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ABSTRACT 

Geiger counting techniques a p p l i e d  t o  the sk in  
s u r f a c e  or' hurnan beings have been shown t o  be useful  
f o r  t h e  l o c a l i z a t i o n  of radiogalliur.1 (Ga72) c i t r a t e  i n  
o s t e o i d  s t r u c t u r e s .  
c i t r a t e  have been s e l e c t i v e l y  concentrated i n  the  os t eo id  
l e s i o n s ,  bo th  osteogenic arid o s t e o l y t i c ,  i n  15 or" 18 cases  
of primary and secondary bone rcalignancies. Concentration 
of  Ga7* i n  m a l i p a n c i e s  i n v d v i n g  bone approaches 20 t i n e s  
t h a t  f o m d  i n  t he  ad jacent  bone. E a r l y  metastases t o  bone 
have been i d e n t i f i e d  t h r o u a  t h e  use of tracer amounts of 
Ga7* before changes could be i d e n t i f i e d  by X-ray film study. 

L .  

Intravenous t racer  doses of GaT2 

Reproduced as a copy morn the Journa l  of Laboratory and 
C l i n i c a l  LIedicine,February 1951. 



1 

INTRODUCTION 

1 !?his i s  a r e p o r t  of t he  f i r s t  16 human s u b j e c t s  i n  whom r a d i o g a l l i u n  , 

I 

t r a c e r  s tud ie s  have been made a t  t h i s  medical cen te r .  

Laboratory s t u d i e s  of the pharmacology and biochemistry of gall ium 
hzve shown t h a t  t h i s  element i s  s e l e c t i v e l y  l o c a l i z e d  i n  os teo id  t i s s u e s  
(1, 2 )  and p a r t i c u l a r l y  i n  centers  of osteogenesis (3, 4 ) .  

The purpose o t h e  present  study was ( a )  t o  develop methods f o r  t h e  
l o c a l i z a t i o n  of GaT2  i n  the human body, by an e x t e r n a l l y  pos i t i oned  k i g e r  
tube,and ( b )  t o  determine the degree of  l o c a l i z a t i o n  of Ga72 i n  p a t i e n t s  
with neoplas t ic  l e s i o n s  involving bone. Tne present  s tudy  r e p o r t s  r e s u l t s  
3f the  study of 18 c a s e s  of prirpary and secondary bone malignancies.  

G a l l i u m  i s  a m e b l l i c  element having many of the  chemical p r o p e r t i e s  
of a l m i n u n .  
energe t ic  spectrum (max.p 3.1  mev,y2 .5  men). 
i n  c a r r i e r  gall ium ( 0 . 1  mc/n?g Ga) and administered as t h e  c i t r a t e  (5 ) .  

The r a d i o a c t i v e  isotope (GaT2)  i s  a B  a n d y e m i t t e r ,  of 
This i s o t o p e  i s  contained 

LABORATORY NETHODS 

Counting techniques.-  There a r e  nany f a c t o r s  whihmust  be considered 
when at tempting t o  l o c a l i z e  i n  the  h m n  body, by e x t e r n a l  counting method6, 
a p a r t i c u l a r  organ o r  s t r u c t u r e  which contalns a q u a n t i t y  of some kadio- 
z c t i v e  substance.  
ing a high concen t r a t ion  of the  isotope,  (b)  d i f f e r e n t i a l  d i s t r i b u t i o n  
of the  i so tope  between the  l o c a l i z e d  a r e a  and the  ad jacent  t i s s u e s ,  (0) 
depth of center  of mass, i. e., d i s tance  t o  counter tube,  ( d )  degree of 
c o l l i n a t i o n  obta inable  with jacketed Geiger tubes,  ( e )  t h e  nature  of t h e  
r a d i a t i o n  and i t s  abso rp t ion  c h a r a c t e r i s t i c s  i n  t i s s u e s ,  and ( f )  absorpt ion 
c h a r a c t e r i s t i c s  between counter and source. 

The p r i n c i p a l  f ac to r s  a r e  (a)  volume of t i s s u e  contain- 

I n  order  t o  s tudy t h e  e f fec t iveness  of (1131) rad io iodine  d iagnos t ic  
and therapeut ic  procedures,  various end-window Geiger tubes  were f i t t e d  
with l e a d  s h e l l s .  
g e m  r a d i a t i o n  which would more c l o s e l y  def ine areas of a c t i v e  t h y r o i d  
hyperplasia .  Considerable success was obtained i n  t h e s e  s tud ie s  (6) .  
It  was found t h a t  t h e  same general  type of jacket  was s a t i s f a c t o r y  f o r  
such s tud ie s  o r  GaT2, b u t  a considerably l a r g e r  and denser s h i e l d  was 
needed i n  order  t o  p r0duce . a  sharply coll imated beam from t h e  sk in  surface 
of a p a t i e n t  r ece iv ing  GaT2.  
Geiger tube and the surrounding jacke t  (weight 7kg.) as used i n  t h e s e  
s tud ie s  . 

