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ABSTRACT

Geiger counting techniques applied to the skin
surface of human beings have been shown to be useful
for the localization of radiogalliun (CaT2) citrate in
osteoid structures. Intravenous <racer doses of Gal@
citrate have been selectively concentrated in the ostecid
lesions, both osteogenic and osteolytic, in 15 of 18 cases
of primary and secondary bone malignancies. Concentration
of GaT2 in malignancies involving bone approaches 20 times
that found in the adjacent bone. Early metastases to bone
have been identified through the use of tracer amounts of
Ga72 before changes coculd be identified by X-ray film study.

Reproduced as a copy trom the Journal of Laboratory and
Clinical Medicine, February 1951.
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INTRODUCTION g

This is a report of the first 18 human subjects in whom radiogallium ' ;
tracer studies have been made at this medical center. :

Laboratory studies of the pﬁarmacology and biochemistry of gallium
have shown that this element is selectively localized in osteoid tissues
(1, 2) and particulerly in centers of osteogenesis (3, &4).

The purpose o?ethe present study was (a) to develop methods for the
localization of Ga in the human body, by an externally positioned QGeiger
tube, and (b) to determine the degree of localization of Gal?2 in patients
with neoplastic lesions involving bone. The present study reports results
of the study of 18 cases of primary and secondary bone malignancies.

Gallium is & metallic element having many of the chemical properties
of aluminum. The radioactive isotope (Ga'?) is a B and Pemitter, of
energetic spectrum (max.@ 3.1 mev,Y 2.5 may. This isotope is contained
in carrier gallium (0.1 mc/mg Ga) and administered as the citrate (5).

LABORATORY METHODS

Counting technigues.- There are many factors whichmust be considered
when attempting to localize in the human body, by external counting methods,
a particular organ or structure which contains a quantity of some radio- :
active substance. The principal factors are (a) volume of tissue contain- |
ing a high concentration of the isotope, (b) differential distribution .
of the isotope between the localized area and the adjacent tissues, (¢)
depth of center of mass, i. e., distance to counter tube, (d) degree of
collimation obtainable with jacketed Geiger tubes, (e) the nature of the
radiation and its absorption characteristics in tissues, and (£) absorption
characteristics between counter and source.

In order to study the effectiveness of (Il3l)radioiodine diagnostic
and therapeutic procedures, various end-window Geiger tubes were fitted ;
with lead shells. This was an attempt to produce a collimated beam of ;
gemma radiation which would more closely define areas of active thyroid ;
hyperplasia. Considerable success was obtained in these studies (6). -
It was found that the same general type of jacket was satisfactory for ;
such studies of Ga72, but a considerably larger and denser shield was
needed in order to produce-a sharply collimated beam from the skin surface
of a patient receiving Gal2. 1In figure 1 is presented a sketch of the
Geiger tube and the surrounding jacket (weight Tkg.) as used in these f

studies.

In figure 2 are presented graphically results of a study of the
collimating ability of the tube and jacket described in figure 1. This
study was made using a 2 cm. planchet of Gal2. The "theoretical cutoff
zone" is the geometrical projection of lines passing through the edges of
the tube window and the shield port. This zone delineates the area be-
neath the tube which emits radiation directly (disregarding scattered

radiation) into the tube.




The "line of 50 per cent cutoff" is the observed lateral distance at
which the counting rate is reduced to one-half the maximum observed if the

sample was noved laterally before the shield port.

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

Study of Gal2 in vhantom.- The purpose of this phase of the investi-
gation was to study the methods vhich were being used clinically and to
evaluate their significance under controlled laboratory conditions.

A similated human torso was made by filling a wooden box (60 cm. x
52 cm. x 24 em.) with hulled rice (sp. gr. 0.825). To the rice was added
a water solution of Ga’f? by scattering through the mass. The rice was
then thoroughly mixed. A concentration of 0.07-0.08 yc &JE per Lter of rize
gave a count of 1200-1500 counts per minute at a distance of 2 cm. from the
surface. This approximates what had been obtained in surface counts of
human beings who had been administered 300-400 uc. Ga72 intravenously. Tne
Jacketed Geiger tube shown in figure 1 was used throughout these phantom

studies.

