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Gallium-67 citrate scintigraphy in the pre-operative evaluation
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We conducted a study of 90 patients with soft tissue tumor in their arms or legs, in order
to determine the usefulness of scintigraphy with gallium-67 citrate as a diagnostic means.
All patients had adequate scan images, and tumor tissues had been histologically con-
firmed by surgical resection.

The subjects consisted of 19 patients with malignant tumors, 55 patients with benign
tumors, and 16 patients with other disorders in which soft tissue tumor-like lesions occurred.

When the activity of the tumor was more than the activity of the normal region of the
contralateral extremity, it was estimated to be positive.

The positive rate was found in 789, (15/19) of patients with malignant tumors, in 25%;
(14/55) of patients with benign tumors and in 31%; (5/16) of patients with other disorders.
Classified by diseases, high positive rates were observed in liposarcoma, leiomyosarcoma,
malignant lymphoma, neurinoma, extra-abdominal desmoid and sarcoidosis.

Out of 7 patients in which the activity of the tumor was equal to, or higher than that of
the liver, 6 patients had malignant tumors and one patient was diagnosed as having an
abscess.

It seemed possible to distinguish between liposarcoma and lipoma by means of a gallium-
67 scan.

Furthermore, the gallium-67 scan was useful in detecting lesions of sarcoidosis as well as

in evaluating the response to treatment.
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INTRODUCTION

EMBRYOLOGICALLY, SOFT TISSUE is derived principally
from the mesoderm, with some contribution from
the neuroectoderm.

Soft tissue tumor can be defined as a tumor arising
from a non-epithelial tissue of the body which
excludes solid tissues such as skeletal tissue and
cartilaginous tissue, and the reticuloendothelial sys-
tem. It is represented by tumors of the voluntary
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muscles, fat, fibrous tissues, and peripheral nervous
system, along with tumors of the vessels serving these
tissues.! Furthermore, soft-tissue tumors also include,
as tumor-like lesions, those disorders in which it is
not clear whether the disorder is derived from neo-
plasm or inflammation.

Thus, the soft-tissue tumor occurs in a wide range
of diseases and conditions.

The first reports of successful soft tissue tumor
scanning with gallium-67 were from the Oak Ridge
group in 1969. And it was noted that the isotope
became concentrated in lymphomatous tissue during
the investigation of gallium as a potential bone-
scanning agent.2 Since then, many investigators have
been studying the ability of gallium-67 to accumulate
at the site of a neoplasm.
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To the best of our knowledge, there has been no
systematic study in a large series of patients on the
utility of scintigraphy with gallium-67 in whole soft
tissue tumors of the extremities.

This report appears to be the first systematic ac-
count of gallium-67 citrate scan findings in extremity-
located soft tissue tumors.

MATERIALS AND METHODS

During the last 10 years, 90 patients with adequate
scan images and with a diagnosis of extremity-
located soft tissue tumor which was histologically
confirmed by surgical resection were seen by the
orthopaedic oncology service at the University of
Gifu.

There were 38 men and 52 women with ages rang-
ing from 6 to 76 years (mean age; 43 years). The
subjects consisted of 19 patients with malignant
tumors, 55 patients with benign tumors, and 16
patients with other disorders. Among the 19 patients
with malignant tumors, 15 patients had tumors in
their legs and the remaining 4 patients had tumors
in their arms.

On the other hand, among the 55 patients with
benign tumors, 30 patients had tumors in their legs
and the remaining 25 patients had tumors in their
arms. Ten patients with other disorders had tumor-
like lesions in their legs and the remaining 6 patients
had tumor-like lesions in their arms.

Four of the malignant tumors were less than
5.0 cm in diameter, eight were 5.1 to 10.0 cm, and
seven were more than 10.1 cm.

Twenty-four of the benign tumors were less than
5.0 cm in diameter, seventeen were 5.1 to 10.0 cm,
and fourteen were more than 10.1 cm.

Nine of the other disorders were less than 5.0 cm
in diameter and seven were 5.1 to 10.0 cm. When the
patients had more than a single lesion, the diameter
of the largest lesion was measured.

All patients underwent scintigraphy with gallium-
67 citrate as an initial diagnostic procedure.

All scans were performed 48 hr and 72 hr after
intravenous injection of 1 to 3 mCi (37-111 MBq) of
gallium-67 citrate with a Searle large field-of-view
scintillation camera with a medium-energy paralell-
hole collimator, and 20 % precalibrated spectrometric
windows at 93, 185, and 300 keV.