This  was an at tempt  t o  produce a col l imated beam of 

I n  f i g u r e  1 i s  presented a sketch of t he  

I n  f i g u r e  2 are p resen ted  graphica l ly  r e s u l t s  of a s tudy  of t h e  
co l l imat ing  a b i l i t y  of t h e  tube and jacke t  described i n  figure 1. This 
study was made using a 2 cm. planchet  of GaT2. The " t h e o r e t i c a l  c u t o f f  
zone" i s  t h e  geometrical  p r o j e c t i o n  of l i n e s  passing through the edges of 
t he  tube window and the  s h i e l d  p o r t .  This zone d e l i n e a t e s  the  area be- 
neath t h e  tube which emi ts  r a d i a t i o n  d i r e c t l y  (d is regard ing  s c a t t e r e d  
r a d i a t i o n )  i n t o  t h e  tube .  
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The " l i n e  of 50 per c e n t  c u t o f f "  i s  t h e  observed lateral  d i s t ance  a t  
which t h e  count ing rate i s  reduce6 t o  one-half t h e  maximum observed i f  t h e  
sample vas nioved l a t e r a l l y  before t h e  s h i e l d  p o r t .  I 

The l i n e s  denoting t h e  r e l a t i v e  counts p e r  minute i n d i c a t e  t!ie counts 
observed as t h e  t a r g e t  was moved l a t e r a l l y  i n  f r o n t  of t h e  tube a i  some 
d e f i n i t e  d i s t a n c e  (tube to t a r g e t  d i s t ance )  i. e . ,  40, 99, 120, o r  150 rim. 

Study of Ga72 i n  9hzntorn.- The purpose of t h i s  phase o f  t h e  inves t i -  
g a t i o n  was t o  s tudy  the  nethods which were be ing  used c l i n i c a l l y  ai?d t o  
e v a l u a t e  t h e i r  s i g n i f i c m c e  u d e r  con t ro l l ed  l a b o r a t o r y  cond i t ions .  

A simulated h m a n  t o r s o  xas  made by f i l l i n g  a r.7ooden box (60 cn. x 
52 ca. x 24 c n . )  with h u l l e d  r i c e  (s?. ~ r .  0.825). 
a water s o l u t i o n  of GaT2 by s c a t t e r i n g  throui;h t h e  mass. 
t h e n  thoroughly mixed. 

To t h e  r i c e  WBS adde? 
The r i c e  c a s  

A concentrat ion of 0.07-0.08 N C  (a72  aliter of r ice  
gave a count of 1200-1500 counts pe r  ~n izu te  a t  a d i s t a n c e  o f - 2  c a .  from t h e  
s u r f a c e .  This  approxirzates what had Seen obtained i n  su r face  counts of 
human beings who had been administered $00-400 g c .  GaT2 intraveiiously. Tfie 
jacke ted  Geiger tube  s h o ~ x  i n  f igure  1 was used throughout t h e s e  phantom 
s t u d i e s .  

I n  order  t o  g i v e  reproducible geonetry, a s t e e l  r a i l  arrangexent was 
made so t h a t  t h e  placenent  of t he  Geiger tube r e l a t i v e  t o  t h e  surface and 
c e n t e r  of t h e  rass of the  "phantom" w.s cons tan t .  A ser ies  of vo lu i e t r i c  
f l a s k s  from 10 c c .  o 2000 c c .  uere f i l l e d  with a water s o l u t i o n  having a 
concent ra t ion  of Gaq2 @&/liter of \rater) from 2 t o  40 t imes t h e  concen- 
t r a t i o n  of Ga7* (&/liter of r i c e  contzined i n  the phzntom. These f l a sks  
were presared  i n  o rde r  t o  simulate organs o r  s t r u c t u r e s  of d i f f e r e n t  s i zes  
end having d i f f e r e n t  concentrations of GaT2. 

I n  making e. s tudy  of t h e  e f fec t  of t h e  counts  ob ta inable  a t  the 
s u r f a c e  of the r i c e ,  t he  Geiger tube was success ive ly  placed a t  ench of 
t h e  f i v e  counting p o i n t s  ( f i g .  3 ) .  When P, s a t i s f a c t o r y  b a s e l i n e  hzd 
been obtained,  one of t h e  f l a s k s  vas buried i n  t he  r i c e  beneath the  center 
p o i n t .  I n  each ser ies  the  cen te r  of t he  mzss of t h e  f l a s k s  w a s  located 
a t  some predetermined d i s t ance  below the  surface o f  tine r ice  (4 o r  9 cri. ). 
Counts were taken a t  a l l  5 po in t s  ac ross  t h e  su r face  of t h e  r ice  a f t e r  
burying t h e  f l a s k s .  I n  f i g u r e  3 i s  show, a graphic  r ep rese i i t z t ion  of t h e  
counts  obtainable  wi th  various f l a s k  containin& Ga72 concentrat ions 5 
and 20 times t h e  concentrat ion of GaT2 i n  t h e  bady 2f t h e  plianton. Tiriese 
f i n d i n g s  are t y p i c a l  o f ' t h e  r e s u l t s  obtained e t  o t h e r  concen t r a t ions .  

