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STUDIES OF RADIOGALLIUM AS A DIAGNOSTIC AGENT IN
BONE TUMORS

Coypr. W. C. MuLry, MC, USN,* anp Conpr. H. C. DupLEy, MSC, USN{
BeTHESDA, Mb.

INTRODUCTION

I11S is a report of the first eighteen human subjects in whom radiogallinm
tracer studies have been made at this medical center.

Laboratory studies of the pharmacology and biochemistry of gallium have
shown that this element is selectively localized in osteoid tissues? ? and particu-
larly in centers of osteogenesis.® *

The purpose of the present study was (a) to develop methods for the lo-
calization of Ga’ in the human body, by an externally positioned Geiger tube,
and (b) to determine the degree of localization of Ga™ in patients with neo-
plastic lesions involving bone. The present study reports results of the study
of eighteen cases of primary and secondary bone malignancies.:

Gallium is a metallic element having many of the chemical properties of
aluminum. The radioactive isotope (Ga™) is a 8 and v emitter, of energetie
specttum (max. 8 3.1 mev, y 2.5 mev). This isotope is contained in earrier
gallium (0.1 me. per milligram Ga) and administered as the citrate.’

LABORATORY METHODS

"Counting Techniques.—There are many factors which must be considered when attempt-
ing to localize in the human body, by external counting methods, a particular organ or
structure which contains a quantity of some radioactive substance. The principal factors
are (1) volume of tissue containing & high concentration of the isotope, (2) differential
distribution of the isotope between the localized area and the adjacent tissues, (3) depth
of center of mass, i.e., distance to counter tube, (4) degree of collimation obtainable with
jacketed Geiger tubes, (5) the nature of the radiation and its absorption characteristics in
tissues, and (6) absorption characteristics between counter and source.

In order to study the effectiveness of (I131) radioiodine diagnostic and therapeutic

_procedures, various end-window Geiger tubes were fitted with lead shells. This was an

atten:pt to produce a collimated beam of gamma radiation which would more closely define
areas of active thyroid hyperplasia, Considerable success was obtained in these studies.t
It was found that the same general type of jacket was satisfactory for such studies of
Gat2, but a considerably larger and denser shield was needed in order to produce & sharply
collimated beam from the skin surface of a patient receiving Gai2. In Fig. 1 is presented
a skerch of the Geiger tybe and the surrounding jacket (weight 7 kilograms) as used in
these studies.

In Fig. 2 arc presented graphically results of a study of the collimating ability of
the tube and jacket described in Fig. 1. This study was made using a 2 cm. planchet of
Gais, The ‘‘theoretical cutoff zone’’ is the geometric projection of lines passing through
the edges of the tube window and the shield port. This zone delineates the area beneath
the tube which emits radiation directly (disregarding scattered radiation) into the tube.

The opinions or concluslons contained in this report are those of the authors. They are
not to be construed as necessarily reflecting the views or endorsement of the Navy Department,

Received for publication, July 28, 1950,
*Radioisotope Laboratory, Naval Hospital.
4+Blochemtstry Division, Naval Medical Research Institute.
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The **line of 30 per cent cutoff’" is the observed lateral «istance at which the counting
rate is reduced to one-half the maximum observed if the sample was placed opposite the
shield port.
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Fig. 1.

"Fhe lines denoting the relative counts per minute indicate the counts observed as the
target was moved lateraily in front of the tube at some definite distance (tube to target
distance) i.e.. 40, 90, 120, or 150 millimeters.

Study of Ga’z in Phantom.—The purpose of this phase of the investigation was to
study the methods which were being used clinically and to c¢valuate their significance un-
der controlled laboratory conditions.
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" A simulated human torso was made by filling a wooden box (60 cm. by 52 em.. by
24 em.) with hulled rice (sp. gr. 0.825). To the rice was added, by scattering through

the mass, a water solution of Ga™2 The rice was then thoroughly mixed. A concentration

of 0.07 to 0.08 wc Gart2 per liter of rice gave a count of 1.200 to 1,500 counts per minute
at a distance of @ cm. from the surface. This approximates what had heen obtained in
surface counts of human beings who had been administered 300 to 400 pe Ga®2 intra-
venously. The jacketed Geiger tube shown in Fig. 1 was used throughout these phantom

