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BRAIN TUZ4Oi3.S 

During t h o  p a s t  s i x  y e a r s ,  we have used 31O-~.:eV. 

a l p h a  p a r t i c l e s  t o  i r x a d i a t c  b r a i n  tuiiors i n  s i x  p a t i e n t s .  

employing t h o  Bragg ped: i n  f i v e  cases and t h e  p l a t e a u  of 

thc? Bragg c u r v e  i n  o m  ( 2 7 ) .  Ono of t h e s e  p a t i e n t s ,  a 

t h i r t y - e i g h t  year -o ld  m n  who had a g r a d e  IX astrocytoma 

p a r t i a l l y  e x c i s e d  one month p r i o r  t o  Bragg-peak alpha- 

p a r t i c l o  i r r a d i a t i o n  i n  J u l y  1952, c o n t i n u e s  t o  do w e l l .  

HQ works f u l l  t ine ,  and h a s  had no hoadachos or neuro loq ica l  

s i g n s  of t u n o r  r e c u r r c n e a ,  and it is  now over  f i v e  y e a r s  

s ince  comple t ion  of h i s  t he rapy .  

u s i n g  f i v e  f i e l d s  t o  d a l i v e r  a t u a o r  dose of two thousand 

f i v e  hundred rods i n  f o u r  doses over  a n  eisht-ciay p,;.iod. 

T r e s t n a n t  h-.c c a r r i e d  o u t  

The othzr f o u r  p a t i e n t s  had b r i e f  p a r i o d s  of improvhmmt, 

b u t  d i e d  a t  i n t e r v a l s  r ang ing  from s i x  t o  twcky- two aonths 

fo l lowing  the rapy .  I n  t h e s e  casz!s t h e r e  was ev idence  ;f 

t u n o r  r e c u r r e n c e  o u t s i d e  of t h c  r e d i e t i o n  € i o l d ,  and i n  t h e  

czscs where pos t -no r t en  r a o u l t o  a r o  a v a i l a b l e ,  t h i s  tumor 

e x t e n s i o n  was 5hc::n. Thus, whi le  c c s s a t i c n  of tunor  growth 

i n  t h e  t r e a t e d  a r e a  nay be ach ieved ,  t h e r e  i s  o f t e n  r ecu r rence  

l a t e r ,  o u t s i d e  of t h e  r a d i a t i o n  f i e l d .  This points c u t  2 

major d i f f i c u l t y  i n  t r a a t i n g  t h e s e  cases -- nafhcly, t h e  

e x a c t  d e l i n e a t i o n  of t h e  tur??or a r s .  Even though, by t a k i n g  

advantege  of tho heavy p a r t i c l e ‘ s  f a v o r a b l e  r a d i o b i o l o g i c a l  

c h a r a c t e r i s t i c s  we a r e  a b l e  t o  d e l i v e r  g r e a t e r  tunmr dosgs 

wh i l e  Eparing t h e  s k i n  and i n t e r v e n i n g  t i s s u e s ,  u n l e s s  W e  
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can  p l a c e  t h e  r a d i a t i o n  throughout  t h o  e n t i r e  tumor a r e a ,  

we cannot  expec t  t o  obtain improved r e s u l t s .  

Heavy p a r t i c l e s  were used to t r e a t  one o t h e r  p a t i e n t  

w i t h  c bra in  t u n o r  ( p i n e a l o m ) ;  in t h i s  case, because  of t h e  

cmtrsl  1ocEt ion  and om211 sizs of t h e  tumor, a t echn ique  

was cngJoyed s i .n i lar  t o  t h a t  f o r  p i t u i t a r y  i r r a d i a t i o n ,  us ing  

t h a  p l a t e a u  of t h e  a l p h a - p a r t i c l e  bean w i t h  r c t a t i o n .  

p a t i e n t ,  a f i f t y - f i v e  year-:old Inan, hzd been i n  cjood h e a l t h  

u n t i l  F.ugust, 1955, when he f i . r s t  exper ienced  diplc .pin.  

