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Dcsinetry (R. L. Hayes) 

Dose t o  the i n t e s t i n a l  t r a c t .  A t r a c e r  s tudy  of the dose 
. received by the human i n t e s t i n a l  t r a c t  a s  a r e s u l t  of the aral  

i n g e s t i o n  of r a d i o a c t i v i t y  has been s t a r t e d .  
by the r e s u l t s  obtained i n  a previous s tudy of i n t e s t i n a l - t r a c t  dose i n  
a n h a l s ,  The extreme v a r i a t i o n s  obtained i n  the anisal s t u d i e s  r a i s e d  
the  quest ion of the v a l i d i t y  of assuming an "average behavior" 
in tes t ina l -dose  c s l c u l a t i o r s  f o r  m a x i m u m  permissible concentrat ions 
(FIX) of various radioisotopes.  
a t tempt  t o  f ind  t h e  l i m i t s  of normal v a r i a t i o n  among i n d i d d u a l s  i n  
r a t e s  of passage of "nonatsorbed" radioisotopes through t h e  
g a s t r o i n t e s t i n a l  t r a c t .  Present  s t u d i e s  a r e  being c a r r i e d  out  with 
t r a c e r  doses of one such i so tope ,  Lanthanum-lhO. M o s t  o f  the s u b j e c t s  
s o  far studied have been e l d e r l y ,  and da ta  from young subjec ts  W i l l  be 
requi red  before any def i rL+a conclusions can be reached. 
the da ta  s o  far c o l l e c t e d  i n d i c a t e  t h a t ,  f o r  elderly persons the now 
recommended YPC f o r  "nonabscrked" radioisotopes (Handbook 69)  is  too  

"kLs study was prompted 

i n  

The study with human beings is a n  

Nevertheless, 

' high by as much as  a f a c t o r  of  10. 

Wnen s u i t a b l e  de tec t ion  equipment i s  ava i lab le  we plan t o  expand 
t h i s  t r a c e r  s tudy t o  include measurements of t h e  urinary excre t ion  and 
body r e t e n t i o n  of  p a r t i a l l y  absorbed as w e l l  as "nonabsorbed" o r a l l y  
ingested isotopes, 
fundamental i n t e r e s t ,  s i n c e  most maximum permissible concentrations 
(Handbook 69) a r e  nor based on a n i n a l  d i s t r i b u t i o n  data  r a t h e r  man on 
data  from man. . 

Such an extension of the  present  s tud7 i s  of 

Distributi .cn of i n t e r n a l  r a d i a t i o n  dose. A knowledge of 
d i s t r i b u t i o n  i s  a valuable a i d  i n  the planning and evaluat ion of 
total-hody i r r a d i a t i o n  therspy, 
dose (energy absorbed p e r  u n i t  weight) can a l s o  be of  considerable 
importame. . U s i n g  phantom techniques,  we  have made depth-dose and 
.absorbed-dose measurements f o r  the broad-beam cobalt-60 total-boQ- 
i r r a d i a t o r .  Measurements were made i n  cornpartmntalized phantoms 
designed t o  simulate an  a d u l t ,  an adolescent,  and a cJild. 
provides information on t h e  homogeneity of rad ia t ion  dose Snd the t o t a l  
absorbed energy as a funct ion of body size. 
def in ing  total-body i r r a d i a t i o n  dosimetry, g lass  dosimeter measurements 

I n  t h i s  type of  therapy t h e  absorbed 

7, 
The Study 

As a fur ther  a i d  in 
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of  sMr, d a e  hare been made on p a t i e n t 3  gFven total-body i r r a d i a t i o n  
therapy. 
of the dose given. 

C l i n i c a l  S tudies ,  

Such measurerwnts serve a3 an i n d i c a t o r  of the uniforndty 

(G.  A .  Andrews, B. W. S i t t e r s o n ,  A .  L. K r e t c m r ,  
F. Comas, and D. A .  R n s s ) .  

Studies on total-body irradiation i n  acute  leukemia were continued 

These include eleven p a t i e n t s  with acute  o r  subacute leukemia. 
and an assessment was made of the r e s u l t s  of the  f i r s t  s e r i e s  of cases 
t r e a t e d .  
O f  these p a t i e n t s ,  zhree were adul t s ,  one was an  adolescent,  and the 
r e s t  were chi ldren.  
therapy. 
were i n  c r i t i c a l  condition. 
an t imetabol i tes ,  t o  continue s t e r o i d  therapy i f  it was a l ready  under 
way, and t o  give a large s ingle  dose of total-body i r r a d i a t i o n ,  
v a r i e d  from a t c u t  200 r t o  more than 900 r. Bone marrow was obtained 
from homologous donors c ross  matched f o r  t h e  u s u a l  major blood types. 
The marrow was obtained by a s p i r a t i o n  from the p o s t e r i o r  iUac  spine, 
i l l a c  c r e s t s ,  and sometimes f rm  other  areas .  
g e n e r a l  a n e s t h e t i c .  
smears ind ica ted  a high percentage of marrow elements as compared t o  
p e r i p h e r a l  leukoc;%es. 
c h i e f l y  because of clumping, ar.d were highly variable. 
favorable  a s p i r a t i o n s ,  severa l  billion c e l l s  were obtained. 
of marrow a s p i r a t s  was g e n e r d l y  from about 100 to 300 ml. 
n o t  broken up except fcr  pssing t h e  marrow through a needle somewhat 
smaller than  t h e  one used f o r  asp i ra t ion .  
intravenously s h c r t l y  after it was obtained. I n  most of  t h e  p a t i e n t s  
about four  separa te  doncrs were used' -- one on each day d-ng t h e  f i r s t  
f i v e  days or s o  a f t e r  e-osure., I n  one pe t ien t ,  I n  an e f f o r t  t o  
dupl ica te  t h e  t e c h n i r p  o f  Mathe, a s i n g l e  donor was s e l e c t e d  by 
corcpat ibi l i ty  o f  mjor and rnincr red  c e l l  types, 
-re a t t r i b u t e d  t o  the mamow adminis t ra t ion.  
raeda t ion  withcut  mamcw adminis t ra t ion,  Several  types of r e s u l t s  
were seen and can be surmrized i n  the following table: 

. 

