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CANCER RESEARCH AND TREATMENT CENTER 
THE UNIWRSITY OF NE\V MEXICO P ALBtiQ1;ERQIJE. SEiV MEXICO 8,131 

Boo CAMINO D E  SALUD SE P TELEPHOSE x)i 277-2151 

January 5 ,  1978 

E&. Jack Stahl 
c/o 200 LOMS, N.W. 
su i tr  200 
Albuquerque, New Nexlco 87102 

D e u  Hr. S t r h l :  

Attached is the project description you requested for use by 
your committee, f b o p  it fs utisfactoryforyour needo. Please ' 

call m e  in Loe A l m s  (667-7392) if you have any questions or need 
r a y  additional information. Thanks very much for your efforts on 
our behalf. We're looking forward to seeing you again soon. 

Sincerely, 

Stephany Bilson 
Associate Administrator for 
Resezrch and ConmunicatLons 
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attachment 
cc: L. Salazar, Office of Rep.  Manuel Lujan 

Dr. tl. H. Kligcman 
Dr. 11. H. &new 
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Mr. Strhl i o  chairing a committee to attempt to obtain funds for 
0 

Dear Dr. Agnev: 

the CAT scanner at Blomed, as a result of Rep. Lujan's efforts. 
Please call me if you have any questions. 

m 

/ 
Thanks. 
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CLINICAL STUDIES OF 

NEGATIVE PI MESON RADIOTHERAPY 

00 132903 
Progrcrs in Experimental Cancer Treatment 

A cooper8tivc study t o  t e n t  a unique oubnucleilr pa r t i c l e ,  the  negative 

p i  meson, in rad ia t ion  therapy for advanced cancer is being conducted by the  

Univerri ty of New Mexico Cancer Research and Treatment Center (UNM CRTC), 

Albuquerque, and the Los Mamos Sc ien t i f i c  Laboratory (LASL), Lo8 Alamo6, 

N e u  k x k o .  

Sc~matistr are rtudying negative p i  PC~OPS, OY "pions," because of t h e i r  

th.oteticAl advurt8ges in cancer therapy over conventional radSation, 8uch as 

Mgh-energy x-rays produced by l i nea r  accelerators  or g.pmu rays produced by 

cob8lt  machlncr,. Unlike x-rays o r  gamma raya, pions are par t ic lcn  which can 

be .topped at a predetermined point. 

radiation ar they travel through the body t i ssue ,  and t h e i r  path I s  called the 

Pions deposit  r e l a t i v e l y  sparse  

plateau regiou." Am e8ch pion 8lows, it  I s  pulled in to  the  nucleus of an atom. I t  

6 Thi8 mab8 t h e  nucleus unstable and it explodes, re leasing l a r g e  subnuclear 

cv 
0 

N 

fragpent8 that depor i t  dense radiat ion.  

Cr88tlon of 8 "pion rtaz," and the  rtopplng region is cal led the "puk region." 

By 8dju8tlng t h e  "peak region" t o  that of a tumor area,  s c i e n t i s t s  hope t o  

re r lour ly  d-ge tumora, while sparing normal surrounding t l s8ues  In the  

This process is  r e f e r r e d  t o  as the  
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plateau region from high doses of radiat ion.  

The tests are being conducted a t  the Los Alunos Weson Physics Faci l i ty  

(LAIBF). The 800 mil l ion  electron vo l t  (MeV) proton accelerator  a t  W F  is 

a the only auch machine In the world aov capable of producing pions  in suf f ic ien t  

g u n t i t l e s  f o r  medical tents. Support fox phyeics, biological ,  and c l i n i c a l  0 
& 
n h  
z =  r tud ics  i n  provided by grants  from the  National Cancer I n s t i t u t e ,  Division W v) 

of Research Resources and Centers, t o  the UNM CRTC. The U.S .  Department of 0 
0 
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Energy p r w i d e s  funds for accelerator operations. 
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Testo with pa t ien ts  having m u l t i p l e  metastatic tumor nodules i n  o r  near 

the  skin have been conducted t o  es tab l i sh  tolerance of .kin t o  pimu. 

Results indicate that peak pions a re  1.4 times more e f fec t ive  than x-rays 

on the skin surface,  8nd 37 percent more e f fec t ive  than x-rays I n  preventing 

tumor regrowth, for equivalent normal skin injury.  

