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The impact of nuclaar energy, both for war and peace, has deen tresendous in
811 phases of himan 1ife. Thers 15 & prowing realisstion that one of the

greatest contributions 1s in nuclear medlcine.

Nuclear medicine is a term evolved only in recent yaars tc cover the wide
variety of uses of nuclear energy in medicine. At present it need not be
defined more sxsctly. Admittedly, many clinicsl uses are still developmental
and miclear medicine may not L .came & limited specialty in itself, but it i»

certain to continue to grow rapidly both in usage and soape.

‘Nuclear energy a8 here used is in the form of ionising radistion. This

sncompasses & variety of redistions and a broad range of energies.

In retrospect, rediation, whether from atomic muclei or from machines, has

had & revolutionary role in the development of all fields of science, including

wedicins. However, the sarly use of radicactive materisls in medical and
biological studies was limited. PFrior to 1930, the only tectcpes availeblo>

vere the naturslly occurring forms which normally have very little presence

in blologloal systems.

Thin -1i=1ted the use of radluactive {entopes as tracer atoms in biologlical
{avestipgations and precluded their use in diagnostic and therspevti: arplica-

L1518 which i{nvolve metabolism of the radiomatsrisl in the patient.
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tzirar Trantfommtien
A\ ycrent dmietus te Lthe devealopment of nuclear sclence vas the discovery by

Dttarford tn 1710 that the atructure of mattar could Je changed b+ bomtarding
slaments with slgha particles from redium. He found when alpha par-ticles from

radlum hombarded nitrogen, the nitrogen nuclel were transformed into nuclei

of oxygen. Rutherford thus had schieved the [irst deliberate artificis) transfor- }

mation of an atomic nucleus. j
vy
i’ A

During the 1920's, phveical scientists using the principle of Rutherford's ii

discovery oontimued stud{es of the machanism ¢f nuclear processes. They snon . ig "

realised that radium as a sourcs of subatomic projectiles had serious limitations. ! g

Only the alpha particles from radium vere effective in nuclear tranaformation; s

the mmber of alphs particles wks not sufficient for desirsble sxperimentation; ;

and the energy and penstration of alphs particlea was sevenly limited, ’-'
I

In 1032, another wvaluable contribution to this field was made in England when :‘

Cockroft and Walton bullt a high voltage transformer type of accelerator ,“

capable of producing protons with sufficient energy tc bring about e nuclear "._’

transformation. They converted two different isotopes of lithium to two .

1iffarent isotopes of helium and observed that during the con':oralon MmASS wWa'S g

craverted into energy. This was the first device to conver: mass to smergy,

thoush the amount released was infinitesimelly small, 7“,

\ great impetus to nmuclear science came with F.O. Lawrerce's {nv'ntien cf '..h'e syslotrern, . ,

1t was the result of an idea concelved by him in 1929. Ye and his sssociates
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vers able to demonstrate ruclear transformation in 1932 almost immediately
following that by Cockroft and Walton. He and his assoclates at the University
o of Californis, Berksley, built the first operating cyclotron late in 1930.

This atom smagher, as it was then known, hss proved to be the most useful and

versatile man-made device for affecting nuclear transformtions with sccelersted |
high energy particles. ¢
" Ancther important contribution to nuclear science was Uray's discovery ia v

1932 of deuterium or heavy hydrogen. Ris discovery provided a new source of
substomio projectiles, deuderces {molei of deunterium), and made possible _ ‘i
Abe 1abaling of water so that it could be used 48 a tracer in living systiems.

Befors the end of 1933 Lawrence and ooclleaguss developed & eyclotroen capable

of ylelding a bean of deutercns (heavy hydrogen naclel) of 3 million elestren I
volts (3 Mev) and with a rediation intensity equivalent to enormous quantities ’ L
‘of radina. The cyclotron was able to accelerate protons, deuterons, and alpha i :
particles. ' .k

I
It was also possible to produce & prolific stream of neutrons, the new subatomio "'
particles identified by Chadwick in 1932, secondary to ‘the bambardment of I
1ight materials with deuterons. It was 1ittle realised that neutrons would h
1ster prove to be the key to the release of atomic energy and a copious source .
of radioisctopes. -

The usefulness of the cyeloiron was enormously extended by the Joliots'
discovery in 19 of artificially induced radiosctivity. Almost immediately

! 1t became an invalmable tool for inducing radicactivity. ;

RRYARK
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Avajlability of Rediolgotopes
It was new poesible for the first time to produce radioisotopes of nearly all

slements in quantities sufficient to begin medical and biological ressarch.
This ressarch, although limited, laid the groundwork for the later greaily
expended utilisation of radicmaterials in medioine.

By \he start of World War II,rediolsotopes were being made in cyclotrans in
many pards of the world. Aguin, however, the wide-scale use of rediolsotopes
was not possidle. The cyclotron could produce only & limited supply of a very
wide variety.

Beocause Buarope became involved sarlier in World War IT than the United 3tates,
rediolactope production and usilisation developed slower abroad in the late
1930t s than in this country. However, many of the significant early develop~
mezte leading to mclear medicine were criginated by soientists oo the
Suropesn contineat.