I I  I n  f igure 4 i s  shown g raph ica l ly  a r e s u m  C C  +,;.,e i-c:itllT:; of t h i s  
phase of t h e  study. I n  t h i s  figure i s  p l o t t e d  t h e  r e l z t i v e  Fercectzges 
o f  counts ob ta inab le  a t  t h e  c e n t e r  p o i n t  of t h e  1)lxintoI. ::lotted a , -a ins t  
t h e  divneter of t h e  flask containing var ious concent ra t ions  of C.2Y2. 
These f i n d i n g s  i n d i c a t e  the  counts obtainzble  at t h e  su r face  ? r e  2 i U : c ~ i Q ~  
of both t h e  s ize  of the buried flaslr and t h e  concent ra t ion  of t h e  GaT2 
c o n a i n e d  t h e r e i n .  There are f e c t o r s  i n  these f i n d i n g s  which l i x i t  their 
UseIZlness, p z r t i c u l a r l y  i n  t h e  snz l l e r - s i zed  flasks o r  z t  t h e  lower c m -  
c e n t r a t i o n s  of Ga72. h!en the  counts over a bur ied  f l a s k  do n o t  exceed 
t h e  background by more thzn 'j per  cen t ,  t h e  s i g n i f i c a n c e  of t h e  resul'i i s  
que3t ionable .  
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To approxi ra te  t h e  concent ra t ion  o r  degree of l o c a l i z a t i o n  i n  diagnostic 

ktudies  with GaT2, t he  f ind ings  shown i n  f i g u r e  4 are of s i g n i f i c a n t  a i d .  
The diameter and depth of t he  l e s i o n  can be est imated from X-ray f i l m s .  By 
e x t e r n a l  counts over t h e  body, us ing  t h e  Geiger tube descr ibed i n  f i g u r e  1, 
a s e r i e s  of counts w i l l  be  obtained.  If one determines t h e  percentage of 
count over t h e  l e s i o n  t o  be, f o r  example, 115 per  cent  of t he  count over 
ad jacent  t i s s u e s  and t h e  diameter of  t h e  l e s i o n  8 cm., a t  a depth of 4 cm., 
then as a n  approximation, t h e  concent ra t ion  of GaT2 i n  t h e  l e s i o n  i s  f i v e  
times t h a t  i n  the  surrounding t i s s u e s .  
a t  a depth of 9 cm., and the  observed count i s  125 per  cen t  of t h e  general  
average, t h e  concentrat ion of Ga72 i n  t h e  l e s i o n  approximates 40 t imes the  
genera l  body concentrat ion.  Within l i m i t s  t h e  curves shown i n  f i g u r e  4 may 
be used t o  approximate t h e  concen3ration i n  var ious l e s i o n s  i n  hurnan beings, 
i n  case of malignzncies. 

If the  diameter of the  l e s i o n  i s  2 cn. ,  

It i s  r e a l i z e d  t h a t  t h i s  i n d i r e c t  method of determining concentrat ion 
of a chemical substance i n  a s p e c i f i c  l o c a t i o n  i n  tine human body i s  only 
an approximation. It i s ,  however, based on sound phys ica l  p r i n c i p l e s  and 
seems t o  be the  only means, sho r t  of biopsy, of es t imat ing  t h e  concentrat ion 
of t h i s  i so tope  i n  o s t eo id  s t r u c t u r e s .  Kore s i g n i f i c a n t l y  f o r  d iagnos t ic  
procedures, 'these labora tory  f ind ings  i n d i c a t e  t h a t  an increase  of 10-2C 
per cen t  of counts over a l o c a l i z e d  a r e a  i s  evidence of marked l o c a l i z a t i o n  
of GaT2 i n  some s t r u c t u r e  beneath t h e  sur face .  

CLINICAL bBTHODS 

Se lec t ion  of cases . -  The p a t i e n t s  were p r imar i ly  se l ec t ed  from those 
with proved malignancies, having X-ray evidence of new bone production, 
o r  me tas t a t i c  l e s ions  i n  bone. L a t e r  it w a s  found that p a t i e n t s  having 
l o c a l i z i n g  bone symptoms b u t  without X-ray confirmation were a l s o  s u f t a b l e  
f o r  theee  d iagnos t ic  s t u d i e s .  

