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Whether we o w e  t o  arhit it t o  our oandida tes  o r  not, t h e  bas i c  idea  which 
u n d e r l i e s  the Medioal Eivis ion  of ORaJS I s  t h e  therapy  of oanoer with r ad ioao t ive  substance.  
This i a  the purpose for whiah the roomy was appropr ia ted  acd our  a t t empt s  t o  " i n t e r p r e t '  
tho  words ''study of  oenoer"' is in i t s e l f  an ach i sa ion  of a fundamental o r i t i a i s m  of  the 
programo 
and is the first thought  of most persons when they hear of t h e  proposed program. It is 
baaed upon two well knm facts. First, omoer r e sea rch  ho lds  l e a s  promise o f  s i g n i f i o a n t  
r e s u l t s  than any o t h e r  s h g l e  aubjeot f o r  study. 
yie lded  t h e  oure-al l  p r o p e r t i e s  wide ly  preCicted f o r  them. 

This o r i t i o i s m  hale been voiced by  each of the oandida tes  we have interviewed 

Geoond, radioaative substanoes have not  

No one doubts t he  potentially unlimited usefulnoas o f  the wide variety of 

We have emphasized a g e n e r a l i s a t i o n  on " 'opportuni t ies  unlimited"' 
r a d i o a c t i v e  eubatances y e t  uninveet igated,  nor does t h e  f i e l d  of oanoer r e sea rch  l aok  
p r o f i t a b l e  approaohss. 
but when asked t h e  opeoi f ic  question on how t o  combine t h e  two r e s t r i o t i o n s ,  r a d i o a u t i v l t y  
and aanoer, the answers ure not  forthcoming i n  a rusho 
t o  our cand ida te s '  ques t ions  I have written o u t  t h e  following impressions. Sinca it em- 
bodies my own r ecomsnda t ions  on the cyclo t ron-be ta t ron  question, I inc lude  t h e  e n t i r e  
note  as a memorandum t o  the Board. 

Ia t r y i n g  t o  c l a r i f y  ny own answers 

In  d isouss ing  any proposal  for cancer  researoh a number of g e n e r a l i e a t i o n s  
should be kep t  i n  mlnd ,  
second, some general c h a r a c t e r i s t i c s  of  canaer;  and thkc!, the p o s s i b i l ~ t i e s  of a new 
r a d i o a c t i v i t y  approaoh. 

The f i r s t  conoerns the u l t i z a t e  b i o l o g i o a l  Ect lon beizq sought; 

I, The basic purpose of canoer therapy is t o  kill cancer  cells without k i l l i n g  normal 
c e l l s ,  There are limits to this idea, F i r s t ,  it fs n o t  necessary that on1 oanoer oells 

is B func t ion  of both temporal and s p a t i a l  v w i a b l e s .  To a c e r t a i n  e x t e n t  the variables 
are know; e .  g., many l i v e r  oells may be. k i l l e d  in a u n i t  01' b u t  only few nerve ~ 1 1 8 ;  
Ln some area6 skin  may be damaged ex tens ive ly  with reasonable  probability of adequate r e p a i r ,  
b u t  sense organs and gonads u s u a l l y  show i r r e v e r s i b l e  damage. 

be killed. A oer ta in  number of normal c e l l s  may bs k i l l p d w i t h  impunity -4 an t h i s  number 

h seoond limitation i s  that each dying cell imposes an a d d i t i o n a l  load upon the  boic'y 
there are epat ia l  and temporal limits t o  t h e  number df.:dead ca l l i l t haC , . ckn  W..@iaposed of. 
The toxicr i ty  of n e c r o t i o  substanoe a n d  the energy requirements  f o r  r e p a i r  each l i n t i t  the 
d a s t r u a t i o a  t h e  body is oapable of enduring in a unit of time, 

and 

There a r e  two b r i o  approaohee to t h e  problem of kIllif& canoer 0811s. 
the o e l l s  from the body, the eurgioal approaoh. Tfie iecond i s  by des t roy ing  thd o e l h  
w i t h i n  the body, t h e  pharmaaologioal approsoh. 
by v i r tue  of i t s  reoent history - i s  the use of r ad ioao t ive  phararpoologioal L l U b E t ~ C B .  

