
, * ' A  No. 12 RADIOSURGERY OF PITUITARY GLAND - IJYFOOT ET AT,. 597 
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\ r i l l .  early days of the modern nuclear era, one of 1 * : . r  first studies carried out as a means of assessing 
.:. danger from some of the radiations from the 

age was on the biologic effects of neutron rays. 
1 i . ! ~  neutral heavy particles, having the approximate 
t,e,:i~t of a proton, are approximately two thousand 

:: I rcason. The early workers around the cyclotron 
k. :e being constantly bombarded by these particles 
.:. 3ddition to gamma rays, and they asked themselves, 
h hat would be the safe daily dose?'' For this reason 

!I \\'as extremely important to study the biologic 
Cccts  of these heavy particles as a means of predict- 
in; damage to workers, and thereafter to siet safety 
mdards and thus to avoid the history of radiation 
hrnage seen in the early workers with radium and 
x.ra!s. Our first studies in 1935 were to compare 
smdard 200-kv x-rays with neutron rays, using as 

1 test objects the whole bodies of mice and rats and 
I hsplantable forms of cancer in mice.'.? It was 
' found early that neutrons had a biologic effect sev- 

fial times greater than equal doses of x-rays, and ap- 
Pmpnate safety standards were set up. Also at that 
m e  there was some indication that there inight be 
a favorable differential effect of neutron rays over 

on tumor tissue as compared to normal tissue - ' *at is, a relatively greater effect on neoplastic tissues. 
: These early experiments, therefore, suggested that 

n3eutrOns might have value in the therapy of cancer. 
L'nsequently, a study was carried out on advanced 
cancer, but the resu!ts were disappointing largelu ow- 
"g .'O the fact that these neutron rays had poor pene- 
tration and great ~catter.~" In  1945, when heavy- 

. charged particles with higher energies became avail- 
'le with the development of the increasingly larger 
'cefmtors, it seemed important to investig- cite heavy 
particles further since these high-energy particles had, 

t ' addition to the previously observed greater bio- 9' effect at the Bragg peak, great penetradon and 
"*e and in the intervening years such 

been carried out on both animals and - Rlhn' ' n e  When the so-called Bragg peak of these high- 
'0, heavycharged particles is used in the delivery 

, 7. .  
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of radiation energy to various tissues one could predict 
that, like the early neutron studies, a greater biologic 
effect per unit of ionization would r e s ~ l t , ~ ~ * ~ ~  and.with 
the added properties of greater penetration and little 
scatter, it is possible to produce localized lesions in the 
tissue and nervous system with little damage to sur- 
rounding structures.'@ In 1954 we set out upon a 
study in clinical medicine in which these high-energy 
protons and alpha particles have been used in various 
forms of so-called "bloodless" surgery, or radiosw,oery. 
This has led to their use in the direct treatment of tu- 
mors and the suppression or ablation of the function 
of the pituitary gland in such conditions as advanced 
breast cancer, diabetic retinopathy, malignant ex- 
ophthalmos and a~romegaly.~'- '~ They have also been 
used in the production of lesions in the thalamic nu- 
clei in the treatment of kinetic disease.18." This report 
deals with our experience in treating Cushing's disease. 