It 49 interesting to note that fram 19U umtil 1945 the Massachusetts Institute
of Tecmology oyolotron maintained ouuﬁ.lll; a 2h=hour-per-day bombardwent
sohedule produeing radiophosphorus, redioiodine, and other isctopes for use in
medical research and therapy throughout this country and Cansda. This machine
was kept opersting to supply the needs of the country while other gyclotrom
1sboratories wvers either depopulated or taken over for wartime research,

On noemr 2, 1912, Permi and his co~workers at the Uni{versity of Chicego
achigved the first selfsumstsined chain reaction. From this monumental work
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has come the uranium nuelear resctor which has virtoally eliminated availabllity

as & major obstacle in radioisoctope utilisation. Ths muclear reactor hes proved to be
an idesl production unit. Although not as wide a variety of redioisotopee can
be produced in the reactor as in the cyclotrem, what is maoh more importamt,

the radiciectopes can be produoed in larger quantitles at maoh lover coets . ,

-

With the resctor it is possible to produce many different rediolsctopes concur-
rently. Radioisctopes of nearly all the slements can be produced in quantities
thousands to & million Aimes grester than in the cyolotron amd other aceelerators.

TA 1s interesting that during the spring o:'ms the wartime resctor a% the

Clinton Laborascries, Osk Ridge, Tenneeses, vas producing radiophosphorus, but
d‘c %o secrecy of the project, the meteris) could not be distridbuted directly
to would=be users. Inatesd the radiophospherus was sent to the Berksley . b

somane) powy 0
» fapary
. Ny - RO o R

ayolotren group which redistriduted 3. Though it could not be credited as ""

ewch, $his wes actually the firet publio distribution of resstar-profuced R
1a0topes. :'

R

The first anmnouncement of the aveilability of reactor radicisctopes for publie l:_
diatridntion was ﬁbmnd in the June 1b, 1946, issue of SCIENCE. The first L
g shipment, & small quantity of -Oarbon 1i, was made %o the Bernard Pree Skin f:
2 and Csncer Hospital in St. Louis, Missouri, on August 2, 15L6. -j
| L

, Todsy, slmost ten years after the Atomic Energy Commission first began public -l

' Aistribution of radictsotapes, over 1200 medical institutions in this country ':"

are using these materisls. More than 50 countries have received radiomsterial

1112197
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from the United States since foreign distridbution began in Sept embar 1949.
8ince 19L6.several hundred thousand shipments have been made to radioisotope
waers from Commission facilities and commercisl suppliers; over 80,000 of
these shimments have besn made by Oak Ridge National leboretory.

Bar tory of Clinica) Applicat

Radicaotivity was sssociated with medicine 35 years before the first application
of an artifiocial radicisctope to a human mudjeot. It was only five years

after Baoquerel’s disocovery in 1896 of the radiosctive properties of ureniua
and three years after the Curies in 1898 identified rediom and poloniwm that
Denlos and Block in 1901 used rsdiuwm to treat human dissase, Radium therapy
thus has now besn developed over a SS-year period.

_ Over 20 years after Donlos snd Block used radimm therapeutically, the firet

aprlication of redicmaterials as & blologleal tracer bad its inception when
Hevesy in 192 used & naturally occurring isotope of lead (Pb-212-thoriom-B)
to study the absorption and translocation of that element in plants.

Hevesy and Hofer reported the first clinical study with atsdle lsotopes in
193k vhen they used deuterius to investigate the total water comtent and half
14fe of water molecules in their own bodies. This is not only the first
oliniesl application of isotopes as tracers but also the first application of
the isotope dilution principle whish has found such widespread use in clinical

studies. '

1112198
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: Twelve yoars later, in the fall of 1935, &n artificially produced redicisotope
was first applied to a Biological problem whem Chiewits and Hevesy used radio-
active phosphorus as a tracer té investigate the distridbution and excretion of

that element in rate. e
Less than s year later on March 23, 1936, Familton and Stone in Csliformia * ‘ 'f,'r
enployed the firet artificially produced redioisctope toa 6liniocal problem ‘
when they used cyolotron produced sodiuwm in the investigstion of the uprtake ii
and exoretion of that slement in three patients with leukemia and allied ' i -
dlacases. [i 4
On Chrictmss Bve of 1935, J, H. Lawrence and his assoolates initiated the use : 5’
of artifistal redicisotopes in therapy by using rediophosphorus for the trease R
aend of leukemia. The first successful therapy, however, ¢id nob begin until '-‘ f
1938 vhem Lawrence treated & series of leukemis and polyoythemis patients. "_‘! |
Since that time redicphosphorus has proved to be the cholce of many clinics ,-‘
for the therspy of polyoythenia vers and chronie leukemis. . "_'_ t
U
The thyroid gland's unique characteristic %o acommlate icding selectively -
1n relatively high concentrastion was known long before the radicisotope era. ‘ ""
It 1s not swrprising that thyroid physiologists recognised early the potentialities -
of radiciodine ss & ressarch tool. § L" !
oy
n193§mm1-mumnrlcommzrmumxmuneo- |

workers tad prepared radicactive isotopes of lodine, Herts, Roberts, and Evans N
in Boston initiated the use of radiociodine in enimal studies. They were able

i
11721499 , 2
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to demonstrate with a Ceiger-Mueller counter the selsotivity and repidity

by which radiolodine was taken up by the thyroid gland.

