
Gallium-67-citrate whole-body scintigraphy
was incorporated into the evaluation of 125
patients with primary and metastatic breast car
cinoma. A prospective analysis of these patients
demonstrated gallium scanning to be limited in

its corroborative value and of practical use only
in detecting metastatic breast carcinoma in the
mediastinum. Since the extent of tumor involve
viient is a significant prognostic factor, the gal
hum scan merits consideration for the detection
of mediastinal metastases.

The detection of primary breast carcinoma and the
documentation of the extent of the metastatic disease
are of paramount importance for determining prog
nosis and therapy. Since Â°7Gascanning is a valuable
adjunct in the diagnosis, staging, and therapeutic
followupof Hodgkin's disease and the non-Hodgkin's
lymphomas (1 ,2) , malignant melanoma (3) , hepa
toma (4), and lung carcinoma (5), an evaluation of
its localizing affinity for breast carcinoma was Un
dertaken. This report presents our clinical experi
ence with Â°7Ga-citrate scintigraphy in 125 patients
with primary and metastatic carcinoma of the breast.

METhOD

Gallium-67-citrate (35â€”50 @tCi/kg)was adminis
tered intravenously 48â€”72 hr before scanning. Bowel
purgatives were employed routinely to eliminate in
terfering gallium. A dual-probe 5-in. Ohio-Nuclear
whole-body scanner with 5:1 minification and spec
trometer window setting of 130â€”330keV was used.
Lateral rectilinear scans and scintillation camera im
ages were obtained in equivocal cases.

The study population consisted of 125 female pa
tients with breast carcinoma who were referred to
the Department of Nuclear Medicine at the National
Institutes of Health. The age range was from 20 to
70 years. All scintigrams ( 196) were interpreted by

HG. 1. Anteriorwhole-bodygalliumscanin62-year-oldwoman
showsadenocarcinomain left breastand left axilla. Thereis also
increased activity in metastasesin right breast.

one of the authors (SML) without knowledge of the
patient's clinical history. A group of 21 patients was
scanned prior to biopsy or mastectomy, and 104
patients were studied either after mastectomy or, in
cases deemed inoperable, before therapy. Scinti
graphic findings were compared with clinical, roent
genographic, and histologic data.
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TABLE 1. GALLIUM UPTAKE IN
METASTATIC BREASTCARCINOMAGallium

Abnormal
Organ

involvement Increased Decreased NormalNumber
of

patientsBone

341852Liver
2 32025Lung
71320Brain
2 810
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tional abnormal gallium scans had decreased activity
corresponding to colloid defects. Advanced paren
chymal replacement resulted in absent gallium uptake

RESULTS

Gallium-67 whole-body scans revealed abnormal

localization in 68 (54% ) of 125 patients with breast
carcinoma.

Of the 21 patients studied prior to surgery, 14 had
abnormal scans. Gallium localization occurred in
the primary lesion in 11 of these positive studies. In
difficultdiagnostic situations, lateral rectilinear views
localized the relative thoracic hyperconcentration to
the breast mass itself. In two cases, sites of suspected
metastases were identifiedin addition to the primary
lesion (Fig. 1) . Galliuin-67 demonstrated metastatic
disease in three patients in whom the abnormal
breasts did not reveal a focal accumulation of radio
nucide.

Eighty-three postsurgical or inoperable patients
had known metastatic tumor and 54 (65% ) revealed
gallium scan abnormalities. There was variable affin
ity of Â°7Gafor breast carcinoma metastases in differ
ent organs (Table 1) . Gallium scans demonstrated
bone involvement in 34 (65% ) of 52 patients with
evidence of skeletal metastases. The bone scan, the
most sensitive indicator of osseous metastases, was
used in conjunction with the roentgenographic skele
tal survey to determine bony involvement. While
gallium asymmetries were apparent, abnormalities
were more clearly defined with skeletal scintigraphy.
Moreover, additional individual sites in the same pa
tient were commonly identified with skeletal scintig
raphy. An example of intense bone scan activity in
multiple sites of metastases is given in Fig. 2 and is
compared with less satisfactory gallium localization.
In two instances, the gallium scan did visualize a site
of skeletal metastasis prior to the bone scan and
roentgenogram. Both patients, however, had multi
ple sites of known skeletal metastases.