studies,
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: &
1n order to give reproducible geometry, a steel rail arrangement was made 8o that ¢
the placement of the Geiger tube relative to the surface and center of the mass of the 3
“‘phantom’* was constant. A series of volumetric flasks from 10 c.c. to 2,000 c.c. were 3

filled with a water solution having a concentration of Gaiz (microcuries per liter of
water) from two to forty times the concentration of Ga7? (microcuries per liter of rice)
contained in the phantom. These flasks were prepared in order to simulate organs or
structures of different sizes and having different coneentrations of Gar2.

In making a study of the effect of the counts obtairable at the surface of the rice,
the Geiger tube was successively placed at each of the five counting points (Fig. 3). When
a satisfactory base line had been obtained, one of the flasks was buried in the rice beneath ;
the center point. In each series the center of the mass of the flasks was located at some :
predetermined distance below the surface of the rice (4 or 9 ¢m.). Counts were taken at :

8
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all five points across the surface of the rice after burying the flasks. In Fig. 3 is shown
a graphic represeutation of the counts obtainable with various flasks containing Gat? con-
centrations five and twenty times the concentration of Ga?? in the body of the phantom.
These findings are typical of the results obtained at other concentrations.
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Fig. 5.—Influence of the size of the flask, the concentration of Ga® therein, and position of the
Geiger-Milller tube on the observed counting rate.
In Fig. 4 is shown graphically a résumé of the results of this phase of the study.
In this figure is plotted the relative percentages of counts obtainable at the center point
of the phantom plotted agninst the diameter of the flnsk containing various concentrations
of Ga*2. These findings indicate the counts obtainable at the surface are a function of
4
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3 is shown : tioth the size of the buried flask and the concentration of the Ga’2 contained therein.
1 Gat? cou- ‘There are factors in these findings which limit their usefulness, particularly in the smaller-
» phantom. sized flasks or at the lower concentrations of Ga2 \When the counts over a buried flask

do not exceed the background by more than 3 per cent, the significance of the result is

questianable,
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Fig. {.—Relationship of the dlameter of the flask, the concentratlon of the Ga™ therein. and
the increased count obtained over these flasks {n the phanton.
T To approximate the concentration or degree of localization in diagnostic studies with
Ga??, the findings shown in Fig. 4 are of significant aid. The diameter and depth of the

lesion can Dhe estimated from x-ray films. By external counts over the body, using the
Geiger tube deseribed in Fig. 1, a series of counts will be obtained. If one determines the
perceuntage of count over the lesion to be, for example, 115 per cent of the count over ad-
fon of the jacent tissues and the diameter of the lesion to be 8 ecm., at a depth of 4 cm., then, as an
approximation, the concentration of Gat? in the lesion is five times that in the surround-
ing tissue. If the diameter of the lesion is 2 c¢m., at a depth of 9 ¢m., and the observed

l;e stu«.i)t. count is 125 per cent of the general average, the concentration of Ga72 in the lesion ap-
1 . . . . . . .

etr pt<lJ1n proximates forty times the general body concentration. \Vithin limits the curves shown
2 It . . . . . . - .

i tr.'\ 10": in Figz. 4 may be used to approximate the conceutration in various lesions in human be-
nction o

ings, in cases of malignancies.
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It is realized this indirect method of determining concentration of a chemical sub-

stance in a specific location in the human hody is only an approximation. It is, however,
bazed an sound physical principles and seems to be the only means, short of biopsy, of
estimating the concentration of this isotope in osteoid structures. More significantly for
diagnostic procedures, these laboratory findings indicate that an inerease ot 10 to 20 per
cent of counts over a localized area is evidence of marked localization of Ga’? in some

structure beneath the surface,

CLINICAL METHODS

Selection of Cases.—The patients were primarily selected from those with proved
malignuneies, having x-ray evidence of new bone production, or metastatic lesions in bone.
Later it was found that patients having loealizing bone symptoms but without x-ray con-
firmation were also suitable for these dingnostie studies.