Hamilton and Soley in 1939 reported thyroid uptake studies in patients using
radioiedine which substantiated the results obtained by Harts snd his assoviates Cot .
from thelr animal studies. .

About the same time redioiocdine trecer studies were carried out by Leblond
and Bue in France.

The therapeutic use of radiolodine for the trestmwmt of hyperthyroidism wae

reported for the first time simmltaneously in 1942 by Herts and Roberts, and (, 4 :
Eaxilton and lewrence. o "‘ N

I
The ability of metastatic carcincma of the thyroid gland to accumulste redio= { L
Lodine wes reported by Kestcn, Ball, Frents, and Palmer in 152, Later {2
studies, reported by Mrinells, Foote, Rill, and Hooker in 1947, showed that R
anly certain types of txyroid cemsers will sccummlate radicicdine. ! ‘I:' |

¢ :n : ;

Currently, becauss of the thyroid gland’s abllity to conoentrate radiciodine '_
and the results of pioneer studies, miny physicians believe radiciodine ':_’
the dest mode of therapy for hyperthyrcidism, and it bas received almost ,'-,
universsl scceptance as sn aid in disgnosis of tiyroid disesss. _‘

-

411 of the early hopes for radioiodine in the trestment of carcinoms of the
thyrold have not materialised. It has been found that in order to obtain

(172800
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beneficial response from radioiodine the cancer cell must have an sffinity
‘for Lodine aimilar to that of a normel cell,

Prior to the nuolesr reactor,the medical use of artificislly produced redio=
1ectopes developed slowly, primerily becauss few groupe had suffiolent —
quantities of rediomaterisls, necessary knowledge, facilities and teabniques
to carry oud extensive resesrch programs.

With the tremetxdions wartime drive to attain the relesse of stomic energy through
the nwalear chain reaction,there began a soientific team effort mparelleled

1in history. Thia team sffort not only achieved its primery gosl but also
developed knowledge, techniquee, insirammentation and personnel which made
poasidble e sudsequent rapid development of all phases of mehqr solienge,
inocluding rmeclesr mediaine.

Blagnoghis Applicstiong
Current dlagnostic procedures in whioh iactopes are used may be grouped imto
foor categerieas (1) dllutiom tachriques, (2) localisation or biochemical

placemant, (3) flow or diffusion messurement, and (L) metabolism studies.

r

/

The first slintosl applisation of the dilution technique was made by Hevesy -

—

and Bofer in 1934 vhen they vsed deuterium i{n total body water stujies. This
principle was employed by P. F. Balm and associates in early studies of red
cell volums with rediociron. The dilutiom uchn:lquq has been used in such

—
3
)

U]

!
'

studies as determinstion of blood and Plasma volumes with lodine 131-ladeled
sersn slbmin; red cell mass with Chromiom S1, Iren 59, and Phosphorus 323

F112801
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total exchangeable body sodium and potassium with Sodium 2L and Potsssiom L2;
and total body water with deuterium and tritiated water.

An outstanding example of a clinical application of the localisation or blo-
chemical placement technique is the use of radioiodine for thyroid dysfunction
studies. Hsmilton and Soley demoustrated the basis for this diagnostic use

of redicfodine in 1938, It is estimated that over half s million uptaks stodies
have been done since that time.

This principle is slso used in the differsntistion and locslisation of denign
and mlignant tumors and csucer metastases. The type of tumors vhich have bean
succesaflly dotoeu_! inclnde ocular tumors with Phosphorns 325 liver tumers
with Todine 131-labeled hian serum albumin, and with such positron smitters
as Arsenis 7h, Copper &, emd 2inc 65; and carcinomas of the thyroid with
redicicdine.

‘Another versstile clinice) procedars is the use of radioisotopes for flow or

diffusion measuremshta. In‘1937, RBamilton axd Stome reported & study using

the princsiple of this technique. They found radicscdium could be detected in the
hand Wires to six minutes after aral sdministretion. This principle alsa wes
smployed by Quinby and Swith in 1943 wvhen they used redicscdim to study
circulstion time in vasounlar disssses.

This procedure is now employed in studiss of oardisc output, peripheral

vasodlar disorders and blood volumes of extremities with Iodine 131-labeled
sermm elbumin, and other ecirculatory investigations.

F1126462
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The major contribution of isotopes to medical mmi my well regult from
their use as amalytical tools in investigsting the body's conplex chemioal
and physiological processes. Suoh use of isotopes began with Schoenheimer
and Rittenderg's classic work which showed the dymamic turnover of metadolites.

Sinos their work, mayy materisls have been labeled and traced through the
complex body processes. These include photopholipide, sugars, proteins,
meleie aoids, vitaming, hormones, smino acids and cther.metadolites.

Studies of the fate and role of metabolites have in some instances provided,

or promise to provide, new diagnostio procedures.

