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HEAV'l' PARTICLES, Tiill I3F:; .GG CURVE J..ND THE SUPPRESSION 

·oF PITUIT.Z..RY FUNC'LIOL IN DihBETIC RE"l'Il\'OPATH'.l* 

By 

John H. Lawrenca, Corr~el::.us ;. .• Tobi~s, John A. Linfoot 

Jam<!G L. Born, Alexandc r t:ottschulk, and Robert P. l<.ling 

Donner Laboratory anc L< \·Jrence Radic:ltion Laboru.tory 
·. University of Califor.:•ia, Be:ckeley, California **,*w* 

Diilbotes mellitus is ~- crJndition treated with much success 

since the introduction of j r. :::r.1lin and later of the oral anti-

·diabet,ic. drugs. Hm.;evcr, Y'.c l~~ 1al ·life expectancy has not yet bee~ 

achieved, largely due to v~.~cular disease. Diabetic rctinopa thy, 

a sorio"-ls complication oft.c,n associated with varying dccJl·cas of 

ot: .. ~er vascular complicat.ior.s ~ ·loads 'co impairm<.mt. of. vi zion an.d 

often blindness c Ot:'wr ·th.::.n careful co~trol of the blood su;;ar 

during ·:.:he course of the d:i.cb·:.:tos, no adcqua·to preventative ;;:cas;~ res 

have berm found. 'I'he ··relu·~.io.~ of t"l'w pi'cuitary t.o diubetcs (l) <~nd 

the reports of the disappec.rancc of diubc'cic retinoputhy in paticmts 

developing sponte;nc::ous hypopi'cui tc.rism (2, 3) hove sugges·tcd ·the 

* Based 6n·two papers presented at the Spring Meoting of the 
Mcdicul and Scientific Section of the Dritish Di~bctic Associa
tion l'lolf ~;:;on Insti tutc, Barnmersmi th :Sospi tul, London, E.:!gla:·1d, 
April 6, 1SG2. 

~* Thcso studies hu.ve been chie£1y su99ort.ed throu~h the program 
in 3iology and Mcdici~e of the Lawrence R<:~diation L~boratory 
(LRL) of t:.he Uni versi t:y of cv.J.if:ornia. The Donner Laboruto;::-y 
is ·the Chief center for -;:his prog:.::am of LRL. 

*-l:·;: r.·::o have had tho advice, .:-.ssi stance, cooperation <.<nd corJ:::'·J.l t .. t
tion of r..pny physici<::r s .::.n the care of these patic.:Ycs; Lut v;c 
ar•.: especially approcj 2t:.ve of 1:.hat. given by D1·. Peter Fo:r.s:1am, 
Dr .. Frederick Cordes, r: 1: . Samuel Kimuru 1 Dr. flichael Eo:;:zm ;·1nd 
Dr. Vincent DiRaimond:i . '/7e also \·Ji sh to recognize the L:-~po ~-tant 
coiltribution to the wcrk of our associa'ce;:; Dr. Frw.;.1co Sc.ngu.i..li 
<:~n<l Dr. Richard Carl!:.c r. '.;ho 2-re still ussoc::iated v;i th tr;e \vo:k 
in a consultation cap:ci:·y~ 
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possible importance therapc·.l~:i::::ally of pituitary abl2tior~ or 1:he 

suppres~ion of pi'cui tary fu·1ction·. Some favorable re:sults hnve · 

been achieved after complet .. ! or partial hypophysectomy (4, 5, 6, 7 ,8} • 

In 1935 we found a rel.1~:ively greater biologic effect of 

;" heavy-p<:~rticle-induced tiss·1c~ ionization (prot.on) on both normal 

and neoflastic tissue in a 3r!rias of experiment~ with the 37-inch 

and 60-inch cyclotro~s (9 1 lr),ll). OD the basis of these experiments 

therapeutic trials were mad::! ",:U:.h these relatively lo'-''-cnergy 

neutrons (12,13}. In more .:-c:: :::~1t yec;;rs 1 heavy charged-particles 
q_ 

with hisher and higher ener .. r·.E 3 have become available I so that 

tissue ionization \vith a hi·;h ::-2lai:ive biological effc::ct is ") 

available (14) and associa'c·~d ·!lith minimal scut·ter and great depth· 

dose due to the Bragg curve [1 ) ) • r.rJ:ms, with cor.,parati vely little 

intervening radiation d~se, cr2rgy can be delivered in relatively 

localized packages to sreat ds ·yths i.D ·tissue (16). 

In clinical studies du :-:~r. ~- tho past ten years (17, 18, 19) it 

has been found that \.ji th .. ch ~ t ::letherapeut.ic deli very of hio:,;"n-... 

energy 'heavy ions such as p .:-ot. )!lS, alpha particles or. de:uterc-r.s to 

t.he sella turcica in fractionated doses, it is possible in inhibit 

the fu:.1ction of or to destr.)y the pituitary gland in patients 

suffering £rom breast cance~.. diabetic retinopathy and various 

other conditions in addition to the u~e of these ions in treating 

tumors directly {8,20}:,and in ~he production of localized lesions 

in the £::>ft tissues or nerV<)\lS system of animals and man (16,;21,22,23,24}. 

Our investigations in patients suffering from advanced ciabetic 

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

"h~avy particles" \vhich at the end of thGir track in tissue produce 
.· .. · ......... ' ·- . 

.. r-. 
'·. 



much dcr.ncr ionization tha~ tl~t following X radiation. 

we use t.his I3r<:J.gg curve to l ::.c ::lize. the dense ioniz.u.tion at the:~ 

depth;., t~o destroy or inhibi. t ~ :1c function of the pi tui tar:y, 

more cor.tr:',only WG hCJ.ve used Ci 1 e:<J.d-rotation technique to 2..oc<::l izc 

rac?.iat.ic•n. !·1ctabolic studi~s in a g:coup of irradL::ted p.Jticnt::i show 

a gradu<1l fall in '.:.he values of target-organ hor.:no:1es co!i'.::.rclled 
.... _ 

by the pituitaryi tr'ie·curvcs resemble those seen in p<:<tien'cs 

follo\vi!l<J surgical nypophy":2:::i omy (See Figure 1). 