A l l  except one had had extensive previous drug 
A l l  had a c t i v e  leukemia a t  the time of t reatment  and some 

The genera l  plan o f  t reatment  was t o  s t o p  

Doses 

Donors were given a 
The marrow obtained appeared grossly c e l l u l a r  aEd 

Cell. counts a r e  believed t o  be erroneously low, 

The volume 
Clumps were 

I n  t h e  most 

Marrow w a s  administered 

No untoward r e s u l t s  
Thme p a t i e n t s  received 

1. Incomplete suDcression of leukendc process : 

Temporary suppression, .then exacerbation w i t h  

P a r t l a 1  sustained sappression------------------- 3 ( 2  received. 

p r o l i f e r a t i v e  phase and death ----------------2 

no marrow) 

2. Apparent complete or nearly complete suppression of 
leu.kenic process : 

, DOEiHQ 
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.Twelve treatmenta a r e  reported on eleven p a t i e n t s .  One p a t i e n t  
was t r e a t e d  twice w i t h  an  i n t e r n a l  of about six months between 
treatments . 

I n  general ,  the  leukemic c e l l s  proved t o  be s t r i M n g l y  s e n s i t i v e  
t o  r a d i a t i o n  and t h e r e  w a s  a massive d e s t r u c t i o n  of these  c e l l s  Kith a 
profound f a l l  i n  p e r i p h e r a l  white count and marrow c e l l u l a r i t y  i n  most 
cases.  This d e s t r u c t i o n  occurred chiefly within the  first f o u r  o r  
f ive  days, and t h u s  t h e  p a t i e n t s  with bukemia reacned a phase o f  
marrow a p l a s i a  much e a r l i e r  than normal persons exposed t o  t h e  same 
dosesr  
t h e  leukemic c e l l s  and never reached conplete  a p l a s i a .  
was seen even i n  q u i t e  high doses and could not be c o r r e l a t e d  c l e a r l y  
Kith morphologic f e a t u r e s  of the leukemia. It appeared, however, t h a t  
the older  patients, w i t h  a l e s s  p r w t i v e  type of leukemic c e l l ,  were 
more l i k e l y  t o  show res i s tance .  
this. 
followed shortly by a p r o l i f e r a t i v e  leukemic phase, is shown i n  
figure 1. 

S t i l l ,  some of the leukemia cases shoxed g r e a t e r  r e s i s t a n c e  of 
This r e s i s t a n c e  

Further  da ta  would be needed t o  confirm 
An example of a v e r y  t r e n s i e n t  suppression of the leukemia, 

$ : 2 -  

5 
g IC- 

$ e -  

@ 6 -  
w = 4 -  

2 -  

Fig.  1. C h a r t  on p a t i e n t  No. 3.  
Lsukemic process by 5u5 r of i r r a d i a t i o n .  

Only t r a n s i e n t  suppression of 

lob7115 
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Those who died K i t h  e i t h e r  exacerbat ion of leukemia or  i n  an 
a p l a s t i c  phase survived from periods of 1 7  t o  25 d a y s .  
somtiines F ~ p o s s i b l e  t o  de te rn ine  the r e l a t i v e  importance of 
leukemia and r a d i a t i o n  injury as causes o f  death. 
deaths  both occurred on the  f i r s t  posttreatment day. 
t o  hemorrhage and infec t ion ,  Kith dlf f u s e  pulmonary bleeding prominent, 
p a r t i c u l a r l y  i n  one p a t i e n t  who d ied  i n  an a p l a s t i c  phase. 

It uas 

Two very early 
Deaths were due 

We have a r r i v e d  a t  some conclusions about "ablation" of t h e  bone 
marrov. 
r a d i a t i o n  o r  n i t rogen  mustard t o  reach a s ta te  i n  which t h e  marrow is 
apparentljr almost completely a c e l l u l a r .  
phase, e i t h e r  Afrorn henorrhage o r  i n f e c t i o n ,  the  tendency i s  t o  say t h a t  
t h e  marrow w a s  "comp1atel.y ablated." 
o b s s r r a t i o n  has g r e a t  l i m i t a t i o n s  and one cannot say *om the  appearance 
of the  marrcw t h a t  i t  h a s  l o s t  c a p a b i l i t i e s  f o r  either normal 
regenerat ion or f u r t h e r  leukemic proliferation. 

It is  not  unusual for p a t i e n t s  t r e a t e d  with b i g  doses of 

When p a t i e n t s  d i e  i n  t h i s  

However, t h e  morphologic 

Evidence f o r  success of t h e  marrow g r a f t  was veI-y s l i g h t .  
p a t i e n t  who had a good remission, a s e r i e s  o f  morphologic changes i n  the  
bone marrow might have been i n t e r p r e t e d  as i n d i c a t i n g  a very  t r a n s i e n t  
p r o l i f e r a t i o n  of  the g r a f t  about a week a f t e r  it was given, b u t  this 
i n t e r p r e t a t i o n  cannot be s t r o n g l y  supported. 

I n  one 

Studies  of  red c e l l  subt3pes i n  donors and rec ip ien ts  uere 
complicated by the f a c t  that most of t h e  p a t i e n t s  had received 
transfusions befors trea,,nent and t h a t  d i f f i c u l t i e s  were experienced 
i n  attempting q u a n t i t a t i v e  i d e n t i f i c a t i o n  of mixed c e l l  populations. 
Tn genera l  t n e  r ed  cell s u b t m i n g  s t u d i e s  of fe red  l i t t l e  suppor t . for  a 
t r u e  marrow g r a f t .  

