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I .  I 
RADIOTHERAPY AND CANCER D l V l S  ION 

Victor A. Marcial, M. D., Head 

Training i n  a l l  a s p e c t s  of t h e  app l i ca t ions  of nuclear  energy t o  
cancer f o r  physicians and a l l i e d  personnel i s  offered. A r e sea rch  
program designed t o  imprwe knowledge i n  t h e  cancer and r a d i a t i o n  
f i e l d s  i s  conducted t o  enhance t h e  t r a i n i n g  program. 

Dr. Arturo Valencia Serna from Colmbia  completed h i s  second year  
of residency i n  t h e  radiotherapy residency program, which i s  desig- 
ned t o  q u a l i f y  physicians as r a d i a t i o n  t h e r a p i s t s  and i s  approvea 
by the American Board 01' Radiology. D r .  Valencia i s  c u r r e n t l y  i n  
h i s  t h i r d  year  of residency a t  t h e  Puerto Rico Nuclear Center. 

t 
I 

D r .  Fel ipe N. de J e s c s  from Puerto Rico completed six months 
i n  the radiotherapy residency program during 1964. Dr .  de J e s i s  
i s  now i n  res idence at  Universi ty  Hospital .  

D r .  Manuel J. Caussi from Argentina completed a three-month radio-  
therapy t r a i n i n g  program i n  April ,  1$4. D r .  Caussi i s  the ch ie f  
of radiotherapy s e r v i c e s  a t  Rawson Health Center Hospi ta l  i n  San 
Juan, Argentina. He i s  c u r r e n t l y  i n v e s t i g a t i n g  t h e  p o s s i b i l i t y  of 
i n s t a i l i q  e i t h e r  a coba l t  or  cesium t e l e the rapy  u n i t  and also i n -  
s t a l l i n g  a c l i n i c a l  r ad io i so topes  l abora to ry  a t  Rawson Hospital .  

Mrs. Dominga Echevarria,  a t echn ica l  nurse a t  t he  Ponce D i s t r i c t  
Hospital, completed in - se rv ice  t r a i n i n g  i n  t h i s  d i v i s i o n  during 
1954. Mrs. Echevarria i s  working wi th  cancer p a t i e n t s  a t  t h e  Ponce 
D i s t r i c t  Hospi ta l .  

During 1964, f o u r t h  yea r  medical s tuden t s  completed a one-month 
t r a i n i n g  course i n  radiotherapy designed t o  f a m i l i a r i z e  them wi th  
cancer and r ad io the rapeu t i c  problems. 

I 
Angel Rodriguez Rodriguez , 

Lennardo Collazo L 6 y z  
Juan A. Castro Barnes 
Fernin C.  Miranda Hernbdez  

H e r n h  J. Cestero Aguilar  
Humberto J. O r t i z  SuLrez 
E r n e s t 0  Rivg Mora 
N e f t a l l  Rodriguez Amadeo 

The Radiotherapy and Cancer Residency Program a t  t h e  f i e r t o  Rico 
Nuclear Center has  had seventeen p a r t i c i p a n t s  s ince 1957. A l i s t  
O f  the  p a r t i c i p a n t s  l nc lud ine  t h e  d a t e s  of p a r t i c i p a t i o n ,  country 
Of origin,  and  p re sen t  pos i t i on  ( i f  known) i s  presented: 

I .  
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PARTICIPANT AND DATES OF 
COUNTRY OF O R I G I N  PARTICIPATION PRESENT FOSITION 

Jos6 M. Tmi, M.D. 
Spain (na tu ra l i zed  
U.S. c i t i z e n  
August 28, 1960) 

Jos6 T. Medina, M.D. 
Fuerto Rico 

Jeanne Ubifias, M.D. 
Fuerto Rico 

~~ ~ ~- 

J d Y  1, 1957- Chief S c i e n t i s t ,  
June 30, 1960 Radiotherapy and Cancer 

Division, PRNC 

J d y  1, 1958- Head, Radiology Depart- 
June 30, 1959 ment, D r .  I. GonzLlez 

Martinez Oncologic Hos- 
p i t a l ,  Rio Piedras, 
Fuerto Rico 

J d Y  15, 1957- Associate 'Scim t i s t ,  
August 14, 1961 Radiotherapy and Cancer 

Division, PRNC; DepuLy 
Director ,  Cancer Contro 
Program, Puerto Rico 
Department of Health 

Ernest0 N. Amadey, M.D. July 1, 1959- 
Argentina June 30, 1960 

Andr6s R r a Z t a ,  M.D. J d Y  1, 1959 
Dcxninican Republic November 22, 1960 

Albert0 Ceide, M.D. J ~ Y ,  1959- 
Puerto Rico June, 1960 

M a r t i n a  Castells, M.D. J u l y  1, 1959- 
m a i n  (naturalizep,.  June 30, 1%3 
U. S. c i t i z e n )  

L .  ' 
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Director ,  Radiotherapy 
Department, J. R. Vidal  
Hospital ,  Corrientes,  
Argentina; D i rec to r  of 
Radiology and Nuclear 
Medicine, Minis t ry  of 
Education and k b l i c  
Health, Corr ientes  , 
Argentina; Professor of 
Radiology, School of 
Medicine, Northwest 
National University,  
Argentina 

Head, Radiotherapy 
Department, San Juan 
Municipal Hospital ,  
Puerto Rico 



PARTICIPANT AND DATES OF 
COmXRY OF O R I G I N  PAR TIC I PA TI 0 N msEm POSITION 

Juan Reusche, M.D. 
Peru 

Antonio Bosch, M.D. 
Mexico (Naturalized 
U. S. c i t i z e n ,  
~ u g u s t  27, 1 9 6 4 )  
Alvaro Rosas, M.D. 
Colmbia 

E f r a i n  Navarro, M.D. 
Mexico 

Douglas Carrizo,  M.D. 
Ve ne z ue la 

Mario Vuksanovic, M.D. 
Bolivia 

Antonio Ek.iLt&n, M.D. 
h ru  

November 16, 1959 
June 30, 1960 

J u l y  1, 1960 
June 30, 1562 

J u l y  1, 1960 
June 30, 1961 

January 1, 1961 
December 31, 1963 

Ju ly  1, 1961 
June 30, 1962 

July 16, 1962 
June 30, 1963 

4 .  
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Head, Radiotherapy De- 
partment, " I n s t i t u t o  de 
Radiologia Cayetano He- 
r ed ia  Loayza Hospital;" 
Head and Associate Pro- 
f e s sor,  Radiotherapy 
Department, "Universidad 
Peruana de Ciencias  M& 
d icas  Cayetano Heredia," 
BI.4 

Assocj a t e  S c i e n t i s t ,  
Radiotherapy and Cancer 
Division, PRNC 

Radiotherapis t ,  Nation- 
al Cancer I n s t i t u t e ,  
C ol omb i a  

Cancer I n s t i t u t e ,  
Mexico 

Senior Resident, Radio- 
therapy Department, 
Je f fe rson  Medical Col- 
lege  Hospital ,  
Philadelphia,  Pa. 

Head and Ass is tan t  Pro- 
f e  ssor, Radiotherapy 
Division, School of 
Medicine, Universi ty  of 
M i a m i ;  Di rec tor  of Ra- 
diotherapy, Jackson 
Memorial Hospi ta l  

Radiologist ,  Peru 
I 



PARTICIPANT AND DATES OF 
C 0 U I " Y  OF O R I G I N  PARTICIPATION PRESENT #)SITION 

Lucas D i  Rienzo, M.D. J u l y  16, 1962 
Argentina June 30, 1963 Radiological Cl inic;  

Director ,  D r .  D i  Rienzo 

P r iva t e  Radiology school 
General Secretary of the 
Society of Nuclear Medi- 
c i n e  and Roentgenology, 
Cordoba, Argentina 

Arturo Valencia, M.D. January 1, 1963 I n  t r a i n i n g  a t  pRNC 
Colmbia t o  p re sen t  

F e l i p e  de JesGs., M.D. 
Puerto Rico t o  p re sen t  

J u l y  1, 1964 I n  t r a i n i n g  a t  PRNC 

SHORT TERM RADIOTHERAPY T R A I N I N G  

PARTICIPANT AND DATES OF 
COUNTRY OF O R I G I N  PAR TIC I PA "ION PRESENT F O S I T I O N  

O r i e l  Alva, M.D. 
Argentina 

March 29 - 
August 17, 1958 

Radiotherapist ,  B r i t i s h  
Hospi ta l ;  Radiotherapist  
Roffo Cancer Hospital ,  
Buenos Aires,  Argentina 

Alvaro Ariza, M.D. 
Colombia 

Napole& Matos, M.D. 
Peru 

Modesto Rivero, M.D. 
Vene m e  la 

Manuel J. Causd;  M.D. 
Argent h a  

6 .  