Administration of GaT2.- Radiogallium (Ga72) was administered as a 

The GaT2 c i t r a t e  s o l u t i o n  
c i t r a t e  complex, (300-400 k c )  accompanied by 3.8 t o  5.0 mg. c a r r i e r  
gall ium, contained i n  1 cc. of s o l u t i o n  (5) .  
was measured i n  a lead-shielded tube rcu l in  syr inge  (7) and i n j e c t e d  i n t o  
the  rubber  tubing of an intravenous in fus ion  d r i p  apparatus .  
vein of t h e  arm was used as the  p o i n t  of adminis t ra t ion .  The i n j e c t i o n  was 
made i n  one minute. No adverse l o c a l  o r  genera l ized  r eac t ions  have been 
observed i n  any case t o  da te .  

The a n t e c u b i t a l  

Surface counting.- Su i t ab le  p o i n t s  on t h e  body of t h e  p a t i e n t  were 
marked wi th  i n d e l i b l e  ink .  Pos t e r io r ly ,  t hese  included 12 po in t s ,  every  
5 cm. a long  the  spine and 2 s e r i e s  of p o i n t s  l a t e r a l l y  over t he  p e l v i s .  
Anter ior ly  po in t s  were marked as fol lows:  
gro in  s u p e r i o r l y  t o  the  second i n t e r c o s t a l  space. Two a d d i t i o n a l  p o i n t s  were 
loca ted  on t h e  upper and lower p o i n t s  of the sternum. 

two revs  of 6 poin ts ,  from each 

The Geiger tube ( f i g .  1) was l o c a l i z e d  over each p o i n t  a t  t h e  sur face  
O f  the body and a one-minute count recorded. 
jacketed tube,  it was possible t o  maintain t h e  end of t h e  s h i e l d  g e n t l y  
Pressed against t h e  skin surface.  No d u e  discomfort  t o  t h e  p a t i e n t s  
r eeu l t ed .  

By counterbalancing t h e  

-3- 
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The p a t t e r n  of -count?ng areas Included 40 po in t s .  ?l i i€2 each series 
of counts r equ i r ed  approximately one hour. Counts were made e t  3 10, and 

(300-400 M C ) .  
1100 p e r  minute a t  t h e  sk in  sur face  of the p a t i e n t  3 hours after &xil1iotra-  
t i o n  of t h e  Ga72. 
minute. I n  figure 5 are shown d e t a i l s  of the r e s u l t s  of z r s u t i i i c  c:.:a;nFr?a- 
t i o n  of a p a t i e n t  by  t h i s  nethod (case 8 ) .  

24 hours af ter  the intravenous i n j e c t i o n  of the  t r a c e r  dose of G a  3 
With t h i s  dose it was possible  t o  obta in  counts  of GOQ t o  

The background rate of the tube used i s  7-9 counts  per 

The a d d i t i o n  of counts,  taken d i r e c t l y  over the  xyljhoid process a t  
30 om. and 9 cm. d i s t ances ,  each count f o r  th ree  minutes, was iradc in Llie 
l a s t  f i v e  cases  of t h e  series. This would ter,d t o  i n d i c a t e  t h e  ra'ie 02 COT\. 
c e n t r a t i o n  change i n  t h e  trunli of t h e  p a t i e n t  and a c t  as a base li:ic f o r  
comparison of concent ra t ions  wi th in  each loca l ized  a rea .  The b io l s$ca l  
h a l f - l i f e  as determined by this nethod i n  the  h w - n  p a t i e n t  i s  12-13 hours .  

A s i g n i f i c a n t  a i d  i n  de t e rn in i cg  t h e  areas  of l o c a l i z z t i o n  oI" gelliun 
i n  var ious  t i s s u e s  has  been t h e  determination of t he  r e l a t i v e  increase of 
GaT2 during t h e  3-hour t o  24-hour period e f t e r  intravenous i n j e c t i o n  of tile 
gall ium c i t r a t e .  

The observed Geiger-&ler count over s - c e r t a i n  po in t  a t  3 hours a f t e r  
i n j e c t i o n  i s  taken as a re fe rence  value.  The counts over this exac t  p o i z t  
a t  10 hours and 24 hours ,  when co r rec t ed  f o r  decay t o  t h e  3-hour  t i n e  (e:=. 14.3 h r . ) ,  w i l l  i n d i c a t e  whether t he re  has been an increased  deposition 
03 galliurn i n  t h e  s t r u c t u r e s  beneath t h e  counting poin t .  