Cobalt &0~labeled vitamin B-12 is surrently used as an aid in diagnosing
pernicious anemia. There 1s an sbsence of the Intrinsic Factor im patients
with pernicious anemia which prevents the absorptiom of orally sdministered
vitanin B=12. A lower perosnt of the vitanin sppears in the urine of pernicicus
anewia patients than in normsls. By labeling vitamin B-12 with Cobalt 60

1t is poesidle to acourately determine, with the aid of a scintillation oounter,
the parcent present in the urine. This procedure gives Fromiss of becoming &

LN

routine diagnostic test.

Another sush study 1s that of cholesterol metabolisa. If cholesterol in

the diet 1s labeled it can de traeo& unchanged into the blood. There & portion
remains free in the plasms while others ars incorporated into red blood cells
or are chemically changed in the plasms. When tritimm-labeled cholestercl was

}
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fed to normal peraons and to patients with arteriosclarosin, the writiom
activity in the blood frections was found to be quite different to the two

cases. The sonaentration of sctivity in the free cholesterol was nowally

higher than in other fraotions making up the total, In srteriocsclerceis it

wap lower. This type of tast may lead to sarly diagnosis of the diseans.

fherergytis Appllcetims

Radins bas been used therapeutically many years in tealetherapy devices, in
surface applicaters, and for insertion into tissue for local irrsdietion.

¥ith Ahe disoovery of srtificially produced redicactivity, the possidility

of & third mode of trestaent was recogritsed. Radicactive forme o2 thoss elements
which take pard in body prosesses oould be irtrodused into the body where 1%

wap sxpected that the body would then oonoentrete thea in oertain tissues for
Jocaliged irradiation, Dot sarly hopes regarding this technique have nod all
been realised. Proquently, the redioisctope i nod concentrated 0 8 sufficient
degree o allow ite destruction of diseased tiesue without dumsge to nealtly
sissaes; thersfore, bicohenical placement of therspestis smounts of 1lethal

rediation can be relled wpom cnly 4n certain types of cases. In thess instances, ' 'Ll -
valusble results are obtained. . ;-_ ‘
l
The presect .thmmtu uaes of radloisctopes MYy be grouped under the three -
modes of applicstion mentioned aboves (1) 'btoo§-iu1 placement, (27) prysioal ’,:”
placement, and {3) teletherapy. ' ~
. ,:’

Plochemisal placement 1a schieved principally in two vayas Dy the selective . -
abgorption of a material needed bY & particular tissue for its function ’

F112804
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add by the differentisl turmover dus to the increased use of & matsrial in

the more rapid metabolism of a partioular tissue.

The best known and almost classic example of & special affinity between a
t{ssue and a partioular substence has been mentioned, that of the thyroid
gland for lodine. The use of this selective action $o introduce & sufficietly
destructive amount of redicilodine to the .:I.nd is now considered s highly
prectical form of therapy for lypertiyroidism. Over 500 inatitutiens ia this
coumtry are using rediciodine for this purposs.

Tn 1955, Chapmen and Maloff reviewed ten years experience with radiolodine

in the srestamt of hyperthyroidism at the Massachusetts Oeneral Hospital.
During the Yen ysar pewiod, 520 hyperthyroids were treated. Seventy-five
persent responded to a single dose of redioiodine, 12 percent required mere
than one dose to produce normal thyrotd functios, and 8 pu-m{ ‘becsme
syxedematous. The other S percent resulted in & variety of elinical resctions.
Such satisfactory results have been experienced by many other groups. )

Unfortumately, much less sstisfactiory results have bn_n exparienced with
rediciodine in treating carcinome of the thyroid. So-; suoceas, however, has
been reslised in treating metastases of the thyroid gland following remcvel
of the gland.

An extension of. the use of radiclodine in treating hyperthyroidiss {s the
use of the same isotope to suppress normsl thyroid function in patients

1172805
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suffering from angina pectoris and conjestive heart failure. The deliberataely
produced myxedema greatly decreages the load on the heart which results in s
dimunition of symptons. As could be expected, workers who had been uaing
x-reyu for irradiation of the thyroid for cardiac conditlons, such as

and his assooiates, were early users of Jodine 131 for this purpose.

Radiophosphorus has been used effectively in treating oertain blood dysocrasias
such aa polyoythexis vera and chronic leukewda. This therapy is based on s
combination of a total body irrediation plus s somewhat more repid tarnover
of redicphospherus in the blood producing system. Radiophosphorus Mas certain
advantages over total body x-irrsdistion. It is simpler to use and there
appeary to be less symptoms of rediation sickness.

Therapy by physical placement of redicactive materisls began over SO years
ago with rediom and radon. Artificial radicisotopes offer numerous ways l
of extinding this mode of therapr.

Radiclsctopes my be muoan;' placed both in 8 30lid form and as & 1iquid’
in an appropriste carrier or solution. As solids, they are placed on & dbody
surfaocs, inserted into cavities, or implanted into the tissues. ' As 1liquide,
they are injected into cavities, mingled with bedy fiuids for transport to
inacoessidle parts, or injected into tissues a2s 2 dispersed source in the

extracellnlar spaces.