He havo used the h\:~avy t:Y ::-ticle beam to oc~lievc partiZ:t1 or 

completn hypophysectomy in an .c::ttempt. ·to slow down the prog~:cssive, 

severe diabetic retinopath~= i~ 71 pa'.:::i.cnts. 'l'he earlier sroup of 

diabetic patients \'-'ere giv•: n :-~·,ounts of radiation sufficier.-:: to 

produce comple'ce suppressic-, ( ·2 pi Jcci tary function. Hos·:. of these 

patient;; had a prompt fall in insulin requirements and sllbEc:quel.Yi:ly 

required replacement ther2r y '·i th hydrocortisone and thyroid. 

Bccauso of concern over the pr :3 sibili ty of a grcat~~r susc;.::;p'.-: bil i ty 

to radi<ltion dan~ugc in the ai .. be·tics with generalized, <:J.nd in mo~;t 

instanct~3 r.:dvv.nced, vascul< :I: , .:'cseuso, i"c v;as decided to /cr8at. the 

later p<1ti-::nts with less n c2_ .. :.:.ion in order to reduce ·the ris~c to 

tho struct.ures adjacent to ·c:!·t, pit.ui/cary f e.g;· ·the extraocuL:~~ · 
,, 

motor nerves and the tempo1 <J :. lobes. Such a change··~n dosimetry 

mc:.de it pos:::;ible to observe· the effects of suppressive pituit<::.ry 

. :..· 
irradia·cion 1 and also to s~ .. ud:-l some p2tients with less <J.dvanced··-, .. 

retinopdthy who \·le:ce rela'!::.ivel.y free from other major diabetic 

'.'r; '" 

va scula.: compl ice:tions. !-'.o::;t of the patients, 54 1 received C', 00) 

to 14,000 rads ·in 11 days. l'D1i1e mos·t of the patients in thL::; 
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grou_? sho;.ved so:nc gradn.:a.l fall i:n their cnd-o:;:gan function ( ::;.:; 8 . 

Figure 1) the majority of these patie~ts have not required rcpl~ce-

mc:r!t 'chcrapy. In this group bet.ter evidc;:1ce of suppression of · 

·pituitary ·flJnction is shm·m in a plot of the daily insulin ::.·c:::ui:rc-

ments a:; sho'Vm .in Figure 2 o ~ ;--,,Z! group t::::eatod \vi th 10 1 000 - J.l, C 00 

r.nd shm·:cd a murked fall ir: tr :;:J.lin requirc;ment while tho~c 

rccei v.ing less radiu.ti( 1 ~:·1 )'rH ~ les.s change,. Parallel ins th~.:; 

dccroao<: in insulin require. n~rt \..Je have observed in nany of i:~1esc 

patientr; improvcnv:r;t in ~lis~.)::~, a~O. such objective ir::provcracnls ir. 

appearar.ce of the cyegrou~~s i3 decreases in tho frequency of the 

heriierrhc::.ges, microanGurysm.=:, r ~::cv<:~ scul;:;;r izv. tio:.1s and c:n:d2. t.c:: ~ 

All. of tho patients in tlis re?ort were referred for pituitiry 

irradiat.ion by their privat: ~ ! ··::rsiciz:::s. :In mos~ cases, the::..: h~c; 

been cal.·od for by medical r:hy·: i<:::i-2::-.s as well as an opht.lv~l:-:1ologi:::'<: 1 

and v;erc-! considered 
'• .... ·' . 

to havc.9J.ogrcss~ve 

!n addit.ion, retinal photo~.:r:fhs \·lere taken before e:.nd p•::rivdicQlly 

females, l'ledian age at ti:-,:s c f: irradiation was 37 y:cs {r.:mgc 21 t.o 

65.yrs), The diagnosis of ji~~ates ~ellitus was made 1n 61 p~tiantc 

prior tc. i:!ge 40 1 the media!-:. ::~ c being 18 yrs (range 1 to 40 y:::-s} : 
i 

tho mcd:i <!n age for. the rem~i'~d ::g 10 p3tionts was 54 yrs (r~ngc~ 43 

.. ,.. - to 60 yn3) • l1edian dura tic :1 cf the diabetes prior to pi t.ui'i:a.:y 

irradiat.io:1 was 16 yrs {ran9·~ ·1 to 31 yrs) 1 and that of tho 

rotinopcthy was 2 yrs (rang~ from less than 1 yr to 14 yrs)o 
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Of tha 60 patients st~ll living, 24 ware tro~tod over lS 

r:= 
...Jo 

Eleven patients have died, ;;;r-::.·: t.l1o r:\·;dia.-. survi v<::l time of '':~·: !}S€: 

dccoo:icod patients is 16 mo: .th:: (n~ngo -1 to 33 month:::). l\ll 

yascula: involvement prior tn irrudi3tion. Si~ p3tients ~icd in 

, · uremia ::lnd 3 of acute myccz,:r·cL::l im:~rction. One pat:L.::,-.t c~ic:d 

"" ,.ld""- 1· · 1 1 'n·· ,. ; '--·1 ;.h ·, '"' ..... , .,.., ~ •. ,.,._ .... Uu. ,..n .! J.l1 a OC<:l .O"'P-'-<• .l •• J.-C V.-.:-- '----9 u.Jc.y 

po~tmortem was not performed, but he was thought to have had 3 

cardiac death .. Another patient with a~vanced diZlbotic ncuro?athy 

has postural hypotension v.'hic:h bscc::u-:1e incrca!;ingly severo follo· .. ;:Lng 

radiation. He also becanc mark2dly insulin·sonsativc, and he died 

14 months nfter treatment in another hos_?ital. T8rminally he 

bec:a:r.~ co::nv.tosc and died in c.:rdiov2.1scular collapse. H::n.x:;l~/::::c:11ia 

and adrenal insufficiency were prob<:1bly cont:::-ibuto:ry . ' . 
C::lUSCS "CO 111.5 