In order to give reproducible geometry, a steel rail arrangerzent was
made so that the placement of the Geiger tube relative to the surface and
center of the mass of the "phantom" was constant. A series of volumetric
flasks from 10 cc. fo 2000 cc. were filled with a water solution having a
concentration of Ga'2 (gc/liter of water) from 2 to 4O times the concen-
tration of Ga (Rc/liter of rice contained in the phantom. These flasks
were prepared in order to simulate organs or structures of different sizes
and having different concentrations of Gal<.

In making e study of the effect of the counts obtainable at the
surface of the rice, the Geiger tube was successively placed at each of
the five counting points (fig. 3). When a satisfactory baseline hed
been obtained, one of the flasks was buried in the rice bheneath 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 cm.).
Counts were taken at all 5 points across the surface of the rice after
burying the flasks. 1In figure 3 is shown a graphic_representation of the
counts obtainable with various flaskéecontaining Gal~ concentrations 5
and 20 times the concentration of Ga'“ in the body of the phantom. fThese
findings are typical of 'the results obtained at other concentrations.

. In figure 4 is shown graphically a résuné ¢ the reunlis of this
phase of the study. 1In this figure is pleotted the relative percentages
of counts obtainable at the center point of the phantor 2lotted apainst
the diameter of the flask contalining various concentrations of Ca7
These findings indicate the counts obtainasble at the surface zve a fupciicn
of both the size of the buried flask and the concentration of the Gal
contained therein. There are factors in these findings which limit their
usefulness, particularly in the smaller-sized flasks or at the lower con-
centrations of Gal2. When the counts over a buried flask do not exceed
the background by more then 5 per cent, the significance of the result ie

gue3dtionable.
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. To app;oximate the concentration or degree of localization in diagnostic A
studies with GaT2, the findings shown in figure b4 are of significant aid. i
The diameter and depth of the lesion can be estimated from X-ray films. By i
external counts over the body, using the Geiger tube described in figure 1, +l
a series of counts will be cbtained. If one determines the percentage of i
count over the lesion to be, for example, 115 per cent of the count over -
edjacent tissues and the diameter of the lesion 8 cm., at a depth of & cm., '
then as an approximation, the concentration of Gal2 in the lesion is five

times that in the surrounding tissues. If the diameter of the lesion is 2 cm.,
at a depth of 9 cm., and the observed count is 125 per cent of the general
average, the concentration of GaT2 in the lesion approximates LO times the
general body concentration. Within limits the curves shown in figure 4 may

be used to approximate the concentration in various lesions in human beings,

in case of malignancies.

It is realized that this indirect method of determining concentration
of a chemical substance in & specific location in the human body is only
an approximation. It is, however, based on sound physical principles and
seems to be the only means, short of blopsy, of estimating the concentration ;
of this isotope in osteoid structures. More significantly for diagnostic ’
procedures, ‘these laboratory findings indicate that an increase of 10-20
per cent of counts over a localized area is evidence of marked localization
of Gal2 in some structure beneath the surface. E

CLINICAL METHODS

Selection of cases.- The patients were primarily selected from those
with proved malignancies, having X-ray evidence of new bone production,
or metastatic lesions in bone. Later it was found that patients having
localizing bone symptoms but without X-ray confirmation were also suitable

for these diagnostic studies.

Administration of GalZ.- Radiogallium (GaT2) was administered as a 1
citrate complex, (300-40O0 gqc) accompanied by 3.8 to 5.0 mg. carrier ;
gallium, contained in 1 cc. of solution (5). The Gal@ citrate solution i
was measured in a lead-shielded tuberculin syringe (7) and injected into
the rubber tubing of an intravenous infusion drip apparatus. The antecubital —
vein of the arm was used as the point of administration. The injection was
made in one minute. No adverse local or generalized reactions have been b

observed in any case to date.

Surface counting.- Suitable points on the body of the patient were
marked with indelible ink. Posteriorly, these included 12 points, every |
5 cm. along the spine and 2 series of points laterally over the pelvis. S
Anteriorly points were marked as follows: two rows of 6 points, from each
groin superiorly to the second intercostal space. Two additional points were
located on the upper and lower points of the sternum.