One of the  nos t  s t r i ' d n g  r e s u l t s  of t h i s  study was the 
demonstration t h a t  large doses of total-body i r r a d i a t i o n  alone can 
produce remissions i n  leukemia. 
has been sonswhat c o n f l i c t i n g  l m t  t h e  concensus had been t h a t  
i r r a d i a t i o n  was not  b e n e f i c i a l  i n  acute  leukemia except f o r  loca l ized  
les ions .  ?he most s t r i l d n g  case i n  the s e r i e s  ua3 a p a t i e n t  who had 
a very  complete, although t r a n s i e n t ,  remission after 360 r of  t o t a l -  
body i r r a d i a t i o n .  
that drug therapy was responsible  for the benef i t ,  and .the leulkemia 
was i n  a f l o r i d  s t a t e  a t  the time of t r e a t n e n t .  

Previous l i t e r a t u r e  on t n i s  s u b j e c t  

I n  t h i s  p a t i e n t  fSee Fig. 2) there  is no p o s s i b i l i t y  

The a o s t  favorable r e s u l t s  i n  t h i s  s e r i e s  were obtained, i n  
general ,  with the lower r a d i a t i o n  doses. 
seen i n  p a t i e n t s  t r e a t e d  with more t h a n  600 r. 

No prolonged sumivals were 

I O b 1 7 1 b  DOE/HQ 
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Fig. 2.  
rnarrm. 

Chart on p a t i e n t  No. 10. Remission *om i r r a d i a t i o n  without 

Another p e r t i n e n t  observation was that the regenerat ive phase 
s t a r t e d  e a r b  in t h e  three p a t i e n t s  who had complete remi3sions. 
is 3een when the  p l a t e l e t  cumes, t h e  white c e l l  curves, and t h e  
leukocjrte curve3 are conpared with t h e  Y-12 s e r i e s  of  normal persons 
acc identa l ly  i r r a d i a t e d .  (F‘igs. 3 and 4) .  It appears that recovery 
begins a L m s t  two weeks e a r l i e r  i n  t h e  i r r a d i a t e d  leukenria p a t i e n t s  
than  i n  the  normal p a t i e n t s  exGosed a t  about the same dose. T h i s  
difference i n  t h e  sequence seems t o  involve a s i g n i f i c a n t  b i o l o g i c a l  
f a c t o r  t h a t  may be of importance. 
ear l ler  regenerat ion i n  the favorable ,  leukelaics can be l i s t e d  8s follows: 

This 

Possible explanations f o r  t h e  

1) The t,ype of r a d i a t i o n  was d i f f e r e n t .  The Y-12 acc ident  

2), Ages were di f fe ren t .  The leukemics were chi ldren.  
3)  

L) 
5 )  

6) 

included a neutron component. 

Harrow was c leared  out fas ter  i n  the leukemics, and this 
allowed space f o r  regenera t i  on. 
Toxic products from r a d i a t i o n  damage i n h i b i t  hematopoiesis. 
I n  the leuke.7dcs this d e s t r u c t i v e  phase is completed e a r U e r ,  
Severe pant-y-topenia muzt exis t  before  st imulus f o r  
regenerat ion l a  ac t iva ted .  
I n  the leukentc, the  c e l l s  t h a t  serve as precursors f o r  
eventual  nom1 hematopoiesis are,  for some mason assoc ia ted  
w i t h  leuksnia ,  i n  a s t a t e  allowing more r a p i d  p r o l i f e r a t i o n  
once conditions a r e  favorable.  

I O b 7 1 f l  DOEIHQ 
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A W G E  TOTAL WHITE COUNT IN FIVE W M A L S  
AND THREE SELECTED LEUKEMIC WTIENTS 
AFTER 200-350r WHOLE BOOY IRFUDIATON 

/. V 

l e .  

2 . .  

2 6 .  

2 . .  

AVEWSE PLATELET LEVELS I N  FIVE NORMALS 
ANC THREE SELECTED LEUKEMIC PATIENTS 
AFTEFi 200-350r  WHOLE BDM IRRADIATION 

.....'. _....-.. . 
z 
0 
" 

Fig. 3 and F5g. 4. Average white blood cell.  and pla te l e t  counts in 3 
patients who developed remissions in l eukeda  after radiation (cases 
No. 1, 2, 10) compared with 5 normals accidentally irradiated In Y-12 
i n c i d e n t  wi th  doses of 236 t o  365 rads. 

lob7118 - D O W H Q  
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These two f a c t s ,  (1) that i r r a d i a t i o n  alone can produce remissions 
and ( 2 )  t h a t  t h e s e  remissions begin e a r l l e r  than I n  n o m 1  persons 
t r e a t e d  a t  t h e  same dose, a r e  U c e l y  to lead t o  an erroneous b e l i e f  
t h a t  a marrow g r a f t  has been obtained when t h e  r e s u l t s  seen are  due ta 
the  r a d i a t i o n  t reatment  a lone . 

A aummary of our  cur ren t  impressions of t h e  treatment of leukenda 
by i r r a d i a t i o n  and marrow g r a f t i n g  i s  as follows: 

1) 

2 )  

3 )  

4) 

Total-body i r r a d i a t i o n  alone produces remissions i n  some 
cases  of acute  leukemia. 
Remissions cannot be accepted as proof of m r o u  
t r a n s p l a n t a t i o n ,  e i t h e r  temporary or permanent. 
I n  most cases  of acu te  leukemia, t h e  leukemic c e l l s  appear t o  
be rad iosens i t ive ,  and there  i s  profound c e l l  d s s t r u c t i o n  
after a s i n g l e  l a r g e  dose of r a d i a t i o n .  
may cont r ibu te  t o  early deaths. 
t h e  c e l l 3  have been destroyed, exacerbation o f t h e  leukeda 
occurs later. 
h e  term n m a ~ o w  abla t ion"  should be used very  c a r e f u l l y ,  
Many p a t i e n t s  uho s u r d v e  a s i n g l e  dose of  r a d i a t i o n  o r  
mrrou-damaging drug have gone through a phase of  apparent 
marrow ablat ion.  
In t h e  leukemic p a t i e n t  uho msponds favorably t o  t o t a l - b o a  
i r r a d i a t i o n ,  t h e  phase of marrow recovery begins about t w o  
weeks e a r l i e r  than i n  normal p a t i e n t s  exposed t o  the same 
r a d i a t i o n  dose. 
have genera l  importance. 