· dcu.th. Three of the above pu. ticnts dc·,:clop·::::d pcrmar,cnt cJ:tl~:::oc:ulo-

mo·tor }.n:lsies {re.ce:L:;;cd do:>cs i:.lbovc 20,000 rad). Neuropc:'.:'lid>:ric::;.l 

perfo:r:1s·.:1 rcvc;;;.lcd otl;er c· 1ilr >")S ·~.r:"ich 'tlC::::'e not symptomc:: tic :.'.nd rec-

ogni2ec prior ·to deatJ-.. F ~nr )pa·tholo,;;ical studies arc bcin:1 corr.-

pletcd and will be reportei r1?arat8ly (25). No radiation ~iee effects 

have been observed in any -):: the .surviving pu.tient;::. On8 92.i:.icr.t had 

-ncvcra insulin reactions d 1::-i :v;; vihich he C'cveloped a purtic::l .rig1-.t 

homipuresis. Although the hE ::-:iparcsis has improved suffici.c:!':.tly for 

hire• to return to \vork, he s·ti.ll has residual neurological d;:.:.;c:agE,. 

All th~ patients are alert~-:1 to the· increased insulin censit:.::.vity 

that occurs following pfuli t-;il:y irradiatiOl1 1 and i:heir physicians 

~-... ' ' 
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have boon· <:!dviscd to administEr hydroccrJcisone during po1~:'~oc?.~; of 

stress. 

in 61 p~.t.ie~1ts (10 ·patient:; ·t::. :::-~ tr-3.-::tcd too re:.::cDtll'· for fol.lm-;-

up cvalt:at.ion) • 

~~Jhilc in 23 paticn·ts it h<:C. ?l. ')grcsscd. 

recurrent pre-rct.ina,f hcrr.on:r:< :_;•2!S ,.,..,,c::::-e classified us prosrcsr;:~ve 

rog~rdlc:ss of the magnitu~c -· the hc~orrhnge and its effect en 

their v~.sual acuity. 

pituitary suppres=ion did n:) t: :::::ffec'.: t:hose ves~cls, al~1ouah it rnev 
~ -

huvc beLc:fitcd others. Of t~r 38 p~ticnts sho~ing st~b~li~ation~ 

In these p~tic~ts there 

Figures 3 and ~ shc.w 

old .::·ctorDoy \·.>l1o had 'kno>·m diub2J.:cs for 10 years and rotino_p<"J',:hy 

for an~roxi6ately. ~onc .. yciar. .. ~ Fr-· had only tnY..c::1 insulin since ·c:.hc;; 

dcvclopmc~-.t. of retinopathy. Fie had mild diabetic neurop<).thy, but 

....... _ .•'····· 
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no cliniccl cal:'diov~scul~r ·):C ~-:::nal disease. 

.. Tal:.les 1 1 2 and 3 !3Uiru:. :ci. ::::.::: the cl:!.nical dz:. ta for t~:c 61 

pationtr Zor whom wG now ha;c follow-up infor~ation. The pa~icn~s 

arc grouped according to ~- •• ..I.- 0 ..c 
~...n2 ou~a ... :J.on o ... their follo·.v-up. In 

addition there follmv dctZJ.ilcC:: 3'J..:tu-:l:::.:ics of six of our p~~icn~s in 

order to illustr~tc soma of the impc~t~nt clinical features which 

we have observed. 

diab8tic patient treated. 

at age 23. 

·satisfa~torily controllat ~l~l. 0nly ccc~siona! mild irtsu~i~ 

re~ctio!"."-.;. 

hcmorrh2gc and a posterior .-.. .. '/ :apsular cataract; visual acuity 

20/100. I~ t~c left eye tt2~< were Gxtcnsivc ncovascularization 

In D(:d:U:.ion there were a n~-..bcr of 

areas of rctini tis prolifcran:.. 'I'hc macula was obscured by nurncro·us 

folds ir1 the retina which ~ppc~red to be secondary to edema and 

tractior1. The visual acuity ~n the left eye was 20/40. She had a 

reduced crc<::.tininc clearance 1 but no ot:her. evidenc.:: of ncph.L·vp~'..:Ly 

or c~rdi.ovascular disease • I1sulin dosage was 45 units daily. 

... 



gl2.nd in 7 treatments over a lt1-day in·terval. T.:icJ:~py '-lC:::; cc:·.iplr:;tcd 

~brch 24 1 1958 • 

. ~ ,' 

' 

o.lr.,ost b·;o years. In ,..'\p:i:i ]_ 1060 1 bcc2usc o:: inc:Y.'cZlscd i~1suli n 

'·! / ... · 
.:~::\'?!3.C'tions, the dosuge ~.vas fm:-thcr J:-educed t:o 5 uni t.s d;:::U.y. 

in N:Jy 1960 rr:placcrr,cnt t:herapy vlith hyd:.ocortison<::: (:..0 lT(J }') •. :L.d.) 

~ . d th r . ~ ( l l/2 < • 1 ) ... ..... ...... r-.L--. Y"'.t- r"'.n ~ r1 1 ~- i '!'""'\- , l.' l .... /'""\ ...,.~ . .: ...,...,......,_. ·lnt an - y 0.1.0. . - • Gr CJ'tJ. y riu.;, "-''-CI-L.•;.< <..<!"! .•• 1C.c. ~J.~>U.-.. 1 ~ .•. \.;•-:.c-·~·''~ -

· ir1creas'?d ·t:o 10 units dnil~' . 

. units of insulin daily and wa· relatively free of ~ajor i~sulin 

reactio·: s. 

left cy-= had . ' 1rnprovcCt. 

vio.;ion in 

in tl1e vision of this eye, il-..1 .. i:.1 r.:ay 1 S60 it: \·Jus fcl t t}!.:>.t tncrc 

lesions of the left ey~. 

