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HIIAVY PART;CLES, THE DBIW.GG CURVE AND THE SUPPRESSION |
‘OF PITUITARY FUNCIOI! IN DIABETIC RETINOPATHY¥
By

John H. Lawrence, Correlius A. Tobias, John A. Linfoot
James L. Born, Alexandecr Cottschulk, and Robert P. Kling

Donner Laboratory and Liwrence Radiation Laboratory
University of Califcriiia, Berkeley, California %#%, %w#

Diabetes mellitus is & cnadition treated with much success

since the introduction of irsulin and laterxr of the oral anti-

I

‘diabefic -drugs.  Howevdr, rciial life expectancy has not yet been

~achieved, largely due to viscular disecase. Diabetic retinopathy,

2 serious complication often associated with varying degrees of 'N~\\\
other vas cular complications, leads to impalrment of. vision and >

often blindness. Other thein careful control of the blood sugar;

during tthe course of the dizbotes, no adequate preventative mcaéures
have besn found. The“relatiou of the pituitary to dizbetes (1) and
the reports of the disappezrance of diabetic retinopathy in patients

developing spontancous hypopituitarism (2,3) have suggested the

Sprl‘.".g Meoti ng cf

*  Bascd on two papers presented at the the
Medical and Scientific Section of the British Dicbetic Aszocla-
ticn Wolfson Institute, Hammersmit H Hospital, London, England,

April 6, 19G2.

®%  Phesc studies have been chiefly suvnorted through the program
in Ziology and lMedicine of the Lawrence Radiation Lzboratory
{(LRL) of the University of California. The Donner Laboratory
is the Chief center for this program of LRL.

*%% e have had the advice, asui:tance, pOODercthh and coqul":
tion of many physiciars n the care of these patients, but we
are especially appreciat.ve of that given by Drx. Petcrlforﬂﬂ:m
Dr. Frederick Cordes, L. Samuel Kimura, Dr. Michael Eocan and

-Dr., Vincent DiRaimond:. ¥e also wish to rccogn;gp the ilmpotant
contribution to the wcrk of our associates Dr. Franco Sa“gngl
and Dr., Richard Carlscr who are still assoc latcd with the work

in a consult ation capiciiy..



possible importance therapeatically of pituitary ablation or the

suppression of pituitary fuaction., Some favorable results have

been achieved after complet: or partial hypophvsectomy (4,5,¢,7,8).

In 1935 we found a relaitively greater biologic effect of

heavy~particle-induced tissic ionization (proton) on both normal

and neorlastic tissue in a 3eries of experiments with the 37-inch

and 60-inch cyclotrons (9,19,11). On the basis of these experimenté

. therapeutic trials were mad:» with these relatively low-energy

neutrons (12,13). In more facant years, heavy charged-particles .
with higher and higher energyles have become available, so that

tissue ionization with a hish relative biological effect is

available (14) and associat:d with minimal scatter and great depth’
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dose due to the Bragg curve {13}. Thus, with comparativaly 1li

- intervening radiation decse, arzrgy czn be delivered in relatively

localized packages to great denths in tissue (16).

In clinical studies durciry the past ten years (17,18,19) it
has been found that with th: t:letherapeutic delivery of hign-
energy heavy ions such as piotyas, alpha particles ox deuterons to

ella fturcica in fractionated doses, it is possible in inhibit

rf

he

“

the function of or to destrsy the pituitary gland in patients
suffering from breast cancer, diabetic retinopathy and various
other conditionshih addition‘to'the‘uSé of these ions in treating
tumors directly (8;20);;and‘in the production of localized lesions
in the s=oft tissues or ﬁervous system of.animals and man (l6,21,22,23,24}.
Oour inyestigations;in patients sﬁffering from advanced diabetic

retinopathy began over five years ago. We used positively-charged

"heavy perticles” which at the end of their track in tissus produce
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we use this Bragg curve to lizc
depths to dectroy or inhibit H

raciation. Metabolic studizs
a gradual fall in the valucs ©
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following surgical nypopnyoezcot
We have used the heavy po
completae hypophysectomy in an

sovere diabetic retinopathy i:

diabetic patients were given (&

produce complete suppressici %

£

patients had a prompt fall in

roquired replacement therapy i

later paticents with less reci. o

the structures adjacent to tho
motor nerves and the tempo:rzal
made it possible to observe th
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also to siudy
retinopathy who were relativel
vascula:: complications. Most

to 14,000 rads in 1l days. Wh

ot following X radiaticn.
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2iize . the dense ionizatlion at the

~

{ae function of the pituitary, but .

.cad-rotation technigue %o localize

in a group of irradiated paticnts show
f target-ocrgan hormones contrcliled
esemble those seen in patiente |

omy (See Figure 1).
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lrocortisone and thvroid.

i
&)
[

.

ibility of a greatoer suscept:bility

bhetics with generalized, and in most

isease, it was decided to treat the

pituitary, e.g. the extraccular
iobes, Such a change 1in dosimatry
a effects of suppressive pituiltary

y free from other major diabetic
of the patients, 54, received £,009

ile most of the patients in this



group showed scme gradunal f£al
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in their end-oxrgan function {coe.
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Figure 1) the majority of these patieats have not required rzplece-

ment therapy. 3In this group better cevidence of suppression of

.

‘pituitary function is shewn in a

ments ags shown in Figure.Ze
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lot of the daily insulin rejuire-

w2 group treated with 10,000 - 31,000

rad showed a marked fall ir irsulin regquirement while those

receivirg less radiaticn =) o

s 3

decrease in insulin requir sz

patients improvemat in wisiona,

appeararce of the eyeground

-

[¢+1}

hemorrhsges, microansuryvsmo,

All of thae patients in

tr

irradiation by their privatz

¢2 less change, Paralleling this

r ¢ we have cbkserved 1n many of these

¢ 3 decrcases in the freguency of the

y covascularizations and exudataes.

