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INTRODUCTION 

There ir cobriderable ovidence that tho humm pituitary glarrd io  implicatod 
in the p8thOgenC8h of variour reriour direarer.  
partial or complote removal of the gland may be of bonefit. 
a r d  deeader, atternptr have baen made by radiation and rurgaty to achkve 
complete hypophyrectomy. 
have met with at leaat partial ouccera. 

of the hypophyrir at the bare of the rkulf, and to thu renritive rtructurer of 
nerve, brain, and blood verralr  that are rurrounding urd protecting (t. 

b rorno of there conditione 
l o r  tha pr r t  rev- 

It tr only very recently that the r u r g k d  procod~rem 

Mort of the difficultier in hypophyroctorny are due to tho ccn t rd  location 

An account i o  given below of the initial w e  of rccelorated high-rpeed pro- 
ton# b human therapeutic hvertigationr: thenrationals for proton hypophyrectomy, 
the technique employed, and the initial phyriologic81 changer 8fter proton hypo- 
phyaectomy a re  given in detail. 

REVIEW OF THE AVAILABLE TECHNIQUES c 

1 FOR HYPOPHYSECTOMY 

A. Rrdirtion 

f t  roon became clear that the hypophyrir wae fairly r8di0reriaturt.~~ B.caure 
of llmitrtionr impored by rcnritivity of the r k k  urd &age' of injury to the brain, 
the dorer by conventional x-radiation had to be limttod. 
to rupptcrr the phyriological fuc t lonr  of the hypophyrir by 8di8tion hrr been 
a frequent1 ured therapeutic. 8p  roach in pituitary tumora, 33 Cuahing'r ryn- 
drome, 'D sr and acromegaly. 4 ~ 6 5  Attempt8 have alro been m8de to irradiate 

1) irradiation of the human pituitary by r-rryr w88 reportad 81 e8 1y a# 1909. 

Nevorthelerr, 8ttomptO 

-1- 
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tho pttuitrry in tariota 0th.r coaditionr, for + r i m p h  hyport.nrioz~7) and m8- 
lignant .xophthln)or. in9) Pituitary radiation by x-ray. h a r ' r l r o  bo- attomptod 
in malignma 

Howover, ta three mammary cancer patiantr oven 15,000 r to tho rogion of the 
hypophydr war not ruffkient to c a t k  noticeable doprerrion b hormone pro- 
duction and hirtopathologicrl &mage, or remiorion of the diroare. 
rique of x-ray therapy io rHll botag oxtended and improved, ar exempllfiod by 
the recant r o r k  of Santos. 

in tbo human, particuiarly for prortrtic c u c i a a m A n c ~  mrrn 
C carcinoma. i5) Tbe highert dorer -or. probably delivered by Kolly ot rl.  lPi8fy - 

. Tho toch- 
* - 

i 8 b C e  Lh6 pioneer work O f  b C 8 0 # 8 @ l O  urd 88rOCiate813) thi impl8Xlt8ttOa 
of radbactiro reed. reamed to offer a method of delivering largo local dorer to 
the pituitary; indeed radon implantation did affoct the pituitary Ln uromegdp 
and Curbing'r ryndrome. 4) Dorhg tho l a r t  f o r  yearm, Broor urd htr 8OOOCi- 
8teri4) bar8 drroloped new methodr for procerring r d o a c ~ v e  yttrium ht0 
romdr; air led to the t&rapeutic clinical tnvortlg~tionr of Kennociy at d. , 15) 
r h o  Implanbd reveral yttrium roodr into tho pitrrltary, aad gavo conridor8ble 
doroo of beta r8di8fioD 8a 8UOmpt to rtop hypophyred function and to C801e 
regrerobno in carciaomar. Thio rty$T io  atill in progrorr at tho Univerrity 
of Chicago and at McGL11 Univsrrfty. 

B. Sargery 

only recontly that completo rurgicrl hypoph I cto 
ruccerr, by Luf 
ate0 h Frapce. ioybaft and Olirecronr, 8rrembled 34 ca8.0 of mekrtatic car- 
cinoma of the bropt  m d  12 c&rer of diabotar mellihrr for surgical h~opbyrec tomy 
A rignlficant portion of the prtientr in whom hypophyrectomy 8pperr.d complete 
ohowed objective remirrionr uL(I rubjectire relief, wbieh larted for petlodr 

8ad othor groupor are vigorously attrcking the problemr of rurgical hypophy- 
roctom y 19 cancer21,22~ 23) aad in diabator mellitus. 24) 

. 

.. 

o h g  to great tecbnicd difficultier m d  8rrocbtod rovere t?8Um8, it ~ 8 0  
o r  woro carrfod out d t h  

d Olirecrona in Sweden lYl,ts@ rSId by P e r r r u t  urd 8 r r O C t -  

r8Xigbag to more than b o  y08r8. Currently P08rron, 8ad 8~#Ocf8te#r 

a 
PRUTON LRIUDUTION TECHNIQUE 

A. Geaotal Propertior of Particlor 

ovor other radiationa h producin 
in t irrao a0 ruggertod by WUron. 

may bo directed to any portion of the body. A i  the prrticbr 'poxbetrate, 'their 
~ reattortag 1. r o  small (comp8r.d to electroar) that for practical pruporor aeg- 

ligibly m d  rmountr of radiation f a l l  outrido tho m8.b bo- to irradiate nolgh- . 
boring d r r ~ o  area.. tortho?,  the approximately monoenergotic particlor pon- 
atrate to a uniform and well-definod ramgo, producing their mudmom ionitrtbn 
fort before thoy rtop. 

A ruitablo aperturo, made of braor or othor motrl, io ured to determho 
* 0  rhape of the radiation fiold, .ad the background ionisation may be kept to 
lerr than 0.1% of the beam. 

High-onergy protonr, douteroar, and dphr particlor h8ro  groat advant8gor 
cdired radiation damage Ln 8 deop region 

Tho accolor8ted 8W properly focured 
p 8 r t i C h O  prOp888t. 8 wdl -COl lh8 td  Urd rtrafsht PWCU Of b8.m@ W h k h ,  

I \ 
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There propertier war. demoartrated in biological experimentr by Tobiar, 

Biolopicd Experimenktiom with 190-M.v bauteroar m d  340-Ahv Rotonr 

Anger, urd h w e n c e .  26) 

B. 

