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CLINICAL STUDIES CT PION RADI(IMERAPY 

Some sections of critique: 

'The only deficiency noted this aspect of the program 

( ce l l  culture stdies) was the lack of detailed OER measurements. 

Homer, m. Raju is familiar w i t h  techniques to  answer these 

questions and can add then easily." 

(p. 10, 3rd paragraph) 

."he concept of using t w o  tunor systems, one well 

differentiated and the other poorly differentiated,  is a good 

one. 'Ihe choice of the anamnary tunor, however, seemed poor. . . 
. .' 
did not have a good grasp of what he wished to  accanplish with 

these studies. 

insuff ic ient ly  defined to t e s t  the hypothesis." 

The reviewers gained a general impression that Df. Tokita  

They seemed poorly conceived and the tcrmor models 

(e. 13, 2nd pragraph) 

"9f. Raju, a canpatent cel lular  radiobiologist, has 

neither the training nor the time to perform the studies with the 

insight Dr. Van der Kogel brings to them. ' He s ta tes ,  however, 

that he wuld t a k e  over the-project if Dr. van der Kogel left." 

(p. 14, 2nd paragraph) 

LE BRRCODE 

i 

00133251.001 



1 

.The biology program is now centered a t  tANL and mder 

m. Raju has a good R. Raju’s direct ion since Ik. Yuhas l e f t .  

understanding of the needed data. (h the other hand, LANL is not 

s t r o q  in  the type of t issue and tunor biology required ard there 

i o  l i t t l e  depth in this area.‘ 

. 

(P. 15, 2nd paragraph) 

.. lhase caments indicate lack of appreciation by the  

camittee regarding the steps tha t  have been taken to  improve the 

quality of radiobiology program as outlined in  the proposal as 

well as in our presentations. Raju was asked t o  undertake res- 

ponsibil i ty for g u i d i q  the radiobiology progran i n  October, 

1980. 

are related to  this progran. He moved quickly using h is  own 

resources fran his grant and the resources of the Life Sciences 

Division of bs Alms National Laboratory ( w i t h  full permission 

of the Life Sciences Division) in order to  give a healthy s t a r t  

Fortunately, he had his o w  ongoing research grants tha t  

to tha radiobiology progran during the unexpected transit ion.  

Raju persuaded Dr. van der &gel t o  join the e f for t  i n  Late 

Effect studies, Raju’s high standing in the f ie ld  of par t ic le  

radiobiology and the expertise and f a c i l i t i e s  available i n  the 

L i f e  Sciences Division, along w i t h  the expertize i n  pathology a t  

the Univer$ty of New Mexico, helped to  a t t r a c t  Dr. van der 

-el. 

effect studies  because of the importance of these studies. The 

expertise and f a c i l i t i e s  in--fie L i f e  Sciences Division (such a s  

 he resources frun this progrm are used only for l a t e  
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the genetics group, headed by Dr. b n  b l t e r s ,  and excellent 

f a c i l i t i e s  for experimental animals ) have been used t o  
' streqthen the program. 

Camittee, the Life Sciences Division of lANL has very strong 

expertisu and facilities for tissue and tunor biology strength- 

Contrary to  the opinion expressed by the 

ened bv flow cytanetry. The radiobiology program in  the past did  

not take advantage of this potential ,  but this has been fu l ly  

corrected. 

As clear ly  stated in the radiobiology presentation, the 

radiobiology canponent was mostly aimed t o  a s s i s t  the c l in ica l  

program With a minimun budget. 

already available (Raju et &., B.J.R. - 52, 494, 19791 and there 

is no pract ical  way of using OER data in pa t i en t  treatment, CER 

wasurenents were not considered as a higbpriority item. 

Since OER data for pions are 

Regarding the tunor wrk, we intended to broaden our 

studies m irrclude a nunber of other relevant tunor systens as we 

gain further experience with the existing systems. We consider 

Dr. Tokita, w i t h  his excellent background in radiobiology (Ph.D.) 

and radiotherapy training w i t h  Dr. Frank Ellis, as an excellent 

addition to the progrm. 

I n s  mfottunate t h a t  Raju's assurance to the s i te  

reviewers to mke cer tain the mrk  in progress muld not be 

allowod to founder is misquoted. Raju never s a i d  he would take 

over the l a t e  effects project if Dr. van der m e 1  was canpelled 

to  return to me Netherlands; our plan actually was that  Dr. van 

I 

i 

i 

I 
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der Kogel either join our s t a f f  or return here for periodic con- 

sul ta t ion.  It would have been more appropriate to camend Raju 

for  having recruited Dr. van der Kogel for this  project in such a 

short period of time. 

3. Late Effects 

a) Beam 
. Ihc beam being us- for localized irradiation of spinal 

cord, lug and kidney is being cr i t ic ized for "not k i n g  close to  

any c l in i ca l  beam" (p. 13, para 4) Md again, "In no way is the 

size of bean used similar to tha t  used clinically." (end of 

p. 13). 