-si>tce tt.e previous c:cam:i.nc.::· :j_on.. ·. Visual a cui ties ~ ... ,ere: 

... 20/4-00 ~\'i ·ch posterior. cap:-.r1:'.ar ca'taruct; left eye, 20/70 'tli t'i: . 

-o"'tc""-:-; ,... ..• ""Crl.· o..._·_.,., • .,..., cort-: .·--I caJ-a· ..-:=.c<-l..... .-;) ,J _ .J. . ... ,.,~ _ ~ l: ..1. •.o,.,;; _ ""' ..... ~L -4 ' ~ "'"" -.. a 1... o 

her visual acuities wGre 2:)/2 ·)0 on thG righ·t and 20/80 on tr:c~le:f t. 
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Hhcn 1'-l 3·t seen in December } 9 i2 her visual status was unchansed 

.;>.nd the :::e hnd been no furt: .e: honlorrhagcs. 

Ci"l~e 2, L.F., a 39 yc<..r .)1d \·Jhi:.::.c physicinn vJa::> 13 yoars 

old whe:1 diabetes moni tus \·'<: :> diagnosed. He was reasonabl ._; v;cll 

controlled wi t.1 insulin dic~t., h(;lving iDfrequent. in3ulin :cc<::tc\:.ions 

and no •::9isodes of diabetic c.x:1a. In 1954 the pa·tie.Tt \vas told 

that hi::;; right eye s_howed ::i<:rlc:: of diabetic retinopathy, but blu:crcd 

vision \Jas not noted un'cil 19 i5. Since that ti.me-:thoro hud been 

progressive loss of vieion in his righ·t eye V.'ith froquen·t bouts of 

sudden blurring of vision. 'There had boon sr:'.all he;norrhagcs in 

the lef·t eye, also. Diabo·i·.ic neuropathy involving the loft 

oculomot.or nerve i.\•as diagnos·ed in August 1958 when diplopia 

develop~d. 

~·fu·:;:.1 \•JG first: say thi~·~ p:-.ticnt in October 1958 the right ey~ 

oho\·Jed di<.:J.bctic retinopath~- "d __ t.h severe rctini tis proliferar:.s 2.nd 

clctachrr, :;nt of 'chc re·t.ina. Virazal v.cui ty \·Jas extr0mcly poor. 'I'hG 

showed early diabetic retinonathv with some venous dilata-
~ -

tio::1 and a few microaneury!::::!!s; '!isu5.l a~1J_i t.y \.J0.8 20/20 '-~·i ·:::-. correction Q 

There was ~o serious ren3l involvement or cardiovascular dis~~sed 

His insulin dosage was 46 units daily. 

Heavy-particle radiation l;;Jas admnistered ·to the pi'cuitary 

gland i:; 8 treatr:-.ents over a 17-day interval.. T'ne:Capy was 

corr._!?let-:1d Ncvcmber 17, . 195C. 

Fo.~lO\ving therapy his Ci:1.;.ly insulin requirement dec~cuL>E:d, 

d:coppin'J from 48 to 36 uni U: .·.n fi Vc months, and bv one vear cos~-
'"' - ~ 

irradia~ion was 30 units dr.il~r. In February 1960 he complained 0f 

fatigue and was started on th::,Toid {1/2. gr. dc:~ily) with inprovem,·mt 
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in this ~:~ymp'com. HoHcver, c:~'\.:ccme fatigue and d·ccrc~scd Jibic"!o 

dcveloo'=:d in beccrPbcr 1960 c::-:c1 he was ~chen started on prcClnisolcne ' -
( r.: d ) d ~ ... , . . - . . J • -::> mg pc:r ay an ~..as L.Ostc rone; _ n1.s 1.nsu~1.n requ1.remc:n c rem<n.ncd 

at 30 units~ 'l'he insulin rc~~t.:iremcnt in October 1961 vlas 28 tmit::>o 

In Imgu~:t:. 1962 (almost 4 ycr:rL' post-irradic.tion) he was tc.k:f.r.·J 2~i 

to 30 units of insulin daily < nd continuing tho replace:-nent therapy. 

Rc'i.inopathy ">'~U.S~ s._tabil i 2:( d during 'i:he first yenr post·irr:.;diation;, 

there vJc:re no obvious retina1. hemorrhages and there vJas a question-

able dec-rease in the nurnber ·::f micro<::ncurysms. Du:::::-ing tile second 

year minimal progression of :~li- :_;-; re-tir:.opa thy 1:1as repcrted; visual 

.:.cui tie:::; were 20/40 with t!:::; 2. :_g]y[: c-~·c and 20/20 ">•li th thu left eye.. .;: 

In Hard, 1962 (almost 3-l/2 {t a,rs post-irradiation) <.:he right eye 

still slowed the retinal S·C.?:n.1tion bu'c the dianetic p:cocc.:;s 

appeareC:~ inactive.· , 'i'hc lef c. c "JC h.J.d some vascular abno:::.-malities 

but was genernlly improved. i,: isual c~cui ties \·;ere: righ·t eye 

20/100; left: eye 20/20. At: ·~ years r-ost-irradiatio!'l st<1biliz2.t:.ion 

of retinopathy continues. 

':i'his 20 11 -l j'J ...... _ - -
years old when diubetcs mel L:L tus ><:<:ls diagnosed. She vJO.s t:cco.tcd 

with a diabetic diet and ir: ::mlin in doses up to 110 units daily···--..... . 

wi thc.ut achieving good cont.:::.-ol. Ocular symptoms began in Jun12 1956 

when she: sud.den,ly developed vi'crcous hemorrhage in the right. eye 

and a diug~1osis of diabetic retinopathy was madG. During tl':.E 

second c-f t\-Jo pregnancies i 1 1958, both of which terminab~d 

spontaneously, she developed ederila of the legs, abdomen and fac~ 

which persis'ced and was controlled by diuretic therapy. 

