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1. AIM and METHOD of STUDY 

There is now being constructed at our Laboratsty a t  Los klarr?os 

One of thc main purposes of this accelerator is to pro- 
a n  accelerator (LAMPF) which wiil give 2 current of one rnilliampzre of 
800 hleV protons. 
dura intense Learns of negatively charged piom, and one of these beams 
is designed to be used for prethcrapeiitic radiabiology aud then radio-  
therapy. 111 conrrection with this beam a facility is now on the drawin2 
b0ard.s for Llis work. 
of t!ie facjlitit*s b - i q  bui l t  and plann-3 can  Sc fo1t-d i n  tb- rr!t of rescem- 
niccdacions prepared by t!x LAMPF Users Biomedical Steering Cormnittee 
attached to this proposal. 

A photograph of the machir-e aiid drawings of all  

When 8CG .M.zV protons impinge 011 a targct, ncgztive pions are 
produced in all  diroctions. 
of mzgnets, both focusing and bending magzets, is used' to b r i ~ g  thc pions 
t=, the oiological tes t  object a2 the prtieiit. 
a nudae r  of designs, and i C  is expzcted that it will be ready early in 1973. 

To collect 2nd focus tho pions properly a ser ies  

This beam has now gone thru 

The air .  of this work is - 
1) T o  measure and study the origin of any electron and maon 

To study and obtain the hcam distribiutions produced by 

To obtain beam cocfigurations m i a g  bolli3, wedges, and 

backqrouxis in the beam. 

different oartings of the target acd the magnets. 
2) 

3 )  
phli?.?oms which %re approprla:~ io:: -!ic irradiiLion of dilferent t u x a r s  
guided by our experience with supervoltage therapy and especially r l e c t r s n  
b e a n  therapy. 

The technique that will be used in  t h i s  work will be thc semi- 
conductor position sensitive detector which is a very versatile and linea: 
detector. 
ing particles to  heavy chorged particles so thar i t  can detect t2hC;rGi :S ,  

muons, and pions and with a proper converter even neutrons. 

. .  Its range of rcs2onse is wel: h n w n  to be from ininlxtdm 1 3 : ~ ~ -  

-4t a recent meeting of our dcsimatry advisory subcomT.ittee, 
there was a strong expression af the :act that on scvcr;il occasions wiio,ii 

new machines were brought into therapeutic use the work w2-s rzshed 2 - d  

the machines were used in therapy 'nciai-a sufficient expericncc ancl l:nwr- 
ledge w a s  obtained. 
basic nced,both for radiobiology xni; of co:irse for therapy, is the f d !  
d.PtiLi!.Cd ~?O\V'CC',C 0.' :h<* I)ccm. 

I V e  want to avoid this in e v e r y  v:.iy 3.t LAMTI'. A 

With a new radiatirsz li!ie pions t h i s  knowledgc is  efipecislly inr- 
Fions are lightl; ioijiziilg p ~ z i c ! c s  v. Iiich c t n  hc v.ell-dircc;t:c:l porta Et: 
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but stop at  a finite range, whereupon the pions cause the break-up of 
nuclei with the emission of short range alpha particles and protons. 
The stop2ing region should be the treatment volume. Therefore the 
energies of the pions have to be chosen properly for each tumor and 
for each p ~ t i z n t  by mtans  of the magnet scttings and the slit openings. 
All tfie parameters have to be checked experimentally. 

The break-up of the nucleus results in radiation being produced 
of a character entirely different from- the pion. Up to now the pion in  
rraversing the nealthy tissue has been a lightly ionizing radiaiion (for 
much o i  its path i t  is a t  minimum ionizrtion); thus the healthy tissue in 
front of the turnar expei-icnces low dosage. 
range nuclear fragments, especially the alpha particlts, gi-res a much 
higher dose in thc tumor region. From the radiobiological standpoint, 
a profound change has taken place. From a radiation with an REE oi 
about 1.0 like Co-60 or  electrons, in the healthy tissue, a dose is now 
given to the tumor region vzith an REE about 2. 0 to 5 . 0 .  This greatly 
enhances the tamor to healthy tissue effects. Another effect is that 
f rom a radiation with an osygen enhancement ratio (OER) oL 3 in the 
healthy tissue, the radiation nuw has an OER of 1 . 5  to 2, and this means 
that much of the protection that anoxic cells have had with low LET radia- 
tions will be removed and the chances of these cells regrowing the tumsr 
wi l l  be greatly lessencd. 