Utilizing physical examination, liver function tests,
percutaneous biopsy, and autopsy results as param
eters of involvement, it was found that 25 patients
had secondary hepatic neoplasms. Multiple focal
defects were present on the oomTc_sulfur colloid liver
scan in 20 cases (Fig. 3) . Gallium preferentially lo
calized in only 2 (8% ) of 25 patients. Two addi
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FIG.2. Anterior(A)andposterior(B)whole-body@mTc-diphos
phonate scans demonstrate pronounced accumulation in multiple
sites of metastatic breast carcinoma.Gallium scans(C and D) were
far lessrewarding showingincreasedactivity in both shoulders,faint
uptake in thoracic spine, and minimal asymmetry in right hip.
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TABLE2. GALLIUM UPTAKE IN THE MEDIASTINUM INPATIENTS WITH METASTATICBREASTCANCERMediastinal

MediastinoscopyPatient5@Ga
scanChestroentgenogramtomographybiopsyAutopsyCT+NormalNormal+MS+NormalNormal+RW+Parenchymal

nodulesNormal+LF+Parenchymal
nodules,right hilar adenopathyRight hilaradenopathy+RH+Hilar

adenopathyHilaradenopathyâ€”MF+Widened
mediastinum+AW+Parenchymal

nodules,radiationfibrosis+ID+Right
upperlobeand right hilar massesRight hilarmassesECâ€”Hilar
adenopathyHilar adenopathy+
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FIG.3. Anterior(A)andrightlateral
(B) @mTc.sulfurcolloid scans show two
large focal filling defects in right lobe of
liver. Gallium activity (C) is homogeneous
throughout, failing to differentiate biopsy
proven metastatic breast carcinoma.

by the liver in one instance. The technetium scan
provided much greater reliability for demonstrating
subtle changes in hepatic size.

Of ten patients with autopsy-proven brain metas
tases, gallium localization was noted in two (20%).

Better sensitivity was demonstrated with o9mTcO4_
with positive uptake in four patients.

Twenty patients had chest roentgenograms show
ing evidence of metastatic breast carcinoma including

multiple pulmonary nodules, lymphangitic interstitial

disease, pleural effusions, and extrapleural masses.
The gallium scan confirmed metastases in only seven
(35%).

The single most promising contribution of gallium
scintigraphy was the detection of mediastinal tumor.
Eight ( 10% ) of the 83 patients with metastatic
breast carcinoma had abnormal gallium localization
in the mediastinum (Table 2) . Autopsy performed

on two patients was positive for metastases. Medi
astinoscopy confirmed breast carcinoma metastases
in four of five patients who underwent this procedure.
In three cases, biopsy proof was obtained along with
roentgenograms and tomograms that were unremark
able with regard to the mediastinum. Four of these
eight patients entered remission on combination

chemotherapy. The gallium scan returned to normal
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A

r F1G. 5. Intensegalliumconcentrationin sternumand medias
tinum extending into left hilum is shown. Gallium was sole means
of detection of mediastinal tumor. (Abdominal gallium cleared fol
lowing laxatives.)

tomy site. A chest roentgenogram (Fig. 4A) and
full lung tomograms demonstrated no metastatic
disease. Gallium failed to localize in the bony or
soft-tissue tumor but was markedly positive in the
mediastinum (Fig. 4B) . Mediastinoscopy confirmed
metastatic breast carcinoma. Following combination
chemotherapy, the soft-tissue tumor regressed and
the gallium scan reverted to normal (Fig. 4C).

Case 2. CT, a 31-year-old woman with a history
of bilateral mastectomies, was admitted with osseous
metastases. Gaffium localized in a known sternal
metastasis and also concentrated in the mediastinum

extending into the left hilar region (Fig. 5). Medi
astinoscopy confirmed breast carcinoma in the pres
ence of normal chest roentgenography and tomog
raphy.

Case 3. LF, a 44-year-old woman who had a right
radical mastectomy 2 years prior to admission, pre
sented with suspected pulmonary metastases. A chest
roentgenogram and tomography demonstrated mul
tiple lung nodules, the most prominent being in the
right upper lobe and in the right hilum (Fig. 6A).
The gallium scan was positive in the right hilum
(Fig. 6B). Fiberoptic bronchoscopy was inconclu
sive, and mediastinoscopy was performed with bi
opsy corroborating metastatic breast carcinoma. A
gallium scan 3 months later showed progression of
mediastinal tumor commensurate with the radio
graphic findings (Fig. 6C) . Following chemotherapy,
the gallium scan showed minimal residual mediastinal

C

FIG.4. Chestroentgenogram(A)demonstratesrightmastec
tomy and chronic radiation changes in right upper lung. Gallium
scan(B)showsintensemediastinaluptake.Followingpositivebiopsy
for metastaticbreast carcinomaand subsequentchemotherapy,gal
hum scan is normal (C).

in all four cases. One additional patient (EC) had
roentgenographic evidence of biopsy-proven hilar
tumor but had no gallium uptake in the mediastinum.

