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The ear ly  work in t h i s  laboratory demonstrated t h a t  t h e  b io logica l  e f f e c t  

This led t o  the s e t t i n g  up of s a f e t y  standards 
of t i s s u e  ionizat ion produced by the heavy p a r t i c l e s  from the  f i r s t  cyclotron 
W i i S  g rea te r  than t h a t  of X rays.  
f o r  workers around acce lera tors  and a l s o  t o  the inves t iga t ion  of neutron ir- 
rildiation i n  cancer therapy ( 1 , 2 , 3 ) .  The i n t e r e s t  i n  the re la t ionship  between 
the densi ty  of ionizat ion and biological  e f f e c t ,  from the  standpoint of both 
biisic radiobiology and radiat ion therapy, has continued here. Since World War 
I:[. when larger  cyclotrons and l i n e a r  acce lera tors  were constructed and higher 
energy, heavy charged p a r t i c l e  beam became ava i lab le ,  extensive biological  and 
medical research has been car r ied  out  with various heavy par t ic lea  i n  t h i s  lab- 
oratory and elsewhere ( 4 ) ,  and the  work is now leading t o  advances i n  the therapy 
of several  diseases  ( 5 ) .  

Accelerated heavy p a r t i c l e s  from the Berkeley 184-inch synchrocyclotron 
Numerous papers have described have been used f o r  p a t i e n t  therapy s ince  1954. 

c l i n i c a l  s tud ies  using heavy p a r t i c l e s  f o r  radiosurgical  suppression o r  ablat ion 
O C  the  hypophysis i n  the treatment of diseases  such a s  metastat ic  breas t  carc i -  
n,>ma, d iabe t ic  rc t lnopathy,  acromegaly, and Cushing's disease.  and a l s o  f o r  
d i r e c t  i r r a d i a t i o n  of a sof t - t i s sue  188iOn and recent ly  f o r  three bra in  tumor8 
(6-11) . 

experiments s t a r t e d  a l r a d y  irk i349 ia;:udid the  suzceazf-l. C-ztatmn+ of 

animal tumors w i t h  t h e  Bragg peak and thus demonstratad the unusual c l i n i c a l  l m -  
p l ica t ions  of heavy p a r t i c l e s  i n  therapy using t h i s  port ion of the heavy p a r t i -  
c l e  beam ( 1 2 ) .  In theae invest igat ions it became evident t h a t  heavy-particle 
beam a r e  of g r e a t  c l inical  i n t e r e s t .  Unlike X rays or  g a m a  rays. they pene- 
t r a t e  t i s sue  with l i t t l e  sca t te r ,and  the higher l i n e a r  energy t ransfer  (LET) as  
the p a r t i c l e s  slow down produces the Bragg peak, by which it is possible  t o  de- 
l i v e r  a cancerocidal dose t o  deep-seated tumora. This can be achieved with 
r e l a t i v e l y  l i t t l e  skin dose, the depth-dose t o  skin-dose r a t i o  being opposite 
t o  t h a t  of X rays or  gamma rays.  ,In addi t ion,  each u n i t  of energy del ivered a t  
the Bragg peak has  a grea te r  r e l a t i v e  b io logica l  e f f e c t  (RBE) per u n i t  of ioni- 
zat ion present  (4,13) a s  compared t o  250-kVp X rays. Furthermore, fac tors  such 
a s  temperature, f rac t iona t ion ,  pro tec t ive  agents and oxygen sa tura t ion ,  which 
a l l  modify electromagnetic o r  o ther  low-LET rad ia t ions .  alter t o  a lesser degree 
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the  e f f e c t  of higher LET i r rad ia t ion  (14.15.161. 

case h i s t o r i e s  of three pa t ien ts  suffer ing from bra in  neoplasms t rea ted  with the 

This repor t  descr ibes  the 

. Bragg peak. discussing the  dosimetry and technical  aspects of therapy. 

