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Th is  r csca rc t i  pi-0jcc.t r r i  1 I e v a l u a t c  t h e  use o hcl ium and ticavy ions  
i n  Llic r i l d io t t i e rapeu t  i c  t r co t i i i cn t  o f  human cancers .  The Oonner Labora to ry  
of Lawrcncr: H c r k c l c y  [ .atJUratory has lolig c x p c r i e n c c  i n  the  use o f  p r o t o n  
and I icI  ium- ion bcaiiis ai id t h e  t reaLi8ient of p i  t u i l a r y  tumors and Cush ing ls  
Disease. P r i i n a r i l y ,  t h e s c  techniques have i n v o l v c d  t h e  LISC of s m a l l - f i e l d ,  
low-Fract ion-nt in ibcr,  h igh -dose  t r ca tmcn ts .  T h i s  e x p e r t i s e  makes t h e  Donncr 
Labora to ry  t l i c  IcaJii ig f a c i l i t y  f o r  e v a l u a t i o n  o f  the use o f  h c l i u n i  and 
heavy- i on  Ixanis f o r  o t h c r  liuiliiln t i i i i i r3rs, u t  i 1 i z i n g  t h c  cx tc t idcd  [Iragg Iicak 
i n  n i u l t i l r a c t i o r i ,  l a r g c - i  i c l d ,  t i ' cs lment  t cchn iqucs .  Both lie1 iuin and heavy- 
i o n  bearsis Iiavc the  a b i l i t y  t o  b c t t e r  l o c a l i 7 c  t l ic i r r a d i a t i o n  dosc by makiriy 
usc o f  t h c  ex tc r idcd  Bragg peak and f i n i t e  range o f  t he  p a r t i c l e  beam. In 
a d d i t i o n ,  t h e  heavy - ion  beanis have t h a  p t o e n i i a l  for- s i g n i f i c a n t l y  lower 
oxygcn c:nhsricc~,iicrit r a t i o .  T h i s  b i o l o g i c a l  f a c t  may he u s c f u l  i n  overcoii i inq 
the  rr7c1iorcsi?3t;incc O F  c e r t a i n  liuinati ca i i cc rs  which thus  Far havc a ve ry  low 
r a t e  o f  l o c a l  c o n t r o l  by  convcn t io r i a l  r a d i o t h e r a p y  tcchniqucs.  

Thus w i t h  tic1 iimi i o n s  t l ic  p o t e n t i a l  aclvantagc 1 i c s  i n  b e t t c r  l o c a l  i r a l i o r i  
o f  dose w i t h  s p a r i n y  O F  normal s t r u c t u r c s ;  t h c  sanic advantage p l u s  t h c  r a d i o -  
b io log i c .  atlvanlayc: of overcut i i ing hypox ic  r a d i o r e s i s t a n t  Luiiior ccl 1s  e x i s t s  
w i t h  t h c  hcavy - ion  beams. These r a d i a t i o n  beams, i f  success fu l  i t i  i i i iprovi f ig 
l o c a l  cont ro l  of tumors, w i l l  s i g n i f i c a n t l y  a f f e c t  t h e  chance o f  c u r i n g  an 
a d d i t i o r i a l  o n e - - t h i r d  o f  p a t i c n t s  c u r r e n t l y  d y i n g  cach year  froin cancer .  
Nat io r ia l  l y ,  t h i s  co t i l d  r cp re5en t  t h c  thc !o re t i ca l  p o t c r r t i a l  o f  approxir i iatc1y 
60,000 a d d i t i o r i a l  1 i v e s  k i n g  saved yearly. 

P r e v i o u s l y ,  r a d i o b i o l o g i c  e v a l u a t i o n  i n  t l l c  I a b o i ' ~  t o r y  aiid w i t h  t e s t  
an imals  has becn donc w i t h  t h e  h e l i u m - i o n  beam i n  o r d e r  to s tudy  i t s  b i o l o g i c a l  
c f f e c t i v c i i e s s .  S u f f i c i e n t  d a t a ,  as no ted  i n  S e c t i o n  V ,  paqc 88, o f  t he  FJrOPOsal 
r cga rd in r j  the r e l a t i v e  b i o l o g i c a l  e f f e c t i v c n e s s  and oxygen enhancement 
r a t i o  a r e  a v a i l a b l e  Lo proceed imniediaLely t o  l a r g c - f i c l d ,  f r a c t i o n a t e d  
t i ea tn i cn t  w i th  t h c  he1 ium-iori beam. 
Bay Are'? I l cJvy- lon  A s s o c i a t i o n  has reconiniended t h e  use o f  an R B E  o f  1 . 2  
i n i t i a l l y  Tor hc1 iun i - ion  the rapy .  With respec t  to hcavy i ons ,  p r e t h e r a p e u t i c  
rcsearct l .  5u? : )3 r . t ed  i n  p a r t  by t h c  N a t i o n a l  Cancer I n s t i t u t e , i s  needed t o  evaluatc 
the  ' l c ccssL l i - ' !  r ~ ~ L ! i r ~ b ; n l ? ~ i c  d a t a  p r i o r  t o  hurllan the raoy .  