February 1 - 
A p r i l  30, 1959 

September 29 - 
October 4, 1958 

February 1 - 
May 31, 1961 

January 28 - 
Apri l  30, 1964 

Radiotherapis t ,  Nation- 
a; Cancer I n s t i t u t e ,  
Colombia 

Radiotherapis t ,  Cancer 
I n s t i t u t e ,  Lima, Peru 

Head, Radioisotopes 
Division, Universi ty  
Hospi ta l ;  Radiothera- 
p i s t ,  R a z e t t i  Cancer 
I n s t i t u t e ,  Caracas, 
Venezuela 

Chief, Radiotherapy 
Services,  Rawson Health 
Center Hospital ,  San 
Juan, Argentina 
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Research p r o j e c t s  conducted i n  t h i s  d i v i s i o n  con t r ibu te  t o  s c i e n t i -  
f i c  background for t h e  t r a i n e e s  and t o  s t imu la t e  t h e m t o  ca r ry  on 
t h e i r  own i n v e s t i g a t i o n s .  I n  general ,  research i s  o r i en ted  
toward making contrkbut ions i n  t h e  c l i n i c a l  a spec t s  of r a d i a t i o n  
therapy and i n  t h e  f u n d a m e n t a l s  of radiotherapy, radiobiology, and 
cancer as a medical science.  

1. "Evaluation of Radiation Response by  Means of E x f o l i a t i v e  Cyto- 
logy i n  Cases wi th  Cancer of t h e  Cervix Treated with Radiation'' 
This study, a c t i v e  s ince  f i s c a l  year 1961, i s  designed t o  he lp  
eva lua te  e x f o l i a t i v e  cytology a s  a t o o l  f o r  d e t e m i n i n g  prog- 
n o s i s  i n  c a s e s  wi th  carcinoma of t h e  cervix t r e a t e d  with r a d i -  
a t i o n .  During 1964, an a n a l y s i s  of cases  w i t h  a minimum of 
two yea r s  continued observation was made c o r r e l a t i n g  the  pre- 
sence of tumor c e l l s  i n  t h e  vaginal  smear a t  one month, two 
months, four months, s i x  months, twelve months, and a t  t h e  end 
of r a d i a t i o n  therapy with two-year, tumor-free survival. A 
t o t a l  of two hundred and fo r ty - fou r  cases  were analyzed and 
t h e  fol lowing information obtained. 
cognizable tumor c e l l s  i n  t h e  vaginal  smear as long as one year  
af ter  therapy even though t h e  p a t i e n t  may be healed of h e r  
d i sease  a t  t h e  end of t w o  years .  If the  vaginal  smear i s  f r e e  
f rm  tumor c e l l s  twelve months a f t e r  radiotherapy, t h e  p a t i e n t  
w i l l  be w e l l  a t  t h e  end of two years  i n  e igh ty  percent of t h e  
cases .  
t h e  end of radiotherapy and one month afterward has no r e l a t i o n -  
s h i p  t o  prognosis.  
smears f o r  tumor c e l l s  a f t e r  therapy w i l l  e i t h e r  d i e  or suffer 
from p e r s i s t e n t  d i sease  by t h e  end of two years .  M&ing the  
d i s t i n c t i o n  between tumor c e l l s  and normal vaginal  epithelium 
d i sp lay in  pronounced r a d i a t i o n  e f f e c t  i s  very d i f f i c u l t  i n  
some case f .  

2. "Surgical Adjuvant Breast P ro jec t "  - Inves t iga to r s :  Victor A.  
Marcial, M.D., and Jeanne Ubiiias, M.D. This d i v i s i o n  i s  col-  
l a b o r a t i n g  wi th  t h e  departments of surgery and pathology of 
t h e  D r .  I. GonzLlez Martinez Oncologic Hospi ta l  i n  con t r ibu t -  
i n g  cases  t o  a n a t i o n a l  p r o j e c t  designed t o  improve prognosis 
i n  p a t i e n t s  w i th  b r e a s t  cancer t r e a t e d  w i t h  r a d i c a l  mastectomy 

lymph node areas and systemic chemotherapy are being t e s t e d .  
A t o t a l  of t h i r t y  cases  have.been contr ibuted t o  date .  
a n a l y s i s  of r e s u l t s  a t  t h e  na t iona l  l e v e l  w i l l  not be made 
u n t i l  a minimum of f i v e  ,years observation time has elapsed; 
hovever, t h e  i n i t i a l  impression t h a t  chemotherapy improves t h e  

$L \ Sane cases  may show re- 

The presence of tumor c e l l s  i n  the vaginal  smear a t  

P a t i e n t s  who c o n s i s t e n t l y  show p o s i t i v e  

l L V j  by a d d i t i o n a l  therapy. Post-operative i r r a d i a t i o n  of t he  

F i n a l  

L .  
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3.  

4. 

5 .  

prognosis  has  been changed v l t h  f 'w the r  information on t h e  
cases s tudied .  It now appears  t h a t  t h e  group t r e a t e d  wi th  
chemotherapy as adjuvant  therapy  has  t h e  same prognosis  as  
p a t i e n t s  submitted t o  r a d i c a l  mastectomy alone.  

"Incidcnce of Leukemia i n  h t i e n t s  wi th  Cerv ica l  Cancer l'rea- 
te5 w i t h  Rsdiat ion" - Inves t iga to r s :  
clnd h t o n i o  3osch, M.D. This  d i v i s i o n  i s  co l l abora t ing  wi th  
tlic r;y-.ecolozy Department of t h e  D r .  I. GonzLlez Martinez 
Oncologic Hospi ta l  and t h e  Department of Pathology of t h e  
Univers i ty  of Rierto Rico College of Medicine i n  coc t r ibu t ing  
cases  t o  an i n t e r n a t i o n a l  s tudy designed t o  determine t h e  
r i s k  of developinc 1ecJkeixia i n  p a t i e n t s  who hnv? been i r r a d i a -  
t e d  for csiicer of thc u t e r i n e  cerv ix .  A t o t a l  of s i x  hundred 
t h i r t y - n i n e  cases were cont r ibn ted  t o  t h i s  s tucv,  as cf 
December 31, 1$4. A r;vision of t h e  in t e rna t ion51  e v z r i e n c e  
i n  t h i s  p r o j e c t  i n  1$d+ ind ica t ed  t h a t  33,000 person-yeers 
had been cont r ibu ted  and t h a t  two cases  had developed leukenfa.  
This  nunber of leukemia cases corresponds t o  what w o u l d  be 
expected from t h e  n o m a 1  populat ion.  

V i c t o r  A .  Marcial, M.D., 

"Chrcxnoscxne Changes i n  P a t i e n t s  Undergoing Radifition Therspy 
f o r  Cancer" - Inves t igz to r s :  J O F ~  T&, bl.D., B u l  Wcinbren, 
M.D., and Lt.  Col. Nichael Dacquixto, K.D. This i s  a c o l l a -  
bo ra t ive  s tudy designed t o  detenninc the  chromosome abnorma- 
l i t i e s  induced by i r r a d i a t i o n  of p a t i e n t s  f o r  cancer.  A 
t o t a l  of f i f t y - e i g h t  cases have been included dur ing  1964. 
The number, pa t t e rn ,  and r e v e r s i b i l i t y  of t h e  chromosome 
changes are being analyzed and r e l a t e d  t o  cancer loca t ion ,  
i r r a d i a t i o n  qua l i t y ,  and dose. Blood samples were taken 
before ,  during,  and a f t e r  i r r a d i a t i o n .  Dicent r ic ,  rin&, and 
g ross ly  abnormal chromosomes have been observed. 

"Frac t iona t ion  of Weekly Doses i n  Cancer Pa t i en t s  !%bmitted t o  
I r r a d i a t i o n "  - Inves t iga to r s :  Radiotherapy s t a f f .  This i s  a 
c l i n i c a l  s tudy designed t o  determine t h e  optimal f r a c t i o n a t i o n  
of weelLLy tumor doses i n  p a t i e n t s  submitted t o  i r r a d i a t i o n  f o r  
cancer.  
vided i n t o  t h r e e  app l i ca t ions  and the  o the r  h a l f  received t h e i r  
weelLLy tumor dose divided i n t o  f i v e  app l i ca t ions .  
surv iva l ,  and  normal t i s s u e  r e a c t i o n s  a r e  being observed. 
Seven hundred and eighty-one p a t i e n t s  have been incorporated 
i n t o  t h i z  stuhy. 

Half of t h e  p a t i e n t s  rece ive  a weekly tumor dose d i -  

Tumor e f f e c t ,  
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6. 

7. 

8. 

9. 