I n  many n o m 1  t issues  t h e  amount of gallium w i l l  decrease,  as 
ind ica ted  by t h e  foregoing  c a l c u l a t i o n s .  However, i n  many a r e a s  of bone 
involvement t h e r e  is a marked inc rease  i n  deposit ion of gall ium, as 
i nd ica t ed  by t h e  external counts .  Th i s  f a c t  has proved most s i g n i f i c a n t  
i n  t hese  d iagnos t ic  s t u d i e s .  

Case h i s t o r i e s . -  I n  t a b l e  1 are shown the c l i n i c a l  f i nd ings  and 
h i s t o r i e s  of t h e  f i rs t  18 p a t i e n t s ,  dur ing  the  f irst  seven months of the 
use of GaT2. 
nificeintly'met&atatk or  primary bone tumor areas, two gave negat ive  r e s u l t s  
Ghich are c o n s i s t e n t  with the  l i m i t e d  c l i n i c a l  follow-up t o  date, and i n  
one case  a s m l l - o s t e o l y t i c  l e s i o n  of t h e  i s c h i a l  spine w a s  missed. 

O f  t h i s  group, 15  r e s u l t e d  i n  pos i t i ve  l o c a l i z a t i o n  of s ig-  

Osteogenic l e s ions . -  One primary bone tunor i s  included i n  t h e  s e r i e s ,  
an  osteochondro-sarcoma. This case (case 7),  one 39-year-old man had 
been followed c l i n i c a l l y  f o r  a pe r iod  of more than e i g h t  years .  
time the p a t i e n t  had had t h ree  complete resec t ions  of t h e  tumor and two 

During t h i s  
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507 
of deep X-ray therapy.* 

Case 6 w a s  tinat of a malignant degeneration of an a r e a  of myos i t i s  
o s s i f i c a n s  with a l o c a l l y  i n f i l t r a t i n g  osteogenic sarcoma. T h i s  young 
nan, who i s  now 29 years  of age, had received a course of prophylac t ic  
deep X-ray therapy f o r  carcinoma of the  t e s t e s .  
included t h r e e  over t he  lower abdomen and tvo  a r e a s  i n  t h e  l o v e r  h a l f  of 
the  sp ine .  The m a l i p - a n t  degeneration appa ren t ly  o rg ina ted  i n  t h e  upper 
of t h e  two p o s t e r i o r  areas. Following a biopsy of t h e  l e s i o n ,  t h e  s k i n  
f a i l e d  t o  h e a l  and a t  the  t i q e  of the t r a c e r  s tudy t h e r e  was a l a r g e  (15 cm.), 
f r ia i ' ? .  bleeding,  open a rea .  For t h i s  reason, it was d i f f i c u l t  t o  g e t  
exact  C L * U I ~ S  over t h e  d i f f e r e n t  nodules and t o  p o s i t i o n  t h e  p a t i e n t  as much 
zs des i red .  The s tandard p a t t e r n  of counting WES modified. All palpable  
codules geve s i g n i f i c a n t l y  increaked c o m t i n g  r a t e s .  A s i n g l e  i s o l a t e d  
l e s i o n  on the  a n t e r i o r  ches t  w a l l  could be wel l  s t u d i e d  and i n d i c a t e d  a 
concen t r a t ion  of GaT2 of 15 times t h e t  of t he  surrounding appa ren t ly  normal 
t i s s u e .  This  f i n d i n g  agrees  well  with whzt has been found i n  t h e  o t h e r  
cases .  

The areas of t reatment  

The remaining cases  of the osteoGenic group c o n s i s t  of f i v e  carcinomas 
of t he  p r o s t a t e .  I n  generzl ,  these cases were c o l l e c t e d  as the  o r i g i n a l  
choice f o r  s tudy  because the  osteogenic riature of t h e  l e s i o n  would make 
the3  most comparable t o  &roving bone as determined from t h e  animal s tud ies .  
S i g n i f i c a n t  l o c a l i z a t i o n  was found i n  each of these  f i v e  cases  t o  be pro- 
? o r t i o n e l  t o  t h e  l e s i o n s  as ir.dicated by X-ray exaninat ion.  It wasdnoted 
i n  Case 4 t h a t  while a t  the  t b e  of the s tudy  only one l e s i o n  had been 
l o c a l i z e d  by t h e  t r a c e r  s tud ies ,  follow-up X-ray f i l m s  taken one month 
a f t e r  t h e  t r a c e r  s tudy showed e beginning bone change i n  each of the two 
zreas ;  t h e  smaller of t h e s e  two areas, i n  the  i l i u m ,  was approximately 
3 cm. i n  diameter.  Case 5 ,  t h a t  of a 60-year-old man, had been followed 
f o r  approximetely f o u r  years  as a: f a i r l y  t y p i c a l  P a g e t ' s  d i sease .  Two yeaqs 
ago a p o s i t i v e  d iagnos is  of carcinome. of t h e  p r o s t a t e  was made. A t  t he  tirde 
of t h i s  s tudy  t h e  P a g e t ' s  disease,  which had been l o c a l i z e d  i n  t h e  r i g h t  
pe lv i s  and r i g h t  femur, had clmnged very l i t t l e .  
circumscribed osteogenic  les ions ,  1 t o  2 cn. i n  diameter,  were found i n  the 
wings of bo th  i l i a  and i n  the  upper por t ion  of t h e  s h a f t  of the  l e f t  femur. 
It  i s  b e l i e v e d  on t h e  b a s i s  of t he  p r o s t a t i c  tumor t h a t  t h i s  r e p r e s e n t s  
a separa te  cond i t ion  of bone involvement of carcinoma of t h e  p r o s t a t e .  The 
r a d i o g a l l i u n  seemed t o  l o c a l i z e  and concentrate  e q u a l l y  w e l l  i n  the lesionF 
of both t h e  P a g e t ' s  d i sease  and the  carcinoma of t h e  p r o s t a t e .  