CASE HISTORIES 
CASE 1. 

toms December 6 ,  1960, consis t ing of a f a l l ,  morning vomiting, d ip lopia ,  papl l l -  
edema, and a palsy of the  l e f t  abducena nerve. Increased i n t r a c r a n i a l  pressure 

Subsequent ventriculography and c a r o t i d  angio- 
graphy revealed a r i g h t  p a r a s a g i t t a l  mass. A craniotomy was performed and a 
lemon-ri.zed, grade 2 oligodendroglioma was removed. I n  the i n t e r v a l ,  February 
13 through March 9 ,  1961, 3,100 rads were del ivered t o  the  tumor s i t e  with a 
250-kVp apparatus of HVL (half-value layer)  2.28 mm Cu. 

A four-year-old white male had the onset of neurological symp- 

+was a l s o  present a t  t h i s  time. 

I 

In May of 1961 s igns of increased i n t r a c r a n i a l  pressure again developed, 
and a t  a second cranlotorny, recurrent  tumor was found. Hiatological ly .  t h i s  
a l s o  was a grade 2 oligodendroglioma. In  October of 1961, because of a develop- 
ing l e f t  hemiparesis, a t h i r d  craniotomy was pcrformed with a recurrent  neo- 
p l a s t i c  mass once more excised. A t  t h i s  time. the tumor had bacome a grade 3 
oligodendroglioma. I 

4 

I n  December of 1961 the p a t i e n t  f i r s t  manifestad r i g h t  hemiparesis and 
had a right-sided Jacksonian seizure.  Consequently, he waa believed t o  have 
tumor spread acroas the  midline. I n  the i n t e r v a l  from December 2 0 ,  1961, t o  
January 12, 1962, the p a t i e n t  w a s  t r e a t e d  w i t h  Bragg-peak i r r a d i a t i o n  from the 
alpha-part ic le  beam of the 184-inch synchrocyclotron. He a l w l y  improved and 
over a period of the  next f i v e  months experienced a good p a l l i a t i v e  r e s u l t .  He 
then gradually began t o  show a steady de ter iora t ion  with obvioua regrowth of 
tumor and expired on October 15,  1962. 

The autopsy revealed a recurrent  oligodendroglioma extending widely i n t o  
both cerebral  hemispheres and into the  thalmus. .Hemorrhage and necrosis  within 
the tumor were in te rpre ted  a s  being caused e i t h e r  by the i r r a d i a t i o n  or hy ths 
tumor outgrowing its blood supply. Metastases from t h e  i n t r a c r a n i a l  tumor were 
found i n  the lungs. 

CASE 2. A 50-year-old white male was i n i t i a l l y  suspected of having a 
brain tumor i n  Apri l  1962 a f t e r  a two-and-a-half year h i s tory  of progressive 
weakness i n  the r i g h t  hand. a ahort  h ia tory  of d i f f i c u l t y  with apeech m d  
r i g h t  hemipareais. A l e f t  c a r o t i d  arteriogram demonatrated a l e f t  temporal- 
p a r i e t a l  tumor. On May 21, 1962, a subto ta l  resect ion of a grade 3 astrocytoma 
was performad. 
June 29. 1962, but  following the i n i t i a l  two treatments, the p a t i e n t  became un- 
responsive and suffered from a progressive r i g h t  hemiparesis. nauiea, and 

Postoperative i r r a d i a t i o n  using the Bragg peak war s t a r t e d  on 
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vomiting. 
Bragg-peak therapy waa resumed on July 9 and completed on July 13. 1962. 
s p i t e  of considerable neurologic d e f i c i t  consis t ing of Yphaaia and a p e r s i s t e n t  
hemiparesia, h i s  s t a t u s  improved u n t i l  October of 1962. : H e  then gradually began 
a prcqreasive down-hill course and expired i n  January of '  1963. Terminally, the 
pa t ien t  appeared t o  be Buffering from b i l a t e r a l  bronchopnpumonia f o r  which he 
was hospi ta l ized.  H e  was t r e a t e d  with ant ibiot ic .  and aebrned t o  improve when 
he suddenly became unresponsive and died three daya l a t e r .  I 