In April 1959 funduscopic examination of the right eye revealed 

. •' .· 
... 



e:-:tensi v~ ncov;::;scularizatim: ::d:c::-~dL1g from e1nd ob;:;cu:cir..g t!';c 

disc. l'ne vascular. pat.t.er21 1·; ::s dis'cincti ve in that it rc:nair~cd 

p1:o:ximal to the retina and cl.iJ. not extend into tho vitreous. There 

were pu:1ctate he."l'lorrhagcs :·.n ".:he region of the righ·t macula m1d t:he 

foveal .::-e.fleX viaS absente 'J::1.~ ViSi.:.cl acuity in this 0:':{0 \·li;l.S 20/50 ~ 

T1le left eye had a similar ty_'_X.! of rot.inopc::..thy, and vi st..-:2:1 c.cui ty 

\·Jas 20/:1-0. In addition to c!i-1betic rct:inopc:l.thy the patient. h<::.d 

mild ne?hropa'chy (creatinLw :.clGar<:J.ncc \·J<::.s 40 cc po:c minut.c i 

p.r.otoin ·..1ria '1.·1as 1+) • Tho:::.·(~ -;,.; ~:3 no obvious cardiovascular disease .. 

Her pre-irradiation insulLi. d ;:;ago Vl.:is 35 uni t:s daily. . .. :; 

He 3Vy-particle radia Jc; .c1:.: '.h"ts adminis-t.ered to the pituitary 

gland i::1 6 trcatrnonts over ~.:1 ll-dc.:.y interval.. The:rc.:.py ·,;.~~s 

complet~d April 24, 1959o 
·, 

Following therapy her .i.n ·ulin r,:;quircrnent fell from 25 to 10 
::· 

units d:=1ily in four mon·ch::: ~ccur~c~t furunclcs interfered with 

Corti so :-!c l:oplaccmoni.:. thc1~~ '.Fl ··'l2G in.i tia'c8d in August 1959 and 

her ins ~lin re:quirerw.cnt. tll'. :n .. :.:.crccs ~d t:o 20 to 30 units d2ily.. It 

was not .:!d in Sep-ternbor 195:.: ·.:· '::.;t U:o patient had not. mcnst:cuc::~tcd 

since thcr~py in April. Ih:l' . ;ituit.ary gonadot:c:?pins \·Jere still 

negativ.::! ;::.:'c 5 mouse unitr>, l'o ~.I. v;as 3o2 11-s/lOO ml";· and the patient 

\'J<..!s st:<J.rtcd on thyroid and <:~s .. :rogcn. In November wi thdl:'<J.':.'al blc.:::d-

ing occurred after stoppL'1q estrogen thcrupy fvr t• .. ;o ".veeks. Ir!··-,_ 

May 196~ it was noted tl1at her insulin requirement v~ried from 15 

• to 30 u::1i ts daily. In Harch 1961 she. underwent surgery for <-2 

pilonid.:::.l cyst \'-lith inultip}.e 'sinuses and her cutaneous infections 

,·. 
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subsid<:d ·following this sur:gc::y. Di~betic con'crol \·n:.s so:::-.c:.-::':-:2-'c 

improve :1 • 

. Her rctinoputhy -v;as ·t1 C•U :·h"c to be improved in S2:pte:rnbcr 195 9 

in that: the neovascuL::. izu·;~io: of the discs and microane:uL·ys;:t.3 
' 

rerr.ainc :l marke:dly improved a ;c ·.~·i1cn "che eyes '.·:ere e:·:<:lmi..r::cd L1 

June 19~1 (over 2 

continu ::!d and visual acui"'..::i.c:.: '::cro 20/30 bila t:erally. 

vascular accidents. tn.No\~la~er 1£59 there was slight ptosis of 

d "'"":::>--c ·'-o t'he le<="- ocu, omo.:·c ·- ·-.,..r··c ........ h~Cl.'j- ~ •• -,!..~ ""'- l:. '· 1_ ... l~.;...;_y-. In ScpterrJJcr lSGO she \·.'ws 

hospitalized \·lith a bizarre~ b !l1avior pa t·tern •. Evalua'i::io:1 a'.: thzrt 

the pat Lent hc:d de:Ein.:Lte fu.tures of diffuse org2nic mc:rr::.nl disetJsc .. 

·In Janu.:uy 1961 she cxpcri(:r.ccd sudden onset of '!.-Jca1:::ncss of the 

right. s Ldc ~.-.ri ·C.h slurring o:" G~·•eech and vjas hospitalized \'lit~ .::-ig>d::.-

sided p.:.rulysi s.. l:Tcurolos·~.c .~::cunina tion sno·,·lcd findings co -;Lsi ste:nt: 

\·lith a ::hror.1bot.ic occlusio:. o : c. br2~"ch of the· left middle . - ~ 

cerebraL artery. During t:: tG ~<c:xt ye;:;.r she h2.d several more s-trokes 

and gra.luw.lly deteriorated. ~e patient expired February 7, 1962 

( ")., 
-'..; 

• . . -d. J.... ) Don· :;1s pos·t-lrra :La '-J...o:-~ · _;-1 uremia. Post-mortem e:-c~nL~-nut,ion of 

the ccr.:;";)ral vessels shovJO(·: <:r l area of complct:e occlusion of ·t:he 

left mitldle cerebral arter::: · .T ,d mul i:iplc infarcts of the b::cu.in .. 

