
- 

OFFICE OF NAVAL RESEARCH,  N E W  YORK 
346 BROADWAY 4 - .. - . A4-S. R S K 1  70 

NEW YORK 13. NEW YORK OIRLCPOR 
A N D  llyu TO: 

L4 -21s loan-Ket t e r i ng/J3F : hsw 

Ser 1984  
t 

15 ?Larch 1955 

. .  

From: Commanding O f f i c e r ,  Office o f  Kava1 Research, Nero York 
To t 

Subj: 

NAVl.941208.091 Chief of Maval ReseRrch (Code 444) 

Proposa l  on "De te rmimt ion  of t h e  3 f f e c t  o f  Sigh Dosage 
Betatron I r r a d i a t i o n  t o  the P i t u i t a r y  and Hypothalamus i n  
ikn" f rom Sloan-Iie t teri ng Ins t  it u t e  

(1) 14 cys s u b j  p r o p o s a l  dtd 11 N a r  55 
.I ... 

Enolt 

1. Subjeot proposa l  is forwarded as e r o l o s u r e  (1). Pertinent corwaants 
from this off ice  will be f u r n i s h e d  at a later date. 

*. . . ... 

. .  i ... . . . -. .-&. L? , , ..i.$ . . .  



SLOAN-KETTERING INSTITUTE FOR CANCER RESEARCH 

FOR CANCER AND'ALLIBD DISEASES 1 - -  
RESEARCH UNIT OP MBMORIAL CENTER 

. -  

410 EAST 68rx STREET * 

NEW YORK 21, NEW YORK 

March 11, 1955 

Chief of Naval Research 
Office of Naval Research 
Washington 25, D. C .  

Dear Sir  : 

We are submitting herewith a research propoeal for  
support of the pro jec t  e n t i t l e d  "Determination of the 
Effect of High Dosage Betatron I r r ad ia t ion  t o  the P i t u i t a r y  
and Hypothalamus i n  Man" i n  the amount of $11,340 for the 
year beginning Ju ly  1, 1955. A Fixed -- Price Contract l e  
requested with payment8 t o  be made quar te r ly .  
pal inveetigator will be D r .  Mn-Chiu Ll, who will work 
under the supervision of Dr. 0. H. Pearson, Asaociats and 
Head of the Metaboliela Laboratory Section. 

The princi- 

In s p i t e  of the reputat ion of Memorial Center and the 
Sloan-Kettering I n s t i t u t e  i n  the cancer field, the Sloan- 
Kettering I n s t i t u t e  engages i n  extensive research in baeic 
f ie ld8 of chemistry, biology, and ghysics. The a v a i l a b i l i t y  
of cancer pat ien ts  for these baalc etudlea is fortunately 
coincidental  . 

We believe that the result8 that may be obtained fro0 
t h i s  invest igat ion will prove of i n t e r e e t  and value t o  the 

for your f avoreble cons iderat\ion. 
- -,. off ice of -l-ml Research. aod .I. ge_cwend this appgc&tion 

S incere ly  yours, 

CPRfavr 

C. P. Rhoads, M. D. 
Director, Sloan-Ketterlng I n s t i t u t e  
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DETEWINATION OF TBE EFFECT OF 

TO TEE PITUITARY AND L ' I P O T H A ~  
HIGH DOSAGE B ~ T R O R  IRRADIATION 

IN MAN 

Min-Chiu L i ,  M.D , Research Fellow, 
Metabolism Laboratory Section, D i V l 8 i O n  

of Clin ica l  Investigation, Sloan-Qttering ' .. I - 
fa8 t 1 tut e 

Sloan-Kettering Inetitutc for Cancer Research 
410 East 68th Street, flew York 21, New York 

Amount Requested: $11,340 

For tbe period: Jcly 1, 1955 - June 30, 1956 d -  

Date: %rub 11, 1955 

Director 
S loan-Ket te r ing  Ins t itute 



Determination of t h e  E f f e c t  of High Dosage Betatron I r rad ia t ion  
t o  the  P i tu i t a ry  and  3ypothalarnus i n  Fan. 
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l&. Mn-Chiu L i  

a. We are  requesting consideration of a research proposal t o  determine the 
e f f e c t  of high dosage betatron i r r a d i a t i o n  t o  the p i t u i t a r y  and hypothalamus 
i n  man. 

b. Scient i f ic  Backpround 

There is  evidence from the l i t e r a t u r e  t h a t  only high dosage such as 
18,000 r or above i r r ad ia t ion  t o  the p i tu i t a ry  w i l l  produce complete destruction 
and ablation of p i t u i t a r y  functions i n  animals. 
rad ia t ion  can produce damage of b ra in  substance and marked c e l l u l a r  de te r iora t ion  
of the hypothalamus nuc le i  in primates. 
dosage radiation t o  the p i t u i t a r y  and hypothalamus areaa can cause severe o p t i c  
a t rophy and mental abnormalities. 
evaluate  radiation e f fec t a  on brain substance. 

