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The objective of this project is to provide a broad base of infomation 

on the e.xpected responses of normdl and tunror tissues following exposure fo 

negative pions so that clinical trials of pion radiotherapy can be designed 

most effectively. Biological studies will  be conducted t o  determine injury 

to normdl and tunor tissues in t h e  peak pion region, the sparing factor f o r  

noma1 tissues adjacent to the twwr volume andlor in the plateau beam path; 

optimal fractionation schedules; isoeffect characteristics; and reasons f o r  

observed changes in  therapeutic effect. 
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Beam k e a :  A East 

Secondary channel: Biomedical channel 

Beam requirements: Therapy n- beams 

Primary beam requirements: > 20 p.4 

Running time requried (per year): 

Installation: 200 hours 

Tune-up: 100 hours 

Data runs: 600 hours 

Scheduling: In blocks of - 100 hours after primar)t beam current of 20 tL;2 
is  achieved 

Major W!PF apparatus required: None 

Shielding and enclosures required: Kone 

Special servies required: None 

Space required: as available 
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TO decrejse dro t ine  t o  gather b i o l o s i c s l  data before safe ly  embarkin., t 02 ' 

c l i n i c a l  tricls, certain of the expcrirncnrs :is: be designed wishout alL of  C!IC 
r e q u i s i t e  informjtioa. 
d i t i o n s  s t u d i r d ,  bu t  the additional experimntd effort required 1s concfdcrcd sr?.z:l 
t c l a t i \ * c  t o  the tima 1:hich will be saved. 
menta1 nettrods art f l e x i b l e  and f i n a l  dccisionr regarding t h e  rnecliods w i l l  LC :.tic 
on t h e  basis of mall scale experiments which sre presen t ly  in progress.  
n o t  examined a11 of t h e  options a v a i l a b l e  for each e.xpcrimnr, bu t  l i s t  our c3oicos 
in terms of avitifaS1e assays. F i n a l l y ,  a number of the r.xpcrincnrs o f f e r  E ~ C  :,ossi- 
b u i t y  of o d d i t i o m l  informtion,  e. 8.. salivary gland a n a l y s i s  in aniaals fiis'w 
tota l  brain 1rrzCbtion f o r  t he  h i s t o l o g i c  a n a l y s i s  of Ch'S tnjury. Again, tncsc 
8SpectS of t h a  des ign  are l a f t  flexiSle and v i 1 1  be performed i f  tine o r  consui:ar?t 
c o l l a b o r a t i o n  5s available, 

Illis has tcndcd to broaden tllc range of dosoo o r  o tkcr  eo::- 

I n  c e r t a i n  of t h e  C X p C r i Z C n C C ,  C V C r i -  

Va have 

The prtclfaical bioiogy s t u d i e s  can be divided in to :  (a) analyses of zoazal 
tissue responses t o  x-rays and pcstk pions a t  equal ly  t w o t i c i d a l  levels, and ( 3 )  
biological c x p c r i r i n t s  r e l a t e d  f o  baaa devclopizcnt, m e c h r ~ s m  s t u d i e s ,  and- develop-  

of rapid assay s y r t t a .  

* a. 
and X-rays 

~ o m + a r a t i v c  Normal Tissue Infury a t , E q u a U y  Iumot i c ida l  Levels of P i o n  - 
Tks8 e s p r r i m n t ;  me designed to determine the  relative i n j u r y  t o  a 

variety of noma1 t i s s u e s  wi th in  t h e  target volu3a when tqualiy t u n o r i c i d a l  doses of 
pions and x-rays a r o  employed. Here we a t e  d e t e m i n i n g  the relative e f f e c t s  o f  ?a=:; 
pfont and x-rays on n o m 1  tissues i=rmiiatcfy ad jacen t  t o  the t a r g e t  turror. 
8 P l r b g  effects of pions in the noma1 tissues outsidr t h e  t a r g e t  vo1urr.a b u t  v' i ihh 
the p8th of the bean are addrtsood l a t e r  i n  t h i s  sect ion.  Because of the dose dis- 
t r i b u t i o n  of pions, it is l f k c l y  t h a t  t h e  n o r m 1  t i s s u e s  w i t h i n  the  target voluxc 

W i l l  be t h e  Ifzaiting f a c t o r  i n  therapy; t he re fo re ,  a f u l l  understanding of c!:a p i o n  
versus x-ray dose response curves for these tissues is a r e q u i s i t e  f o r  clhica!.  
application. 

