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STUDIES O F  RADIOGALLIUJI  S S  A DIAGNOSTIC AGENT 15 
BOSE TURIORS 

IXTRODUCTION 

n report of the first cighteen human subjects in whom radiogallium 

Liiborntory studies of the pharmacology and biochemistry of gallium have 
shon-ii that  this element is selectiyely localized in  osteoid tissues’* and  particu- 
larly in ccntcrs of osteog~nesis.~* ’ 

The purpose of the present s tudy  was (a) to develop iiiethods for the lo- 
calization of Ga72 in  the human body, by an externally positioned Geiger tube, 
nnd (b)  to  determine the degree of localization of Ga7: i n  patients with neo- 
plastic lesions involving bone. The  present study reports results of the study 
of eighteen cases of priniary and  secondary bone malignancies.: 

Gnlliuni is a metallic element having many of the chemical properties of 
aliiiiiiiinni. The radioactive isotope (Gal2) is a p and -1 emitter, of energetic 
spectrum (mas. p 3.1 mev, y 2.5 mev). This isotope is contained in carrier 
galliuiii (0.1 mc. per milligram Ga) and  administered as the    it rate.^ 

tr;icer is studies have been made a t  this medical center. 

6 
LABORATORT METHODS 

Counting TccI~niques.-There a re  many factors which must be considered when attempt- 
ing t o  locnlize in  the  humnn body, by ex terna l  counting methods, a particular organ or 
s t ruc ture  which contnins a quan t i ty  of some radioactive substance. Tho principal fnctors 
nre (1) volume of tissue conta in ing  n high concentration of tho isotope, (2)  differentinl 
distribution of the  isotope between the  localized area and the  ad jacent  tissues, (3) depth 
of ceu tcr  of mass, Le., distnnco to  counter tube, ( 4 )  degree of collimntion obtninable wi th  
jacketed Geiger tubes, ( 5 )  the nature of the radiation and i ts  absorption chnracteristics in 
tissues. and (6)  nbsorption chnracteristics be twxn  counter nnd source. 

In order to s tudy  the  effectiveness of (1131) mdioiodine diagnostic and  thernpeutic 
prowiures, rarious end-window Geiger tubes were fitted wi th  lead shells. This was an  
a t tcn :p t  to produce a collimnted beam of gamma radiation which mould more closely define 
a reas  o f  active thyroid hyperplasia. Considerablc success was obtained in  these studies9 
It wns found thnt  tho  same goneral  type  of j acke t  was  sa t i s fac tory  for  such studies of 
Gay-. bu t  a considerably la rger  a n d  denser shield was needed in order to produce n shnrply 
colliiiinted beam from the  skin sur face  of a pa t ien t  receiving Ga:?. I n  Fig.  1 is presented 
a ske tch  of the  Geiger tube  and  the  surrounding jacket (weight 7 kilograms) a s  used in 
these studies. 

In Fig. 2 are  presented graphically results of a s tudy  of t h e  collimnting abil i ty of 
t he  tube  nnd jacke t  described in  Fig.  1. This s tudy  was made using a 2 cm. planchet of 
Ga::. 
the d g e s  of the tube windom nnd the  shield port. This zone delineates the area beneath 
the  rube mhich emits radiation d i rec t ly  (disregarding scattered rad ia t ion)  into the  tube. 

, 

The “theoretical  cutoff zone”  is  t he  geometric projection of l ines passing through , 

The oplnlons or concluslons contalned In thls  report are  those of the authors. 

Recelved for publlcntlon. July 28. 1950. 
*Radlolsotope Lnboratory. Naval Hospltal. 
;Blochemtstry Dlvlslon, Naval Nedlcal Research Institute. 

They are 
not t o  be construed as necessarily reflectlng the views or endorsement of the Navy Department, 
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Fig. 1. 

' V I I C  lilies dcriotiiig t ~ l c  rclnti\;c coiirits per minute iiidicntc t h e  C O I I I I ~ S  obscrvcd ns t11e 
tnrgct wns iuoved Interoily in f ront  of the tube n t  somq dcfinite diztnllce ( tube to  target 
distniicc) i.e.. 40, 90, 120, or  190 ~~i i l i i~ i i c t c r s .  