The release of the short 

Several different approaches have been described for studykg 
the beam charactcristics. 
to  separatu tfic pions and the background particles. This is a good z~ethor l  
bat it. recjuires very fzist timing (nanosccod electronics) to accomplish 
and is not so suitable for distribution of particles. hleasurerr.cnts of t0r .d  
close are essential but do not identify the backgrounds. The lithium driited 
silicon detector can give dose distributions while at the same time identi- 
fyi-iug the particle by mzans of pulse height or  i f  necessary in combination 
with energy 105s  in a small  detecior telescope. In addition, from a prac- 
t ical  point of view, this employs conventional slo7.v timing and stacdard 
pulse amplifiers. 
me-?% will go a long way in giving us a picture of the kin28 of beams thst 
we have. 

One approach is to use a tirne-of-flight mzthorl 

This method in conhination with absolute dose rnsssure- 

Before therapy can begin, the data that will be obtaiiied in thc 
rzxiiobiological expcrimznts on the RBE fo r  different tissues will have 
to be foldcd into the dose measurcmcnts. 
a lso give a measure of thc LET distributions for various beams; cocse- 

t ion and a sensible picture will be obtained of how the RBE varies with 
different momentum spreads of the beam. 

The dctn with silicon detcctors 

que~ltl) Lhc R a Z  iiAdiLsULsC!?n211tS will t!icA be correlated to t!lz m'i inf3iII13- 
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Treatment Conriilerationr and Treatment Planning 

At thir t h e ,  tbe therapeutic beam ir being deripned, urd it ir 
char t h t  the beamr will be errentially parallkl, which ir good. With 
Co-60 machher, the beam8 come from a point rource DO one get8 high 
dome overkpr  in u r h g  adjacent field# 8nd cold rpotr near the rurface. 
With  pionr, there rhould be no adjacency problemr. and the uniformity 
over the field wi l l  be measured. 

Of courre there ir lacking rufficient practical experience of the 
behaviour of this radiation in bone and in fat and itr rcrttering in inhomo- 
geneitism. Ar part of thir program calcuktionr will be made to rupple- 
meat the mearurementr of there practical and irnporknt propartier: 
R. 0. Alsmiller mad T. W. Armrtrong at cklr Ridge have a Monte-Carlo 
code which they have used ruccerrfully for calculating pion dorer in 
rater for a therapeutic beam. With much a code inhomogeaeitier a r e  
a u y  to follow mince in the Monte-Carlo method rach pion ir followed 
reparrtefy aad the rtatir t ics are rccumukkd by the computer. 

ir chorea makes pionr rimikr but even better than electron beam therapy, 
8nd we can be guided by the experience and problems that have takcn 
p k c e  in thir field: It har been found that lung inhomogeneitier may rerult 
in complications from overdosage or recurrencer from underdorage. 
Chert  radiograph8 have rhown radiation pneumonitir and pulmonary 
fibro8ir h electron berm therapy of the chert wail. A careful rtudy will 
be made uring the Monte-Carlo method; and subaequently, phantom rnear- 
urcmentr will be made of the behaviour of pionr around inhomogeneities. 

Ia treating with electron beams behind bone, there is some evi- 
doace that the dore ir rignificantly decrerred. Thir comer about because 
the acatterhg 
it therefore d e p h k r  the beam. Workerr a t  M. D. Andetron Hospital and 
Tumor Inrtitute have observed r e n r a l  recurreaces of ora l  cavity and oro- 
pharingeal ledoar located immediately behind the mandible. It ir well 
kaown that ehctronr ,  because they're so light, undergo much more scat- 
tering than protonr or mesonr; ncverthehmr, the effect of bone with thir 
new beam will be calculated by the Monte-Carlo method and w i l l  be merr-  
ur td  when the beam becomer available. 

desired region of tiarue wherein a high dore or  a %oort" dore is required. 
If ruch rhaping i r  indeed porrible, pionr may be expected to replace inter- 
rtickl h e r t i o n  of radioactive 8owccr (98 for floor of mouth and tongue 
lerionr). Thir could be ured then to treat  the floor of the mouth with good 
control of the total volume brought to a high dose. Such a technique would 
b a d  to  a greater dore homogeneity than ir rchiembk with in te r r t i tk l  
rourter  and rhould produce better rerultr. Thir rhaping w i l l  be rtudied 

The fact that there is very little exit dome beyond a range that 

calcium ir much higher than fn surrounding t i r rue and 

It ir expected that the pion beam can be rhaped to  almort m y  
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in 8 phrntom to reo hew k r  thir could be accomplirhed by control of the 
mrgaetr, erpecklly ro rince rpecb l  control8 for thir rhaping will be 
included in the machine new. 