"Controlled Study of t h e  Split-Dose Technlque i n  Radiotherapy 
of Cancer" - Inves t iga to r s :  Radiotherapy staff. The purpose 
of t h i s  s tudy i s  t o  compare the  results obtained by the usua l  
un in t e r rup ted  r a d i a t i o n  t reatment  (6000 roentgens i n  s i x  weeks 
w i t h  a similar dose given i n  two sepa ra t e  two-week periods 
wi th  a r e s t  i n t e r v a l  of two t o  t h r e e  weeks between (3000 
roentgensin two weeks p l u s  two  t o  three weeks rest p l u s  3000 
roentgensin two weeks). Tumors measuring f i v e  cent imeters  or 
more, excluding p e l v i s  and esophagus, are included. Half t h e  
c a s e s  r ece ive  t h e  usua l  un in t e r rup ted  t reatment  and ha l f  re- 
ce ive  t h e  divided t reatment .  Resul ts  w i l l  be evaluated i n  
terms of tumor regression,  abnormal t i s s u e  r eac t ions ,  and cu- 
r a b i l i t y .  
1964. 

Seventy p a t i e n t s  were included i n  t h i s  study du r ing  

"Carcinana of the Cervix U t e r i  and Pregnancy" - Inves t iga to r :  
Antonio Bosch, M.D. This r e t r o s p e c t i v e  study i s  designed t o  
determine t h e  incidence of carcinoma of t h e  ce rv ix  a s soc ia t ed  
w i t h  pregnancy and t h e  optimal management of t h i s  d i sease .  
I n  a group of 2,554 cases  of u t e r i n e  cancer t r e a t e d  a t  t h e  
Dr. I. GonzLlez Martinez Oncologic Hospital ,  it was found t h a t  
sixty-two p a t i e n t s  had tumors associated wi th  pregnancy. An 
optimal way of handling t h i s  complication was determined and 
t h e  results w i l l  be r epor t ed  a t  the  annual meeting of t h e  Ame- 
r i c a n  Radium Society i n  April ,  lS5. 

"Carcinana of t h e  Cervix Ute r i  i n  S t e r i l i z e d  Women" - Inves t i -  
g a t o r s :  Antonio Bosch, M.D., and Zenaida F r i a s .  The aim of 
t h i s  study is t o  analyze poss ib l e  r e l a t i o n s h i p  of carcinoma 
of the  ce rv ix  u t e r i  and previous i n t e r r u p t i o n  of t h e  reproduc- 
t i v e  capac i ty  by s u r g i c a l  means. I t . h a s  bcen observed t h a t  
i n  p a t i e n t s  under f i f t y  y e a r s  of age wi th  carcinoma of t h e  
c e r v i x  u te r i ,  25.4 percent  have had previous s u r g i c a l  s ter i l i -  
za t ion .  The t r u e  s ign i f i cance  of t h i s  f i n d i n g  i s  being evalue 
t e d  and a comparison i s  being made of i t s  na tu re  i n  a cancer 
population ve r sus  a normal population a t  t h e  Pelvic Cancer 
Diagnostic C l in i c  of t h e  Puerto Rico Department of Health. 

"Adenocarcincxna of t h e  Cervix Uter i"  - Inves t iga to r :  Jeanne 
Ubiiias, M.D. This r e t r o s p e c t i v e  c l i n i c a l  study i s  designed 
t o  determine i f  adenocarcinma of t h e  ce rv ix  u t e r i  is more 
r a d i o r e s i s t a n t  t han  epidermoid carcinoma of this s t r u c t u r e .  
A t o t a l  of eeventy-two p a t i e n t s  were analyzed and It was found 
t h a t  t h e  f i v e  yea r s  su rv iva l  I n  thls group of p a t i e n t s  is no 
d i f f e r e n t  from t h a t  encountered i n  epidermoid carcinoma. 



10. "Lymphangiography i n  Cancer Pa t i en t s "  - Inves t iga to r :  Fel ipe 
N. de JesGs, M.D. 
as a method for helping t h e  r a d i o t h e r a p i s t  l o c a l i z e  malignant 
l e s i o n s  p r i o r  t o  i r r a d i a t i o n .  
dure are t o  h e l p  i n  t h e  d i agnos i s  and l o c a l i z a t i o n  of lympho- 
mas i n  t h e  p e l v i c  and r e t r o p e r i t o n e a l  spaces, t o  determine 
lymph node metastases  i n  carcinoma of t h e  cervix,  and t o  
l o c a l i z e  p o s t - i r r a d i a t i o n  p e r s i s t e n c e  or recurrence of carci-  
n m a  of t h e  cervix.  Nine lymphangiographic s t u d i e s  have been 
performed. 

I n  1%4, lymphangiography w a s  introduced 

The ob jec t ives  of t h i s  proce- 

11. "Cancer of t h e  Nasopharynx" - Inves t iga to r :  Jos6 Tom;, M.D. 
This i s  a r e t r o s p e c t i v e  c l i n i c a l  study i n  which f o r t y  p a t i e n t s  
w i th  carcinana of t h e  nasopharynx were analyzed regarding 
c o r r e l a t i o n  of c l i n i c a l  features wi th  su rv iva l  obtained using 
various t reatment  techniques.  

12. "Cancer of t h e  Breast  and t h e  Role of Radiation Therapy I n  Its 
Management" - Inves t iga to r s :  Victor A. Marcial, M.D., and 
Graciela  Serna, M.D. This r e t r o s p e c t i v e  c l i n i c a l  study i s  
designed t o  determine t h e  value of r a d i a t i o n  therapy i n  t h e  
management of b r e a s t  cancer p a t i e n t s .  P a t i e n t s  with a minimum 
observat ion per iod of f i v e  yea r s  from t h e  radiotherapy depart-  
ment of t h e  D r .  I. Gonzglez Martinez Oncologic Hospi ta l  a r e  
being analyzed. 
a t  a symposium organized by t h e  Puerto Rican Chapter of t h e  
American College of Surgeons on February 26, 1965. 

The results of t h i s  study w i l l  be presented 

13. "Study of t h e  Optimal Tumor Dose i n  Radiation Therapy of Cancer 
of t h e  Esophagus" - Inves t iga to r s :  Radiotherapy staff. This 
c l i n i c a l  study i s  designed t o  detennine t h e  optimal r a d i a t i o n  
tumor dose i n  t h e  treatment of cancer of t h e  esophagus. Half 
of t h e  cases  t r e a t e d  r ece ive  coba l t  t e l e t h e r a p y  doses of 
5000 roentgens i n  four  weeks and t h e  o the r  half '  received doses 
of 6000 roentgens i n  s i x  weeks. 
and twelve months su rv iva l  are compared i n  each group. 
seven p a t i e n t s  have been included i n  t h i s  study t o  da t e .  
now appears t h a t  5000 roentgens i n  four weeks gives  bet ter  
r e s u l t s  than 6000 roentgens i n  s i x  weeks. 
t i o n  i s  required before d e f i n i t e  conclusions can be made. 

Disappearance of dysphagia 
Seventy 

It 

Additional observa- 

14. "Fat Absorption Stdiay on P a t i e n t s  I r r a d i a t e d  i n  t h e  Abdomen" 
Inves t iga to r s :  Sergio I r i z a r r y ,  M.D., and Victor Marcial, M.D. 
' m 4 0  Rtudy is conducted i n  co l l abora t ion  with t h e  C l i n i c a l  

I 
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Radioisotope Applicat ions Divis ion and i s  designed t o  deter- 
mine t h e  Immediate and l a t e  e f f e c t s  of a b d m i n a l  i r r a d i a t i o n  
on t h e  f a t  absorpt ion of t h e  i n t e s t i n e .  O f  an o r i g i n a l  group 
of t v e n t y  cancer of t h e  ce rv ix  cases,  fou r t een  showed changes 
i n  the i n t e s t i n a l  absorpt ion before  treatment can ared t o  t h e  
c o n t r o l  group ( p a t i e n t s  w i th  head and neck cancer P where three 
out of n ine teen  developed sane diminution i n  the  blood l e v e l s  
of tagged fat. Additional s t u d i e s  performed one year and one- 
and-a-half y e a r s  l a t e r  showed no d i f f e rence  i n  t h e  fat  i n t e s -  
t i n a l  abso rp t ion  between t h e  a b d m i n a l  i r r a d i a t e d  p a t i e n t s  and 
t h e  c o n t r o l s .  

"Bio-Chemical Changes I n  t h e  Blood of P a t i e n t s  Receiving Ra- 
diotherapy f o r  Cancer - Serum Lipids,  Serum Sodium and Potas- 
sium, and Urea" - I n v e s t i g a t o r s :  Barbara Weinbren, B.M., and 
Victor  A; Marcial, M.D. This p r o j e c t  I s  designed t o  determine 
the  bio-chemical changes i n  t h e  blood of p a t i e n t s  r ece iv ing  
radiotherapy for cancer.  I n i t i a l l y ,  t o t a l  protein,  u r i c  acid,  
a l k a l i n e  phosphatase, ac id  phosphatase, c a l c i u ,  phosphorous, 
albumin, and g lobu l ins  were s tudied i n  a group of Over 300 
p a t i e n t s  submitted t o  i r r a d i a t i o n  therapy f o r  cancer. 
obtained were coinpared w i t h  values  reported from normal Puerto 
Ricans aged twenty t o  s i x t y .  Noteworthy f ind ings :  Total  
p r o t e i n  v a l u e s  i n  cancer p a t i e n t s  i n  t h e  s tudy were found 
below t h e  mean l e v e l s  for normal Puerto Ricans; no s i g n i f i c a n t  
changes were noted i n  the  l e v e l s  of u r i c  ac id  or o the r  c o n s t i -  
t uen t s ;  notable  lowering of a l k a l i n e  phosphatase was observed 
during and a f t e r  i r r a d i a t i o n  i n  cases wi th  c e r v i c a l  cancer.  