*The amount of bone p r o l i f e r a t i o n  as compared with the  c a r t i l a g e  contained 
i n  the tumor mass was r e l a t i v e l y  small. Areas of increased G.  M. count- 

ing rates w e r e  c o d i n e d  t o  these  a reas  of bone product ion and were s i g n i f -  
i c a n t l y  hi&\er t h a n  the  counting r a t e s  of ad jacent  areas overlying 
c a r t i l a g e .  The genera l  l e v e l  of counting over t h e  palpable  tumor w a s  
lower t h a n  over t h e  opposi te  e r e a  presumed t o  be normal. The r epea ted  
operat ions and two courses  of X-ray therapy may have i n t e r f e r e d  with the  
blood supply t o  t h e  area' and prevented abso rp t ion  and concentrat ion.  
This i s  t h e  only case  i n  the  s e r i e s  t o  d a t e  i n  which t h e  counting rate 
Over a n  area of a c l i n i c a l l y  suspected l e s i o n  o r  a n  a r e a  of X-ray change 
was decreased below t h e  adjacent  o r  opposi te  normal area. 

S c a t t e r e d  a r e a s  of well- 
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carcinoma. 
with an  area of d e s t r u c t i o n  of t h e  proximal s h a f t  of t h e  l e f t  femur. The 
p a t i e n t  w a s  approximately 0r.e year pos topera t ive  ?or t h e  chest  l e s i o n  and 
t h e r e  was no evidence of a l o c a l  recurrence.  
o t h e r  areas of metastasis could be l o c a l i z e d ,  and none had been, found by 
X-ray f i l m  study, t h e  trea'ment of  t h e  a r e a  i n  t h e  l e f t  fe-lur m i t ; h t  be ciore 
d e f i n i t i v e  and complete. 
area of me tas t a s i s  ims e q J a l l y  as Good as i n  t h e  n o s t  s t r i k i n g  of t h e  
osteogenic  l e s i o n s .  
t h e  past; f o u r  months no evidence or' o t h e r  bony metastases have been found. 
The l o c a l i z a t i o n  as found i n  t h i s  c a s e  encouraged us  t o  t r y  o the r  o s t e o l y t i c  
l e s i o n s .  

This p a t i e n t  had developed a l a r g e  s o f t  t i s s u e  t w o r  assoc ia ted  

It w a s  considered t h a t  i f  no 

Concentration elid l o c a l i z a t i o n  within the  known 

The area went OR t o  pathologic  f r a c t u r e ,  b u t  i n  

Case 9 was t h a t  of a 55-year-old nan v 5 t h  Gas t r i c  carcinoma. This 
p a t i e n t  had progressed f r o n  a s;mpton-free s t a g e  t o  t h a t  of an inoperable 
carcinonia of tine stomach within three nonths,  and within tr.:o nonths a f t e r  
t h e  operati ire procedure, a t o t a l  of f i v e  nonths,  had a t  l e a s t  f o u r  separate  
areas of metastases t o  the  sp ine .  Tine general  progress  of the p a t i e n t  was 
r a p i d l y  downhill,  and the re  m s  rnsrked j a u d i c e  as evidence of l i v e r  meta- 
s tas is .  
any case  of t h i s  ser ies .  
and i n  a d d i t i o n  ind ica t ed  poss ib l e  involvecent  i n  the  p e l v i s .  

