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OOPC~UT~VE s n m w  to test the potential matcly 760 MeV by the half-mik-long LAM PF C of negative pi mesons (pions) in radia- linear accelerator. Segative pions produced 
tion therapy for advanced solid t u m n  am by the protonarbon interaction are collected. 
king conducted b, the University of New transponcd, and focused by an ckctromag- 
Mexico Cancer Research and Treatment Ccn- ne& channel. The pro nics of the transport 

tific kboratory, at Loa Alamoa. New Mexico. Paciottidal.The dosimetry of the pion beam5 
Thh paper summarizes preliminary results in used in this study has been reported by Smith 
a sene8 of patients with primary and mu- t i  a!.' he live pions have unique pro 
static tumors of the skin, head and neck. fun 
abdomen, and pel\ IS. They were treated w i g  in cancer treatment.' One of their ad\.;rntago 
pions under Phase I and 11 studies to assess h the manner in which they can be shaped to 
tolerance of normal tissues and tumor re- produce damage io the tumor bearing v d -  
rponvr before randomized clinical trials can ume, while largely sparing surrounding nor- 
begin. mal tissue. 

At Lor Alrmar, pions arc produced by born- Ionizing mdiation a n  be classified accord- 
bardin a arbon target with high energy pro- ing to its linear energy transfer (LET). When 
tons. l k e  protons arc accdented to approxi- the ionization density per unit path k n p h  is - bw. the radiation b said to k characterized 

h w n K d w J l c 6 6 r k A n n r v l W ~ i n l n C n K A n u ~ n  by )ow LET. x-mp, gamma ray& electrons, 
Radium -y. Neu Orleans W i u .  April W- and protons arc types of low-LET radiation. w. iwa M'hen the ionization density is high, the radia- Fmar &e Cancer Raurch urd Treunrmt Chtr and tion is called high LET. Xeutrons and heavy 
A h m q w .  f$- k h i r 0 . d  thr lm f i n u ~ i c a t i k  iOns (such u lhosc of helium. neon. or car- 
ukoruoq. la ALm. K c u  ucriru. bora) arc examples of high-LET radiation. 

critic01 mokcules (it., double-strand breaks 
M o m m  M. nkmrum. ND. in DSA). T h i s  mults in I biologic raponre 

and by tbe L'. S. Department of Enera. 

Dirmor* cmrch and Chlcr- 9oo djnemnt from that seen in conventional ir- 
radiation. Cells expored to Icw-LET radiation clrnino dr a d .  Unirrrricy d Sen Unicu. Allwyurr- 

que. BY 87131. 
exhibit up io three times more resistance to 

ter, Albuquerque, and the la Alamor Scicn- channel and its tuning R aye k e n  d e s c n i  by 

which 2 sckntrsts to predict their use pcnies ulncss 
U I  
8-4 rn-h =[ 
w-4 

L m g  
y=m 

hpnnwnI d-, UnirerA, dSrw 

.. 
K~~~~~~-~';~~~ With high-LET radiation. there is a 
l d a r ,  4 R m d  h m r m  .nd &men. i m a d  for i m e ~ n b l e  darnage 0' 
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injury if they are not well oxygenated. Thus. 
hypoxic cells, large numbers of which are 
usually present in tumors. are ku wnsitive 

the tumor a d  the surroundin normal iiuue. 
A b .  cells are more mirrmc to !o w-LET radia- 
tion in ceruin p h a m  of the cell de than in 

radiation avtrcomes tbe protective effect of 
hypoxia, UUin those cells almost as ef- 
fcctivdy as we It, ygenatcd cells. High-LET 
radiation also reduces ditccrences in cellular 
~ m i t i v i t y  due to cell cydc variations. 

Neuuonr differ f'm heavy charged prti- 
Jcr in thru the neutron dose in time ts ab- 
sorbed .exponentially, similar to dosc absorp 
tion of x - n p  or the gamma myr of cobalt. 
Heavy T p  such as hear ions 

ak, a region of incense radiation which a n  
b a t e d  at the tumor vdumc. 