He was then raoperated, and a lemon-sized +or was again removed. 
In 

! 
A grade 4 astrocytoma waa found extensively involvidg the l e f t  cerebra l  

hemisphere a t  autopay. 
showed some eosinophi l ic  coagulum which was PAS pos i t ive ;  a s imi la r  type of 
coagulum has been noted i n  radionecroais of nerve t i s sue .  The'greater p a r t  of 
the  tumor showed foca l  necrosis  and some veaael thromboai: which a r e  common i n  
grade 4 astrocytomas. Pressure e f f e c t a  produced encephalomalicia of the r i g h t  
o c c i p i t a l  lobe and hemorrhage i n  the brain stem. The hemorrhage i n  the brain 
stem and bronchopneumonia were the terminal events. 

Sections from the  more superior  poljtiona of the  tumor 

CASH 3. A 38-year-old white male f i r s t  noted the onset  of lef t -s ided 
headache and nausea in'January. 1962. The symptom progressed i n  sever i ty  and 
were associated with r a t h e r  vague personal i ty  change with a t  l e a s t  one epiaode 
of loss of contact  with h i s  aurroundings. - 

Papilledema was evident  i n  June 1962, and on June 9,  1962, a ventricu- 
logram demonstrated a l e f t  f r o n t a l  mass. 
ed the same day with subto ta l  removal of a grade 2 astrocytoma from the region 
of th(e l e f t  sylvian f i s s u r e .  From July 6 t o  July 13, 1962, the p a t i e n t  was 
t rea ted  with alpha-part ic le  Bragg-peak i r r a d i a t i o n .  In the immcdiate post- 
operat ive and post- i r radiat ion period a r i g h t  hemipareais and pronounced aphasia 
were evident. 

A l e f t  f r o n t a l  craniotomy was perform- 

The hemiparesis has now (one year l a t e r )  completely diaappeared. 
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Figure 2 .  Schematic diagram of treatment setup. 

The aphasia has improved, but is  s t i l l  present .  
l a r l y  as  a stock c le rk  and i s  able t o  dr ive h i s  c a r .  

The pa t ien t  i s  working regu- 
A t  t h i s  t i m e  there  is no 

evidence of recurrent  neoplasm. 

METHOD OF THERAPY AND DOSIMETRY 
The three pa t ien ts  were all i r r a d i a t e d  a t  the 184-inch synchrocyclotron, 

u t i l i z i n g  the 910-MeV alpha-part ic le  barn. As t h i s  beam of p a r t i c l e s  is  slowed 
down by in te rac t ions  with an absorbing medium, an increase i n  ionizat ion i n  the 
medium takes place., This Bragg curve shows the i n -  
crease i n  ionizat ion of the nitrogen gas i n  an ionizat ion chamber a s  a function 
of the amount of absorbing medium i n  f r o n t  of the  ionizat ion chamber, the ab- 
sorber i n  t h i s  case being l u c i t e .  

This is  shown i n  Fig. 1. 

Relative mass-stopping powers of various mater ia ls  weLe calculated o r  
measured (17) so t h a t  s u i t a b l e  combinations of absorbers could be used t o  permit 
maximum ionizat ion t o  occur a t  required depth below the surface of the scalp.  
A fixed absorber of l u c i t e  or  copper w a s  used i n  conjunction with a var iable  
water absorber enclosed i n  a p l iab la  p l a s t i c  bag conforming with the p a t i e n t ' s  
head (Fig. 2 ) .  The beam was monitored before the  f i r s t  absorber, and from 
Brag9 curves (obtained by using various corkinations of absorbing mater ia ls)  the 
dose delivered t o  various depths i n  the  bra in  was determined. 

Isodose curves were obtained by graphical ly  DiUlUning the depth-dose curves 
f o r  the individual treatment f i e l d s .  In  case 3 ,  isodose curyes were a l s o  ob- 
t,ained by simulating the treatment schedule on the IBM 7090 computer (see Fig. 3 ) .  