The clinical ure of pionr brings with it rome other baric i ssuer  
t h t  will  be worked out - a) How ir the dore dirtribution 81tered by urgu- 
Wing the field? b) W h a t  h the affect of 8 wedge on the field? c) How 
can L*po wedge. be ured to get rpeck l  dirtributionr of dore? d) How 
rhauLd bolw ba wed? And of what material? 

A i  an example of the examination of lerionr where pionr might 
be ureful let ur take tumorr of the n8ropharynac 
treating tumorr ariaing in this region to use a high dore volume extend- 
b g  from one ride of the patient'# he8d to the other and often, through the 
ure of anterior angukted fields, to have the high dore zone extend for- 
ward to the rkia rurfrce of the cheek and portcriorly even into the brain 
.tern. The incidence of complicatioar in ruccarrful treatment of m.0- 
pharynx caacerr h . ~  been rather high. Those complicrtionr include cam- 
tral aervour ryrtem damage, difficultier in motion of the jaw due to high 
dore irradiation of the tempero-mandibular jointr, hearing l o r r  due to 
high dore irradiation of the auditory mechanirm, lor6 of taste  and dry 
mouth, and many otherr. 

It ir customary in 

t h n  
dore 

With pionr, we will  start with a high dose zone more generous 
the rite of the ruropharynx itrelf, but not ro  generour as  the high 
sone in conventional treatment. Thir could be carried to doses 

approximately ?S% of the final tumor dose, and at thir time the fields 
in  tbe phantom w i l l  be tailored more clorely to  the naropharynx. The 
entire neck nhouM be irradiated bilaterally; thin w i l l  be done with the 
phantom with rprriag of the rpinal cord. 

Troatrnent pknnhg witb pions w i l l  be. developed and it promfrer 
to bo r h n p k r  in artare than planning with X-rryr bscaure in general 
fewer fieldr are neccrrrary to achieve a good dirtribution. 

Firrt, good i rodor t  distribution8 will be generated theoreti- 
cally and wi l l  be mernured experimentally when the beam becomer avail- 
8bb. Then the muperposition of two field8 can be done even without com- 
puterr to rtudy good treatment pknr.  At the prer tn t  time most electron 
beam treatment planning ir done by hand for the r i m e  reason, 

There ir available at this time, 8 compilation of preferred treat- 
ment p k n r  for many typer of lerionr. The work w i l l  begin here with see- 
hq what pionr can accomplish in the way of h p t o v i a g  these d0.e diu- 
tributionr, In thir way a good feeling will be attained about what pions can 
do for different lerions. 

Electron beamr are now ured primarily for head and neck lerionr 
and braart cancer; the rei ron for thir ir that the cut-off for electronr is 
a a h r p  oae only for the lower energy ebc t ton r  urd therefore for limited 
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perutration. 
do8.r begin to  look lika X-ray dirtributionr. With pion8 thi8 irn't true: 
Th. range cut-off remain# intact even for high energier. Conrequently 
8 amw range of treatment plans can aaw be conridered, that b a rharp 
cut-off radht ion for deep-reated tumorr. Here we w i l l  arrive at new 
porribilitbr of krrdiation of different brionr and with greater comfort 
for the pathnt and with far fewer undeakrble requelaa than with prerent 
m0daliti.r. 

For rnergier of romething like 30 MeV electronr, depth 

2. Work Accomplirhed 

For  the part  year 8nd a half, committeer have baen ret  up to 
r t d y  the mriour problemr connected with therapy with patientr. Of 
particular importance have been the requirement. on the beam line: The 
paranu t r r r  of the beam line determine the type and bcation of the differ- 
8at magnet8 and the very k r g e  amount of rhielding necersory to  protect 
th patient a d  the workerr from the ambient neutron8 at the machine. 
?hare decbieaB hvolve gre8t expenditure8 of f u n d .  a d  once they a r e  
made,, fix the therapeutic conrtraintr. 

