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Many shortcomings of radon 

seeds for medical use are 

overcome with the Au’” seed 

described here. A simple 

fabrication method has been 
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been made in the Nylon-tube 
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FIG. 1. Meter at left 

indicates strength; slight blow on plastic head cuts seed, which falls through tube 
into shielded container where electric heater sterilizes seed 

Encased radiogold wire i s  extruded from lead shield. 

Radiogold Seeds for 
Lancer 

RADIOGOLD SEEDS and linear sources 
developed during the past three years 
(Id) have displaced radon completely 
in radiation therapy a t  The Ohio State 
University Medical Center. These 
sources are non- used advantageously 
in many types of cases in which radio- 
active cobalt n;as formerly applied 

In  external appearance the Au19* 
seeds are indistinguishable from the 

*Julius F. Stone Research -4ssociate 
Professor of Medical Biophysics. 
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Therapy 
usual radon seeds: and they can be 
utilized in the same m:inner and with 
the same appnratus. The half-life of 
Au‘98 is 2 . i O  days, which is about 0.7 of 
the half-life of r:itlon ( 3 3 3  days). 
The energy of the gnnini:L ratlintion 
emitted by Ai11~i is 411 k v :  it is niono- 
energetic in contrast with the r:tnge of 
energies betneen 1SJ kv ant1 2.1!1& la-  
for the dozen different panini:i rays 
emitted by r:iiIon :in11 it.< di:* >in t egrn- 
tion products I 1 I ) .  Fui,ther hii,litpicnl 
studies ( 1 .  2 )  :we uncier 1v:i~- to  cleter- 

mine the ielntive meiita of the differ- 
ences in half-lives and gamma-ray 
energie, of - 1 ~ 1 9 s  nnd ratlon. 

Sources for interstitid applications 
should not be confused n-it21 radioactive 
gold in the rolloidnl stxte which is now 
being used in some nieclicnl centers for 
the treatment of p1eur:il nnd peritoneal 
carcinomnto>is. In  contrast to  col- 
loidal -XuIg’ ,  in n hicli the beta radiation 
emittetl by the ratliogoltl is used 
pri1n:ir ily. gold seetl, containing A u ~ ~ ~  
:lie employed only because of the 
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gamma lays emitted from the r:idio- 
gold within them. The seeds are 
usually superior because of the rela- 
tively lioniogeneous dosage of ionizing 
radiation that may be achieved n hen 
discrete sources of gamma rays are 
properly spaced in accordance witli 
well-est ablished physical pi inciples. 
Dosimetry is highll- uncei tain \\-hen- 
ever radioactii-e sources are injected 
that are mainly dependent on tlie emis- 
sion of beta particles for whatever 
effectiveness they niay have. The 
AuIg6 seeds a1 e, thei efoi e, essentiallj 
similar t o  radon seeds, m-here niucli of 
the beta radiation is iemoved by 
filtration. 

Advantages of AuIg8 seeds over radon 
seeds for applications in therapy 
include : 

1. Radiogold seeds of any strength 
can be cut instantly, even a t  the time 
the derision to use then1 is made (e.g. 
in the operating room), whereas radon 
seeds usually must be 01 dered a day or 
more in advance of the time they me 
to be used. 

2. Radiogold seeds are very uniform 
in strength, but wide variations in 
strengths are often found in radon 
seeds. 

3. Because gold is a metal there is 
no danger of leakage of gas from AuIg8 
seeds. 

4. The beta particles emitted by 
Au198 with maximum energy of 970 kv 
are almost completely filtered out, in 
contrast to the beta particles emitted 
by radon disintegration products with 
maximum energy of 3,170 kv. 

5. The facilities and equipment re- 
quired for manufacturing seeds loaded 
with Aulg8 are simple and inexpensive. 

6. Problems of protection are greatly 
simplified in the preparation and 
handling of AuIg8 seeds because the 
half-value layer in lead for the gamma 
rays is only 2.8 nim. in contrast t o  
14 mm for radon. 

Preparation of Sources 
Each Yonday there arrives in 

Columbus via air express a package 
shipped by the Oak Ridge Iiational 
Laboratory earlier that  day. This 
package contains several pure gold 
wirest 0.2-0.3 mm in diameter and 
85 mm long that have been irradiated 
during tlie previous week in a flu.; of 
about 1-5 X lo1* tliernial neutrons,' 
cm2/sec in a nuclear reactor. In the 

t Supplied by the American Platinum 
Works, Newark, Ne-, Jersey. 
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ixdioisotope lnl~oi.atoi~!- t lie ~~:idio:ictive 
wires are slid into iiici,t gcild tuliiiigi 
about 0.4 111111 iiisi(1e :ind 0.S 111111 out- 
side diametei.. This noni~nidioacti\-e 
outer gold tu1,iiig : i L o i , l i F  nlmost a11 
of the beta pai,ticle: :tiid p:isseF :dliout 
90 %of tlic 41 1 - k ~  g:iiiiiii:i r:t\-s emitted 
by tlie radioad ive goltl n-ii,e rontaiiied 
within it. 