The anterior and posterior spot-views of the whole
body were consistently imaged. First, 50,000 to
100,000 counts were collected for the bilateral upper
or lower extremity including the area of the tumorous
lesion, and then images of other anatomic regions
were integrated for the same time and intensity. The
intensity of the gallium uptake of the tumor observed
on the scintigram was graded subjectively as com-
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pared with that of the liver on a scale of (=), (+),
(H), in which a score of (4) indicated an intensity
almost equal to or more than that of the liver; (4)
indicated an intensity more than that of the normal
region of the contralateral extremity, but less than
that of the liver; and (—) indicated a normal gallium
scintigram. Grading was done on the basis of sub-
Jective evaluation by two observers.

Antineoplastic agents were not administered be-
fore the initial scintigraphy with gallium-67 citrate.
The follow-up scintigraphy was performed after
treatment in patients with malignant tumor or sar-
coidosis.

Other diagnostic studies usually included con-
ventional radiography, xeroradiography, ultrasono-
graphy and computerized tomography of the affected
limb. Bone scintigraphy, angiography and other
miscellaneous studies were also performed if neces-
sary.

Table 1 Results of gallium-67 uptake in soft-tissue
tumors on initial scintigram

Gallium-67 uptake
Histological type No. of

patients + + _

A. Malignant tumor
Metastatic cancer
Liposarcoma
Leiomyosarcoma
Malignant lymphoma
Synovial sarcoma
Malignant schwannoma
Hodgkin’s disease
Rhabdomyosarcoma
Malignant fibrous

histiocytoma

B. Benign tumor
Lipoma 15 15
Haemangioma 13
Extra-abdominal desmoid 9
Neurinoma
Neurofibroma
Fibrolipoma
Angiolipoma
Myxoma
Giant cell tumor of

tendon sheath 1 1
Dermatofibroma
Calcifying epithelioma

C. Other disorder
Ganglion
Sarcoidosis
Bursitis
Abscess
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A) (B)
Fig. 1 A 74-year-old woman with a liposarcoma of the left thigh. (A). An anterior image
of both thighs shows an area of abnormal increased uptake of gallium-67 with a cold zone
due to necrosis in the left distal thigh (arrow). (B). The femoral arteriogram demonstrates
a large hypervascular mass with tumor vessels, staining, and an avascular area correspond-
ing to abnormal lesion seen in (A) (arrow).

(A) " ' (B)
Fig. 2 A 43-year-old woman with a lipoma of the right proximal thigh. (A). An anterior
image of both thighs shows a normal scan (arrow). (B). The femoral arteriogram demonstrates
a hypovascular mass (arrow).
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RESULTS

Results of gallium-67 uptake in various untreated
soft-tissue tumors of the extremities are detailed in
Table 1.

A positive rate was found in 78% (15/19) of pa-
tients with malignant tumors, in 25% (14/55) of
patients with benign tumors and in 31% (5/16) of
patients with other disorders. Out of 7 patients in
which the gallium-67 uptake of the tumor was
rated as (+), 6 patients had malignant tumors and
one patient was diagnosed as having an abscess.

Three (75 %) of four malignant tumors<.5.0 cm in
diameter had a positive finding on imaging with
gallium-67. On the other hand, twelve (80%) of fif-
teen malignant tumors=5.1 cm in diameter had
positive scans.

There was not a significant difference between the
positive rate for the tumors=.5.0 cm in diameter and
that for the tumors=5.1 cm in diameter.

The four malignant tumors that had a negative
finding on imaging with gallium-67 included one
malignant schwannoma, one synovial sarcoma, and
two metastatic carcinomas.

Abnormally increased uptake of gallium-67 was
mainly observed in malignant tumors such as lipo-
sarcoma (3/3), leiomyosarcoma (2/2), and malignant
lymphoma (2/2); in benign tumors such as neurinoma
(4/6) and extra-abdominal desmoid (5/9); and in
other disorders such as sarcoidosis (4/5).

Gallium-67 imaging showed that all 3 patients with
liposarcoma had a gallium-67 uptake intensity of

130 Takeyoshi Imaeda, Matsuzo Seki, Yasuhiro Sone, et al

B)

Fig. 3 A 24-year-old woman with an extra-abdominal desmoid of the left foot. (A). A
posterior image of the feet shows an area of abnormal increased uptake of gallium-67 in
the left foot (arrow). After this scan, the affected site was removed by surgical operation.
(B). Three and a half years later, a posterior image of the lower legs demonstrates distant
metastases in the left proximal lower leg (arrows).

(+), whereas all 15 patients with lipoma had an
intensity of (—). Therefore, it was considered pos-
sible to distinguish between liposarcoma and lipoma
by means of gallium-67 scintigraphy (Figs. 1 and 2).

In one out of 9 patients with extra-abdominal
desmoid, we detected distant metastases for the first
time by using gallium-67 scintigraphy (Fig. 3).