Lgrge s i n g l e  doses of betatron 

From our recent  experience, high- 

This  study offers ample op-rtunitp t o  

. The relat ionship of hypothalamic control  of g a s t r i c  secret ion,  development 
of peptic ulcers,  and the  r e l a t ionsh ip  with parasympathetic and sympathetic 
con t ro l  of the body and 111th temperature control  and carbohydrate and f a t  . 

metabolism have been reported by a number of authors i n  studies of damage t6 
t h e  hypothalamus due t o  various diseases. This study o f f e r s  t he  opportunity 
t o  determine whether o r  not r ad ia t ion  .damaye t o  the hypothalamus will produce 
these alterations.  

Our experiences with 65 cases of surgical  hypophysectomy suggest that it 
€8 st3-11 a wlp technical procedure. 
complete ablation of p i t u i t a r y  and end-organ function, the value and importance 
of  this project is apparent. 

Thus, if irradiation w i l l  result ip 
, *’ I 

a. . 

- I, - ,%;*;$?: >+r$’> . ’ ~ 

(1) Oblectives of t h e  Project 

Preliminary s tudies  on be ta t ron  i r rad ia t ion  t o  the  p i t u i t a r y  and 
hypothalamus of pa t i en t s  i d t h  neoplas t ic  diseases a t  a dosage of 8,000 r f o r  
t 7 . a  weeks have indicated par t ia l  arrest  of the function of t h e  p i t u i t a r y  and 
the  endocrine end-organs. 
marked degeneration of  nuclei  of the hypothalamus and of t h e  p i t u i t a r y  
pmenchymal csl-la. -A-high dosage l eve l ,  such as 12,000 r t o  15,000 r given i n  
a similar period, has induced f u r t h e r  response. 
dosage levels w i l l  r e s u l t  i n  b ra in  damage G r i l l  be determined. 
outl ined below a r e  designed : 

Histological  examination of these areas  have shown 

Whether o r  not such high 
The s tud ie s  

1. To determine whether betatron i r r a d i a t i o n  a t  a dosage of 12,000 r t o  
15,000 r w i l l  r e s u l t  i n  complete ab la t ion  of the p i t u i t a r y  and end-organ 
functions. 

2. To determine h i s to log ica l  r ad ia t ion  changes of the p i t u i t a r y ,  hypothalamus 
and brain tissu3s. 
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- - _ .  . - - _  . -= . (2) Sc ien t i f i c  bkthoda t o  be &inlosea- ~ -. 

A. I r rad ia t ion  Froccd ura 
Pat ients  with advanced neoplastic diseases are hospitalized i n  t he  

research and metabolic un i t s  of the James Eving Hospital, Memorial Center, io.: 
s tudies,  
remisaion of 65% of carcinoma of the b reas t  and therefore  radiet ion t o  t h e  
p i tu i t a ry  is  being used i n  selected patients who refuse surgery. 
subsequent prolonged follow-up p i t u i t a r y  and end-organ function studies,  
young patients with good nutr i t ion,  a life expectancy of more than s i x  months, 
and in tac t  gonadal, adrenal and thyroidal  functions are preferred, 

Our group has found that su rg ica l  hypophysectomy w i l l  r e s u l t  i n  

Because of 

The 23-miliion volt betatron machine of the Memorial Center is  
available for I r radiat ion,  
15,000 1' or  higher w i l l  be delivered by a bitemporal route.  The i r r ad ia t ion  
f i e l d  w i l l  include the  p i tu i ta ry ,  the s t a l k  and the  hypothalamus. 
a l s o  include the t i p  of the temporal lobes of the cerebrum. It is expected 
t h a t  a l t e r a t ion  of' p i t u i t a r y  and end-orgat? functions t . 4 1 1  begin t o  occur a t  
t h e  end of six weeks t o  three months following the completion of irrRdIatior4, 

Using a cone 3 cm. i n  diameter, 12,000 r t o  

It w i l l  

B. Methods of Studvina t he Effects of Radiatioq 

1. Alterat ion of P i tu i t a ry  Function 

Bioassay of urinary f o l l i c u l a r  st imulating hormone vi11 be used 
a s  one of the indices of a l t e r a t ion  of p i tu i t a ry  function. 
d h b e b 8  insipidus w i l l  a l s o  be used a8 a c r i te r ion ,  a s  w i l l  c l i n i c a l  test3 
such a8 insulin sensitivity and glucose toleranae. 