Pituitary basophilism, or Cushing's disease, first de- 
scribed by Harvey CushingZo in 1932, can now be 
explained on the basis of escessive hormonal secretion 
by the adrenal cortex. Cushing's early interpretations 
of the symptomatology and physical, laboratory and 
pathological findings led him to relate the condition 
to either hyperplasia or adenoma of the basophilic 
cells of the anterior lobe of the hypophysis. Typical of 
the early case: was that reported by one of us in 1935 
during work with Dr. Cushing.21 We found a small 
basophilic pituitary adenoma associated with bilateral 
adrenocortical hyperplasia and adenomas and a 
parathyroid adenoma. In those early days therapy ini- 
tially \viis directed toivard the pituitary gland. How- 
ever, partial surgical proredurcs and orthovoltage 
x-ray therapy were only irrcwlarly associated with 
adequate and sustained rtrmi~sions,"~~~ and, further- 
more, diffuse basophilic hyperplasia or adenomas of 
the pituitar) gland Mere infrequently found. In the 
ensuing years there has been a tendency to attribute 
the syndrome to pituitary-adrenocortical hyperplasia, 
and, with the advent of adrenocortical steroids: total 
or nearly total adrenalectomy became the treatment 
of cho i~e .~ ' J~  However, the recognition of pituitary 
tumors in patients after adrenalectomies for adrenal 
hyperplasia"~" and the development of more effec- 
tive methods of studying adrenal hyperfunctionz8 have 
indicated that the primary disturbance is frequently 
due to excessive ACTH secretion by the anterior pi- 
tuitary gland in line with Cushing's early thinking.2Q 

In spite of great progress in the knowledge of the 
chemistry and physiologic function of the pituitary 
hormones no truly satisfactory pharmacologic method 
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of suppressing pituitary function has yet been devel- 
oped. Treatment of pituitary hyperfunction and tu- 
mors has been lihited to surgery, x-rays or gamma 
rays. .4 rei-iew of the results in cases treated with pi- 
tuitary irradiation sho\cs that a higher incidence of 
permanent and :.atisfactory remissions has been asso- 
ciated with the administration of larger doses of 
i r r a d i a t i ~ n . ~ ' . ~ ~  L'nfortunately, the use of conventional 
x-rays or gamma rays has been limited by the dose 
(2000 to 3000 r )  that can safely be delivered to the 
sella turcica.32 BccnrL$e of relatively great scatter and 
low bioloKic elfccti! encss. doses of adequate depth 
cannot be attaincad \\.it11 thew radiations without en- 
dangering the q i i i  miinclinc ztructrires such as the 
cranial nerv.es, ! ~~-!mthnla~~ius and temporal lobes. 
Heavy particles, ]in\\ e\ r r .  Ivith the advantageous 
properties mentioned n h w .  offer a method of sup- 
pressing pituitary f Lii1c.t ion and alletiatin!g the symp- 
toms and signs of (:iiziiin.-'s disease, and this paper 
describes and discwsc~ the use of 900-me\- alpha 
particles for this purpose. 

CAW RF-PORTS 

C:ASr. 1. R.K.. a. R7-year-old housewife. was referred to 
the Dnnner Laborator)- in  :\pril. 1959. because of bilateral 
adrenal hyperplasia. In the sprinq of 1957 she began to 
gain weieht. and diirinc thc next 18 months her weight in- 
rreasrd from 52.6 to 67.6 lic (116 to 149 pounds). By Jan- 
uar)-. 1958. she roniulainrd of weakness and lethargy and 
was nhscrved tC1 havc rni l t l  h:-pertension. During the next 
few ~nc~nths  ainriii>rrfrra. h i ]  rutism and backache developed. 
Since 1957 rhe had l m n  quite emotionally iinstable. 

Physical examination showed an obese woman with round- 
ing and plethora o f  the l a w  and a prominent cerIicodorsa1 
fat pad. There was a fine hair growth over the face and 
trunk but no pigmented striae. The  blood pressure was 
140/100. 

Pre1iminnr)- lalmrator>. studies revealed a sliqht lympho- 
penia and a diabetic qlurose tolerance cur\.e. The  hemo- 
elobin was  13.5 pm. per 100 ml. The serum calcium. phos- 
phorus. creatinine and rlcctrolytes were normal. X-ray 
examination phowcd deniincrali7ation nf the lumhar and dor- 
sal spinc: thc sclla turcica was not enlarqed. The basal ex- 
crrtion of urinarv 1 i - l i~drnsyrort icosteroids  was 16.5 mg. 
per tla?.. and this incxeaced to 58.6 mg. per day after an 8- 
hour infusion of .\C:TH (20 units). A threefold increase in 
urinary 1 ;-h?,dros~rortirosternids was observed after a 4- 
hour infusion (30 mi'. per kiloqram of hody weisht) of 
metapirone,'J The ui-inary 1 7-ketosteroids were also elevated. 
Adrenal steroid esci-ction wai not suppressed by the admin- 
istration of desamethasrvw. 2 mg.. per da?. for 3 days. but 
was suppressed whr r~  a doce of 8 mg. per day was similarly 
administered. The  adrenal .glands appeared normal on a 
presacral air study. 

