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I t  is  a great pleasztre to come to Chicago lo (1). Sensitivity of the skin and danger 
discu.ss our investigatiorzs of the .z,t.se of the of injury to the brain and cranial nerves 
profon beam in irradiation of th.e himan have limited the amount of radiation 
pituitary gland, and I a m  indebted to the administered (2 ,  3 ) .  Nevertheless, roent- 
Radiological Society for this opportun.ity. gen irradiation has been a valuable 

The work to be described here has been therapeutic agent in pituitary tumors 
a cooperative effort, involving the time (4-T), malignant exophthalmos (S), and 
and talents of many people: The physi- Cushing’s syndrome (9). Tn recent years 
cists, ably led by Professor C. A. Tobias; the pituitary has been irradiated also for 
the cyclotron crew; the animal house prostatic (10) and mammary cancer (11). 
staff, headed by Dr. Charles Riggs, and Although experimental evidence sug- 
the Institute for Experimental Biology, gests that  overactive elements of the 
who jointly performed the preliminary pituitary may be radiosensitive, state- 
animal investigations ; the medical section, m.ents in the literature seem to indicate 
directed by Dr. John H. Lawrence, assisted that it is difficult, if not impossible, to  
by Dr. James Born, Dr. James Roberts, influence the function of the normal 
and the late Dr. B. V. A. Low-Beer; the pituitary by x-rays. Indeed, Crooke has 
radiologists of Cowell Memorial Hospital stated that he has not observed histo- 
who examined all the serial roentgenograms logic changes (12). I n  3 reported cases 
on our patients; the pathologists; the of breast cancer, even 10,000 r to the re- 
biochemists and technicians; and last, gion of the hypophysis was not sufficient 
but by no means least, the physicians who to cause noticeable depression of hormone 
referred us patients and gave us splendid production, histologic damage, or remis- 
cooperation in following them, notable sion of the disease (1 1).  
among this number being Dr. Charles Xnother means of delivering radiation 
Huggins, whose encouragement and en- to the hypophysis has been by a technic 
thusiasm in the early phases of the work of radon-seed implantation; by this 
were invaluable. method pituitary function has been affected 

Irradiation of the human pituitary gland in Cushing’s disease and acromegaly (13). 
by x-rays was reported by Gramegna in &Lore recently Rasmussen and associates 
1909, for the treatment of acromegaly have implanted in the pituitary yttrium 
- 
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groups are vigorously attacking the prob- 
lems of hypophysectomy in cancer and 
other diseases. 

Tlic development of the cvclotron, beta- 
tron, linear accelerator, and other machines 
has made possible the Droduction of beams 
of particles which ma; be directed to any 
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Fig. 1. Autoradiograph uf the 340-hIEV proton beam 
as it pnsbes through n block of lucite. 
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Comparison of surface and depth doses for  
200-kv x-rays. 16 4 MEV electrons, and 340 ME\' 
protons in an absorber very similar to tissue. 

Fig. 2. 

seeds, giving sizeable doses of beta irra- 
diation, to stcp hypphyseal function and 
cause regression of breast cancer (14). 
This study is still in progress at  the Uni- 
versity of Chicago and at  McGill Uni- 
versity Rothenberg and his colleagues 
instill colloidal chromic radiophosphate 
into the pituitary to effect its destruc- 
tion (15). 

Recent advances in surgical technic and 
postoperati\-e management have made 
hypophysectomy feasible. Luft and Olive- 
crona, in Sweden, have reported their 
experience in some 3 i  cases of metastatic 
carcinoma of the breast (16) and in some 
20 cases of severe diabetes mellitus (17). 
Kennedy and his associates a t  the Uni- 
versity of Minnescta have reported 12 
cases of breast cancer thus treated (IS).  
Currently Pearson et r r l .  (l!)) and other 
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Fig. 3 .  Relationship between dose and time of onset of 
changes resembling hypophysectomy. 

portion of the body. Our work has been 
with the 184-inch synchrocyclotron a t  
the University of California in Berkeley; 
190 MEV deuterons and 340 MEV protons 
were used in the preliminary animal 
studies, but only the 340 MEV protons 
have been used in work with human beings. 