Radiogzllium Ga72 as concentrated i n  t h e  l i v e r  was the  lowest of 
Tae t r a c e r  s tudy  l o c a l i z e d  t h e  k c o m  l e s i o n s  w e l l  

Case 16, a 54-year-old white womn with carcinoma of t h e  b r e a s t ,  
had evidence of widespead  bony rnetas'asis a t  t h e  t ine  of her  o r i g i n a l  
opera t ion  more than one year 260. 
over a per iod  of approximately nine months had changed t h e  bone l e s i o n s  f r p m  
markedly o s t e o l y t i c  t o  a s i g n i f i c a n t  o s t e o b l a s t i c  q u a l i t y .  !i'he hornone 
therapy  was causing a considerable amount of nausea, vomiting, and othei 
genera l ized  symptoms. 
p l e t e l y  disappeared and the p a t i e n t  e q e r i e n c e d  only 2 t i r e d  f e e l i n g  a f t e r  
doing a considerable  amount of housework. This  therapy was t he re fo re  d i s -  
continued. I n  t h e  following t h r e e  nonths,  t h e  X-ray f ind ings  were seen t o  
change from t h e  o s t e o b l a s t i c  q u a l i t y  i n t o  almost t h e  o r i g i n a l  o s t e o l y t i c  
q u a l i t y .  
d e s i r e d  t o  use t h e  G a  t r e c e r  study as a method of determining areas or" 
p o s s i b l e  pathologic  f r a c t u r e .  
prominences was i m r e a s e d ,  with s i g n i f i c a n t  concent ra t ion  within the  lower 
s p i n e  and p e l v i s .  
i n g  amount of bone p a i n  t o  t h e  ex ten t  t h a t  gal l ium therapy has been con- 
s ide red .  
t h e  concentraton of t h e  radiogallium. 

Homone therapy  with t e s tos t e rone  given 

The bone pa in  2s a r e s u l t  of t h i s  therapy had com- 

Because of +he far-advanced n a t u r e  of t h e b a n e l e s i o n s ,  it was 

The count ing rate over a l l  of t he  bony 

Since the  gall ium study, t h e  p a t i e n t  has had an increas- 

The hormone therapy has  been r e i n s t i t u t e d  i n  an  e f f o r t  t o  enhance 

Included wi th  t h e  os.Leolytic l e s i o n s  i s  a s i n g l e  case of mult iple  
mye1o.m. 
diagnosed multiple weloma. 
widespread, there was only one area of c o l l a p s e  wi th in  t h e  spine.  
marrow count showed approx imte ly  50 p e r  c e n t  replacement w i t h  t y p i c a l  
plasma c e l l s  and multinucleated plasm ce l l s .  

This p a t i e n t ,  case 15, a 49-yea-o ld  white  m a n ,  had a very r e c m t l y  
Although t h e  l e s i o n s  were of moderate s i z e  an8 

A s t e r -wl  

P a l l i a t i v e  X-ray therapy 
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' lbeen given over t h e  area of t h e  known c o l l a s e  i n  t he  reg ion  of TlO. 
' had  r e s u l t e d  i n  s i g n i f i c a n t  r e l i e f  of bone pain.  

This 
It t h e r e f o r e  seemed con- 

The f i rs t  choice s i s t e n t  that a n  i s o t o p e  was t he  log icdmeans  of therapy.  
was radiophosphorus (P32) .  A. t r a c e r  s tudy with radiogal l ium v a s  done a t  
t h i s  t ime i n  o rde r  t o . a v o i d  a delay i n  s t a r t i n g  r a d i o g a l l i m  therapy  i n  
case t h e  radiophosphorous therapy was unsa t i s fac tory .  The r e s u l t s  of t h i s  
study were q u i t e  comparable t o  those seen i n  Case 3 of carcinoma of t h e  
p r o s t a t e  with gene ra l i zed  metastases and Case 16 of carcinoma of t h e  b r e a s t .  
I n  t h e  five-week follow-up per iod  following ~ 3 2 .  therapy, a genera l  improve-. 
nent  of t h e  p a t i e n t  has  been s u f f i c i e n t  s o  t h a t  t o  date it has not  been 
necessary t o  cons ider  any o ther  type of therapy. 

Urinary exc re t ion . -  The u r iha ry  excre t ion  i n  these  18 p a t i e n t s  has 
been s tud ied  i n  cons iderable  d e t a i l .  Each separa te  u r ine  specimen voided 
by t h e  p a t i e n t  dur ing  t h e  f i r s t  24 hours of t he  s tudy  was r ad iomet r i ca l ly  
measured. I n  gene ra l  t h e  excre t ion  p a t t e r n  i s  s i m i l a r  t o  t h a t  of rad io-  
iodine IL3' ( 6 , 8 ) ,  t h e  p r i n c i p a l  amount excreted i s  within t h e  f i r s t  
s i x  hours af ter  t h e  dose.  The r a t e  of excre t ion  r a p i d l y  drops a f t e r  t h a t  
per iod end is n e g l i g i b l e  after 24 hours.  
r e a d i l y  t h a t  i n  carcinoma of t he  p r o s t a t e ,  the  m o u n t  of excre t ion  i s  r e -  
narkably small. Osteogenic 1esior.s tend t o  r e t a i n  more of t h e  t o t a l  moun t  
of t he  t r a c e r  dose than  o s t e o l y t i c  l e s i o n s .  I n  t h e  major i ty  of t h e  cases ,  
the  amount of GaT2 exc re t ed  i s  inve r se ly  propor t iona l  t o  the ex ten t  of bone 
involvement. However, i n  a s i g n i f i c a n t  nmber  of cases  t h e  p a t t e r n  and 
anount of GaT2 e x c r e t i o n  d i f f e r  from t h e  r e s t  of t h e  f ind ings .  