Studies repeated in our laboratory confirmed these find- 
ines, and. in addi t i (m the 24-hour thyroid I"' uptake was 
16 per rent: the prolein-bound iodine was 3.9 microgm. per 
100 nil.. and the urinary gonadotropins were negative a t  
1 : 12.5 mouse uterine units. 

Eighty-five hundrcd rad of 9'00-mev alpha particles were 
delivered to the pituitary eland over an 11-day interval end- 
ing on May 16. O,ne ni~inth after irradiation the patient 
began to menstruate. havinq been amenorrheic for the pre- 
ceding 15 months. Thcre wac little chanqe in her other 
symptoms or appearance. The  urinary 1 i-hydroxycortico- 
steroids remained rlr\.atcd at 17.2 mg. per day; however. 
the 17-ketosteroids had fallen from 13.5  to 7.0 mg. per day 
(normal, 5 to 10 niq.) .  The  urinary gonadotropins were 
now positive at  1 : 12.5 niuuse uterine units. 

To determine the histok\gic adrenal status, the left adrenal 

gland was resected on Ausust 14. Patholo,yical examination 
showed nodular adrenal hyperplasia. 

In  November the patient was greatly improved. ne 
menses were regular, and she was ch ica l ly  euthyroid, Sh 
had lost 6.4 kg. 114 pounds) in weiqht and there was si; 
nificant reqressinn of the cJshingoid features. The hlord 
pressure was 130/80. T h e  urinary 17-h~droxycortico~~,~~i~, 
had fallen to 10.1 rnx. per day. arid the exaegerated re. 
sponses to ACTH and metapirone were no longer prexnt 
(Fiq. 1 and 2 ) .  

By January, 1960, her appearance was normal (Fiq, 3' 
Over the next 2 5  years she remained asymptomatic. T& 

n menstrual periods continued. and she was euthyroid 1 
October, 1962; the protein-bound iodine was 3.5 mirrOqm 
per 100 ml.. and the thyroid 1''' uptdkr 23 per cent. Th; 
urinary Zonadotropins remained positive at  1 : 12.5 mnue 
uterin: units. The  24-hour urinary li-hydroxycorticosteroidr 
were 9.5 mg.; the 17-ketosteroids were 5.7 mg. CTrinary 
adrenal steroids did not increase after a 4-hour intra\enoy 
infusion of metapirone. The response to intravenously ad. 
ministered .4CTH was normal. 

CASE 2. J.R.: B 32-year-old secretary, was referrrd 
the Donner Laboratory in 1961 because of a "hallr,~,nep 
sella turcica and hyperpigmentation. Although she had he," 
overweight for many years she became progressi\.ci! mr,re 
obese since her 1st pregnancy in 1950. Suhsequenti\ farial 
hair growth, acne: back pain and weakness developed. and 
she felt confused at  times. In  January, 1954, she Bas KCn 
by a private physician because of headache and arnenr,r& 

I n  July she was admitted to another hospital. Ph!slcai 
examination revealed truncal obesity, acne, plethora. hiriu. 
tism and pigmented striae. The  blood pressure was l + . ! / : l ~ ,  
Pelvic examination was normal. T h e  white-cell rnunt 
1O:OOO: predominantly neutrophils. The  hemoqlohin Ha, , 
14 gm. per 100 ml. The  fasting blood sugar and wr:lm 

electrolytes were normal. The  urinary excretion of 1 7.kpr6 

steroids was 36 mg., and  that of 17-hydroxycorticorr~ P idr 
18 mg. per 24 hours. A presacral air study suggested ",me , 

enlargement of the left adrenal gland. Skull films w r r p  i:. 
terpreted as showing a normal sella turcica. A diasn-.:i 7,i 

