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SUBJEGT: 'TREAT?IEhT PLAXXIXG FOR PIOS BEANS 

Because t h e  beams from convent ional  therapy machinee can b e  

approximated a s  corning from a po in t  source,  t h e  t reatment  planning 

programs cen be based on schemes which c a l c u l a t e  dose along r a d i a l s  

from t h e  source.  

The more conplex phasc space c h a r a c t e r i s t i c s  of t h e  pion beam 

makes t h i n g s  harder .  

S ince  it w i l l  be a long t i m e  before  we g e t  measured dose d i s t r i -  

bu t ions  on which t o  base t reatment  planning c a l c u l a t i o n s ,  w e  need t o  

s imula t e  r e a l i t y  a s  best we can now. 

I 

I sugges t  t he  fo l lowing  approach. Assume t h a t  t he  t reatment  mode 

w i l l  bc. t o  tune the channel t o  t r anspor t  pions of some nominal maximum 

range ,  say  25 cm i n  t i s s u e .  Place on ad jus t ab le  th ickness  pion energy 

degrader  above t h e  p a t i e n t .  I am going t o  ca l l  t h i s  degrader a range 

s h i f t e r  RS and call i ts  equiva len t  t i s s u e  th ickness  UT. 

Now a d j u s t  t h e  p a t i e n t ' s  v e r t i c a l  height with respec t  t o  the  

channel  so that the beam conf igura t ion ,  which is a func t ion  of t h e  

tun ing  of the l a s t  quads, is as des i red  a t  the  d i s t a l  su r f ace  of the 

- t a r g e t  colume. Also a d j u s t  t h e  RST so t h a t  t h e  p ions  ( the  beam is 

approximately monoenergetic) stop a t  t h i s  d i s t a l  su r f ace ,  
w- ms As a func t ion  of i n t e g r a t e d  pion f l u x ,  move t h e  p a t i e n t  dowmqard 

so t h a t  t h e  beam conf igu ra t ion  moves upward through the  patient. A t  

t h e  same t ime i n c r e a s e  the  BST eo t h a t  t he  pion s topping p lane  moves 

upward a t  t h e  sane rate. 
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TO: D i s t r i b u t i o n  - 2- December 10, 1971 

Place a co l l ima to r  above the RS. Vary t h e  co l l imator  plane (CP) 
a p e r t u r e  as t h e  s topping  region moves upward so t h a t  the high dose 

' r e g i o n  w i l l  conform as c lose ly  as poss ib le  t o  the  t a r g e t  volume. Refer 

t o  F i g .  1. 

Figure  1. 

How can we do t reatment  planning now based on t h i s  scheme7 

Step  1 - Us2 the program PIFLUX t o  c a l c u l a t e  ( t o  2nd order  in beam 
o p t i c s  accord ing  t o  the program TIUKSPORT) t he  pos i t i on  and d i r e c t i o n  

of a large number of re ference  rays  i n  the  CP. 
and d i r e c t i o n  information.  

Save t h i s  ray pos i t i on  

S tep  2 - S e t  up a 30 dose m t r i x  t o  enconpass the  volume which will be 
r ece iv ing  p ion  dose. 

correspond t o  the d i s t a l  surface of the  t a r g e t  volume. 

will be s t o r e d  i n  th i s  matr ix .  

Let t he  25-cm-depth sur face  of t h i s  volume 
Dose information 

S tep  3 - Trace t h e  r e fe rence  rays ,  which lie wi th in  the  CP ape r tu re ,  

through the dose matrix. 
such as t hose  generated by A l S m I l l e r ,  assign dose t o  each matrix c e l l .  

RBE can be assigned along t h e  curve as des i r ed ,  Also weight t h e  dose 

according t o  t h e  d e s i r e  i n t eg ra t ed  f l u x  f o r  the present  s topping plane 

depth.  

Using a monoenergetic beam depth dose CULT@ 

Ste 

and r epea t  Step 3. 

4 - Increment the  RST and t he  d i s t ance  of t he  matr ix  from t he  CP 
COPlEO F e  Set  t h e  C1' ape r tu re  t o  the  new size. 
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TO: D i s t r i b u t i o n  -3- December 10, 1971 

Continue t h e  Step 3-Step 4 cycle  u n t i ,  the s topping p lane  has been 
swept through the t a r g e t  volune. 

. -  
S t r a g g l i n g  1s already considered in the  Alsmiller ca l cu la t ions .  

N u l t i p l e  s c a t t e r i n g  can be taken i n t o  account by assigning a 

random, proper ly  weighted t ransverse  displacement t o  each of the r e f -  

erence rays as they are t raced  through t h e  dose matrix.  

The process  descr ibed  is a jumping off place  f o r  setting up t r e a t -  

ment planning. 

are appropr ia te .  

Experience will show where s i rdpl i f ica t ions  and addi t ions  

I b e l i e v e  that,  i n  p r inc ig l e ,  t h i s  represents  t h e  b e s t  we can 

p o s s i b l y  do wi th  thc information we have. 

As measured dose d i s t r i b u t i o c s  becone available that information 

can very probably be adopted t o  a t  least p a r t  of the general  schene out- 
l i n e d  above. 
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