In 4 out of 5 patients with intermuscular sarcoido-
sis, the gallium-67 scintigraphy was not only useful
in detecting the lesions, but also in evaluating the
response to treatment (Fig. 4).

DISCUSSION

Although it is almost impossible to determine the
incidence of soft tissue tumors, especially the relative
frequency of benign to malignant tumors accurately,
it has been reported that benign soft tissue tumors
outnumber malignant tumors by about 100 to 1 in
a hospital population.!

The annual incidence of benign soft tissue tumors
is approximately 300 per 100,000 population.l On
the other hand, malignant soft tissue tumors, com-
pared with carcinomas and other neoplasms, are
relatively rare. The average annual incidence is 1.35-
2.00 per 100,000 population.!

Soft tissue sarcomas can arise anywhere in the
body, with a frequency of 409 in the legs, 299 in
the trunk, 199 in the arms, and 119 in the head
and neck.? Soft tissue sarcomas occur at any age,
but like carcinomas, are more common in older
patients; about 40 % affect persons being older than
55 years, but on the other hand, about 159, affect
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persons younger than 15 years.1

Variant non-invasive imaging procedures, in-
cluding gallium-67 scintigraphy, xeroradiography,
ultrasonography, computerized tomography, and
magnetic resonance imaging, are now used to detect
soft tissue tumors.

Among these, gallium-67 scintigraphy is not only
useful in determining the severity of lesions but also
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«=Fig. 4 A 72-year-old woman with an intermuscular sar-

coidosis of both lower legs. (A) An anterior image shows
an area of abnormal increased uptake of gallium-67 in
both lower legs (arrows). (B) One year and 9 months later,
an anterior image demonstrates an increase in number
and size of areas of abnormal increased uptake (arrows),
and after this scan, the site of abnormal increase uptake
in the left proximal lower leg was removed by surgical
operation. Other affected sites were not removed. (C)
Three years later, an anterior image reveals greater uptake
in other affected sites, although the abnormal uptake of
the operated site decreased (arrow).

in detecting local recurrence and distant extrapul-
monary metastases. Therefore, gallium-67 scinti-
graphy should be used as an initial diagnostic
procedure.

In various series of patients with soft tissue sar-
comas, gallium-67 images have been reported to be
abnormal in 1009, of malignant schwannomas, 80—
86 %, of rhabdomyosarcomas, 50-1009 of liposar-
comas, 25-100 % of malignant fibrous histiocytomas,
0-679, of synovial sarcomas, and 339 of leiomyo-
sarcomas.4 8

Although imaging with gallium-67 citrate is sensi-
tive for soft tissue sarcomas, it is not specific. It has
been generally said that acute inflammatory lesions
as well as some benign neoplasms also have abnor-
mal gallium-67 images and cannot be differentiated
from malignant lesions by gallium-67 imaging alone.
In this study, however, the tumorous lesions in which
the gallium-67 uptake indicated an intensity almost
equal to or more than that of the liver, were all
malignant except for one abscess.

There is still no general agreement on the exact
mechanisms of gallium-67 localization in neoplastic
and inflammatory lesions, and the reason for
gallium-67 uptake variation among these various
disorders is unknown. However, several local factors
influencing gallium-67 uptake have been proposed.
They include tumor viability, high tumor vascularity,
hyperpermeability due to inflammation and neovas-
cularization or to increased membrane pore size in
tumors, accumulation by tumor histiocytes, gallium
dissociation and binding of the ionic gallium by
tumor proteins as a result of a local decrease in pH
in the tumorous region, and the exchange of extra-
cellular gallium with the intracellular calcium pool.?

In the past, the differential diagnosis of liposar-
coma and lipoma has been based on imaging with
technetium-99m  pyrophosphate or methylene
diphosphonate as the radionuclide. It was generally
admitted that the accumulation of these radio-
nuclides was observed in liposarcoma, but not in
lipoma.l0 But, in a patient whose lipoma is accom-
panied by calcification, these radionuclides were
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found to accumulate in the lipoma.

It had been difficult, therefore, to distinguish be-
tween liposarcoma and lipoma by means of these
radionuclides alone.

In this study, however, gallium-67 accumulated
only in liposarcoma, and it was not observed in
lipoma. From this finding, it seems that gallium-67
can be used in the differential diagnosis of these two
types of tumors. And furthermore, gallium-67 scinti-
graphy was reported to be not only useful for the
detection of the lesions of intermuscular sarcoidosis,
but also for the evaluation of the response to treat-
ment.!!

When the intensity of the gallium-67 uptake of the
tumor is almost equal to or more than that of the
liver, that suggests malignancy and indicates the
need for further evaluation by computerized tomog-
raphy or magnetic resonance imaging.
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