These methods of therapy by the physical placement of radioisotopes may be

placed in three categories: (1) intrscavitary, (2) interstitial, and (3) external.

PRIVACY ACT MATERIAL REMOVED

PRIVACY acT MATERIAL REMOVED
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Both radiocactive Cobalt &0 and radicactive Oold 198 have been used &s intre-
savitary souroes for therspy. Some groups are using Cobalt 80 s0lids for the
intrecavitary treatment of uterine cancer. Others have used radiocobalt for
treatment of bladder cancer by infroducing s nearly point source through a

catheter into » bag which is distended to form & sphere in the bladder. 5
; Radiogold colloid when infused into the pleursl or peritonesl cavities tes *\ e
: proved effective in reducing effusions and ascites. The first report of the
use of radiogold colloid in the treatment of effusions secondary to malignavoy 4
was made by Jo H. Muller of Switserland in 1%h9. ‘ l
i

The use 0f resotor-produced radicisotopes as interstitial scurces of rediation b . l
nave primarily been limited to the use of Ocbalt 60 and Ocdd 198, bud Iridiim 192
has been used by some groups. Up to the presens, redioccdbals has been the meed :

videly wsed. Primarily, this 1s because its use is so closely allled to that mn

of redium with whish rediclogists have wide exeprience. The ides of using “'

Cobalt 60 and other reachor produced gamma ray emitters for interstitial - :‘
applicaticn occurred to s mumber of persons as soon as reactor-produced radio- "-'_

1sotopes becams available. W. G. Xyers of Mo State University was actually ‘, "-‘
) the first to employ Cobalt 40 a2 an interstitial scurce of radiation. Myers 1 __
1 and colleagues also developed the technique of hplmuti'on which employa ' ’--,
: Ocbals 80 or Oold 198 seeds shesthed within nylon tubing. '_
§ -
Compared with radium, rediocobalt offers a mumber of advantages. These include -

sssy handling with electromsgnetic tongs, simple calibration, reasonable cost, ’_-l‘

and lsck of radicsctive decsy products. Its clinical advantages depend om: y -
beta radistion that can be sesily filtered, making possible use of thin and
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{nsxpsnaive sheathing; n
tailoring of the dosage pattern; and flexible nylon sheathing, allowing eaay

insersion into irregular volumes of tumor tissue.

The primary sdvamtsge of rediogold as an {interstitial souroe i that 14 hee

a short half-1ife snd may be used in wire form snoagsed in & non=-radicaciive

asdal sheath. Ib is possible, as with rsdon, %o leave small sourcea in \he

srredisted tissue without subsequent remcval. The less energetio gamm rays
from Go)d 198 than from Cobalt 40 permit sasier shielding for protection and
msy provide an advantage in the Tatic of tumor dose o d0tal dody dose.

mo_inolndod in interstitial therapy 43 the infiltretion of radiogold 198
1n oolloidal form into 1nopersble nodes and neoplasmg such &s ocancer of the

se of smultiple wesk sources, perxd tting individoalived

vy

srostate. This techaique we originated by . Fu Sam in ashrille, Temnseses. "—"
_The interstitial injection of rediogold for the treatment of prostate cercinama . ':‘
was first reported by _ ,  ,d of the University of Iow L=
48 1551. This mode of therapy bas given promising results i{n thoes cases Where % ,’-‘
the disenss has extended beyond the confines of the prostatic gland, but in vhich ‘ -
there 13 no evidence of distant nu:u)tn. L-'
As axtermal gources of radiation, isotopes are being spplied in varicus ways |
40 skin oancers and other malignant lesicns on Or near the surface of the -
body. By the use of pure beta-ray emitters, an intense offect 1s produced within ,’.‘
the first fow millimeters with no hasard to deeper normal tissue. Strontiom 90 v -

PRIVACY ACT MATERIAL REMOVED
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1s psgularly mounted as such a source in devices which csn be conveniently
handled and applied to ophthalmic lasions. The use of & Strontium 90 applicator
was pioneered in the United States by Friedell and co-workers st Western Reserve
University. This group had felt the need of a beta-ray source to supplant the
use of radon bulbs it had been using, By the choice of strontium they geined

8 half-11fe of 25 years instead of 3.8 days, simplicity of fabricetion, and
freedom from gamms radiation.

The Strontium 90 eye applicator has been used for the treatmaent of sush comdi~
tions as vagoularisation, pterygium, vernal catarrh, tumors of syelld and
oconjunctive, and infsctions such as tuberculous sclerokeratitis.

Solution of redicaective compounds, such as P 32-active sodium phosphate, may
be ebacrded in apgropriately shaped pads and placed in contact with sancerous
areas of the skin, as wee done as sarly as nine years age by the late
Bertren V. A. Low-Bear. An appropriate beta smitter may also be incorporated
4 a plastio sheet for topical application. ‘

Distance therapy by means of a gamma-ray besn from & cosentrated radiolsctope
source is a direct outgrowth of teleradium and X-ray h-ut;m. Certain radio-
1sctopes, such as Cobalt 60 and Cesium 137, are extending this mode of therspy.
A teletherapy device ntilising such radioisetopes has seversl advantages over
rediun pack units. Yor instance, the treatment can be carried out at greater
distances and the gamss rays are monoenergetic. In comparison with X-rey
equipmmt giving comperadle depth dose, teletherepy units using radicisotopes
have greater maneuverability for moving field therapy msking possible a wider
variety of dosage patterns.