Data 

This part of t h e  study i s  being conducted i n  co l l abora t ion  
wi th  personnel from t h e  C l i n i c a l  Radioisotope Applicat ions 
Divis ion.  
c e r v i x  and twenty cases  wi th  cancer of other  regions are 
being s tudied.  Blood samples are taken before,  during, and 
after i r r a d i a t i o n .  Lip0 p ro te ins ,  t o t a l  l i p i d s ,  t o t a l  pro- 
t e i n s ,  urea, and serum sodium and potassium l e v e l s  have been 
determined. Cholesterol  determinations w i l l  be made i n  t h e  
8- group. 

Twenty cases  wi th  t h e  diagnosis  of cancer of t h e  

i 
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CLINICAL RADIOISOTOPE APPLICATIONS D I V I S I O N  

Sergio Irizarry,  M. D., Head 

Various t r a i n i n g  courses f o r  physicians and a n c i l l a r y  medical 
personnel were o f f e r e d  i n  t h e  diagnost ic  and the rapeu t i c  u ses  of 
radioisotopes i n  humans. Courses range from general  o r i e n t a t i o n  
t o  s h o r t  term bas i c  and advanced t r a i n i n g  i n  c l i n i c a l  radioisotope 
techniques o r  long term courses i n  c l i n i c a l  research.  

These s p e c i a l i s t s  received t r a i n i n g  i n  t h e  c l i n i c a l  uses  of r ad io -  
isotopes from December 2, 1963 t o  January 24, 1964. 

D r .  Alvaro O r t i z  O r t i z ,  Ad Honorem Professor  of I n t e r n a l  Medicine, 
i s  c u r r e n t l y  engaged i n  s t a r t i n g  a c l i n i c a l  radioisotope labora-  
t o ry  a t  t h e  San Juan de Dios Hospital  i n  San Jose, Costa Rica. 

D r .  Mario I t u r r a l d e  i s  t h e  Head of t h e  Department u f  Endocrinology 
o f  t h e  Central  Hospi ta l  i n  La Paz, Bol ivia .  He i s  a l s o  working 
with t h e  "Comisi6n Boliviana de Energfa Nuclear" (Atomic Energy 
Commission of B o l i v i a ) .  

D r .  Manuel J.  Caussi i s  t h e  chief  of radiotherapy se rv ices  a t  
t he  Rawson Health Center Hospi ta l  i n  San Juan, Argentina.  

Miss Marta Garcia y Angulo had been a radioisotope t echn ic i an  i n  
t h e  Nat ional  Cancer Research Laboratory i n  Bogot6, Colombia, p r i o r  
t o  coming t o  Puerto Rico Nuclear Center f o r  a d d i t i o n a l  t r a i n i n g .  
A t  p r e s e n t  Miss Garcia y Angulo i s  not working with radioisotopes.  

From January 7, 1964 t o  February 1 4 ,  1964, D r .  Antonio Quijano 
Bhnca ,  d i r e c t o r  of t h e  I n s t i t u t e  f o r  Bio-Medical Research of 
Veracruzana Universi ty  i n  Mexico, received t r a i n i n g .  

From December 7, 1964 t o  January 29, 1965, t h e  following people 
received t r a i n i n g :  

D r -  Norman Maldonado - Medical Resident a t  Universi ty  Hospi ta l  

Dr- Evelyn Cintr6n - Physician a t  t he  Ponce D i s t r i c t  Hospi ta l  

D r .  Graciela  Serna - V i s i t i n g  Radiotherapis t  from Mexico i n  t h e  
PRNC Radiotherapy and Cancer Division 
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The t r a i n i n g  c o n s i s t s  of l e c t u r e s ,  demonstrations, informal 
presentations,  l abo ra to ry  exe rc i se s ,  and discussion per iods.  
Emphasis i s  placed on mastering techniques,  t h e i r  i n d i c a t i o n s  
and uses,  c o r r e c t  i n t e r p r e t a t i o n ,  l i m i t a t i o n s ,  and c o r r e l a t i o n  
with c l i n i c a l  problems. I n  t h e  eight-week course, a t o t a l  of 
eighty l abora to ry  e x e r c i s e s  r ep resen t ing  a wide v a r i e t y  of 
techniques a r e  employed. 
procedures by u n i t s  o f  study. Table 3 p resen t s  information on t h e  
p a r t i c i p a n t s  i n  t h e  c l i n i c a l  app l i ca t ions  course from 1958 through 
1963. 

'Table 2 shows the  breakdown of t r a i n i n g  

TABLE 2 

C l i n i c a l  Applicat ions of Radioisotopes 
Two-Month Training Program 

Units  of Study Average Number 
Procedures per  Trainee 

35 
1 5  

1 5  
5 

Thyroid funct ion 
Routine uptake measurements 
Assay r ad ioac t ive  blood thy ro id  
Hormone l e v e l s  
Modified tests of t hy ro id  funct ion 

Dynamic funct ions o f  t h e  hepat ic ,  
renal  and vascular  systems 
Hematologic app l i ca t ions  of 
radioisotopes 
Tumor l o c a l i z a t i o n  s t u d i e s  
Cas t ro - in t e s t ina l  absorpt ion 
E lec t ro ly t e  and f l u i d  balance 
Therapeutic procedures 3 

To ta l  5 

x) 

5 
10 

5 
2 

A s u b s t a n t i a l l y  heavy d i agnos t i c  p a t i e n t  load with a v a r i e t y  of 
c l i n i c a l  ma te r i a l  i s  necessary f o r  t h e  t r a i n i n g  program. Table 
4 shows t h e  volume o f  d i agnos t i c  procedures performed yea r ly  
s ince t h e  c l i n i c a l  r ad io i so topes  l abora to ry  s t a r t e d  f'unctioning 
i n  1957. 

C l i n i c a l  research p r o j e c t s  a r e  c a r r i e d  out by t h e  medical s t a f f  
t o  ob ta in  information t h a t  may be incorporated i n t o  t h e  t r a i n i n g  
Frogram. One r e s u l t  of t h i s  research i s  t h a t  it i s  now poss ib l e  
t o  teach t h e  t r a i n e e s  what t o  expect when evaluat ing normal 

55 



1 0 5 3 3 0 3  

d 
G 

ri t 
4 
ri 
W 
d 
k 
0 

al 
rl 
d E 

d 
r 

m 
0 
r( 
k a 
V 

a3 
Ln- m c  
A *  

E: 
- 0  
. E  

4J 
u r l  
0- 

0 
V 
d x 
W 
E 

a3 
kn- 
chc 
r l 4 J  

E: 
- 0  
' E  
V 
Q)rl 
I 3 -  

a 
rl 
al 
? 
N 
0, 

* 3 

! 

! 

i 



d 
z 

k 
0, 

a ?i 

h h h 

m 
5 
E 
8 
cu 
\ cnt-i 

Ln 
cncu 
dW 

" 
0 a 
5 
rn 
0 
[r 

N aJ 
i i l  

3 
0 
[z 

P; 

5 c 
d + c 
a, 
ho 
k < 

d 
i: 

ixi  

0 a 
rl 
4 

al 
d 
P 
E 
0 
t-i 
0 
V 

d 
G 

LI 

0 
t-i 
rl 
d 

k 
5 
5 

al 
k cs 
k 
5 
rn 

W 
V 

5 
d 
a, 
3 
N 
a, 

5 
3 

n 
r: 
" 

0 
rl 
rl 
d 

5 
V 
t: 

E 
a, 
d 
l4 
d 
s 
c3 

n 
rn 

aJ 
d 

2 

d 
2 

0 f 
a 
k 
0 
V 
d 

!i 
0 
rl 
5 

YH 

I 

57 

t 0 0 3 3 0 4  



c n k  
0 0  

r l n  
r l t n  

0 
0 
d 
P; 

. 5 c 
d 
4J c 
a, 
tn 
k 

Cc 

5 c 
d 
4J 
C 
a, 
bo 
k 
4 

0 
4 
k 

2 
d 
i rl 

a 
k 
P a u 
N 
a, 

5 
9 
U 
a 
k 

3: 
2 
W 
tn 
d 
E 

d 
i d d 

2 
w. 

0 
k 
P) 
rl 

m 
4J 
a, 

v) 
rJY 

s 
3: - 
P) a 
k 

+- 
R 

N 
a, 
rl 

2 
8 
c3 

rl 
a 
P a 
k 
d 
E 

N 

4 c4 

i 
rl 
d 

0 a 

a 3 
w 

rl 
e, 

5 
P; 

f4Y 
tn 
tn 
d 
f: 



Q 

E d 
-. 

