have undergone bone
scintigraphy in the primary local hospital before referral to our center, and
therefore not be included in this study. This would then lead to a too low rate
of bone metastases in our study. Although this selection bias cannot be
excluded, its influence appears small, because the rate of lymph node
metastases in our study (5%) is well in line with large population based studies
without this bias, where rates between 3 and 8% are found (2,20). Also the
overall rate of primary metastasized disease in this study (9%) is in the same
range as in population based studies (2,5,7).  Furthermore, even if in the case
that selection bias would have significantly affected the observed rate of bone
metastases, it is very unlikely that it would have influenced the association
between pain and bone metastases. Therefore, the main conclusion, that bone
scans should be performed in symptomatic patients only, is not affected. 

Another limitation of this study is that not all findings in patients with a
normal or nearly normal bone scan reading were verified. However, in none
of the patients with an even more abnormal bone scan (category 2), that did
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have extensive clinical and imaging follow-up, bone metastases were
confirmed. It is therefore quite unlikely that in patients in category 3, with a less
abnormal bone scan, metastatic diseases would still have been present, which
minimizes possible verification bias.

7.6  CONCLUSION

In conclusion, in this study the frequency of bone metastases in soft-tissue
sarcoma patients was found to be low (7%), but in the same range as the
frequency of lung metastases (4%), that are frequently considered the first site
of systemic spread. Therefore, bone scintigraphy is relevant in the staging of
soft-tissue sarcoma patients. However, the very low rate of bone metastases
in asymptomatic patients (2%) versus the high rate in symptomatic patients
(55%) supports the use of bone scanning in symptomatic patients only.
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