One is by removing 

Snoluded a6 a s p e o i a l  oase - s p e o i a l  on ly  

The s u r g i c a l  approach ha6 l i m i t s t i o n s .  
even i n  healthy bodies, 
morbid state w i t h  8ome dangero 

Surgery f a  a form of trauma and o a r r i e s  a .danger  
Wther it is aocmpanied by anes thes i a  which is i n  its&lf a 

The surgeon i s  l i z d t e d  t o  the removal of a l i m i t e d  number 



of dirarete arasaer of tiesue. 
961, Sept. 1948) deeoribe the three faotorr apparent in 6 year survivals after gastrio 
Oaroinomn. 

For example, Steiner, Ip. E. st al, (An. Jr, Path. 248 947- 

By far the met important war sharp ciruumsarfption of the tumor. 

T h e m  masre8 men #hen derrererte mrt aften be removad from poslthns ill suited for disreo- 
tion and invariably involve the removal of normal tisaus. 
d ~ r r e o t ~ o n  i s  beoolPfng more and more eppeat .  
Baandinav. 88s 556-6’12, 1943) demonstrated that In gastrio eareinoma malignant o d l s  oould 
be found as mioroscapic extenrims firs a e n t b t e r r  beyond the apparent (surgioal) margin 
of the tumor mass. 
decreaasr rather.than inoreaeoe the usefulness of the rurgioal approaoh. 

The neosasity for more radioal 
Eker (Camhome Ventriculi, Aota Chir. 

But more radical 8i8seotion faposes greater hacards in  r 8 ~ i O P d  and 

The pharmaoologiorl rpproaoh t o  wumor therapy ha8 bum notably u n a u ~ ~ e s s f u l .  
has reaohed the point  where it i o  porsiblo for nuw ideas to be diroarded even before 
adequate oliaical trial .  
and toxicity and oanterm on the faot  that no known drug will automatfaally seleot a omobr 
os11 from a group ai norms1 

The speoial oass of radiaaolire therapy has butted against the limitations of b t h  of the 

$ioepti<risla 

The problemr revolve on8lerrly around the duality of adequaoy 

-c 
00111). 

i2 u approaohes. T h e  two well knornradioaoti’se 8ubs.tanoss uoed in therapy, 9 and 
C l i n .  Xed. 31s 107, lS46) have issued a croapletely disoouraging report M the u6e of 
phorphorus, h a n  e t  a1 (Jr. Lab. C l i n .  Bled.) confirm the Reinhard study in another ex- 
kensi’se aeries and oonolude that with few exaeptione Isotope therapy ha8 no signifiaant 
effeot on the, course of the diaease. ReinhaJrl.’s sunmaary .to met follmfnq, our last meeting 
wa8 that he intended t o  forget the whole *’ problem as an interesting but useless inter- 
lude in the therapy o f  b u k s d a s .  
has o;reatscl a flurry of msdioal propaganua in thyroid caroinoma tharagy but nostly by 
pereons who have not used it. 
1941) r h m d  radioautagraphe of thyroid baxaoer oells not pia-g up radioeathe iodine. 
again ia 1842 SaBlilton (Radfol, 391 541-572, 1942) sb-d that thyroid oaroinom had no 
ability to +tore radioaatf-oe iodine, 
showed that even thyroid adenomas were muoh lese not ire  in storing X1’82than other t lseuee.  
Keston and Corapany (liaienoe 96: 562-863, 1942 and Am, Sure, llSt 668-689 
that in  Cao of three patients aks leta l  mbtastares d i d  not  piak up any llgl and in  the 
other case there -8 R lhfnilpal pickup of‘ iodine In one well diffsrentiaLed rpete~8Catio 
spot. Rawson and other8 ( R e s b r n  J r .  surg. Oba., Gyn. 66t 82-86, 1948) #tab that of 
12 thyroid maligaanoios none showed more than B m i n i m a l  piokup of IS3l - the seleotivity 
of iodine b metastases waB spotty and unreliable. Eeans (Nest. Jt. Sur&. Obs. Gyn. 56r 
65-71, 1948 3 smphasizee the unreliability of fodine in Thyroid Carcinoma by discussing 
the w e )  of  antftbyroidr t o  inorna8e iodine oolleotion by malignant tis8us so that 
thsrapeutio dores will be taken up. 

have not turned out well. After thorough etudy Reinhard and ao-authors (J. Lab. 