Rebuttal: Ihe  fan shaped beam w i t h  a 6 an peak Width as 

used in these studies is a c l in i ca l  bean tme, heirq used for 

dynanic treatments. 

treatments. It is stated in the proposal that the peak'width of 

6 an is the anallest In use for c l in ica l  applications and w i l l  

yield an upper esiimate of FIBE values. 

This beam w i l l  be used extensively i n  future 

me beam mt being f l a t  is inherent i n  the use of mall 

f i e l d s  (1.5 - 2 an wide) not only with pions, but  also with 

neutrons and electom. 

the  r e s u l q  as 10- as about 5 mn of the cord receives a uniform 

dose, h i c h  I s  the case 'for the beam and collimator wed. 

For the spinal cord this does not affect 

For the lung experiments the bean f la tness  aspect might 

induce an rncer ta inty in -paring results for X rays and pions. 

However, it is indeed possible t o  canpare the results for 
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different  fractionation schemes and t o  provide guidelines for 

optknal clinical schemes a d  changes i n  dose per fraction. 

b) Lung studies - fmctional  endpoint 

*The respiratory rate system has not been tested i n  

these mice nor a t   as Alamos altitude.” 

(p. 13, l a s t  para.) 

I 

I 

Rebuttal: Changes in  respiratory rate a f te r  lvrg 

i r radiat ion have been measured in several s t ra ins  of mice, and 

all show the same b a s e l i n e  respiration rate. 

irradiation show the same pattern in different  strains.  

changes af te r  

mat the lmg studies have less priority than those of 

the CNS was stated explicitly during the s i t e  v i s i t .  

c )  Carcinogenesis in vivo. 

Ch p. 14, a l o q  critique is given of the work on 

carcinogenesis i n  vivo. 

w i l l  be largely anecdotal,” 

It is stated twice that “the results 

Rebuttal: Since i n  the l a t e  effects  studies animals 

w i l l  be observed for the rest of their l i f e s p a n ,  any tunors tha t  

develop w i l l  be characterized histologically, and the incidence 

in the various experimental groups w i l l  be compared. 

only regarded as a by-product of the l a t e  effects  studies, to get 

the maximun possible infom.t ion-out  of these expensive studies. 

This was stated clear ly  during the site visit. 

This is 

i 

COPIED FOR 
HSPT 

1 0 8 8 1  I I 
00 13325 1.005 



Finally, the remark rsqardirq the expectations for the 

pion b e a t  

.The proposed biologic advantage of the high LET peak 

pions appears t o  be limited; as  the beam was spread to cover the 

ta rge t  voluae, the high LET canponent fell to abou t  lo$ of the 

dose fram fragnents and 10% fran neutrons, with 809 being low 

LET.. 

(p. 1 of the pink sheets) 

Rebuttal: This is by no means a new finding. These 

facts -re documented much earlier. 

total dose a t  the negative pion peak was foilrwl t o  be due to 

Stars." 

1968). 

distribution of a pion beam is found t o  be due to nuclear 

events." (Raju et  al . ,  Fhys. Med. Biol. 16, 599610, 1971). In  

"Forty-five percent of t h e  

(Sullivan and Eaarli, phys, W. Biol. - 13, 434-441, 

'Nearly 50% of the dose a t  the peak of the depth-dose 

I 

both cases the peaks were narrow. 

Ihc rest of the dose is low LET and it 

It ms also knotm that so% 
fram charged pnrticles is from protons; a large 

is l o w  LET. 

tion loss of piom. 

is frcm ioniza- 

of the star dose 

fraction of this 

Even the OER values were fa i r ly  well docunented before 

the progrm i n  Los Alcaos got started. "The OER appears ta be 

dose dependent and has values of 1.9 and 1.5 a t  survival levels 

of SO and 10 percent respectively.  he OER of 6 0 ~  gamM rays 

m s  2.6 and 2.3 measured at-50 and 10% survival respectively." 
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(Raju, Gnanapnhi, Richnan, Martins and Barendsen, Brit. J. 

Radiol. - 45, 178-181, 1972). 

Recent work indicated that the OER values do not 

significantly increase With increasing peak width, possibly 

because of the importance of neutron conbribution. 

Brit. 3. Radiol. - 52, 494-498, 1979). 

(Raju -- et al., 

Hence, the criticism regarding the b e a  characteristics 

in different places in the pink sheets: 

“‘he reader is reminded of the tw theoretical 

expectations upon which the entire program was based-that the 

pion beam would deliver high LET radiation to tumor volune and 

low U T  in the access area a d  that superior dose distribution 

might be achiwed. 

appears to have been met.” 

Unfortunately, neither of these expectancies 

(p. 26, last paragraph) 

“High LET canponent has been less than anticipated. . .” 
(p. 27, line 25) 

Our main point reqardirg the characteristics of pions is 

tha t  no mexpected pion characteristics (that are disappointing) 

were foud that  we did not know before the beginnirq of the pion 

project in U s  Alamos (from the experimental work at Berkeley, 

CERN and U.K.). 

COPIED FOR 
HSPT 

1 0 8 8 1 1 3  00 13325 1.007 