N 
a, 

z - rl 
rc M 
rl N 

u 
0 
k 

rc 

i$ 
4 
p: 

-x 
0 P; 
E: 
rc 0 
rl +, 
W rn 
0 a, 
k a 
d 0 
3: 3: 

P 

d 
i: 

0 
%I 
rl 
0 a 
0 

.[z 

al 
rl 
a, 

0 
V 

d 
a z 
rl 
aJ 
k c 
0, 
k 

2 
W a E 

a, 
d 

5 < 
0 
k 

6 
d * 
d 
rl 
0 a 

0 
4 
k a z: 

59 



0 u 
d 

2 z 

k 
9) 

2 
a u 

0 0 0 
V V V 
d d d 
P; rz P; 

0 
V 
4 
X w 
E 

r, 

N 

4 

d 
al 
k 

44 w 

2 
2 2  2 
0 0 
c, V 
k k 

m m 
m m 
d d z: 2z 

d 

60 



2 
Y 
'5: 

Y 

In 

3 

rl 

3 
... 

% rl 

% rl 

... 
m 
Y 

... 
cu 
Y 

rl 

rl 
.... 
Y 
E d .... 
0 

m 
L n  
o\ 
rl 

Y 

E 
% 

.... 

o\ 
rl 

Q 
LA 
I 
l- 
LA m 
rl 

.... 

.... 

rl .. 
m 
3 m cu .. 
rl 
m m 
rl 
.. 
8 
0 cu .. 
3 
Q 
rl .. 
l- m 
m 
rl 

.. 
(u 
(3\ 
Ln 

.. 
Ln 
0 
3 

.. 

E 
E 

E 

H 

i2 

s I3 

co 
Ln 

.. 
In 
t- 

.. 
a3 
u) 

.. 
=t 
ln 

.. 
0 
3 

.. 
0 m 

.. 
In 

.. 
3 

.. 

E I 4  

t- 

.. 
Ln 
\D 

.. 
0 co 

.. 
0 
t- 

.. 
0 
t i  
rl 

.. 
m 
rl 

.. 
m 
t- 

.. 
m 
(u 

.. 

* E  
8 

61 

8 
rl 

.. 
8 cu 
.. 
P 
rl 

.. 
m cu cu 
.. 

SC 

% 

cv 
.. 

.. 
I 

.. 
I 

b. 

m 

.. 
t- 
(u 

.. 
Ln m 

.. 
t- cu cu 
.. 
LA m 
d 

.. 
5 
.. 

l-4 

$1 
.. 
I 

.. 

El 
1 0 

i3 
4 
t5 

rl 
\o 

.. 
rl 
rl 

.. 
In cu 

.. 
3 m 

.. 
3 

.. 
0 
Ln 

.. 
t- 

.. 
I 

.. 

8 F9 

d cu 

.. 
Ln 
3 

.. 
a3 
rl 
rl 

.. 
$1 

.. 
I 

.. 
I 

.. 
I 

.. 
I 

.. 

5 

!3 
3 
3 

H 

3 

1 

cu 
03 
rl 

.. 
0 m 
\D 

.. 
0 m 
u) 

.. 
8 
m 

.. 
3 
v3 cu 
.. 
* 

.. 
* 

.. 
* 
.. 

3 
B u 
0 
P; 
Pi 

if3 
E 
2 
I3 

1 0 0 3 3 0 8  



TABLE 5 

Comparison Between Units  of Study i n  Training Program 
With Current Research P ro jec t s  

Units of Study 
C l i n i c a l  Applicat ions 

1. 

Pro jec t  

Thyroid Function - C l i n i c a l  and l abora to ry  
evaluat ion of t hy ro id  d i so rde r s .  

- Evaluation of i n  v i t r o  t e s t s  
of thyroid funct ion f o r  use 
as d iagnos t i c  procedures. 

ant iconcept ive therapy on t h e  
24-hour 1-13 thyro id  uptake. 

- Study of t h e  e f f e c t  of 

2. Cardiovascular 

3. Kidney func t ion  

- Cardiovascular s t u d i e s  i n  
d i a b e t i c s .  

- Renogram followup study i n  
cancer of t h e  cervix.  - Combined c l i n i c a l ,  renographic 
and s c i n t i g r a p h i c  s t u d i e s  i n  
kidney d i seases .  

- Renogram s t u d i e s  i n  d i a b e t i c s .  

4. Liver func t ion  - 1-131 Rose Bengal l o c a l i z a t i o n  
and dynamic s t u d i e s  - s c i n t i -  
graphy, hepatogr am. 

5 .  G a s t r o - i n t e s t i n a l  - Effec t  of radiotherapy on 
funct ion i n t e s t i r I a l  absorption of 

iodine l 3 l l a b e l l e d  f a t s  and 
vitamin A i n  humans. 
Thyroid gland as an i n d i c a t o r  
of i n t e s t i n a l  absorption of 
1-13 l a b e l l e d  fats.  

6. Hematology 
I .  

I 0 0 3 3 0 9  



and abnormal funct ions of var ious organs or systems of p a t i e n t s  
i n  Puerto Rico i n  comparison with similar evaluat ions c a r r i e d  
out i n  p a t i e n t s  i n  o the r  p a r t s  of t h e  world. 
axe : 

Examples of t h i s  

a. Average twenty-four hour radioiodine uptake i n  euthyroid 
ind iv idua l s  i s  gene ra l ly  much lower i n  Puerto Rico than in 
t h e  con t inen ta l  United S t a t e s  ,( twenty-five pe rcen t  versus 
t h i r t y  pe rcen t )  and higher i n  Puerto Rico than i n  Jamaica, by 
about twelve percent .  

b. P a t i e n t s  t r e a t e d  w i t h  1-131 f o r  t hy ro id  d i so rde r s  i n  Puerto 
Rico respond with much smaller  doses than  p a t i e n t s  with 
s i m i l a r  d i so rde r s  t r e a t e d  elsewhere. 

c .  Short  term or long term use of ant iconcept ive substances have 
no measurable e f f e c t  on t h e  twenty-four hour radioiodine 
uptake by t h e  thy ro id  gland. 

d. Iodine-131 o l e i c  ac id  and t r i o l e i n  1-131 blood absorpt ion 
l e v e l s  may be determined r e l i a b l y  by using the  t h y r o i d  gland 
1-131 t r app ing  funct ion as an i n d i c a t o r .  This makes t h e  
withdrawal of s e r i a l  blood samples unnecessary and avoids 
t h e  p i t f a l l  of a f a l s e  p o s i t i v e  t e s t  i n  p a t i e n t s  with a 
delayed absorption, which occurs i n  about twenty percent of 
t h e  normal p a t i e n t s .  

e. Radiation i n j u r y  t o  t h e  i n t e s t i n a l  w a l l  during r a d i a t i o n  
therapy may induce a s t a t e  of temporary malabsorption from 
which t h e  p a t i e n t  appears t o  recover soon a f t e r  ce s sa t ion  of 
therapy . 

Trainees  a r e  encouraged t o  design and c a r r y  out  t h e i r  own research 
p r o j e c t s .  Table 5 shows t h e  r e l a t i o n s h i p  between t h e  u n i t s  of 
study i n  t h e  t r a i n i n g  program with the c u r r e n t  research p r o j e c t s .  
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7. Tumor l o c a l i z a t i o n  - Instrumentat ion improvement- 
combined x-ray photoscanning 
u n i t  f o r  gamrna-photo-radio- 
g-raphy. Organ and tumor 
l o c a l i z a t i o n  b ra in  scanning, 
o t h e r s .  

8. E l e c t r o l y t e  balance - E l e c t r o l y t e  and f l u i d  disorders  
and f l u i d  compartments i n  d i a r rhea .  I 

E l e c t r o l y t e  and f l u i d  balance 
i n  women under ant iconcept ive 
therapy.  

9 .  Therapeutic procedures - Review of  p a t i e n t s  t r e a t e d  
wi th  1-131. 

i 
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A brief description of the current research projects I s  Included. 

1. "Clinical Evaluation of the Twenty-Four Hour 1-131 Uptake 
by the Thyroid Gland in Puerto Rican Patients." 
gator: Sergio Irizarry, M.D. This study to evaluate the 
range of euthyroid, hyperthyroid and hypothyroid function 
in Puerto Rican patients was completed on 263 Individuals 
with unequivocal clinical pictures of thyroid dysf'unction or 
eufunction. Results were: 

- Investi- 

24-Hour 1-131 Uptake 
Number Average + Standard Deviation Range 

Euthyroid6 93 25.3 - + 8.4 13.2 -67 

Hypothyroi ds 24 6.6 T 5.7 1.1 -20.7 
27.3 7 12.9 7:7 -81.9 

IIyperthyroids 84 69.1 + 13.9 31.6 -97 

- Non-toxic nodular 62 
goiter 

Diagnostic precision is estimated for the twenty-four hour 1-131 
uptake test on the basis of this analysis to be in the neighbor- 
hood of ninety-five percent confidence for the hyperthyroid state, 
eighty-seven percent for euthyroid function and seventy percent 
for hypothyroidism. 

