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BEST COPY AVAllABLE 

The acaepted applicationn of r a d i a t i o n  theram in wide uoe for the 
trantmont of malignant diseeoe rely chiefly on penetrating eleotromagnetla 
rad ia t ion ,  that ie, x-rays and pmno rap. 
h wNah irradiation with l i g h t  pr-k lo l s s  suoh a8 beta rays o r  e lec t ron  
beans is uaod. &me$ for  very raaent developmnta which employ narrow 

In addition, tfiere a r e  h s t a n o e e  
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hama of p o t o ~ s  or deutsronc of extrem energy, tba applAaatian of h e e a r  
p m t i o h s  has been reatricttnd t o  wholly uuperfioial  site^, a h c e  the 
penetrntion of alpha and otbsr moh p r t i o h s  is quite lfmited a t  energlas 
hitherto generally available. 
phpioal  dlfforence 3.n the approsah to rsdlation t r e a h t  of dimaee k~ 
that ths naLigtlnnay l a  t reat& in depth and pmrmmbly in a W o r n  rnanaer 
wlth h e a v y  p r t i a l e  radiation. Tb kineti0 energy of them partbles l.a 
transferred to the tissues within R very short range f r o m  their point of 
origin, This ran@ ia of the order of 10 miorone for the nuolear r e a o t i m  
used i n  our wrk. %ah intonsivo t ransfer  of energy along a short path in- 
oontraet to the lesser linenr energy transfsr along the path of an w a y  a ~ ,  
gcinme ray &$it be expeoted to pmduae qualitative a8 well ea q u a n t i b t h o  
differences in the results obsemid. 

Heutron oapture *ram involves an limportsnt 

Tho f f r a t  j r a c t l o a l  o p p r t u n l t y  t o  apply tha slow neutron a a $ m  
prinoiple  t o  t h rapy  of mal lqmnt  dieeeso in patiants m a  provided by the 
hlgh f lux  of slow noutrons available fron tho Brool&hagen research reaotor. 
A treatrrwnt f a c i l i t y  FIBB oonstructed I n  t h e  to s'deldhg of %hie reeator 
f ron whioh B f lux of about 2 x 
p s o n t i n g  swpl d a w  area of 5 tr,~ 10 o c n t i m t e r e  i n  the first mrlen of 
s x p o r b n t s .  
Kith mixium differenoes in conoontration of boron between tumr and nom1 
brain being a h o m d  o t  about 10 nFnutoe p o s t h j e a t l o n .  Ths advantageous 
difference gredml ly  dearossoa, d l s n p p a r h g  a t  BOB the af%r an how. 

neutrons/ c I3  .mo. waa delivered to a 

T h  , p t I en t  wao p r e p r o d  by introvenous injetation of borax, 



Following the mnaluuion of tbe first erperiraantal oerlets of ten 
patients, the reactor medioal f a o i l i t y  VBB rdeaigned to pravida mera l  
needed acfventag;tae. lbet  impartant v8n the inareese of slaw neutron flux 
to the presenting skin =face. as 3 x 10%utrv~/ 
d . s e o .  and l e  now presented through o treatmant port 10 by 10 6entLmfjtem. 
A sword najor advantage of ths now facf l l ty  l a  the incorporation of e 
shutter meuhaniam auffioient to p t o o t  the patient and attending p e r e m l  
durfng the preparatorg etogw without requir;lns that tha reaotor  be ahat 
down, 
relocated t o  EXKpplde better neutron emnomy and the awtomry aluminum 
ooclthg w80 r e o ~ o v ~ d  k.am the top layer of blsmuth to ellnlnatn urmewssary 
expoenre of the patient to the h d w d  radlosctivity of the aluminurn. 

m a  m n  now be as 

In cronstructlng the new feo-ty, the bismth gama-ray shield ~ 3 8  

’phe first clinioal a t u d y  of neutron capture thara,v vas begun in 
February, 19518 and ma oor4pleted In February, 1953. Ten wtfents with 
glFobladcm n U l U o r r j e  wre given o m  to four capture therapy imadia t ions .  
Detail8 have bean relmrtad in the llbratum (l), J”urviva1 5.n thla  aeriee 
ranged from 43 dam post i r radiat ion to 1% daye postirradiation. 
lwtients Ln tUo group w h  recoived four irradiations survived longor than 
the others. Tho avoroge survival tins ma 107 d a p .  
a& surface neutron flux was approxfnately 2 x 108 n e u t m n a / c ~ * ~ e c .  
s o o d  olinical study began fn A@, 1954, w i t h  the enhanced neutron f l u x  
of 3 x 2.09 neutmns/cd-seo. 