The remarkable isolation of iodfne by thyrodd tissue 

As long ago as 1941 €Wailton (Jr. Applied fhyaial. 12; 260, 

L s B l o n d  e t  a1 (Jr. BIOI. Chean. t 5275-285, 1946) 

1944) showed 

\ 

Tho older smthoda of radiation therapy - X-ray and raiium - each have thsir awn disad- 
van-gee, X-ray is l i m i t e d  by the w e  f w t a r r  wbioh l imft  the aurgfoal apprs&ahr those 
of ~oaalitat ion of tumor masses, and of oonoentration of a o t f t l t y  h these maslee. Taking 
ths  plaue of nurgioal trnuma there is  often an even Dora mrious rediatim traumi t o  over- 
lying t iaausa.  
oursd EL o m o w ”  illustrates the inadequaoy of X-ray therapy. 

f&ven though not strictly true, the surgeon’s statcunant that ‘x-ray never 

Radiuaa therapy ha8 historSoa1 hportcznoe, but it mat be plaoed i n  tho tumor mtws whiuh 
mst be in favorable position, must be oirounraoribed, must be highly aeneitive t o  useabler 
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dorer and leurt .rrnturllp ?M remved, 
approaah with the added danger of radiation. 

$a fmprooenwaf 00 radium d g h t  be found fa fh. w e  of radiorotire gold. b r o  the b- 
px'orsmnt r e r t s  upon aharaotsristior nhieh a l l -  a more aoourate deposition of an in- 
rolubls ra l t  of frvorable half-life thlrrrngbout the trraot. Yanp of the  diswlvantages of 
ahe 8wgieal ap roacrh retmin, but for the reooad time, (iodine was f i r s t  even f h g h  it 
t 8  poterhg aut P 80- a.dran%ageu YO appearing that open up a mu approaoh t o  t k s  problem 
oi WUN!Wtbnapy. 

There limitations a r e  again those t?i the tutgleal  

Before thls i e  direuarsd the gmoral rltuation in uanoor shmld be re- 
tiurSd. 

X I .  If t lw lmportrnoe of a disoare CIUI bo derorlbed fn bnrs ef the numbrr of prrcnr it 
ki l l# ,  then omoer is the eeoand mort iraportsnt direase. 
lation, r l o  und fomrla, e l l  ager, if a l l  eanoor8 of r k b  are given an indmx of nwrricral 
hportuaoe of 100 then tk. relative importaaoe of a group of other om0018 1 6  roughly as 
follarrr 

<h the lmals of the .atiire papu- 

(Adaptmd from Sublfo b a l t h  Reports 69i74, lW4) 

18 Mouth 9 T08tf8 4 
9 VrgiDa a 

$kin 100 Reotmm 41 U P  
breast 88 Prostate 89 wary 1 8 .  Lprngx 
UcenilS 86 Eladder 26 Panerear 12 Bidsey 9 (Lsssmi. -1) 
Wmmh 71 m 21 Bane 11 Tongue 7 

19 Brophague 10 Brain 7 &tertine 68 Liver 

The three mat h p r t a n C  o~n011rs are strrtagionlly plaosd for rurgery. Curer are rearon- 
abZy frequoa% and the problem is prohbly boat approaohed through the training of the 
ptablio and physlsitqrr in early diagnosis an8 fn the training of surgean0 in adequate 2'8- 
aonl. 

Of tbs next three, oaxwors of interthe mid teotum have a rearonable probability of boing 
ourrd by g o d  rrurgwy fallcning reartanably early dfagnasie. Per exruaple, in a reeent 
rtudy of eanebr of the 001m, Jayos (Bert. Jr. Surge 66r 110-119, 1946) P b d 6  that the 
Banows aro reeognired early, two thirde bofors 10 tseks have passed; *hag are loolltsd 
fn we88 well mited to  dfsseotion r h c e  m0.t are in the right ~ o l o a ,  sigmid o r  reoto- 
aigmoidr the sargfoal mortality aan be BU low as 12% and there are a signiftoant nunber 
o f  long tern ouree. Gastrio oanoer, hmvor ,  r h m s  p11 antirely different ploture. 