Ca:-:;13 4. D.D., a 33 y(:t::: old ·~jh:Lte grocery clerk V.'as 1'1 ye:c:.rs 

old whc:'l diabetes melli tu::; 'r.-a:> diagnosed. Insulin thcra_?y \·Jas 

ini ti<:!'..:1:::d and he was fairl.:, · 1:Jr.~11 cont.rolled and had no episodes 

...... 
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of di~!lctic com21, al·i:.hough he ha.d many insulin ::::e<:~ctions L-Jc J.uch:ng 

sevorul severe reuctions v1hich resulted in com.21. Zarly in l )57 £1e 

w<:~s told that he had diabetic :cetinop:1thy, .:;.nd a fov; months lutc::c 

he first noted blurring o£ vision. In !·!orcl1 19:33, vlhilo ho:::;_):i.. tz:lizcd 

for 21n c~pi::;ode of a·crial tachycard:!.a, J. diagnosis of p:::ogr,:;:;::ivf.: .. , 

1959 a hcn1orrhage in the left eye. 

In Scptcr:ux::r 1959- ·the ric;h·t:. eyo h~d a diffusely 11-:o.:::::y v:!. crc<,us 

tained .. but in the peri~ 

vi t:ccons 'hemorrhage. The:: c ' :~rc m:Yu.nds of cxudZl. to and occ;:t on<ll 

finger co~nting at 5 feet. 

advancr::(~ ne:phropa.thy and }·:h) rt.e:1sive cardiov<:tscular di::c.::2::;c:" 

for sc·i'er<:l months. He v:<: r: ·:·.2.1\.ing 35 uni t.s of insulin d<.:.i: .. y. 

H:!~~vy-pc.:cticle radiu.~.io:n "V;as adr,~inistered to the p:L tui·c2.ry 

glar:.d <.~'l 6 treat.n1ents ovc::: m1 11-day interval. Ther2py vias 

comple·:cd Novembc::r 20,. 19~ So 

Ihs daily insulin rcc.t:i.::emcnt dropped from 35 to 30 u.:ni'..:s ·~n 
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.... 

. .. 

the adr ::::1al ste:coid excretion <:l:i:"ld fall in PBI, but no ::eplc.cc:r.on·': 

therapy was required. 

... At -:, 1/2 .;_., .,..., c.:- .! ....,. ...... ,,...;; -..-1-..: 
...~- mcn~..n., po.::.--- .. ; .. ~·-u._w.._..~..c?'l 

hemorrh :>ges and he reported s· . .±jcct.i ve improve:nent in 'his vi .. : -~-0!1 • . .. 
In Sept.::rnber 1960 retinop3.thy remained st.:~bil.i.zcd. The vitrsous 

""'as cle::l:!:'cr and retinal detail was more rc;:;,aily dcline2.tecJ t~1an on 

the pre-irradiation examination. His vis~al ac~ities were some~~at 

improved: right eye 3/200; left eye 10/200. nv June lSGl he 

could read newsprint andmcog~ize people at a distance. In 

He hu.d had no :Eur·ther Jv::r:cc:·::::Jk']CS. 

·.; 

he hu.d :n-.other cerebral v=:: c. 11 . 2 r accident from whic~ he did 

cortl9lct,~ly recover. The F, t _i_ ~.-c. expired J'..ugust 19, 1962 ( 3J ::1cr:!' :b; 

and his dose v:J.ricd from lC i.:c· 80 uni·ts daily. Ee: had an av::.::.:asc 

of 4 'co S insulin :ceactio:-.~: P' :i:" yc:1r a:1d 4. cpi:;odes of }:otosis 

and acidosis, bu·:: no diah2·:.ic coma. In J<:~m.:.a1-y 1960 he notod 

failing visioD in the lef·t ey1 ~ and c::u.min2.tion shoHed e.sscnti:::lly 

no vision in this eye due ·;:o (.iab.-:;tic retinopa·thy. J:n Hay l9GO 



hr.'l.cn \•Je first say him in ,:L:rc: 1960 t.hc lcf'c eyc:r v:as func:!:ic:GJ o1~s • 

... 

vJholc r O!tina apnea rod cdc:·.:.· .L) ·.:::. -· . 
In addition he had advanca~ 

He ::tvy-particle radiat:_c•n \ .. :<:-~s ad;nini st:cred to 'che pi -:::ui tc;.ry 

July 18, 1960. 

Eis insulin dosa~e die: n~t change following therapy, althou;h 

o'chcr evidence: of hypophy;-::::1ct :::.1y and did not require rcplac·~~··,:mt 

therapy. 

In September 1960 thc·:(l ·;c:ts de:finit:e improvcr1.c:mt 1.r1 'c.hc: vision 

of his :cisht eye. IIo'i:Jevc1~, i :1 Dccc.:r0bc~r 1960 he noted fz-:ilir:~· 

in this .::yc. He \·Jas then u:;s :;nt.iuJ.ly blind. 

In April 1961 he expe::ie:1c8d a sharp, somcv1hat diffuse, . -
.sternal pu.in. ~·\Tbcn hospitalized here in ?·t.:..y 1961 he suffer.::::! 

.. nausea, vomiting, fever, tachycardia and severe chest pain. He was 

in cu.rdiac failure and \:ms troatcd with supportive measurer.; :·:or z:n 

ac:.r~e anteJ:oseptal myocardial infarct:.. · He expired Hay 4, 1 SG 1 
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\·;hen d:i.Jbetcs mellitus wus di :cc-!no::cd. Insulin thcri:!py \·.'~ls i.niti :.ted 

.... 
and he ·h~d good control t·75.i:It Ee·t and insulin, ·tn}:ing c.s :nn.: .. ~:l as 80 

... units p2r day. In 1944 he vr<:~ ~ told t:hat he had fu.r"J.dus ch<::.nc;cs v1i th 

-srr.all r :morrhugos, J?u.~ he l1Z1d. no visual symptoms until Octobc.t l J60 

when he noted blurred vi~ion in his' left eye. Vision in this ey0 

.slm.;ly dcterior<:itcd. . ~ ., 

In 1\pril 1961 his rE:ti:nopathy .,_,as chnrac'cerized by :ua rk~:d 

ir:::cgulari t.y and c1ilc:.-tation of "t.he retinal \reins. There \·.•ere:: 

numerous microaneurysr.1s a;."ld punct21tc: b.::morrhc.:.g2s dis·tributcd 

-
throughout bot.h optic fu.n:·2 i .• _?c:rticularly in the pc::ripher2.l portions. 