Seeds are cut to  :iny tlecii.ed ~trengtlis 
with a simple cuttei~. The device ron- 
sists of a lead 1)lock \\.itli n central bore 
into n-hich the enc:t>ed r:idioactive 
gold \\.ire is iiitrotluccd :ind from which 
it may he esti~udetl to :tny desired 
lengt,li from 1 to 40 niin. pi~atljust~ed 
by a micrometer. The gamma radia- 

FIG. 2. Six Nylon tubes were used to im- 
plant radiogold seeds in residual tumor at 
base of tongue after radical surgery. 
Dummy seeds used first, then replaced with 
active seeds to give minimum tumor dose of 
5,200 r in 7 days 

tion of the ]):tit of the enrased iadio- 
active gold \ \he  pu-lied outiide of tlie 
lead shield to be cut  off nith the cutter. 
is measuied vith :i radiation survey 
meter equipped \\ ith an ionization 
chamber ( I '  Cutie-Pie " type). 

Calibration of seed strength. The 
survey mete1 ik placed in a fixed posi- 
tion at such :i di.tance fiom tlie cutter 
that a sning of tlie needle to 20 scale 
divisions 011 tlie 50 nu 111 full-scale 
range of the iiictei 11 ill I esult in a AuIQ8 
seed n Iiicli IT ill drlivei 1,000 gamma 
roentgen -t o t :I 1 - :it - 01ic - ren t  i meter 
(dcsignatcd ' . i t (  111 ") duiing complete 
decay. Tlii. i i  : i p l ) i  oGmntelj the 
same stiengfli :IC tlir 1 .1  12 r given off 
during lifctime tlcca:ii of 1 nic of radon 

enclosed in 0.5 mni. of platinum. The 
cutter is portable and i i  often taken 
to the operating 1 ooni n heie AuI95 

seeds are calibrated and c u t  in a few 
seconds. (See Fig. 1.) 

Detaiis of design of the cuttei. of the 
method of calibintion of tlie sourceq, 
and of dosimetry with the A U ' ' ~  seeds 
u-ill be published separately. 

Folloning publication (1, 7 )  of tlie 
method developed here for making 
sources containing AuIgs. Siiiclair (1.2) 
briefly described sources made from 
cylinders of gold sealed in a platinum 
beta-pal ticle absorber hefore exposure 
to  the neutron flux in a nuclear reactor. 
The niethod described here for pre- 
paring AuIg8 seeds would appear to be 
a superior one in the follon-ing respects: 

1. The radiation therapist has all of 
the advantages of on-the-spot adjust- 
ability of strengths of sources provided 
by a radon plant without the many 
well-known disadvantages associated 
I\ ith the establishment and operation 
of a radon plant. The method de- 
scribed by Sinclair does not permit 
adjustment of strengths of sources 
a t  the point of usage, nor does it 
enable the therapist to compensate 
for decay of radioactivity by making 
longer seeds or by using successively 
thicker radioactive gold wires irradi- 
ated in the same container in the 
nuclear reactor, during the latter part 
of the week they are received. 

Radiogold seeds received from a 
distant point of preparation mill almays 
put the therapist to the same dis- 
advantages that now prevail for those 
physicians ~vlio receive radon seeds 
from commercial sources. The varia- 
tion of source strengths to  provide the 
flexibility required for individualization 
of patterns to  meet the multitudinous 
clinical variations encountered in prac- 
tice, is not possible with sources of 
initially fixed strengths. 

2. It was shown previously (3 ,  5 )  
that  the leakage of the undesirable beta 
particles through the thinned parts of 
the ends of AuIg8 seeds prepared here 
is insignificant in comparison with the 
escape of highly energetic and pene- 
trating beta particles from a radon 
seed obtained from a commercial 
source. Measurements made by Sin- 
clair revealed a beta-particle emission 
from the platinum-sheathed A11198 
sources he prepared that differed only 
slightly from that of radon seeds. 

3. The cost of nonradioactive gold 
for sheathing material to  absorb the 
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smie  fr:iction of the beta particles 
emitted from the enclosed radiogold is 
only about one-fourth as great as thRt 
for the platinum sheaths used by 
Sinclair. Moreover, the espense in- 
curred for the precision m:tchining and 
welding that is required to encapsulate 
the gold within the platinum is avoided 
in the method devised here. 

Clinical Uses 
Radiogold seeds may be utilized to 

form permanent implantations by 
means of the same applicators that  are 
nom widely used for radon seeds. 
Alternatively, Au198 seeds may be 
loaded into Sylon tubing that is 
threaded through tumors and mith- 
drawn a t  the end of the exposure time, 
which is usually 7 days. An advan- 
tage of implanting A u ~ ~ *  seeds per- 
manently is that it is unnecessary to  
load the seeds into Nylon tubing. 
However, permanent implantations by 
free-hand techniques have not resulted 
in the regular patterns of sources that 
are usually obtained readily when the 
seeds are first enclosed in Nylon 
tubing. 