b!scfical work-up r o v e a l e e  a 2-c:;. I .  mass i n  the p o s t e r i c r  

part  of t h e  t h i r d  ventricle cacsincj p a r t i a l  & s t r u c t i c n  t o  

t h a  c e r e b r o s p i n a l  f h u i d  pathways. 

procecures  i n  Septeabor  and i n  Octobar, 1965, h i o  v l r j ~ h l  

&yr:ptrms d i s : i p p a r a d ,  a p p a r e n t l y  because of t e n p z r a r y  r e l i e f  

of t h e  hydrocephnlas  and the d i r s c t  p r e s s u r e  Zron t h e  ?.ass. 

I t  was then Zecicied, hopins  t o  ach ieve  n mere pefl;iaI?ciri 

r e s u l t ,  t o  i r r a z i a t e  t h i s  tumcr with heavy p a r t i c l e s ;  i n  

DeceSxr, 1565, ci total tmcr dose ~f f ive thouserd  t h r o e  

hundrc:: cind f i f t y  r a d s  was g ivcn  i n  two i n c r e n e n t s  separated 

by a th ree-dny i n t e r v s l .  

e s y n p t o n a t i c  u n t i l  l a t e  October, 1966, whe~: he again n c t d  

d i p l o p i a .  

prograscive loss of v i s u a l  a c u i t y  and hca r ing  S C ~ E B ;  i n  

January 1967 h e  was I?ospj . ta l izcd and v e n t r i c u l o s r a p h y  

r e v e a l e d  a t h i r d  v e n t r i c u l a r  mass which was i n t e r p r e t e d  a s  

turnor r e c u r r e n c e  ( i n  r a t r o o p e c t  , hov~ever,  t h i s  a c t u a l l y  

F g q F t s c n t z d  a hcmtcnia) , Ths p a t i e n t  bccnm3 s tuporous  a d  

The 

Fc l lou ing  two Ehuntirig 

The p a t i e n t  w8s e s s e n t i a l l y  

During t h a  nzx t  few months ha a l s o  experienced 
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dovelopod lcil't h o d p a r e s i s .  

craniotony, ho r e m i n e d  permanently coina'cooc and f ive  Gays 

later, Jancary 14, 1967, thc p t i c n t  o::pired. A t  autopsy,  

the e s s e n t i a l  c r a n i n l  f i n d i n g s  were post-surgical hcr.mrzha3i.c 

n e c r o s i s  of the right occipital  10'30, right:  and Icft thaiamut; ,  

and pulviner-;  there were p o s t - i r r a d i a t i o n  changes i n  thc 

tarcct  area ,  but  n o t a b l y ,  none ouksitle the t a r g e t  a r e a .  

'il.lesc was no cvidcnco oC residual tmor c o l l n .  

Following a right o c c i p i t a l  
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the: othe?'onc did well for n pcri 
t l .c -4 :  pntienb there wnc subsequeii 
$i& of the rndintion ficld, nnd tl 
fra:n 6 months to 6 ycnrs after tr  

turfjar doses while sparing the 
can plnee the radiation through0 
cannot be expected. 
In the case of the 

bccroiee of the central 
to rmploy a teeliniqu 

intervening tissues, unless one 
ire tumor nrea improved r e d  ts 

ith a brain tumor fpincnlonin), 
I I  sire of the tumor it was decided 
t for pituitnry irrndintion using 

outside the target area. Thcrc n'ns no evidencc of 

used thc Bmgg pcnk of the 9lD-JIeV nlpbn-particle 
thrlamotoinies in 2 patients with Parkinson's discnsc 
nrc not aufficicnt data to discuss tlic results. Nore 