sh@e treatment.  
i k a d f a t l o n  of those uoz I@ daya with a ran@ of 93 to 33’7 d a p .  
pat ients  are surviving whose survival postFrradlation as of June 1, 1955, 
ranged f t . 0 ~  4.2 t o  2‘79 days. 

The two 

In t h i s  group, the 
A 

To d e b ,  nine mtien ta  hme been t r e a t e d  h 
- ‘*tU-fl facility. Throe pat ients  have reoeived t w o  b a t m e n t s  and B ~ I C  0, 

Five pa t i en t s  b o  died, but amrage survival t h e  p e t -  
Four 

A 3  of thls writing, no p red ic t ion  oan be made 
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Meny other especta of the p r o g r a m  rzequiro fhrther study, 
of aonsidersbls Lmedfaay are the pllarcaacology Involved in delivering 
adequate boron target elemant conmntrat iong t o  the tunor site, the 
p l ~ s i o l o g y  of e e l e a t i m  kinetics uhfoh pMvidea the dffferonms of oon- 
crsntratdon neaseeary f o r  looalizntfon of the  i r r e r d h t h n ,  t h  toximlogy 
of the target e h m n t  and ita vehfcle conpund, and the p'nysics of noutran 
omrgy eeleation and oantrol f o r  optfwun penetration a t  tho tunor depth. 
fzolloving any new dovelopaant In any of these direotbns,  a oareFul o l l n i o e l  
amxmmmt of effeot of t lw  wdlf icat ion La abaoluts3y easeatisl and, on 
t h e  o U o a l  aide, it b also neoesaary t o  inprove the mans of a n a l p l a  
en?loyed Fn establ9shlng the stat0  of  the dir38aee and I t a  ohangee. 

Among thmm 

Fron our oxperisno0 with the neutron aapture thorapy oxpelrFm3nt and 
w i t h  other bioZogiaa1 k v e a t i g a t i o n a  uti l l izing the nuoleer reautor, e,moifi- 
cationa h v o  boon detaflod for a proposed reaotor  to be built exclusively 
for our n e d h d .  applications. 
external t~rsml neutron &ems at intensities of loll neutrons/ 02?zhg 
a t  tho pmsentint~ skin surfam. T l x h  intensity i a  a b u t  t h i r t y  t i m e  the 
flux tm me now wing. m y  contatninations must be 
mlntained won b l o w  tolorablo Udts. To oontkua  a i d  &nd our fnveeti- 
gation, tlle m d i a a l  resosrch reautor should provide n p t i o n t  i r r ad ia t ion  
f a a i l i t y  wi th  Q a o l y  adaptable  troatclont ~ r t  Incorjmmting b t h  e n m q a y  
uncl neutron shut toro  and with an a u x i l i a r j  pra,xration rooa. 
be provided f o r  La0difid.q tho charactor of the noutron f lux,  i n  order ta 
axplore the enhanced ponetrcltion of o ; ) f t h e m l  nautrons . A = l i d l e r  exjmsure 
facility s!iould bo pmvidad for mimil i r r ad in t iona .  

-sell d i r e c t l y  o x ~ s o d  to a bra  faoe  of t h  roactor should be a v a i b b l o .  
k c o l l i m W  noutron-beam hole should ba lncluded f o r  l r r a d i n t i o n  of nlcro- 
hiologicsl  opoirrmnn nncl f o r  d x d y  of r o d i a l f o n  a f fec ts  or noutron de;rth 

Thi8 reactor should bs capable of 

Faat noutron and 

ileano should 

In add i t ion ,  n largo 
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dooimetxy h tiome or equivalant mdia. Our 
aation of radioaative mter ida of aery s h o r t  
irradiation t u b  h e i d e  the reeator SkVJuld be 
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