Eiperience ta the urr of proton, deuteron, aad apha-p8rticle beam0 a80 
gained by iavortigating their biological effectivenerr and mochadam of lethal 
action through loc8l i~et t  irradiation of animal tlmmsor. 

~ 

. 
The biological effactivenerr of the high-energy partioar of the deuteron 

urd proton -0 found to h ~1008 to thrt of 200-LV X - ~ A Y O .  " h i m  Codd 
be pridicted from phprical data OIL the rpecific ioaisatipa .ad l b a r  en0 
trmrfer of the particlea. rjcperimentr of thia kiad were dohe on mice, fw  
f u a t  cello, 27) trlcdertrtrtia microrporer,28) and droit fllem. 29) - .  

4 

%? ' 
The ure of high-rpeed particier aliorr one to prodoc. radtation-hdu 

lerionr in the mtmd body 4 t h  microrcopiedly rharp demarc8tbn her. 
ts r m d l  mimalo, cylindrical hrionr of one xnm diamotor are eartly producod. 
Shce  1952, 8 rurtained effort w 8 l  made, h COll8boratiOP d t h  the O W f f  of the 
faatttute of Exporfmmtd Biology, to atudy effectr of the high-*peed particlor 
on tho rat hypophyri.. 30)  Initial rerdtr were encouraging, aad pttuitary ir- 
r8di8tfon of young monlroyr* and of rrormd mature dogo** h a  d o 0  h e n  -der- 
taken, with technique rimilar to that for h u m a r  (dorcribrd below). 

When l u g e  rhgle &reo of more than 5000 rad#+ deuteron. or protour 
are given to the pituitary gland of animrlr the end rerult apprarr to be rimUu 
Irterpective of the ais. of r a d i 8 ~ o n  dore: progrerrive atrophy of tho ontire 
g l a d  rerultr, rccompanied by roduction in phyriological hct ioa .  The higher 
tho dore, the roonar tho phyriologicd eff~cta reem to m8ntfort themrdver. 
Single dorer of the order of 30,000 r8d are  necerr~ry to approximate tho h- 
rnedhto effectr of rurgicd hypophyractomy. To tUurtr8k there ~tatmmenta, 
Fig. 1 rhowr the apparent onoct in timr of profound phyriologtcal changer ?e- 
remblhg complete hypophyrectornp. Data on rat, dog, m d  monkey follor 
rearonably well  the same general rslationrhip. Criteria for ovdrudo~i  are - 
chiefly rate of growth, thyroid function, m b  rise. of target orguu. 

According to the above reaaoniag, when ring10 dorer are applied, hypaph- 
yiectomy can be achieved with reladvrly modot8to darer, although it may not 
be obrcrved until a fairly long time after the initial radiatioa rxportaro. The 
delayed onrat of the o f f d t r  i o  a f.ctor of great importance ha decidlng on the 
dore in hurnaur. 

- I  

The eatire glaad murt be irradiated to achieve amr h a t i n g  phyriol~gicrl  

The affoct of pituitary radhtioa on -get orgrar doer not progreir rimul- ' 

chmger in tho target organa. 

kneourly, but bare  ir a definite pattern Lnrolrod. h the nrrt gland b 
ahor rne8rurrbh functional changer ia the thyroid, The 1131 uptrlto ma7 de- 
ereare within a fow *n&r after oven a moder8te &.e. meet. 011 growth aad 
adrenal hraction follor, Ail. ragreorion of the *ex glaadr, rogdated by tho 

*In cooperation with Dr. Van Wageaen of Yd. Univerrity. 
+*To be publirhel. 

. 
b 

1 6-1 rad ir equal to 100 ergr ab;orbod/g or 1.07 rop rbrorbod is tlrrue. 
T !  
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folliclo -rtirnulating hormoae'( FSH), io  ururlly chtooologicdly h o t .  Tho biota- 
pathql6gy of the irradiated pttuituy eAibitr changer that krdicate a pattotp 
(is the rat), though difforentW offectr are difficdt to dotoct. The 8etdophUor 
reom to bo firrt to regr.rr, followed by barophflr ad, hotly,  chromopbober. 

Evan. rat indicate that onrot and f requenq of rpoat.neour tumor, aro roducod 
if the animal0 are irradiated in tho firrt month of Sifo. 
that rocoivsd large dorer did pot rignificantlp dUfor from tho life #pur of rur- 
giC8lly hypophyroctomised animala. 

offoctr from pituit8ry radirtton, d e r .  the cauro could bo defioitoly rrcort8inodD 
could bo arcribad to norve and brain lerionr, particularly to rrecrorir m d  
hemorrhage. 

hthal affoctr of thir kind were urtlally precedad by damago to tho third, 
fourth, and fifth c r m i d  norver, which in the dog lie very cloro to tho pituit8ry. 
The loiionr lod to irubility of the urirnalr to move thoir eyelido, to pormulently 
dilatod pupilr, axid to lorr of corneal renritldty. A rorirr of experiments w80 
carriod out to teat tho dore-time relatioarhip in do# cr8aiJ aervo. A c h u a c -  
torirtlc dore-time injury curve rerulted, which rorembled tho data obtaiied 
4th the pituitary. The lowor tho dore, tho laagor the timo r*quired for tho 
rymptomr to appoar, and--in t h i o  care--thoy u r d l y  prorod to be 18rr revare 
.In degree. Shce  tho &tr on dogr are available o d y  over a poriod of 16 montbr, 
8ddftionrl information io nooded, particularly for long portirr8diation timer. 
rigU?e 2 giver the d8k now 8vaUable. 