The Gelger tube (fig. 1) was localized over each point at the surface
of the body and a one-minute count recorded. By counterbalancing the
Jacketed tube, it was possible to maintain the end of the shield gently
pPressed against the skin surface. No undue discomfort to the patients

regulted.




The pattern of counting areas in¢luded R0 points. 7Time of each series
of counts required approximately one hour. Counts were made at 3, 10, and
2k hours after the intravenous injection of the tracer dose of Ga.7
(300-400 pac). With this dose it was possible to obtain counts of (0O to
1100 per minute at the skin surface of the patient 3 hours after adminisira-
tion of the GaT2. The background rate of the tube used is 7-9 counts per
ninute. In figure 5 are shown details of the results of a routine exanmina-
tion of a patient by this method (case 8).

The addition of counts, taken directly over the xypvhoid process at
30 om. and 90 cr. distances, each count for three minutes, was made in the
last five cases of the series. This would tend to indicate the rate of con.
centration change in the trunk of the patient and act as a base line for
comparison of concentrations within each localized area. The biological
half-life as determined by this method in the human patient is 12-13 hours.

A significant aid in determining the areas of localization of galliun
in various tissues has been the determination of the relative increase of
ca’f2 during the 3-hour to 24-hour period efter intravenous injection of the

gallium citrate.

The observed Geiger—Mﬁllcr count over a certain point at 3 hours after
injection is taken as a reference value. The counts over this exact point
at 10 hours and 24 hours, when corrected for decay to the 3-hour tine
(T$= 14.3 hr.), will indicate whether there has been an increased deposition

of gallium in the structures beneath the counting point.

In many normal tissues the amount of gallium will decrease, as
indicated by the foregoing calculations. However, in many areas of bone
involvement there is a marked increase in deposition of gallium, as
indicated by the external counts. This fact has proved most significant

in these diagnostic studies.

Case histories.- In table 1 are shown the clinical findings and
histories of the first 18 patients, during the first seven months of the
use of Gal2. Of this group, 15 resulted in positive localizatlion of sig-
nificantly metastatic or primary bone tumor areas, two gave negative results
vhich are consistent with the limited clinical follow-up to date, and in
one case a small.osteolytic lesion of the ischial spine was missed.

Osteogenic lesions.- One primary bone tumor is included in the series,

an osteochondro-sarcoma. This case (case 7), one 39-year-old man had
been followed clinically for a period of more then eight years. During this

time the patient had had three complete resections of the tumor and two




osition

ne

3ig-
sults
in

ries,

g this

1~ a separate condition of bone involvement of carcinoma of the prostate. The

courses of deep X-ray therapy.¥

1
i

Case 6 was that of a malignant degeneration of an area of myositis
ossificans with a locally infiltrating osteogenic sarcoma. This young
man, who is now 29 years of age, had received a course of prophylactic
deep X-ray therapy for carcinoma of the testes. The areas of treatment
included three over the lower abdomen and two areas in the lower half of
the spine. The malignant degeneration apparently orginated in the upper
of the two posterior areas. Following a biopsy of the lesion, the skin
failed to heal and at the time of the tracer study there was a large (15 cm.),
friai” ~. bleeding, open area. For this reason, it was difficult to get ;
exact cumts 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 Gal2 of 15 times thet of the surrounding apparently normal
tissue. This finding agrees well with what has been found in the other
cases.

ST Pl e e e

The remaining cases of the osteogenic group consist of five carcinomas
of the prostate. In general, these cases were collected as the original
choice for study because the osteogenic nature of the lesion would make
them most comparable to growing bone as determined from the animal studies.
Significant localization was found in each of these five cases to be pro-
portional 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 & beginning bone change in each of the two
areas; the smaller of these two areas, in the ilium, was approximately
3 cm. in diameter. Case 5, that of a 60-year-old man, had been followed
for approximetely four years as a fairly typical Paget's disease. Two yeaxns
ago a positive diagnosis of carcinome of the prostate was made. At the tinme
of this study the Paget's disease, which had been localized in the right
pelvis and right femur, had changed very little. Scattered areas of well-
circumscribed osteogenic lesions, 1 to 2 cm. in diameter, were found In the
wings of both ilia and in the upper portion of the shaft of the left femur.
It is believed on the basis of the prostatic tumor that this represents

radiogallium seemed to localize and concentrate egually well in the lesions
of both the Paget's disease and the carcinoma of the prostate.