This c e l l  d e s t r u c t i o n  
Even &en it  appears that a l l  

An explanation for this fact would probably 

Pathologic Changes i n  Total-Body I r r a d i a t i o n  ( B i l l  M. Nelson) 

Ten pa t ien ta  t r e a t e d  for leukemia w i t h  total-body i r r a d i a t i o n  
( i n  the range of 200 t o  800 r) have now come t o  autopsy a t  ORINS. 
Hicroscopic studies have been completsd on a l l  b u t  the most recent 
one. With the poss ib le  exceptions of the bone marrow, the histologZc 
obsemations so f a r  f a i l  t o  dsmonstrata responses i n  var ious t i s s u e s  
t h a t  would d i f f e r  from the  expected e f f e c t s  of the same doses of 
r a d i a t i o n  given locally r a t h e r  than t o  the e n t i r e  body. 
two p a t i e n t s  mng 1 7  and 18 days .(after doses of 790 and 500 r 
respec t ive ly)  was q u i t e  a p l a s t i c ,  without evidence of r e s i d u a l  leukemia . 
No morphologic (or c l i n i c a l )  evidence of successfu l  marrow 
t ransplan ta t ion  was found in any of the six p a t i e n t s  given Intravenous 
infusions of f r e s h  marrow from homologous donors, The six patienta 
surviving more than three weeks (2& days to 219 days) a l l  d ied  with 
leukemia and w i t h  l i t t l e ,  U any, apparent r e s i d u a l  e f f e c t  of the 
r a d i a t i o n  i n  the  s e c t i o n s  of marrow. A l l  ten deaths could be 
a t tF ibuted  t o  hemorrhage or in fec t ion .  
a t t r i b u t e d  t o  leukenda, since death occurred after recovery from the 
i r r a d i a t i o n .  

The marrav in 

A t  l eas t  Five deaths can be 

The t w o  e a r l y  decrths (within two daya a f t m  i r r a d i a t i o n )  

DOEIHQ 



may a l s o  be c r e d i t e d  t o  l e u k e ~ a ,  although r a d i a t i o n  e f f e c t s  were 
de tec ted  a t  autopsy. 
the  f o u r t h  week a f to r  r a d i a t i o n ,  was found t o  have f i b r o s i s  of the 
marrow. 
no f i b r o s i s  was seen i n  the other  pa t ien ts .  

A p a t i e n t  Kith granulocyt ic  leukemia, dying i n  

This  f i b r o s i s  s e e m  t o  have been present before t rsatment  and 

' Further  a n a l y s i s  of the autopsy observations i s  needed t o  
i n v e s t i g a t e  possible  d is t inguishable  features of the  deaths 
a t t r i b u t a b l e  t o  rad ia t ion .  
sovere pulmonary hemorrhage i s  o f  i n t e r e s t .  The l a c k  of c h a r a c t e r i s t i c  
g a s t r o i n t e s t i n a l  l e s i o r s  I s  noteworthy and suggests  the possible  uae ,. 

c;f h igher  doses . 
Follow-up on Y - 1 2  Accident P a t i e n t s  (B. W. S l t t e r s o n ,  A .  L. Kretchmar, 
and G . A .  Andrews) 

I n  par+,icuLar, t h e  f requent  occurrence ,of 

I n  March 1959, about nine months a f t a r  exposure, the f i v e  high- 
dose p a t i e n t s  f'ron the Y-12 r a d i a t i o n  accident were adm5tted t o  the 
5 o s p i t a l  f o r  three d a p  t o  ob'tain s t u d i e s  under conditions of  d i e t  and 
physical  act ivi ty  compsrabls t o  those under which e a r l i e r  s t u d i e s  had 
been done. 
t h i s  time. 
1P59. 

!he th ree  low-dose p a t i e n w  were seen as outpa t ien ts  a t  
All e ight  p t i e n t s  were seen again as outpa t ien ts  in A u g u s t  

Subjec t ive ly ,  the? s t i l l  repor+Ad varying degrees of undue 
f a t i g u e ,  weakness and s t i f f n e s s  i n  muscles, popping noises  i n  j o i n t s ,  
insomnia, i r r i t a b i l i t y ,  a d  nervousness. 
were most p-omhent  i n  low-dose pa t ien ts ,  Ki th  no apparent C O r r d a t i O n  
betimen t h e  dose of r a d i a t i o n  and t h e  s e v e r i t y  of these  symptoms. 
genera l  they seemed t o  have improved s l o w l y  and progressively.  
Physical examinations shoved no s i g n i f i c a n t  a b n o m U t i e s  and no 
object ive f indings t o  account f o r  these symptoms. 

Some of  t h e s e  d i f f i c u l t i e s  

I n  

One g t i e n t  ( P a t i e n t  D) had a recurrence and increase  in 
s e v e r i t y  of t h e  vague abdominal pain t h a t  was noted during the  period 
of hos?ir ;a l  ca re  irnnediatelp a f t e r  the accident .  
g a s t r o i n t e s t i n a l  X-rey s tudies  snowed no a b n o m l i t y  . Treatment with 
antispasmotic and antacid medications r e s u l t e d  i n  not iceable  
improvenent. 
dis turbance i n  balance when wal !ng  downhill, b u t  n o t  on level ground 
o r  going u p h i l l .  A consultant neurosurgeon examined him and found no 
s i g n i f i c a n t  abnormal neurological o b s e m t i o n s .  
opinion was t h a t  the  synntoms were functional.  

' 

Upper and lower 

"his p a t i e n t  a l s o  developed symptoms of memorg lapses  and 

The consul tan t ' s  

Hematological s tud ies  have shown t h a t  the hemoglobin, hematocrit,  
w h i t e  blood c e l l  count,  d i f f e r e n t i a l  count, and p l a t e l e t  count of a l l  
the  p a t i e n t s  a r e  wi th in  narmal l i m i t s .  
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' B e  r e s u l t s  o f  speciag biocheinical s t u d i e s  a r e  reported i n  a 

separa te  s e c t i o n  of t h i s  re?ort .  