Lo~g-torla rtudier d t h  dorer up to l o , O O O  rad given to the young Long- 

Life r p m  of tho animalm 

Nerve aad brain tirruo ir mora renritive than pituit8ry tirruo. Lothal 

A temporary typo of nerve damage war .Ira obrerved fn romo of tha rnimrlr; 
hero t b O  C Y 8 d d  BOrY.0 thomrdver b d  IO# &#OD but neighboring rtrUC-08. . 
(pituitary urd caveraour venour plexus) recoived hoavy irradiation (in excoo# 
of 10,000 rad). The eye rymptomr developed m d  bcroarod 
throe weekr after irradiation, thon part idly or c o m p ~ e t e ~ y  regrerood rir  to 
aight w e o h  later. Tho rymptomr wero preruraably due to prerruro from 8dom8 

revorit7 two to 

of the nearby radhted rtructurea. 
, 7 - -_ 

When portion. of the brain woro givon large &reo dong with tho pituitr* 
and cr8aL.l aervor (h dog#)# in rome caror coma and doath followed tho eye 
rymptomr. At autopry the heavily i r r rdhtod  8rear of tho temporal lob80 of 
the brain were  found to be revorely necrorad md liquffiod, with a romatkrbly 
rharp demrrc r t~on  lkre batween necrorod portion and hsdthy, nOYmd-8ppa8r- 
b g  tirrue. Tho r ise of th& nocrorsd area a t  tfmo of drath w88 about tho r8mo 

' 

in difforeat dogr; 8 typical brain t o  ohown in Fig. 3, from r beagle dog that 
received 40,000 rad and died in two woekr. Nocrorh beginr in tho portion . ' 
rocoivirrg the highort dom, 8Bd progrorror to are80 d t h  lowor doror. Tho 
immediat. caurs of doatb Ln moma care# appeared to bo homorrhrge, d t h  ac- 
tum.bl8tion of fluid in the brain and high intracrania1 prerruro. Tho rd8tively 
meagor b t a  indicate thrt brain drmage i n  8 function not o d y  of doro aad t h e  
but d o 0  of the -0 of tirmxairradhtad. It i o  difficult to comparo the lUerah~8 
on r8di8tbn dunage to the brain d t h  tho t o r u l t r  reported hore; mort drt8 h 
tho l i terrtaro krvolvo doror to marrive area, of irradiated b r d a  tbrue. 
mort pertlooat are recont obrervationr by Arnold ot J. 32) who obrorred do- 
1 8 p d  demye l~ i r a t ion  and r8d~onscrori r  h dore r8ag.r of 1500 ta woo ? Of 
high-energy r-rryr, and in addidon rcuto infhmmrtion, hornorrhagor, odema, 

Porhapr 

z 
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8nd oocrodr  h tho range of 3000 to 14,000 r,  with irrcroarbg rwverity 
at higher Qror.  

frrctionatod .pd mingle doror on the cootral norvoar ayrtem. 
Porther rkdior  aro beiag carried out om tho relrtivo affectiveasrr of . 

* 

U)CALSZED HYFQTHALAAUC lRRADUTIOlU 

The tethniquo dercribod in thir roport h.r boom omployed 0v.Z &e p8.t 
Tho makr problem 

bo 

two p a r r  for  irradiation of hypothdam~c areal of r a t a ,  
of b t e r o r t  i8 the mechmirm of hypothalamic control of hypophyrod function#. 
Bocauro of the lor  mortality .pd high aiming accoraep thir techniquo appour 
fo rhow promire a8 80 hvorUgationJ tool. The rerulta of !&fa work 
roported olrorboro in drtail. Alroady proton or douteroa irradiation of hypo- 
thrlamur har producod rango of offsctr in rata. ‘ Among brero are retardation 
of growth; diabotor krripidur, glycorurir, hypothyroidirm, .ad oberity. 

- .  
a 

DESCRIPTKON OF’ERRADSATION TECHNIQUE LN HUMAN PATIENTS 
> .  

The radiore88itivityof the brab 8ad akin i o  &ator thur h t  Of tho p h -  
itary. For thir roaron the proton irr8di8tion of tho human pitoit8ry war combbed 
d t b  tho ro l l -horn  rotational b r r d h t i o n  techniquo. Tho poi t ion  of 2ho proton 
beam -8 kopt fixed in rp8ca urd dirocted to crorr tho pituitary 8. woll a8 tbe 
oatire heed with uniform imts8tion. Duriag irradiation the b a d  war rotatod 
arouad itr own pituitary body. Tho plmo of rotation var choran diffaroatly 
each dry of the fractionrtod Cherapoutic irradiation@. & thir ~~0~ the cu- t - 
mdat i ro  dore to the pituitary gland war conriderable, rhU0 rurrounding blood 
vorrelr ,  cranial norvor, lobtr of tho braia, bono,’lind rkia roceirod progrer- 
dvoly lorr irradiation b tho order of onurnoration. 

A contemplatod forthor improvemont in tochntqlpo r o d d  tqvolvo rtopphg 
the protoa barm io the pituitary f o r r r  by rnakiag uro of tho high dore peak’of 
tho Br8gg ionisatha curvo .pd thur eliminating i:radt.tion of one horntrphoro’ 
of the brain. A i  yo$ thir modificadon hrr not been amployod b. our- pathat.. 

. 

A. Treatment Room , 

a new tre8tment room (rho- in rig. 4) an8 conrttuctod for tho human irra- 
diatioa program, The colliraatod h a m  parrer through $wo roomr ruttable f&r 
irradhtion: the one cloror to tho cyclotron ir rnrialy for phyritr  urd chemirtry 
urn., rhUo tho farther room, eardully rhielded to avoid rtray radiation, ir for 

With the gonorour holp of tho r td f  of the Berkd8y 184-hch cyclotron) 
‘ 

-^ 

. 

m0dic.l u.0. - 

B. Control of Proton Beam 

Tho dofleqtod boam parrer 8 l ’ o q  on an 0ptic.l bench, k d ‘ b y  mo.nr of 
oloctricd and mechanical kchniquer, it ir brought to p8m (dthin about 0.2 mlh) 
dong a line eigbt iOche8 over the centor of theoptical beach and parallel to 

z 
I ‘  , 

1 -  

*Wo aro particularly tndobtod to Pioforror Robert Thoraton, bf8rvin b f 8 r t b  a! 
Dr. Elmer Rolly, Jamer Vale, m d  Lloyd Haurer. 
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t tho track8 on the bonch. Tho dono-mouitorixq ion c b m b e r ,  m a h  beam apor- 
tu?., rad toed  rpot of tho dirgnortic x-ray machiae are d1 mormtod r o  that 
tho protoa beam parrer through thdr cmnterr. Tho pationt’a head ir hold rigidly 
in an adjurtable hoad rotator which ir d r o  mounted on the optical bonch. Ad- 
jurtmeut rcrews aro prodded to move tho hoad holdor Ln *eo diroctioar X, 

parition. Thir ir chocked by x-ray filmr boforo each t rutmont .  Plguro 5 givor 
the rchomaticr of the dignmont and Fig. 6 a h o w  tho actad troatment room. 