E e  

Theom experiments are designed t o  analyze each endpoint i n  mice / r s r s  
that have been given graded dosos o f  pions  o r  x-rays i n  1, 2, 5, o r  1 0  fract iozs .  
(When a p p r o p r i a t e  and fusible, 15 f r a c t i o n s  vi11 be used t o  s i n u l a t r  t h t  ClfnZiCol 
sett ing.)  
and t h e  f r a c t i o n o t i c n  schedule f a r  both types of i r r a d i a t i o n .  
chosen t o  bracket t h e  502 rcsponoe p o i n t  (or t h s  midpoint of t h e  obacrvabh rs-sc in 
q u a n t i t a t i v e  s t u d i e s ) .  
of t h e  relative b i o l o g i c a l  e f f e c t i v e n e s s  of pions froa 1.4 t o  2.0 as the f r z c t i o x -  
t i o n  hereasor from 1 t o  10 f r a c t i o n s  ( r a p i d l y  d iv id ing  t i s s u e s ) ,  and an  expec:ad 
r e c o n s t i t u t i o n  of a 300-rod shoulder f o r  t h e  x-ray exposures in t he  o the r  tissues. 
The dose rango which bracke t s  the e.xpcctcd 50% response p o i n t  could bo of< by a 
factor of * 2 and st i l l  allov e s t i z a t f o n  of the SOX response. 
p i l o t  group of aninals w i l l  be exposed t o  a dose of r a d i a t i o n  which is knom ts 
y i e l d  100% responses (e. g., 10,000 r a d s  of x-rays for  t he  induct ion o f  s p i n a l  cord 
Injury) EO t h a t  t h e  rate of i n ju ry  progression can be asce r t a ined  prior to an;i::sis 
Of the main p o r t i c n  of t ho  experincnt.  
determine whether the rata of i n j u r y  appearance is dose dependent. 

The dose ranges used will vary as a function of the endpoint under s ~ c l j .  
The rango will be 

Involved i n  t h e s e  c a l c u l r t + s  are an e-,pccted progrcssicn 

* 

For each t i s s u e  J. 

Pilot experiments art also  i n  ?rogrQss t o  

(1) l?omil Ticsue Str id ie s  

T!ia foliowing proposed stcdfcs represent  a broad spectrum Of tiss'zc 
types expcctcd t o  ba i r r a d i s t c d  i n  clinical t e s t s .  

c3. 1 , -  
' .-. 1 F 

!I.- . . 
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. 
(a) Brain 

The endpoints tvailzble for  a n a l y s i s  o f  r a d f a t l o n  injury to the 
b r a i n  are l i & t e d  and f a l l  into one of two ca t egor i e s :  
8hO 
long-term h i s t o p a t h o l o g i c  evidence of injury. 
relevance and y i e l d s  ano-,alocs recovery a r t i f a c t s  (251 the present s t u d i e s  w i l l  cot- 
c m t r a t e  oa long-rem histologic evidence of in jury .  

near ir-yadiato ((24 hours) 
. - t y p  dcs th  fol loving the ad t , i a l s t t r t i on  of massive doses (*>1o,OCO rads), O K  

Since the f o m r  has l i t t l e  c l + ; l i c d  

TOF this endpoint,  and f o r  a l l  o the r s ,  t h e  dosimetry will be 
Based on t h e  unlzovnr involved i n  dose C i s -  perfornod for the site in qocstion. 