A new a e r i e s  of t eo t s  I s  now undetway t o  18aess tumor react ion and noma1 

t i s s u e  reac t ion  i n  patients v i t h  a var ie ty  of loca l ly  advanced or  recurrent 

tumoro. 

f o r  tumor8 of t h e  brain, head and neck, esophagus, lung, bladder, stomach, 

pancrau, prostate, rectum, a d  uterine cervix. 

begin f o r  a w e  .iter as early as February 1978. 

After  preliminary work i o  complete, f u l l  c l i n i c a l  trials vi11 begin 

Such tr- are expected t o  

k of December 31, 1977, a t o t a l  of 41 pat iento with a t o t a l  o f  83 ttunorn 

had been t r ea t ed  with pion8 at LAHPF. 

population have been t reated with x-rayo t o  aasess comparative e f fec ts ,  and 

7 pa t i en t s  have received additive x-ray therapy t o  pion-treated portalr .  

therapy io needed on occasion because doses are stul being slowly increased t o  

dmt- normal t i s s u e  toluinces t o  piom. Therefore, dorer may not be large 

amugh t o  coapletely elfa(nrte the localized tumor. 

In addition, 30 tumore in t he  t o t a l  pa t ien t  

Additive 

When, th ree  t o  four vccks 

after t h e  end of pion therapy, marked but incomplete regression of a localized 

tumor &ad minirpal noma1 t i s sue  react ion are Observed, conventional rad ia t ion  

a is addad for t h e  pa t ien t ' s  benefit.  - 
0 
UI Although pa t ien t  data l e  e t i l l  anccdoctal f o r  sites other than akin, it 
o h  w v )  
E =  
0 

ahould be noted that remarkable tumor regression I s  now being SOM, f o r  

r e l a t i v e l y  mild normal t l s r u e  injury, in pat ien ts  with deep-seated lesions 

being t rea ted  with pion doses approaching tolerance.  This impUes that a 

therapeut ic  ga in  may noon be demonstrated for sites i n  addition to skin. Dosea 

are being erc8lated gradually i n  each general anatomic s i te  (for example, 
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Page Three 

bud and neck, pelvis, abdomen, brain, etc.)  u n t i l  acute react ions are 

adequately auoessed. However, subs tan t iaUy more pa t ien ts  need t o  be treated 

and followed for period8 of up to five years before de f in i t i ve  r c a u l t s  become 

a~aiiabi. .  

The Need for a Pion-Dedicated CAT Scanner 

The p r inc ipa l  theore t ica l  advantage of pions is tha t  the  major rad ia t ion  

damage they incur can be confined t o  a precisely controlled area, correspondiag 

with t h e  tumor volurno, w h i l e  8t  the  same t i m e  surrounding normal t i s sue8  Caa be 

spared, thus improving chauces for cure. Matching the  peak dose region v i t h  the  

tumor volume is poerible, however, only with accurate loca l iza t ion  of the tumor, 

IateNenbg body inhomogeneities, and nearby critical rtructurca.  

the presence of  inhomogeneities (bone, a i r - f i l l ed  cavi t ies ,  s o f t  tissue 8nd lung) 

8igni f icpnt ly  alters the  stopping locat ion of the  pions. 

such as bone, cause the p i o m  t o  atop shor t ,  while a i r  and lung cause t h e  pion8 

t o  overshoot their t a r g e t  a topp iw area. 

stopping region can be s igni f icant ly  cbanged, causing the pions to  miss portions 

of the tumor or to unduly damage nearby critical organs (8uch as heart, 8pinal 

cord or liver). 

With pioar, 

Dense s t ruc tures ,  

Thus, the  8hape of the planned pion 

This phenomenon can be overcome by scanning the pat ient  under the baam and 

chnglng t h e  energy with which the pions are delivered to  each sec t ion  of the 

treatment area or by adding absorbent material above the pat ient ' s  skin rurface,  

a provided the material can be conetructed to  correspond precisely with the  

dircnaioos of the internal utructures  of t he  body. 

8 d  i so top ic  or ultrasound acans, It is not p o ~ s i b l c  t o  precisely def ine the  

0 
With ordinary x-ray picture& I- 

D &  Luu) ':= 
dimensions of these s t ruc tures  because there  is l i t t l e  discrinrirurtlon among 0 0 

v&ioue type8 of s o f t  t issue.  

developed which reprements a a igni f lcant  advance in visual iz ing i n t e r i o r  sect ions 

of the body. 