Cushing's Pyndrome due to bilateral adrenal hyprr;jtaiia 
was made. and the lrft adrenal gland was totall! rsl:.td. 
and the right subtotally. Microscopical examination oi :he 
adrenal %lands revealed no prominent abnormality. 

toms gradually improved. The patient was mainraind e: 

small doses of cortisone, I n  September, 1955, the  
Ii-ketosteroids were 5.6 mg. per 24 hours. She h a ?  i' 

22.7 kg. (50  pounds) in weight and was n o r n : ~ ~ ! ~ ~ ~ : .  
Subsequently. she was able to discontinue cortisl r r i  I: 

rifter operation the menses returned, and the nthrr r i r p  ' 
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Months after pituitary irradlotion 

FIGURE 1. Serial Changes in the  Response fo  I f ; ' . ;  ' ' 

T h e  Normal  Ranges A r e  Represented by the Shad1 : ' 
Metapirone  in Patient R . K .  



19, 1963 

amination 

roid. She 
* was sig- 
?he blood 
costeroids 
,rated re. 
er present 

(Fig. 3 ) .  
iatic. T h e  
iyroid. I n  
microgm. 

cent. T h e  
2.5 mouse 
icosteroids 
. Urinary 
1 travenous 
iously ad- 

\Fed. The  

eferred to 
2allooned” 

had been 
vely more 
Itly, facial 
oped, and 

2 was seen 
nenorrhea. 
1. Physical 
ora, hirsu- 
5 142/114. 
count was 
lobin was 
m d  serum 
i f  17-keto- 
tirosteroids 
ested some 
IS were in- 
iagnosis of 
iyperplasia 
ly excised. 

i o n  of the 
tY. 

1 ther symp- 
ntained on 
he urinarv 
e had lost 
rmotensive. 
tisone. I n  

disease I 

I 

41 

Intravenous  

a d e d  Areas.  

I 

I ! 

I 
! 
I 

1 
! 

I 

! 

I 
I 

i 
I 

I 
I 
i 

I 

I 
I 

4 

! 

i 

A 

~01. 269 SO. 12 R.4DIOSURGERY OF PITUITARY GI,.\SD -- L I S F O O T  ET AL. 599 

R.K. Cushing’s disease 

c13 Control 

ACTH 

6 rnonlhs 4 3  m o n t h s  

Pre-irradiation Post.irrodiation 

FIGL‘RE 2 .  Intraoenous A C T H  T r s f r ,  Periormed on Pat ient  
R.K., Showing the Characteristic Response Observed  in  
Cushinf’s Disease before T r e a t m e n t  and Comparing  the 
Changes T h a t  Occurred  at Six Afonthr and Forty- three 

M o n t h s  after TI-eatrJient. 

~ p r i l .  1 9 5 i ,  she had the florid features of hyperadrenocorti- 
cism again. I n  addition there was sonic pigmentation of the 
hands. The  urinary 1 i-hydrosycorticnsteroids were 20 mg., 
and the 17-ketosteroids 14 ma. per 24 hours. The  sella 
turcica was somewhat deeper as compared to earlier x-ray 
studies of the skull. but considered nor~nal.  Her condition 
remained unchanged. and in November. 1937, the right 
adrenal remnant was removed. The  pathological diagnosis 
was “rezenerative nodular hyperplasia.” She had a stormy 
postoperative coursc owing to multiple episodes of adrenal 
insufficiency, hut was finally discharged on 37.5 mg. of 
cortisone and 0.125 microgm. of 9-alpha-fluorohydrocortisone 
per day. 