CASE REPORTS

Case 1. MS, a 62-year-old woman, was diagnosed
as having breast carcinoma 14 years prior to admis
sion. On admission she presented with osseous me
tastases and small soft-tissue nodules at the mastec
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DISCUSSION

Routine gallium whole-body scintigraphy was in
corporated into the evaluation of 125 consecutive
breast cancer patients studied at the National Insti
tutes of Health in order to determine its usefulness
in breast carcinoma. With 90,000 new cases of breast
cancer diagnosed each year, approximately 33,000
deaths anually, and essentially no statistical improve
ment in survival over the past 25 years, a sensitive
tumor-scanning procedure would be most welcome.

Gallium-67-citrate scanning was evaluated to deter
mine its diagnostic capabilities as well as its contri
bution in metastatic followup.

Regarding primary carcinoma of the breast, gal
hum scanning has been most unrewarding when com

FIG.6. Multiplepulmonarynodulesaredemonstratedinright
upper lobe and right hilar region in patient 2 years after right
radical mastectomy (A). Gallium showed uptake in mediastinum
extending into right hilum (B). Followup scan shows more intense,
diffuse mediastinal metastases(C).

activity in agreement with roentgenographic and clini
cal improvement.

Gallium-67 scans were obtained on 21 postopera
tive patients without evidence of metastases. Thirty

normal studies corroborated disease-free status in
20 cases. In one patient, gallium scanning showed
increased uptake in the mediastinum as the only evi

dence for presumed metastatic breast cancer (Fig.

7) . After therapy, followup gallium scan was normal.
Thorough diagnostic followup of all sites of posi

tive gallium uptake in I 25 patients revealed no false

â€œ@!! positive gallium scans. Inflammatory lesions ac
counted for abnormal gallium localization in three
patients. Physiologic gallium activity was noted in
the contralateral breast of a 35-year-old woman 2
months after a left mastectomy was performed. The
patient was lactating in the postoperative period with
unexplained elevated prolactin levels.
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FIG. 7. Galliumuptakein mediastinumwasonlyevidenceof
metastatic breast carcinoma in 50-year-old woman. After chemo
therapy, gallium scan returned to normal.
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pared to roentgenographic procedures. Sensitivity
ranging from 20% to 72% has been reported by sev
eral authors (6â€”9). Our results with 2 1 documented
cases was a disappointing 52% . Furthermore, the

physical characteristics of Â°7Gaare suboptimal for
scintillation camera scintigraphy, and special breast
views in our clinic have not added to overall accu

racy(10).
In metastatic breast carcinoma, gallium was found

to be less sensitive than organ-specific radionuclide
procedures. Skeletal scintigraphy provided more su
perior information in the detection of osseous me
tastases. Technetium-99m-sulfur colloid scintigraphy

was a more reliable indicator of secondary hepatic

neoplasm and OOmTcOâ€”was more sensitive than
gallium in the detection of central nervous system
metastases.

As a diagnostic adjunct in breast carcinoma pa
tients, gallium scintigraphy is of unique value for
the detection of mediastinal neoplasms. In cases of
radiographically suspected but incompletely evalu
ated mediastinal involvement, gallium uptake is par
ticularly useful for delineating the extent of medi
astinal metastases. At the present time, whole-body
gallium scans are included in the diagnostic workup
of breast carcinoma patients as an effective nonin
vasive modality for studying the mediastinum.
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This meeting will focus on the theoretical, economic, technical, and clinical aspects of medical

decision making with particular emphasis on the utilization of nuclear medicine and radiographic

procedures. The morning session will be didactic and will cover a model of the diagnostic process,

techniques to quantitate medical decision making, statistical aspects of data acquisition and

analysis, and economic considerations of health services. The afternoon session will be devoted

to several clinical examples illustrating these concepts. A panel discussion on the problems of

translating these concepts into medical practice will conclude the program. Program chairman

is Barbara J. McNeil, and the faculty consists of Russell Bell, Robert M. Elashoff, Robert N. Grosse,

Leonard Jarett, Emmett B. Keeler, Lee B. Lusted, E. James Potchen, William R. Schonbein, and

Henry N. Wagner, Jr.
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