Deuteron and proton beams have several 
distinct properties not possessed by x-rays 
or gamma rays. First, they can be 
collimated very finely, and in small ani- 
mals cylindrical lesions 1.0 mm. in di- 
ameter are easily produced (YO). Sec- 
ondly, as the particles penetrate, their 
scattering is so small (compared to elec- 
trons) that for practical purposes no 
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radiation falls outside the main bcam to Work is 
irradiate neighboring tissues. The lesions proceeding, however, in this direction. 
have micrasccpically sharp margins, much Starting in 10.52, efforts were made to 
as might be made by scalpel. Figure 1 study the effects of the high-speed particles 
shows an autoradiograph of the 340 MEV on the rat hypophysis. Initial results 
proton beam as it travels along a piece of were encouraging, and pituitary irradia- 
film sandwiched between two slabs of tion of monkeys, normal dogs, and dogs 

obtained by rotational technic. 

NERVE DAMAGE AS A FUNCTION OF DOSE 
AND TIME AFTER IRRADIATION 

A CALCULATED DOSE 
(ROTATIONAL TECHNIC) 

0 KNOWN (TOTAL) DOSE 

n 

a 
20 

0 I I I 1 

TIME POST IRRADIATION, DAYS 

Fig. 4, Damage in  dog cranial nerve as a function of dose and time after 
irradiation. 

Lucite (21). The beam enters from the 
left. Part of the loss of definition on the 
right comes from the slightly divergent 
nature of the beam and part from multiple 
elastic scattering. A third unusual feature 
of these beams is the relatively great 
depth dose which they deliver, compared 
with surface dose. The comparative doses 
at the surface and depth for 200-kv x-rays, 
16 MEV electrons, and 340 MEV protons 
are shown in Figure 2, after Tobias 
et al. (22).  The dose delivered by the 
x-rays falls off markedly with increasing 
depth, as does that delivered by electrons 
from the betatron or synchrotron; but 
the proton irradiation rises to a peak, so 
that the maximum depth dose is approxi- 
mately three times the dose a t  the sur- 
face. Up to the present time advantage 
has not been taken of this Bragg effect, 
and the relatively great depth doses are 

with breast cancer was undertaken. The 
biological effectiveness of the high-energy 
deuteron and proton beams was found to 
be close to that of 200-kv x-rays. 

When large single doses of more than 
5,000 rad of deuterons or protons are 
given to the pituitary glands of animals, 
the final result appears to be the same 
regardless of the size of the dose. Pro- 
gressive atrophy of the entire gland 
results, accompanied by reduction in phys- 
iological function. The higher the dose, 
the sooner the physiological effects be- 
come apparent. Single doses of 30,000 
rad are necessary to approximate the 
immediate effects of surgical extirpation of 
the pituitary. Figure 3 shows the re- 
lationship between dose and the time of 
onset of profound physiological changes 
resembling complete hypophysectomy (21). 
Criteria for evaluation are chiefly rate of 
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Fig, 5 .  Diagram of the synchrocyclotron, shielding, and treatment room. 
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Fig. 6. Schematic diagram of the apparatus for proton pituitary irradiation. 

growth, thyroid function, and size of Since R,lay 1954, 51 dogs have received 
target organs. Data for rat, dog, and pituitary irradiation with protons or deu- 
monkey follow the same general pattern. terons in various doses and by various 
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technics. Included were 36 normal beagles 
and 15 dogs with spontaneous mammary 
carcinoma. 

Lethal effects of pituitary irradiation 
in large single doses in the normal dogs 
were ascribed to nerve and brain lesions, 
particularly to necrosis and hemorrhage. 
The lethal effects were usually preceded 
by damage to the 3rd, 4th, and 5th nerves, 
which, in the dog, lie very close to the 
pituitary. The lesions led to inability of 
the animals to move their eyelids, per- 
manent dilatation of the pupils, and loss 
of corneal sensitivity. A series of ex- 
periments was performed to determine the 
dose-time relationship in the cranial nerves 
of the dog. The characteristic dose-time 
injury curve is shown in Figure 4, resem- 
bling the data for the pituitary (21). 

A temporary type of nerve damage was 
also observed in some of the dogs; here 
the dose to the cranial nerves themselves 
was low, but the neighboring pituitary 
and cavernous venous plexus received 
heavy irradiation, in excess of 10,000 
rad (21). Eye signs developed and in- 
creased in severity two to three weeks 
after irradiation, then partially or com- 
pletely regressed six to eight weeks later. 
These signs were ascribed to pressure 
from edema of the nearby irradiated 
structures. 