Tis report were referred Zor piltuitiry
I 'ysiciang. In most cases, they had

been cared for by medical rhyr icians as well as an ophthalmoleogist,
and were considered to have . orcgreszive retinopathv. Each patient

raceived a detailed ophthalx:
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ophthalrwlogists as well an o

In additiion, retinal photograp
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Within the group of 71 ortients there were 46 males and 25

ferales, HMedian age at timsz

65 vrs). The diagnosis of 1i

priox tc age 40, the median zca

the nedian age for.the remzin:
0 yrs). Median duratica
irradiation was 16 yrs (rang:

P

retinopethy was 2 yrs (rangsz

ing 10 patients was 54 yrs {range 43

¢f the diabetes prior to pituitaxy

from less than 1 yr to 14 yrsj.



‘death. Thrae of tbe above patients devcloped permancent crtriooculo=-

-severa insulin reactions darcing which hedeveloped a partial vight

Of the 60 patients egtill living, 24 were treated over 1%
months ago, the longest surviel timz being 5 years pozi~irr:diation.

Eleven patients have died, an! the médi@n survival tlTG‘Df Lihnee
dchazod paticnts is 16 mo: thi {rﬁnqa 4 t§~33 months), All

eleven paﬁients had moderaic oxr advanced nephrovathy and/or card.o-
vasculé: involvement pfior to irradiation. Six patients dicd in

uremia and 3.0f acute myccardial infaretion. One paticent died

suddenls in a local héospital while visiting away from homz. A

‘postmortem was not performed, but he was thought to have had a

caxdiac death.. Another patient with advanced diabetic neurcrathy
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14 monthe after treatment in another hospital. Tarminally he
became comatose and died in cardiovascular col

1
and adrenal insufficiency were probably contributory causes to his
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perforaed revealed other cinras which were not symptomatic ond rec—

oxr to deatl. I mriospathological studies are being com~
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¢ warately (25)., HNo rediation side
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pletcd and will be reporte:
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cen observed in any »° the surviving patients, One paotiert ha

hemiparesis. Although the he niparesis has improved sufficiently for
him to return to work, he s:till has residual nourologlcul damage:,

21l the patients are .alert23 to the increased insulin gensitivity

that occurs following pimitary irradiation, and their physicians
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no clinical cavdiovascular ox rcnal diseasc.
s Tatles 1, 2 and 3 swwiarcize the clinical date for the 61

patientes for whom we now hase follow-up information. The patients

=Z

re grouped according to the durztion of their follow-up. In

-

9]

Ay

b y 3 ~y -l -~ Fed 3« P .y o~ e g « o
ollow detailec¢ sumnarics of six of ocur paticents in

O
F

ition ther

[l
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*

strate some of the impertznt clinical featuxcs wiich

'._A

order to il

O
H

we have observed. -

diabetic patient treated. Dizhates mellitus was dlagnosed in 1944
at age Z3. 3he was startced or Qas
satisfactorily controliled wizl

reactiéﬁs. Eyc TyPLoms fivst occurred in Octcher 1907 wien che

retinal hemorrhage. In Janu.sly 1958 she had a retinal hwoicrinacs
in the lcit eye and o diaciozis of aavanced bilateral dicbetio:
retinopethy wac made.

T PN -~ N er el = . o I SRR, Rl el P P R By e e
Whon sihe was first secn Lo Februeary 1958 the fundus in wne

hemorrhage and & postericr sul capsular cataruct; vigual acuity wes
20/100. In the leit eye therc were eritensive neovascularization
and numarous microaneurysmi. In addition there wexe a number of

areas of retinitis proliferan:. The macula was obscured by

&N

fclds in the retina which apocared te be secondary to edema an
traction. The visual aculty in the left eye was 2
reduced creztinine clearance, but no other evidence of negphropatl:y

or cardiovascular disease. Ii.zulin dosage was 45 units daily.
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Fifteen nonths vost-irracd

sosteriocy oerio;clal corti.;al cataract, Pour ars after irvadiati
l. e l

-
[y

Heavy-particle radiation-was administered to the pltultury

gland in 7 treatments over a l4-dav interval. Therapy vos conploted

March 24, 1958.

heir Gaily insulin requirement fell, dropping from
45 to 20 units in four moptpa, and remaining ot this loval fo
almost two years. In April 19860, bocausce of incrcased insulin
aactipns, the dosaéé”was Further reduceé to 5 units daily. howavcr,
in May'1960 replaéemdnt hvrawv with hvdrocorticsone (10 wmg bui.d.)

and thyroid (1-1/2 gr daily) was started and her insulin reouirewont

“increasad to 19 units a\lv Zn'December 1962z she was taliing 6
.units of insulin da;ly and Wi ~\":utwelv free of major insulin
reactions.

Funduzconic examinati.r. vro nmonths after irradiation again
revealel the cataract in 1w ight eve, and it was felt that the
. . e - ’

d an'l wm:y huave boen a little improved,

[
()

left eyz2 had stabili
itisn vision in the richt eve had juaproved
so that the patient could «ouxt fingars; the left eyve remainoed

\ y ~ F. o . T PR NN S v P P ~de e e P o B -
ctabilizad., After 22 montas 37 stability the patignt sufllzred &

= s - ~ Ty~ L -
aye. There was gradual inrprovonent

‘was slight, but definite, Drovression of the hemorrhagic and anudative

lesions of the ]cr ave. 3w Tabruary 1961, 2lmost 3 years aite
ixvadiation, her diabetic :retinopathy showed cigns of imp.rovament
revious 'aﬂan“~:oﬂ.7 Vis uﬂl “Cdlti:s were: ric¢ht eye,

20/400 with postcrigr,capsalar cataract; left eye, 20/70 with

~

i
O
o5

~her visual acuities were 20,7220 on the right and 20/80 on theleft.