*The amount of bone proliferation as compared with the cartilage contained
in the tumor mass was relatively small. Areas of increased G. M. count-
ing rates were confined to these areas of bone production and were gignif-

icantly higher than the counting rates of adjacent areas overlying
cartilage. The general level of counting over the palpable tumor was
lower than over the opposite area presumed to be ncrmal. 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 in the series to date in which the counting rate
over an area of a clinically suspected lesion or an area of X-ray change
wags decreased below the adjacent or opposite normal area.

..5_




Osteclytic lesions.- These 1l cases are all sscondary metastatic lesicas
or strongly suspected metastasis in the presence of known carcinoma. The
first case of this group which was studied was case 3, a bronchogenic
carcinoma. 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 be localized, and none had been found by
X-ray Tilm study, the treatment of the area in the left fermur might be riore
definitive and complete. Concentration and localization within the xnown
area of metastaslis was egqually as good as in the most striking of the
osteogenic lesions. The area went on to pathologic fracture, but in

ot
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e

the past four months no evidence of other bony metastases have been found. 3
The localization as found in this case encouraged us to try other osteolytic l;*
lesions. P
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Case 9 was that of a 55-year-old man with gastric carcinoma. 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 gereral progress of the patient was
rapidly downhill, and there was marked jaundice as evidence of liver meta-
stasis. Radiogallium Ga 2 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.

Case 16, a S5h-year-old white woman with carcinoma of the breast,
had evidence of widespread bony metastasis at the time of her original
operation more than one year ago. Hormone therapy with testostercne given
over a period of approximately nine months had changed the bone lesions frpm
markedly osteolytic to a significant osteoblastic guality. The hormone
therapy was causing a considerable amount of nausea, vomiting, and othei
generalized symptoms. The bone pain as a result of this therapy had com-
pletely disappeared and the patient experienced only a tired feeling after
doing a considerable amount of housework. This therapy was therefore dis-
continued. In the following three months, the X-ray findings were seen to
change from the osteoblastic quality into almost the original osteolytic
quality. Because of %Be far-advanced nature of the bane lesions, it was 2
desired to use the Ga tracer study as a method of determining areas of E-
possible pathologic fracture. The ¢ounting rate over all of the bony 7;
prominences was increased, with significant concentration within the lower o
spine and pelvis. Since the gallium study, the patient has had an increas- -
ing amount of bone pain to the extent that gallium therapy has been con- R
sidered. The hormone therapy has been reinstituted in an effort to enhance

the concentraton of the radiogallium.

Included with the osteolytic lesions is a single case of multiple
myeloma. This patient, case 15, a L49-year-old white man, had a very recently
diagnosed multiple myeloma. Although the lesions were of mcderate size and
widespread, there was only one area of collapse within the spine. A sternel
marrow count showed approximately 50 per cent replacement with typical
plasma cells and multinucleated plasma cells. Palliative X-ray therapy haé

-6-
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ilesivas  § ?been given over the area of the known collapse in the region of T,.. This
' had resulted in significant relief of bone pain. It therefore segmed con-
sistent that an isotope was the logicelmeans of therapy. The first choice

TLUITTESTLOSED L et

~aced : was radiophosphorus (P32). A tracer study with radiogallium was done at ¢
Tne ! this time in order to‘avoid & delay in starting radiogallium therapy in i
ard i case the radiophosphorous therapy was unsatisfactory. The results of this .
7 no : study were guite comparable to those seen in Case 3 of carcinoma of the ;
v : prostate with generalized metastases and Case 16 of carcinoma of the breast. '
rore g In the five-week follow-up period following P32 therapy, a general improve-
T 3 ment of the patient has been sufficient so that to date it has not been