I- - 7 
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Figure 3. Isodose curves f o r  case 3 ,  calculated by IBM computer. 
eU-33279 and 33280 

Case 1: Treatment was given on e i g h t  separate  occasions within a 24-day 

period. I r rad ia t ion  was del ivered through 13 separate  por ta l s .  The maximum 
dose del ivered t o  the  tumor was 8,500 rads,  with the majority of the treatment 

I 
f i e l d  receiving more than 6,000 rads. ! 

\ 
Case 2: Treatment was given on f i v e  separate  occas$onr during a 15-day 

period. I r r a d i a t i o n  was del ivered through nine p o r t a h .  Maximum dose delivered 
t o  the  tumor was 5,250 rads,  with the majority of the tredtment f i e l d  receiving 
gr(eater than 4,000 rads. I 

Case 3: Treatment was given on four separate  occasions during an 8-day 
period. 
p o r t a l s  were used mre than once, but  the  beam was allowed t o  penetrate t o  a 
d i f fe ren t  depth t i c h  t i m a .  
received more than 2,500 rads. 

I r r a d i a t i o n  was del ivered through f i v e  d i f f e r e n t  p o r t a l s ,  Three of the 

The maxhm, 6066 w i i  4.456 rads. Moat of the  i i e l a  

DISCUSSION 

cm i n  diameter. 
small volume of t i s s u e  with a cancerocidal dose. However, modification8 t h a t  
W i l l  p e r m i t  l a rger  treatment f i e l d s  a r e  present ly  underway. 
fec t ive  therapy with the  Bragg peak doer depend upon preci’se loca l iza t ion  of the 
residual  neoplasm. 
areas i n  re la t ion  t o  bony landmarks i n  t h e  skull: and i n  most cases ,  radio opaque 
Clips can be placed around the margins of the operative f i e l d  t o  provide a 

The l a r g e s t  beam now avai lable  f o r  heavy-particle therapy is a circle 6- 

Therefore, it is curren t ly  pos8ible t o  t r e a t  only a r e l a t i v e l y  

Nevertheless, e f -  

The surgeon can of ten help by local iz ing tumor-containing 
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t a r g e t  ,v is ible  on alignment X rays.  
tend t o  i n f i l t r a t e  widely, of ten sending out microscopic tumor s t rands i n t o  
brain t i s s u e  t h a t  grossly appears normal. 
geometric miss with the heavy p a r t i c l e  beam ( a l s o  a problem when X rays a r e  
used (18)) i s  g r e a t ,  although it may be possible  t o  de l iver  tumorocidal doses 
t o  a l l  the t iasue  obviously invaded by neoplaam. 

Unfortunately, highly malignant gliomas 

Consequently, the  likelihood of a 

In both case 1 and 2 t h i s  s i t u a t i o n  almost c e r t a i n l y  occurred. It i s  
noteworthy, however, t h a t  i n  case 1 p a l l i a t i o n  was achieved with the Braqg peak 
i n  a p i t e  of the f a c t  t h a t  a conservative dose of conventional i r r a d i a t i o n  hap 
no apparent e f f e c t .  Whether t h i s  was due t o  the higher hose given with the 
heavy p a r t i c l e s ,  the g r e a t e r  e f f icacy  of the high LET i r{adiat ion,  or both,  i s  
not known. 
treatment i s  encouraging but  a s  ye t  permits no ul t imate  prognosis: because, i n  
a large s e r i e s  of pa t ien ts  w i t h  comparable tumors, Kernohjn and Sayre (19) 
found an average survival  of almost two years following shrgery alone. 

SUMMARY AND CONCLUSIONS \ 

The r e l a t i v e  good hea l th  enjoyed by case 3 d re  than one year a f t e r  

t 

1 

Three p a t i e n t s  with brain tumors have been t rea ted  by the Bragg peak of 
the 910-MeV alpha-part ic le  beam from the 184-inch synchrocyclotron. 
subtotal  tumor resect ion p r i o r  t o  therapy. The case h i s t o r i e s  a r e  preaented: 
the tec'hnique of dosimetry, and the method of i r r a d i a t i o n  a r e  discussed. The 
s e r i e s  i e  too small t o  judge whether or not  t h i a  form of therapy holds g r e a t  
promise f o r  the fu ture .  