The ruccora of tho m u l t i p l e - p l ~ o  rot.tionsl-irrrdirtion toehdque doponded 
on providing 8 f i rm mark to hold the patient’@ h o d  during alignmeat aad thorrpy 
on ropoatod occrrionr. Very ratirfactory t w - p t k e  individual plartic markr 
have boon dcvoloptd for thio purporo, utiliriag fiberglrrr Uatl and palyorter 
roriu. The mark ir tightonod on tho head with thumbrcrerr, until it fit# tightly 
enough 00 that the patient ernnot movo hir hoad, (or rd la  turcica) mor0 thm 
about 0.5 mm 

Y Y, 2, with au h d e r  00 e8ch adjurtmont, ro that on r-oatod tro8tm.ntr the 
iudox may be roaot, m d  tho head placed orch timo into a vory doroly  correct . , 

’ 

+ 

any diroction. The markr aro  cornfortablo oaough to wear 
fO? tW0 hour0 8t 8 t h o .  

Pfgu. 78 rho+. tho O O l i 8  turcica O f  One Of the p8ti-t. b dignmeat d t h  , 
tho croro hair., while Fig. tb rhowr the rutorrdiograph of tho rhaped borm 8 

m d  ita dignrnent with tho a.118. Thir latter picture waa t J 0 n  by firrt orpor- 
ing the patient to tho X-rap, then to 8 rmrl l  dore of protonr. One rhould boar 
Ln mind that tho d l a  appeuo mnlargod due to the fhito dirtrncs of tho focal 
o p t  of tho x- r iy  m r c h i ~ e ,  whUo the beam rpot i s  r c h u l  r h o .  

. 

Figure 8 rhowr a,typical vortical x-ray, *on along tho Y urir. Horo, 
tho couter of rot8tion ia the re118 war arcorkinad by obtaiuhg r p m e t r y ,  on 
both ridor of tho X croar  hair, of the faint Iho roprorontbg tho bar. of the relh 
urd tho wallr of the rpheuoid r b u r o r .  Tho m t o r b r  cliaoid procoarer and tho 
ocd8r c8vity a ro  8100 checkad for rymmotry. 

, m c o r r r r y  to u r o  8 dl.gaortic x-ray machiao with 03’-rnm focrl rpot to obtain 
tho nocormary rerolotion. 

8patl.l alignmoat of both d e w r  of the rella war u r d l y  dthb rt 0.5 mm. 
Sccrrloarlly check r-ray8 voro mrdo with tho patioat forcibly t r y b g  to move 
hir ho8d out of alingmont. Thora wore dwayr correct dthin 1.0 mrn. 

During tha firrt troatment u r k l l y  6 to 8 rota of diagaortic x-ray. woro 
aoodod to bring the p a t i e d o  head ia alignment. On rubroquont ropeat treat- 
maatr adjurtment rcrowr on the rupportinghoad holdor w r o  prmret to the 
poritionr that had p rovhudy  given propor dignmout, m d  aaudly OB. or two 

th8 vortical x-ray it w88 

8 O t #  of diagnortk X-ray8 r o f f k ~ d .  

CONSIDERATIONS OF ANATOMY AND RADrOSENb;ITIVITf 
OF IMPORTANCE IN TXE TREATMENT SCHEDULE 

Rehdvdy limit8 a bfOTm8thi ( 8  8V8U& COnCambg rrdioronritiv$ty Of 
the b r a h  m d  of the pituitary in tho humm. I8 additiou to the rnirnal data TO- 
ported 8bov0, it i a  known that tho brain ir mor. roudtive to radiation than tho 
pituikrp aad that 4800 roontgeur of 30-kv x - r q r  giron h 8 fractbnatod tourlo 
ovor 8 large ~ r . 8  may Charm radionecrorir dolayod by mor. thra 8 yo8r. (So., 
for oumple,  Roferencer 31, 32, 33.) 

, 

E 17553.1 
‘ .  



7 

r 
, fa the courro of tho preront prdfminrry invertigrtionr tho thorap7 -8 

."given in such 8 m y  am to rniabise the dore rrcoirod by rrdtorenaitivo ttrwer 

Figurer 98 and 9b 8ro r c d e  drawing, of rectfonr through tb. ,0118 turcica 
the XZ and YZ plaueri It ir apprront that the mort rmkr i t i ro  rtrocturor a?. 

right abovo the pituitary, p r t i cu la r ly  tho optic nervo tract 8ad the hypothrlamrs. 
Thore  rhould be avoided by the radirtion 4r much 8 I  porrible. Laterally, tho rl 
carotid artorior 8nd the earolmour veuour ploxur aro cloreet to tho hypophpi.. 
Thoro rtructpirer ar0  b w a  to tolorat. a higher dore. Of tho cr.nW norvor 
tha third, fourth, fifth, md rixth u e  clorert; beyond tho cranial norvor extoad 
tha tempord lobor of tho braha; cloao b the bypaphyrir 8ro tho regionr r o r v -  

tu the hoad. 

. 
* 

h g  the mmro of rm.11. 1 1- 
Tho limits of rotation of the h o d  wore chorea * 30° or i 35O Zrom tho y 

uir .  itk ' - .  a .  Tho limit. of the aaglor wore givou by tho reqoirq- 
ment to c o m p l o t d ~ ~ a r o i d  tho oyer, ao that cornea, ro tha ,  and lear aro fro. 

