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Radiologiczl Pkysics for Biomedical F a c i l i t y  
Report h s e 5  cn o u r  visit 7-9 February * 

The enclose2 re;rrt is based on t h e  fnfcrration we gathered  when 
v i s i t k g  Los X e r s s  7 - 9  Fchrccry. I have t r i ed  t o  r e p r e s e n t  t h e  
c o n s e n i s  of Bill's, Feter 's  and rr,y own opinion.  
all e s s e n t i a l  p o i n t s .  However, Peter and B i l l  might have somewhat 
d i f f e r e n t  views on cer ta in  d e t a i l s .  By means of copies of t h i s  
memo and report, I ask them to l e t  you know directly, ,if t h e y  want 
to add or  modify. 

We did agree on 

W e  were i n s t r u c t e d  t o  cons ide r  p r in i a r i l y  t h e  " d e f i n i t i o n  of p h y s i c a l  
d o s i r e t r y  procedures for bioneclical  pion beams". 
a co@ete  and balcr?ci?d view, we found it necessary  to s t u e y  t h e  stetus 
of t h e  bicze2ical pic3 Frogran in all i ts  aspscts of clinical rsdio- 
logicel phys ics .  
s e c t i o n s :  

fn order t o  achieve  

I have broken dovn t h e  report in t h e  fo l lowing  

1. Fundzmcntcl dosinetry. . 

2. Beam c h z r a c t c r l s t i c s ,  
. 
3. Treatrcnt  ? l a m i n g ,  

7. Casting and i r z o b i l i z z t i o n .  

I will work a t he - schedu le  s e p a r a t e l y  b u t  I need an undis turbed  half 
a day for that, so it w i l l  be s e n t  to you later. 
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1. F ~ ~ ~ c . ~ ~ = ~ ~  c ? z i Z ? k r y  

One cen  2efir.t t1:o s e j z r a t e  o b j e c t i v e s  f o r  t h e  e f fo r t  i n  fundamental  
d o s i n e t r y :  1) t o  6eve lop  nc thods  w i t h  s u f f i c i e n t  accuracy  t o  s t a r t  
the b io logy  an5 t he rapy  prograns  as planned;  2 )  
for e c c u r c t e  c h a r a c t e r i z a t i o n  of t h e  i n t e r a c t i o n  of t h e  p i o n  beam w i t h  
mtter i n  order t o  allor:. an in-Ze?th u n l c r s t a n d i n g  of t h e  b i o l o g i c a l  
a c t i o n  of t h e  p i c n  beac. 
w i t h  t h e  t a r g e t  d a t e s  for t h e  b i o l o g i c a l  and t h e r a p e u t i c a l  p r o g r a m .  
The second o b j e c t i v e  can be reached o n l y  through an  e f fo r t  spanning 
over several yezrs. 

Ongoing work I s  d i r e c t e d  towards t h e  f i rs t  of t h e s e  objectives. 
has approached it w i t h  a program w i t h  i o n i z a t i o n  chambers, based on 
his expe r i ences  at Berkeley. Meaningful exper iments  can  s t a r t  wi th  
10 UA beam c u r r e n t s .  Raju has planned t o  make such measurements. Add- 
itionally, particle f l u x e s  w i l l  be determined as p a r t  of t h e  beam diag- 
nos t ics  program. 

In  an u n s p e c i f i e d  manner, o u t s i d e  groups are expec ted  t o  come"ln'-and 
perforn c a l o r i m e t r y  anc! microZ2simetry. 

Richcan i s  pcrcxi-g e FrcYrFr? 1::c.h siliccn 2 e t e Z t o r s  cnd p u l s e  c. ia lyr ir .  
These z.ecs~=e:.xats can prcrvice ii-1 foriia t i o n  of t h e  e l e c t r o n  con t a n i n z  t icn - 
This w i l l  also be s t u d i e d  w i t h  Cerenkov detectors. The s i l i c o n  d e t e c t o r s  
w i l l  provide  d a t a  on t h e  f regucncy d i s t r i b u t i o n  of t h e  specific cn5rcy 
ixrbpzi-tc2 i n  tke s i l i ccz  2 c t e c t o r .  