Ophthalmological and s l i t - lamp exanrinations have been done on a l l  
the  p a t i e n t s  by a consul tant  ophthalmologist a t  approfimately six-month 
i n t e r v a l s .  Sperm counts have also been obtained a t  periodic i n t e r v a l s ,  
w i t h  p a r t i c i p a t i o n  on a voluntary basis .  

ComDarison of Y-12 Pat ien ts  wi th  Yugoslavian Accident Victims (G. A. 
AmGews 1 

I n  connsction with the  total-body i m a d i a t i o n  program and the1 
i n t e r e s t  i n  marrow t ransplan ts ,  we a t  t h e  Medical Division a r e  
comparing the Y-32 accident  victims, the Yugoslavian accident victims, 
and the 3.enkemic p a t i e n t s  given total-body i r r a d i a t i o n .  It is 
g e n e r a w  agreed t h a t  the physical data on t h e  Yugoslav vict ims a r e  n o t  
adequate t o  a l low a c l e a r  estimate of t h e  dose of rad ia t ion .  Whether 
or  not  t h e  apparent ly  successfu l  bone-marrow t r a n s p h n t  was l i f e  saving 
i n  these p a t i e n t s  i s  a question t h a t  i s  d i f f i c u l t  t o  answer i n  the 
absence of c l e a r l y  es tab l i shed  dosage. 
comp.re t h e  hematologic response of t h e  Y-12 ard Yugoslav groups o f  
p a t i e n t s  on t h e  assm?t ion  that the blood changes and c l inical .  
observations may help t o  ind ica te  relative dosages. 

Ef for t s  are being made here t o  

I n  a dosage c o q a r i s o n  based on hematologic e f f e c t s ,  it is c l e a r  
t h a t  tfisre are some q u a l i t a t i v e  d i f fe rences  between the  two groups of 
p a t i e n t s .  The Yugoshv group showed much g r e a t e r  gmnulocyte and . 
lymphocyte depression, but  the p l a t e l e t  depression, except i n  t h e  
p a t i e n t  who died, was generally no more severe than  i n  the Y-12 group. 
S l o l o g i c a l  and c l i n i c a l  i n f o n a t i o n  i n d i c a t e s  wi th  considerable c e r t a i n t y  
t h a t  the  one YugosLav vict im who died received a much higher dose than 
any i n  the  Y-32 group. A t  the  other extreme the  one Yugoslav who 
recovered without bone marrb: probably received a dose lower than the  
average of the f i v e  i n  the Y-12 group. The most c r i t i ca l  comparison is 
between the  four  Yugoslavs who received bone marrow and recovered and the 
f ive i n  t h e  Y-12 group. For the  purposes of such comparison, the blood 
d a t a  were averaged f o r  each group and a comparison vas made for  the 
averages. 

, 

An analysis of these char t s  i n d i c a t e s  the following: 

Neither group had complete suppression of  

Subsequently an increase occurred and the two g r o ~ p s  

Reticulocytes:  
r e t i c u b q r t e s .  
t h e  Y-12 group. 
remained almost i d e n t i c a l ,  Kith a secondary depression between t h e  
twenty-fifth and t h i r t y - f i r s t  days, 
re t icu locytos i3  was seen, considerably more profound i n  t h e  YugoSLaV 
than i n  the  Y-12 group, with both groups reaching t h e i r  peak l e v e l  a t  
about k7  days a f te r  ~xposure.  

Tne Yugoslavs were somewhat lower on t h e  f i f t h  day than 

Af ter  that  a s t r i k l n g  

l o b 7 1 8 1  



- 13 - 
Qmohocykes: The e a r l y  lymphopenia was much more profound i n  the 

Yugoslav group and lymphocyte l e v e l s  remained d i s t i n c t l y  lower 
throughout the  f i r s t  two months. Both groups showed some increase  i n  
lymphocytes a t  the  f o r t i e t h  day, and then another  s l i g h t  slump during 
t h e  subsequent t h ree  weeks. 

P l a t e l e t s :  The i n i t i a l  p l a t e l e t  l e v e l s  wem somewhat l m e r  i n  
the  Yugoslav group, b u t  a t  about t h e  twenty-second day the  c u m s  
beccma i d e n t i c a l .  Af t e r  the  twenty-seventh day, however, recovery i n  
the  Yugoslavs took D b c e  a l l t t l e  more r ap id ly  than i n  the  Y-12 group. 
On t h e  o t h e r  hand, l a t e r  i n  the recovery phase between the  f o r t i e t h  
and f i f t i e t h  days, t he  Y-12 l e v e l s  were higher than those  i n  t h e  
Yugoslav group. P l a t e l e t s  were counted by the  Brecher and Cronkite 
method i n  the Y - I 2  group and by the Feise ly  method i n  t h e  Yugoslav group. 

Granuloc-yLes: Granulocfies Ware much more  profoundly depressed i n  
the  Yugoslav group and reached much lower l e v e l s  between the twenty- 
s i x t h  and t h i r t y - f i f t h  days. 
same time i n  t h e  two groups. 

Recovery seemed t o  occur a t  about t he  

- 
I n  attempting t o  assess  this information i n  terms o f  evldence 

relating t o  t h e  success  o r  f a i l u r e  of the marrow graft  i n  t h e  Yugoslav 
pa t i en t s ,  s e v e r a l  s e r ions  problems a re  presented: 1 )  'fie dose of 
radiation is  poorly established f o r  the Yugoslavs. 2 )  Comparison o f  
c l i n i c a l  and l a b o r a t o n  da ta  is handicapped by the  d i f f e rences  i n  
methods used and by the f a c t  t h a t  the Yugoslavs were given marg types 
o f  medication and treatment . 
Yugoslavs r a t h e r  l a t e ,  shortly before spontaneous recovery ntFght have 
been expected, if it is assumed t h a t  the Yugoslavs followed t h e  881118 
pat+Arn a s  the  Y-12 group. 