tr ibution ia  ~ d r , p c z e o c s  aSsorberS, t h i s  ind ivfduol f tcd  d o s i m t r y  i o  considered 23 
Smpottznt a s p e c t  of t h e  e q c r k a n c s .  
vfth no at tenpt  t o  t i i i c ld  t h e  salivary glands due t o  t h e i r  relative r a d i a t i o n  re- 
s i s tance  i n  this spacies (26). 'It.@ high dose group (10,000 r ads  of x-rays or  its 
equiva len t )  Qill be k i l l e d  at ~ o n t h l y  fncervsls and sections of t h e  btafn cxanincd 
for evidence of radiation i n ju ry .  
sacrifice d i t a  would bo approqriato,  the Dice fron t h e  -in porcion of t h e  e x ~ e z i -  
m e a t  W i l l  be k i l l e d  a: 0i;c year and examined. Although s k i n  st.jCfas will conti:::ic 
(using the  mouse foot rystsa described i n  Secrion A ) ,  the skin r eac t ions  i n  t h i s  2nd. 
other n o m 1  t i s s u i  grou?r w i l l  also be  mon5toreC f o r  three reasons. 
range of dosrs and c\::posurc condftions will be available. 
vide an i n t e r n a l  biological control for  ia tc t -cbnpariron of the dfffercnt norsal 
t l s S u a  expcrir.cnct. 
-zed. -As t l z a  p c r d t s ,  sarqlcs of t h e  salivary glands will b e  exmined by C r .  
Na r r in  Sodicoff (Tciz2le t'niversity) for evidence o f  morphological and Eonc:iona!. 
injury, 

C3H mice will be given t o t a l  brain ex?osufi?s 

rjnlcss these  s t u d i e s  indiearr that an earlier 

A m c S  broader 
These studies wlll ?re- 

C o n f i m t i o n  and r e p e a t a b i l i t y  of the assays can then be e s t i -  

@)'Spinal Cord . 
bts w i l l  ba exposed to graded doses of pions o r  x-rays with the 

arPOsure f i e l d  being a 6 x 12 m a  p o r t  ancramparsing the 1Wb.r region of the  cord. 
Follovlng exposure, the rats will be checked weekly f o r  evidence of p a r a l y s i s  r n d  
W i l l  be k i l l e d  
vals and both un i r r ad ia t cd  and i r r a d i a t e d  p o t t i c n s . o f  the cord axoained f o r  cvi: iCxc 
of histologic injury. 
group i n  c o l l a b o r a t i o n  with D r .  R. L. Ullrich,  Oak Udge National Laboratory, to 
qurntftata connective rirrua in f i l t ra t ion  i n t o  t h e  i r r a d i a t e d  area. 

moribund. The high dose group w i l l  be kilied a t  Eonthls  in:c=.- 

Lxploratory collagen assays w i l l  also be perforzed i n  t h i s  

* (c) Colonic Xucusa Supuortinu Tissues 

The Colon presen t s  8 unique problem fir that preliminary C Y P C r i -  
merits indicate t h a t  injury t o  the mucosa develops and heals very r ap id ly  (ICOS t h s n  
on8 weak), whi le  injury t o  the support ing tissues, which is probably Rote c r i t i c a i  
for long-term clinical coq l i ca t ions ,  r equ i r e s  more than o month t o  appcat. ' f l l i l  
s t u d y  will addres s  the problca i n  terms of histopathologic rxanlnstion. EWCari-c2ts 
t o  bo pcrfcrncd  with Dr. H. R. Uithcrs  (see Scct ion F) w i l l  address the radiation 
effects on the small i n t e s t i n e s  in terns of "clonogenic unit" s u r v i v a l -  

. .  
9. 
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The peak denudation of  the colonic  mucosa occurs  t h r e e  t o  foor 
days a f t e r  e q o s u r e ,  w h i l e  t h e  pcak n m i f c s t a t i o n  of the  i n j u r y  to t he  aupporcirz  
tissues occurs Sctveen one and two m n t h s  after cqosurr .  ThercfoFe, the  size of ' 

t h i s  expcriserrt vi11 b& dou5led w i r h  lover dose groups killed within t h e  f i r s t  r:e& 
for analysis of m c o s o l  i n ju ry ,  whilc  the higher  dose group w i l l  be k i l l e d  a t  :t.-2 

months for analysis of support ive t i s s u e  in ju ry .  
f o r  t h i s  q'pc of injury which allows cons t ruc t ion  of dose response curves la reras 
of c o n r t r f c t i o n  of t h e  co lon ic  lumen as uc l l  a s  gradation of i n j u r y  to t he  ru?;ort 
t f r r u e s  themsclvas. 