Since piom &posit low-LET radmtion as 
they pass throu h h u e  (the plateau region). 
but produce a fdgh-LET component in the 
uoppin (tumor) region. they have advan- (e tages ofboth high-LET and low-LET radia- 

t0 d9IIUgC rh.n 8m Udl OVgCMlCd C d l S  Of,  

others. The dew ionization o 7 highLET 

mdpbm, h n  tethcirdorcwhhr I ragg 

lion. Bccaurc. they are ncyativcl! &iqc(J, 1hL' 
slopping pions are a b r o M  by the pcnjtjvcly 
ch;rrlleJ nucki of oxygen. carbun and nitrcylcn 
atoms. This rbrorption makes the nucki UII- 

wbk and t h e y  disintegptc, producing ncu- 
trons. protons. dcuteronc, tritons, alpha' par- 
ticks, and heavy ions. Thcw.evcnts inkease 
the toul dose in the pion stopping re ion. 
a d  dtcr the bidogical%ffectivenus o f * the 
daw in t h t  r ion because of the dense ioni- 
nlion p r ~ d J  b t h ~  a~p+ partidcl. neutrons 
and heavy ions. 

MATCRJALS AND ~ T H O D S  , 

In thc early pion dinialjuudifcs.* yven pa- 
tienu underwtni pion OT r-rry irradiation of 
65 mcmatic tumor n o d u b  in,the skin. Wc- 
rulu indicated that pions were 1.42 times more 
eff'w than IOO-kVp x-rays in  acute him 
kgicll response of the sqn.' One of thwe 

tienis with 16 tumor hodules (primary r mu) could k followed for 346 days before 
additional treatment was re uired. at which 

obtained to ~UCII then uiic gain. For re- 
prvrrion of re th at f& days. 374 nwre 
x-irradiation tE equivalent doses of pions 
was required, indiaung greater tumor effect 
by pions for the same amount of acute skin 
injury.8 

Increased accekrator Intensity has cnablcd 
treatment of larger and deeper tumois. pm- 
grasing to lesions deep to the skin, then to 
tumors of the head and neck, pelvis. lung. 
abdomen, and brain, aL escalating dosage 
kveb for each different type of critical anic- 
lure. As of December 31 . 1977. fortyone pa- 
lienu with a total of 86 tumors had been 
ireired with pions at LAYPF (Table I) .  111 
addition, 30 iumon in the tola1 patient p p -  
uhtion had been t m t c d  with 100 k\'p x -ray  
to UKLI comparative effects on skin nodules 
(described 8boVC), and 8 tknts had IF- 

to ion-crcaied ponalr. Additive convcnriollal 
ra gi ation therapy k needed on occasion bc- 
a u s e  the maximum tolerated pion doses for 
the various normal tissues of the body (mucous 
membranes, lung. brain, m.) are still being 

*Occokr-Drmnk 19fi, md repcard Juiic- 
A u w  1976. The Lar A h m  wrrkrrlor was OCY wai l -  
ab& for plum YY ktrten Jtnurq' 1975-hla! 1976. 
mainly dut corefurbishing for high intensity O ~ f d l h * l l &  

point data on time to regrow 1 of tumor were 

ceived additive photon or e r CCtron radiation 

- 
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determined. T o ,  ensure patient safety, the 
National Cancer Institute-a proved study de- 

treatment of each new type of body tiuuc. 
These doses are gradually increased for wc- 
c d v c  patients when no ill efFccu arc ob 
~ncd in those paticnu treated with the lower 
doses. For p t i e n u  w h w  tumors arc not tlim- 
inated after relatively low doses of pion thcr- 
apy and where then is relatively link normal 
tissue response. additional x-ray imtmcnt is  
given to the pion-treated a m .  Other treat- 
ment is  also given if the patient's condition 
warnnu. Postpion surgery is given for cura- 
tive intent, and chemotherapy for palliative 
intent. 