S f i r d y  of Cn:g i n  P/i<ttitoin.-Thc purpose of t h i s  plinsc of the iiivcstigntion wns  to 
study the  iiietliotls which trcrc bciiig uucd clinicnlly and to  cvnluutc tlicir significnncc un- 
d e r  coritrolled Inborntory conditions. 
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A siniulntecl Iiuninn torso was made by filling a nootleri box (GO cm. 1)y 52 cm. by 
2 1  cm.) n i t t i  liulled rice (sp. gr. 0.S25). To the  rice n-ns nddetl, 11y scatteri l lg through 
thc ninss! n n-ntcr solution of Crn;?. Tlie rice wns then  thoroogllly Iiiiscd. d concentration 
of 0.0; to 0.0s pc Crni? per  i i ter  of rice gave n count of 1,000 t o  1,500 counts per minute 
a t  n distancc of 2 cni. from the surface. This npproxinlntes what hnd been obtained in 
surfnce counts of I i u i i i i i i i  h i l i g s  v110 liad I)cell ndministered 300 to 400 pc Gai? i n t r a -  
veiious1.v. The jncketed Geiger tube shown in Fig.  1 was used througliout t h e w  pllnntonl 
stiiilics. 

Relo tive count I /min 
os Torget i s  moved 

l a t e r o l  l y  

L a t e r a l  Oirtonco in Gm. 

FIX. 2. 

I n  ortlcr to give reprodiicil)le geometry, n steel  rail arrangement was ninde so thn t  
the plnceiiieiit of tlie Geigcr tube  relntive to  t h e  surfnce and center of the mnss of the  
"plrnriton~" rvns coiistnnt. h series of volumetric flasks from 10 C.C. to 2,000 ex .  were 
filled with  n wntcr  solution hnviiig n concentration of Gn;? (microcuries per l i ter  of 
n n t e r )  f rom two to fo r ty  tiriics the concentration of GnTz (microcuries per liter of rice) 
contniiicd i n  the  pliantom. These flnsks were prepared in  order to simulate orgnns or 
structures of different  sizes and  l inring different concentrntions of Gal?. 

In nmkiiig :L study of the effect of the counts obtninnblc nt tlie surfnce of the rice, 
the Geiger tube rvns $uccess~vely plncecl at each of the five couiltirlg points (Fig. 3) .  \\'lien 
a sn t i s fac tory  bnsc line hnd been obtnined, one of t he  flnsks wns buried i n  the rice l~enen th  
the  center point. I n  ench series the center of tho mass of t he  flnsks was locntcd a t  some 
predetcrniiiied distnncc below tlie surface of t h e  rice (4 or 9 cln.). Coiints were t aken  a t  
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:ill five points' across the surface of the rice a f t e r  burying the flnslis. I n  Fig. 3 is sholvn 
n grnpliic rcprcscntntion of the  counts obtninnl>le with vnrious tlnsks conraining Ga;? con-  
c ( b i i t  rations livc and tn-enty t imes the corlcclltrntion of Ga;? i n  ttic I)otl>, of tllc phnntom. 
v ,  1 I I I ~ . S C  findings are typical of the results obtained a t  other  conccntrntions. 
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Fig. :.--Influence of the size of the flask the concentration of Ga" therein. nnd posltion of the 
Geiger-BIUller tube' on the observed countlng rnte. 

In Fig. 4 is shown graphically n rdsunl6 of t he  results of t h i s  phnse of the study. 
I n  this  figure is  plotted the  relative percentages of counts  obtninnble at the center point 
of tlic pliniitoni plotted ngninst the diameter of the flask contnining rorious concentrotions 
of Gar-. These findings indicate tho counts obtninnble nt t h e  surfnce nre a function of 
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(10th tlic size of the buried flask aud the  concentration of the Gn;? contnincd thcrein. 
'rlierc a r e  fac tors  in these findings which l imit  their  iisefulness. part icular ly  in the smalkr-  
sized tlnaks or :it the l o u w  conccutr:atiolls of G:iY:. \Vlieli the counts orcr :I I)uricd fl:wk 
do  I I O ~  exceed the background by m o r e  t h a n  5 per cent,  the significance of the  result is 
( 1 i i  e s t i on  able.  
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Fig. 4.-Rclatton.stifp of the tllanteter of the flask. the concentration ol the Cn" tilerein. and 
tile incieaserl count obtnined over these flasks In the phnntom. 