A gradins  rystam has been dcv.cio?cC 

Based ou r e p o r t s  In the  l i t e r a t u r e  and c a a s u l t a t i o n  with a 
nunbar of expe r t s ,  it appears unIikely t5at this experlncnt can be pcrfot=..cd ln 
other than the r a b b i t .  
per p o i n t  and perform the sake overall experiment as ou t l ined  above f o r  the other 
tissues, 
&.soy of 1z5XLiDI! incorporation i n t o  the  c a p i l l a r y  endothel iua and histologic e x x i i s -  
t l o n  of the lz tcz  d c v d o p i n g  f ibros i s .  Since iacorporat lon prcccaes fibrosis, tta 
w i l l  choose betxccn the two ,  btsrd on our prel iminary expe r incn t r ,  and select Che 
O M  Uhich ol1o;;r nssc accura t e  dsl fccat ion or' dose rcspoace CUNCS. 

Ve Fropose, thercforo,  .to l i m i t  sample sit48 t o  three rzX?ics 

T.:o cnd?oirrrs vf l l .  be e q l o y c d  i n  t!lt p i l o t  study on the high dose Sr3o?: 

(e) Ridnay i - 
P i l o t  e i q e r h e n t s ,  conducted fa mice, failed t o  demonstrate 

radiation-L?ducrd l a t h d i t y  due t o  kidacy cxcosurc such as has becrn taportrd by 
P h i l l i p s .  
Phillips as bcing t h e  LD50 f o r  this type of death, d i d  induce l o t h a l i r y  bu t  death  

due to i z t c s t i n s l  i n ju ry .  We propose, t he re fo re ,  t o  pcrfonn the sane type of 
experher?t (exposc t h e  r e m i n i n g  kiune;. one mouth af f e r  u n i l a t e r a l  ncphracco?;) 
t o  Conccatrate on h i s t c l o g i c  cxaziaat lon of kidney i n j u r y  i s  the endpoint. ?hc 
d i f f i c u l t y  of t h i s  approach lies ia  t h c  excessive amounts of tLne t cqu i r cd  f a r  in- 
j u r y  cxpressioa, l.e., 12-18 rcoathr. Studies  are i n  progress uhich r t t c z p t  t o  
develop quanrftat ivs  hdsrologic  aethods t o  d e t e c t  i n j u r y  p r io r  t o  the onset  of o*.-cT~ 
s igns  of renal co=?lications.  These include semi-quantitative analys i  E of glov.r.;~-or 
chtllgar and b iochcn icn l  analyses  of r e n a l  function. 
functional assays of kidney response are being evaluated: t h e  r b f l i t y  of an irradia- 
tsd kidney t o  hypertrophy following tlic removal of t h e  unirradfoted kidney m d  
detcrmirrption of t h c  hypcrcrophy-arrophy response i n  u n i l a t e r r l l y  i r r a d i a t e d  anir:.sls. 
Should any of these methods prove t o  be nore adequate f o r  t h e  constructloll  cf dose 
response curves, t h e  l ong- t cm h i s t o l o g i c  s t u d i e s  u l l l  be reduced i n  r i t e  but r o t z i ? z l  
for the a n a l y s i s  of long-term dcgancrativc and m l f g n c n t  a l t e r a t i o n s .  
we w i l l  also be examining tho  effects of i r r a d i a t i o n  after unilateral  n c p h r e c t o v  
w i t h i n  time pe r iods  o f  a f c w  hour8 t o  a fcw days, i n  conjunction with a p a r a l l e l  
s tudy  POW in rhc p i l o t  s~=p,a. 
s e t t i n g  when p a t i e n t s  with  p e l v i c  tumors e x h i b i t  evidence of m e t a s t a t i c  spread f O  

Raising of the r a d i a t i o n  doses above 2,250 rads,  which was ouggcsred by 

53 t 

Fur the r ,  two approaches t3  

I n  a d d i t i c n ,  

This i n f o r m t i o n  could prove u s e f u l  in t he  c i i n i c z l  

both Wdncys. 

. 