sign a l l r  for relatively low 8 -at the run of 

Daily dose of peak pions for the small tumor 
anuwricdfrom90tol00pe;rlrpionndrr 
day. This variation was planned in the skin 
nodule study d e d i  above, to obtain a d m  
mponw cunw to determine the rehire bio- 
-1 effmiv- (RBE) for acute skin re- 
rcciOnr and time delay to tumor regrowth. For 
thc large tumor volumes, and for doses of 
SO00 rads and more, the daily maximum tu- 
mor doses varkd between 100 and 137 rads. 
The modulated pion peak was spread to 

dimensions of 5, 6, and 8 em in depth. To 
attempt to rm*ntain constant RBE across the 
ak, as detcnnincd by sin e and fractionated 

ri2ogical studies using in $I uced growth delay 
of multkelluhr tumor spheroids (NTS), the 
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total doK in the proximal rtion of the peak 

distal end of the ak. This is b r c a u ~  of a 
greater amount of%gh-tET radiation in the 

had to be increased over r e total dose in the 

-- 

a 

d i d  end, as compatcd with ihc prowiti,rrl 
c t ~ f .  In the bcaai rvi th ;II) 8 cnr npre;~tl. P LIW- 
Tu1 bcaiii Tor Jtup-scicuteJ tumors, the distal 
end of the peak had P physical dose of only 
70% of that of the kvding edge. The h e  
is prcrcribnl at the Ieadin edge. Uniformity 
of Josc distribution was ukainerl, when pm. 
siiMe, by use of opposing poruls. 

In this repon. an evaluable tumor was char- 
acterized as one in which 1) rhc peak pion 
porul area adqu;lieIy covered the tumor; 4) 
the desired tumor dose, prescribed and re- 
corded as the maximum dorc to the tumor. 
was ddivercd; and 3) the patient sunircd 
ruWicntly b n g  io permit obremation of coin- 
p k e  disappearance or a plattau in gross tu- 
mor mponse. In addition to failure to meet 
thcrt criteria. tumors not considered evalubk 
included those which were treated early in 
Phi% I studies io begin IO collect data on 801- 
eranct of the skin. lung, liver, gastrointestinal 
mucou, and brain and to b i n  some sug- 
g d o n  of h e  level of d m  rquired to ob 
lain a tumor response. Some patients par- 
lid tingin Phase 1 studies (parucularlg those 

outside of h e  peak pion treatment volunx 
before adequate time had elapsed to assess 
the total response io pions. 

A i  this writing, the variation in dose over 
the tumor volume must await rcconsiruction 
of the total tumor volumes and then the vol- 
urn dose distribution. Preliminary citlcula- 
tions indicate peak pion doses in the turnor 
volume as low as 70% of the niaximum doses. 

wit r abdominal lesions) succumbed IO disease 

RESCLTS 

sixty tumors in 26 patienu w e n  cvoluablc. 
while 26 tumors in 13 patients were not mal- 
table. Analgds of data for 52 evduablc tu- 
mors in 20 patients treated with pions only 
8d followed for 5 io 22 months from the 
uon of treatment is presented in Figs. 1 and 
2, which relate area ireried, peak pion dose. 
and grou tumor response. The analysis 
showed 81% (42 tumors) completely re- 
gresd; 6% (9 tumors) partially regressed: 
and 13% (7 tumors) did not m p n d .  The 
ruponses recorded an gross responses. Par- 
tiid response is defined as 
&an 23%. but kas than 1 9, reduction in 
greatest diameter. 

The five lesions ai 2000 rads (Figs. I ,  2) 
which did not respond represent five lung 

xJ 'O ol. 
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tion in dhineter required to plrot this tumor 
m the partial m p o n w  ayga).. However. 
then wm no evdence of rectal m w o v l  
change. acutely or during fdlow-up, m w  at 
9 months. The tumor is now repwing. 

The partial responder at 2830 rads, 56 cm* 
(Fig. 1). was a large mehnomuour m c ~ w a s i s  
in the rubrnentll ttgion. The diameter 
of the tumor d e m u e d  to 50% 04 h e  original 
size and nmrined unchrngcd until the pa- 
tient's death, four months bur, dr-idnpread 
disease. The treatment was 
15 fractions. A amere 

was rwpped. 
. The panhl responder at 3100 rads, 140 
cm' (Fig. 11, was a p a t h  with an o n 1  1 4 x 1  
extending from the kft kK;al mucou into the 
trigone, over thc gingiva and into the floor of 
the mouth. extendin ahort of thc mid- 
line anteriorly. He ha localized to 
the gin '\a at the 
speaive$*, volume dose ahta t ion  revealed 
that this area received onfy 4OOO rads. He has 
had a succcrful mection, with primary he& 
ing and is dive without dirtow at five months 
after start of treatment. 