-and no =2pisodes of diabetic¢ coma., In 19534

(o}

When last seen in December 1952 her visual status was unchanged
and there had been no furt..er nemorrhages.
Casa ?, L.F., a 39 yvewry »1ld white physician was 13 yoears

old when diabetes mellitus ves diagnosed. He was reasonablyw well

tc
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o
l_l-
O
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controlled with insulin dict, he ving infreguent insulin rea

letd
-

oty

£

S

the patient was told
that his right eye showed sigae of diabetic retinopathy, but blurred
viczion was not noted uncz" 19,5. Since that time.there had been

-

h freguent bouts of

o
—
put}

progressive loss of vigion his right eye wit
sudden blurring of vision., There had been small hemorrhages in

H\

the left eye, also. Diabeiic neuropathy involving the left
oculomctox nerve was diagnoged in August 1958 when diplopia
develop:zd.

When we first say thin patient in October 1958 the right ey:

showed diabetic retinopathy w' th severe retinitis prolifcrans and

detachmant of the retina.
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few microaneurysms: vigual acuity was 20/20 wiih correction.
There was no serious renal involvement or cardiovascular disecacse.
His insgulin dosage was 4€ units dailyg

-t

Heavy-~particle radiation was administered to “he plLuita'V
gland in & treatments over a i7-day int erval, Therapy was
completaed November 17, 1S5€.

Following therapy hig cally insulin reguirement decreased,

Poy

dropping from 48 to 3f unitz '‘n five months, and by one vear posi-

irradia“ion was 30 units drilr. In February 1960 he complained of

\

fatigue and was started on thyroid (1/2 gr. daily) with improv m.nt
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in this symptom. However, axi.reme fatigue and decrcas

d§velopcd in December 1960 zad he was then started on

(5 mg pox day) and testosterorne; his insulin requi

at 30 uriits, The insulin rerzuirement in October 1961

In August 1962 (almost 4 veare post-irradiation) he was
g E

to 30 urnits of insulin daily ¢nd continuing the repla

Retinopathy was_ stabilizcd during the first year

there were no obvious retinzal hemorrhages and there w

. able decrecase in the number 2f microzneurysms. Durin

yvear minimal progression of iz retiropathy was repor

acuities were 20/40 with ©h2 1ight eve and 20/20 with

Y

. In March 1952 (almost 2-1/Z ycars post-irradiation) %

~

still srowed the retinal scozration but the diabetic

appeared inactive. -Thae lef: cye had some vascular ab

but was gencrally improved. Visual zcuities were: x

20/100; left eye 20/20. At & years post-irradiation

cf retinopathy continues. R

Case 3. J.G.  This 24 renr old white housewi £a
yvears old when diabetes meliltus was diagnosed. She
with a diabetic diet and insu

withcut achieving cood contzo

Y

1
1. Ocular symptoms began in June 185
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o
o

60

s
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[oX]

e

predn solone

rement remained

was 28 units.

.4
taking 2

(=P8

tn

>

cenent therapy.
as & gucstion-

ted; visual
the left eve.

he right eye
process

norpalities

in in doses up to 110 units daily ™.

“when she suddenly developed vitreous hemorrhage in the richt eye

and a diagnosis of diabetic retinopathy was made. During the

second c¢f two pregnancies in 1958, both of which terminated

spontancously, she developed edema of the legs, abdomen and face

which persisted and was controlled by diuretic therap

Ve

. In April 1959 £ w\du.gccm.c c%amlna 1ov of the right eye revealed
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extensive neovascularization :te ding from and obgcurlnﬁ the

disc. The vascularipatt er:n waic Cl’“LnCthG in that it remained
proximal to the retina and dil noct extend into the vitrcous. There
were puictate hemorrﬁages ‘n the reglon of the right macula and the
foveal reflex was absent. %hs viswal aculty in this eye wasz 2Z0/50.

The left eye had a similar tvse of retinopathy, and visuzl acuity

b"

was 20/40. In addition to diabetic retinopathy the patient had

cc per ninute;
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mild nc“n*opathy (crea
proteinuria was l+). Thert wis no obvious cardiovascular diceasc.
Heavy-particle radiat:..on was adainistered to the pituitary

gland in 6 trecatments over «n 1l
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complet=d April 24, 1959.

Following therapy her in ulin raqui i rement fell from 25 to 10
units daily in foux monthe .  wcurzeat furuncles interfered with

'her dia%ztic control, howe aer, and her reguirement flucituated.
Cortisonre replacement thernpy wes initizted in August 195¢ and
her insualin requirement thor . nerces:d to 20 to 30 units daily. It
was notad in Scptember lQSH bt the patient had not menstructed
since therwpy in April. Hor ituitary gonédot:ppins wera still

negative at S moﬁse.units, Tol.I. was 3.2 pg/l00 mi 1y .and the patient
was started on thyroid and ez’:rogen. In \ovnmbfv withdrawal blesd-
ing occurred after stopping estrogen therapy for twe weske, viﬁm\u

May 1960 it was notcd Lnau he insulin roguirement varied from 15

to 30 uaits dally., in March 1861 she underwent surgery for &

v

4

pilonidal cyst with multiple sinuses and her cutaneocus infections
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“In January 1861

stbsided following this surgery.

improvel,

Her retinopathy was ticu

in that the neovascula izavio:r of

were less pronounced. At wr.e year post-irradiation

renainel markedly improved, a.d

-
Xradiacl

June 1651 (over 2 years poiis- rrad
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vascular accidents. - In Noiei:ar

her left eye 1lid which was ithought
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time showed that in zd8dition o clear-

definite foatures of
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the patient had
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ight side with slurring o’ s.oeech

INRIDE

sided paraliysis, MNeuroloo:i.c ciominatio
with é thrombotic cccluéiog o a branch
cerebral artery. During the moxt vear

and gradually deteriorated e vatien
(33 mon:hs post-irxradiation) 1 ouremia.

wien the eyes

continuzd and visual acuitics werae 20/30 bilaterally.