3 pnt.icbiits; folloniiig is n cnw history of thc Aet pnticnt. 
Cn*e history. -4 44-year-old woinnn witti a bycnr history of 

cylindroma of the pnlnte am refcrrctl in Scptcmlm, 1969, for trentrncnt 
of pdinonixy mctwtnica. Rcscction of the hard and soft palate without 
mdicitl ncek diascction (no ccrvicnl nodes u-cm pnlpnhk)  had been tlonc 
in Mnrcli, 1863, tlic pnthologienl section showing adenoid rystic carci- 
noma in all mnrgiiis except one. Postoperative rndintion therapy with 
2-bIvV x ray wns adniinistercd. the totnl dose bcing 5000 rnds in 23 
dny3. hfultiplc follow-up esnrninntions rcvcnlcd no evidence of locnl 
reciirrviicc nor distant iiictstnscs until Fr1)ninry:. 1969. when I)oth were 
dctcctrtl. The prininry sitc wns trentcd with implnntntion of two rndon 
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F i r s t  Brain-Tumor P a t i e n t  
Bragg-Peak Therapy 

T h i s  four -year  o l d  boy wi th  a r e c u r r e n t  p a r a s a g g i t t a l  

ol&odendioglioma had undergone s u r q e r y  t h r e e  times w i t h i n  

n i n e  months for e x c i s i o n  c f  a lamon-sized b r a i n  tumor. H e  

had a l s o  r ece ived  one cour se  of x-ray t h e r a p y  ( e s t i m a t e d  tumor 

d o s e ,  3 ,130  r a d s  d e l i v e r e d  t o  t h e  tumor s i t e  from February  13 

through March 9,  1961).  

t h e r e  was ev idence  t h a t  t h e  tumor had sp read  a c r o s s  t h e  mid l ine ,  

b i l a t e r a l  involvement of t h e  motor c o r t e x  be in?  p r e s e n t .  

When r e f e r r e d  t o  us . in  December 1961, 

Brag9 peak a lpha  p a r t i c l e s  were used t o  t r e a t  t h e  tumor, 

u s ing  13 f i e l d s  i n  e i g h t  t r e a t m e n t s  over  a 24 day pe r iod .  The 

maximum dose  d e l i v e r e d  t o  t h e  tumor was 8 , 5 0 0  r a d s  w i t h  a 

m a j o r i t y  of t h e  t r ea tmen t  f i e l d  r e c e i v i n g  more 6,000 r a d s  (less 

than  2 ,000  r a d s  went  t o  any of t h e  s k i n  a r e a s ) .  

There was good p a l l i a t i o n  f o r  e i g h t  months: however, t h e  

tumor then recurred o u t s i d e  t h e  r a d i a t i o n  f i e l d  and t h e  p a t i e n t  

d i e d  n i n e  months fo l lowing  completion of the rapy .  

Autopsy r eve laed  r e c u r r e n t  oligodendroglioma extending  

wide ly  i n t o  bo th  c e r e b r a l  hemispheres and i n t o  t h e  thalamus. 

PRIVACY ACT MATERIAL REMOVED 
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Previous  h i s t o r y :  50 year  o l d  w h i t e  male, i n i t i a l l y  

suspected of having a b r a i n  tumor i n  A p r i l  1962. a f t e r  a 2 1/2 y e a r  

h i s t o r y  of p r o g r e s s i v e  weakness i n  t h e  r i g h t  hand and a s h o r t  

h i s t o r y  of d i f f i c u l t y  w i t h  speech and r i g h t  hemipares i s .  P l e f t  

c a r o t i d  a r t e r i o g r a m  demonstrated a l e f t  t e m p o r a l - p a r i e t a l  t u m o r .  

On May 21, 1962, a s u b t o t a l  r e s e c t i o n  was performed t h e  p a t h o l o g i c a l  

d i a g n o s i s  be ing  a g r a d e  3 ast rocytoma.  