2. "Scintigraphic and Histopathologic Study of Thyroid Nodules" 
Investigators: Sergio I r i z a r r y ,  M.D., and Aldo Lanaro, M.D. 

A partial report based on sixty-four patients for whom it was 
possible to correlate scintigraphic isotopic images of thyroid 
nodules and the histopathologic findings at surgery was presented 
at the First Argentinian Symposium of Nuclear Medicine held at 
Mendoza on November 19-21, 1964, by D r .  Aldo E. Lanaro from this 
division. 

The thyroid nodules were classified by their isotopic images 
as "cold" or devoid of any activity, "hot" or hyperactive or 8 s  
"warn" or intermediate in activity. They were also classified 
by histopathologic findings a s  being malignant, benign, Hashimoto's, 
cystic, hemorrhagic, adenomatous, of non-thyroid origin and 60 
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 sed on the  combined h i s topa tho log ic  and i s o t o p i c  c l a s s i f i c a t i o n ,  
the  following c o r r e l a t i o n  was found: 

scan 
CCL Number Charac t e r i za t ion  Histopathology Percentage 

31 Cold nodules Malignant ( 15) 49 
Benign (12) 39 
Hashimoto ( 1) 
Non-thyroid (3)  

2 1  Warn nodules Malignant (7 )  33 
Benign (13) 62 
Hashimoto (1) 

4 Hot nodules Benign (3 )  
Hashimoto (1) 

Comment: This study w i l l  continue s ince  more information of t h i s  
kind i s  needed i n  Puerto Rico. The s ign i f i cance  of t h e  work 
immediately becomes apparent by demonstrating t h e  r e l a t i v e l y  high 
frequency of malignant tumors i n  t h e  group of so c a l l e d  "cold 
and warn'' nodules, twenty-two nodules out of a group of f i f t y -  
two l e s i o n s  tu rned  out  t o  be malignant, an incidence r a t e  of 
approximately forty-two percent .  This incidence i s  much higher  
than t h e  average incidence r epor t ed  i n  other  p l aces .  

3- C l i n i c a l  and Radioisotope Evaluation of t h e  Card iwascu la r  and 
Renal S t a t e s  i n  Diabet lcs .  

A par t ia l  r e p o r t  deal ing with t h e  evaluQtion of normal and 
abnormal fbnct ion of t h e  kidneys i n  d i a b e t i c s  was completed on 
s ix ty - th ree  p a t i e n t s  and p resen ted  by D r .  Aldo E. Lanaro before 
the  First I n t e r n a t i o n a l  Congress of Biology and Nuclear Medicine 
held a t  Sa0 Paulo, Braz i l ,  from September 21 t o  25, 1964. 

The renogram was u s e f u l  I n  de t ec t ing  r e n a l  abnormali t ies  In 
about t e n  pe rcen t  of t h e  s ix ty - th ree  p a t i e n t s  who showed no c l i n i -  
c a l  o r  Laboratory evidence of renal disease.  
also occurred in which seven pe rcen t  of t h e  p a t i e n t s  with manifest  
r e n a l  d i sease  f a i l e d  t o  show abnormal renographic t r a c i n g s .  
abnormal t r a c i n g s  were confirmed by repeat ing t h e  procedure under 
x-ray  l o c a l i z a t i o n .  

However, t h e  appos i t e  

All 
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4. C l i n i c a l  Evaluation of Twenty-Four and Forty-Eight Hour 1-131 
Thyroid Uptake With Concurrent Assay of  Labelled Blood Hormone 
Levels. 

The uptake a t  twenty-four and fo r ty -e igh t  hours i s  being studied 
i n  r e l a t i o n  t o  simultaneous determination of t h e  protein-bound 
conversion r a t i o s  and protein-bound plasma l e v e l s  of Labelled 
t h y r o i d  hormone a t  twenty-four and fo r ty -e igh t  hours. 
i so tope  va lues  w i l l  t hen  be c o r r e l a t e d  with t h e  c l i n i c a l  data i n  
an attempt t o  def ine t h e  boundaries of normal and abnormal function 
of t h e s e  parameters i n  Puerto Rican p a t i e n t s .  Two hundred and five 
p a t i e n t s  have entered t h i s  p r o j e c t  t o  date.  

The radio- 

5 .  The Renogram and Other Tes t s  of Renal Function. 

The v a r i a t i o n s  of normal o r  abnormal p a t t e r n  i n  renographic 
s t u d i e s  would be b e t t e r  understood i f  o the r  t e s t s  of r e n a l  
func t ion  a r e  run as a c o n t r o l  group. 
about t h e  renogram and i t s  v a r i a t i o n s ,  a group of p a t i e n t s  with 
known r e n a l  d i sease  and heal thy con t ro l s  are being s tud ied  
s e r i a l l y  with simultaneous determinations of blood c r e a t i n i n e  
l e v e l s ,  c r e a t i n i n e  o r  phenolsulphonpthalein clearance and u r ina -  
l y s i s .  The renographic a l t e r a t i o n s  w i l l  be c o r r e l a t e d  with t h e  
o t h e r  parameters.  Kidney l o c a l i z a t i o n  i s  done with t h e  h e l p  of 
an  u p r i g h t  f i l m  of t h e  abdomen. 
t h e  study t o  date. 

To gain more knowledge 

Twenty-five p a t i e n t s  have entered 

6. Fat Absorption Studies  on P a t i e n t s  I r r a d i a t e d  i n  t h e  Abdomen. 

Observations of p a t i e n t s  i r radiated i n  t h e  abdomen and t h e i r  
e x t e r n a l  c o n t r o l s  ( p a t i e n t s  with b a d  and neck carcinoma) f o r  t h e  
p o s s i b i l i t y  of developing malabsorptive de fec t s  under long term 
observat ions showed no s i g n i f i c a n t  t r end  i n  that d i r e c t i o n .  
o r i g h a l  group with cancer of t h e  ce rv ix  was twenty p a t i e n t s ,  
fourteen of which apparent ly  developed malabsorption of f a t  during 
t h e  admin i s t r a t ion  of radiotherapy i n  t h e  abdomen. The c o n t r o l  
group being i r r a d i a t e d  i n  t h e  neck showed t h r e e  out of nineteen 
p a t i e n t s  who developed low blood l e v e l s  of tagged f a t .  

During later examinations a t  one year and one and a h a l f  yea r s  
a f t e r  I r r a d i a t i o n ,  t h e  con t ro l  group showed one p a t i e n t  out  of 
t h i r t e e n  with low f a t  blood l e v e l s ,  and none out of a group of 
seven. ,. 

The 
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The experimental group i r r a d i a t e d  i n  t h e  abdomen showed one p a t i e n t  
out of a group of f i f t e e n  who presented low f a t  blood l e v e l s  one 
year a f t e r  t reatment ,  and one out  of a group of eleven a f t e r  one 
and a h a l f  yea r s  o f  post-therapy. 

"his  c l e a r l y  i n d i c a t e s  t h a t  t h e  frequency of low f a t  blood l e v e l s  
i s  of t he  s m e  order  of magnitude f o r  t h e  con t ro l s  and eqe r imen-  
tal group at  one yea r  and one and a h a l f  years  post-therapy follow- 
up examinations. 

About a hundred p a t i e n t s  i r r a d i a t e d  i n  t h e  abdomen will be followed 
for  a longer  time t o  c l a r i f y  t h e  e f f e c t  of r a d i a t i o n  as used i n  
current  p r a c t i c e  on t h e  i n t e s t i n a l  funct ion over s eve ra l  years .  
Information on t h i s  po in t  i s  not y e t  ava i l ab le .  

7. "Fat Absorption Studies:  The Use of Thyroid Trapping of Iodide 
as an I n d i c a t o r  f o r  Absorption of 1-131 Labelled Fa t "  

1-131 l a b e l l e d  f a t s  - t r i o l e i n  or  f r e e  o l e i c  ac id  - have been 
useful  t o o l s  for examination o f  g a s t r o i n t e s t i n a l  d iges t ion  and 
absorption i n  p a t i e n t s  suspected of having panc rea t i c  s t e a t o r r h e a  
or  t h e  malabsorption syndrome. Although blood absorption curves 
have been used extensively,  i n  p r a c t i c e  they  may be d i f f i c u l t  t o  
follow on all p a t i e n t s  s ince a s u b s t a n t i a l  group of p a t i e n t s  with 
good i n t e s t i n a l  absorpt ion may absorb r a t h e r  l a t e ,  and be misrepre- 
sented as malabsorbers i f  t h e  blood curve i s  not followed long 
enough. 