4 necessary to consider any other type of therapy.
»id-. f Urinary excretion.- The urindry excretion in these 18 patients has
Lyvic : been studied in considerable detail. Each separate urine specimen voided

by the patient during the first 24 hours of the study was radicmetrically ;
measured, _In general the excretion pattern is similar to that of radio- ;
iodine I13% (6,8), the principal amount excreted is within the first t
f
|

ie ; six hours after the dose. The rate of excretion rapidly drops after that
er ; period and is negligible after 24 hours. From Table 1, it can be seen
ree ; readily that in carcinoma of the prostate, the amount of excretion is re-

o
m ¢t

markably small. Osteogenic lesions tend to retain more of the total amount

3{‘ of the tracer dose than osteolytic lesions. In the majority of the cases, {
o= the amount of Gal2 excreted is inversely proportional to the extent of bone :
well involvement. However, in a significant number of cases the pattern and

: amount of Gal2 excretion differ from the rest of the findings.

Additional study of these differences indicated that a tracer dose of |
300-5004¢ ¢ of cal2 is sufficient to get reasonably accurate counting rates
‘ : during the time of measurement of the urine activity. The radiometric
ITeo 4 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
8 orethods (1). The agreement between the two methods is sufficient to
- 3 indicate the practical accuracy of the radicmetric method.

-8 i The fre%uency and the total amount of urine voided seem to have an
1 effect on Gal2 excretion. In relative polyuria with amounts of urine over
R 3000 cc. in 24 hours, there tends to be an increased excretion of gallium.

SUMMARY AND CONCLUSIONS

% l. Geiger counting techniques applied to the skin surface of human
: beings have been shown to be useful for the localization of radiogallium
(GaT¢) citrate in osteoid structures.