+to bhe due to minimal radis

~

she expericrcad sudden onset of

-
and w

1y wn*l COﬁLLOIIEd and had no epicodaes
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nt to be improved in Septewbor 1853

the discs and microancuryvsnz

~ - e X s v~y e
the retinopainy

were ecxamined in

tern. . Evaluation at that
emotional disturbances,

fuse organic mental diseace,
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as hospitalized with rigat-

of the Lrain.

Insulin therany was
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was told that he had diabctic retinopathy, and a few months lator

of diahetic coma, although hé had many insulin reactilons inclw

“

J

ud
several severe reactions which resulted in coma. ZREarly in 17357

he first noted blurring of vision. In Marceh 1953, while hospitalized

for an episode of atrial tachycardia, a diagnosis of D“O~&ﬁ“’lvf

exudate and occasional Lnc cr hages. Visual acuity was fingox
counting at 2 feet. The "cof oye was also hazy dus to roaans ,
vitreous hemorrhage. There vore mounds of exudate and occasional

hemorrhages in the temporil ctina. The nasal retina woo ohocwred

B

finger counting at 5 feet. 1 ther vascular complicationz wozn
advancad nephropathy and I'viv rtensive cardiovacscular disoase

: 3 e s “— : - . . o oy [N B U T . 2 S . . oy S
}Mild nevropathy was also jro..ent, and the patient had boon impotent

for sevseral months. He wieg teking 25 units of insulin daily.

gland 1n 6 treatments over an ll-day interval., Therapy was



At 3-1/2 months

rcmorVH ges and he reported
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r oild. white male student was 35 yurrs old
dingnosed., Insulin therapy was initioted.

T 80 units daily. g had an averaga
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piir year and 4. episodes of ketosis

i coma. In Januvarv 1980 he noted
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ooould read newsprint with difficulty with his left =2ye, and the

-
(o)}
.

\ -

{9 menths post-irradiation; and post mortem :+nd nags showed oitensive
infarction of the left ventriale.
Cas2 6 H.W., a 21 year »1d white rancher was 3-1/2 vceaxrs old

when diabetes mellitus was diignosced. Insulin therapy was initizted

and he had good control with liet and insulin, taking sz much as 30
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units par day. In az told that he had fundus. cheanges with

asrall teamorrhages, but he had no visual symptoms until CcLolﬂ 1250

Pad

vhen he noted blurred vision in his left eye. Vision in this eysa

slowly deteriorated.
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In April 1961 his retinopathy was characterized by marked

irregularity and dilatation of the retinal veins.

There wera

In addition there were a few incon spicuous e:uc;tc . The <discs end

vision in his right eve was no
clinical evidence of nephronz iy or cardicvascular disease, #His

pre-irradiation insulin dosag> was 60 units per day.
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His dalily insulin regiir ment declined from 60 to &-

Hh

15 Dost-irradiation, but he had rather
n Ja nuazj 1962 he increased his

insulin to 60 unites again, buat he'was having minoxr reactions and

50 Lplpg_aﬁd malﬁualned at thl ievel

the doszge was reduced to
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Thare is little doubt thT suppression of pituitary function

by heavys particle radiation v been of benefit to many of these

9]

patients., The mechanism b:s wiich this is broucht about 13 not

Lndcr““)od A suages;cd mach mism is the inhibition ofl growth

o
hormone production, and C.ii. ..i and Moudgals have assayved the sera

of threz of our patients sc-e posed o heavy particles (patients

$J

with brzast cancer) and haowve lound a fall in the values (25). It

is to b2 noted that althourr: ‘nsulin reguirements fell in thic low

higher doses, it is possible o completely destroy the pituitary
p | 4 . ~ oy J

gland by this mcethod. Thin, owever, may not be necessary, and

wc are continuing our inve:tigations on the assump tion that comol:t“

destruction is not necessary. In this connection 1t is interesting
| , e
to know that Joplin, Fraser and others (27) have. found no cocrrelation

retinopathy and ‘degree of pituitary

4

between favorable responsc o

destruc:iion, as measured by suppression of end-organ function
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losgs of pituitary functiocn.

laboratory indicate that
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© both the total number
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tration. The histologic
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appear to simulate )
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first case demons

which cccurs following hyp

had sevaral colebral vascu

v

ciset of pituitary effect is reloted
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heavy particles produce a gradual
Previous reports (18) from thlcs

rads delivered and the rate of odminis-
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narses in the hypophysis are also.

cf dose .{25). In this way it would

UL sponiliicous nypopz.tultarlcr where
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COL tropnic normmone activity. The
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n the ¢xrocas of retinal fibrosis. The
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icult. The advanced changes in the
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; our therapy; the retinopathy in the

tinooathy and visual acuity following

2ft oculomotor ncrve was partially

arently uninfluenced, and she




Casez4, 5 and 6 received lesscr amounts of alpha- DurLlCl“
radiation. Cases 4 and 6 rhowed a fall in insulin reguirements Rt

while Case 5 did not; the Jatter's poriod of follow-up was

nificantly less than the others. However, all of the patients

[E8)

chowed some decrease in en”-owgan function, but ncne of tham

reguircel cortisone or thyroid., Casce 4 showed some improvament in

“hile b2 had no more hemorrhages, the areas of retinitis proliferans

P 2 1 2 - - o e o o o o E3% PRy M " ——7 L N T - ~
11d not change in apgenrance. Cther dicketie complicaticns progresscd
28 ] - » &y am .~ 5 -~ -3 -~ e - P - o7

and he died in advanced uromia, Case 5 acain shows failure of

pituitary 1rrgdiatio;in pe of wvalue in patients with advanced

. g

- retinopathy and cardiovascular dicgeace, This young paticnt died of

4
4

a massive myocardial infarat ¢ months after therapy. Case & had

no renrnal or cardilovascular aonnlicotions and his retinozathy has

time over wiich it is admindzerced, naturally. is of imperiance
2 3 - PO P b .t . 4 el o S . $ . FA i
a5 it relatos to functionnt o1d nhintologic effects on the piitultary

o o s i S e
a Leennigue viikLoan

course cf importance. Over: nuacn of the Bragg curve the REE is |

greater than one and probahly of the order of 2 (9,10,11,14,28).