Another advantage of the Nylon- 
tube method is that errors in alignment 
of the pattern during implantation can 
be corrected by pulling the Nylon tubes 
into the proper position, as indicated 
by roentgenograms. &o, no foreign 
body remains in the tissue after the 
Kylon tubes are withdrawn a t  the end 
of a week. Experiences a t  this medical 
center have demonstrated that the 
Nylon-tube technique is generally to  
be preferred to the permanent im- 
plantation of the seeds. 

lrhproved implantation method. 
The &lon-tube implantation method, 
previously developed here for use with 
Co60 (&IO), has recently been 'im- 
proved in several respects. Since 
details of this new Sylon-tube tech- 
nique will be reported independently 
by Henschke, only the principal 
features of it nil1 be outlined briefly 
here. Fint, in place of the thick- 
n-alletl, relatively stiff Sylon tube 
formerly employed a t  The Ohio State 
University Medical Center, a thin- 
walled. narrow Xylon tube is now used. 
In  this new Sylon tube, the radio- 
active sources are held firmly in place 
by the resiliency of the SS-lon n-ithout 
the need for the nietdlic spacers used 
formerly. These new tubes are much 
more flexible and can be bent more 
readily than the previous tubes. 
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Moreover, should the londecl suture 
break inadvertently. the radioactive 
sources cannot fall out as they could 
with the old method. 

A second major improvement in the 
Nylon-tube technique has been evolved 
and is now used in many c:tses. The 
Nylon tubes are not loaded with the 
radioactive sources prior to implanta- 
tion; instead, Sylon tubes loaded with 
dummy metal seeds, or thin stainless- 
steel wires are inserted in the tumor 
area a t  the time of operation. Roent- 
genograms are then made and an 
appropriate distribution for the radio- 
active sources is determined from the 
spat,ial relationships. Xylon tubes are 
loaded with the radioactive sources 
accordingly and are pulled into position 
after attachment to the dummy- 
loaded Nylon tubes or to the stainless- 
steel wires. This substitution of the 
Kylon tubes loaded with active sources 
for the ones containing the dummy 
sources, or the wires, causes little dis- 
comfort and is usually done satisfac- 
torily without anesthesia. (See Fig. 2.) 

It will be apparent that  this tech- 
nique enables the surgeon to prepare a 
patient during operation for subse- 
quent implantation with the radio- 
active seeds. The radiation therapist 
can then design an appropriate pattern 
and insert it at a time and place con- 
venient for him. This technique has 
proved mutually satisfactory to the 
surgeon and the radiotherapist mem- 
bers of the team here. 

Clinical experience. Fifty-one ap- 
plications of Aul9* seeds clinically in 
46 patients thus far have included 31 
permanent implantations, 12 Nylon- 
tube implantations, 2 intrauterine 
applications, 2 intraesophageal appli- 
cations, 2 nasopharyngeal applications, 
1 intraoral mold, and 1 skin mold. 

No untoward or unusual reactions 
have been noted in any case in which 
the Au198 seeds have been used. The 
clinical regressions of tumor tissue 
have been comparable to those ob- 
served with other methods of inter- 
stitial irradiation. And they have 
been consistent with the preliminary 
animal experiments in which it was 
demonstrated that it is possible to 
deliver a cancerocidal dose to tumor 
tissue with L ~ ~ 1 1 9 8  seeds alone (1, 2 ) .  
However. the preferred practice here 
usually is to uoe Au198 seeds in com- 
bination with high-voltage e\tern:tl 
irradiation. In some cases tu-o inser- 
tions of radiogold seeds spaced 1-5 
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weeks apart I i : iw lieen used to  deliver 
the total doae over :I longer period. 

Summary 
1. Radiogold seeds are convenient 

replacements for rtidon seeds. And 
they may alno be used advantageously 
in the newer methods of application 
such as the Sylon-tube iniplantations. 

2. Radiogold seeds are prepared by 
activating fine gold nire in a nuclear 
reactor and then encasing it in an inert 
outer gold tube in order to filter out 
the beta particles. The Aulg8 seeds 
are cut with a specin1 cutter to any 
desiIed strengths registered on a radi- 
ation meter :is the encased radioactive 
gold wire is extruded from a lead 
storage shield. The meter is cali- 
brated to give the number of gamma 
roentgens - total-at-one -centimeter, 
rtcni. n-hich the seed to be cut n ill emit 
during complete decay. 

3. The reactions observed clinically 
in 51 applications in the first 46 wtients 
in which the Au '~*  seeds were used 
appeared to  be similar essentially to 
those obtained with iniplantittions of 
radon. radium, or Co60. 

* * *  
T h i s  study was supported,  in part ,  by  a 

grant-in-aid from the Ohio Department of 
Health,  the Ohio  State Universi ty  Develop- 
ment F u n d ,  the Julizis F .  Stone F u n d  for 
Medical Research, and  cancer research grant 
C-1899 f r o m  the National  Cancer Inst i tute  
approved by  the National  Advisory Cancer 
Council .  
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