11 is tx~ievai that a mapr teruon'for partial 
response of &e 3900 rads 100 an* tumor 
(Fig, 1). was due in part to frikrre by the in- 
vestigators to appreciate the lrrcrJ extent of 
the tumor. m u  pltknl hd 8 d v e  bw 
of tongue tumor, extending anteriorly into the 
floor of the mouth. wirb I deep fivure rad 
wven trismus. At fewcljm, a hrge amount of 
tumor was found inrdving the right carotid 
v c u e l .  The surgeon indicated the n o r d  tis- 

. 

the skin hcakd rapidly 

s w a p  rcd iOr such excellent condition that 
bc tunc= have known that my radiation 
had heen 'ven. The patient is alive without 
d h r t  f Omonths. 

Subsequent conventional radiation was 
added to pions when here was an incornpkw 
mponw .htr the mutsc and the normal 0 

l h u e  rppearrd to r ve mpondcd minimallg. . 
Photons and ckctrons were used ucordinp 
to a treatment plan which would best liinrt 
the low-LEX radiation to the pion treat- 

I 
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mcnt volume. Gross response of eight tumors 
in uven patients treated with a combination 
of pions and subsequent conventional radia- 
tion (x-rays andlor electrons) is presented in 
Table 4. Of these. three t u m n  rhowed com- 
plete mponw and five t u m n  rhowed par- 
tial response. However. two w e n  excised (one 
with complete response and one with partial 
m p o n u ) ,  rnd no tumor cells r r ~ t c  found on 
microscopic examination (cases 17 and 30). 

l n  case 26 of Tabk 2. the ma' r problem 

primary laryngeal mass res rnd+ completely 
to treatment with pions on At eight months 
the hrynx b free of tumor, multiple biopsy 

was a krgc, fixed kft-sided ntc k" mass. The 

provca. though there is a + I residual Jill.) iigcal 
cdcmu. The ncdc ma14 treated with almbisw- 
tiocr thcrrpy mntinuer to dccreasc at each 
monthly ubscrvalion, but i s  niU palpable. The 
patient's skin rhowed at ~ B S I  only a Griidr I 
erythema at rhc end of pion rrcliothcrapy, 
when c h n  was a reduction of the t u i w r  tu 
appmxinutcly 50% of the grentcu dimmer. 

CASE REFONTS 
cuc I t  

A 1-d l'emrk cnmpldned id' pain in the 
low back cb six monJs. She had no rccul s y i p  (MI. rpreifKnlly mi W i n  diarrhea. cunuip- 
tion or h g e  in tmwc1 k!t. A r p r m  of h e  
m u m  wm wed on barium enema, and Y large 
prrucral mu was olnencd on herd pclvic n-ray 
cxaminrcim (Fig. 3). The decreased density oC h e  
anterior curtex indicated 6th- t u r n  
invasion or tumor u) intimate)). muociated h o t  b 
blood rup9i) had decalcified h e  bone. The cwicni 
of ~ h c  lcrion mid k seen on ihc CT scan. with 
COIYI.Y d i u m  delineating the bladder (Fig. 4). 
Considered campktely impcrabk. this patient war 
the  fir^ mated in the ydvk rcgbn with pioris. 
Through a portal of 12 by 19 cm. 4100 perk pion 
rads were delivered in PO Imhnr.  S8 days, Ai the 
end of uc1IItnt. 75% of the tumor was gwc. The 