A l l  had had 

'I 
\ 
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D u r i n g  t h o  p a n t  s i x  years, we have used 910-DiaV. 

a l p h a  p a r t i c l e s  t o  i r r a d i a t e  b r a i n  tuinors i n  s i x  p a t i e n t s ,  

employing t b e  Bragg p c n k i n  f i v e  cases and t h e  p l a t e a u  of 

t h e  Bragg c u r v e  i n  o m  ( 2 7 ) .  Ons 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  man who had a grade  11 astrocytoma 

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

particle 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 .  

He works f u l l  t i n e ,  and has had no headaches o r  neuro log ica l  

s i g n a  of tumor r ecu r rcnoo ,  and it i s  now ove r  f i v e  y e a r s  

s ince  comple t ion  of h i s  therapy .  

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

Treatment w.c  carried o u t  

f i v a  hundred r e d s  i n  f o u r  doscfi Over an  e ight -day  $;riod. 

The o t h o r  f o u r  p a t i e n t s  had brief p e r i o d s  of improv.mznt, 

b u t  died a t  i n t e r v a l s  r ang ing  from s i x  t o  twzaty-two months 

fo l lowing  therapy .  

t u n o r  recurrence o u t s i d e  of tho r a d i z t i o n  f i e l d ,  and i n  t h e  

cases where pos t -no r t cn  r o o u l t o  a r c  a v a i l a b l e ,  t h i s  tumor 

extension was s h c m .  

i n  t he  t r e a t e d  a r e a  m y  be ach ieved ,  there is 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 .  

major d i f f i c u l t y  i n  t r e a t i n g  these case8  -- neihely, t h e  

exact d e l i n e a t i o n  of t h e  tumor area. 

I n  t h e s e  casts t h e r e  waa evidence  ;f 

Thus, wh i l e  c e s s a t i c n  of tumor growth 

T h i s  p o i n t s  o u t  a 

Even though,  by t a k i n g  

advantage  of t h s  heavy 

c h a r a c t e r i s t i c s  we are 

while s p a r i n g  t h e  s k i n  

I ; '  ~ 

I \  

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  

abla to  d e l i v e r  g r e a t e r  tumor dosss 

and i n t e r v e n i n g  t i s s u e 6  , 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  ent i re  tumor a r e a ,  - 

w e  canno t  e x p e c t  t o  obtain improved r e s u l t s .  

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

w i t h  2 brain tumor (pinealoma); i n  t h i s  case, because of t h e  

c@l:Lrnl l o c a t i o n  and omall size  of t h e  tumor, a t echnique  

was om2loyed sinilar t o  t h a t  for 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  p l a t e a u  of t h e  a l p h a - p a r t i c l e  beam w i t h  r o t a t i o n .  

p a t i e n t ,  a f i f t y - f i v e  ycar-old man, had been i n  good h e a l t h  

u n t i l  August, 19G5, when h e  iirst exper ienced  d i p l o p i a .  

Medical work-up revcalec! a 2 - c ~ ~ ~  nabs i n  tha poGtericr 

p a r t  of t h a  t h i r d  v e n t r i c l e  c a w i n g  p a r t i a l  c 2 s t r u c t i o n  t o  

tha c s r e b r o o p i n s l  f l u i d  pathways. FOllOwing two shunt ing  

p rocezures  i n  September and i n  Octo'mr, 1965, h i s  v i d u a l  

&ycptrmsdimppsarecl,  a p p a r e n t l y  because  of temporary r e l i e f  

of ths hydrocephnlas  an8 the direct p r e s s u r e  from t h e  saso.  