However, n& technology has recent ly  been 

The device is a computer-assisted tomographic (CAT) scanner. The 

o(3132903.003 
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a b i l i t y  of th io  system t o  discriminate betueen t i s sue  densitias of less than 

.5% -as poasiblc Cross-oectioaal Visualization of the  body, with p lo t t e r  output 

shoving remarkable de t a i l e  of the  several  so f t  t i s sues  and bony s t ructures .  

Within throe, the u t e n t  of the  tumor can be precisely ident i f ied ,  and the 

shapes and sires of sect ions of bone, air ,  and other normal t i s sues  lykng 

between the  body surface and the  tumor ta rge t  can be measured, so that the 

pions w i l l  reach t h e i r  planned stopping destination. 

Experience a t  LAMPF I n  the treatment of tumors deep t o  the skin rurface 

demorutrates a c r i t i c a l  need f o r  8 whole-body CAT syrtem t o  provide adequate 

information on the  locat ion of tumors and the  posi t ion of body inhomogeneities. 

l o t  only is the  CAT scanner the  most sophisticated equipment available for  

tuaorf inhoaogeneity local izat ion,  it can be wed repeatedly, onl ike isotopic  

8ae8, t o  follow the  &.aging dis t r ibu t ion  of the  tumor during treatment, 

allowiqg greater  sparing of normal t isoue. 

While A t  was thought possible t o  u t i l i z e  diagnostic CAT scannere~ 8t 

l o c a t i m  other  than Loa Al8mos (and t h i s  I s  presently b e i q  8ccompll~hed) 

f o r  initial treatment planning, upc r i ence  pow Indicates that a CAT scanner 

d i r e c t l y  ort-aite at L4MPF i a  necessary, for  the  followiag reaaons: Cv 
m 
w 

(1) Pat ien ts  t reated a t  LAMPF must undergo stringent iPPobilization 

a d  posi t ioning t o  ensure correct  placement of the rad ia t ion  field. They w s t  Ot =v 0 
LLc hold this posit ion,  abrolutely immobile, for treatment times of 10 minutee at 0 a w m  -~ * minimum. This require8 the construction of individual pa t ien t  lamobilization 

P 
0 

u s t c .  The pa t ien t  and cast are then placed i n  a module, w i t h  all alignments 0 

and posit ioning done outr ide the  treatment room. 

ported by r t r e t che r  i n t o  the  treatment room i n  h i r  module, which 1s transferred 

t o  t h e  treatment table.  

b u m  timc and puripize the number of pa t ien ts  tha t  can be t rea ted  at LAKPF. 

fabr ica t ing  the pa t ien t  module of radioluscent materials, the pat ienta '  tumors 

could be drlhaatad by the  CAT sca11~er i n  the same position as that in which 

The pa t ien t  i o  then trans- 0 

0 

This procedure has been Implemented t o  consewe valuable - 
By 

5 



1 1  . I dl 

. .  . Page Five 
. *  

M 
M 

w 
N 

P 

0 

a 

they will be trmt8d, thus ensuring correct position of tumor tissue and 

internal orgum for treatment planning calculations. 

(2) The patients need to be periodically checked during treatment 

(over 5-10 we&) 80 that the radiation field can be altered as the tumor 

regresses, urd to see i f  the beam I s  miasing or delivering an inadequate dose 

to portions of the tuwr (as evidenced by lack of regression). The treatment 

plan CUI then be changed to correct this situation (which has occurred on (I 

number of occasione). 

(3) The preparation of a patient for treatment at LMPF (Le., 

completion of a l l  diagnostic .tests, cast construction, CAT scanning, treatment 

planning, etc.) can take one to three wecks. During thio tlme, the tumor 

continuam to grow, or patients rooattimes develop problems which preclude their 

treatment in the position originally planned (e. p., the tumor pay begin 

presming on internal etructures, making it impossible for a patient to lie for 

long periods on his back, stomach, or side). 

3u8t before treatment a8 8 fin81 check that 811 identifiable tumor is .till in 

The patient needs to be rercanned 

the treatment field and that any last-mlnute (~lteratlons in the patient's 

porition or treatnrsnt plan stfll retain adequate dose to the tumor and .pa- 

of nearby rttucturcs. 

(4) The design of campeasating material to overcome problems in 
E 
0 

8 & 
0 u 

&c 

x =  

dome delivery due to intervening bone, muscle, air, or lung, requires croak 

rectional views of the internal body structure at 1-cm intervals across the 

treatment field. 

dome uniformity, as is usually the case (from the front and back or from 

If the patient I s  to be treated with two portals to Amprove 

both ridem), these views are required In both treatment positions, with the 

patient In his  Immobilizing casts. This mea-, for the 8verage patient, about 

30 plane8 or slices of information in the-initlal treatment-planning series. 