1172804 |||" — .
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The late L. O. Orimmett of M. D. Anderson Foapital, along with Marshall Prucer
of the Medica) Division of the Oak Ridge Institate of Maclear Studies and others,
pionesred the develomment of the Cobalt-560 teletherapy unit in this somntry.
Orimmett designed the first unit to be construoted. Irenically, his desth ceme
only a month before the unit was completed. This unit was Vested and oalidbrated
at the Mediocal Division of the Osk Ridge Institute of Yaclear Studies and thém
sransferred to the M. D. Anderson Bospital.

.Iaehicrodn for the development of teletherary urdts wiilising ardifiola)
radicactivity is due to the problems resolved by the Teletherapy Evalustion
Board which was established by the Oak Ridge muaﬁo and affiliated inetitations.

The machines £211 into two olasses depending upon source strength. The source
strength of "™hectocurie® mnits are a few hundred ouriss while thad of "kilocurie®
unite range up to & few thousand curies. '!ooiomh',::;? less cipuutn and
sore sasily moved than she "kilocurie® umits. The latter permits a combination
of faster snd more distant treatment.

With the exception of redium units and one Cesium 137 un}e, the S0 or more
\eletherepy machines in operation use Cobalt 60. Other hospitals have units
in varioas stages of oampletion but slowness of production of Cobalt 60 has
dederred installation. Cobalt 60 can be and soon may be produced in encrmous

quantities (megacurie amounts).

Cosimm 137 offers some advantages over Cobalt 40 as & teletherapy scurce, chiefly
because of its much longer half 1ife (33 years vs. 5.3 years) and the reduced
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amount of heavy material nudo.d to shield its less penetrsting gamms rays. This
{sotops has not deen available in large quantities, exoept for the 1540-curie
source prepared at much effort for the first unit {n Oak Ridge mentioned adove.
The shortage of cesium hae been due to the slowness in development of procedures
and f301lities for separsting it from aranium fission westes. The Atomis nergy .
Commission's new cesium geparation plant now under ﬁum-cWG producs 4
over 200,000 curiea psr YeaT. Facilities sen be developed to extract from

v I
flesicn westes millicne of curies per year of Cosium 137 snd other fissica . l
producta. [ j

. A
Most of the basic discoveries in redicactivity as wll as in molear sclence -

|

!
3 origimated in Burope. Tet, 1t has been noted that the nedicsl use of artifieially ‘ '-'
i préduoed Tedicisciopes was inpeded in the Furopsan countries due %o thelr early L
% entry into Vorld ¥ar II. After the war's end alinical redioisctope programe % <
| weee Saitiates tn Conade, Oreet Britain, France, Sweden and several other P
( oountyies. It is not poulbic to survey sll the comtributions of the Buropean ’\ ,'
3 savestigetors %o muclesr medicine, but the British contributions are particularly b
[ e | o
i -
;| Prior to 19i8, vhen radicisctopes were made svailable from the auclesr reactor -l
‘ st Harwell, the British cbtained their reactor-produced radiocisctopes from the {
| Dnited States and Canads. Scme of the early groups to begin clinical redio- i
isotops programs in Orest Britain were J. S. Mitchell st Cambridge; B. 3. Pochin, "‘

at University College Hospital, Londomj W. Y. Mayneord, the Rayal Cancer Hoepital
1w London; and the workers st the Mediocsl Researoh Council Radiotherspeutic Unit

(112811
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at the Rammerswith Hogpital. W. V. Mayneord and his co-workers developed

Phosphorus 32 bakelite and plastic eye shells and buttons for the treatment of
ophthalmia conditions, carrisd cut tharapy of the bladder using Sodium 24 and
Bromine 82 in bags snd were early users of Oold 198 colloid and greins inter-

et e -

stitislly. They were the first group to report the use of thulimm for rsdiog- .
v rephy of the humsn body, the first plotures being taken in November 1951; and one

of the first to use seintillation counters in nedionl work.

Todey over SO countries are using radioisotopes oliniocally. Several counmtries %l