It was t h e n  Secided, hoping to  ach ieve  m mere permaom; 

x 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 ;  i n  

Dece&er, 1965, a t o t a l  tmcr dose of f i v e  thousand t h r e e  

hundre:: 2r.d f i f t y  rads tias g ivan  in d o  i n c r e a e n t s  separated 

by  a three-day  intorvzil. 

e s y n p t o n a t i c  u n t i l  l a t e  October,  1966, whet! he again  noted 

d i p l o p i a .  

p rog reos iva  loss o€ v i s u a l  a c u i t y  and h e a r i n g  cense: i n  

January 1967 he was hospj t a l i z e d  and ven t r i cu log raphy  

r evea led  a t h i r d  v e n t r i c u l a r  mass which w a s  i n t e r p r e t e a  as  

tumor r e c u r r e n c e  ( i n  r e > r o a p e c t ,  however, t h i s  a c t u a l l y  

r e p r e s e n t e d  a kcmatona). 

The 

Tho p a t i e n t  was e s s e n t i a l l y  

During t h o  nex t  few months he a l s o  exper ienced  

The p a t i e n t  becam3 s tuporous  and 
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dovelopod lcit hodparesis .  

craniotomy, he remained permanently coiaatooo and f i v e  days 

lntcr, Jancclry 14, 1967, the pat i ent  o:tpired. A t  autopsy, 

tho ensant ia l  cranial Eindinqs W Q r C  post-surcJicJ1 h c r m r r h s ~ i c  

necrosis of the right: occipital  lob^, r i g h t  and lcft t l m l s m u s ,  

and pulvinar; thoro were post - irradiat ion changes in t h e  

t a r s e t  area, but notably, none outs ide  tho targe t  area.  

There was no evidenca of r e s i d u a l  tmor colls. 

Following a r ight  o c c i p i t a l  
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ar”a may be achieved, there is of 
rat!lation field, and this points out 
trrzating these caac-+the exact deli 
knr,:rn. Eren though one can tnkc 
fnrorable radiobiological chnrncter 

In the case of the sk th  

ventricular nmss 

also used the Bra= pcnk of the QlO-Ne\’ alpha-particle 
form thnlamotoinies in 2 patients with Parkinson’s diecnse 

3 p n t h b ;  folloniiig is n cnw hietory of tlic first paticnt. 
Cnxc hbtoty. A 44-year-old woman with o 6-yenr history of 

cylindroma of the pnlatc wns rcfcrrcd in Septcmbcr, 1969, for treatment 
of pdinonnry mctnstnses. Rcscction of the hard and eoft rtalatc without 
mdictrl neck dissection (no rcrvicnl nodcs wcrc pnlpablr) hnd h e n  done 
in Mttrch, 1963, the pathological scction shoring ndcnoid ryatic carci- 
nomn in all mnrgins csccpt one. Postoperative rndintion thcrapy with 
2-MrV x my KPS adniinistctcd. thc totnl dose being 5000 rnds in 25 
dnyr. hfultiple follon-up examinations rcvcnlcd no evidence of locnl 
rccurr(’ncc nor distant mctnstnses until Frbmnry, 1969, when both xere 
detcctcd. Thc pcimnry sitc rns trcatcd with implnntntion of two radon 
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311 Case Summary: Peter Lassen 
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 recurrent p a r a s a g g i t t a l  

oli&odendioglioma had undergone s u r g e r y  t h r e e  times w i t h i n  

, n i n e  months f o r  e x c i s i o n  cf a lemon-sized b r a i n  tumor. He 

had a l s o  r ece ived  one c o u r s e  of x-ray the rapy  ( e s t ima ted  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  1 3  

through March 9 ,  1961). when r e f e r r e d  t o  us . in  December 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  m i d l i n e ,  

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

Bragg 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, 

using 1 3  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 ,500  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  sk in  areas). 

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  r e c u r r e d  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 ed  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. 
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PRIVACY ACT MATERIAL REMOVED 

Previous  h i s t o r y :  -ear 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  year  

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  tumor. 

On May 2 1 ,  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 grade  3 as t 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  

fu i t 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 

pa i r t ic le  therapy  was then  resumed on July 9 and completed on 

J u l y  13 ,  1962. There were f i v e  t r e a t m e n t s  d u r i n g  t h e  15  day  p e r i o d ,  

using 9 p o r t a l s .  Maximum tumor dose d e l i v e r e d  was 5,250 rads :  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  r e c e i v e d  g r e a t e r  than  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  

b e t t e r  and skull x-rays taken  t h r e e  months a f t e r  t h e r a p y  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 h e  g 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  J a n u a r y  of 1963 ( s i x  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  

involv ing  t h e  l e f t  c e r e b r a l  hemisphere.  There was aga in  s i m i l a r  

recurrence beyond t h e  area of r a d i a t i o n .  