L'o npproxinintc t h e  concentrntion or  degree of localizntion in diagnostic studies with 
the  lintlings bliotrn in Fig. 4 a r e  of significant nid. The diameter nnil depth of t he  

lesion r a n  lie e ~ t i i n n t c d  from x.ray films. By external counts over  t h e  body, using the  
Geiger t u b e  described in Fig. 1, a series of counts  will be obtnined. If one deterniines t h e  
pcrcciitnge of count o v e r  the lesion t o  be, fo r  example, 115 per cent of t h e  count over nd- 
jacciif t issues nnd the  diameter of t h e  lesion t o  I)e 8 cm., n t  n depth of 4 cni., then, ns an  
approxin~at iou,  the concentration of  Gay? in  t h e  lesion is five t imes t h a t  i n  t he  surround- 
ing tizsue. I f  the dinnietcr of t h e  lesion is 2 em., at n depth of 0 cni., nnrl the  observed 
Count is  125 per cent of the general  overage,  t h e  concentration of Gny2 in  t he  lesion np- 
proxinintes fo r ty  tinics the  general  body concentrntion. IVithin l imits  t he  curves shown 
in Fig. 4 may be used to  npproxiniate thc conccutration in various lesions in human be- 
ings, in  cases of mnlignnncics. 
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1 1  is realized this  indirect method of deterniiriing concen t r a t  ion  of a clieiiiicnl sub- 
st:ince in a specific location in the l i i i i i inr i  IJody is only n i i  approsillintion. I t  is, lion-ever: 
1i:i.wl oil suiiiitl physical principles and  seems t o  be tlie on ly  nieaiis, shor t  of biopsy, of 
c5tiiii:iting t h e  conceiitrntioii of this isotope in osteoid striictiircs. 3Iore  significantly f o r  
diaciiii+tic liroccdures. these Ia1,or:itory findiiigs indicate t h a t  an 'iiicrcaee ut' 10  to  20 per 
cciit of coiirits over  n lociilized a rea  is evidciice of ninrketl localization of Gn'? i n  Foiiie 

striictiire Iw i ie i t t  11 t h e  surface.  

CLISIC. \L  IIETHODS 

.Wrd io , i  of Cnses.-Tlic pntients were priiunrily aelcctcd from tliosc n i t h  proved 
iii:iligii:tiirics. hnviiig s - r a y  c\.illcrice of new bone production, or nietnst:itic lesions in  bone. 
I.:itcr i t  w a . ~  foiiiitl t ha t  pnticiits having locnliziiig I J O I I C  s!.iiiptoiiis hilt without x-ray con. 
tirtn:it  i t l i t  were :iIw suitnlile f o r  these Jingiiostic stutlics. 

. I r l t t r i t t i s f rn t io~ i  of Cn~~.-(~at l ioj inl l iuni  (GnY?) \vns adniiiiistcreJ ns n c i t ra te  complex 
( 3 ~ 1 ~  t o  401) ~ c )  nccoiiipnriicd liy 3.S to  5.0 mg. carr ier  gnlliunl, contnined i n  1 C.C. of solu- 
tioil.; l ' l ie  Gii;?  ci t rntc  solution w n s  measured i n  a Icnd~shicldcd tilllcrculin syringe; rind 
i t i j cc td  i n t o  the r u b b e r  tubing of mi intravenous infusion dr ip  :ipparatus. The ante.  
cu1iit:il yein of tlic nrin  !viis used ns the point of ndrninistratioii. Tlic iiijection was niade 
i n  oi io itiiiiiite. S o  adverse local or  gcncrnlized reactions have liccii o lscr t -ed in any  case 
t o  date. 

.qrcr/nc.c ~'oir i t l i i~~.-Sui tnI~le  points 011 the  body of tlie pat ient  were marked with in- 
tlelil~lc i n k .  Postcriorl!., these included twelve poiilts, every 5 cm. n lor~g  the  spine and 
t w o  :tities of p0int.Q In tc rn l ly  over the pelvis. Anteriorly points were uinrked as follon-P: 
t t y o  i'o\\'s of six points, f roin encli groin superiorly t o  the second interrostal  space. Two 
atltlit iori:il Iioiiits were l o c n t c d  on the upper nnd  lower points of the stcriiiiill. 