it i s  n o t  clecr kc-.,- t h i s  i n t r e p x t a t i o n  w i l l  be made, but f u r t l : e r  t?.cs- 
r e t i c a l  and e x a e r i c e n t a l  s t u z i e s  are nccessery .  
p o s s i b l e  (as p o i n t e d  oat  by Richman) t o  s e p a r a t e  t h e  Zose c o n t r i b u t i c - s  
frcn kish LET ztr,C i cw L2T r a e h t i o n  on t h e  basis of t h e  measurcrxnts  
w i th  s i l i c c n  dztectors. 

t o  deve lop  methoes 

The f i r s t  o b j e c t i v e  i s  i n t i m a t e l y  connected 

. 
Raju 

* ' *  

1 

Y k s e  d ~ t o  w i l l  p r o b e t l y  be u s c f c l  
for c k z c c t e r i - z t i o n  of L . A ~  Lea3 i n  terms of LET d i s t r i b c t i o n s .  iIC:--*'- l -  - . b -  , 

I t  should  a t  l c a s t  be 

The problem of e v a l u a t i n g  t h e  e x a c t  s t a t u s  of the program i n  funear. I c c t n l  
dos i rmt ry  is t o  f i n d  t h e  prcper balar?ce between t h e  two ohjectiq:Zs EZ- 
tionec! i n  t h e  in t roc iscc icn .  The pi-ocjrnn can no d o u b t  procecr! c t  t h e  
presect, r a t h e r  l e i s u r e l y  pace for ano the r  couple of months wi thout  any  
t h r e a t s  t h a t  t he  B e a d l i x s  for Sioloc:/ clnd t h e r a p y  w i l l  bc affected. 

IIoxever, 'it m r t  Le rcco?:iized t!izt  t h e  p r c s c n t  progren  2oes R G ~  
w s r m t c c  a r c x x z b l e  ~i.::t.h of uxcrstcnc:ix:g of t h e  e f f e c t s  of t h e  
p ion  i n  tcrr.3 02 pi;ysical d o s i x e t r y .  T h e  effort i n  fundnixntnl  
dosir.letry ncst be e::?zl;c:cc: and m s t  Lc a l loved  to con t inue  for s e v e r a l  
years, branching  i n t o  c c l o r i n c t r y ,  m i c r o d o s i r e t r y ,  s p e c t r a l  a n a l y s i s ,  
and e x t c n s i v e  t h c o r e k i c a l  s t u d i e s .  
should be a c c u r a t e  and s o p h i s t i c a t e d  dosimetry.  It is r easonab le  t o  
expec t  t h a t  t h e  mst q u a l i f i e d  c x p c r t s  on p ion  dos imet ry  should b2 
meatcrs of t h e  L.Y.:iT tesl: znd n o t  only av-r. i lable t o  the projcc ' i  m i  il 

1 c o n s u l t a n t  basis. We, t h e r e f o r e ,  recomiiend t h a t  t h e  d o s i n e t r y  e f f o r t  
is s t r eng thened  by adding a p h y s i c i s t  t o  e i t h e r  t h e  LIU.IPF group o r  t h e  

- 
Thc rjoal of t h i s  p a r t  of the program 
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fun8krental Cosiz.ztry. Sy t h e  way,  n e i t h e r  Raju n o r  Richman are 
prir.:azily or iente5 toxards f u n d a r e n t a l  d o s i n e t r y .  The new p h y s i c i s t  
coulc? be ct t k e  let-si cf a Coc to ra l  o r  p o s t z o c t o r a l  p h y s i c i s t .  

The i n t e r e s t  and  assignment of t h i s  p h y s i c i s t  should  be 

A large n w a e r o f d a t a  have t o  be accumulated t o  describe t h e  charac-  
teristics of t h e  beac. S t u d i e s  of t h e  i n f l u e n c e  of  inhomogenei t ies ,  
the dose d i s t r i5 : t i on  a t  i n t e r f a c e s ,  dep th  dose data  i n  water p h a n t o m ,  
c o n f i r r e t i o n  of tzez tmzt  p l ans ,  etc. are a l l  p a r t s  of t h i s  p r o j e c t .  A 
s i g n i f i c a a t  air.axr.t of t h e o r e t i c a l  work must be i nc luded  t o  g a i n  f u r t h e r  
unders tanding  of the beam and allow t h e  e x a c t  i n t e r p r e t a t i o n  o f  measure- 
m e n t s .  T h i s  i s  e s F e c i a l l y  i n p o r t a n t  i n  view of t h e  f a c t  t h a t  t r e a t r e z t  
p l ann ing  by n e c e s s i t y  w i l l  be based on approximative mathematical  t ech -  
n i q u e s ,  and the v a l i d i t y  and r e s t r i c t i o n s  of these methods must be 
understood.  