2. Intravenous tracer doses of Gal? citrate have been selectively con-
centrated in the osteoid lesions, both osteogenic and osteolytic, in 15 of
18 cases of primery and secondary bone malignancies.
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f 3. Concentration of GaT2 in malignancies involving bone approaches
~28 z 20 times that found in the adjacent bone.
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L, PEarly metastases to bone have been-identified through the use of
tracer amounts of Gal2 before ¢hanges could be identified by X-ray film
study.
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Table 1.o Summary of clinlcel and lsboratory findings of patients trested vith 300-500 4 ¢ Ca?2
<z 24-HOR
st fed DIACACS IS+ IXTENT OF LESION SIGVIFICANT CONIDNTRATION=+ OF Ga73 | IRDVRY | COFTRATCRY IVIDENT AND REWARES
e EXOUET J™
OF Ca
(£ 3]
LSIPORIASTIC LISIONS
Xezay « Progresnive metastssis: Spine « Froportional to X-ray chenges Concentrutions were 80 definite that
Spine « Bodies of thorscid & Jumder [Pelvie « Wost in aren of grestest differentisl counts from normel te
Ce, prostste - P Pelvie - Bilateral widespresd osteob) sctivity 6.9 i th even partially
Femurs - Proximal ends, most on right|Fewors - Significont locelirstion elded G. ¥. tubes
gave signilicant results
F) X-say - Ceneralised metes Soine - Proportionel te X-rey changes Follow-up X-rsy studies
&S TR Ce. prostate « P Thorscolumber 1pine Peleis « Cenesolised incressed sctiv- 6.6 Petient discharged to home on
12-20-49 Adenocarcinoms Pelvis : ity. beft ilivn incressed over left atilbestrol therapy
Conc. 8 X
Xeroy » Ceneselited met Generelized throughout bone structures
3 Thorscolumbar wpine a1l boney prominences hed on in- Folloe-up X-rey studies, port mortem,
N 49-¥ Ca. proststs - P Felvis cressed counting rste 6.3
1-17-50 All bones, even ribs and extremities [Spine ard pelvic most, proportionsl tof
showed mined destructive snd osteo- the X-ray file changes
blastic changes.
* Spine - Only ares of concentration
J.P. 82-8 Ce. prostste - P X-ray - Spine locelized centered over L-2 5.8 Lesions conlirmed by X-ray films ane
Collspse of L-2 Incressed Cone. 10 X month following tracer study
Pelvis « Right iliwm Pott mortes,
o . Femar = Left previmel shaft
! . Incressed Conc. 30 X
Cs. prostate - P X-ray - Pelvis-lrcslised Pelvia - Cenerslized increaned sctivi-f
Penet's diseese of Expending lesiom right ilium ty
right ilium Circumseribed sreas both ilia Right ilive incresred over Jeft 11.2 Follow-up X-rtey studies
x-C Right fewur » Eapanding mized lesion Conc. 20 X
Left femur - Circumicribed sress Femses - Both incressed
Right increased moderately mare
[ Citeogenic sarcoma. A X.ray - Trabeculor none identified in
W | 29-9 | welignont degenere- seversl of the larger subcutsneous |dack - All nedules shoved increared
13-20-49 tion of myositis oss.| nmJules concentration . 11.0 Area o3 palpeted
ificans following Cenersl - Widespresd subcutanecus no- | (hest - Lecelized 6 em. nodule
deep x-tay therspy dnles over mid-back and spresding Cone. 15 X
for Ca-testicle around to Jeft chest
7 . Xevey - Right ilitm with extensinn in- | Small sress witnin extent of lesinn Listributinn contistent with pattern
P [ 39N | Ortenchandrosarcame to left pelvis end right flank eave as mch a3 Conc. § X 13.5 | of certilege ond bone proliferstion
1-10+50 s3 rompared sith adjacent aress
Recuerent - P
CSTEOLYTIC LESIONS
] X-ray - Dentructive lesion nf the Lefy femur « Limits of destructive hnown lesion well Jocalised
Ls 62-M | dronrhiogenic Ca - T proximal shaft af the left femur, levion indicates by pattern of 3.6 Mo clinica] evicdence of sther bone
3-7-50 Epidermoid corcinoms 3 & § em, misocisted with palpable count s Conc. 40 X metastenia in four annths.
snft tissue mass Pelvin - Hip ares significantly high
Y X-rav - Spine-Mltiple sreas nf de- Spine - aress a3 nated on X-rey iims
R 55-4 | Castric Ca. - P 1truction inchiding: C-6 Cne, B A 4.8 Kncen lenions well Incelited
4-4-50 C-¢, T.6, T-30, T-11 and L.§ T-i0 Conc. & X Right iliom confirmed at portmarten
L-§ and S-1 Canc. 73
Kight ilium « Anterinr snl posterins
Jocalizstion Crnc. A X
10 Ahdnmins] mass 13 emd Xoray - No changes &t time of stidy Xatay - Lesimm of destructinn vas
Ly 64-N | in dismeter. Mo in- Bone pain - Acute end incressingly’ Spine - Limber ates, centering aver identified 1 mo. sfter tracer
4-11.50 dication of exsct severe pain and aching over 1-3 1+3 extending from Lo3 to L-§ 16.8 1tudy in the body of L-3
disgmnsis after G.1..| Deep tenderness « Localized within o Come. 17 X y therapy « Siven immeciately
D.E.. or I.V.P. amall srea of L.3 after tracer study to lumosr 1pine
1tudies A-C qove very satislactney pallistive
relief
1l Spine - done pain and deep tenderness | 3pine o Incressec and lncalized concen Xeray therapy - rderete ari sagnifae
1P 28.F | Ce. breest - P prozimal Jumhar reginn tretion mver Le1, L2, L3 20.0 €ant palliative response 1o dees \.
4-18-50 Atonic hlsdder and bowel Crne, 18 X ray therapy ever luwasr 1pine
X-ray - Mo hone Jesion Pelvis - right =idesection Conc. A A
12 Aerey = Mo bane Jesiony seen on re-
¥B 45-F | Co. hreest - P peated series Na ghanee in elinical picture in
4:35-50 Adenocercinmma Bome pain - Laser bark and left hip Sone 3.0 PaIL ten months
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Figure 5.- The pattern and record of the Geiger counter rates per
minute as made in Case 8. The time period of each count
series is from the time of intravenous injection of the
tracer dose.