After operation the symptoms of hyperadrenocorticism im- 
proved. She had numerous episodes of adrenal crisis usually 
associated with infection. She failed to return for follow-up 
study for several years and was not seen until August. 1961, 
when she was admitted to the hospital in adrenal crisis. 
She was diffusely pigmented. .4lthouqh pigmentation of the 
hands had been noted in 1957. it was apparently first no- 
tired by her in 1938. but did not hecome prominent until 
1960 and had bren c r a d d l y  increasiny. X-ray study of the 
skull showed further enlargement of the pituitary fossa. with 
erosion of the dorsum sellae and. t‘he floor of the fossa. 

In September. 1961. the patient was admitted to Donner 
Pavilion. She had no complaints except for a rare headache 
and some menstrual irregularities. Physical examination re- 
waled a pleasant. obese woman with .generalized brownish 
pigmentation of the skin. The  pimientation was particularly 
prominent in the creases of the !hands and over the elbows 
and knees. The  blood pressure was 110/80. The  remainder 

FIGLRE 3. Phoio lraphs  Shoi i ing  Pnf irnt  R.K. before Pi tui-  
ta ry  Irradiat ion ( L e f t ) ,  and Eight  Monlhs  a f t e r  T r e a t m e n t  

( R i g h t ) .  

of the physical examination was unremarkable. The  visual 
fields were normal. Laboratcry studies revealed a normal 
hemoeram. The  fastinq blood supar was 73 mg.: the protein- 
bound iodine 5.6 microqm.. and the serum cholesterol, 
228 mg. per 100 ml.: urinary gonadotropins were positive 
at 1 : 12.5 mouse uterine units. The  basal excretion of uri- 
nary 17-ketosteroids was 1.9 my.. and that 0: 17-hydroxy- 
corticosteroids 5.6 me. per 24 hours on replacement therapy. 
.4CTH stimulation did not produce any increase in steroid 
excretion. The  plasma ACTH assay was 30 milliunits per 
100 ml. This level was not altered by the administration of 
2 mF, of dexamethasone for 3 days or by 8 mg. given 
for an  additional 3 days. Serial review of previous skull 
films revealed that the area of the sella turcica measured 
9 by 12  mm. in 1954, 12.by 13 mm. in 1957 and 15 by 16 
mm. in October, 1961. 

Five thousand rad of alpha particles were delivered to 
the pituitary gland over an  11-day interval ending on No- 
vember 10. 1961. The  treatment period was uneventful. 

The  patient was next seen in April, 1962. She continued 
to work as a secretary and was well except for several minor 
episodes of adrenal insufficiency associated with respiratory 
infections. The  menses were normal. Physical examination 
was unchanged except that there appeared to be a little 
lessening of the pigmentation. The  protein-bound iodine 
was 6.2 microgm. per 100 ml.. and the 1’” uptake 16 per 
cent in 24 hours. Urinary gonadotropins were negative at 
1 : 12 5 mouse uterine units. 

In  October. 1962 ( 10 months after irradiation), there had 
been some definite lessening of the skin pigmentation. The  
menstrual periods had been somewhat irregular. She ap- 
peared euthyroid. The  protein-bound iodine was 4.9 
microgm. per 100 ml.. and the uptake 13 per cent. 
The pituitary fossa had not changed. The  plasma ACTH 
level was less than 30 and greater than 2 milliunits per 
100 ml. 

DrscussroN 

These 2 cases illustrate most of the problems that 
are encountered in the nianayenient of patients with 
hyperadrenocorticism due to bilateral adrenal hyper- 
plasia. .Mthouyh complete adrenalectomy can produce 
a prompt remission of the symptoms of hyperadreno- 
corticism the surgery is not ti-ithout risk, and the man- 
agement of totally adrenalectomized patients is often 
difficult in spite of ai-ailable replacement steroids. The 
appearance of pituitary tumors in inany patients ad- 
renalectomized for Ciishin$s disease is an additional 
problein associated ivith this form of therapy. Recent 
studies of pituitary and adrenal function,’? as \vel1 as 
a more frequent recoynition of pituitary tumors in pa- 
tients r\.ith Cushing‘s disease. require that the pitui- 
tary gland be considered primarily in the treatment 
of many cases of bilateral adrenal hyperplasia. Re- 
cently, a number of cases have been successfully 
treated by surgical h!.l’ol’h~sectoin).”.’ or by the h i -  
plantation of radioactive sources such as YgO or 