3 )  The bcne marrow was given t o  t h e  

I n  s p i t e  of all these d l f f i c n l t i e s  we would l i k e  t o  present  the . 

f o l l o b i n g  t e n t a t i v e  conclusions: 

1. h e  four intermediate-dose Yugoslsv v ic t ims  probably received 
a higher  r a d i a t i o n  dose than t h e  f i v e  Y-12 victims. This is 
based upon c l i n i c a l  da t a  ( ea r ly  and profound ep i l a t ion ,  
eventua l  c a t a r a c t s )  as w e l l  as upon hematologic comparisons. 

2. The recovery i n  t he  Yugoslav group occurred i n  about the same 
time a s  i n  t h e  Y-12 group. 
f o r  the Yugoslavs and recovery is normally later with a higher 
dose, then it might be argued t h a t  the  mamm treatment had 
hastened recovery somewhat. 
involved, it appears t h a t  the only s t rong  evidence for 
func t ion  of the graft is i n  the r e d - c e l l  i d e n t i f i c a t i o n  
s t u d i e s  repor ted  by the  French. 

If the r a d i a t i o n  dose was higher  . 

In v i e w  of the unce r t a in t i e s  

, 
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P.tten?ted Autografts k i t h  Large Doses of Nitrogen Mustard. (1.. L. 
be tchmar ,  B. W. S i t t e r s o n  3rd G. A .  Andrews) 

A c l i n i c a l  study, with a c a r e f u l l y  c o n t r o l l e d  s e r i e s  of p a t i e n t s ,  
has been conr;leted i n  which autologous bone marrou gmfts were attempted 
a f t e r  a la rge  s i n g l e  dose of n i t rogen  mustard had been given. 

Pa t ien ts  i n  t h i s  series were s e l e c t e d  Kithout any knowledge of 
whether they would be given marrow or serve as controls .  
s e l e c t i o n  bas made on c l i n i c a l  grounds and, as far as possible ,  
p a t i e n t s  with metastases t o  bone marrow w e r e  excluded. After t h e  
dec is ion  t o  include a p a t i e n t  i n  t h e  s e r i e s ,  assignment t o  the l lcontroln 
or "graft" group was made on the  basis of  a table of random numbers. 
The p a t i e n t s  i n  t h e  s e r i e s  were numbered i n  consecutive sequence and 
those nunbered 2, 6, 7, and 10 were given an  infusion of autologous 
bone marrow. One o t h e r  p a t i e n t  who v a s  given autologous marrow (and 
who had been t r e a t e d  before this method of s e l e c t i o n  of c o n t r o l  subjects 
WBS i n s t i t u t e d )  xas a l s o  included i n  the analysis of res-dts. 

The 

One m i l l i g r m  per kilogram of n i t rogen  mustard was given t o  a l l  
T n i s  dose was administered intravenously i n  20 to 30 m l  of p a t i e n t s .  

sallne over an  i n t e r v a l  of 10 to 15 minutes, including t h e  time 
required f o r  d i sso lv lng  the  n i t rogen  mustard and manipulating the 
in fus ion  apparatus. ?his w a s  done while the patient was s t i l l  under 
general  anesthesia  and after bone marrow had been aspirated.  The 
a s p i r a t i o n  was f o r  diagnost ic  purpose8 i n  t h e  c o n t r o l  group, but  i n  the 
a u t o g r a f t  group enough a d d i t i o n a l  material was aspi ra ted  t o  obtain a 
t o t a l  marrow volume of lh0 t o  150 ni l .  An. i n t e r v a l  of 4 t o  6 hours 
separated the time of adminis t ra t ion  of  mustard from the  infus ion  of 
the marrou. 
l /3 volume of c i t r ~ t e - s s l t ' s o l u t i o n )  was kept i n  a p l a s t i c  bag a t  room 
t e q e r a t u r e .  
r e f r i g e r s t o r  t e ~ p e r 2 t u r e  u n t i l  i t  was warmed t o  room temperature and 
h e d i a t e l y  infused. ) 

During this i n t e r v a l  the marrow suspension ( d i l u t e d  wi th  

( I n  the  first two t r i a l s  the mamow was kept  a t  

Tnere was no s i g n i f i c a n t  d i f fe rence  i n  the degree of depression 
of  white blood c e l l s  and p l a t e l e t s ,  of the  time required for beginning 
of marrow regeneration, and of t h e  r a t e  of regeneration between the 
c o n t r o l  subjec ts  and t h e  group that were given autologous marrow 
t ransfusions.  
of t h e  autologous-marrow group. 
of marrow had any e f f e c t  on t h e  c l inical  course or on the  degree of 
marrow depression t h a t  was induced by this l a r g e  dose of must.ard. \lei 
conclude that spontaneous regenerat ion of bone-marrow funct ion  after 
1 %/kilo of n i t rogen  mustard begins i n  the t h i r d  week after the  
adminis t ra t ion of the drug and is  dramatic i n  i t s  rap id i ty ;  normal 
l eve ls  of c i r c u l a t i n g  w h i t e  blocd c e l l s  and p l a t e l e t s  may be reached i n  
the  twenty-fourth t o  twenty-eighth day after mustard. 

Regeneration of p l a t e l e t s  was a U t t l e  more r a p i d  i n  one 
%ere is no evidence t h a t  t h e  lnfusion 

The autologous 
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mamow graf t  does not e f f e c t i v e l y  cont r ibu te  t o  this regenerat ion,  
may be that a t  Larger rirustard doses or with $any times t h  

s i g n i f i c a n t  cont r ibu t ion  from the a u t o g r a f t  would be apparent. 

It 
number o f  

autologous c e l l s  used i n  this s e r i e s  (4 x 10 t o  1.3 x 10 fJ ), a 

Recent and contem?lated s t u d i e s  r e l a t i n g  t o  the marrow problem. 

a,) b - d o s e  total-bo@ i r r a d i a t i o n .  We are g i v i n g  single doses 
of 50 r t o  various hematolonic disorders  and are s tudr lnn  t h e  e f f e c t s  
on blood and bone marrow. Ge have t r e a t e d  only a fe; p a t i e n t s ,  but  we- 
bel ieve t h a t  t h i s  type of study w i l l  help t o  show t h e  r a d i o s e n s i t i v i t y  
of various c e l l  t r p e s  and may f i e l d  other information on r a d i a t i o n  
e f f e c t s .  
been t r e a t e d  w i t h  total-body i r r a d i a t i o n  in this dose range, b u t  
v a r i a t i o n s  i n  technique, t i m e d o s e  re la t ionships ,  and methods of  s t u d y  
make comparison of  the  data d i f f i c u l t .  