40 about 7.5 degroer apart. 08 a #iron day rota- m8y bo giroo in two of 

that the brain atom m d  the parr  optic., mamillarp bodior, tubor choroum, 
m a  infondibulum get aogligiblo &mor, r b c o  tho b88m door not crbor thoro. 

. from-radhtion. ': - w e  a h  11 planor of irradhtlon, oach of which t 

pl.oer, proforably 300 .part. Tho choice of tho troatment p18a.r i r  ouch 

DOSE SCHEDULE 
I 

At preront 800 to 1000 rad ir given b 08ch of two to fire troatment pluror 
daily, throe t h o ,  8 -oak, Vith the dore figuro roferred to the contor of tho 
pihrituy. oving to the rotation of th. head, the buy dore at the trurid norvoa 
1. about 260 rad, and at tho akin about 40 rad. Tho whole courro of troatmont 
trltor 20 to 40 day., and Qaor of 14,000, 16,000, 18,000, 20,000, 22,000, 6 -  

26,000, and 30,000 rad ware givon to tho ceater of tho pituitary. 
9 

rSODO6E CURVES . 
The elliptical bomn aperturer, multiple planor, and rotatlon mako tho ovalo- 

ation of irodore CUTVOD a complox proteduro. Two mothodr woro utilisod: 
mo8ruromsnt by photographic dearitornotry, m d  calcdation from the known 
boam ioairc8tion profile. An autoradiogrrph of tho proton beam a# it croraor 
8 rolid pioco of lucito ir ahown i0 rig. 10. 

A locik phaatorn ir ored ia placo of tho head and photographic film inride 
thir phantom la' exporod, taring tho mama rotrtioaa a0 in paticintr. -0 comphto . 
ret of rot8tiosu correrpoading to tho ontire treatment rchedule g8VO Fig. 11 
(roprodtrted witbout rrtouching). Tho blackened 8.r.a obviourly torrompandr 
to tho ais. of the pituitary g l a d .  

' 

u i r  XY 2 ia Fig. 12. The dore W10 relatively r lor ly  in the latoral 2 diroctioh - 
d e r .  the hypophyoir oxtendr frrthor; t o n r d m  the top of the hmad and to tho 
front and back, the fall t o  very abrupt, hruring conoldorablo dogre* of protoctbn 
for tho optic chiram and h~othrlamoa.  Figurer 98 .ad 9b have a typkd iro- 
do80 chart rupcrimporod over the uratomical detail of rtruckrre. 

' 

t 

1 
I 

M o a a ~ o d  add c&cuhted dore dlrtribPtionr uo roproducod along tho major 

1 P 

-? -- 

L 
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*The mthorr aro tabbted to Dr.. Burton J. Mopr aad Bofl Thornpaon for . 1 thore d . t . 0  - 

1 1  7 5 5 3 3  



6. Tho p8tiOat 8 M d  b8 pmger  th.P 60 yerre Of 880 =d--8p8?t f:om tho 
carcinomrtour procorr--in fair phyricrl condition. Initially, derperrte carer . 

On tho barb of experioae8 d t h  adrenrldctomy by Huggin, ot a1. It i o  folt 

wore roloctod who did not r r t i r fy  thir critorion and woro near torminal. 

that nondtfhronthtad cuctaomar of the broart  are controlled by tho pituitary- . 
adronrt-ovuIur ryrtom to 8 loamor delreo thrn tho -11-dtfferentirtod type. 

CLINICAL STUDikS * 

clinical rtudier and obrotv8tionr rro being c a r r h d  out in tbroo roparate 
fieldr 19 order to obbin 8 )  comphte information 81 porriblo: (a) e n d o c r b -  
logical toot#, (b) aourologicd oxambrtionr, a d  ( c )  effect on tumor growth. 
Endocrinological tortr  incldo mray pharar: 

Thyroid fuaction tertr are mad. by meam of I131 uptake, protein-bound iodiao 
dokrminrtionr, and b a r d  mokbolirm rr~oarorementr. 

Pituitary gonrdotrophh activity ir followod by urinary folliclo-otimulrt19g 
horrnono doterminrtionr (FSH) d d ,  where poiriblo, urinary ortrogea orcrotion . 
8hrdier. 

A d r o d  function tor t r  are of no tare mince the patlentr thur far rtudiod hrvo baon . 
proviourly idreaslectomtred rad u e  receiving rupporting rteroidr . Urinuy 
htor toro idr  rro 8ri8yed, howover, .in mort c ~ a o r .  - 
kr v i o r  of tho porribie prerenco ol a pituitary hornopoiotic factor, bloob-volurno 
rnoarurementr .ad iron-turnovor m8aruremeatr am carriod out a1 noedod. 

9 4 

. W a t e r  balance ir studied by =be  output and rpecffic gravity moarurernontr, . m x  

8 0  rdl 8 I  water-loading t88tr. 

Sugar toleq,nnco .ad blood mugar detorminationr aro carried out routbely. 
4 

Neurologidd o&ihtion iacludor tertr for cranial norvo damage, rirorl-. 

Unfortunrtoly thoro 8ro no conclurivm tertr 8v8 thbh  tor obtaining Wt- . 
madon about tho #tat8 of proliferation of tumor cella. The Hugginr rerum 
aoagdation tort 18 boing doae poriodicdly. In additiou diagaortic X-?8y 0x1 . mnht ioar  givo intotmation about bone a d  lung motarkrer ;  rkia m e k r k m r  

8cid phorpb.t.ro levolr and cdciurn excretion have boea mearrued routinely. 
k additi~n d1 conventiond cl iuicd labor8tory obrervationr 8ro m8de. 

. field rhrdi.8, and tertr  for acuity of the ronre of rmell m d  touch. 