tunt hrd no diarrhea and no bleeding. 
Kcwrcop). twice a w e l t  revcold cnmptetrly 
normal rectal r n w .  The residual mass was given 
4300 rads of 10 LIV photons in I 4  fractions. 18 
days. So further regression of the m a s  and no 
muccrrrl changes w e n  wed. Four w t t b  Isrcr. an 
unmmacCul obdominopcrincal mrvtion was per- 
formed. Mriliipk reriions of the rcsidii;i\ ni;is> 
(Figs. 3-6) revealed i w  tumor mirrtirc.opicall~. T l ic  
s m d  orighid ukw e n  the porterkr rmal wall 
v,dl healed. The patient is  alivr and well 10 montlir 
8flW thc start or pian trcatnwnl. Thew arc no 
bladder qnspiomr. The vagiiul m t m w  i s  iroriml 
with IWI k r a l  fibrosis. The skin is  vel? sliphrl! 
c o n d  wirh- ver). fine dcqumiation. Tbirc is no 
wbcuianmus fibrosis. 
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cuc so si&d headache fw tu0 months, a d  numbness of 
&e hi fwc for iu'o weeks. A large righr-sldcd 
naw&ryn-l iumw wiu biopricd and reponed 
as a pnorly diirrrrniiiued epidermoid carcintinm. 
He m&cd peak pion rads in 44 fraaionr 
over 38 day with a fivedry wpaniion between 
two COUTW. The tumor d i u p p r e d  after 1WO 
rads. Three dap aficr ireaimmi he p h q n s  
3H)rd tmb injeclion. a fim-degm mucosiiir 
(there was a MNU p a d  of maid-dtgm rcac- 
hn). This ra@ly k&d ~d at i h m  months the 
mucum w u  normal. 7hm is no e\idenn of dis- 
ease ai five monrhs. Rnwr&: Again. rapid ctrin- we regrcsh nnh mods normal lkrur narrion. 

I 
COYiEE> F'3R 
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F# 10. cnr )o: ?mreatwru rirw dmumnt brrl 
a0 ulmot dtbr nurior chest wan. The tumor rom- 
p l n r t y m d m n i n e d J w J i n , u i t h I h b r u M o w l h c I r ~ c l  
d the rubcvunrow &our infected n*h E .  )nrrw. Evi- 
drwr d h e m o r r h ~  u r n  brought this 5 6 y a r d  
fcmak 10 her ph)subo. and many bridles of iuinor 
cmcrrd wirh a thin b p  d cpichrliuin are slmwn b, 
hphagrrph- 

Ducurrro~ 
Whikthcr+dpu are uinanecdwl a d  must 

be cd by prospeaiw randomized dinial  
t r %  8m indicrriw of a tnnd towrrd 
thtrrpeuuc gain for pionr. for rites ocher than 
skin, where HKh a gdn hu already been wg- 

chat maximum toxic doses 
in any ofthc various 

riuua under study. In dl the patients mated. 
thc n o d  surrounding liuuca have shown 
only mild acute reaction or. in many paticnu. 

irradiation has dc- 
mmc time. many tu- 
to three times faster 

ordina * x-rays. 
No significant untoward effects havc?ecn ob 

f a  11. Cuc SO: huimmeni  view 6 munth after 
ihe uan d pim therapy. (1Wl pak pim n<lr in 1 I 
FrWtian. 14 days) urd rubuquem ckcrmn thcrup (Wfi 
rads of l i  SlcV clmrons. given in two cwrscs. 99 frac- 
tirmnr. SS days). The ukcr was excised and pr imq skin 
graft pcrforncd. Sluhipt sraionc through the bur- 
gicd specimen rereaid no tumw cdlr. 

served in any patient treated with pions. over 
obscnstion times ranging from 5 io 24 
months. No radiation sickness was encoun- 
tcrcd in any treatment site. For thew reasons. 
the pion doses arc being raised 10% in the 
next tteaiment cycle. 

An analpis is currently in progress ewamining 
the relationships between tumor size, dose. 
normal tissue reaction, tunior response, and 
length of remission in patienu treated to date.' 
The principal problem in pion radiotherapy 
is 'the devclopmeni of nliabJe computerized 
treatment planning, which shows coinyletc 
voluinc distributions of  t he  low- and high-LEY' 
components of the pion lxclnis and the trans- 
formation of these distributions LO cfkctivc 
doses. Until this type of data is  available. full 
assessment of the cause of soiiic failures will 
not be partible. 

However, sufficient dose information is 
available to permit a rapid completion of Phase 
1-11 studies at least in the head and neck and 
the pelvis so that initiation of Phase 111 trials 
for mmc rites should be possible by 1959. 

Protocols for Phase I11 cliniat trials arc 
completed for various typcs of large solid 
tumors which are not we1 managed by any 
other treatiiient or combination of  treatments. 
to attempt to improve IocaUrcgional control 
as well as long-term survival. The criterion 
of success of ihc projm will be a two. to three- 
fold improvement In five-year survival rate. 
since the research team believesthat less than 
this in tumors with a 3 to 20% five-year sur- 
vival rite would not be deemed sufficient 
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