1 0 ' 1 1 3 3 0  00133515.006 



-4- 

The analysis of t h e  response of t h e  lucg to .pionr and x-rays 
w i l l  involve 'a ser ia l  s z c r i f i c e  study with the response t ncpo in t s  boinfi c o l f . ~ ~ e n  
deporition aad h i s t o l o g i c  exaaixotion. 
c o l l z b o r a t i o n  with Dr. R. L. U l l r i c h  (Oak Ridge Xational Laboratory). Only a pcr:tc*: 
of the l e f t  lobe of t;:c MUSL l u n ~  u i U  be exposed in order  t o  s imulate  clinical 
condi t ions and to avo id  the couse ' s  acu te  lung dea th  syndrome which is un l ike  rite 
c l i n i c a l  p r o t l m  in tbat it dots not involve collagen depos i t i on  (27) but does 
involve e d e m  and I,nfe?tfon (26). 
t h r e e  month in:crvalr after that ,  the nice w i l l  be k i l l e d  and the i r r a d i a t a d  and 
unitrzdfatcd lobes wri:htd, aad divided f o r  h i s t o l o g i c  and biochemicai analyses. 
Again, pilot cmcrbentt underway w i l l  be used t o  establish exact t h e s  of sncri,CI:c. 

Collagen a n a l y s i s  will bc pcrformd i n  

Scatting 3t  six m n t h r  af ter  exposure and a t  

. .  (g)  Skin 

The major effort for analyses of skin i n j u r y  will be co3Cuc?c.J 
using the mouse foot  sys:em'ddavcloped by Fie ld  e t  a l .  a t  Hamarsmith, and ccsced 
under t h i s  progran w i t h  x-radiat ion i:! prepa ra t ion  f o r  a a r e  In t ense  pion b c m .  
pointed out above, a d d i t i o n a l  s k i n  analyses  f o r  x-rays 2nd plateau picnr c : l l l  bc 
perfomed as an adjunct  t o  o t h e r  orgon s tud ie s .  

h s  

. .  
(2) Tumor Pespocsc Studies 

This q e r i m c n t  will provide ' a  comparison of noma1 t i s s u e  i n j a r y  
(cost)  versus t h a r a p e u t f c  effect (bene f i t )  f o r  pions and x-rays. R?o tm.ot S j ' C Z c - s  

w i l l  be employed t o  provide estimtrs of thc the rapeu t i c  benafit: 
growing lung tumor c o l o a i e s  producad by t he  intrrvenou$ in j acc ion  of tumr cC1i.s SI:+ 
treatmait of i n t r amuscu la r  k q L a n t s  of t h e  sam tumor. 
e i t h e r  8 f i b r o s a r c o t a  o r  a pt-dry tumr of the C3H mouse -ill be eTloycd .  
choice between t h e  two 
more s t a b l e  of the two, 

treat=e?.l: of 

For both types of Z S S J ~ S ,  
':!IC 

be d e t e r j n c d  by p i l a r  s t u d i e s  doriped t o  esci:taCs :kc 

'In tho l u n g  colony assay systemr mice w i l l  be given a oufficinn: 
number of cells intravenously such tfwt 40 t o  50 lung tumor co lon ie s  w i l l  Cctlelo? 
( d a t e m i n e d  from pilot s x p c r i r z a t s ) .  
colonies  average 100-300 c e l l s  per colony, the nice v i l l  be emosed t o  gtzdcd  doses 
Of pions and x-rays, and 21 days after the coin?lction of therapy the nice vi11 be 
lci l led and the n d c r  and s i ze  of colonies  determined ( 2 9 )  according t o  s t z n d x d  * 

techniques 

In the i n t r aa r j r cu la t  t r a n s p l a n t  systemr the same tumor C106. c e l l s )  
W i l l  be t r a n s p l a n t e d  and allowed t o  grow t o  a volume of 250-300 mu3, a t  which :ice 
cxposurcs w i U  be given. Following therapy,  mice w i l l  be obscrvcd d a i l y  ::Id w o r  
r e g r e s s i o n  and r ecu r rence  noted. 
dotermincd. 
tuaor at the t ransphnt  s i t e  and rc tas ta t ic  spread. 

A t  seven d a i s  a f t e r  t r ansp lan t ,  when chc : u x x  

A t  least once a wcck t h e  tumor r f res  G i l l  be 
id1 mice dying during the c x p t r i a c n t  (120 days) will St oxl?dccd for 

I U c l t 3 3 1  00133515.007 



- 5- 

a Thcst two t m o r  s y s t c c s  in combination o f f e r  a s t a n d a r d i x d  sys t en  
f o r  a s s e s s i n g  the c f i c c a  of picas tnd x-rays on r a p i d l y  grovlng marginally hypnsi; 
tuuord ( lung ~ C = O T  colony systen) 2nd nore slowly growing tumors wi th  a dcvelo7cd 
hypoxic f r a c t i o a .  
t uao r  rerponse.are discussed later in t h i s  s ec t ion .  