Administration of Gar2.—(Radiogallium (Ga72) was administered as a citrate complex
(300 to 400 we) accompanied by 3.8 to 5.0 mg. carrier gallium, contained in 1 c.c. of solu-
tion.s The Ga72 citrate solution was measured in a lead-shielded tuberculin syringe? and
injected into the rubber tubing of an intravenous infusion drip apparatus. The ante-
cubital vein of the arm was used as the point of administration. The injection was made
in one minute. No adverse local or gencralized reactions have been observed in any case
te date.

Surface Counting.—Suitable points on the body of the patient were marked swith in-
delilde ink. Posteriorly, these included twelve poiuts, every 3 em. along the spine and
two xeries of points laterally over the pelvis. Anteriorly points were marked as follows:
two rows of six points, from each groin superiorly to the second intercostal space. Two
additioual points were located on the upper and lower points of the sternum.

The Geiger tube (Fig. 1) was localized over each point at the surface of the hody
and n oue-minute count recorded. By counterbalancing the jacketed tule, it was possible
to maintain the end of the shield gently pressed against the skin surface. No undue dis-
comfort to the patients resulted.

The pattern of counting areas included forty points. Time of each series of counts
required approximately one hour. Counts were made at three, ten, and twenty-four hours
atter the intravenous injection of the tracer dose of Ga72 (300 to 400 ue). With this dose
it was possihle to obtain counts of GO0 to 1,100 per minute at the skin surface of the pa-
tient three hours after administration of the Gat2. The background rate of the tube used
i3 7 to 9 counts per minute. In Fig. 3 are shown details of the results of a routine exam-
ination of a patient by this method (Case 8).

The addition of counts, taken directly over the xyphoid process at 30 em. and 90 em.
distanees, each count for three minutes, was made in the last five cases of the series. This
would tend to indicate the rate of concentration change in the trunk of the patient and act
as a base line for comparison of concentrations within each localized area. The biologic
halt-life as determined by the method in the human patient is 12 to 13 hours.

A significant aid in determining the areas of localization of gallium in varions tis-
sues has been the determination of the relative increanse of Ga7? during the three hour to
twenty-four hour period after intravenous injection of the galliwm citrate.

The observed Geiger-Miiller count over a certain point at three hours after injection
is taken as a reference value. The counts over this exact point at ten lours and twenty-
four hours, when corrected for decay to the three hour time (T, == 143 hr.), will indi-
cate whether there has been an increased deposition of gallium in the structures beneath
the counting point.

In many normal tissnes the amount of gallium will decrcase, as indicated by the fore-
going caleulations. 4Howe\'cr, in many areas of bone involvement there is a marked ia-
crease in deposition of gallium, as indicated by the external counts. This faet has proved
most signifieant in these diagnostic studies.

B



Galtium2 Tracer Study

Fig.

5.—4. Anterlor of body surface.

B, Posterior of body surface.

record of the Ceiger-Miller counter rates per minute as made in Case 8.
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RESULTS

Case Histories~—In Table I are shown the elinical findings and histories of
the first eighteen patients, during the first seven months of the use of Ga®, Of
this group, fifteen resulted in positive localization of significant metastatic or
primary bone tumor aveas, two gave negative vesults which are consistent
with the limited eclinical follow-up to date, and in one case a small osteolytie
lesion of the ischial spine was missed.

Ostcogenic Lesions.—One primary bone tumor is included in the series,
an osteochondrosarcoma. This case (Case 7), in a 39-year-old man, had heen
followed clinically for a peviod of more than eight years. During this time the
patient had had three complete resections of the tumor and two courses of deep
x-ray therapy.* _

Case 6 was that of a malignant degeneration of an area of myositis os-
sificans with a loeally infiltrating osteogenie sarcoma. This young man, who is
now 29 vears of age, had received a course of prophylactic deep x-vray therapy
for carcinoma of the testes. The areas of treatment included three over the
lower abdomen and two ateas in the lower half of the spine. The malignant
degencration apparently originated in the upper of the two postevior areas.
Iollowing a bhiopsy of the lesion, the skin failed to heal and at the time of the
tracer study there was a large (15 em.), friable, bleeding, open area. Tov this
reason. it was difficult to get exact counts over the different nodules and to
position the patient as much as desired. The standard pattern of counting
was modified. All palpable nodules gave significantly increased counting
rates. A\ single isolated lesion on the anterior chest wall could be well studied
and indicated a concentration of Ga™ of fifteen times that of the surrounding
apparently normal tissue. This finding agrees well with what has been found
in the other cascs.