In the dogs with carcinoma, the re- 
sults were favorable in animals initially 
in fair condition, ie., not terminal cases 
with necrosis. Persistence of some radio- 
iodine uptake and continuation of estrous 
cycles showed that in these animals 
pituitary destruction was not complete. 
There were indications that the tumors 
may become static or regress, starting 
to grow again after a period of six to 
twenty-four months ( 2 3 ) .  

The stage was now set for proton irra- 
diation of the human pituitary. Figure 
3 shows the general layout of the apparatus 
(21). With the generous help of the 
staff of the Berkeley 1%-inch cyclotron, 
a treatment room was constructed, as 
shown. The cyclotron is in the large 
shielded room at the left. The colli- 

- 
Fig 7 .  Upper portion: Lateral roentgenogram of 

the sella turcica in correct alignment for proton inadia- 
tion. Lower portion: Same, except that the proton 
beam was turned on momentarily to make an auto- 
radiograph 

mated proton beam is brought out through 
an aperture, passing through a physics 
cave into the treatment room, carefully 
shielded to avoid stray radiation. 

During irradiation the patient is su- 
pine, the head held rigidly by a mask, 
which in turn is fastened to a head- 
rotating device. The set-up is shown 
schematically in Figure 6 (21). The pro- 
ton beam passes along the 2 axis from 
right to left. Quadrant chambers show 
any change in the Fosition of the beam, 
and an ionization chamber in the path of 
the beam monitors the dosage. The beam 
is automatically shut off at any predeter- 
mined dose or if the head rotator fails or 
if the patient wishes to interrupt the seance 
for any reason. Rz is a diagnostic x-ray 
tube whose beam coincides with the proton 
beam. By its use lateral views of the 
sella turcica are made, the film being in 
the holder Pz. B y  means of adjusting 
screws on the head holder, the patient’s 
head can be moved inferosuperiorly (along 
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Fig. S. .htcropohteriiir rueritgeiitigrani of the sella 
turcica in correct nligniiient for prototi [iiruit:ir?- irra- 
diation. 
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patient by momentarily turning on the 
proton beam, after niaking the x-ray 
exposure. prior to developing the film. 
1he black spot shows the shape of the 
beam, whicli is adjusted to fit each indi- 
x*idual patient. The beam spot is actual 
size, whereas the roentgen shadow of 
the sella is enlarged by 20 per cent be- 
cause of divergence of the x-ray beam 
from the target spot. 

R\- is another diagnostic x-ray tube 
used to tnake anteroposterior views of 
the sella turcica. An adjusting screw on 
the head holder permits lateral movement 
of the patient’s head (along the Z-axis) 
until the center of the sella turcica lies 
in the axis of rotation of the head (the 
X-axis). Figure S is a roentgenogram of 

- *  

the X-axis) and anteroposteriorly i along 
the Ti-axis) until the centers of the x-ra-  
beam and proton beam pass through the 
center of the sella turcica. Tliis is illus- 
trated in the upper portion of Fixure 7 ,  
which shows a hcrrd in position for treat- 
ment ( 2 1 ) .  .I\ radioautograph of the 
proton beam. shown in the 1oirc.r portion of 
the figure. was prepared for tlicx same 

a head in position for treatment (21). 
‘The medial margins of the orbits, the 
anterior clinoid processes, and the mid- 
Foint of the roof of the sphenoid sinus 
are useful in defining the mid-point of the 
sella turcica 

During the first irradiation seance, 
six to eight sets of diagnostic films were 
usuall>- ntwled to hring the patient’s 
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head into alignment. At subsequent se- loo 

ances the adjusting screws on the head 
holder were pre-set to positions which 8o - 

had previously given proper alignment, 
and usually one or two sets of positioning 

Figure 0 shows a patient in position 
ready for pituitary irradiation (21) The W S 
proton beam will enter through the steel 
tube in the upper part of the picture. a 

PROTON DOSE DISTRIBUTION 

0 roentgenograms sufficed. o 6 0 -  - 

Z 4 0 -  - 
W 
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Fig. 11 Dose distribution, in terms of per cent of 
dose a t  the center of the pituitary, along the three 
major axes. 