P o s t o p e r a t i v e  Bragg peak heavy p a r t i c l e  i r r e d i a t i o n  was 

s t a r t e d  on June  29, 1962. T h i s  t h e r a p y  was i n t e r r u p t e d  a f t e r  t h e  

f u r s t  two t r e a t m e n t s ,  and a second craniotomy performed w i t h  removal 

of a massive amount of r e c u r r e n t  g l iob las toma.  Bragg peak heavy 

p a r t i c l e  t h e r a p y  was t h e n  resumed on Ju ly  9 and completed on 

Ju ly  13, 1962. There w e r e  f i v e  t r e a t m e n t s  dur ing  t h e  15 day p e r i o d ,  

us ing  9 p o r t a l s .  Maximum tumor dose  d e l i v e r e d  was 5.250 r a d s ;  t h e  

m a j o r i t y  of t h e  t r e a t m e n t  f i e l d  rece ived  g r e a t e r  t h a n  4,000 r a d s .  

The p a t i e n t  subsequent ly  improved: h e  was s u b j e c t i v e l y  

be t t e r  and s k u l l  x-rays taken t h r e e  months a f t e r  therapy  revea led  

no p a r t i c u l a r  change i n  t h e  m u l t i p l e  s i l v e r  c l i p s  and t h e  bone 

f l a p  appeared t o  be i n  s a t i s f a c t o r y  c o n d i t i o n .  However, a f t e r  t h e s e  

t h r e e  months he a r a d u a l l y  beaan a p r o g r e s s i v e l y  downhil l  c o u r s e  

and e x p i r e d  i n  January of 1963 (six months a f t e r  t h e  end of t r e a t -  

ment) .  

Postmortem f i n d i n g s  showed a grade  4 astrocytoma e x t e n s i v e l y  

i n v o l v i n a  t h e  l e f t  c e r e b r a l  hemisphere.  

recur rence  beyond t h e  a r e a  of r a d i a t i o n .  

There was aga in  s i m i l a r  

PRIVACY ACT MATERIAL REMOVED 
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His tory :  a 38 y e a r  o l d  man, f i r s t  noted symptoms i n  

January 1962 which progressed  i n  s e v e r i t y  and were a s s o c i a t e d  w i t h  

vague p e r s o n a l i t y  changes ,  and a t  l e a s t  one e p i s o d e  of l o s s  of 

c o n t a c t  w i t h  h i s  sur roundings .  Papilledema was e v i d e n t  i n  J u n e  

of 1962 and a vent r icu logram demonstrated a l e f t  f r o n t a l  mass. P 

l e f t  f r o n t a l  craniotomy was performed on June 9, 1962 w i t h  s u b t o t a l  

removal of a grade  2 as t rocytoma from a l e s i o n  of  t h e  l e f t  s i l v l a n  

f i s h e r .  

Bragg peak heavy p a r t i c l e  i r r a d i a t i o n  was c a r r i e d  o u t  

between J u l y  6 and J u l y  1 3 ,  1962. There w e r e  f o u r  t r e a t m e n t s  

d u r i n g  t h e  0 day p e r i o d ,  t h e  i r r a d i a t i o n  be ing  d e l i v e r e d  throuah 

f i v e  d i f f e r e n t  p o r t a l s  ( t h r e e  of t h e  p o r t a l s  were used more than  

once ,  b u t  t h e  beam was al lowed t o  p e n e t r a t e  t o  a d i f f e r e n t  depth 

each t i m e ) .  The maximum dose was 4 . 4 5 0  r a d s ;  most of t h e  f i e l d  

rece ived  more than  2,500 rads .  The hemipares i s  d i sappeared  one 

year  l a t e r ,  aphas ia  was improved b u t  s t i l l  p r e s e n t .  and t h e  p a t i e n t  

was working r e g u l a r l y  a t  t h a t  t i m e  and was a b l e  t c  d r i v e  h i s  c a r .  

H e  cont inued  t o  do w e l l ,  and 4 1 / 2  y e a r s  a f t e r  t r e a t m e n t  examinat ion 

r e v e a l e d  no headaches o r  n e u r o l o g i c a l  s i g n s  of tumor recur rence .  