The R a d i o b i o l o g i c a l  Committee o f  t h e  

S u b I ( . c l \  f o r  t h i s  s tudy  w i l l  J I I  be a d u l t ,  v o l u t i t c e r  cancer  p s t i c r i t s  a b l e  
t o  !:ivc J O  i r i f c l r - c 4  con>erit i n  w r i t i n g  t o  p a r t i c i p a t i o n  i n  the  r e s e a r c h  Project. 
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I n i t i a l l y ,  t l ic  h c l i u m - i n n  beatii w i l l  I)c u t i l i z e d  w i t h  a r c l a t i v e  b i o l o g i -  
: a ]  c f f cc t i vene :s  o f  1 . 2 .  I n  a d d i t i o n ,  t h e  f i r s t  t h r c c  t o  s i r .  p a t i e r i t s  i n  
iany o f  the p r o t o c o l s  w i l l  bc treated a1  approx i i na te l y  20% r e d u c t i o n  i n  dose. 
f no imniediale uiito:vard a f f e c t s  a r c  no ted  and f o l l o w i n g  thc  app rova l  o f  

.tic p r i n c i p a l  i n v c s t i g a r o r ,  l h e  dose w i l l  be r a i s e d  t o  t h e  p l a n r i r d  l e v e l .  

The d i a g r i o s t i c  t echn iqucs ,  beaiii p o s i ~ i o n i n g  and d e l  i v c r y  i n c l u d e  thc  

$ 

lost: up- to -da te  techn iques  i l v a i  lable. A s p e c i a l  compu te r -con t ro l  l e d  p a t i e n t  
:xposurc d e v i c e  ha5 been b u i l t  i n  6hc l a b o r a t o r y .  lsodose con tou rs  w i l l  bc 
!stab1 i shcd  i n  phantoms w i t h  the a i d  o f  i o n i z a t i o n  ctrambers and '1'LD d o s i -  
ietsrs. Qur ing  t rea tmen t  t h e  beam i s  n ion i to red  v i a  c x t e r n a l l y - p l a c e d  
o n i z a l i o n  chambers. When heavy - ion  t reatment  i s  adn i i n i s te rcd ,  t h c  beam 
l e l i v e r y  w i l l  be cl icckcd by  incasur ing l l i c  I o c j ~ i o t i  o f  r e s i d u a !  a u t o r a d i o -  
i c t i v i t y .  

l 'he r i s k s  and d i s c o i l l f o r t  o f  rad io t l i r t r ayy  are  wcI 1 cstabl i s t ic t l  f o r  
o r i ven t i ona l  X-ray treatntcnt t cc l i n iqucs .  I t  i s  f e l  I: t h a t  s u f f i c i c n t  i n f o !  - 
i a t i o n  i s  J v a i l a b l c  r e y a r d i n g  the  r a d i o b i o l o g i c a l  c l  f c c t i v e i i e s s  o f  tlic 
t r l i u n i - i o n  bcani lo  cst imaec ehat i l i e  r i s k s  and 5 i d c :  c i f c c t s  w i l l  bc s i n i i l a i .  
o o r  less than w i t h  cenveneionaI  techniques.  

The s i d e  cCPccts ,  d i s c o m f o r t s ,  and r i s k s  o f  i r r a d i a t i o n  o f  each anatomic 
i t c  w i  f 1 be e x p l a i n e d  bo e.ich v o l u n t e e r  p a t i c n t  atid i n c l u d c d  i n  t h c  iriTormcd 
onsent form, so t h a t  he o r  shc i s  well aware o f  these r i s k s .  

Medica l  reco rds  w i l l  bc kep t  a t  Lawrence Bcrkelcy Labora to ry  on each 
. tudy p a t i e n t .  Tticsc w i l l  remain c o n f i d e n t i a l  un l css  eonscnt i s  g i v c n  i n  
i r i t i n q  hy t h c  p a t i e r i t  t h a t  such i n f o r m a t i o n  niay he i d e n t i f i e d  as t o  nainc, 
. t c .  Each volunteer w i l l ,  however, be ~ s k e d  io agree that  d a t a  r e g a r d i n g  
l i s  case riiay be i n c l u d e d  i n  analysig; o f  t he  research  p r o j e c t ,  so t h a t  v a l i d  
o n c l u s i o n s  can tic drawn. 

