
Radionuclide bone scanning is a sensitive indicator
of skeletalmetastases(I ,2), butwhiletheprocedureis
sensitive it is also nonspecific. False-positive results occur
andtheseareespeciallylikely whenthescanabnormality
is solitary (3â€”5).The distribution of skeletal metastases
as determined by radionuclide bone scanning has been
reported, but the methods of data collection and analysis
havediffered (6â€”8).It hasbeenreportedthat breastand
lung cancer have different distributions of rib metastases
(7), butthestatisticalsignificanceof thisconclusionwas
not established. The present study was undertaken to
determine the distribution of skeletal metastases from
soft-tissue neoplasmsâ€”particularly rib lesions in breast
and lung cancerâ€”andto determinewhetherstatistically
significant differences were present.

METHODS

In a 3-mo period, 486 patients were listed by our
minicomputer data baseas having been referred for bone
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scanning (9). Of these, 463 (96%) were available for
review by one of us (MAW). Skeletal images were ob
tamed 3 hr after the injection of 15 mCi oflc-99m py
rophosphate. Focal scan abnormalities (regions of ab
normally increased tracer uptake) were identified, then
charted according to their anatomical site (and region).
Fifteen sites (and five regions) were included: rib, clay
ide, sternum, scapula (thoracic); thoracic, lumbar, and
cervical spine (vertebral); ilium, ischium, pubis, sacrum,
and sacroiliac regions (pelvic); upper and lower cx
tremities (limb); and skull vault (skull). In the subset of
patients with a final diagnosis of tumor as provided by
the referring clinicians, the etiologies of the focal scan
abnormalities were determined by the scan pattern,
along with any temporal changes noted in these patterns
when the current study wascomparedwith previousor
subsequent studies. Typical scan patterns included those
of multiple metastases,Paget'sdisease,dental disease,
and trauma (e.g., linear array in ribs). Radiographic
correlation was carried out when suitable radiographs
were available, and these were especially sought when
the scan pattern suggested degenerative joint disease.

The distribution of lesions for the different tumor
types was analyzed according to the presenceor absence
of lesions as well as the number and percentage of the
patient's total lesions at each site and region. Contin
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In a review of all radionuclidebonescansperformedin a 3-mo period,318 pa
tients with established tumor diagnosis were studied. In this tumor population the
incidenceof skeletal metastaseswas statisticallysimilar (p 0.7), and the re
gionaldistributionof lesion involvementwas, in decreasingorder, thorax, spine,
pelvis, limbs,and skull. In the two largesttumorgroups(breast and lung) the re
gional distributionof metastaseswas not different when examined for both the
presence and the number of lesions (p > 0.1). In particular, the incidence of rib
metastases was similar (p > 0.99) as was their frequency distribution (0.78). In
deed, the frequency distribution of rib metastases was similar for all major tumor
categories (p 0.83).
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TABLE2. REGIONALDISTRIBUTiONOFMETASTASESPatientsAnatomicwith

lesionsNo. oflesionsregionpresent
(%)(% oftotal)Thoracic61

(83%)269(37%)Vertebral46
(65%)186(26%)Pelvic37(52%)118(16%)Limb37(52%)105(15%)Skull24(34%)46(6%)Total76724
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Tumor 1 2â€”3lb
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gency tables were constructed and chi-square analysis
was used to determine significant differences in distri
butions; the level of significance chosen was 0.05, and
the null hypothesis used was that the populations were
identical.

RESULTS

Of the463patientsimagedduringthis3-moperiod,
387 were referred for workup of possible neoplastic
disease, and 318 (69%) were considered by their refer
ring clinicians to have a soft-tissue tumor established.
Indeed, the majority (65%) of these patients were being
followed up with repeat bonescans.In the 318 estab
lished tumor patients there were 110 bone scans with
focal abnormalities, and these were ascribed to causes
primarily basedon a classical scan pattern (54), multiple
studies (49), or associatedradiographs and gallium scans
(5). In 53 instances the lesion's etiology was established
by several criteria, e.g., multiple scans, a typical scan
pattern, and associatedtests.The typical scanpattern
of multiple metastases(average10.6lesionsperpatient)
was seenin all 39 patients that were imaged on only one
occasion.The final etiology of the scanabnormalities was
attributed to metastases in 76, osteoarthritis in 15,
trauma or dental disease in I 2, Paget's disease in 5, and
unknown in 2. Because of the lack of evidence in these
two patients (bladder and endometrial cancer with scan
lesionsconfirmed to the limbs), they were excluded from
the metatastic group. As they did not belong to the
largest tumor groups, their omission does not affect the
distribution data.

The incidence of metastatic lesions for the major
tumor categories is listed in Table 1. There is no statis
tical difference in the incidence for this patient series.
For all tumors, the distribution of skeletal metastases
listed by the presence and percentage of total lesions in
different regions is shown in Table 2. Sixty-one of the 76
patients with metastases (83%) were identified by
imaging the thoracic region alone, and the optimized
regional imaging order to detect diseasein the remaining

patients was: vertebral, pelvic, limb, and then skull.
There were 11 patients with solitary focal lesions for
which primary sources were established.