>!ore. c o r q l e t e  s t u d i e s  on t h e  role or' these two variables i n  t h c  

(3) Analyt ic  ?lethods . .  
The ovFrrll desizn of t hese  experfcents  involves  two types of 

I.hilo the evctrzll a ia  is t o  express noma1  t i s s u e  i n j u r y  versus  tunor 
r a d i a t i o n ,  two t)Trs of respoiucs (noma1 and t u z a r  t issues),  and f o u r  f r z c t i o n a t i c a  
schedules. 
response (or  v ice  ver sa ) ,  this design a l s o  allows e s t ima t ion  of recovery r a t a s ,  
dependence of Z3E oa  dosa size (when f i n a l  rad crtir;;rces f o r  pions become avsilz?Jlc),  
and a variety of other c h a r a c t e r i s t i c s  which are c r i t i ca l  t o  t h e  c l i n i c a l  a p p l i -  
u t i c n  of pions. . .  

E s s e n t i a l l y  two types of d a t a  vi11 be obtained from those experizcnts- 
quntr l  and q u a n t i t a t i v e .  For c e r t a i n  rcspmses, such 8s skin i r i juty,  analyrcs  ca; 
be performed ViJ both rectkods. 
Systra a d  w i i l  provide tlra a b i l i t y  :o adds r s s  =ore s u b t l e  questions.  

Again t h i s  will provide i n t e r n a l  checks on our 

8 

For quautnl d a t a  (pcrcczt reopondcrr versus dose) probit analyses  
vfll be 8r=ploycd, but the conparisons bctvccn groups w i l l  not be r e s t r f c c e d  t o  the  
50% response point. 
p a r t s  a and b, f r a c t f m a t i o n  lrzs ?lad the s a n e  e f f e c t  on the  502 rcspor.oe ? o i c t ,  3 ~ :  
in part a the effect of E r r c t i o n t t i o n  is  t o t a l  dose (and, t he re fo re ,  irz!CtfO?I S l X C )  
independent, vhlle in p a r t  b t he  e f f e c t  of f r a c t i o n a t i o n  v a r i e s  tr i th t he  size of :he 
t o t a l  dosa. Asalyses SUCS as chetc w i l l  be required f o r  t he  r a t i o n a l  design of t : :e  
clinical pro toco l s .  

with the a n a l y s i s  fncludfng considarct ion of t h e  p o s s i b i l i t y  of  v a r i a b l e  f r a c t i o s -  
ation e f f e c t s  dopanding on dose size. 

Finally, for the coaparison of  noma1 and tumor tissue responses we 
vfllb8 ablr t o  conpare tunor  injury as a func t ion .o f  observed level of n o r i a l  
tirrua i n j u r y  or os a functfon of f r a c t i o n s  of the r a d i a t i o n  dose required to pro- 
duce a given l e v e l  of  injcry. 
vides m approach w h i c h  p a r a l l e l s  the methods used i n  clinical planning. 

Figure 5 dcnonstraecs t h e  r r c son  f o r  t h i s  rcquirezent .  In bots  

Qu8ntitatfve data will be handled i n  roughly t h e  mx,e way, i.e., 

While t he  former is more accurate ,  t h e  l a t t e r  pro-  

b. 
- 

Developmnt,  Ikchoaitm, & Baseline Studies 
Tho experiments described above w i l l  provide estimates of the  i n j u r y  

t h a t  w i l l . o c c u r  folloving pion o r  x-ray treatment i n  those tissues which 
i n c h i d  in t h e  t r c a t z c n t  vo1urr;C. 
l f k c l y  t o  be t h o  = j o t  f a c t o r  contributing t o  J t he rapeu t i c  gain f o r  pions: 
t h e  f avorab le  dose d i s t r i h d o a  which sparer norntl tissues ou t s ide  tire tZCJtE@nt 
V O ~ J O I Q ,  hence fo r th  rcfcrrcd GO as "beam path t i s sues . "  To estfraca tlrc C s t C n t  O f  

spo r ing  t o  tlrasc bcam path tissues, i t  w i l l  IC necessary t o  know rhe s p a t i . l l  d i : : l r i h : -  
t ion  of d o t e  along t h e  beam path, t hc  r c l a t i v c  b i o l o g i c a l  c f f ec t ivcncss  58 3 ft:-'Zflon 

They do not  address  t h e  quest inn o f  uhac 1s 
nJ%:ZlY, 

rc - -  
e-'. 1 -  a i 3 R  ' .  