The latter methods of radiation have been re- 
sorted to because previous experience with x-rays or 
gamma rays has not been entirely satisfactory. These 
types of therapy have been limited by the amount of 
radiation that can be delivered safely without dam- 
age to neighboring central-nervous-system structures. 
Prolonged remissions after x-ray or gamma-ray ther- 
apy have been infrequently observed, and partial re- 
sponse and relapse occur in a t  least 70 per cent of 
the patients so treated.2s~^c.3~ The b:st results havv 
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often occurred only after several courses of radiation, 
these being seen in patients receiving the largest 
amount of x-rays or gamma rays.so~31~38*3D Surgical hy- 
pophysectomy and surgically implanted radiation have 
certain risks and side effects that it would be desirable 
to avoid. A method of adequately inhibiting anterior 
pituitary function by an externally delivered energy 
source would be the most suitable form of treatment. 
This can now be accomplished by the use of heavy 
particles, such as protons and alpha particles, which 
are imparted extremely high energies h the large ac- 
celerator and delivered to the sella turcica in desired 
amounts. 

Case 1 received 8500 rad of alpha particles deliv- 
ered to the pituitary gland in six treatments over an 
eleven-day period. Her remission has lasted for more 
than three years. One imonth after radiation the 
menses resumed. Other signs of pituitary-irradiation 
effect are evident in the 'less exaggerated response to 
intravenously administered metapirone (Fig. 1) and 
the fall in the excretion of the 17-ketosteroids. These 
changes occurred before adrenalectomy. Furthermore, 
the fact that there were progressive changes in the 
response to administration of ACTH (Fig. 2) and 
metapirone (Fig. 1 ) after adrenalectomy suggests that 
the exaggerated responsiveness of the residual adrenal 
gland was changing and that removal of the left 
adrenal gland was probably not of major importance. 
Serial observations of the changes in the response to 
metapirone appear to be helpful in determining the 
adequacy of pituitary suppression. I t  was of interest 
that in the study of the effects of intravenously admin- 
istered metapirone and ACTH in one of our diabetic 
patients, who had had a. unilateral adrenalectomy be- 
fore being referred for pituitary irradiation for di- 
abetic retinopathy, the responses were normal and 
uninfluenced by the absence of one adrenal gland. 
Remissions after unilatleral adrenalectomy have been 
reported by Soffer et al.,30 who observed better results 
when they combined unilateral adrenalectomy with 
x-rays given to the pituitary gland and believe that, 
although administration of the radiation promptly 
after removal of the adrenal gland was desirable, the 
clinical response was directly related to the amount 
of radiation. 

I t  should be emphasized that although Case 1 re- 
ceived a relatively large amount of alpha-particle 
radiation, the only manifestations of altered pituitary 
function are the remission of the disease and a re- 
duced "ACTH reserve"; basal steroid excretion is 
normal, the menses are regular, and she is clinically 
euthyroid. 

Case 2 demonstrates several difficulties that one 
may encounter in the surgical treatment of bilateral 
adrenal hyperplasia. The small adrenal remnant hy- 
pertrophied under constant ACTH stimulation, and 
approximately twenty months after the original op- 
eration, the symptoms of hyperadrenocorticism grad- 

ually returned, requiring the removal of the residual 
adrenal tissue. At that time the presence of a pituj. 
tary adenoma was suggested by an enlarging selb 
and the pigmentation of the hands. Further g r o ~ h  9f 
the pituitary tumor followed the complete removal of 
adrenal tissue, and the c h k d  picture of an ACTH. 
secreting adenoma 