The remaining cases of the osteogenie group consist of five carcinomas
of the prostate. In general, these cases were collected as the original choice
for study hecause the osteogenic nature of the lesion would make them most
comparable to growing hone as determined from the animal studies. Signifi-
cant localization was found in cach of these five cases to be proportional to the
lesions as indicated by x-ray examination. It was noted in Case 4 that while
at the time of the study only one lesion had been localized by the tracer
studies. follow-up x-ray films taken one month after the tracer study showed a
beginning hone change in each of the two areas; the smaller of these two areas,
in the ilinm, was approximately 3 em. in diameter. Case 5, that of a 60-year-
old man, had been followed for approximately four years as a fairly typical

*The amount of bone proliferation as compared with the cartilage tontained in the
tumor mass was relatively small. Areas of increased G.M. counting rates were confined to
these areas of bone production and were significantly higher than the counting rates of ad-
jacent areas overlying cartilage. The general level of counting over the palpable tumor was
lower than over the opposite area presumed to be normal. The repeated operations and two
courses of X-ray therapy may have interfered with the blood supply to the area and prevented
absorption and concentration. This Is the only case {n the series to date in which the count-
int rute over an nrea of n clinically suspected lesion or an area of X-ray change was decreased
below the adjacent or opposite normal area.
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Paget’s disease. Two vears ago a positive diagnosis of carcinoma of the pros-

tate was made. At the time of this study the Paget’s disease, which had heen
localized in the right pelvis and right femur, had changed very little. Seat-
tered areas of well-circumseribed osteogenie lesions, 1 to 2 em. in diameter,
were found in the wings of both ilin and in the upper portion of the shaft of
the left femur. It is helieved on the basis of the prostatic tumor that this
represents g separate condition of hone involvement of careinoma of the pros-
tate. The radiogallium seemed to localize and concentrate equally well in the
lesions of both the Paget’s disease and the carcinoma of the prostate.

Osteolytic Lestons.—These eleven cases are all secondary metastatic lesions
or strongly suspected metastasis in the presence of known carcinoma. The
first case of this group which was studied was Case 8 a bronchogenic car-
cinoma. This patient had developed a large soft tissue tumor associated with .
an area of destruction of the proximal shaft of the left femur. The patient
was approximately one year postoperative for the chest lesion and there was
no evidence of a local recurrence. It was considered that if no other areas
of metastasis could he localized, and none had been found by x-ray film study,
the treatment of the area in the left femur might be more definitive and com-
plete. Coneentration and localization within the known area of metastasis
was equally as good as in the most striking of the osteogenic lesions. The
area went on to pathologic fracture, but in the past four months no evidence
of uther hony metastases have been found. The localization as found in this
case encowraged us to try other osteolytic lesions.

Case 9 was that of a 55-vear-old man with gastric earcinoma. This patient
had progressed from a symptom-free stage to that of an inoperable carcinoma
of the stomach within three months, and within two months after the operative
procedure. a total of five months, had at least four separate areas of metastases
to the spine. The general progress of the patient was rapidly downhill, and
there was marked jaundice as evidence of liver metastasis. Radiogallium
(ia™® as concentrated in the liver was the lowest of any case of this series.
The tracer study localized the known lesions well and in addition indicated
possible involvement in the pelvis.