:IS#/BEMEFIT R A T I O :  With the d a t a  a l r e a d y  a v a i l a b l e  concern ing  h e l i u m - i o n  
a d i o t h r r s p y ,  the l i k e l i h o o d  o f  i n c r e a s r d  r i s k  ove r  c o n v e n t i o n a l  r a d i o -  
h e r a p e u t i e  techniques i s  m in ima l .  The b c n e f i e s  t o  be gained i n  t e r m  o f  
e t t e r  l o c a l i z a t i o n  o f  dose outwiegh the  r i s k s .  I t  w o u l d  be expeceed t h a t  
oca1 c o n t r o l  c o u l d  b e  r a i s e d  i n  Lhe v a r i o u s  tumor s i t e s  where i e  i i i ight  be 
, o s 5 i b l e  t o  incrcJSC the dosc f rom the low-LET r a d i a t i o n  eqU iVJ lc i l t  o f  
,.OOO rads i n  f i v c  t o  s i x  wecks t o  7,BOO rads i n  seven t o  e i g h t  weeks. 

s i b l e ,  improved l o c a l  c o n t r o l  should be expected. 

o r - i c i t l ~ l  doses alrcady Inay be g i v e n  wibh c o n v c n t i o n a l  
c o l i t r o l  t w y  not  be s i g n i f i c a n t l y  improved, b u t  m o r b i d i t y  

!,y ;I 5p.iring o f  nornial t i s s u e s .  T h i s  a l s o  would be o f  
1 ' )  t l -e  ~ r ~ t i c t i t .  
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?he potential for improved local control with these beams is excellent. 
In-the p a s t ,  whenever radiotherapists have been better able to localize dose 
because of improved methods of p h y s i c a l l y  distributing the dose, an increase 
~n~ls~aI.control and survival rates has oceurred. There i s  no reason not eo 
be opeimistic that a similar improvement can be achieved with these particle 
beam. In addition, the heavy-ion beam offers an improved biological effec- 
t iveness: 

Q. 

- 
Cornelius A. Tobias, PhD 
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Address of I n s t i t u t i o n  

Purpose of thc s t u d y  

Your p h y s i c i a n  h a s  ds&armincd t h a t  you may be an  e l i g i b l e  p a t i e n t  for 

p a r t i c i p a t i o n  i n  a s t u d y  sponsored by t h e  Nat iona l  Cancer X n s t i t u t c  to  

compare t h e  effects of helium or h e a v y i o n  r a d i a t i o n  wi t11  t h e  effects of  

convent iona l  X r a y s  i n  t h e  treatment of human ciincers. The s tudy  is heing 

conducted us ing  equipment a t  t h e  Lawrence Berkc1.cy LaboI'atoiy and tkc  Donnci: 

Enboratory, U n i v e r s i t y  of C a l i f o m i n ,  Berkeley. Hesrnrchcrs believc? helium 

and/or heavy-ion therapy  may offer  s ign i f i can t  advantages over eonvclibional 

the~:apy, a l theuqh this K I U S ~  bc established. A t  p r e s e n t ,  we do n o t  know 

Whish fOm Of ul@Kapy i S  better .  

tIePim-i.on r a d i o t h e r a p y  h a s  bcen s u c c e s s f u l l y  used to  treat pituit:ary 

t u m o r s  for ~i7itt-1~ y e a r s .  

d i f f e r e n t  way from thc p a s t  p i t u i t a r y  t rea tmcnts .  

However, we intend to  use helium-ion therapy  in a 

Test:: of heavy-in11 

r a d i a t i o n  are just beginning.  

r a d i a t i o n  a g a i n s t  convent iona l  techniques  of rad io therapy  to see which i s  

OUE g o d  will bc to  test t h e s e  new forms of 

' b e t t e r .  This  may i n v o l v e  randomly a s s i g n i n g  you t o  one or t h e  o t h e r  forms 

of therapy .  

some forms o f  cancer  i n  t h e  f u t u r e .  

Thus, your v o l u n t a r y  p a r t i c i p a t i o n  may h e l p  o t h e r s  who Contract  



' roccdurrs  E hr: folloi5r.w 
I f  you choosc to  r n t c r  t h e  s t u d y ,  you must s g r c e  t o  spend t h c  requnrcd 

unount of time at c i t h c r  youp r a f c r r i n q  p h y s i c i a n ' s  institution o r  a t  

awrence Bcrkelcsy 1,d~oratory for  t rcatmont .  You must a l s o  agree t o  r e t u r n  

o t h e  I.awrcncc Iicrkelcy P.,-d)oratory f o r  t h e  rcqui rcd  f o l  Powup exomiriat iops.  