Our op in ion  is t h a t - w h i l e  t h i s  p a r t  of t h e  p r o j e c t  s u f f e r s  from shor t age  
of psrsonnel, it is not  y e t  behind t h e  g z n e r a l  schedule .  Richnan, w i th  
t h e  a s s i s t a n c e  of Barnes,  is i n  t h e  process of developing  measuring 
t e c h n i q u e s  fo r  this purpose. He h a s  started t h e  c o n s t r u c t i o n  of a ps r -  
t i c u l a r  phantom for'the s tudy  of t h e  i n f l u e n c e  of inhomogeni t ies  on t h e  
dose d i s t r i b u t i o n .  The s p e c i f i c a t i o n s  for an  automated isodose p l o s t e r ,  
measuring i n  water, are being  worked out. 

I n  vie;; of t h e  lizite2 z.:.:-.?o-.;cz c\~zilc:..Sle, t.-e s t r o n g l y  reconze;..Z t!ict 
in-house C O C S ~ Z L C : ~ ~ ~  ai.6 r a x f a c t u r e  is  c o z s i d e r e d  on ly  as a last r c ~ ~ o r t  
and that core a t t o x t i o n  hc pa id  t o  what can be bought cormercia1l.y. X- 
m i t t e d l y ,  t h e  use  of  r e a d i l y  a v a i l a b l e  equipRcnt might inpose  soxe re- 
s t r i c t i o n s .  €ioi:evar, i n  n:ost cases ~ i ; i s  is J. reasonable  price t o  pay t o  
free E? avzi lnSle  personze l  to vrorl: on F r o h l m s  uniqcc for  the n i c n  5ic- 
mcdicel chari.-.ol. d z e c i ; i c a l l y #  ws p r o p x e  t h z t  a c o r q u t c r i z e e  j.sockst3 
plo t te r  of proven c k s t r u c t i o n  be acqu i red ,  and t h e  computer program be 
r e w r i t t e n  t o  s u i t  the PDP 11/45; 

3. Trea tFen t  P l z r n i n c  

It is  iritended t h r . t  g e o m t r i c a l  t r e a t n e n t  p lanning  be done on t h e  
PDP 11/45 C G E p I t e r .  T i i i s  2 e c i s i o n  is qcite reasonab le  i n  view of t h e  
cornplcxity of t h e  bean and thc bean shaping  methods.  lte also .egrce 
t h a t  it i s  desirable t o  dcsicjn the t r ea tmen t  p l ann ing  program i n  such 
a rnanmr t h e t  tke t k r z p i s t  and h i s  staff czn c a l c u l e t e  tha dose dis- 
tribution i n  the F a t i s n t  i n  a re l i ; rblc ,  convenici l t  and econon ice l  
manner. To achlic\-e sceh ccnucniencc,  in 'cer i ic t ive corr.puter o p e r a t i o n ,  . 

the use  of aFgrox iza t ing  nathods rat!ier t h a n  complete and f i r s t - c l a s s  
phys i c s  pfogzs~:~c vi11 be nccessary .  T h i s  is a c c e p t a b l e  s i n c e  t h c  
spa t i a l ,  r e so lu t io? ,  zzd t h e  eccuracy have t o  s a t i s f y  thc c l i n i c a l  needs 
which =re Uich less Cemanding than  t h o s e  c h a r a c t e r i s t i c  b I $ l e t e  
p h y s i c a l  Zesc r ip t ion .  