I 
- 
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Figure 5: Quantal responses as a function o f  total  radiation docc for 1, 5,  
and 10 fraction regincnr: 
6) rocovcry directly proportional. t o  fraction s ize .  

(a) recovety fndepandcnt of ftactiorr size, 
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below. . ... 
The differ&ccr in response of a tumor t o  pions and x-rays vi11 be dcter- 

mined by the intersc:ion bc:wecll tire b c m  c h r r a c t e r i r t i c r  (dependence on o-xygcn 
concantrat ion f o r  i n j u r y  induction, t;.pa of i n j u r y  induced, arid t h e  c h 8 r a c t e r f s t i c s  
of the tumors, LIE., hypoxic f r ac t ion ,  rates of repair and recovery). 
r e l a t i n g  t o  the inrxfmfzafion of pion i n j u r y  t o  tumor t i s s u e s  and t o  minimization of  
i n j u r y  t o  n o w 1  tissues ars addressed as niechanism r t u d i e s .  

Exper imnts  

' - 
Fia8lly, t o  anticipate the  unexpected, a s e r i e s  of tests W i l l  be develop.. 

t o  provide rapid y e t  accurate answers to qucr t iocs  which develop in t h e  course of 
tho year.  Thc dcvclopueat of thase  values is discussed as basel ine s t u d i e s .  

(1) Be3n Devclomett S t ud ie s  - .  
These rtudies are designed t o  provida t h s  i n f o r z a t i o n  r equ i r rd  f o t  

the developoant of Ssoe f fec t  regions i n  t h e  peak of t h e  pion ba tn  and t o  establish 
t h e  sbapo of tItr barn in t e r m  of b i o l o g i c a l  effrctlvcaass. 

(a) Depth 3asc Distribution and Relative D l o l o ~ ~ c n l  Effectivanvss 
. 

8 

P r a M a r y  s t u d i e s  using- several techniques have prov idd  10- 
producib le  data depfcting the shape of the l e t h a l  biological e f f e c t  of the im.;-dorio 
rate (3 t o  6 rads/ziaute) be=. 
cell 8upportrd on coverslips eud cells supported i n  a gmlatin'mtrix both have S h O ~ ~ ~ .  
t h e  cxpacted dizrinisLcd s u r v i v a l  in t he  sto7ping region. 
be repeated 3~ the hi&her dose rates (I' 50 r a d d n i n u t a )  using the coverslip ccc?.:liqy- 
wldch pro-Jidas t h e  bcrr dincnsional stability along the  z axis. Both of t h e  afore- 
m n t i o n c d  call lilies w i l l  ba s tudied  s h c c  30th have been used f o r  berm chorilctcri-  
-Cion in other lzborrtorfss aad both grov w e l l  on polycorbon8tr covcrtlipv which 
minimize d o r i m t r i c  problecr. ?olycarbonate is also adaptable  t o  t he  expa rkcncs  
r e q u i r i n g  large surface areas t o  be tqxtsed (dorednat ion  of beaa shape and sharp- 
ness). 

The axpcrimontr will be coriducted in r e p l i c a t e  with the cbnver.- 
dona1 cell sumrival s t a t i s t i c s  being cnployrd for ana lys i s .  
rates availoblo,  i t  ~d11 be poss ib l e  t o  select t o t a l  doses  which uniformly fall on. 
tb@ exponential p o r t i o n  o f  t h e  cel l  survival curves, thereby f a c i l i t a t i n g  s13plc 
u l c u l a t i a n  of tha RBE. 

Hucan kidney T-1 and Chinasc hamster ovary ( C X )  

This basic exporizcnt will . 

With t h e  r a p i d  dose 

PO? the d e t e r h a t i o n  of t he  RE&, cell survival estimates w i l l  
bo *=de at 0.5 an i n t e r v a l s  throughout the beam path. Fot the dcflnitlon of b c m  
shape, i n i t i 3 l  s t u d i c s  will cmploy dcnsc platings on large a r e a s  f o r  general orient;?- 
t ion,  f o l l a r c d  by s ing la  cell t u r v f v a l  s t u d i e s  wi th in  the arcas of dose fall-off. 