'l'lic Geiger t u l x  (F ig .  1) was locnlized over ench point n t  tlie siirfnce of tlie body 
and :I oric. i i i i i i i i te coiiiit recorded. By coiinterl)alnncing the jacketed tulle, i t  wns possible 
to  ni:tiirt:iiii tlie end of t h e  sliield geiitly pressed ngniiist t he  skin surf:ice. S o  undue dis- 
c o i i i i o r t  t o  the pnticnts resulted. 

Tiiiie of encli series of counts 
reqiiircd :iliproxinintely oiic Iio~ir. Coi i i i ts  were ninde :it three,  ten,  niid tit-ciity-four hours 
ntter the iiitrnveiious iiijectioii of the t racer  dose of Gn;? (300 t o  -100 f i e ) .  With this dose 
i t  WIIS Iiossilrle to olJtnin counts of G O O  to  1,100 per rniniitc nt  the skill surfncc of the pn. 
tieiit three hoiirs n f t e r  atlniiiiistrntion of t he  Cn72. Tlic bnckground rate of the tube used 
is 7 t o  !I coiints per  minute.  I n  Yig. 5 nre shown details  of t he  results of n routine csaiii- 

iiintioii ( i f  s patient by this  iiictliotl (Cnse S). 

., l l i c  p t t e r n  of countiiig arens incliided for ty  points. 
r . .  

' 1 ' 1 1 ~  ncltlitioii of couiits, tnkeii directl>. over t h e  s>.plioitl process n t  30 cni. nnd 90 cni. 
c1isi:itic.w. cncli coiirit fo r  three iiiiriutes, \vns inndc i n  the  lnst  five cnscs of  tlic series. This  
woiild t c r i i l  t o  indicate the  ra te  of concentration cliniige in  the t r u n k  o f  tlie pntient and ac t  
a s  a 1i:isc line for  cornparison of coiicentrntions within each locnlizetl nrcn .  The biologic 
half-life :is deterniiiied IJ!. tlie iiictliod iii t he  Iiiiiiian pat ient  is  12 to 13 Iiours. 

:i significant aid ill deterniiiiiiig tlic areas of locnlizntioii of gnlliiiiii i i i  vnrioiis tis. 
SIICI;  l ins Iwcn t h e  determinat ion of the relative incrciise of Gn'? during the tlirce hour  t o  
t\\.erit!'.foiir hour period a f t e r  intrnveiioiis injection of tlic gnlliiirii ci trate.  

T h e  observed Geiger-3Iullcr count over a cer ta in  point a t  three 1.1ours nfter  iniection 
is t a k i , i i  :IS n reference value. The counts over this  exact  point n t  t en  lioiirs and twenty-  
fou r  hours ,  rrlien corrected f o r  decny to the  three hour t ime (T t i  = 14.:; l ir . ) ,  will ind i -  
cate nlletlier there hns been an  incrensed deposition of gnlliuin in the structures beneath 
t h e  counting point. 

111 tiinriy iiorninl t issues the nnioiirit of galliiiiii will decrease. ns iiiclicnttvl 1)y the  fore. 
going c:ilciilntions. However, i n  ninny nrens of Ilene involvement tlicrr. is n inarkcd in. 
crc:ipr i n  deposition of gnlliriiii, ns iiidicntcd 1))- the csteriiiil counts. Tliis fnct l i n s  proved 
t i lost  .sigiiifir:itit in these diagnostic stiidics. 
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RESULTS 