Fron Table 1, it can be seen 

Addit ional  s tudy  of t hese  d i f f e rences  ind ica t ed  t h a t  a t r a c e r  dose of 
300-500& c of GaT2 i s  s u f f i c i e n t  t o  g e t  reasonably accu ra t e  counting r a t e s  
during t h e  t i m e  of measurement of t he  u r ine  a c t i v i t y .  
method has been checked i n  a number of cases  a g a i n s t  t h e  t o t a l  amount of 
c a r r i e r  ga l l i um as exc re t ed  i n  t h e  u r ine  and determined by chemical 
Eethods (1). 
ind ica t e  t h e  p r a c t i c a l  accuracy of the  radiometr ic  method. 

The radiometr ic  

The agreement between the  two methods i s  s u f f i c i e n t  t o  

The f re  uency and t h e  t o t a l  moun t  of ur ine  voided seem t o  have an  
I n  r e l a t i v e  polyur ia  with amounts of u r ine  over 

- 3000 cc .  i n  24 hours ,  t h e r e  tends t o  be an  increased exc re t ion  of gall ium. 
e f f e c t  on Ga% e x c r e t i o n .  

SVMMARY AND CONCLUSIONS 

1. Geiger count ing  techniques apFl ied  t o  t h e  sk in  sur face  of human 
b e i  B have been shown t o  be use fu l  f o r  t h e  l o c a l i z a t i o n  of radiogal l ium 
(Ga7 Y ) c i t r a t e  i n  o s t e o i d  s t r u c t u r e s .  

2. Intravenous t r z c e r  doses of GaT2 c i t r a t e  have been s e l e c t i v e l y  con- 
cent ra ted  in t h e  o s t e o i d  l e s i o n s ,  both osteogenic and o s t e o l y t i c ,  i n  15  of  
18 cases  of primzry and secondary bone malignzncies.  

3. Concentrat ion of GaT2 i n  malignancies involv ing  bone approaches 
20 times t h a t  found i n  the ad jacen t  bone. 
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4. Early metastases  t o  bone have beena iden t i f i ed  through t h e  use of 
t r a c e r  m o u n t s  of GaT2 before  changes could be i d e n t i f i e d  by X-ray f i lm 
study . 

The au thors  wish t o  acknovledge the  a s s i s t a n c e  of t h e  personnel of 
t h e  Radiat ion Technoloby Divison, N.fRI, f o r  the p r e p a r a t i o n  an2 standardize- 
t i o n  of t he  radiogal l ium szxp1.cs, and of H.  Friedman, Department of OFtics, 
IJaval Research Laboratory,  f o r  his a s s i s t a n c e  i n  the desiGn and construction 
of t h e  s p e c i a l  Gei&cr tube znd sh ie ld .  

, ' I '  
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Figure 1.- Jacket Geiger t u b e  used for surface counting and localizatioh 
of Ga 72 - 
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Figure 3.- Influence of the size o f  the flask, the concentration 
of Ga72 therein, and position of the Geiger tube on 
the observed counting rate. 

I 



i 

300 

200 

2 100 
0 90 

r- 80 
-Y 
u) 70 
0 
G 60 

w- 50 0 

: 4 0  
t 
a, 
E 

n 
.d 30 

20 

I i- . . . I 1 I -- -- I20 140 I60 180 ZOO 220 240 7 
10 E 

ji- % o f  increased count,over center point 
-,+- 

Figure 4.- Relationship of  the diameter of the flask, the concen- & 
tration o f  G a 7 2  therein, and the increased count ob- .a I:: h". 

tained over these f (asks i n  the "phantom': 



1 
240 

icen-  
ob- 

- -- 
* I  / r; 
i $ 

517 $ 
Gal l ium72 Tracer Study .'i 

1. 

I 

3 hr .  l o +  hr .  24 h r .  4 
i! 
5; 

S u r f a c e  Counts 

24 h r .  104 hr .  3 hr .  

r 

754 488 236 

756 516 313 

133 313 5 92 652 459 1 

192 355 601 

141 296 491 

1 1  

156 268 385 

3 hr. 10jHr. 24 hr .  

24 hr. lob h r .  3 h r .  

271 434 633 642 397 24 6 

A 0  

194 

191 

179 
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