Fig. 10. Autoradiograph of the proton beam on a 
film placed a t  the  site of the pituitary in a Lucite phan- 
tom cranium which was subjected to a complete 
schedule of rotations and position angles. 

The fiberglass-and-plastic mask holds the 
head rigidly in the head rotator. The 
diagnostic x-ray sets used in alignment are 
shown on the left above and below. 

Let us now return again to Figure 6 
for further consideration of the irradiation 
technic. During the course of irradiation 
the patient's head was rotated slowly 
from side to side about the vertebral 
axis (X-axis) ; in most cases, unless disease 
in the cervical vertebrae prevented it, the 
rotation was 35" to either side (4  = 
TO"). The irradiation was, for the most 
part, administered in increments of 1,000 
rad, each increment being delivered from 
a different direction by rotating the patient 
and treatment table (changing 0).  By 
this means the beam was delivered in 
cones, all with apices in the sella turcica, 
ranging from 3.5" below to 3.5" above the 
coronal plane passing through the sella. 
In other words, the angle 0 was varied 
through a total angle of IOo in eleven 
steps 7 1 '2' apart. 

In summary, the apparatus is contrived 
so that no matter how the patient's head 

is turned the proton beam always passes 
through the sella turcica. The pituitary 
thus receives the greatest amount of 
radiation, while the dose delivered to 
structures removed from the pituitary 
varies inversely as the square of the dis- 
tance. 

Figure 10 is a radioautograph of the 
proton beam on a film placed in the 
Lucite head phantom and exposed to a 
full set of rotations and position angles 
corresponding to the entire irradiation 
schedule for the human being (21). The 
blackened area is the region of high dose 
and corresponds closely in size and shape 
to the human hypophysis 

Figure 11 shows the dose distribution 
along the three major axes of the head, 
X (longitudinal), Y (posteroanterior), 
and 2 (lateral) (21). The data were ob- 
tained densitometrically from films placed 
in the Lucite phantom head a t  various 
distances from the pituitary in regions 
traversed by the proton beam At the 
cranial nerves and temporal brain lobes 
the dose level is 10 to 20 per cent of the 
peak dose a t  the center of the hypophysis. 
Parts of the optic nerves receive 20 to 
30 per cent of the peak dose, while most 
of the optic chiasm and hypothalamus are 
virtually free frcm irradiation. 

The relationship between isodose curves 
and anatomical structures around the 
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Fig. 12. 
the center of the sella turcica. 

Fig. 13. 
turcica. 
100 per cent 

Isodose curves plotted on a schematic diagram of  3 transverse section through 

Isodose curves plotted on a schematic diagram of a top view of the sella 
In  both Fig. 12 and Fig. 13 the dose a t  the center of the sella turcica is taken as 

hypophysis is shovm in Figure 12, which sella as seen from above, with superim- 
is a schematic drawing of a transverse posed isodose curves (21). 
section through the center of the sella. Between September 1954 and Septem- 
Figure 13 is a schematic drawing of the ber 10.35, 26 patients with metastatic 
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P I T U I T A  R Y  I R R A D 1  A T  I O N  S C H  E D U  L E  breast cancer received pituitary irradia- 

tion on the basis of several criteria: ( I )  
There must have been objective evidence ;&?.%IS l4oO0 
of progressing metastases. (2) The patient 

ventional surgical and radiological treat- 

, 
tion. Patients were selected for irradia- Cumulative Irradiation Rads per Session. Rads per Plane, 

[ i c ~ R o d s ~ [ n l e r v a a  Daysll M;;;um ~~ M~;.~urn , 
-7 -3 --> -7 

lo00 -A should have received all indicated con- & 30000 1 5 000 

ment. ( 3 )  Wherever practicable, the pa- Fig 15. Irradiation schedule 

OSSEOUS METASTASES * 19 
NO OSSEOUS METASTASES * 7 

8 

LUNG SKIN BREAST OTHER L IVER VISCERA BONE 
ONLY 0 ADDITIONAL METASTATIC INVOLVEMENT 
Fig. 14. Metastatic involvement of the patients when first seen. 

tient should have received a trial of hor- 
mone therapy, adrenalectomy, and re- 
moval or roentgen irradiation of the 
ovaries. No patients were rejected be- 
cause of the advanced state of their 
disease; many of the earlier cases were 
nearly terminal when first seen. 