With the mtringtnt imobilization, reference marking, localization films, and 

00132903.005 
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other  procadurea required at this t i m e ,  the  average t h e  per patient f o r  t he  

Initial series of acans I s  6 t o  8 hours, at a cost of approxinutely $1800. 

Additional time Is then needed t o  physically transport  the  data tape produced 

by the  CAT scanner computer t o  LAMPF and t o  input the  data t o  the  treatment 

planning computer whlch performs dose calculat ions and designs the bolus. 

Follow-up s ~ n 8  art much less extensive i n  the number of planes required (and 

are usual ly  taken In only one posi t ion) ,  ranging i n  t h e  from 2 t o  4 hours and 

h pr i ce  from $200 t o  $600. Transporting pa t i en t s  t o  the  CAT scan B i t e  remote 

from Lo8 Alamos adds t o  the  cost (approxhately Sa0 t o  and from Albuquerque and 

approxhate ly  $400 t o  and from cities out of state, as has been t h e  case t o  date, 

mince no CAT mcmnsr w i l l  be operational i n  New Mexico until  April 1978). 

(5) It is conservatively ertlmated that 80 pat ien ts  v i l l  be t rea ted  

ia Fisca l  Year 1979 (July 1, 1978 to June 30, 19791, 20 per treatment cycle  of 

6 t o  10 weelu, 4 treatment cycles per year. 

a8 curren t ly  PraCtlCed, I s  estimated at 13 hours per pa t ien t  (7 f o r  the  init la1 

aeries and 3 houro each fo r  two follow-up scans, one during and one a f t e r  

treatment) at a t o t a l  cost par  pa t i en t  of $2,700 excludimg travel coats,  for a 

g r a d  total of 1040 CAT scanner hours at  $216,00. 

i a  cutpected t o  incruse by a factor of approrfoatcly 50 t o  75 percent, and by 8n 

addi t iona l  SO t o  70 percent the fo l l a r ing  year, as t he  LAMPF accelerator  reach- 

I t 8  deaign 1nteaoity.of 1000 Pilllamps (thus del iver ing more pa r t i c l e s  per aecond 

Total  CAT scanner u t i l i za t ion ,  

For the following year, this 

and Increasing by a f ac to r  of about 2.5 the  number of pa t ien ts  who C8l l  be t rea ted  

u c h  year). A t  the rate of approximately $200,000 t o  $450,000 per year i n  CAT 

scanner coots 8nd 1000 to  2500 CAT OCIDPB~ hours per  year projected fo r  t he  

coming three years ,  I t  l o  not ecoaodcally f eas ib l e  t o  consider o ther  than a 

p3on-dedicated CAT mcaxmer, nor fcoolble  t o  bel ieve that the  diagnostic CAT 

U t a  premently planned for  Ins t a l l a t ion  in Albuquerque (three) could handle 

ruch 8 load, pa r t i cu la r ly  on the  shor t  t h e  frames required because of the  

- 

c-c operat ion of the UHPF accdlerrtor. COPIED FO;. 
HSPT 
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At p r b e n t ,  the CAT sc.IIPIPg requirements for pion pa t ien ts  are 108t 

d i f f i c u l t  t o  meet without 8 dedicated scanner on-rite a t  LANPF, 8nd are  

accomplished only marglnallp at conelder8ble diocomfort and inconvenience 

t o  p a t h n t 8 ,  .tress on our s t a f f ,  8nd frequently delay i n  the etart  of patients '  

treatments. Since the L&WF accelerator operates on cycles (PreBentlY of 

8pproxiPPately a l x  weeks i n  length), d e l a y s  can compromise our 8 b i l l t y  t o  

de l iver  an opt- course of radlation treatments t o  the tumor, thus jeopardizing 

recovery of normaltlasum (If dally doses are pushed to the  maximum) or t o t a l  

d ro t ruc t ioa  of the  tumor (If suf f lc lan t  t o t a l  dose cannot be delivered i n  

daily doses to le rab le  t o  normal tirsues). 

equipment rad an addition of approYfinetely a00 square feet to the  LAMPF 

Bfopedlcal F a c i l i t y  t o  house the ecuuaer. Of this amount, $200,000 is presently 

avai lab le  from the  National Cancer Ins t i t u t e ,  leaving a balance still needed of 

$900.000. 
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