This patient was treated in the same manner as 
Case 1 except that the pituitary gland received only 
5000 rad of alpha particles in eleven days. This hat. 
ment was selected because there was not an urgent 
clinical need to suppress hormone production, ad 
the dose was Similar to that employed by us in & 
successful treatment of other pituitary tumors?~ ne 
improvement has been less dramatic, but she began to 
show definite loss of skin pigmentation one year afa 
*eatment, and there was no further enlargement of 
the pituitary fossa. The thyroid and gonadal func. 
tions are normal. The plasma ACTH remains &. 
vated, but it is still within the range observed in pa- 
tients subjected to total adrenalectomy for adrenal 
hyperplasia.'O Although this may represent some a. 
ation resistance by this particular tumor further &. 
provement may be anticipated because our previous 
studies have shown that the rate of pituitary s u p p ~  
sion is determined by the dose of radiation - that 4 
a more rapid response might have been anticipated if 
the dose employed had been similar to that in Case 1. 
If further pituitary irradiation becomes necessary this 
may be given, for we have detemined that much 
larger doses can be safely delivered to the pituitary 
fossa. 

The successful treatment of these 2 patients with 
Gushing's disease has several important therapeutic 
implications. First of all, it has been shown that b9 
the use of heavy particles, such as alpha particles and 
protons, one can teletherapeutically deliver larger 
amounts of ionizing radiation than can be admin- 
istered by x-ray or gamma-ray sources. Secondly, d& 
radiation can be accurately localized to the pituitary 
gland and delivered with little scatter, thus reducing 
the danger to surrounding central-nemou-spm 
structures. Thirdly, a favorable skindepth dose rela- 
tion and greater biologic effectiveness can be achieved 
with these particles than from x-rays or gamma ralo 
owing to a unique property of these penetrating P* 
tides referred to as the Bragg peak effect, which P 
vides a Linear Energy Transfer (LET) like that 
OUT original studies with neutrons.'." Although the 
Bragg peak was not employed in the treatment of 
cases reported, it has been used in pituitary *. 
tion and other conditions14 and provides a means by 
which the dosage delivered to a desired depth 
only is several times greater than the surface dm but 
also the effect per unit of dose is greater. it 
is suggested that these ideal teletherapeutic prope*6 
be used further in the treatment of Cushing's 
due to bilateral adrenal hyperplasia. Since c y C 1 0 ~  
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the world“ the preliminary studies re- 
ported here and in our previous papers can be ap- 
plied widely in investigational and therapeutic studies. 

SUMMARY AND CONCLUSIONS 

Recent studies of pituitary and adrenal function as 
well as a greater awareness of pituitary tumors in 

with bilateral adrenal hyperplasia require 
hat the pituitary gland again be considered primar- 
JY in the treatment of Cushing‘s disease. Two patients, 
1 without a demonstrable pituitary tumor and another 
~ t h  an ACTH-secreting piituitary adenoma, were 
,uccessfully treated by pituitaiy irradiation with alpha 
pardcles, which were imparted extremely high ener- 
gies in a large accelerator. A third patient, previously 
untreated, received heavy particles to the pituitary 
gland in May, 1963, and now has signs of metabolic 
improvement. These penetrating heavy particles pro- 
vide a more satisfactory form of teletherapy than 
x-ray or gamma-ray sources because larger amounts 
of ionizing radiation with a greater biologic effect can 
be delivered safely to the sella turcica, with little 
mtter and a favorable skin-d’epth dose relation. 

We am indebted to Dr. Peteir Forsham, director of the 
Metabolic Unit, University of California Medical Center, 
and Dr. Laurance Kinsell, director of the Institute for Met- 
abolic Research, Highland Alameda County Hospital, who 
referred their patients to us and gave us valuable advice 
and co-operation in the subsequent study and care of these 
patients, and also to Dr. Don Nelson, of the University of 
Southern California School of Medicine, for performing the 
plasma ACTH assays. 
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