Results:  A group of twenty-one h e a t h y  Puerto Rico Nuclear Center 
employees were inves t iga t ed .  
twenty-four hours w a s  determined on all sub jec t s .  
morning, a f t e r  not ing r e s i d u a l  a c t i v i t y  5n t h e  5hyroid gland, a 
dose of 1-131 l a b e l l e d  f a t  was administered, Blood samples were 
drawn t h r e e  and five hours l a t e r  f o r  assay and a thy ro id  uptake 
of t h e  1-131 s e t  f r e e  from f a t  w a s  determined twenty-four hours 
l a t e r .  The assumption was made f o r  p r a c t i c a l  purposes t h a t  t h e  
peak of iodine t r app ing  occurs a t  about twenty-four hours and t h a t  
t he  day-to-day v a r i a t i o n  i s  not g rea t ,  i n  t h i s  laboratory,  about 
- + 4 units of uptake. 

-The 24-hour radioiodine uptake w a s  21 percent  + 1.6. 
-The 24-hour radioiodine ( s e t  f r e e  from f a t )  upTake was 

-The r a t i o  

Thyroid gland uptake of 1-131 at 
The next 

13 .7  2 349. 
of 1-131 from fa t  uptake t o  predetermined 1-131 

thy ro id  uptake i s  66.4 pe rcen t  + 17.9. - 
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-Fat absorption - blood curve - percentage of dose per blood 
volume 13.4percent + 6.7. - 

Application to patients: 
examined by this technique and results correlated with blood 
levels at five hours. Four patients out of seventeen showed low 
blood levels at five hours, but all of them showed normal thyroid 
iodide levels from the 1-131 set free from the absorbed labelled 
fat. 

A group .of seventeen patients have been 

The technique can distinguish the group of late absorbers from 
the group of early absorbers 
More patients will be examined and special application of this 
technique should be helpful in malnourished children and adults 
with various gastrointestinal disorders of digestion and absorption 
here in the tropics. 

if blood samples are collected. 

8. Tumor Localization 

The X-ray photoscanning unit has been completed and is now 
operational. 
contemplated by introducing a system of differential counting 
techniques to enhance isotopic images. At present, good radiogra- 
phic g a m  photoscans in one film are being obtained by double 
exposure. The technique is being improved for immediate 
application to resolution of brain tumors and other organs. 

Additional modifications of the scaler analyzer are 

Liver tumor localization: 
surgically documented liver disease were correlated with 1-131 
Rose Bengal liver scans. Diagnosis was positive for carcinoma 
in nine patients; the 6can was successful in detecting the 
presence of tumors in seven; the two that did not show up in the 
ecan were beyond the power of resolution of the instrument because 
they were single metastatic tumors, less than two centimeters in 
diameter. The other four patients had non-neoplastic disease of 
the liver; three had Jaundice due, in each instance, to a different 
etiology such as gallstones, hemolysis or cirrhosis, but it is 
Interesting to note that the defect seen was quite compatible in 
appearance with the presence of a destructive lesion. This is 
Important because the defect in Jaundice may falsely mascarade 
as a tumor or space occupying lesion. The fourth patient with a 
fatty liver showed a diffusely abnormal scan. 

Thirteen patients with biopsy or 
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Many more l i v e r  scans have been performed i n  t h i s  divis ion,  but  
since most of them have n o t  undergone surgery o r  a l iver  biopsy, 
t h e  correlat ion has  remained c l i n i c a l .  Depending on t h e  degree 
of suspicion of t h e  r e f e r r i n g  physician o r  t h e  source of h o s p i t a l  
papulation, t h e  y i e l d  of 'abnormal scans with i s o t o p i c  images 
compatible with tumors v a r i e s  enormously: f o r  example,in a 
group of twenty p a t i e n t s  from t h e  I. Gonzalez Martinez Oncologic 
Hospital r e f e r r e d  f o r  scans t h e  y i e l d  was seven with abnormal 
scans, whereas a group from t h e  Universi ty  Hospi ta l ,  which 
specializes in p a t i e n t s  with non-neoplastic l i v e r  disease,  t h e  
yield of abnormal scans compatible with tumor was one out  of 
thirteen. 

Brain scanning: 
offered on a consu l t a t ion  b a s i s  t o  neu ro log i s t s  and neurosurgeons 
who need t h i s  type of d i agnos t i c  procedure i n  t h e  i s l and .  Since 
there i s  no o the r  f a c i l i t y  performing t h i s  type o f  work, p a t i e n t s  
are scheduled on a m e r i t  b a s i s  o f  urgency a t  t h e  t ime of consul- 
tation requests.  
procedure i s  good a t  p re sen t  and it i s  contemplated that with 
their cooperation i n  r e f e r r i n g  p a t i e n t s  f o r  examination we may 
obtain a l a rge  volume of c l i n i c a l  m a t e r i a l  from which t o  der ive 
useful information in t h i s  needed a r e a  of tumor l o c a l i z a t i o n .  
So far ,  we have been a b l e  t o  study twelve p a t i e n t s ,  and we 
anticipate studying two p a t i e n t s  each week, ao t h a t  in a year  
we w i l l  be a b l e  t o  study about one hundred p a t i e n t s .  

Brain scanning f o r  tumor l o c a l i z a t i o n  i s  being 

Response of neurosurgeons t o  t h i s  type of 

9 -  Renogram: Post Therapy Studies  of Urinary Flow Al t e ra t ions  i n  
Patients with Cancer of t h e  Cervix. 

Thirty-eight p a t i e n t s  have entered t h e  study, and of t h e s e ,  
twenty-two have been followed c o n s i s t e n t l y  some from seve ra l  
months t o  seve ra l  yea r s .  A summary of changes observed: 

No change 

Normals 
Abnormals 

10 
5 

Change 
Normal t o  abnormal 3 
Abnormal t o  normal 3 
Abnonnal' t o  normal 

1 t o  abnormal 
22 
- I .  
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The purpose o f t h i s  study i s  t o  r e l a t e  changes i n  renogram with 
c l i n i c a l  progression o r  regress ion  of t h e  d isease  a f t e r  t h e  
I n i t i a l  a t tempt  a t  I ts  con t ro l  following a full course of radio- 
therapy.  More p a t i e n t s  a r e  needed before  usefu lconclus ions  can 
be obtained.  

I .  
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MEDICAL SCIENCES AND RADIOBIOLOGY D IV IS ION 

Maurice Paul Weinbren, M. D., Head 

Tissue cu l tu re  f a c i l i t i e s  and a small animal l abora to ry  are 
operated f o r  s e v e r a l  programs. A t r a i n i n g  and research program 
i n  radiobiology a t  t h e  c e l l u l a r  and sub-ce l lu l a r  l e v e l  with 
emphasis on medical a p p l i c a t i o n s  i s  c a r r i e d  out.  U t i l i z a t i o n  of 
nuclear energy i n  developing new knowledge of  t r o p i c a l  d i s e a s e s  
of man i s  being explored. 

The t r a in ing  a c t i v i t i e s  of t h i s  d i v i s i o n  have been d i r ec t ed  
principally toward l abora to ry  t echn ic i ans  who needed t o  l e a r n  
the highly spec ia l i zed  techniques used i n  t i s s u e  c u l t u r e  and 
virology. 
students from t h e  Radiotherapy and Cancer Division. 

A s h o r t  course i n  radiobiology was of fe red  f o r  twelve 

The pr incipal  r e sea rch  a c t i v i t i e s  a r e :  

1. "Study of t h e  B io log ica l  E f f e c t s  of Neutron Capture by B-10 
a t  the C e l l u l a r  Level." - Inves t iga to r s :  Paul Weinbren, M.D., 
and H. Harry Szmant, Ph.D. New c e l l  l i n e s  e s t ab l i shed  i n  t h e  
t i s sue  c u l t u r e  u n i t  a r e  He& (o r ig in :  human carcinoma of t h e  
cervix), KB ( o r i g i n :  human carcinoma of nasopharynx), and 
BHK (o r ig in :  baby hamster kidney). Boron' compounds s u i t a b l e  
for  study were received and some p i l o t  t e s t s  were conducted. 
It was decided t o  run t h e  p i l o t  s t u d i e s  with two mono-boron 
compounds, which a r e  t h e  prototypes of those synthesized a t  t h e  
h e r t o  Rico Nuclear Center, bu t  which a r e  a v a i l a b l e  i n  g r e a t e r  
supply, from United S t a t e s  Borax Research, and of known p u r i t y  
and s t a b i l i t y  i n  aqueous media. 
i n  the laboratory when l a b e l l i n g  tubes,  t hey  are known as 
compounds A and B. A i s  ?k.iethanolamine Borate @(WH - 
C H 2 ) j N T .  B i s  Triisopropylamine Borate p ( O C H C H  -CH2 7 3NJ. 

For g r e a t e r  ease of handling 

Both compounds were supplied as 0.M aqueous solu 2 ions.  