The development of 

,- 

' ' :xt- 2. Alterat ion of' End-Organ Fun c t ion  
. - z , , t .  ~ 

a. Gonadal: In females, vnginal smears, urinary pregmndiol 
determination, -- occurrence --,- >.- _.-=..-.* of ,. _ m e n s e s _ a n d _ ~ e n d o ~ ~ ~ r ~ ~ l ~ ~ b ~ o p ~ s y ~ ~ ~ ~ Q ~ 4 ~ ~ -  - 

"cr i ter ia  for alteration of gonadal function. 
the s ize  of the t e s t e s  w i l l  be used. 

- 
In  males, tes t icul6r '  btopay and 

b. Thmoid : Serum prote in-bound iodine determination, radioact ive 
iodine uptake s tudies ,  basa l  metabolic rate and c l i n i c a l  evidence of the  
development of myxedema w i l l  be used a s  indices of a l t e r a t i o n  of thyroid 
func tfon . 

~ - 
' C. 'Adrenal: Urinary 17-ketosteroids, formaldogenic s te ro id  

determination and accumulative water tolerance t e s t  w i l l  be used f o r  t h e  study. 
Cl in ica l  observations of the  development of adrenal insuff ic iency is one Of 
t h e  important indices  of a l t e r a t ion  of adrenal function. 
adrenal function dll be the l a s t  t o  a l t e r .  

It is  expected tha t  

3. Observation of Systemic Reaction 

Electroencephalogram and carefu l  psychological and neurological 
examinations w i l l  be carr ied out  t o  determine whether o r  not  t h e  brain 
substance is affected.  Hematological s tud ies  i . r i l l  a l s o  be employed t o  de t ec t  
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eigne of any changes from i r rad ia t ion .  Gastric secre t ion ,  temperature 
control  and autonomic nervous syatem derangement will be studied-to.determine. - ,  

whether or not rad ia t ion  hypothalamic damage or  h i t a t i o n  w i l l  influence 
these. Other systemic r eac t lom,  such as local s k i n  r eac t ion  and rad ia t ion  
side-effects,  will be evaluated. 

- -  

4. Histoloaical Studies on Pituftara Hmo thalamus and Brain 

Since these pat ients  a r e  i n  the terminal s tages  of disease, 

Subs ta nc e 

materials can usually be obtained from postmortem examination. 
be fixed i n  spec ia l  preservatives. 
w i l l  be applied t o  study radiat ion changes i n  parenchymal c e l l s  of the  
p i t u i t a r y  and the s t a lk ,  the degree of damage t o  the hypothalamic nuclei  
and i r rad ia t ion  a l t e r a t i o n  of the pyramidal c e l l s ,  glial c e l l s ,  myeline 
sheath, nerve fibers and perivascular reac t ion  of the uerebra l  cortical 
substances. 
changes of g l i a l  c e l l s  following f r rad ia t ion .  

Tissues will 
Various d i f f e r e n t i a l  s ta in ing  techniques 

Speclal  a t t en t ion  w i l l  be focused on any possible  anaplastic 

d. F a c i l i t i e s  Available to t h i s  A.o.)ect 

There a r e  avai lable  f o r  these s tudies  several laborator ies ,  fully 
equipped, for betatron i r rad ia t ion ,  physiological chemistries,  h i s h l o g i c a ~  
and pathologtcal examination of i r r ad ia t ed  t i s sues ,  bioassaya, urinary s t e ro id  
determlnationa and metabolic balance studies. 

. 