Sixteen patients, including the first 13 
irradiated, had previously undergone bi- 
lateral adrenalectomy and oophorectomy, 
with remissions lasting from several 
months to several years. Of the other 10 
patients, 3 had had only bilateral oopho- 
rectomy, and 7 had had neither adrenalec- 
tomy nor oophorectomy. 

Nineteen of the patients had bone 
metastases; at least S of these had addi- 
tional metastases in the lung and 4 had 
known metastases in the liver. The i' 
patients without osseous involvement had 

metastases in the skin, lungs, or viscera. 
Figure 14 summarizes the metastatic in- 
volvement for the series when the patients 
were first seen. 

Proton irradiation of the pituitary was 
given in fractionated doses, three times 
weekly. The patients seen in the earlier 
period of the study received small doses 
per seance, and the course of irradiation 
covered a protracted period. As the work 
progressed and the safety factor could be 
evaluated, the amount of irradiation ad- 
ministered to the hypophysis and the cu- 
mulative total were increased, while the 
time required for the entire course of 
irradiation was shortened. Thus, the first 
patient received 14,000 rad during a 
sixty-three-day interval, while some of 
the later patients received as much as 
30,000 rad in six seances within a two- 
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week period. Figure 13 summarizes the pituitary irradiation have been radioiodine 
irradiation schedule. uptake by the thyroid and twenty-four- 

Several patients complained of head hour urinary pituitary gonadotropin ex- 
pain following irradiation seances. This cretion. Figure 16 shows the changes in 
could be ascribed to manipulation of the radioiodine uptake following pituitary irra- 
neck during rotation or to pressure from diation. Of 18 patients for whom data 
the head mask. Neither during nor after are available, there was marked depression 
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MONTHS AFTER START OF IRRADIATION 
Fig. 16. 

irradiation. 
in that group. 

Changes in twenty-four-hour thyroid radioiodine uptake following pituitary 
The numeral above each column denotes the  number of patients averaged 

irradiation were any auditory, visual, or 
olfactory auras experienced. No indica- 
tions of increased intracranial pressure, 
as manifested by papilledema, hyperther- 
mia, vomiting, or vasomotor changes, 
were noted. No electrolyte disturbances 
were detected following irradiation ses- 
sions. 

A few weeks following completion of 
irradiation, 5 patients, those receiving the 
heaviest irradiation, experienced severe 
head pains, lasting for a few days. They 
were usually described as throbbing, sharp, 
deep within the skull, and were relieved 
by aspirin. In  all cases they soon disap- 
peared completely. They resembled the 
headaches associated with acromegaly and 
other pituitary disorders. 

The most valuable criteria for assessing 
changes in pituitary function following 

of iodine uptake in 11, in many instances 
reaching values as low as 5 per cent. 
In 6 patients there was no significant 
change in radioiodine uptake, although in 
4 of the 6 it was initially low. In  one 
patient there was a slight rise. In  8 of 
16 patients for whom complete data are 
available there was a marked drop in 
urinary excretion of pituitary gonadotro- 
pins. In 7 patients there was no change 
after irradiation, but in these the excre- 
tion was originally at  the lowest concentra- 
tion detectable, 3 mouse units. Only 1 
patient showed a permanent rise. Fig- 
ure 1T shows the changes in urinary gonad- 
otropin excretion following irradiation. 

In an effort to assess the state of activity 
of the disease, several laboratory tests 
were performed routinely-protein-bound 
iodine, alkaline and acid phosphatase, 
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urinary calcium excretion, coagulability pigmentation, thinning of the eyebrows] 
of serum proteins, and urinary cortico- absence of sweating, or loss of normal 
steroid excretion. Details of these de- greasiness of the axilla, changes found by 
terminations will not be presented in this Sheehan and Summers in women with 
paper, which will be confined to clinical proved post-partum necrosis of the 
evaluation and the objective results of pituitary (24). The initial breast lesion 
roentgen examination. in one patient changed markedly over a 

P I T  U I T A R  Y G 0 N A D O T  R O P l N  S 

a 0  - 
26500 RAD 

P R E  0-2 2-4 4-6 6-8 " lot PRE 0 - 2  2-4 4-35 6-8 'I IO+ PRE 0-2 2-4 4-6 6-8 
MONTHS AFTER START OF IRRADIATION 

Fig. 17. Changes in twenty-four-hour urinary pituitary gonadotropin excretion 
The numeral above each column denotes the number following pituitary irradiation. 

of patients averaged in that  group. 