:

The doses to most of our pr:iwmts have been in the range 11,000 to 15,000

cguivalent rad over the pedicd of 11 days. Howevor in a current



[N ; | . [9))
T ; ) . @ 1 = 8]
0] e ] ;o 13 R o3 wmf +J
! ) U 9] W o ~t . oA 9} o V]
> 9} fex) port bs) 9] <+ O . o8 D ol o a8} Lo el
—4 @) £ ’ 9] Q 3 S ™ A3 : > A (S Y ) 3 3 -
3 = 4 0 i A v S & w2 4 G ES R WU > o ) 3
o] o L) &} 4 & > & D2 .t s} ) O [ -1 0] 9} ]
» T =} 4 3 &3 3 43 ,Q U} 0 By 22 Koy ] 0}
Ly e S = B < I 4 0 @ H 0 R < e B S E S A R .
@] @, O 4] -t L1 o > AN O o [ ¢} <l s) 4 £ 4 8] e} O
I EN] ™ o 4 . 23 Cj e 4 6] s 2 e i 3
0 ,m 23 ¢ s/ a3’ o4 9] 9] Q O logl > £ o)) s} @ o £
4 3 ~ g Qo o o 0 0} (5} 0 9] 0 4
¢ =] M ) 4 Kt 3 © 4} a4 ] 3 [5) ) 3 o o1} 19 4}
n 3 2 Q) Ke] Lo BENPI o >l 3 ® 1 3 e O 44 9] B o o V] K
O b 24 O 5 M Q [ 9} -+ o) €3 92 o KB s 9] 43
re] 0 v} B (0] > A (] 53 ] [} «3 N i © 4 9] 9 w0 3 ~
U Kt Q4 o 2 o] - (S I o3 O, 4J o ¥ (A 4 ) o} o
4 Ea! i3 » 9} 4 O] &) ] o] Q o > Uy Q -4
@ 3 O 4 [ TR O PR s > 0 a3 e o o1 g KV R oS
1 \ 3 | B8 @] s o e ] Q [V L 9] ] >r 0
— > (e] ] Ba! 3 b 2 o] - o) a R3] [ 9] Kef 9 40 >
o] Q (9] 9] 2, 3J D e 0] 14 @ [ s 4 o] 6} 1] S
£ £3 ;>N A = [0} e O N 51 oG 0 151 RY 43
(&) 3 = 2 =, seed 4 15} 9] 0 43 ] 15! - [oN I3
© S 13 3 el o0 O + 1 ooz = ) O
L3 ot o L2 - 19} i e [ 3 -+J D] 3 0] 43 & 52 H O
O ° U] o] o) fa Q ] 8] 0] S 9] U 5] Uy 3 ] e 3 o
£ £ w 0 m o 1 N R O (5] & 3 [ & o o, )
o} o) -~ o 4 A @) Wy s J o] G} 43 o e~ 2
I - Iy ) 4 Q) U e O 0] 0 o 5] = 3] . [ S 9,
) 1) 15} i 43 o] i M 4 @ 9] s} Y 0} Q < ] o) 1
] O -~ o €3 Lo I o U &) 4 el o4 I 0 U 3 "y
Ke] £ ke v o} o} e} ty ~ o o 9} 4 A & ~
o) -l IS} 0 ] O ) Ie) 3} = o I3 & 0 =] -
1 UF] SR 1) o Ul > 3 i 0 ~ mn % s e o] [ I 4 >y
; .t W Y] i o} i SR o] < 3 A2 o 4
e IR .o b (W) v I it i) v - pe [ L] £ 9] smN. {J . - vy
a1 w3 i -l o] 9 {3 [0)] [ Oy &3 . 9 ) O o $q e € I I8
1 i e o] ™ 72 R i3 51 ) [Ty > 15 jar o) 0 et o e o}
] 5] 7 L [ - i U O 51 e , - PN 3 vr) [ O ES 3] U : J et
0 ~ i o)) 3 s} @ N Lo} o 0] i <) 54 ) 8] ~ ¢ fra
o B ol > a I S S I e} ™ ~ W O M e ) e ug
£ Q 3 ¢ 34 I ¢] 0O - G [ IR o 3 4 &} o .
[o] A2 M. 0 49 3 bt [ o R ¥} Q haad o = 34 U (¢} 3 o ~ .
1 18} | S R . - 0O V) 1 o3 > 4} QN Pe
U+ ¥} o Q. 2 e} 3 33 G2 ¢ 4.3 Q V) e [ < e e } . 6] %] G
: = L o @] ) > 8] ] 90 [SIEN o 0 1 o, ™m0 g1 3 0 9]
U T R O N T A - T T = s T = S T S B x -
a 0 “ R 4 o] Kef o 0] 0] 9} 0 0 5] (0] 0 3 ) n ..Q .
o ~ I 4 44 ap > 9] 3 ¢ ) 32 e} o8 W [P ot Ko @ © - 0
Y] EoSEN ¢ o] o] = - &l Ko o3 ° ~ e > Q ) i8] 3 Ea R 1 Kol 0
9] 4 A o, Qv oW = 9] VR 3 »oa S -~ 0] o,
(o L3 o o o] 0] ~ w ® TR & B (¢ N [1 B S B | -
O 3 -+ 2 (o4 ED A3 Kol eI o4} »} > Q U o] > P +3 T J
Il E3) - “ - Ia] ‘ 3 ° 4 - & 1) L2 3 »~ 3 0 - - 4 3
3 o o] L >N 3 3 4] 2 [ 0} e 4] o3 fu 34
= (0] Q 3 S o Q o 5] 0] [0} o] 4 ¥ J ke’ 3] Uy 43 9]
G 6] o] o] 42 ) o Q 0] Q I8 (9] > ] o) 0] o O 4] >
. 4 ) £ o] o GU x 4 W I 0 ¥ I U > iy ~ - O
s > @ 3 ¢ U] Q0 @ - e 0] o] 3 o 8 - (] © o O ™ 0
@ 0 9} e} oy K U] Q & 0 Uy 5] L e} 9] Q A1 ) o] > O [T (6]
> B ¥} Q kS 43 — ~ 4 - 0 9] o) -4 o} i} o’ o’ ] e 0]
I e L} L 3 A3 ol [ L jo] > ! o3 $4 > o v i « k8] s
3 9 18] ke [o N (o oW N [¢] Yot 43 0] 3 %] ) 1
o] o Q 3 2 0} 3] o N 43 9} ol e U.f o o o S Y] ty le}
4] 43 4 ] 3 KN o “ 15} = 6] [ol} - N 0 49 [ IR o} 49 e} @
‘ . s & .
{ . At B A et A e e S