. aro obmarrod directly; bioprior -0 obtrinod if advhablo. Sorum alkaline dad 

TREATMENT SCHEDULE 

Early treatment rchodulea followod the prorent clinical radiothorapoutk 
c 

pr8ctlco of dore fractionatfon by adminiatration of reveral repoat irradirtionr. 
Thro. dorer wero given roekly, (Man@y, Wedner&y, friday). 
tion war n o c e r r ~ k t e d  by the availability of tho cyclotron. Tho dome at  the conter 

Thb limit.- 

* of the pituitary war 800 rail in plane. Two or more planer woro froquontly 
- 
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n ~ o d  90 8 given day. The do00 rcledulo waa conoorv8tive and probably inad- 
oqruto Lrr the oarlier camor. With accumulated oxperienco and 19 thr abronco 
of contr8iadic8tionr, the drily doro w m m  rr ioed to highor vJueo, until at pror- 
ent A 8  much 8 8  5000 rad may bo givon h 8 obgle day, kr f h o  dUfotmnt plan. 
ortontationr of the body with rerpect to the proton born, and 350 rotation 
of tho head in oach orientatioa. Tho dore at the contor of tho pituitary g l a d  . 
at tho and of tho tr~atmout ( u r d y  20 to 40 dayr) war from 14,000 rad to 30,000 
?ad. 

I 

CLINICAL OBSERVATIONS IN THE COURSE OF THERAPY 

None of the patlonts tr08t.d 00 far has rho-’ objective or rubjectfvo clip- 
ical aignr of immediate phyriola8icd offmctr from the radiation. 
p a i -  * .  a *.. _ _  , -.* , , I  5 .  .. . . 1 * * - -  . 1. ..;. In&. COPI.. of 200 
individual . J L P O ~ U ? O ~ , ’  rovoro h08drche war riported la two hatarreem durhg 
tho day following oxpoeuro; howover thio c o d d  not bo dofinitely 8r~ocirtod with 
tho trutmentr. Radiation invokod ao aenrotion; blood ptorouro aad tomporaturo 
romabed normal. 

the pituitary in tho firit 24 hourr after e 

?- . -  . .  

No obviour ooriderrco -0 found for recretiooa or dumping of hormoaor from 
uro to proton.. Tbia effect war 

obrorred in rata by Matoyko and Edelman. Tf) 
~ador irabh  rkia offoct., which may include arytherna, epilation, md ul- 

coration, w r o  all completely 8brent during the firat 5 to 9 manthr following 
orp~muro,  DO doubt b o c ~ u r ~ o f  the low dorer dolivorod to the akin, . 

Nourological oboor~t iono hdiC8te liltedre 8 complete abrenco 6f ondortr - 
able mido offectr on the c r m b l  newer, temporal lobor, or optic Chiarm up 
to tho &to of prepration of thir report. However, it d l l  be necorury to 
continuo thoro obrorvat~onr for a conriderably longer t h o .  

PHYSIOL~GICAL OBSERVATIONS 
THE POSTTREATMENT PERIOD 

sigdfic8at doprerrioa of pituitmy functionr w8s obrervod &11 p8tkntr 
during tho pa stir t 8diation period. 

A. ,myraid Function 

ideacod by the 24-hout u p h k o  of t8dioacttrc If31 rdrnhirtorod orally. Two 
. rotr  of data for bdividiul pationtr w o  ahower in Figr. 13 and 14. At tho end 
of six month, todin0 uptake0 that had been in tho normal and high rmgo bocrme 
a8 low 80 3% md 5% rorpoctirely, in tho ram. range (2% to 8%) 80 one obtalzu 
with margicdly hypophyroctomised pationtr . Valuer for protoia-bound iodin., 
(rho- d r o  in Figr. 12, 13) doclho, but in romo pati8ntr ohow a curiour m d  
at prorent unexplrinod rim. B8r.l matabolic rator decteaao, but ham aignif- 
icmtly. Howover, clinically, m ~ o d e r n r  00 far 181 abront or only mild. 

I 

o v e r  8 poriod of f h  montho.there is 8 decline of thyroid function, 81 OV- 

.. 
- 4  
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Thero w8r @dicrtion that tho iodine upkJto docre8rod durbg  tho troatmoat 
potiod, locrorrod again ta iho  month fobwing proton ~ x p o r u r ~ ~ ,  then rlowly 
and progrerrively docreared again. 

B. Urinary FSH 
\ "RlVACY ACT MATERIAL REMOVED 

The initial FSH valuer ware dmort uniformly high, in the range of port- 
menoprurrl roman. & oach h r t u r c r  d e r .  rne8rworn~nt  war porrlbla, 8 de- 
t t o a r o  occurred; but groat flrrctuationr arr found ln tho FSH titor. Af t e r  f ive 
month of porttreatment pOriOd, tho PSH i a  too rmdl  to bo mearurod, 8ad (80 
frr 81 our obrorvationr d low 00 to determho) r t ryr  a t  .or0 level. (So0 Figr. 

* 

12, 13.)  

C. U r h r y  Catrogen 

patioat h.d hcomplete adrondectomy proviourly. 
of pituitary radiation the urinary ertrogen foll to t w o .  

firrt 10 pathats  i r r rdhtod,  Tab10 I Hrtr ,pro a d  port tre8tmont iodho upt8ke 
and urinary FSH valuor. At 30,000 rad, the inducod function chmger bogin to 
occur Within tho fltrt 30 day0 and preroat a dofinit. pattern. 
in patioat Tabla XI. 

only b one patient war mo8rur8bh urln8ry ertrogen level obretved. Thtm 
In OD. month after cornplotion 

& ordor'b obtain a gonoral view of the ~ndocrinolo~ical findingr in the 

Thir t o  u l U r t Z 8 t . d  

WATERTURNOVER 

Bec8uro of tho great fluctuation of water i n t ~ k o  v d  orho output, cpmulathe 
curver ware plotted, ta ahich tho total water turnovor waa graphically ahown. 
& thir farhioa, -0 findr that rator turnover of 811 patieatr ir paerafly high. 
It ir quertionable whether a mild dirboter b d p i d a r  exirtr in tho port i r t rdir-  
tion poriod. BIood volume and rorum protob, serum ChOlO#te?Ol, rugar tal- 
aranca, 8ad rater-lordhag ter t r  have mo far not rignificantly aided (n evduat- 
iag pituitary dfec t r i  therm flucttutod tn tho normal rmge, wcopt d o r o  the 
vdoer were off normal bccaure of complicationr Jroady prerent owlng to tho 
d i r e q o  procorr. 