Serial skeletal and chest sirveys were 
made regularly in all patients. Besides 
.5 patients who showed some healing of 
osseous lesions, there were 2 patients in 
whom the bony metastases remained sta- 
tionary for several months. In one pa- 
tient recurrent pleural effusion, with de- 
monstrable tumor cells, resolved after 
irradiation and has not recurred in sixteen 
months. In 3 others, pulmonary metas- 
tases remained stationary for as long as 
a year after irradiation. 

Clinical changes following pituitary ir- 
radiation included development in 3 pa- 
tients of diabetes insipidus, which was 
managed satisfactorily by vasopressin tan- 
nate in oil, then by posterior pituitary 
principle nasal insufflation. The patients 
have not shown complete loss of pubic or 
axillary hair, absence of normal skin 

0 0 1 8 0 3 1  

period of several months in consistency and 
size, no longer being palpable. The af- 
fected portion of the breast became freely 
movable upon the underlying tissue. 
Biopsies, however, still disclosed the pres- 
ence of tumor cells. 

One patient with abdominal carcino- 
matosis had required, prior to irradiation, 
frequent paracenteses. During a surgical 
attempt at  adrenalectomy and oophorec- 
tomy the intraabdominal metastases pre- 
cluded this procedure, and she was selected 
for pituitary irradiation. At  the time of 
starting irradiation] colloidal chromic ra- 
diophosphate was instilled into the pen- 
toneal cavity, and the patient did not 
require paracentesis for over a year. 

Upon the clinical appearance of the 
need for replacement therapy, the pa- 
tients were given thyroid extract, l to 
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Fig. 18. Sagittal section of the pituitary gland from 
a patient who received 26.000 rad in twelve days and 
survived seven months. 

Fig. 19. Microscopic appearance of the thyroid 
This patient received gland in the patient of Fig. 18. 

no thyroid extract. 

2 grains daily, and prednisolone, 10 to  
1.5 milligrams daily, with satisfactory 
response. The adrenalectomized patients 
were, of course, continued uninterruptedly 
on a maintenance cortisone schedule. 
Several patients prior to irradiation had 
been placed on testosterone by their own 
physicians, and this was continued, pri- 
marily for its protein anabolic effect, 
since it had been unsuccessful in retarding 
metastatic extension. 

Two patients now survive, both sixteen 
months post-irradiation. One is still in 
remission; the other had a remission for 
nearly a year and is now failing. 

Twenty-two of the 24 deceased patients 
have come to necropsy. The effects of 
proton irradiation upon the pituitary and 
target organs will be discussed briefly. 

Fig. 20. The sella turcica of a patient mho received 
30,000 rad in twenty-one days and survived fourteen 
months. (Photograph by Barry Evans, Berkeley, 
Calif.) 

There was a marked difference in the 
pituitaries of patients who liad received 
low (13,000 through 19,000 rad), medium 
(30,000 through 263,000 rad), and high 
(more than 2i,000 rad) levels of irradia- 
tion. Damage was discernible grossly 
in those patients who received medium and 
high levels of irradiation and survived for, 
say, five months. Histologic evidence of 
damage was apparent in all patients who 
received over 20,000 rad, regardless of the 
interval between irradiation and death. 
Among those receiving less than 20,000 
rad, microscopic examination showed ne- 
crosis infrequently ; and the moderate 
fibrosis, increased vascularity, and shrink- 
age of cells from the basement membrane 
were not considered confirmatory of irra- 
diation damage. 

S o  gross evidence of injury has been 
detected in the brains or cranial nerves. 
hlicroscopic examination of the speci- 
mens is kindly being done by Dr. Sathan 
Malamud. Associate Clinical Professor 
of Seuropathology, Department of Pathol- 
ogy, L-niversity of California School of 
Medicine. San Francisco. but this is a 
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Fig. 21. The pituitary rerxlnant dissected from the sella turcica of Fig. 20 and sectioned in the mid-sagittal plane 
(Photograph by Barry Evans, Berkeley. Calif.) 

laborious task, and results of serial sections 
on all specimens are not yet available. 
Among the completed studies, including 
those on patients who had the highest 
levels of irradiation, there has been no 
evidence of irradiation damage to the brain 
or nerves. 

klicroscopic examination of the adrenal 
glands could lead to no definite conclusions 
because supportive corticosteroid therapy 
was given. Similarly. microscopic exam- 
ination of the ovaries was not informa- 
tive because of x-ray castration or the 
use of testosterone in the few patients 
with intact ovaries. 