-

and the favorable depth do:e-~- skin dose relationship (&ragy curve]
make thom an excellent toc! for the producticn of inhibitory of
destruc:tive lesions in the pitvtuitary gland or elsewhere in the

body. Because cyclotrons (rd nccelerators capable of dclivering
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articles are cvalable in many centers {(29,30), such’

is can now be coiiz in many parts of the worl

~

6]
a3
o
o)
*.J.
0]
m
s
5]
r-'.
ol
[z
ol



22

TRTRTNOR
REPERENCES

1. Houssey, B.R. and Biascitti, A, La diabetes pancreatica 4
los perros hipofiscprivos. - Rev. Soc. Argen. RBiol. {: 250~

2. Poulsen, J.E. say pheo n man: recovery ircm
- retinopathy i: She : iabed with Simmonds' disezsc.
Diabete '
3. Oekley, W.G uitarism and dizbetic razinopathy.
Paper p leeting of the Mcedical and
Scienti sh Diabetic Associaition,
Violfson Hospital, London, England, '
April 6, ’

.'j ~

liv .
iI. Hvpophysectomy i
i s mellitus.

el

5. Ray, Bronscn S. The ncuroza interest in the g
pituitary. Journai o gery 17: 1-21, 19G6C. .
6. McCailagh, v, pituitary -ion :
and abetes. Papc od
at th teenth Annua uate
Asse ton, Seattle on,
July

tiong

8. Law:roy

9. Lew:ence, J.H. and Lawicru e, E.O0. The biological action of
neutron rays. Proo. ftot. Aoad, Sci. 22: 124-133, 1826.

10. Lawrcnce, J.H., Aeberscld, P.C. and Lawrence, £.0. Tre A
conparative effects ¢ neutrong and X rays on normal and g
neoplastic tissue.: O . Publ., Amer. Assoc. Advanc. :
Sci. 4: 215-219, 1927 ;

.

., Bebersold, P.C. and Lawre
s of neutrcns @ d ras n
. Proc. Boc. Erxjper. Biol. Me

12. Stone, R.S., Lawrence, J.li. anc¢ Acber
report on use of fest ¥ ns i

d, p.C.- P
x

o -~
v
+
[0}
o3
'
O




23

T
O

2
Y

~ e

o!
VC
]
l

)
3 e
SRS ]
LR R
[N
3400 .
I Coae .
0. o O o}
An & u et R
IO P &
ta oo i i IR
o 3 . & “ ol
I ) O ~ =y
s b} . 3 LY
o 3 . 2l =R
G $ 9] P
ced 03 - NS
KB eV T ¥ crory ol
3 O~ boRY » O 43D I3
26 3 o (SRR RN o)
4 ¥ 1 — 0
[o RN 3 oUW (SRR :
O e} 40 o5 O v O
B 2 | ! i e O 50
° =1 - ¢ s} ol e O
(@] 0O 2 43 S S A el
< - 0 -4 ° {§ 43 Gl -
oy U ? o5 o 0 ; O
- D 2 R §3
; ¢ 3o .
Q ﬂ\.. 8 " iz ‘,u Wow O :
- ¢ p b B £ o .
o ™0 2 S IEN R M > o) .
] IS < A @ gy W O3
3] 4 .m 0w SR
} ‘O P IS RS W @] . e
3 e Ly ot s s i D e U
o [0 I e Y o2 ) [SIRP R
£ . . (A IRTE R PR 1.4, O t-t ‘Nk_
g0, Qs r 1 0
REE o i i )
PR "o “ i L7
ER <4 £ -
A o =
. o ~ = > .
5 £y 9 Q L v L
o0 o 0 O . {1 Y o @ o .
0 0 Q@ e 0 o 0y o By
NI B =~ O i e LN . ° X, 3 1)
. RONE N4 55 fog O &y W i...m m_.uu
M T O - U - N A
g o ad o - A o Do e 5
i R PN C e vl I LR = <5
5o & § N I
° - - 2 [ @ s ~ ped O oo o .
9 onm H2aS. . b 5 6 S A B s
) W) -~ D oy i 2 o} () M m oo ~ o
o1 2 $i D~ Al s 3 ~ ) [ZWRIS O 3
6] D) ol o - { X [N | lex] \J o)} PR PR et
2 S 'Ly Aw I < i) 0 MJ - ERYES )
] > ) o il SR R B B e G L G 3 po
ST G T o Mol M @ 0 i Do~ O SN A )
o M ' in . H U . 4
O = 03 A & = o
B! = 9 O I W 3
(=

3
4
5.
16,

17
18
19
20,
21
22
23
24



P S RS PN N, T

o - .
SRR 4 kst £ Bk a7 e e €24 L

4 i, AR ST e s e Vet

'

»

26,

27

to
(e,

30.