Suitable pat ien ts  f o r  t h i s  p ro jec t  w i l l  be maintained i n  our spec ia l  
research b a r d  in the James Ewing Hosp3tal of the Memorial Center. 
c o n t a b  30 beda, t1.o or three of which a r e  avai lable  for these studiea. 

e. Pme and Backer- of P r i n C I W l  I nves t iaa ta 

This twrd 

Born: Canton, China, Sept. 21, 1919 -_ - .L ..,*- .*----* c-.. - --I, .--s.;p-n-,--n+ - ----h-=-v -- M, D. Min-Chiu Li. 
.- -c - 

Education: Christian College of Mukden, China -- 1937-1939 
Mukden Medical College 'I n M, D. 1940-1944 
Univ. of So. Ca1. Grad.Sch. of Med. Me%. 7/47-6/49 

Licensed: China, 1944. 
Member: Sigma X i ,  American Association for the Advancement of Science 

Teaching and Research Amointmenta: --- 
Instructor  i n  Bacteriology, Mukden Medical College, 1945-1947 
Assiat, Ins t ruc tor  i n  Medicine, k d .  School, Univ, of 111. 1950-1953 
Clinical  Research Fellow i n  lM., Univ. of Ill., 1952-1953 
Research Fellow, Div. of Clin. Invest ,  Sloan-Kettering Inst. 3/1/53-~res. 

Hospital  and Laboratory Amointments: 
Res. Phys. in Medicine, Deaconess Hosp., Montana, 7/49-6/50 
Sr ,  Res. Physician i n  Medicine, Presbyterian Hosp., Chicago, 7/50-6/52. 

P r i z e s  and Awardg: 
Reformed Presbyterian Church medica l , s ch~ la r sh ip ,  1947-1949 
Vestern l'raudeau Society research fe l lowship,  1947-1948 
American Cancer Society Cl in ica l  Research f i l l o w s h i p ,  1952-1953 
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f. Pertinent Publications 

Extensive a tudiea have been carried out on the physiblogio, metsbolic, . and ; ,. 
hormonal a l t e r a t i o n s  i n  adrenalectomized and hypophysectomized patients . The 
e f f e c t  of hormone maintenance replacement therapy has a l so  been studied,. Our 
experiences suggest t h a t  hyp0physectomized pa t ien ts  can lead a normal life with 
the  use of r ead i ly  avai lable  cortisone ace ta te ,  thyro id  ex t r ac t  and pit ressin.  

Our preliminary etudiee of betatron rad ia t ion  t o  t h e  p i tu i t a ry  and hyps- 
thalamic region have been reviewed. 
t r ans i en t  suppression of gonadal and thyroidal  funct ion a r e  present a t  the 
dosage l eve l  of 8,000 r given i n  two weeks, 
given over a s imi la r  period of time, has induced further suppmssion of 
p i t u i t a r y  and end-organ functions. Whethe-* o r  not b ra in  damags W i l l  reaul t  a t  
these l eve l s  i e  t o  be studied. Our duration of follow-up s tudies  of  the l a t t e r  
group is too s h o r t  t o  be conclusive. 

Our data suggest that p a r t i a l  and 

Dosage up t o  12,000 r and 15,000 r, 

1. Effect of hypophysectomy on neoplastic disease in man 
Pearson, O.H., Ray, B.S., Harrold, C.C., West, C.D., Maclean, J.P. and 
and Li ,  M.C. . 
J. Clin. Endoc. and bhtab. ur 828-829, July 1954. 

West, C.D., L i ,  M.C. ,  Maclean, Z.P., Rall, J.E., and Pearson, O.H. 
J. Clin. Endoc. and Xetab. 14: 786, July 1954. 

- .  
2. Physiological e f f e c t s  of hypophysectomy i n  man. 

3. Medical management of b i l a t e r a l  adrenaledtomy and hypophysectomy 
Li, M,C., Maclean, J.P., Lipaett, M.B. and Pearson, O.H. 
Arch. of Int. Ned., 1955 ( to  be published) 

4, Alterat ion of t h s o i d  function following hypophysectomy 
Li, H.C., k c l e a n ,  J.P., Lipeett, H.B. and Pearson, O.H. 
( to  be published) 

5. Alteratlonzof adrenal. function following hypophyseotomp' 
L i ,  M.C. ,  Maclean, J.P., Lipsett ,  M.B. and Pearson, O.H. 
( to  be published) 

Shimkin, et a i r ,  reported f a i l u r e  of suppression of end-organ functions 
o r  h i s to logica l  changes of p i tu i t a ry  following conventional kv machine 
i r r ad ia t ion  over t h e  normal human p i tu i ta ry ,  de l iver ing  8,000 t o  10,000 r 
over a two-month period (1). 

Lawrence reported that x-ray i r r ad ia t ion  to the p i t u i t a r y  region of r a t e  
r e s u l t s  i n  a )  a temporary decrease of grdwth r a t e  8nd b) a st2iklng decrease 
i n  the number of acidophiles and a r e l a t i v e  increase of basophiles, by 
his to logica l  examination of the i r rad ia ted  hypophysis (2). 