Microscopic examination of the thyroids 
showed involution at  all levels of irradia- 
tion for all survival times. Several pa- 
tients died without receiving thyroid ex- 
tract. 

To see just how well the proton beam 
can destroy the pituitary, reference may 
be made to Figure 18, which shows a 
sagittal section from a patient who re- 
ceived 26,000 rad in twelve days. X u c h  
of the center of the gland has been de- 
stroyed. Figure l!) shows the thyroid 
from this patient. Note that the acini 
are full of colloid. that there is no vacuoliza- 

tion in the periphery of the colloid, and 
that the epithelium is flat. This patient 
did not receive thyroid extract. 

The outstanding example of what has 
thus far been achieved with pituitary 
irradiation is illustrated by Figure 20, 
which shows the sella turcica of a patient 
who received 30,000 rad and survived 
fourteen months. There appears to be 
nothing whatever in the sella. Dissection 
produced only a 1.0-mm. thick sellar 
lining. This pituitary remnant, together 
with its investing membranes, is shown in 
Figure 21. The microscopic section is 
shown in Figure 22. 

In conclusion, may I say that I have not 
come here as a proponent of destruction or 
extirpation of the pituitary gland in 
metastatic cancer. I believe that we 
have achieved our purpose. . .the destruc- 
tion of a deep-seated organ without dam- 
age to the intervening tissues. I be- 
lieve that some of our patients have been 
benefited and that we have demonstrated 
that we can depress pituitary function 
and destroy the pituitary without sub- 
jecting the patient to a craniotomy, with 
its mortality and morbidity. IVhether or 
not hypophysectomy earns a lasting place 



s 10 ROLLIN K. 

in the palliation of metastatic cancer- 
indeed, whether i t  is effective beyond 
adrenalectomy and oophorectomy-must 
await the combined test of the many work- 
ers now investigating the problem. I be- 
lieve that our technic will be of value 
in the treatment of pituitary tumors, 
malignant exophthalmos, and, perhaps, 
Cushing’s disease. 

Rather, I come to you as a physicist 
turned doctor, to suggest that the technic 
and accelerating machines which have 
ushered in the nuclear era may, in a less 
cumbersome and less expensive form, 
become a part of the radiologist’s thera- 
peutic armamentarium, providing him with 
an agent of precision and penetrating 
power far exceeding any he now has. 
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SUBZMARIO IN  INTERLINGU.1 

Irradiation a Protones del Glandula Pituitari e Su Effectos Metabolic 

Post experimentos in rattos e canes, ir- 
radiation a protones del glandula pituitari 
esseva executate in humanos. Inter sep- 
tembre 1954 e 1935, 26 patientes con 
cancere avantiate del pectore recipeva 
irradiation pituitati a protones. Omne le 
patientes monstrava metastases progres- 
sive, e omnes habeva previemente essite 
tractate per medios conventional. Le 
irradiation esseva applicate in doses frac- 
tional con totales de 14.000 a 30.000 rad. 

Duo patientes viveva post 16 menses : 
le un in remission e le altere con recurrentia 
de symptomas post un anno. 

Evidentia histologic de un lesion del 
glandula pituitari esseva constatate a1 
autopsia in omne le patientes qui habeva 

recipite plus que 20.000 rad. Nulle macro- 
scopic lesiones del cerebro o del nervos 
cranial esseva detegite. Le thyroides 
monstrava involution a omne nivellos de 
dosage. 

Durante que destruction o extirpation 
del glandula pituitari non es recommendate 
super le base de iste studio como tracta- 
mento de cancere metastatic, il ha essite 
demonstrate que un organo de sit0 pro- 
funde pote esser destruite per irradiation 
a protones sin insulto a tessuto inter- 
mediari. I1 pare que certes del patientes 
ha beneficiate del manovra, e le function 
pituitari esseva deprimite sin le necessitate 
de craniotomia con su associate morbiditate 
e mortalitate. 