Sicgbahn,

¥Mcronald, L.W., Lvwan, 7.
Hi"i“‘:tholo

Tobias, C.A.
following alpha
S63).

Li, Choh Iao,
in VCutiCuLlOAo of 1y

Chen. 235: 1038-1C4z.
Fruscr, R.J., Joplin, &.J
ablatiocn by Teotrivzt
Diabaotes 1i: 482-7863
Storer, J.B., Harris,
" The relative biolc
radiations in mars

Go:zden, Hayden S,
Secticecn &8 4
McGraw-Eill Beok (x

-
e Vel
(= PO L

Kai and Howar
Preceaedings of the
Focused Cyclotrons,
Amsterdam,

Moudgale, YV
X

cwman, Gorald A,
N AT Dierln

-

1
I
Jolland, -1

24

N e .- -~ T ey g e T o
Yo, ROin, Jdeli., lawronce, 4., Jau
N Ty = - AR R ARV
gi.cal changes in the Lrain
; s - R
-le izradiation. {In prepaoraticn,

and Popkoif, I,

R, £ Inmuno~chemical

zn plivitary growth hormone. J. Diol.
1960

., and Steiner, R.E. Pitultary
imnlants for diabetic retinopalhyv.
1962,

-

1“,u1ta“p of
few York, 2d ed¢tion,

. Se ctor-foc“"ed cyclctrong,

e@rnaticnal Conierence on Sactor-
rth-Holland Publlshlng COwuany,
P

G2. .



Figure

Figure

Figure-

L.

)

ot ®

~—
[ ]

" Changes in insu

FIGUR

25

Z CAPTICXN

Changes in target-organ function following pituitary

irradiation.

Iin
irradiation.
Patient H.W. .Supo

Before treatment (

tion and irregulals

aneurysms and miny

months following i

reguirements following pituitary

;ior temporal region, right eye.

2ft) there was marked venous dilatu-
Tyy; there were alsc numerous milro--

bleecding neovascular tufts. Sixtecn

rradiation (right) there is markad

reduction in the ncovasculazrization and the number of

microaneurysmg; thore is also a striking improvement in

~—

ment (lefi) there v

neovascular tufis,

Before treat-
sre many microaneurysnis, hemorrhagic

and much exudate. Pive months

folleowing therapy ‘right) there is marked reduction in

microaneurysms &nd
exudate.

areas and worse in

Neovanoul

hemcrrhagic spots, and
arization is both better in sonn

others; thexefore, the nat effact

with regard to neovascularization is no change.



Taple 1

PITUT''ARY IRRADIATION
PIABEYIC RETINOPATHY

. ' ‘ | S, . ' _ _
PATILNTS ) SkEX :SURVIVAL AT TIME S OFF IRRADIAYWION LV EINOLPARITY Y PN SN I 4
FOLLOWED } ‘Post- | Age {'Duration;-Duratjon Chaunge, Post- | Inicinl
24-56 mon. . Irrad. (yrs):‘Disease ; Robir=os Irradiation R £

: > i (mon) ‘ .i (yrs) : SN P :

i_...,-_... _._.._..._..._,_...'_ . — - . - ! e i e e N C ' . . ! s . . .; .- - i .. ~' e

. 1. CLF | F s6. - 37 | 14 Lo . ? stabilized | Mild

: . c i i ! . |

! 2. KUG ! M 51 48 .21 ; i ? Stabilized | Moderate

; : ; i 1 t ! ety i S

: . FEL © M 48 .39 27 ; ! Stabilized | None

! oro | - ! : S

j . PRO { M 48 . 36 i 22 : . Stabilized.  rNone

4 , ! . ; 3 .

KRN @ M 35 . i 50 1 “Hoderate
ELL i F |  33%% ' 24 13
pUN © M | 33%% - 33 - 16

‘gL M, 32 59 1

- Stabilized®
Stabilized* . ild

Stabilized¥ dvaneed

Progressed . dNone:

WO 0 0 oA W N

NN O RN RO RN W W

1
_ . MAZ § pol 31%% | 44 E 10 ‘ g Progressed . Mild
' 10. YTZ M ’! - 31 é. 41 i 13 E. Progressed Noﬁe
1. EMR ; F i 30 .35 12 ] ; Progresscd | Mild
12. KLy | F ! 30 61 | 1 'i _Stabilized* i None
: 13. R.SM% M B 28%% | .55 ' 1 4 .2 Pgogreséed E"Moderate
- 14. RUB ! M 28 48 26 , 1 . Progressed | Mild
i 15. BUL‘§ M 28 .36 121 ¥4 g PrOQfessed i, Advanced
. 16. McL - F 28 52 26 i Stabilized | None
17. EVT . M 26%% . 58 15 ©  stabilized* f Mild
18. CAR - F L - 53 i» 16 i Stabilized 3! None
19. sci ﬂ i 25 i 40 1 22 | | ¢ Stabilized* ; Modgrate-
20. KoM Moo, 24 E 33 24,21 8 . Stabilized | Mild
' T ‘g*wwam"“"—“wiTVIEiSEWEEEESCSHN“4m“'";f”
Conpiled 11-30-62 - I
- **Deceaseced patient v. ; ' - ‘ : /

CARDIOVASCULAR
NDISEASE

. Initial Status:

- e a0 ——————

‘Nore

Moderate

None
None,
Advanced
None '
Advanced
None
Moderate
None
Mild
None
None
None-
Adyﬁnced
Néﬁe

AMild

" None

None
Mild

e e e b e e
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' SURVIVAL
Post-

Ixrrad.
(mon)

23

23
20

20

T
18
18
17

PATIENTS  SEX
IPOT.LOVWED |

12-23 nmon.