From the H t a r a t u r e  one can learn that many p a t i e n t s  have 

b) 
s ta tes . "  

Ef fec ts  of l o c a l  i r r a d i a t i o n  t o  the  sp leen  on "hypersplenic 
br comas. Er . Nelson, and o t h e r  members o f  our staff have 

b e e n t u d y i n g  p a t i e i t 3  K i t h  various diseases  bel ieved t o  have some 
degree of hypersplenism., I n  some of these p a t i e n t s  they  have obtained 
red  c e l l  s u r z l v a l  c w e s  with chromium-51 before and after r a d i a t i o n  t o  
the spleen, The treatment t o  the sp leen  has  been w i t h  a dose someuhat 
higher than is usually used for lymphomas or  hematologic disorders. 

c )  Ef fec ts  o f  local i r r a d i a t i o n  on marrow. means of multiple 
a s p i r a t i o n s  a s  conpared w i t h  similar marraw s t u d i e s  on areas not  i n  the 
f ie ld  of rad ia t ion ,  we have made p r e U n a r y  study of the effects of 
l o c a l  i r r a d i a t i o n  t o  bone marrow. 
information on the  mechanism of production of hematologic depression 
by r a d i a t i o n  that does n o t  include a l l  t h e  body's marrow. We expect 
comparison with total-body i r r a d i a t i o n  e f f e c t s  t o  be valuable.  

This study should y i e l d  worth-while 
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Radioiodine 

Iodine-132 s t u d i e s  i n  t h p o i d  carcinoma. F lora  Pascasio, B. W. 
S i t t e r s o n ,  and C. A .  Andrews have been using rad ioac t ive  iodine t o  
t r e a t  metastatic carcinoma of the  thyro id  in p a t i e n t s  who have undergone 
t o t a l  thyroidectomy. 
t h e  uptake of iodine by the malignant tissue, a r e  i n  general  use. 
L i t t l e  i n f o m a t i o n  is ava i lab le ,  however, from d e f i n i t e  s t u d i e s  
concerning t h e  e f fec t iveness  of these measures i n  humans. 

Severa l  measures, thought to influence favorably 

Iodine-132, with a h a l f  U f e  of 2.3 hours, should p e d t  repeated 
uptake deterrrdnations wi th in  a r e l a t i v e l y  s h o r t  time. 

. of var ious measures on iodine uptake could be determined on the same 
tumor mass i n  one p a t i e n t  with el iminat ion of var iab les  arising from 
long-time i n t e n a l s  between uptake s tudies .  
iodine-132 t o  determine t h e  e f f e c t  o f  withholding thyro id  medication, 
giving exogenous thyroid s t imula t ing  hormone, and p r i o r  admif i s t ra t ion  
and omission of a n t i t h y r o i d  drugs has been done i n  two p a t i e n t s  wi th  
s u i t a b l y  large and i s o l a t e d  tumor masses. 
technique, with a B f i l m r  t o  s h i e l d  the tumor mass and obtain bo@ 
background, was  used. 
d e b m i n a t i o n  was one n r i l l i c u 5 e .  

Thus t h e  effect 

Preliminary work using 

Standard thyro id  uptake 

I h e  dose of iodine-132 f o r  each uptake 

Results  ind ica te  t h a t  using t h e  standard thyro id  uptake technique 
may not  be feas ib le .  
nasses,  use of  t h e  B f i l t e r  does n o t  appear t o  give re l iab le .body-  
sckground counts and some other  way of determining t h i s  will be 
necessary. 
depth of t m o r  masses *'thin the body i s  meded t o  ar r ive  a t  the  proper 
d is tance  betidem s k i n  and the d e t e c t o r .  
t h e  counts obtained a t  various time i n t e m a l s  a f t e r  the dose seen t0 
i n d i c a t e  t h a t  by the time the  h i o r  has reached its peak uptake t h e  
isotope has already decazred t o  such low levels  of activit7 t h a t  counting 
i s  d i f f i c u l t .  
iodine-132 or another i s o t o p  of iod ine  with a somewhat longer  half 
life. 

Because of v a r i a t i o n  i n  s i z e  and shape of  tumor 

A l s o  some reasonably accura te  method of d e t e d n i n g  the  

I n  t h e  two p a t i e n t s  s tudied,  

Consequently it may be necessary t o  use l a r g e r  doses of 

Long-range study of carcinoma of t h e  thyroid. We have s t u d i e d  a 
considerable number of patients with  carcinoma of the thyroid. 
follow-u;, and a d d i t i o n a l  cases  have been obtained i n  the group w i t h  
small a r e a s  of functioning thyroid t i s sue  ( e i t h e r  tumor or normal thyroid)  
l e f t  i n  the neck a f t e r  attempted t o . t a l t h p o i d e c t o m y  f o r  carcinoma. 
Results continue t o  i n d i c a t e  t h e  value of  complste thyro idec tow and use 
of r a t h e r  k g e  t e s t  doses of iodine-131 t o  l o c a t e  metastases.  

Further 

Trs?tment o f  hyperthyroidism an3 e f f e c t s  of iodine-131 on thyroid 
t i s s u e .  The c l i n i c a l  s t a f f  has t r e a t e d  a small number of cases  Of 
hyperthyroidism and obtained some f u r t h e r  i n f o m a t i o n  on h i s t o l o g i c  
e f f e c t s  i n  the thyroid gland. We a r e  a l s o  beginning t o  study s u r g i c a l  
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biopsy of thyroid glands t r ea t ed  with iodine-131. 