8 rnach clearer picture of the various t i r ruer  that should be invertigated. 
Particular importance war placed on rkin, cartilage, rpinal cord and 
hart and p r e h b a r y  prepqrationr a re  being made for these radiobio- 
b g ~ c a l  rtudier. The dorimetry and the problems of treatment planning 
have a h 0  been ret forth with great clarity and with very good advice. 
Th. antire ret of deliberation8 and rccommandationr arc given in the 
document enclored with thir propo6al. 

chrocyclotron have been written down and are coatabed in the reprint8 
attached to thir proporal. The data rhow that milicon detectors work wel l  
ritb pion8 8ad the bunr can be c h a r a c b r l e d  with there detectorr. T h q  
ah0 give depth dore dirtributionr and irodore dirtributionr. 

affectr of no-meronr. Thir war done with a weak beam (- 50 radr/hr)  
8ad are not applicable for therapy. They will simply ierve to guide the 
future radiobiology of the  intenre beamr at LAMPF. Preprint8 are in- 
cludad in thir work. 

Furthermore, in the ttudier of the groupr, we have arrived at 

Our p i edour  rtudier with the n'-beam at the Berkeley 184" ryn- 

W e  h v t  rlro rtudied in a preliminary way rome radiobiological 

3. Facilities Available 

and it ha8 reached an energy of 211 MeV protonr. It ir expected that 
800 MeV w i l l  be r t tdned  thir summer sometime. The biomedical channel 
ir now in the f h l  derign stager and the magnet8 wi l l  be ordered very 
ooon; the cbanael, will  be ready early next year. 

Tbe W F  machine is n w  in construction h our laboratory 

COPIED FOR 
HSPT 

00 133194.01 1 



. -  ' . .  . .  

, 

A radiobiology and treatmsnt frciUty ir now on the drawing 
board 8ad conrtruction ir expected to begin thir rummer, harrrevar work 
OIL tbe boana can bagin early next war by u r h g  t r r i t t r  to houre the 
equipment and the people. 

Tb. e&ctrodcr equipment for tho milkon detector8 ir being 
8rrembkd and terted rad already rpproxh8tely $30,000 har gone into 
thir area of inrtrumentation. We hw the rupport of the Electronicr 
MririOn which ir now derigning the ICIIUI.~ for moving the dotectorr 
im tb. be8m by romok control. 

bdag built by mamborr of tho MP Diririon at Lor Alamor. 
Tho beam channel and the conrole for coatrolbg the berm ir 

4, Tima to Accomplirh the Work 
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h UNIVERSITY OF CALIFORNIA 
toS -0s  SCIENTXPIC LABORATORY e 

5 2 '  (CONTUC~ W - 7 4 0 S ~ ~ d 6 )  
P. 0. Box 1663 

tar Alamoa, Ncw M&w 07544 

IN 8 U L I  

8IIL1 To: SPO 

D r .  John Tot te r ,  Director  
Division of Biology & Medicine 
U. S .  Atomic Energy Commission 
Washington, D. C. 20545 

Dear John: 

I 

1 
Harch 23, 1972 

Attached is a proposal (LUL IP-115) request ing continued 
f i n a n c i a l  support from the American Cancer Society f o r  t h e  work of 
Dr. Chaim Richman a t  Los Alamos in Pion Treatment Development and 
Planning, As you may recall ,  w e  have j u s t  been advised t h a t  the  ACS 
has provided funds t o  support about one year of Dr .  Richman's work. 
The attached proposes t h a t  t he  f i n a n c i a l  support be  extended over an 
add i t iona l  two year period. The f i r s t  year of work is described i n  
proposal #LASL-P-93. 

The Los Alamos S c i e n t i f i c  Laboratory would be very pleased 
t o  undertake t h e  work described under ACS sponsorship, and can do so 
without in te r fe rence  with AEC commitments i f  funding of $138,000 is 
provided f o r  the two-year period indicated.  
We would apprec ia te  your review of our proposal, and hope f o r  your 
endorsement of It t o  the  ACS. 

(Calendar 1973 and 1974). 

As you may recall, the Albuquerque Operations Off ice  has  been 

We assume t h a t ,  pending AEC endorsement, 
very he lp fu l  t o  us In negot ia t ing the  t r a n s f e r  of funds from t he  ACS 
t o  t he  AEC f o r  use at LASL. 
ALOO might assist us again by t ransmit t ing the proposal t o  the  ACS and 
arranging f o r  t r a n s f e r  t o  LASL of any funding which might be provided. 
Accordingly, w e  have provided copies t o  ALOO for  t h e i r  review and 
considerat ion.  

Further correspondence regarding the proposal should be addressed 
t o  A. D. McCuire of t he  LASL Special  Pro jec ts  Office. 

i '  
. * '  

Director 
Attach: LASL #P-115 (3 copfes) 

c '  L 
1 

CCI A. D. HcCuire ,  SPO, wo/attoch. 
ISD-5, wo/attach. 
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