In the major tumor groups (breast, lung, prostate, and

gastrointestinal tract) and the miscellaneousother tu
mors, the frequency distribution of rib metastases(Table
3) was found to be similar (p = 0.83). This was also
found for the two largesttumor groups(breastand lung)
when examined separately (p = 0.78). The regional
distributions of skeletal metastases in the two largest
tumor groups were compared (Table 4) and found not
significantly different when analyzed for presence (p
0.42), or number (p = 0. 11) of lesions, or the average
number of lesions, when present, for each region (p
0.87). In patients with metastatic breast and lung cancer,
rib involvement occurred in 92% (p = 0.99), and these
lesions represented 37% (92 of 252) and 42% (53 of 125),
respectively, of the total lesions (p = 0.27).

DISCUSSION

While several reports address the distribution of me
tastases for different tumor types using either the pres
ence or absenceof regional involvement (6,8) or the
percentageof total lesionsin theseregions(7), the ab
senceof statistical evaluation and differences of method

TABLE 3. FREQUENCY DISTRIBUTIONOF
RIB METASTASES IN ThE MAJOR

TUMORCATEGORIESTABLE 1. INCIDENCE OF METASTASES IN
MAJOR TUMOR CATEGORIES

Breastt 9t 4 6 3 2
2 4 4 1 1
2 1 0 0 1
3 0 1 0 1
6 5 3 2 0

Breast

Lung

Gastrointestinal
Lymphoma

Prostate
Miscellaneous

Total

94
59
36
27
17
85

318

Lung
Prostate
Gastrointestinal tract

Miscellaneoustumors

26(28%)
13(22%)
7(19%)

5(19%)
6(35%)

19 (22%)

76(24%)
. All tumors: chi square 10.69, df 16, p 0.83.

t Breast and lung tumors only: chi square = 3.21. df 4,

p = 0.78.
t Numberof patients.. Chi-square = 2.99, df 5, p 0.70.
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TABLE4. REGIONALDISTRIBUTIONOF METASTASESIN BREASTAND LUNGTUMORS

Thoracic

Vertebral
Pelvic
Limbs

24
19
17
13

12

11
3

7

92

74

46
24
16

53
37
10
14
11

3.8
3.9
2.7

1.8
1.3

4.4
3.3
3.3
2.0

3.7Skull 12 3

. Chi square = 3.9, df 4, p = 0.42.

tChl square = 7.6, dt = 4, p = 0.11.

@Chisquare=1.24,df4,p0.87.

make interpretation and comparison of thesestudies
difficult. This study was an attempt to overcome such
limitations by using both common methods of evaluating
lesion distributions (i.e., presence and number) and
applying statistical tests to determine whether any ob
served differences were significant.

In a study where etiologies cannot always be ascribed
to all scan abnormalities, there is the potential to mis
classify a particular lesion. With several scan patterns
it is particularly difficult for the interpreter to distinguish
benign from malignant disease; these patterns include
solitary lesions and lesions confined to the limbs or skull.
The incidence of solitary metastases found in this study
(14%) did correlatewell with the 14%reportedin the
literature (4). Of the tumor patients in this study, only
two did not have their scan lesionsclassified definitively,
and both had lesions confined to the extremities. In one
patient, previous scansestablished the lesion to be stable
and therefore likely to represent degenerative disease.
In both patients,the referring cliniciansdid not feelthat
further investigationswere warranted. So while these
patients are classified as undetermined, they could well
be considered benign but lacked corroborating evi
dence.

In the entire tumor group, the thoracic skeleton was
most frequently metastasized (83% of patients), and no
significant difference in the frequency distribution of rib
lesions was found among the different tumor types (p =
0.83). In particular, this distribution was nearly identical
in breast and lung tumors, where 92% of each patient
group had rib metastases,and these represented 37 and
42%, respectively, of their total lesion burden.

In the available literature that includes data about the
regional presenceor absenceof skeletal metastases(6,8),
the reported incidence of thoracic lesions in metastatic
lung and breast cancer was statistically similar to our
findings when chi-square contingency tables were con
structed comparing these data (p = 0.69 and 0.85, re
spectively). The combined studies included 797 patients,
of whom 430 had metastases.Comparing our data with
the single report that provides information on the per

centage of lesions at different sites (7), we find concor
dance with the lung cancer patients (p 0.90) but not
in the breast cancer group (p = 0.0001 ). Because our
data (a) include more breast cancer patients, and dem
onstrate that (b) there is concordance with the breast
cancer patients concerning regional presence of metas
tases, and (c) that the frequency distribution of rib me
tastases in breast tumors was similar to those of all the
other major tumors; we believe that the incidence and
distribution of rib metastases is similar in patients with
breast and lung cancer. This is probably to be expected,
since the mode of spread (hematogenous) and organ
metastasized (skeleton) is common to both tumor
groups.

The importance of considering the regional presence
of lesionsas well as their number in drawing conclusions
about distribution patterns is illustrated by the fact that
while only 37% of the patients' total lesions were found
in the thoracic region, 83% of patients with skeletal
metastaseswere identified by imaging that region alone.
The data also demonstrate that while I 5% of the total
lesions were in the limbs and 52% of patients with skel
etal metastaseshad limb lesionsâ€”figuressimilar to those
reported in the literature (10,! /)â€”only two new patients
were identified by limb imaging. Both patients had
malignant melanoma and were identified on the gal
lium-67 citrate scans routinely performed in the meta
static workup of their primary tumor. We believe,
therefore, that the prevalenceof appendicular metastases
tends to exaggerate the clinical utility of whole-body
imaging.
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