Ke c o n s i d e r  t h e  t r e a t m c n t  p lanning  program under  development (Shlaer)  
as zr e x c e l l e n t  first choice ,  t o  thc c s t e n t  we could  e v a l u a t e  it. 
Unfor tuaa te ly ,  tbe fur thc i -  devc1cpn:mt of t h i s  program has  been 

. 
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i n t e r r q t e d .  It  i s  Gost essent ia l  t h a t  t h i s  program be r e s t a r t ed .  Ke 
e s t k n t e  t h a t  it w i l l  be necessary  t o  a -ss ign  one program‘er  t o  work f u l l -  
t ice ox this project, i n  Close c o l l a b o r a t i o n  w i t h  a c l i n i c a l  p h y s i c i s t -  
who %.-ill s ~ s x 2  cZcxt  1 C t  of h i s  tics on t h i s  a s s i g n n e n t .  

‘ 

An i n t e r c s t i n q  problem i n  pion r a d i e t i o n  the rapy  is  t h e  need t o  incluZa 
b i o l o g i c e l  ecta i n  t5e t r c a t r . e n t  p l an .  Althou55 r a d i o t h e r a p i s t s  a r e  us26 
t o  modifying dose d i s t r i b u t i o n s  on t h e  b a s i s  of r a d i o b i o l o g i c a l  data ar.d 
c l i n i c a l  expe r i ecces  of f r a c t i o n a t i o n  sche8u lcs ,  t h e  p rob len  i s  cor.poc5c:’ 
i n  t h e  case of p ions  by t h e  pronounced v a r i a t i o n  of RBE w i t h  8epth.  
p ropos&that  t h e  i n i t i a l  t r e a t m e n t  plans be p resen ted  as  t h r e e f o l d  plans, 
s p e c i f y i n g  h igh  LET dose, low LET dose,  and t o t a l  dose. T h i s  w i l l  al low 
the t h e r a p i s t  t o  correlate dose w i t h  b i o l o g i c a l  resu l t  i n  a r easonab le  
manner, wh i l e  t h e  p h y s i c a l  meaning of t h e  t r e a t m e n t  p l a n s  w i l l  remain 
c l e a r l y  def ined .  Bot.!ever, it would be h igh ly  d e s i r a b l e  t o  be a b l e  t o  
c a l c u l a t e  expected s u r v i v a l .  Mathematical models are a v a i l a b l e  f o r  such 
c a l c u l a t i o n s .  They l end  themselves  to c o n s i d e r a t i o n  o f  REE as w e l l  as 
f r a c t i o n a t i o n  and  can e a s i l y  be computerized. W e  recornend t h a t  sone- 
body i n  t h e  r a d i o b i o l o g i c a l  group look i n t o  t h i s  problem or  t h e  advice 
of a s u i t a b l e  e x p e r t  (as D r .  L. Cohen) be sought .  

4 .  E 3 E 2  ,C”2ir.c :z-r? r ) r C Z L - ? l l t  

The dose d i s t r i b u t i c n  w i l l  be b u i l t  up i n  t h e  p a t i e n t  by t h e  u se  of 
t h e  been through a s t a t i o n a r y  s l i t  colr3ined w i t h  range rr.odulaticrn an6 
p a t i e n r  n a t i o n .  This syster;: will be ope ra t ed  by the PDP 11/45 cc:rzz;ter 
in r25bt i .on  t o  t h c  nozr.=l L x x  cfiz.r.ne2 o p x n t i c : i .  
d e r i v e  t he  o p e r a t i o n s 1  s c t t i z g s  as p a r t  of  t h e  t r e a t r e n t  p l ana ing  p z q z z z  

The t r e a t m e n t  p1annir.g prosrtm i n  i ts  t u r n  r e c e i v e s  i t s  i n p u t  data f r o n  
t r a c i z T t  cf t he  tl-Fztz.ei,t val**-  L....t - en? Ccscri?t iocs  of t h e  bears. A l l  
i r x l u C c E ,  t h e  q s t m  b ~ c c : : ~ ~  quite cc:n;lc::, 2r.d it w i l l  Se d i f f i c c l z  fcr- 
t h e  raZiochcra2ists 2nd ci.ie p h y s i c i s t s  t o  g e t  an overview i n  r o u t i n e  
opc rc t ion .  