Ciise G was that  of  a n~nl ignant  tlcgci~erntioti of a n  nrcn of ~nyosit is  OS- 
sificniis with a Iocii~ly infiltrating ostcogc~iic sarconia. 'Hiis yonrig I I I ~ I I .  ~ 1 1 0  is 
I I O W  2!) years of age,  had wccivcd n coiii'se of propIiyI;ictic ilcc>p s-ray t l ~ e r a p ~  
f o r  earcinoiiin of  thc testes. The nrens of trcatmcut incl\tdcil t h ~ ~  over  the 
l o ~ c r  a1~~10111eii a n d  tivo arcas in  the lowcr ha l f  of the  spine. The malignnl~t 
dcgeiii>riitioti i i p p a i ~ i i t I y  o r i g i n a t c t l  i n  t he  ~ ~ p p e i -  of the two postci~ior a r ~ n s .  
170110\\-ing n 1)iopsy of the lesion, t h e  skill failed t o  heiil and  a t  the tiiiic of the 
ti-acci~ s tudy there wns a ~ a r g e  (15 cni.), friable, 1)lcediiig. opcli area.  For this 
rcasoti. it was difficult t o  gct exact connts over the d i f f c ~ e ~ ~ t  ~ioclnlcs ani1 t o  
position thc pnticiit ns niucii as dcsircil. The s tandard pa t te rn  of counting 
~ n s  1nodifici1. All pnIpnI)Ie nodules gave significantly inci-eased counting 
rates. -1 siiiglc isolated lesion 011 t h c  anterior chest wnll could IJC well stlldkd 
niitl itit1ic;ited a c o ~ i c c n t i ~ n t i o n  of Gay?  of fifteen times that of  the  surrounding 
app:ii~i\ntly iio:~iii;il tissue. This finding ngrccs well with wha t  has been found 
in t h e  other cases. 

T h e  i ~ ~ i i n i ~ i i i i g  cases of the osteogenic group consist of five carcinomas 
of 1 1 1 ~  p ros tn tc .  In general, these cases were collccted as t h e  original choice 
f o r  st iiJy I)ccnusc t h e  ostcogciiic nature of the lesioll would  nlalte them most 
coinparaljle t o  gi*owing lione as dctcrminctl from the a n i m a l  studies. Signifi- 
cni i t  IncnIizatioii \vas ioniic1 in  each of these fivc cases to  be pi.oportionnl to  t h e  
Icsioi\s ns iiidicated by s-ray csaniination. It was notcd in  c'nsc 4 that  while 
n t  the  tiiiic of the study only one lesion Iiad been localizeil by the tracer 
studitis. fol low-up x-ray filins talten one month after the tracci. s tudy  showed n 
I~egiiiiiiiig I,oiie change in  each of the two awns; the smaller of these two areas. 
in thc iliuni, was approximately 3 cm. in diameter. Case 5, t h a t  of n 60-year- 
old tii;in, lint] been followecl for. approximately four pears a s  a fairly typical 

' 

'Tlic ariioiint of bone groliferation as compared with the car t l lnce bontained In the 
tumor ~iiass \vas rclatlvely sniall. Areas of Increased C.11. countlng rates were confined to 
these . ireas of bone pro<luction ant1 \veri? slgniflcantly tilgher than the  cairntln ra tes  of ad- 
jacent  .ireas overlying cnr*tIlap?. The  general  level of counting over the  palpn%ic tumor wns 
lower  than  over the opposite area presumed to  be normal. Tho repeated operntlons and  tn-o 
courses of x-ray tliernpy may have IntcrCered with the blood supply to t h e  area nnd prevented 
nbsorr>tion nn(l concentratton. Thls  Is the  only case In the series to d a t e  In which the count- 
I n r  r a t e  over a n  nrea of  11 ciin{caily suspected lesion or  an a r e a  of x- ray  change was decreased 
below the  adjacent o r  opposite normal  area.  

10 

I i,', 



V 

11 



? ! 

-- 
A 



5. 
I 35 41 

f i  , - .- - 
c. 9 \ 

.. 0 - ^I 
\ 
2 

13 

l \ l b \ 8 5 1  



14 



coulitilig rnte over all of the ~ J O I I ~  prominences was increased, with significant 
conceiitr;ition within the lower spine a n d  pelvis. Since the gallium study, the 
patient lias had a n  increasing amowit of bonc pain t o  the extent tha t  gallium 
therapy has been considered. The hormone therapy has  been reinstituted in 
ail effort to enhance the concentration of the i~adiogallium. 