In the roeoat rarier of bimon ami B h r  (SW 83~480484,  1946) in only -rea iourthr 
o f  676 patient6 admitted t o  the Uninrrity of Chioago Clfnier tor Qarkio Caroinorr m s  
lap&rrtwqp edrlrad. Df 466 pationtr rbo xmteb to foZlln t h e  adrho, lapwlrtumy -8 
porforard ln abmt st$, a firth of W o o  epsntimr ware mre sxplarrtianr, palliative 
proerdures rlem were p r r i b h  in mother fif'th. Baseation m a  ooniidared p084iblO in . 
889 patientr ( inoludhg lpany dorpetak rfrhr) of nhioh only 1SO uurvlved the operation. 
men on exploratory praoedumo alone $bra m a  a lw ~ p r a t i r o  mortality. M e r  aerier 
quoted, shrrn similar remrltr. 
found a f i f t h  resootable and a Cr2$ remotion mortality. Walter8 Gray and Rier t ly  ( m h .  
Surge 46r939 - 937, 1948) in 10,890 aatsea Pound lapsrotoqr porrfble in 67% but did only 
26% relsections and henee had a lower remotion mortality of 16%. 

The story of f lve  year oure8 18 e ~ e n  111ore dieoouraging. 
reports no five ;year our88 fn 66 oarefilly studied patients but flnda o h  three year 

$ULMUI (Denmark) in reviewing lS47 gastrio o u l e l n o ~ ~ r  

Sohirrdler (WO 8fr465-461, 1946) 
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ouras h the surgically favorable gross 5 p e s  T and 11 and one w e e  year cure I8 the 
aurgiaally unfavorable type XI$. 
Treatment of Gastric Canoer, New York, 5. Hoebr, bo. 1989) is worth quoting. %astrio 
surgery does not now, nor i s  It l ike ly  in the f'utura, t o  prove a 6atiafaaCory ansuer for 
more than the smallest m&er of patfentr.* 

The bonolusion of Uvingston and hcrk (Ehd Remltr In 

In the case of the relatively 
In mme, la ray^^, bone, kidney, l i p  and tongue aanaer, oure6 8dem possible by rurgeryt 
but la thr, oat0 o f  lung, liver, arophagus, 'brain, ete. an8 oertainly in Charse  of  the 
leart important (by numbera) leukemia, the story of therapy i a  one of ooasts& failtare. 

The large BUSS of money now being spent on cmoer reroaroh are rightly funneled t o  basic 
research on the genersl problem of growth and Co fnvestigationr on oytologicsl bioabcmlr- 
t r y  and. physiology. Huwever, e o m  8eWoh sfrourcl amtinus f o r  therapsutfo m&usurea sinoe, 
hirtorioally, therapeutio aooidsnta ham ooaasiorully praeedod an understanding of tho 
nature of a dimme, The q u e 8 t l O n  t h u a  tkri868, what new approaoh t o  amaer therapy is 
opened by the availability of radioactivi aubstanoes? 

less i q o r t a a t  ornoerr a sirdlrr pioture o m  be desorlbsd. 

1x1. 
b e  is the lwsli~ation of eamer oells, the  other ii either the ornosatration of lethal 
rrubrtanos within the bell or the remvel of the 0911. It fa  known that m y  rapidly mm- 
ing aub-atomic partiole (or sub part;ilole) when introdwed into the aellnlar matrix of 
atow in sufficrient oonoentration w i l l  kill t h e  o e l l ,  It is also knmtslat (a8 pt) there 
is no way for these partiales t o  distinguish between a omcer and a noma1 0511. Eaastrer, 
with 750 nuclides to ahwee from, the problems of localieation an$ oonaentration have 
been opened t;O a w i d e  range of substances with a wide range of spec i f io  aat iv- i t les in 
many ohemioaf ctombiaatio~ts with a r i d e  range of redfation intansities. 

The entire problem of emnoor therapy is eeen t o  revolve a r o d  two proee%was. 

To decide which isotopet to fnvestigate 5s a d i f f l b u l t  problem. 
oomplete dfacussionr 
criteria,  i. e, half l i f e  E -10 days, P m m  biologloal and chemioal behavior, readon- 
able radiation a p ( ~ a t r u ~ ~ ,  preferential tissue deposition, toxioity and oost,  only about 
6 t o  10 isotopes show promise. 
on the b w l f - l i f e  frequenoy distribution curve. (lualsoniao May 1948 Part I page 26-27) 
The most frequent half lives fall in the 10 lolnutss t o  1 day range vhiuh are within th6 
dsoay 2emfto of an Qak Ridge Program. 