1
i
1
]
i
1
1
'

.
31

o o ..j..._._

cLV |
“HOW
MRG :
ELZ
..{MCC %
-Toﬁ?:
KLTZ
WIL

JEN

O 0O . LA W N

.

ot
o.

© 11, DAN M i+ 16%%

{712, Dpvs . M 16
13, mAF b oM 14%%
1. RmL P | 13

.15, A.sM’ M 13

. 16. TIF , M 13

" 17. KTB | M ! 13

18.
19.
20.
21,

13
12

¥
KNP | F
BUR
BLK ' F 12
PAT M . 12
B SIS T
Compiled 11-30-62

** Deceased patient

H

e o+ = ————— ot g s eroe %e ke

AT
Age
(yrs)

40
29
34

- 27

34
36
48
35 .
21
36
37
65

36

48
25

47

47

28
30

" 55

36

[

!

CTIME

31

Table 2

PITULTARY YRRADIATION
DIABLETIC REVINOPATHY

-
- O

28 ‘Progressed

16

Stabilized*
Stabilized

*Vision Improved

-y . [,

None
None
Mild

« ——— > — s e

OF IRRADIATION ' RETINOPATRY . NEPHROPATHY °
Duration; Duration ' Change, Post- ! Initial
Disease  Retinop. Irvediation Status

(yrs) . (yxs) T

10 E 21 Ny Stabilized i Mild
26 ; 14 § Stabilized : M§dorate
i i : i
13 : ! ; Prpgressed ; Modcra;e
.17 ; 2 | Stabilized | :Moderate
- 22 | i 1 é Progressed ‘None
23 P12 é Progpeésed " . None
o 9 ? 1. f ? Progressed Midd
29 i 2 ; "Progressad Mild
~:18_ 8 ; Stabilized® None
9}27 2 ? ' Stabilized | Moderate
19 4 : Progreséed. Advanced
16: 1 g, . Stabilized¥* l Nope
11 1 i ? Stabilized Mild
15 N Stabilized Mild
15 <]Uff A Pfogréssed Advanced
25 -ﬁi g Stabilized None
17 :fl } Progressed Mild
22 : % Progressed Mild
i.

CARDIOVASCULAR!

DISEASE

Initial

None
Moderate
Moderate
‘Moderate
None
None .
Mild
None
None |
Mild
None
Mild
Ndne'
None
Advanced
None
Mild
-Mild
None
None
Mild

“
i

Status!
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' * pable 30 : T € u
PILTULTARY . IRRE\DI/\TION. i
DIARETIC RETINOPATHY

SURVIVAYL =~ AT TIME OF IRRADIATION RELTNODPALRY PooEEpaRorat.aY . CARDIOVASCULAR '

" PATYENTS  SEX :
: Post~- | Agce ; Duration’® Duration Change, Posi- Initial H DISEASE

I"OLLOYED

. 4-11 mon. Irrad. - (yrs)f Disease | Retinop. | Trradiacion | 7 Status ©oInitial Status?
% i (mon) 'i. ? (yrs) ’i (yrs) E i ‘ ; - 5
I T SR B R SRR R
~ ;. ANS i Mo 11 - : 64 ; ,25.K_ é. 2 ; Staplllzcd‘ E None ' i Mitd
2. RQM.%- Mot .9** ) ,A221l;  }7 A é <]  E Progresued z Advanced ; aAdvanced
C 3. RQG.i‘ M,~‘ | 9 » 5%_ j o 21 2 i _A?rogressed E_lNone o ; Mild
-.40 WKR,{ .F~:% g g_ .37:;€ 24 . d 6 Stabilizéd | None . ; Nong
- 5. 'HXS { F E. 97 % ';29 ﬁ _ 16_:; S 34: .§tabili2éd* E Moderate - éh Moderate
-6, VAT ; F. o 9 . .35 E 10 f L1 Stabilized* & Moderate : Moderate:
:7; Qﬁs M  §_ 8 - .;> 23 % 22 é 1 " Stabilized®  iModerate z Nohg
'8, MeN | M 8 L3 15 i 2. : Stabilized® . None i Mone
9. FRD . F é .:8 l 32 22 . __l' z % Progressed ; advanced ! Mild é
lo. BRZ . F_' 8 a7 18 L2 U lstabilized | Mild L Mila :
'  11.' SKL. . F é’ AL 35 . . 10 o 1. ! ,éProgressed i Advanced i Advanced :
;ﬂl2,. WUN { F E‘ Jr* 24. ' 16 | | '@! ! '%Progresséd .ii Advanced i Advanced g
/ 13. con . F | 6 26, 12 g2 Stabilized | None | None .
/ﬁl;14{_AWAD. ;M i. 6 ‘33 B 13 ; 1 Stabilized ; None i None ;
15. DSy ! F ;  6 54 E. 19 i A3 St§bi}ized ; None | None - s
~il6. MUL . M| 6 - 42 . 18 | 2 Stabilized. | Moderate : None i
‘217; KEN ? M % 6 2 27 i 16 ! g - i Stabiiized*.; None % None
218. WTH M ! 6 41 6 % ] % Progressed \i None . i Moderate ;
19, s16 M, 6 § 58 8 , 3 ; ~ stabilized CoMild  omila ‘
200 semy w37 o 4004 Stabilized | pdvanced | pduanced

*Vision improved.
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Percent of initial insulin requirement
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Fig. 2.
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Fig. 3.




Fig. 4.

32




i,
||

//,ﬁ