Included with the osteolytic lesions is a single case of niultiple niyelomn. 
This I ) a t  ient. Cnse 15, n 49-year-old ivhitc nian, had ;i ~ e r y  recclitly diagnosed 
multiple ~nycloinn. Although the lesions were of moderate size a n d  wide- 
spineail, there was only one area of collapse within the spine. -4 sternal marrow 
count sho~vcd appi~osimately 50 per cent replaccineiit with typical plasma cells 
and inultinuclcatecl plasma cells. Palliative x-ray therapy had been given over 
the  area of tlic known collapse in the region of TI,. This hac1 resulted in  
sig:iificant relief of bone pain. I t  therefore seemed consistent that  a n  isotope 
was tlic logical incans of therapy. The first choice was r.acliopl~osphorns (P"'). 
A trnccr study with racliogalliuni was clone a t  this time in order to  avoid a 
delay in starting radiogallium therapy in case the  rndiopliosplioro~is therapy 
was uiisatisfactory. The results of this s tudy  were quite comparable to those 
seen in Case 3 of carcinoma of the prostate with generalized metastases and 
Case 16  of carciiionia of the I~reast. In the five-weelc follow-up period follow- 
ing  P32 tlicmpy, a general improvenzent of the patient has 1)een sufficient so 
tha t  to date it has not been necessary to consider any other type of therapy. 

U i i u n ~ y  Ezci*etiox.-The urinary escrction in  these eightccn patients has 
been studied in  consiclerable detail. Each separate urine specimen yoided by 
the paticut during the first twenty-four hours of the  s tudy  was raclioinetrically 

1 1 3 '  G *  the principal amount excreted is within the  first six hours after the 
dose. The rate of excretion rapidly chops after t ha t  period and is negligible 
a f te r  twenty-four hours. From Table I it can be seen readily that in car- 
cinoma of the prostate the amount of cscretion is remarlcably small. Osteo- 
genic lesions tend to  retain more of the total amount  of the triicer close t h a n  
osteolytic lesions. I n  the majority of the cases, the amount of Ga:' escretccl 
is inversely proportional to the es ten t  of Lone involwnient. IIowever, in n 
SigIiificilllt iiunibcr of cases the pattern and aiiiount of Ga'? excretion differ 
from the rest of the finclings. 

Additioiial s tudy  of these clifferenccs indicated tha t  n tracer close of 300 
to 500 pc of GaY2 is sufficient to get reasonably accurate counting rates during 
the tinic of Ineasnrement of the urine activity. The radiometric niethod has 
been checked in a nuinber of cases against the total  amount of carrier galliuni 
as escreted in the urine and  determined by cheinical methods.' The agreement 
bctiveeii thc t w o  methods is sufficient to indicate the practical accuracy of the 
ra (1 ionic t ric method. 

The frequency and the  total nmount of urine voided seem to hnve 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. 

. measured. In general t he  excretion pattern is similar to that  of rndioiocline / 
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(lcigcr couiitiiig tccIi~ijgucs applied t o  t h c  skin surfncc of I t r ~ i i i a ~ i  h i i i g s  I M Y C  
Iiecii sho\vn to be uscful for the locnlizntiorl of rac1iop;illiun~ ( (:;a7?) citrate in 
os 1 co i 11 s t 1'nc t 11 rcs . 

I i i t rnwnous  trawl- tloscs of C:n;' citrate Iiavc been selcctivcly coiiccntratecl in 
the, osteoid lesioiis, hotli osteogenic n i i d  osteolytic, in tiftccii of ciglitccii cases of 
priiiliir>- n i i d  secondary hone innligiiiiiicics. 

Conccntrntion of Ga;? i n  ~iinligiiniicics involviiig I)oiic nppronches twenty 
tiincs that found  in the atljaeciit boiic. 

Eai-ly ~netnstnses t o  lioue have lieen idciitificcl tlii~ongli the  iise of tracer 
amoiiiits of C;a;? bcforc c l io~qcs  coulcl be idcntified by s-rn\- iiliii stud:-. 

The au thors  xisl i  to  nckno\vledge the  assis tance of the persoiiiicl of the  Rndintioii 
'L'cclinolo,oy Division, S3IRI: f o r  tlie prepnration and  stniidnrdizntiu~i of tlic rndiogalliuni 
~:nrnl~lt~s ,  :tiid Of I<. Fricil i i inu, I )cpa~' t r i ient  of Optics, Sn\- ; i l  1le:cnrcli I.:iboratory, f o r  his 
~issistnrico in the dcsign and coustruction of t h e  special Geiger tubc and sliicld. 
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