PRIVACY ACT MATERIAL REMOVED 
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@ Brain Tumor Case # 3 :  1-b 

once 

each 

rece 

His tory :  a- y e a r  old man, f i r s t  noted symptoms i n  

jar iuary 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  with 

vaque p e r s o n a l i t y  changes,  and a t  l e a s t  one ep isode  of loss of 

c o n t a c t  w i t h  his 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. ?. 

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 g r a d e  2 astrocytoma from a l e s i o n  of t h e  l e f t  s i l v i a n  

f iisher. 

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 Ju ly  6 and Ju ly  1 3 ,  1962. There were f o u r  t r e a t m e n t s  

I d u r i n g  t h e  8 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  throuoh 

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  

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 

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  

ved more t h a n  2,500 rads .  The hemipares i s  d i sappeared  one 

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  

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

H e  cont inued  t o  d o  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  examination 

revea led  no headaches or 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  year  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 i s sue  was g l iob las toma mult i forma,  grade  4 .  The p a t i e n t  d i d  

w e l l  for 10 days b u t  then  had a grand mal 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 a u g u s t  23, 1968. 

The au topsy  showed r i g h t  f r o n t a l  and corpus  col losum involve- 0 
ment w i t h  i n t r a c r a n i a l  hemorrhage. . w e  a r e  s t i l l  w a i t i n g  t h e  d e t a i l s  
of t h e  microscopic  f i n d i n g s .  

ye i3 r 
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pm 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 slow!.y 

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

11’1 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 responded v e r y  w e l l  f o r  two y e a r s .  Symptoms then  r e c u r r e d  a n d  

she was given 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 a  

improvement. 

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 tumor 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 ) .  

O n e  year  l a t e r  t h e r e  was no ev idence  of tumor recurrence 

but 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 .  Unfor tuna te ly  no 

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 

could not  be f u l l y  a s s e s s e d .  

PRlVACY ACT MATERIAL REMOVED 
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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 J u l y  2 7 ,  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  

r t o  t h e  l e f t  p o s t c e n t r a l  gyrus .  The improvement was dramat ic  and 

h i s  only r i s i d u a l  abnormal 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 presence  of tumor 

c e l l s  a t  t h e  margins a t  t h e  e x c i s e d  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  over  a 10 day p e r i o d ,  u s i n g  8 p o r t a l s .  The 

t r ea tmen t  ended on October 1 5 ,  1965. The t o t a l  tumor dose was 

6 ,000  r a d s .  

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  for 

about  a yea 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  Fugust  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  ex tens ion  t o  l e f t  

f r o n t a l  and tempora l  l obes ) .  

Mictoscopic 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  of blood v e s s e l s .  

PRIVACY ACT MATERIAL- REMOVED 
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PRIVACY ACT MATERIAL REMOVED - year  o ld  m a l e  w h o h a d  been i n  good h e a l t h  u n t i l  Aug- 

u s t  1965 when he f i r s t  exper ienced  d i p l o p i a .  The medical workup 

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. Following two shun t ing  procedures  i n  September and 

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  Cirect 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- 

anen 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 .  

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

of t h e  c e n t r a l  l o c a t i o n  and sma l l  s i z e  of t h e  tumor -- a technique- 

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  

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  over a three-day 

p r i o d  ( 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  incre- 

ments 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 th  5,350 r a d s  prob- 

a b l y  be ing  an adequate  d o s e ) .  Therapy was completed on December 

2 7 ,  1965. 

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  a g a i n  developed a i p l o p i a .  

ev idence  of 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 a 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 

There was no 

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

PRIVACY ACT MATERIAL REMOVED 

- . . .  P. . 