Soon Lawrence, Zirkle, Acbersold and others demonstrated using s variety of

have reactors and have established radicisctope distridbution programs. By e i
air Mput 811 isctopes, with the exceptiom of those with very short half-life, i .
are routinely availadle %o all countries. Hovever, with the world-ride interest %
in molear reactors stimulated by the United NMations Conferends on Peaceful Uses L‘ B
of Atomdo Energy ob Oeneva in August 1955, radicisotopes should socn de available r
from reactors close at hand in all portiona of the world. Lj
. ) ,:
Neutron and Other Wuolear Radistions : -
A new form of muclear radiation with possible nedioal nppncuﬁa- becams availabdle 'L
N 4n 1932 with the discovery of the neutren. When sufficient ',quauun of -
deuterimm Decame availsble to permit the use of deuterons as bombarding perticles, ] ,"
. 3 the cyclotron became a producer of fairly high intensities of neutrons. This : -
! led in 1935, to the first tests of the biologlcal sffects of neutrons by %
‘ J. H. Lawrence, P. C. Aebersold and £. O. Lawrence. : ]
;

organisme that the biologloal effectiveness of neutrons as compared with X-rays

[PAPCPISE ST
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(relative blological effectiveness) ia different for various biological objects
and tissues., Inaswuch as the radiation therapy of cancer depends to a consideredle
extent upon producing s greater biological effect on cancer cells than om normal
cells, it sppeared worthwhile to test this new radiatiom in the treatment of
cancer., A collimation scheme was deviszed to produce & beam of fast neutrons

with a sufficient depth doss for deep therapy. R. S. Stone, P. C. Aedersold and
Je L, larkin treated s consideradble series of patients with fast neatrons with
some encoursging results but this mode of therapy was finally abandoned because

of late skin effecta.

Demonstration of the very high capture oross~section for thermsl neutrons by
boron and lithium with the reledse of highly fonising nuolét led $o tests in
1940, first by P. G. Kruger and later by Zahl, Copper and Dunning, of the
possible utilisation of such thermal neutron processes in producing selective
irrediation in blological material. Varicus procedures were tried for odtaining
selective deposition of lithima and boron compounds in tissuve, and irradiating
with slow newtrons. Although soms selectivity in radiation effect could de
demcnstrated using animels, it was not sufficiently grest to warrant trials in
human patiemts.

With the advent of the nuclear resctor the possidilities of neutron capture
therapy have been reinvestigated. The group at the Berkeley Radiation lLabore-
tory tried to cbtain a selective irradiation with slow neutrons by deposition of
enriched Urapium 235 in anima) tissues. Sufficient localisation of the Uranium 235
for clizical purposes was not sttainsdble and also radiosctive fission products

vwers relsased into the gemersl circulation.

1112813
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At Brookhaven National Laboratory W. H. Sweet, L. R. Farr and colleagues, using the
bigh flux of thermel neutrons availadle in the nuclear reactor, have undertaken

to develop procedures for neutron capture therepy in brein tumors. In this

latest work several factors make for possidility of grester success than in §
previcus attempte; highly enriched Boron 10 is used; highly collimsted beasms of

Shermal neutrons are available with thousands of times more intensity than vith .

the oyslotron; treatment is attempted on the besis of short-tern, non~equilibrive
selectively lasting for matters of mdnutes; bdrein tumcrs, both decause of
locealisation and capillary charscteristics, Permit suitable nevtron deas penetra-
tim and selestive losalisation,

Althongh the zumder of patiente treated at Brookhaven with neutroe capture
therspy has been limited, it has sppesred worthwhile to continmue the studies
wsing & reactor designed specifically for mediocal purposes. It is expected
Ahat severel medical resctors will be duilt in the United States in the next
few yoars. These will be ocapadle of net only providing inmtense bsams of slow
neutrons, but also producing redicisotopes and permitting sames rey therepy
from & secondary emitter or fission product gases.

High energy cyvlotroms, such as the 184 inch machine st B;rkoloy, can now

provide beams of protons with sufficient pemetration for desp therapy in patients.
- €. A. Tcbiks in 1950, devised an irradiation scheme by which a well defined

porticn besm could be directed through very specific locations in axperinental

arimals. It wvas found possidle, for sxample, to destroy the pituitary gland with

vory 1ittle destruction of other tiasue. Recently J. H. Lawrence, C. A, Tobias,

P
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and R, 8. Stone have extended this principle to irrsdiation of pituitary gland

of humans to study the effect of destruction of this gland on patients vith
extensive carcinoma. It is apperent that & protom beam with an energy of nv"rni
hundred million volts, can effectively destrcy a very localised region within

a patiemt without damage to the skin or surrovunding tissues. Although still
very experimental, the use of very high-energy heavy-particle besns may have &
defiaite rale in the future of nuclear medicine.

O14atca] Treining .
4% present, progress in the medical use of radicisctopes 1s no longer sericusly

limited by the avalladility of mterial, instronentation and suitable clisical
tSechniques. The greatest single deterrent now is lack of adequately treiaed

pecple.

\ur-.m effective vse of radicactive materials requiree that Mehu devote
Wnﬂ time and study to obui_n adequate basic trairing and sufficient clinical
aperiemce. (8afe and effective use of rediorctive meterials requires that
. physicians devots necesssry time and study to obtain adequate basic trainiag asd '
sufficient clinioal experience.) Basic treining should provide a workiag
monledge of the principles and practices of radioclogioal health safety, radio-
activity msasurement, standardisstion techniques, instruments and biologioal
offects of radistiom. Clintcal radiocisetops experience should include active .
partiocipation by the physicisn in the nse of the radioisotope in patienta and
the evalmation of the suitability of the patients for redioisotepe diagnosis or
treatasnt. It also oh@ include the measurement of doses, their administration,

management of petients, and should be of suffiolent duration to allow follow up.
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During early days of reactor isotope distribution the only way & physiciam could
cbtain training in clinical use of radioisctopes wvas to psrticipate in the prograa
of a pionesr group. The assistance of these plovesr workers gradually incressed

-the pumber of groups qualified to uae radioisotopes for clinical purpoees. This

resulted in & steady increase in the mmber of places where others could obtain
the same kind of informal training.