If  ass igned  bo 1iel.iurn or heavy-ion therapy, you w i l l  r c c c i v e  radiation 

i. reallrncnts a t  Lawrence ncrkrlcy Lnboratozy f o r  J. pcriod of 5 - 30 days and 

ill need t o  rcmain i n  t h e  area f o r  apprexirnatcly 30 days aftcr  t h e  t rcaufients  

nd so t h a t  physicj .ans  can a s s e s s  the h o r t - t e r m  r a d i a t i o n  e f f e c t s .  

rea 'ments  will o r d i n a r i l y  be given  d a i l y .  

Standard p r e p a r a t o r y  procedures  may be involved ,  i n c l u d i n g  t a k i n g  

i a g n o s t i s  X-ray p i c t u r e s  and n u c l e a r  medicine i s o t o p e  scans.  

There w i l l  bc a prca l iqnment  e x e r c i s e  wi thout  adminis te r ing  r a d i a t i o n  

3 f a m i l i a r i z c  you with t h c  p r e c e s s  and to aseertair. t h a t  r a d i a t i o n  dur ing  

reatdncnt. w i l l  bc delivered to the a p p r o p r i a t e  r c y i o n s  sf the body. 

i d  f lexibLc clcviccs may bc used f o r  p o s i t i o n i n g  and immobil izat ion.  

Plastic 

The t r c a t m e n t s  will be adminis te red  i n  the manner demonstratcd to you 

i r ing  iJie prcal ignrnent  e x e r c i s e .  Tkcre w i l l  be no pa in  or s e n s a t i o n  from the  

?am dur ing  t rea tment .  You w i l l  be alone i n  t h e  t rea tment  room; however, 

le t rea tment  p e r s o n n e l  can view you a t  all times on c l o s e d - c i r c u i t  TV, and 

ro-way voice  c o n v e r s a t i o n  is p o s s i b l e  anytime v i a  intercom equipment. 

nurse is s t a t i o n e d  immediately o u t s i d e  the t r e a t m e n t  room jsld is a v a i l a b l e  

I needed. 

You will be  asked  t o  p a r t i c i p a t e  in a v a r i e t y  of s tandard  medical 

1 

I 

~ s t s  i n  the p o s t i r r a d i a t i o n  per iod:  

' f i cacy  of the t r e a t m e n t .  

t h e s e  will measure the p r o g r e s s  and 



Whi1.c you arc ta!:il!g p a r t  in t t ~ c  s tudy ,  y o u r  phys ic ian  i s  s t i l l  :.r:!:- 

poris ible  for your t r c a t m s n t  a n d  can change YOUK t rca tmcnt  o r  remove you f ro in  

the s tudy  a t  m y  t i n c  if }le belicvc:; it to ha i n  your b e s t  i n t e r e s t .  

w l l - b e i n g  i s  h i s  pri :naq concern. 

at Lawrence ncrkaley LaSoratosy,  your t rea tment  w i l l  bc nanngcd i n  closc 

co-opcrat ion wi.th y o w  pl iys ic ian ,  a l though he may not  bc adminis te r ing  the 

t r e a t m e n t  himself .  

Your 

whi le  you are t a k i n g  p o r t  i n  t h c  ~ ; t c d y  

P o t e n t i a l  b e n e f i t s  

Thc p o t e n t i a l  advantaqe of heliugnfieavy-ion therapy is t h a t  i t  may bc 

IIIOKC e f f e c t i v e  i n  t r e a t i n g  p a t i c n t s  than s tandard  manabement. 

designed t o  try t o  compare the e f f e c t s  of t h e  heliurnfieavy i o n s  as c l o s e l y  

as p o s s i b l e  w i t h  those of convent iona l  X rays, and evaluate which i s  hetter. 

Tkc s tudy is 

Possible discomfor t s  and r i s k s  

We do not  have complete i n f o m a t i o n  on the risks you may cncountcr  duc 

to  helium/heavy-ion r a d i a t i o n .  Pre l iminary  b io logy  t e s t s  i n d i c a t e  thc 

procedure w i l l  not be unduly harmful, and tho  doses  t h a t  will be given to 

you are designed t o  minimize the p o s s i b i l i t y  of e x c e s s i v e  discomfort  o r  risk. 

Both h e l i u m / h c a q - i o n  r a d i a t i o n  and convent ional  r a d i a t i o n  could r e su l t  i n  

sone or. all 0% the following types of discomfort  and r i s k s ,  depending on 

the area of t r e a t m e n t :  ( ~ c e  i n s e r t  apgee;zfntc to t u ~ o r  sits to he t r c c t e d )  