K2 

--- - 

The cozinputer ..-iI!. 

Althouch we have grcet: cc2 f i zence  i n  t h e  t e c h n i c s 1  d e t a i l s  of thc 
s y s t e n ,  it seemi! t o  a l l  of  us i r y o r t a n t  t h a t  an a n a l y s i s  of t h e  over-  
a l l  s p s t e x  be nac?? by a p h y s i c i s t  v i t h  c l i n i c a l  e x p e r i e r c e .  T h e  pur~ose  
of t h i s  c c i o r t  v x x l Z  h e  t o  z*: i lcs te  t!:e s y t t c n  2s i? i.:holo, rzt1:ci- .-.:.z.n 
the i z 5 i v i C s c l  d e t . i l z .  I t  i s  ir;>3.=rrcL:.r.t t h a t  t!iS i n t c r i i c t i o n  LL!L::L..> 
s i r ? .u l a to r s ,  treatr.:cnnt. p1nn:lj nr; acti t l j  t i e s ,  p z t i e n t  p o s i t i o n i n g  C I ~ C ?  
holclizg Aeviccs,  arid t he  nlachine p s r m e t e r s  be f u l l y  i n c l u d e 6  in this . 
“sy‘sterns acalysis” . 

. .  

I n  a d d i t i o n ,  r e s p o n s i b i l i t y  for the o v e r a l l  performance and safety of 
t h i s  s y s t c n  sho3lci 5 s  sstigncd t o  soxzhody of t h e  LA-UNY group t o  
f u r t h e r  c l i n i n a t e  p o s s i b l e  o v e r s i g h t .  we acsumc t h a t  t h i s  would bc 
t h e  du ty  of  the deputy a s s i s t a n t  d i r e c t o r ,  whcn he j o i n s  t h e  group. 

*This was suggested t o  us by Richman, a c t u a l l y .  
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5. Equipreat in the Treatrent Room 

The petient s q ; o r t  a s s e r 5 l y  has been disccsscd by a subcornittee, 
which c ~ c l c d r C  t h t  in t h e  l o x 5  XT: it w a i l d  be desFra52e or c c c c s s x y  
to drsicn a s??rcial tzSie, ckzrz~tzziz~5 ky e:.:,raz.e -vsrsatility x.5  
Frec:E:c\--. in c ~ s i t i ~ ~ F ~ 5 .  I - ~ z ~ k z z ~ . ~ ~ c ,  i; 3 : ~ s  aztici;a=ed tk=: t : :~  
patFrz=s  5s szk c;? o.c;=sise t k e  tz.zatr..,z:= roc: cn a s e p r a t z  te5;le ts?. 
On tr.2 other hnzd, tke subcor-,-nittee f e l t  that a s  a short-term solutio.? 
a table vith consi2errSly rore sicFlicity right be necessary. Ke 
strongly agree with the latter conclusion. 
ideal patient sup7ort assenbly can only be evaluated in light of the 
experiences gathered fron practical work. 

Several structures have t o  fit in a box to be mounted on the last 
magnet. The most important of these are the range modulator, the 
collinstors and the monitoring ionization chamber. 

The clearance between this box and t h e  patient was discussed at great 
length. Since extra distance means loss of pions, it should be kept 
as short as is possible. Y e t ,  it cannot be allowed to interfere with 
accurate positioning of the patient. 
etc. must, therefore, be as short as is possible, and the end facing 
the patient must be as narrow as can be achieved. The present plans 
call for a box 40  cm long and 30 cm wide at the end. We feel that 
this will be acceptable. 

However, the technique chosen for range modulation requires quite  a 
lot Qf space. It uses a vo1urr.c of wp..ter, the thickness of which is 
Roderatcci b-- a plstcr, .  \;e e r s  n o t  coz7:inced that the FCSSibilitiFS 
to uss a rotating EisX heve beer. t::orol;F:hly i~~ucstigatcd. This tecn-  
niqUC has been used for protons. It has the advantage t h a t  material 
with higher density than water can be used. 
safer i n  routine operation. 

. .  - 
. .  