Sven today, almoat ten years sfter the Commission's distridution progras degen,
moat would-be users of radioisotopes still have to rely largely on informa)
preceptar type training. This means that thousands of physicians still know
184¢1e of isotops diagnosis and therspy. Most younger physicians being graduated
from medical sohools todsy likewise have learned 1little about isotope utilisation.

Pormal courses in clinical radioisctope techniques sre offersd in only about

30 hospitals and wedical schools in this ocountry. In most instances enrollment
1s very limited. Although coverage of material is thorough, unfortunately, many
courses are inadequate in providing active participation in the messurement and
olinical administretion of isotopes. Courses are also often imadequate in
length, establistment of specifio prerequisites, selection .of p-rueiptntq and
firal svalmation of competence.

Por & healthy growth of muclear medicine, every effort should be made by organisa-
tions within the medioal profession to estadlish adequate training programs in
the cliniecal use of radiciactepes. Certification of qualified persons by medical
tpoouiey boards should also be given encouragement.
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It has not been possible to mention all contributions to the development of
nuclear medicine. Equally important to the ones mentioned are those made by

the physicists, Blologiste, and chemists. They worked out the production and
preparation of radioisotopes, deternined decay schemss, measured the dosage of
ionising rediation to tissues, obtained radiocisctope toxioity dats, provided
msethods and instrumentation for health protection, and developed new and refined
medicsl instrumentation.

The seintillation counter, for example, is just one of the many notadle contrie
butions by muclear soiemtists. It enables much greater semsitivity and selectivity
in the use of redioisotopesfor medicine and research. Not only csn smaller
diagncstio doses be used than with a Oeiger-Mueller counter, but electronio
selection of pulses permits covnting only radiation of a well defined energy
range. Such energy selection allows measurement of primary redistion of a single
energy witbout scattered and background rediation. This not only makes possidle .
great improvements in disgnostic techniques, but opens up mrny ll.i poasidilities.

Recent development of an energy discriminating sointillation ccunter for medioal
use, & "medicel spectrometer®, has grestly reduced diagnostic dosages. P.R. Ball,
one of its developers, reports thyroid uptake meagurement with fmo microcurie of
rediciodine and thyroid scanning with approximately five microcuries; thigs
instrument 1p thme about 100-times more sensitive than the Oeiger-Mueller counter.

Instrunentation has improved, yet, there is still much room for further refinement.
Instraments could be developed for the physician vhich sre even more dependable

11728
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in operaticn, sasier to maintain, less complex to use and lower in cost. Bventudlly
devices for diagnosis with radicisotopes should be as simple and as dependable in

use 88 other commonly used medicsl instrmentation.

Senclusion

Orest advanoement has been made in muolear medicine in the last two decades. The
work in the firet decade vith accelerator-produced redicisotopes lsid a firm
groundwork for development in the last decade with resctor-produced redioisstopes.

Today we have slmoet unlimited availability of most redicisctopes. Materisls

sre processed to standard specifications and there is assurance that 4he supply
will be dependsble. Costs of resctor redioisotopes in gemersl do not deter wsage
ed ag the nwber of users inoreases costs will becems even less. Thousands of
shipments are made each month %o medical users from resctors iw many coumtries.
Résotors will be built throughout the world bringing aa even grester and more
ready awilability of rediomateriale.

Vo Dave & tremendous body of kmowledge related to muolear medicine which has
been socumnlated by the piysicist, chemist, dlologist and olinieian. Thousands
of papsrs have alresdy sppeared fa the scientific literature d:tli.u vith the
wee of redicisotopes in medical reseerch, diagnosis and therapy. These papers

reflect the growing utilisatiom of redioisotopes in medicine. ZDven mors important
1s the tremendous rate st which new knowledge in mclear studies 1a being gained
throwghout the world. ‘
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Remarkable developments in radioisotops methodology and instrmmentation are
extending the usefulness of radiocactivity. Instruments now have wuch greater
dependability, sensitivity and selectivity. These permit the use of smaller
disgnostic doses, better quantitative studies, and more relisdble momitoriag devices.
Such developments will continue to make possible better and safer handling
teohmiques and superior clinlical results.

The mumber of people trained in clinical redioisotope techniques since the
inception of nuclsar medicime has increased steadily. Although the mumber of
qualified persommel has increased, more clinical training opportunities are

& necessity to make more widely available the benefits of muslear medioine. The
medical profassion should set high standards of clinical use and sstablished
eriteria for mediosl radioisotope use similar te those of the other medicel
specialties.

P T

On the basis of past developments and the prasent status of anclesr medicine

we oan «xpect & oontinucus and steady growth in techniques and umes. Several
decades hengse, muclear medicine may begin to approach the use of X-rays in mmbers
of pecple denefited. '
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