However, w i t h i n  t h e  n e x t  y e a r  t h e r e  was tumor r e c u r r e n c e ,  and i n  

J u l y  of 1968 h e  underwent a l e f t  f r o n t a l  craniotomy w i t h  lobectomy. 

The t issue was g l iob las toma multiforma grade  4.  The p a t i e n t  d i d  

w e l l  f o r  1 0  days  b u t  then  had a grand m a l  s e i z u r e .  and d e c l i n e d  

u n t i l  d e a t h  on Fugust  23 ,  1968. 

The au topsy  showed r i g h t  f r o n t a l  and corpus  col losum involve- 

ment w i t h  i n t r a c r a n i a l  hemorrhage. . tre a r e  s t i l l  w a i t i n q  t h e  d e t a i l s  
of t h e  microscopic  f i n d i n g s .  



p 5 5  y e a r  o l d  female w i t h  a c l i n i c a l  d i a q n o s i s  of s1owJ.y 

growing ol igodendiogl ioma.  His tory :  Onset of symptoms i n  1951. 

I n  1961 she  rece ived  c o b a l t  60 t h e r a p y  (5 ,400 r a d s  i n  8 weeks) 

and responned v e r y  w e l l  f o r  two y e a r s .  

she was g iven  a b r i e f  c o u r s e  of n i t r o g e n  mustard,  w i t h  no r e s u l t i n o  

improvement. 

Symptoms then r e c u r r e d  and  

Bragg peak heavy p a r t i c l e  i r r a d i a t i o n  was adminis te red  

i n  June  1965. A t u m o r  dose of 4 ,000  r a d s  was given i n  two t r e a t -  

ments over  a one-week i n t e r v a l  (us ing  7 p o r t a l s  on each s i d e ) .  

One year  l a t e r  t h e r e  was no ev idence  of tumor recur rence  

Unfor tuna te ly  no b u t  t h e  p a t i e n t  d i e d  14 months a f t e r  t r e a t m e n t .  

au topsy  was performed, and t h e  r e s u l t s  of t h e  r a d i a t i o n  therapy  

c o u l d  not  be f u l l y  a s s e s s e d .  

PRIVACY ACT MAERIAL REMOVED 
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5 8  y e a r  o l d  man who had g r a d e  3 as t rocytoma.  H i s to ry :  

Symptoms f i r s t  no ted  i n  May 1965. On Ju ly  27, 1965 craniotomy 

performed and a f i v e  c e n t i m e t e r  tumor was removed j u s t  p o s t e r i o r  

t o  t h e  l e f t  p o s t c e n t r a l  gy rus .  The improvement was d rama t i c  and 

h i s  o n l y  r i s i d u a l  abnorma l i ty  was minimal r i g h t  hemipares i s .  

However, i n  view of  p a t h o l o g i c a l  ev idence  of p re sence  of tumor 

cel ls  a t  t h e  margins a t  t h e  exc i sed  specimen, it was f e l t  t h a t  

pos t -ope ra t ive  heavy p a r t i c l e  t he rapy  was i n d i c a t e d  

Bragg peak heavy p a r t i c l e  t he rapy  was admin i s t e red  i n  

f i v e  t r e a t m e n t s  ove r  a 10 day p e r i o d ,  u s ing  0 p o r t a l s .  The 

t r ea tmen t  ended on October  15, 1965. 

6 ,000  r a d s .  

The t o t a l  tumor dose was 

Fol lowing t r e a t m e n t  t h e  p a t i e n t  had a f a i r  remiss ion  f o r  

abou t  a y e a r .  However, abou t  December 1967 he s t a r t e d  t o  show 

s i g n s  of  d e t e r i o r a t i o n ,  and t h e  p a t i e n t  exp i r ed  i n  Pugust  of 1967. 