In addition thc::re were a fe;,-; inconspicuous exudntes. The C.i~;cs c:nd 

other areas of the fundi shoviccl moderate neovascul<1rizc.:cion. !-~e 

· co\~ld re~d newsprint with dif~iculty with his left eye, and the 

vision in }J.is ri9ht eye vl<l:> rnt:. grossly i::.~_?airedo ~l.O 

clinic2l evidence of nephr: l~l::: .::i";y or ccrdiovascular ~ . 
o~seasc. !·!is 

p:::-e-irr::1diation insulin do;;!'?; was 60 units per day. 

rk!ZlV".f pa:cticle radi<::-:: .. o:1 ·.·;as <::oz-J:Lnistercd to the pi::uita.ry 

complct3d May 19, 1951. · 

His daily insulin rcrtti.r :'~:1ent o..~clined fron 60 to 55 u~-Jits 

ch.u:-ing the first five month:; ~los-t:-irradiu tion, but he hac1 ra:c·;,_e:r 

frequent insulin reactions. In January 1962 he increased his 

i:1sulin to 60 units again, b·J :: he \vas having mino:.: reactions ~nd 

"cl;.c dosage v;as reduced to ::io '.mits a.nd. maintained at this level ' .. : 

'·.,' 



.. 

.throush 3e!_)tembcr 1962. 

IJi s retinopi:ithy rem.a.:i.:tcd stable .during the first 5 i";<onths and 

his vis .1~1 acuities v.'crc: 1·i~ht eye, 20/25; left eye 20/40. 

During \:he next feVJ monthE; L~ had t\·10 episodes of minor r.::?!tin;:,l 

hernorrh ~·.;cs in the left ey-:~, 

(16 mon~hs post-irradiatio~:) ~he retinal examination show~d definite 

irnprove n'3nt. His visual ~:(:t:·.i ties were no·.'! 20/25 'lcJi th t~1e :rig11t 
'· .. 

eye and 20/60 with the. leil . 

Th3re is little doub~ supp~ession of pituitary function 

by heav.t particle ra.diutio:·t n.·. [~ bce:n of bene:Ci_ t to .il'.any of these 

patient3. The mechanism b:' \Jlich this is brousht about lS not 

undersb)od. A suggested rf:·-~c. h :nisi<": is the inhibi t.ion o£. gro1.·ri::h 

hormone production, v.nd Co~i •. Ji und 11oudguls have assuycd tl1c sera 

of thre; o£ our p.:1tients sc·- (:: :~)oscd ·co heavy particles (pa·tie:n:cs 

•...~-""" . } "h . d .r-j • +" ""' r-•r) 'l.vll..n .or·~as'.: c<:.:.nccr anc. u\'(· .:ou::y a J.:aJ. ..... ln _ne va1.ucs ,..:...:. • 

is :co b ~ noted tnwt al·tho;.l·~-~~ .:1sulin requi.re:nents fell in bK lo\l 

dose gr~up (see Figure 2), ~'~ ~oun6 little change in the output 

hignor Josos, it is possib~~ 

gland by ·chis mothodo Thi::, .. ,-:J',.JOVel.·, muy no·t be nec·os.sury, <:u"'d 

\~c <:lrf.! continuing our invo: ti•_;ations on_ the assur.1p·tion th;:J.·t compl·::::t12 

dcstruc~ion is not nece~sa~y. In this connection it is intc~es~in$ 

·····--to !~no'.v ·::hat Joplin, Fraser· and o"che:cs (27) have found no correlation 

bc;'C.\veon favorable response of retinopathy and degree of pi tui t.ary. 

des·truc·.:ion, as measured by suppression of end-organ functio::-1. 

.... 
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materialS in·to the pit:Uit.a.~::T I hCuVy par'CiClGS prOdUCe a S:::'C.dUal 

loss of pituitnry function·. ~ra~ious rGpcrts (18) fro2 t~is 

laboratory indicat.e ·tha·t ..:c:1cJ::.·l~3e-'c of 
' 

pituitary effect is ::c.lz:tcd 

·to bot!; 'che total num0er o .: :e:-,ds deli vercd .:.nd ·the: rate of ;:.;c"lminis-

t:ca'cior;. The his·tologi~ c:1<1r. :;;es in the hypophysis are also. 

correlc: ted \·lith rate al·,d •.";'· ·:·-.:· 
-....) ~ •-"'- of dose. (25). In this vl<J."':.{ i'c \.'O-..::ld 

t . 1 ' . 1 ' appec::.r o sunu a·ce ·t: 1eproc :;:3E oZ hypo pi. tui t.::ricr.: " WJ1cre 
' 

r.>' .1.ne 

first case demonstrated u~~ ~a~(ed desree of insuli~ sensitivity 

.'.·:hich cccurs £ollov:ing hyp )::;hysecJcorny, and this re:T,:J.ins <:~ problem 

in her management. :S):ccp'.:: .:c::: one episode of retinal he;norrhagc, 

The advanced ch~ngcs in the 

C.ramc..t . .ic ir>lprove:nent in :-~c:r:- i·:::tL!o9<:~Ul.y and visual acuit.y follm1ing 

pituit~ry irradiation. 1Sa :8ft oculomotor nerve was p~rtiQlly 

· dc;r.c.gcC::, probably secondary ~,_.o r;::di.:" tion darn<1gc • 

. complica"C.ions of her diaJx:t:::·. ':leJ:e v.pparcnJcly uninflucnc:::d, .:::.nd she 

!1ad sevor(ll cerebral vasct<l::;.;· accidcmts und ·died in ren<::l L:'.j_lu":e • 

..... , 
h ..... ... 

··· ... 
...... 