' 

ALKALINE ANI) ACID PHOSPHATASE 
b Xn tho prorraco of bono mot.rt.ror alkrline p h o r p h k r o  m d  acid phorphatar. 

-moarurementr aro of romo vdno; ln romo ar j o t  not preclaely dotorminod W 8 7  
thoro depend on pituitary fuaction. m i l a  tumor growth io rctivolp Wiltr8ting 
the rkoloton the 8lkrlino pbo8ph8tara io  frequently lor, and the 8cid phorph.taro 
high. m i l o  doporition of new bono occur0 the alkaline phorphataao ta u r d l f  
high. Thur high alkaline phorph8t.r. ir indic8tivo of bono r8covaryD d o r a  
complicating factorr aro prorent. In reverd prtiontr the pattern of alkdino 
8nd .acid phorphrtaro hrr changod after radiation (moo, 0.2.  Figr. 1% and 
15b), &mploto ov8lurt~on of the rigniiicance of there fhdingr will hava to wait, 
horovar, until mor. data have boan accumulated. 

c CALCIUM EXCRETION 

bona deporition romotimer doprarror calcium excrotion in tho tarino, and 
" 
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i 

Figr. 15, aad 15b rhow typical data obtained. lhir mearureu~ent i a  compli- 
cated by the fact that pituitary ablation m d  prolonged bad remt both cau.6 da- 
calcification of ban.. 

a 

DISCUSSION OF THE PHYSIOLOGICAL CHANGES 

One obrerver a definite deprerrion of the phyriologicrl function of the pi- 
tuitary gland in P period of r ix  morrthr, in the rbrenco of underfrable rid. ef- 
facta. WhUe thfr rerdt  ir encouraging 8nd ha$ perhapr not boon attained pre- ’ 
vioocly, the outhorr feel it desirable to t r y  to accelerate atrophy of the pitu- 
itary gland further by the application of higher dorer and by further improved 
technique, in order to obtain more profound effectr in a rhorter time. 

CLINICAL KANAGEMENT OF PATSENTS 
FOLLOWING PITUITARY IRRADIATXON , 

/ 
+I All  the patientr receiving pituitary irradiation have previourly had bllat- 

e r a  adrenalectornier and oophorectornicr and wore on ma~at.hance dorer of , 
cortirone ranging from 37.5 to 75 xng daily with NaCl mpplemeat .nd DOCA 
where porturrl hypotenmion sxirted. Following pituitary irradiation no a d d i t i o d  
rubrtitution therapy, including pituitary exttactr, fur been aecemrary although - 
in reveral carer the doragc of cortirone hrrr barn b c r e r r e d  with rubjective 
improvement to the patient. ‘It war believed derirable to place raveral of the 
patientr on 2 grainr of thyroid extract daily. Thir, borever,  war on l l ~  am- 
p tr ical bas i I. 

i 

THERAPEUTIC EFFECTIVENESS 
OF PITUXTARY IRRADIATION PROCEDURE IN CANCER 

At the time of this writing it ir too early to give an objective evduatioo 
of the therapeutical urofulnrrr of tbir pew method. Some evidence ir already 
betug o b t r b d ,  howover, art tumor proLiforatioa urd hormonal balance a t e  
intimately related. hx orbe? to obtain 8 reliable ertirnation of the vdua Of t h i n  
therapy much more time urd experience wUl have to be accumulated to determine 
optimum dorape urd timing, Report on this phare of the investigation ir being 
deferred to a later date. 

- 
SUMMARY 

a 
1. bitid urn8 of high-energy 340-Msv proton0 in 8 humaa therapeutic in- 

vcrtigation io reported. 

2. Localisad irradiation of the human pituitary gland warn achieved by a 
combination of multiple-port and rotational application of the high-earrgy p a r  - 
ticler. Thir procedure lllowr accurate delivery of high darer to the pituitary 
gland, with much lover do8.1 to rurrounding bone, brain, norvea, m d  akin. 

The patient. were 8dvmced c8rer  of metartatic carciaom8 of tho breast, 
who had previour martectomy, x-ray therapy, hormone admidotration, oopho- 
rectomy, and adrenalectomy. 

*&, 

3. 

t 
. -12- 

I I 1 5 5 3 1  \ 



F -  
4. Dofinit8 evidence of daprerrion in pituitary hormone output rad coatrol 

of target 0 r g 8 ~ 0  w88 achieved d t h  peak dorer of 14,000 to 30,000 r rd  at the 
center of the pituitary. The effects were delayed urd gr8dud in their onret. 
Underirabla ride offectr were abrent. 

- 
5. So far only 9 montbr' experience on 12 prtientr tr rv8i.labh. m 1  e v d -  

u8tion of tho pituitaty-8bhtfon rad cancer -therapeutic effectivenerr Will have 
t0 be m8de 8t 8 h t e r  t h e .  

8 
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Fig. 1. The time of onret of marked ch8nger due to r8dt8tion hypophyroctorny 
11 plottrd againmt dome Data for rat#, dogr, md a few moakepm ate  in- 
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NERVE DAMAGE AS A FUNCTION OF DOSE 
I AND TIME AFTER 1 IRRADIATION I I 1 
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Fig. 2. Tho occurrenco of cr8aid servo 6.m8gs in dog. 81 8 idnctioa of time 
8ft.r r8riour rin& do008 of deuteronr. 
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ri8. 3. 'Photograph of &e unrtaiqed brah of 8 fully grown mJe'berglo dog after * 

8 ringle doro oP 40,000 rad to tbe pituitary. RotaWon of tho herd occurred 

8t the nocrotk ~ 8 8 ~  (black) 40 emtim8tod to be about 30,000 rad. The 
animrl died of brain hemorrhage two weak. after irrrdiation. 

ia a ringla pha8, .o t b t  t h m  beam r w p t  an arc of 90% . '1 .' -80 
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Pig. 4. General laput of the J84-iPeh cyclotron .ad trertmant roomr (aot to 
rcde). Tha deflected beam parre$ through 8 zoom for *aha eqerimrrr- ' 3  
trtioa m d  arrivar at the treatment room beyond. . .. . .  
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Fig. 5. Schomatic of the poritioniag, alignrnont, and rotation of tho human 
b u d .  The optical trartmont beach i o  aligned with tho boam, rhih  the 
patioat lie. oa an adjuatablo t8blo at .om0 prodototmined treatment mgh. 
Thi. 8ngh io '  c)rrar.d b 1. so in te rvdr  on diii0r-t t ? 8 A h b m t  &YO, m8 b 
ho8d of tho patioat i o  held rigidly by a mark. Porition of a0 hord i s  checked ' 

by a lateral, horisontal diagaorUc x-xay, Wkoa by an x-ray mrchino zigtdly , 
mountod on tho treatment bemch. 7%. rella turcica ir aligned by moving 
rot rcrewrl in tho X (1ongitudixm.l) a d  Y (vertical) diroctioar, until the contor 
of tho roll8 aad &e crooo hair0 marking tho boam porition aro coincident. 