Carcinoma of t h e  ovaq-, e f fus ions ,  and c o l l o i d a l  radioisotopes.  

t he  yea r  and have obtained som f u r t h e r  information on the comparison 
of c o l l o i d a l  gold-198 and yttrium-90. 
the range If  25 mg), along uith the  therapeut ic  dose o f  yttrium-90, 
a?peared adeqclate t o  ensure l o c a l i z a t i o n  of the radioisotope,  and 
apparent ly  c u t  down on the adverse r eac t ions  t o  the  s t a b l e  y t t r i u m .  
have m e n  s e v e r a l  cases  of carcinoma of the  ovary and haw continued 
the  long-range s tudy  on conbined therapy w i t h  repeated surgery and 
i n t r a p e r i t o n e a l  gold-198. 

We have t r e a t e d  a small number of p a t i e n t s  u i t h  e f fus ions  during 

A small  amount of c a r r i e r  ( i n  

We 
. 

Hematologic Disorders.  

An increas ing  emphasis on hematology charac te r ized  the  year. 
This was l a r g e l y  r e l a t e d  t o  the  program i n  r a d i a t i o n  e f f e c t s  and an  
increased number o f  p a t i e n t s  Kith acute  leukemia and other blood 
disorders. 
valuable  information on long-range follow-up o f  p a t i e n t s  wi th  
polycythemia. Exmples  o f  m p l o p r o l i f e r a t i v e  t r a n s i t i o n s  are becoming 
more common i n  our series of c m e s .  
iron-59 and chromium-Sl a r e  qui te  puzzling. Splenectoqy seems 
occas iona l ly  t o  be ind ica ted ,  h t  t h e  c r i t e r i a  f o r  recommending it are 
far  from c l e a r .  

I n  addi t ion  t o  t h e  d a t a  a l ready  mentioned, we have obtained 

I n  these patients s t u d i e s  with 

Calcium-47 s tud ie s  i n  ca t i e n t s  . 
With  the r e c e i p t  o f  the  f i r s t  ava i l ab le  calcium-47, Dr. Flora 

Pascasio and members of tne  staff s tud ied  the metabolism of calcium-b7 
i n  fou r  pa t i en t s .  Tu0 received o r a l  doses of  0.190 d l l i c u r i e ;  two 
received intravenous doses cf 0.095 mil l i cu r i e .  Fecal and urinarg 
excre t ions  were dete&ned and blood l e v e l s  were cbtzined. Daily . 
l i n e a r  scars uere  taker, f o r  I2 d a p  and it was possible  t o  obta in  
s a t i s f a c t o r y  ex te rna l  counts, i n  g r e a t  con t r a s t  t o  the s i t u a t i o n  wi th  
calcim-LiS, a pure bata emi t te r .  
d i e t  two days before am! d u r b g  the I2 days of the procedure. 
calcium was added t o  the a c t i v i t y .  
spec i f i c  a c t i v i t y  w a s  aboct 0.2h m i l l i c u r i e  per m i l l i g r a m .  
was g iven  as calcium chlor ide.  
was approximately 2 : 1. 

The pa t i en t s  were on a low calcium 
No s t a b l e  . 

A t  the time of  adminis t re t ion,  the 
The calcium 

The r a t i o  of  calcium-k7 t o  calcium-4s 

h e  following s m a r i z e s  t h e  observations : 

Plasma l eve l s :  

Oral d o s e s :  Peak of  a c t i v i t y  appeared 1 t o  3 hours a f t e r  
adnin5strat ion.  S ign i f i can t  a c t i v i t y  was detected 
a t  30 minutes. 



Intr2venccs doses: P-eak a c t i v i t y  appeared a t  2 minutes. A t  the 
7th t o  P t h  day t h e  p b s m  l e v e l s  were similar i n  both 
groups 

Vr ina ry  Excretion: 

Peak excre t ion  was i n  t h e  first a hours f o r  both groups, 5 per 
cent  i n  p a t i e n t s  w i t h  intrevenous doses, 3 per cent  i n  t b x i e  with 
o r z l  doses. During t h e  12 d a y  period,  peak excretion *ras 13 t o  
1 8  per c e n t  o f  t o t a l  a c t i v i t y  given f o r  intravenous doses, and 
5 and 12 per c e n t  for o r a l  doses. 

Fecal  Excretion: 

Total: Oral: .!IO per c e n t  of dose i n  one p a t i e n t .  
Intravencus: 10 t o  1 2  per cent  o f  dose. 

Linear Scans: 

W i t h  oral doses, t h e  i n t e s t i n a l  a c t i v l t y  was apparent up t o  
th ree  and f o u r  da,ys. The l a t e r  oral-dose scans and the 
intravenous-dose scans showed a p r o f i l e  cons is ten t  Kith genera l  
s k e l e t a l  deposi t ion.  The l a r g e s t  a c t i v i t y  was over the thorax 
and abdomen with sml l  p e a k  a t  knee and ankle. 
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CLT?!!CAL EZETHERAPY 

F. Comas 

The volume of  pa t i en t s  i n  the  c l i n i c a l  t e le therapy  program 
increased  s l i g h t l y  over 1958. 
6h new pa t ien ts .  (Tnis includes l o c a l i z e d  and total-body i r r a d i a t i o n ) .  
About h a l f  the t r e a t e d  pa t i en t s  suf fe red  from lymphomas of s e v e r a l  types.  
S p e c i a l  i n t e r e s t  was centered on p a t i e n t s  with carcinoma of the  urinary 
bladder,  forming p a r t  of a long-range s tudy  on management o f  t h i s  
d i sease  w i t h  r a d i a t i o n  therapy. This is  preceded by an exploratory 
laparotomy to accura t e ly  map out  the e x t e n t  o f  the  p r i m a q  tumor and 
r e g i o n a l  lymph-node metastases,  i n  an e f f o r t  to minimize "geographical 
misses." Among the pa t i en t s  s o  far t r ea t ed ,  two have shown tumor 
pers i s tence  a t  the  p h r y  s i t e ,  i n  s p i t e  o f  vigorous i r r a d i a t i o n .  
t h i r d  has completed therapy t o o  soon t o  be evaluated. 

Nina hundred t reatments  were given t o  

?he 
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