(‘ase 16, a S54-year-old white woman with earcinoma of the hreast, had
evidenee of widespread bony metastasis at the time of her original operation
nore than one year ago. IHormone therapy with testosterone given over a
period of approximately nine months had changed the hone lesions from mark-
edly osteolytic to a significant osteoblastic quality. The hormone therapy was
causing a considerable amount of nausea, vomiting, and other generalized
symptoms, The bone pain as a result of this therapy had completely disap-
peaved and the patient experienced only a tired feeling after doing a con-
siderable amount of housework, This therapy was therefore discontinued. In
the following three months, the x-rayv findings were seen to change from the
osteoblastic quality into almaost the original osteolytic quality. Decause of the
fav-advanced nature of the hone lesions, it was desired to use the Ga™ tracer
study as a method of determining aveas of possible pathologic tfracture. The
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counting rate over all of the hony prominences was increased, with significant
coneentration within the lower spine and pelvis. Since the gallium study, the
patient has had an increasing amount of bone pain to the extent that gallium
therapy has been considered. The hormone therapy has been reinstituted in
an effort to enhance the concentration of the radiogallium.

Ineluded with the osteolytic lesions is a single case of multiple myeloma.
This patient, Case 13, a 49-yvear-old white man, had a very recently diagnosed
multiple myeloma. Although the lesions were of moderate size and wide-
spread, there was only one area of collapse within the spine. A sternal marrow
count showed approximately 50 per cent replacement with typical plasma cells
and multinucleated plasma cells. Palliative x-ray therapy had been given over
the area of the known collapse in the region of Ty. This had resulted in
significant relief of bone pain. It therefore seemed consistent that an isotope
was the logical means of thevapy. The first choice was radiophosphorus (P*).
A tracer study with radiogallium was done at this time in order to avoid a
delay in starting radiogallinm therapy in case the radiophosphorous therapy
was unsatisfactory. The results of this study were quite comparable to those
seen in Case 3 of carvcinoma of the prostate with generalized metastases and
Case 16 of carcinoma of the breast. In the five-week follow-up period follow-
ing P therapy, a general improvement of the patient has heen sufficient so
that to date it has not been necessary to consider any other type of therapy.

Urinary Ezcretion.—The urinary exerction in these eightcen patients has
been studied in considerable detail. Each separate urine specimen voided by
the patient during the first twenty-four hours of the study was radiometrically
measured. In general the exerction pattern is similar to that of radioiodine
I'3ve 8, the principal amount excreted is within the first six hours after the
dose. The rate of exeretion rapidly drops after that period and is negligible
after twenty-four hours. From Table I it can be seen readily that in car-
cinoma of the prostate the amount of excretion is remarkably small. Osteo-
genic lesions tend to retain more of the total amount of the tracer dose than
osteolytic lesions. In the majority of the cases, the amount of Ga™ excreted
is inversely proportional to the extent of Lone involvement. Ilowever, in a
significant number of cases the pattern and amount of Ga™ excretion differ
from the rest of the findings.

Additional study of these differences indicated that a tracer dose of 300
to 500 pe of Ga™® is sufficient to get reasonably accurate counting rates durving
the time of measurement of the urine activity. The radiometric method has
been checked in a number of cases against the total amount of carrier gallium
as excreted in the urine and determined by chemical methods.! The agreement
between the two methods is sufficient to indicate the praetical aceuracy of the
radiometriec method.

The frequency and the total amount of urine voided seem to have an effect
on Ga’? excretion. In relative polyuria with amounts of urine over 3,000 c.c. in
twenty-four hours, there tends to be an increased excretion of gallium.
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SUMMARY AND CONCLUSIONS

(i¢iger counting techniques applied to the skin surface of human heings have
been shown to be useful for the localization of radiegallium (Ga®™) citrate in
osteoid struetures.

Intravenous tracer doses of Ga™ citrate have been selectively coneentrated in
the-osteoid lesions, hoth osteogenic and osteolstic, in fifteen of eighteen cases of
primary and secondary hone malignancices.

Concentration of Ga’® in malignancies involving bone approaches twenty
times that found in the adjacent bone.

Larly metastases to bone have been identified through the use of tracer
amounts of Ga™® before changes could be identified by x-ray film study.

The authors wish to acknowledge the assistance of the personnel of the Radiation
Technology Division, NMRI, for the preparation and standardization of the radiogallium
samples, and of H. Friedman, Department of Optics, Naval Research Laboratory, for his
assistance in the design and coustruction of the special Geiger tube and shicld.
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