Cause of  d e a t h  was a c u t e  and o rgan iz ing  bronchopneumonia, cachex ia ,  

as t rocytoma of  l e f t  p a r i e t a l  lobe ( r ecu r rence  wi th  e x t e n s i o n  t o  l e f t  

f r o n t a l  and tempora l  l o b e s ) .  

Microscopic  f i n d i n g s  a t  postmortem revea led  i n  t h e  b r a i n ,  

(11 g l iob la s toma  multofrme: ( 2 )  r a d i a t i o n  n e c r o s i s  o f  tumor and some 

a d j a c e n t  wh i t e  m a t t e r  and (3)  m i n e r a l i z a t i o n  o f  blood v e s s e l s .  

PRIVACY ACT MATERIAL REMOVED 



F i f t y - f i v e  yea r  o l d  male wholad been i n  good h e a l t h  u n t i l  Aug- 

u s t  1965 when h e  f i r s t  expe r i enced  d i p l o p i a .  

r evea led  a 2 centimeter mass i n  t h e  p o s t e r i o r  p a r t  of t h e  t h i r d  

v e n t r i c l e ,  caus ing  p a r t i a l  o b s t r u c t i o n  t o  t h e  c e r e b r a l  s p i n a l  

f l u i d  pathways. 

October 1965, h i s  v i s u a l  symptoms d i sappea red ,  a p p a r e n t l y  because 

of temporary r e l i e f  of t h e  hydrocephalus and t h e  Zirect  p r e s s u r e  

from t h e  mass. I t  was then  dec ided ,  hoping t o  ach ieve  a more perm- 

a n e n t  r e s u l t ,  t o  i r r a d i a t e  t h i s  tumor w i t h  heavy p a r t i c l e s .  

The medical workup 

Following two shun t ing  procedures  i n  September and 

I n  t h i s  c a s e ,  Bragg peak heavy p a r t i c l e s  were no t  used because 

of t h e  c e n t r a l  l o c a t i o n  and small  s i z e  of t h e  tumor -- a t echn ique  

was employed s i m i l a r  t o  t h a t  f o r  p i t u i t a r y  i r r a d i a t i o n  us ing  t h e  

r(1o(MIy)rrr(rply 

p l a t e a u  of t h e  a lpha  p a r t i c l e  beam w i t h  r o t a t i o n .  ' A t o t a l  tumor 

dose of 5,350 r a d s  was g iven  i n  two t r e a t m e n t s  ove r  a th ree-day  

period ( i n i t i a l  p l an  had been t o  d e l i v e r  8,000 r a d s  i n  t h r e e  i n c r e -  

m e n t s  over e i g h t  days: however, i n c r e a s e d  d i p l o p i a  developed and 

it was dec ided  t o  s t o p  a f t e r  two t r e a t m e n t s  w i t h  5,350 r a d s  prob- 

a b l y  be ing  an adequate  d o s e ) .  

27 ,  1965. 

Therapy was completed on December 

The p a t i e n t  d i d  w e l l  and was e s s e n t i a l l y  asymptomatic u n t i l  

l a t e  October 1966 when h e  aga in  developed d i p l o p i a .  There was no 

ev idence  o f  i n c r e a s e d  i n t r a c r a n i a l  p r e s s u r e ,  and t h e  shun t  va lve  

was working w e l l .  

an ep i sode  of p r o g r e s s i v e  somnolence, a s s o c i a t e d  w i t h  dea fness  and 

t h i r d  ne rve  p a r a l y s i s .  The p a t i e n t  underwent ven t r i cu log raphy  on 

1/3/67 and 1/5/67 a f t e r  t h e  v e n t r i c u l o - a t r i a l  shun t  had been l i g -  

a t e d .  T h i s  r evea led  what a t  f i r s t  was i n t e r p r e t e d  t o  be a 

I n  e a r l y  January 1967 h e  was h o s p i t a l i z e d  wi th  

n 

I- - -. 