The specifications on the 

The box with the collimators, 

It also seems simpler and 

It is very desirable that one can vcrify that the patient setup is 
correct before treztcent is initiated. In conventional rzdiotherapy, 
this is dmt? v i t k  ii ?art f i l n .  Ke FroFose that an x-ray tube is ir.- 
stc?2. lc< in a E ; U j . t . = F J l c  TT.ET.~C-Z so t h a t  i: sinilar verification czn bz eone. 
MaittsCiy, the canvergcnce cZ th2 pian beam cmnot be simlated w i t h  . 

x-rays Sat this is a relatively niiior limitation. Beam localization 
can be stueied, hcmever. It might ever, be possible to make a fzst run 
with the riloving collicators, novinq patier.t and x-rays on, the notions 
controlled by the coxpter ,  to c o z ; > l ~ k ~ l y  checi: positioning anti col- 
limation. I:'e stroiiqly rcccazciid tk;t thcse possibilities be furthcr 
ex?lorcS ar.d zn x-ray tubc installed, even in the case that complete ' -  

s i r ; , u l z t i cn  ca:iolf 52 ech icvcd .  

For pat icnt  sctup an8 bcnn loczlization, it is also iiqmrtant t h a t  va11 
lasers be munted to indicated the position of a reference point. 

The fact that the beam is unusual and the beam shaping arrangemants 
complicated havc resulted in serious discussions of the possibility to 
loca3i.zc the kradintcd volume by detecting mesic x-rays and other 
photons vith a garma camera or a multiwire proportional countcr. we 
feel that  this demand for control is well founded. However, a gamm 
camera system i s  probably t o o  complicated a technique t o  be considered 
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a for the k?.eZiate future. Although it could be developed into a nethoe  
for q u a n t i t c t i v e  i n  vivo dosirnctry, such  a d e v e l - p e n t  would r e q u i r e  a t  
leest a r,aay~.rer cf e x 3 e r i c e n t s  and coc?u ta t ions .  
of tfis stc;;ir.C z = ? i w r  t b - e  i z s t e a d  pro;ssc t h a t  a vertical  arre>* of 
Cetectcrs 3e * - c - ~  LI~ I r  Ic=:-:ir.q tt varices Cc; th of t h e  c e n t e r  line.* See 
FFgzre 1, :?is z r r ~ r . : z ~ . c ~ t  will e;lo::., \ ; . i th s n i t z b l e  ccrr .p ter  i n t e r -  

co,-.=rel cf tke zzr.;= ~ . z r ' . ~ l a t i s n  de=. icr  c.=z be x5ieve3 et e l l  t ixes .  
The fact  t h t  the ce rg~=- l r  is a v a i l a k i e  further enhances t h e  p o s s i b i l i z i e s  
t h a t  t h i s  sir.?le c o n t r o l  dev ice  be i n t e r r a t e d  w i t h  t h e  o p e r a t i o z a l  s y s t s z .  

For c o n t r o l  and docuren ta t ion  of t h e  cross s e c t i o n  of t h e  beam, we 
recorrzsns t h a t  a photographic  f i l m  is mounted ove r  the p a t i e n t  and 
r i g i d l y  a t t t c h e d  t o  ",?,e t eb le .  
of the i rradiated area on t h e  p a t i e n t .  
a b l e , a  f i l m  can be exposed i n  t h e  same p o s i t i o n  for  i d e n t i f i c a t i o n  of 
anatomical s t r u c t u r e s  w i t h i n  t h e  i r r a d i a t e d  volune. It i s  p o s s i b l e  t o  
replace t h e  film v i t h  a m u l t i v i r e  p r o p o r t i o n a l  coun te r .  T h i s  w i l l  re- 
quire m o r e  development work and cannot  g i v e  t h e  same r e s o l u t i o n .  This 
problem is aqa in  a d i l e m m  of long-term and shor t - t e rm o b j e c t i v e s .  
imnediate needs,  which i n  t h i s  area seems t o  h a v e . t a k e n  a back seat ,  are 
extremely important .  
t h e  p a t i e n t  has been c o r r e c t l y  i r r a d i a t e d  are necessa ry  for r o u t i n e  
ope ra t ion .  
a b i l i t y  and re levance .  The development of c e r t a i n  other f e a t u r e s ,  such 
as a gemma camera system o r  an idea l  t r e a t m e n t  couch, must be pos t -  
poned if n o t  a b s o l u t e l y  e s s e n t i a l  f o r  t he  c l i n i c a l  program. 