-- ·:· 

·'· 
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rac1i.:~tion. Cases 4 and 6 ; ho\v8d ·a fall in insulin requi:cemcm·ts 

'''h ilc C.1 sc 5 did noti.thc rioriod of follow-un was 
~ -

signifi·::antly less _>.:han th•': ot:hers. Ho-.ve'Jcr, v.ll of the p:li::Lrmt:> 

1)-i ~ V~ ''"1"1 '"'C'"~ .; .. , rc1 ~,~~,.,.,~ i·o· ·rr:-.c-o•·D·!·{on o·"' n-" 'L."'"PO"'•'=" "n,-.-'0'., .. -...._,~ .. ,..., ........ ..) -•.:>.u (.l. ~.ol....J..\.,..o~ _t,...~.\...'\,;..U ... -'~.:..> .... ~ ........ .. .l.. vJ.. -'---- Ll.,J -Jt~ ... ~.._~,~':,~.._.• 

did not change 1n appc~r~~c0. 

and he died in advanc~d uremia. Case 5 

pi tui ta:cy irru.diatio21 ·~ bo of v;~l:ic in pzl"l:ient.::; \·Jit.h 2.dv.:<.ncccl 

a massive ~yocardial infarct 9 months after therapy. Case G h~d 

'o;• 

course c·f importance. 0V<2:-:: .tL1.cn of tho Br2gg curve 'ch12: Rl-::.s is 

g::..·cc.ter than one and prob:.,·):~:/ of ·the order of 2 (9,10,11,14,28) .. 

'I'21c doses to most of our r :.-:i ·;nts hc::vc been in the r.:mgc 11,000 to 15,000 · 

CC1Ui \t~lent :cad over t..."·w ·1x: dc:3. or· 11. 
.. . 
uays. However in a 
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series C·f patients we are ~~[i~iotering a smaller dose over o~ly 

5 dnys. 

cardiov2~cular and renal co~?Jications are not dcsir~blo patients 

to trea.t. \·Ji th this m2thod t :; 1. ·:.3 lx;or< noted by cthors a·ttcm;_)ti.n~:i 

to reduce pituitary or adr" .·: ::: :Eur:.c-d.on. In our experience so 

> • cne 

we are now attempting to ~~~lc· ~rcati~g patients with'·f~r adv~nc8d 

ncphropati:y and vascular di~~~~G and hypc~tcn~ion. 

AlJ. diabetic retinal changes arc not improved by pituita~y 
· .. 

'·,~ ..... .. .__ 
We have not ooaervcd retinitis proliferana to be 

.{': ~. l • .).... 
~~nros~s ~o regress. 

with se,~re glaucoma or d~c2~crativo change~ in the lcn8 or o~ncl 

proved tD be suitable candidates 5 ' . I • 

Currant evidence (6,7) indic2tos that retinop~thy c2n be 

in£1 uenced by hypophyse:;c\:o:~y < 

pituitary suppression requirad to produce these changes, the type 

they occu:: and t:hc physioJ.ogical 1x:sis tor such cffi.=::ct.s a:;:c 2s yot: 

Ul''"'i2l1S\ve:cE:d c A.l·t11ough our ·v.'ork dcmorls·trtJ.-':.c~:; ·tl1at. re:;tiriOl~.:lJ\.:1i.Jl (~a:n. ba 

influonc:od by t.he so-called. az:·;:omic i~ni:;;r::" delivering ablative 

tic.:::.lly J further s·tuay I lo~··.r:r i c.::rn~ follO\i/-UP 2.U.d bet.t.er U~!.dcrs·sar:.C:.i.ng 

solve suveral problems. FiG:}ly, t:ho grcatur RI3E o£ heai.ry p:l.rtic:lcs, 
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and the~r favorable qualit~(S (little scatter and great 9anctration) 

and the favorable depth dotE--· skin dose relationship (Br~gg cu~vc) 
• 

mako th.::::n an excellent too} for J.:hc production of i:nhi:-:,:i. tory of 

destruc·:i ve lesions in tho r_: i.·::uit:;:,ry gland or el se\·lherc i!"l the 

body. :-3ecause cyclotrons :: r.d c-.:ccGlcraJcors c::pa';:)lo of dcliv·.::::::-::.ng 

these h<~3.vy purticles are ~-,;~;·.L::blc in mc::ny centers (29,30), 

" . 
studies as this can now be: cc: :·:~ in :r,.:lny parts of the world • 

.... ··-
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FIGURS CAPTimiS 

Figure 1. Changes in target-'organ function following pitui -::~ry 

irradiation. 

Figure:!. Changes ·in insulin requirements following pituitary 

irradiat.:i,on. 
' .. 

Figure· :l·. Patient H. W. . Si:po::ior tcraporal region, right eye. 

Figure i! •t. 

Before treat.ment (:'2ft) t!~ere vlas m;::;rked venous ciJ.a·t;:-

tion and irregu1.:n::: 'c..y: 'chcre were also nur:terou;; rr:.i .::ro-· 

aneurysms and m<:ny bleeding neovascular ·tuft;:;. Si.:·:tcc·;-. 

months followin::; i;.·.::adia'cion (right.) there is r.<urJ: ]d 

reduction in the rH ovascu1arization and the nur:lbcr.: of 

microe1neurysms; th( ::e is <:~lso a striking improver.::ent in 

the appearance c ~ \. :1e ret:i.nal veins. 

:i?z.tient R.~ .... rcgion 1 left eye. Before treat-

rnent (lef-t) thc:.::c \:sre maz.y rnicroancurys:;cs, hemorrhagic 

~1eovascular tuf·t:.s, und much exudate. Five months 

following ther;:;r:y ·:?.:-ight) there is narked rcduc'cio:r! in 

.microaneurysms <:·nd hemorrhagic spots, <::nd much lcsG 

areas and \vorsG L:·. others; therefore 1 tho r.o·t cff,;,ct 

with regard to neoi";.::.scularization is no changG. 

.·,. 

·~.'" . ·:. ;_' 
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