Arnold has reported t h a t  betatron i r r ad ia t ion  t o  the primate's hypo- 

H i s  r epor t  suggests t h a t  p i t u i t a r y  funct ion can be arrested 
He a l s o  observed acute  radionecrosis of the 

thalamus could induce h is to logica l  damage of the paraventr icular  and supra- 
op t i c  nuclei. 
from hypothalamic damage (3). 
brain substances occurred by single  doses of 5,000 r betatron i r rad ia t ion  t o  
the brains  of primates ( 4 ) .  
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1. Ir rad ia t ion  of normal hwan hypophysis i n  malignancy: repor t  of three 

Kelly, K.H.; Feldate?, E , S , ;  Braqm, heye; Ortega, P,; Bierman, K R , ;  
LoiJ-Beer, B.V.A. ; Strimkin, M.B. 
J, Nat.. Can. Ins t ,  11: 967, 1951. 

. - cases receiving 8,000 F ta 10,COO r- tumor dorre .to-the -pi tui tary @rlkn<?- -I- T - - . 

2. Roentgen i r radfa t ion  o t  the hypophysis 
Iawrence, J., e t  ee l .  
Radiology 29: 446, 1937. 

3.  Effect  of x-ray i r r ad ia t ion  on the hypothalamus 
Arnold A. 
J. C l i n .  Endoc. and Metab. U :  859, 1954. 

4. Changes i n  the central nervous system following i n a d i a t i o n  w i t h  
23 Mev x-rays from the  betatron. 
Arnold, A,, e t  al. 
Radiology 62: 3'7, 1954. 

Tobiaa, e t  al.) reported that  repid destruct ion of the  p i t u i t a r y  occurred 
only after t h e  use of high doses of i r rad ia t ion ,  18,000 r, by deutron p a r t i c l e s  
t o  the  pituitary of  the  r a t  ( 5 ) .  

5 .  Irradiation' of t h e  p i t u i t a r y  of the rat with high energy deutrons. 
Tobiaa, C.A., e t  al, 
Am. J, Roentgenol. 72: 1-21, 1954. 
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Title:  Determination of the  effect  of h igh  dosage betatron i r radiat ion t o  

g, Thi6 projeat is expected t o  continue fo r  two years. 

- ,the pituitary - and -hyp&halamua - -  ,in man,, :?'- ,--,- 

&Idget for the period July 1, 1955 t o  June 30, 1956 

(1) Personnel, Reaueated from 0% 

Min-Chiu Ll, M.D., Research Fellow $6 , 000 
(preeently 8 &ma Rungon Fellow; 
fellowship terminates June 30, 1955) 

(2) Capital  Equipment* 

Chemical8 e glassvare a2d general  ~,OOo 

Laboratory d e t e l m h t l o n e  3,500 
laboratory suppliea 

-: None 
b 

aubf otal 

t o t a l  

( 4 )  
(5) Overheads (8% of subto ta l )  

0 .' 
,053"" t i t u t i o n a l  mrt- -. of In8 

Overhead 
.. .! In addition, the institution is providiag the major capital equipment . 

(6) l$ifbnt 

- (betatron) paue technfcal aselstance i t a  operation BS % ,  w e l l  as 1 .  . I  

.. suitable patient Mt8rbl .fFm the hU8pi$81. 
c. . 

.- I 
% 

I - 6 -  ** This figure.$s. arrivep..afi;kg oomputing .tbe Z:ppr@e@. $31 W "Prom the - of p a v o l l  'expense) and subtract ing the 'ove 
Om (8% of the subtotal). - --- ,- ~ 

h. Other Research Projects  of the Principal  &es t iaa tor  
Dr. Li is presently a professional assietat l t  on Dr. Fearson's National 

Cancer I n s t i t u t e  project,  (2-925, "A Study of endocrine f ac to r s  which influence 
the  growth of tumors i n  man," i n  the  amount of $31,186 fo r  1955. He also 
partic5ptes h work SUp-Nrted by AEC Contract AT(30-1)-910. Funds from t h i s  
contract  for the e n t i r e  Metabolism Iaboratory Section are $10,173 f o r  1955. 
This is pert  of an  insti tution-wide contract  on "The Biological Effects  
Radiation, with Related Biochemical and Physical Studies. 

f .  Other aaenciea t o  which t h i s  proposal will be submitted: 
It is planned t o  submit this proposal t o  the Atomic Energy Commission. 
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