To moni tor  t h e  e e p t h  

- *  fati:,-, e rc-t:r: c f  Y-2 ;:-.;'-,sn E r r . i Z S L C 2  T - 5  v a r i o c s  &?tkS. .il+=ef3,'s, 

The f i l n  $:.ill t h e n  i n d i c a t e  t h e  shape 
With a n  x-ray tube be ing  a v a i l -  

. 

The 

Various d e v i c e s  t h a t  can allow v e r i f i c a t i o n  t h a t  

They should be selected on t h e  basis of s i m p l i c i t y ,  relf- 

6 .  Sin t l l a t ion  and P a t i e n t  KeasLrenents 

Because of t h e  p h y s i c a l  p r o 2 c r t i e s  of the p ion  beam, it i s  v e r y  ir.poxtc"t: 
t h a t  t h e  inhomogenei t ies  i n  t h e  p a t i e n t  are a c c u r a t e l y  determined.  Their 
i n f l u e n c e  on t h e  dose d i s t r i b u t i o n  have t o  be t aken  i n t o  account .  Ce 
Z i d  n o t  f i n d  tk t  anybody w i s  e c t i v e l y  tzor?:ing on t h i s  problem. An 
a?prc::lr.ats mezsure would be t o  s t a r t  with or thogona l  f i l m s ,  accurate 
c o n t o c r i c g ,  u l t raso*ux?  and snatogiczi l  a t l z s e s .  When d e c s i t y  values 
are nec2ed f o r  s t ruc t .u rc s  scch as bone and lunq ,  it will be a c c e p t a b l e ,  
i n  the beginriing of t h c  p r o j e c t ,  t~ use ptlblished average va lues .  
Hov;e\-er, t h i s  w i l l  -,zc.taL.ly Rot sc f f i ca  i n  t h e  f u t u r e .  
niendi..tisns ~ Z G ~ Z  t t .2  C S ~ L E  grov? s k , o u l i  L e  solicited. 
optinun method should be i n s t i g a t e 3 .  

A gacd contour ing  dev ice ,  i n t e r f a c e d  w i t h  t h e  computer, trill be neeiad .  
Devc1o;zsnt of such Lcviccs  k.as bssn s t a r t e Z  by t o t h  inccstrin!. a c ?  
aczdsnic i n s t i t u t i o n s .  T:iesc p o s s i b i l i t i e s  should be i n v e s t i g z t c d .  
The use  of t h i s  d t v i c c  r - i l l  r e q u i r e  a s s i s t s n c c  by a computer p r c s r a r z c r  
undicr the  d i r e c t i o n  of a c1i:iicc.l phyt i c . i s L .  

F u r t h e r  rccm- 
A seercfi for an 

A s inulc l tor  i n s t a l l a t i o n  is neccssary .  This will allow t h e  t h c r s p i s t  
t o  m!;o the decision of how the p n t i c n t  should be p o s i t i o n e d  f o r  the 
treotIi,eZt. Cor rec t ly  Ccsigncd, t h c  s imlz tc r  w i l l  also aid tha  thcra-  
p i s t  i n  d e f i n i n g  2nd p r e s c r i b i n g  what volune should be t r e a t e d  and what 
vol1rr.s should be sp3r2d. The ideal equipncnt  for s i m u l a t i o n  would Con- 
sist of one vertical 2nd one h o r i z o n t a l  x-ray bcnm. See F i g u r e  2. 
These beams would he monitorcd by two stationary or one moving inage 

*This was the r e s u l t  of my l a t e r  d i s c u s s i o n  w i t h  Ed Barnes. 