Because KB and BHK c e l l s  are more r ap id ly  growing and e a s i e r  
t o  handle than t h e  HeLa, which a r e  dest ined for t h e  .main 
study, t he  p i l o t  t o x i c i t y  t e s t s  were run i n  tubes of BHK and 
D. I n  these  t i s s u e s  we obtained i d e n t i c a l  r e s u l t s .  The 
0.l.M so lu t ion  was d i l u t e d  s e r i a l l y  i n  two-fold s t e p s  and then  
0 . 1 m i l l i l i t e r  o f  t h e  pa ren t  so lu t ion  and each of t h e  
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d i l u t i o n s  was added t o  t h e  f r e sh ly  f ed  c u l t u r e  tubes, each o f  
which contained 2.0 mi l l i l i t e r s  of medium o r  approximately a 
1:20 f u r t h e r  d i l u t i o n .  

The r e s u l t s  are: 

CONCENTRATION 
CELLS CELLULAR 
K S T  CHANGE 

0.1 m l  of  0.1 M i n  2.0 ml=O.OO5M 5.e Frequent 
Two f o l d  d i l u t i o n s  0 . 0 0 2 5 ~  2.5% 0 c ca s i o n a l  

0 .00125~  N i  1 Rare 
0 . 0 0 6 2 5 ~  N i  1 N i l  
0.0003175M N i l  N i l  
0.0001588~ N i  1 N i  1 
0.0000794M N i  1 N i  1 

A four-fold d i l u t i o n  of  t h e  0 .1  Molar so lu t ion ,  when used a s  
0.1 m i l l i l i t e r  t o  2 .0  m i l l i l i t e r  of c u l t u r e  medium was a t  t h e  
lower l i m i t  of  t o x i c i t y  f o r  both compounds. 
experiment i n  which 2.0 percent  o f  dimethylsulphoxide was 
added t o  t h e  medium gave i d e n t i c a l  r e s u l t s .  
sulphoxide was used because it has t h e  a b i l i t y  t o  p o t e n t i a t e  
t h e  passage o f  some substances through c e l l  membranes - it i s  
no t  known a t  t h i s  t ime whether compounds A o r  B a r e  a f f ec t ed  
i n  t h i s  way. The next  s t e p  t o  be accomplished was a check on 
t h e  length o f  exposure necessary t o  achieve a demonstrable 
e f f e c t  on t h e  c e l l s  i n  t h e  presence o f  boron compounds. For 
t h i s  purpose, BKK c e l l s  and compound A were chosen. The BHK 
c e l l s  were grown i n  small flat-bottomed p l a s t i c  f l a s k s  and, 
when f u l l y  sheeted t h e  medium was changed f o r  one conta in ing  
f i v e  percent  of compound A a t  0.lM o r  0.025M ( f i n a l  concentra- 
t i o n s  of 0.005M and 0.00125M). 
wi th  nonnal medium and those with the  boron compounds a t  bo th  
concent ra t ions .  These were incubated a t  t he  same temperatures 
and fo r  t h e  same per iods  a s  t e s t  f l a s k s  exposed t o  t h e  neutron 
f l u x  f o r  e igh t ,  s ix t een ,  o r  twenty-four hours.  The neutrons 
were provided by a Plutonium-Beryllium source.  
were exposed t o  t h e  neutrons a t  th i r ty-seven  degrees cent igrade  
i n  groups cons i s t ing  of  p a i r s  with O.OO5M and pairs with 
O.OOl25M compound A. 
i r r a d i a t e d  simultaneously f o r  l ack  o f  space i n  the  window 
through which the  neutrons were obtained. A t  e igh t ,  s ix teen ,  

A p a r a l l e l  

The dimethyl- 

Controls consis ted o f  c e l l s  

The f l a s k s  

Flasks with nonnal medium could no t  be 
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and twenty-four hours these  groups, t oge the r  w i th  non- 
i r r a d i a t e d  c o n t r o l s  were t r a n s f e r r e d  from t h e  incubator  t o  
t h e  r e f r i g e r a t o r  t o  s top  any f u r t h e r  growth. A t  t h e  end of 
t h e  experiment t h e  supernatant medium was  decanted, and t h e  
c e l l s  i n  the  shee t s  removed with t h e  a i d  of t r y p s i n .  The f r e e  
c e l l s  from each f l a s k  were suspended i n  a volume of t e n  
m i l l i l i t e r s  of balanced s a l t  so lu t ion  and then  r e p l i c a t e  
counts were made i n  a Coulter Model B counter u s ing  a 140 
a p e r t u r e  tube,  lower threshold s e t t i n g  of f i f t e e n ,  upper 
threshold s e t t i n g  of seventy-seven, t h e  amplitude c o n t r o l  a t  
fou r  and ape r tu re  cu r ren t  c o n t r o l  a t  0.707. These counts were 
made on a volume of 0.5 m i l l i l i t e r s .  

P 

The mean counts obtained corrected t o  t h e  nea res t  1000 a re :  

TREA’IMENT Noma1 Medium Medium + Medium + 
0 . 0 0 5 ~  of A 0.00125~ o f  A 

37°C f o r  

8 hours 50,000 I 53,000 53Jooo 
16 hours 53,000 53,000 Spec. spoi led 
24 hours 54 , 000 48,000 @ 50,000 

Neutrons 
+ 37°C f o r  

8 hours 
16 hours 
24 hours 

@ tube blocked 

44 , 000 49 , 000 
23, ooo 43,000 

Spec. spo i l ed  19 , 000 

Further  experiments r e  i n  progress  t o  confirm t h e  e f f e c t  
shown where it appears t h a t ,  a t  t h e  higher concentration, t h e  
c e l l  loss  i s  evident about e i g h t  hours ahead of t h a t  seen i n  
t h e  lower concentration. 
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2. "Cooperative Cytogenetic Study" - Inves t iga to r s  : Paul 
Weinbren, M.D. and L t .  Col. Michael Dacquisto, M.D. 

Three hundred and t h i r t y - f o u r  success fh l  c u l t u r e s  have been 
made from four  hundred and ninety-f ive specimens submitted t o  
da te .  
about e ighty i s  comparable t o  those  obtained i n  o t h e r  labora- 
t o r i e s .  
leucocytes from p a t i e n t s  with blood dysc ras i a s  a r e  d i f f i c u l t  
t o  c u l t u r e  and from p a t i e n t s  w i th  leukemia, mu l t ip l e  myeloma 
and so on, success fu l  c u l t u r e s  a r e  obtained i n  about t h i r t y  
pe rcen t  of t h e  cases .  

The percentage of success fu l  c u l t u r e s  o f  whole blood, 

A s  i n  o the r  l a b o r a t o r i e s ,  it has been found here  t h a t  

A r e p o r t  on r e s u l t s  obtained t o  d a t e  by L t .  Col. Dacquisto, 
who has been responsible  f o r  t he  d i agnos t i c  e f f o r t s ,  i s  given. 

E f f e c t s  on Human Chromosomes Brought About by Therapeutic '- 'Radiation t o  Se lec t ed  Regions. 

This p r o j e c t  was d e s i  
r a d i a t i o n  from cobaltB, 300KVP x-ray and radium i n  causing damage, 
and a l s o  t o  determine whether t h e r e  a r e  any d i f f e r e n t  e f f e c t s ,  
depending upon t h e  s i t e  of r a d i a t i o n ,  such as p e l v i s ,  chest ,  head 
and  neck. P a t i e n t s  a r e  se l ec t ed  t o  f i t  each of t h e s e  ca t egor i e s  
and i n  a l l  cases  c o n t r o l ,  mid-therapy, end of therapy and follow- 
up samples a r e  c o l l e c t e d .  Available f o r  study so f a r  a r e  twenty- 
f i v e  cases  of p e l v i c  r a d i a t i o n ,  twenty-five i n  which r a d i a t i o n  was 
given t o  the  head and neck, and f i f t e e n  t o  t h e  thorax.  
d e f i n i t e  conclusions a r e  y e t  poss ib l e ,  we see d i c e n t r i c ,  r i n g  and 
g ross ly  abnormal chromosomes, a l l  of which can be a t t r i b u t e d  t o  
ion iz ing  r a d i a t i o n .  
the percentage of normal modal number metaphases during therapy 
with a r i s e  i n  t h e  f o l l o w u p  per iod.  Conclusions w i l l  be based 
p r imar i ly  on s t a t i s t i c a l  considerat ions,  and f i n a l  opinion w i l l  
be formulated a f t e r  counting and studying hundreds of metaphases. 

ed t o  determine t h e  r e l a t i v e  e f f i c i e n c y  of 

While no 

I n  a few cases ,  we have a l s o  seen a drop i n  

K l i n e f e l t e r ' s  Syndrome. S i x  cases  of suspected Kl ine fe l t e r l - s  
were s tudied,  one by d i r e c t  marrow smear and f i v e  by c u l t u r e .  
showed forty-seven chromosomes and an  X X Y  p a t t e r n .  

A l l  

Mongolism. S i x  cases  have been sufxnitted. From one, no leucocytes 
c m l d  be cul tured although t h r e e  sepa ra t e  a t tempts  were made. 
the remaining f i v e ,  two showed t h e  t y p i c a l  twenty-one trisomy, one 
was normal and two remain t o  be s tudied.  

Of 
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