To sumarise Hahn'sr 
(Ann. Int, Med., mrch 1948) On the basis of the following 

Unfortunately fEahn*s 8-10 d.y limits f a l l  a t  a lm p o b t  

If' %he half l i f e  rsquiramonts are aut d m  t o  the range 12 hours t o  3 days rbout 67 
new isotopbpi are added; if out;- down t o  the range 1 t o  12 how% mothew 90 Br so are 
added; by using the 10 minute 'co 1 hour range 100 more are addsd. 
speotra causes many o f  these &dditiOnS to be disoarded, unknown biologiaal behavior 
seriously reduoemr the l ist .  Since 
the bialogioal behavior oan be oontrolletd b;v ohemiaal coabination with other elmentr, 

6umy on an additional 250 isotope8 I s  ne~aliary. 
of tho few t o  whioh short Lived rubstanoes are mailable  Noh a ourveyrould seem t o  
fall dthh the soope of the mdioa l  d l v i a i o a  of' ORIRS. 

Wen t h i a  disoureion i s  too general to nnmr the bL& quertfon 9 the d a d 8  of our 
d i d a t e s ,  
ably be used, the problem of $astrSc caretnoma may again be brought up. 

Wnsuitable radiation 

Hcmewr the elements need not be used a8 elesmn%#. 

the X f s C  Of pOS6ibly U S S f U l  SUbSbILOO8 i 8  in~rea8ed t;P*mMdOualy. PL 2WpetitiOXi Of' H.hntS 
S b o e  the ORIIS prcrgamri1% be one 

ban- 
To i l lustrate one 8peoiff.o method In ahfoh radioolotive hatoperr might profit- 

There =ill ?m roughly 56,000 deaths from gastrio aaroinosm this par, with LR increasing 
populathn age th is  will inorease, about 40 - 60,000 deaths per year in 1960. Benae, the 
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disease is maaerieally important. Cures are rare; h-e, an isotopa p g r a a t  e m  do no 
h. 

TIIB disease can be diagnosed w i t h  &CCUr&CYb 
correct diagaasis by gastroeco,py in 8&%$ of cases an6 a correct diwosis bp X - w  
in mer 9@ of cases. 
r a r e  if reasonable c a m  is taken. W i t h  ease of diagnosis the question of defining 8 
homogenous group for study ie approachable. 

&dnon and Paber (So0 83t!j72-574) f o d  I 

Incomluaive diabfnases may occur but i r r c o m t  &iwgposas are 

The disease is sufficiently rapid to alloar far a masonable f e a t  &thin a period of e 
few years, 
was as faUotes: 

The duration of synptoras from starf fo po8itive di8gnwis in three atud%ea 



the kidneys a*, 

Such a proeedwe 

fortunately, kidney tissue is ra la t ive ly  radio-resisteLnt. 

a o d d  nrobzblv the stareach to a nm-fnnctionel fibrous s8c &ich 
is easil3; taker, care of wagically. 
in the rae.tastatic t issuss .  
failure, an additional pro&ure woitld be necesearg t o  concentrate dosags over n e b s t a t 5 c  
areas. 
hepatic pedicle, in d s h e  infiltrations around surrou?.?.f_rtg tfssueg, and on implants 
ffrmly b o d  to vital S ~ r u C t W e S ,  since most of these metastases are in th in  sheet-like 
strnctnres a strorg alpha emitt might be used as a surfme p i n t  direct to metastttses. 
me itisjntegratilon series of d 5 5 ,  ~ a 2 ~ ,  P are ; a l l  relatively rapid (4-10 

Hahn's infiltration technique v i t h  gold or shorter-lived f s o t o p s  coTdd be aged. 

It most l ike ly  m u l d  not cowentrate the radioactivity 
Since these w t a s h s a s  are the galn mason for surgical 

The main areas where -ical r e m a v a l  of metastases is hpossible  are in the 

sufficiently energetic to penetrate sheet-like tfssmes. ID s d U  metastatic rmsses 

The tendency for heavy particles to prodecse fibrosis would be an asset in the  hepertic 
pedicle h a w e  the  fibrosis would OCCUP slowly and emourage the developnt of a 
collateral circulation f r ,  the liver. This in tusn would d l o v  a h e  dissection of the 
pedicle, onc0 the mdaerability of +&e bepatic artery was ~wnav&, It has been estimated 
by sow surgeons tha t  if all v i d t i e  metastases ccruld be thus destzoyed abut  half of the 
e a r l y  &gnos& cams cosd  be save&. 
otber tissues, however, ca.inof -m eslimated, 

@zestions of radiation sickness and demmge to 
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