00 1331 06.005 



/ a  u 

. .  
i n t e p s i f i e r .  I t  Kust ue possible t o  expose 

. ' e i t h e r  x-rcy bezn. Large e i s t a n c e s  betveen 

6 
1 

photographic  f i l m  w i t h  
p a t i e n t  and focus  should 

be used i n  o r d e r  t o  s imula t e  t h e  convcrcence-of  t h e  pion beam t o  the 

The general ides behind t h e  suc;gestion of t h i s  r a t h e r  compl ica ted  
s i rnule tor  arrangement i s  t h a t  due t o  t h e  unusual  and complex bean 
p r o p e r t i e s ,  every  e f fo r t  should be rade to allow t h e  t h e r a p i s t  t o  
i n t e r a c t  d i r e c t l y  t ; i t h  t k e  t e c h n i c a l  system. 

A's imnla to r  i n  convent iona l  r ad io the rapy  c a n  sometimes be used t o  v e r i f y  
t h a t  e v e r y t h i r q  is  recdy for t r ea tmen t .  
be pcrforfied i n  t h e  t r e a t z e n t  room i t s e l f  i n  order t o  e l i m i n a t e  t h e  
maximun nurbe r  of p o s s i b l e  e r r o r s .  

We propose t h a t  t h i s  f u n c t i o n  

We are concerned t h a t  t h e  space a l l o c a t e d  for simulation is too small, 
e s p e c i a l l y  the c o n t r o l  area. The t h e r a p i s t ,  aided by a t e c h n o l o g i s t ,  
w i l l  o p e r a t e  a f a i r l y  e x t e n s i v e  system c o n s i s t i n g  of a c o n t r o l  console  
wi th  a t  least two, possibly t h r e e ,  TV monitors.  It will be d i f f i c u l t  
to a c c o m o d a t e  this equipment and this per sonne l  i n  t h e  present space.  
One possible solution is t o  move the dark room to t h e  c o r n e r  of the 
c o n t r o l  room. A n o t h e r  p o s s i b i l i t y  is t o  i n t e g r a t e  s i m u l a t i o n  w i t h  
t r ea tmen t  p lanning .  T h i s  would f u r t h e r  ex tend  t h e  i n t e r a c t i o n  of t h e  
t h e r c p i s t  w i th  the  system, i n  t h a t  s imula t ion  and t r e a t m e n t  planning 
could be per fo rced  frcn t h e  s m e  p o s i t i o n .  

7. Casting and I r n o S i l i z a t i o n  

It is d i f f i c u l t  to foresee t h e  e x a c t  rolc of c a s t i n g  and i m o b i l i z a -  
t i o n  a t  t h e  p r e s e n t  t i n a .  Kkile t h e  f a c t  t h a t . t h e  beam is fixed and 
vertic.1 r e q u i r e s  c o x i 2 a r a b l e  v c r s a t i l i t y  of t h c  s e t u p  p rocedures ,  
t h i s  Cetcnd  w i l l  be ssmsviiat cmpencated for by t h e  f a c t  that the 
beam s h t p i n g  is ext rc r rs ly  v e r s a t i l e .  A l s o ,  t h e  ciepth dose character- 
istics rre such t l iat  t h e  problcn! of p r o t c c t i n g  s c n s i t i v c  t~oluriies i n  
the patiert's body are less s e r i o u s  then  i n  conven t iona l  radiotherapl . .  

It is desirable that  t r e a t m e n t  plnns are workeri o u r  fo r  ac tua l  cases 
bcforc final c o x n i t t r x n t s  are m=Ge t o  acquire eqcipinent f o r  p a t i e n t  
p o s i t i o n i n g  and im?..obilization. T h i s  m ; - k  s h o u l d  be done by t h e  t h e r a -  
p iwt  anL thc c l i n i c a l  p h y s i c i s t .  
p u t e r  progrenncr .  

I t  can be s t a r t e d  w i t h o u t - t h e  con- 

I!? &c not ex ixc t  t h a t  a cons ide rab lc  arnonnt of c a s t i n g  and custom-rczZe 
i rz :obi l lzat ioi i  devices w i l l  be mcessary. The room set asice for cast- 
i n g  is sorr.ewhnt szzll. Also, it c o u l d  hclve been more convenient  t o  
posi t iozl  t h e  cast roon between t h e  s imula to r  roon and t h e  mechanical 
shop. Ke unrler-sterid t l i z l t  s t o r a g e  space is available on an  upper l e v e l ,  
where a supply of casts can  be kcp t .  
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