00133515.010 
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t 
(b) Oxyp,nn Er.?:znccccnt Ratio 

When the hig!:cr dose rates b s c o ~ c  availa3lc, analysis of t hc  E!: 
, 0s 8 futtctiorr of dcpth,dore vi11 bc performed i n  two systcar: &morjlian ccll surv i -  
val i n  culture, and tho IO-day V 3 c h  fab3 root growth ryscam. In both types of 
8ssay. anoxia w i l l  be ochicvcd by P S ~  of nitrogen flow p r i o r  to and durizq cxposuro. 
Detarrination of the OER 1.111 bo nrdc at  0.5 c a  intervals along the bean ax is .  

(2) Mcchmfm Studies - .  

The fo3Iowir.g axpcrizentr have bean derfincd to dcra&nc cha cpzfr.:al 
conditions for the use of p1or.r i n  clinical therapy, i .0 . .  the conditions under 
Which tmor injury will bc iw:infzed and nornal t issue injury will be nininlood. 
Tvo v a r h b l e o  can be altered eo achiave the desired results, the doso size smi thr? 
dose r p o c l n ~ ,  but the rcquircacntr of axlaurn tumor injury aud minfc.um n o x a l  tfssar 
injury d i c t a t e  diffcrznt  approacbcr. As an example, 1arge.doses and short recover:; 
intrrv;rlr would be desirable t o  msiaizc tunor injury, but srall doses and long 
rocovcry in terva l s  are ncoded to  ciinirrrize normal tfssuc injury. The optfnal carin'i- 
tions w i l l  represent ;I coqxoz-dse berueen theso tuo extremes, arrd the qucstiom 
posed by thcsc e:.qeri:zcnts C O D C C ~  cxp lo i ta t ion  o f  the unique charocterisri cs of 
pions i n  rcach5,ng this end. 
rho normal tissues arc s?arad, trhila tumor iajury re.zaini near a mxiaum c!oz to z!:c 
?!E and Om. €or pfcns? 
norap1 tissues rccovcr, rh f l e  tmior tissues rhov the characteristic slow rscovery e? 
high-UT injury? 
Systems, but froa studies of individrral tissue r e s p o n i ~ s ,  it i s  hoped that t!lc rc- 
Sultarrt data will bo cxtrapolsble,or a t  least ruff ic ient  t o  allow design of skpLn- 
experiments f o r  the other tissues. 

For e:;at?le, can low radiation doses be used so tk:: 

hrchc r ,  can longet reavery tn tcrvr l t  be c q l o y e d  SO th.::: 

TIac znjorlty of tke exparjmoncs described below der& with  nsdc!, 

(01 'In Vitro ~cCovcry_ 

With the availability of higher dose rates, i t  will be possible 
t o  ox3and the prollzalntry data on repair which VQ prrvrntcd earlier and iwrove  :be 
Eethodology. 
Cell l i n e r  with x-rays tcd pions  ur.&r both oxygenaeod rnd anoxic conditlcns. 
pion aspzri=cntr v u 1  fz;rovc various beam path positions including the plaEC3u. 
peak, rnd port-peak regions. 
recovery of both cuoric and ar.oric cells a t  varying depths  i n  tissue and cogare 
them t o  sipilaz results for x-rays. 

resttictad in tcncs of the recovery interval,  odjirional  experineats vfll  be con- 
ductad v l t h  she T-1 cells on the time course of recovery from paired equal doses G Z  
pions (peak and plateau) end x-rays i n  both t5r rublcchal and lath81 ranges. 
this sa- tfstczi, complctt survival CUNCS will be obtained s i x  hours af tcr  3CO =a is  
Of peak pions, 590 rads of plateau pion;, and 500 rads of x-rays as well 8s for pc:!: 
and plateau p ions  given as a s e r i e s  of MIO, tuo, three, or four fractions scpar3tc:i 
by thrca hours. 

Standard s>lit-dose exprimento will be performed w i t h  the '5-1 and C S  
Z c  

I n  t h i s  way, wa w i l l  be able to  describe the cxtenf sf 

Whila the  time course for the foregoing espcriments uil l 'bc 

In 
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