-', 

%. 

with tha VOTtkd X-?8y m8Chh.. mo-ted 8bOVO the tre8tmoat PI-*, 080 
obtainr 8 froatal diagaortic picturo. Tho pat iodo  hoad io  moved by rot 

tmtar  of rotation of the hoad rotator, 80 rnukod by croom hairs. 

.. 
ocrowr in 011 2 direction uattl the cantor of hir ro lh  coincider with tho 

Rotation of ttU head occuro uound tho longitudinal d o  of the body (X); 

a -  

r O t 8 H O U d  limit8 O f  f 30' O r  f 3s0. 8?8 e8Ouy tohr8ted. 
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'the upper p u t  of the picture; the beam eaterr on the upper right side b 
8 rteel tube. The patient ia lying in 'pornition ready for treatment, hor . 

herd rigidly rupported by a phrttc mark, The pl8rtlc mark ir hrtamd 
on the head poritioner aad rutrtor. Magnortic x-ray machinem ored 
the digurneat 8re on the left ride and rt the top Of the pichU0. 
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Fig. 7, (a) Magnortic x-ray of a pottont'r head in porition for treatmmt, 
Tho cror r  hair. mark tho center of tho beam. The outline# of tho r0Ua 

t - 
_. - 

h u C h  are clearly ohown. The anterior clinoid procerrer nearly ovor- . 
lap. 

x-ray film. by briefly tur&g the proton beam on prior to developiag tho 
fum. Tho black rpot rhowo tho rhrpe of the beam, adfurted to fit each 
hdfvidual patient, The beam rpot ir a c h u l  rise, while tho -ray pfcturo 
Of the re118 ir enlargod by 20% due to tho finite focal dioturce of the x-ray 
machine. 

< f  

. *  

(b) Autoradiograph of the beam mry ba obkiaed oa any of the dfagnortic - 
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f i g .  11. Autorrdiograph of the proton be- on filrnr phced La the lucitc head 
phantom, expored to a full r e t  of rotationr and pornition angler correrpond- 
ing to the entire treatment rchedulo i m  human. The blackened area i o  the 
region of high dore. Note that the rhap8 m n d  mire of thia 8 ~ 8 8  clorelp Cor- 
rerpond to the rhape and r i ze  of the human hypophystrn. (Rotation limit. * 30°, treatment plane orientation angler * 30°, 22. so, * 15O, 7. so, 
Oo. 
axir. ) 

Beam aperture an ellipre with 8 . 5  rnm major urir and 5 .5  m m  minor 
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Fig. 12. Dora dirtribution dong the three major axem of the head, X (loagttudt- 
nd), J (A-PI ,  and Z (lateral). Note that the dome level i r  lOlb to 20% of 
the pe8k do& at the cranial newer and temporal brain lober. 
the optic ncrver receive 20% to 30?e of peak dose, while mort of the optic 
chiarm and hypothrlamur are errentially free from dore. 
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~-13.850 RAD? 
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34rs lo 30 60 90 120 I S O  1ao 210 240 27 

Fig. 13. uptake, protein-bound iodine (PBI), and urinary PSH valuer in 
patient (multiple rkeletd and liver metartasor), who received 
13,- rad in 63 dryr. Note the gradual decreaae of 1131 uptake r a d  IF'S4 
until In about 6 month8 they are in the hypophysectomy rango. Tho PBI 
valuer romewhat unaccountably locrcared for a conaidcrable period of time. 

-28- 

I I 1 5 5 5 3  ' I '  

I 



PRIVACY ACT MATERIAL REMOVED 

FSg. 14. X l 3 1  uptake, PBX, and FSH valuer in patient __ _ _  (extend~.  
carcinoma metartaror in cuirarr and pulmonary metartarea). 
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PRIVACY ACT MATERIAL REMOVED 

1 -- -- - 

. 
Table I 

PRIVACY ACT MATERIAL REMOVED 
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PRIVACY ACT MATERIAL REMOVkB 

6-8  4 5 - 5 5 '  15-30 ' Normal 
I ronge ! 

I 
-- 

5 - 4  5-13 

PITUITARY PROTON IRRADIATION - TYPICAL LABORATORY DATA 

- ~ _ _ _ _ _ _ ~  
l ~ _ ~  

-- _ _ -  - 
1 

Urine Thyroid Urine Blood 
Calcium Uptake PBI , Gonadotropins I RBC Hemoglobin 

of0 /24 hrs pg /100ml Mouse units I million % 1 grams 
I 

PATIENT - MULTIPLE BONE METASTASES 

' )I60 1 2.4 

689 6 1.2 (80 >IO 1 3.2 

4 5  I 1 Before I107 I O  _ _  - t-- i After 

I Blood Proteins Phosphatase 
Total Albumin I Globulin Acid Alkaline Oose I G.U 1 G.U. I i Time 

I .  - A -- RAD Q %-+ 9 %  4 %  

53 7.7 

57 8.3 

I Before I day 0 5 8  3 9  1.8 1 6 1 15.6 1 

I I I 
1 Normal 50-300' 20-40' 4-8 32-128 14-5 I runge, I 

-- I. 
h 
L 

76-108 11-15 

i After 30 days 30,000 6 9  4 2 ' 2 7  I 5.8 1 16.4 I 

Table II 
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