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Observa t ions  on P a t i e n t s  Rece iv ing  T o t a l  Body R a d i a t i o n  

In the c u r r e n t  t h e r a p e u t i c  use of t o t a l  body r a d i a t i o n ,  p r o t r a c t i o n  

i n  f r a c t i o n a t e d  d o s e s  has  been used r a t h e r  t han  the s i n g l e  d o s e s  of up t o  

2oOr a s  i n  e a r l i e r  p a t i e n t s .  

method a r e  r e p o r t e d  here; one of these was inc luded  i n  the P r o g r e s s  Report  

f o r  the pe r iod  e n d i n g  August  31, 1958 but the c o u r s e  o f  t r e a t m e n t  was not 

complete when the r e p o r t  was w r i t t e n .  

Two p a t i e n t s  r e c e i v i n g  i r r a d i a t i o n  by t h i s  

Case 1. K. R.  w /?.I Aye 29 

Diagnos i s :  Ewing's sarcom:i o f  thoracic v e r t e b r a  w i t h  d i s s e m i n a t e d  

m e t a s t a s e s .  

A p r i l  1954 Onset of back pain l e a d i n g  t o  complete  p a r a l y s i s  of both lower 

extremities and t o  d i s c o v e r y  of l e s i o n  of body of T-9 w i t h  

p a r a s p i n a l  mass. 

Laminectomy from T-7 t o  T-11. Pathology r e p o r t :  Ewing's tumor. 

Radio therapy  t o  primary l e s i o n  i n  t h o r a c i c  s p i n e ,  3200r/21 days 

(200 Kv) 

June 195.1 

J a n u a r y  1955 Treatment  was fo l lowed  by g r a d u a l  improvement. The p a r a s p i n a l  

mass d i s a p p e a r e d  and the p a t i e n t  was able t o  s t a n d  and walk 

w i t h  crutches. 

September 1956 D u l l  p a i n  i n  lumbar r e g i o n .  X-rays showed a recurrence of 

a fusiform p a r a s p i n a l  mass i n v o l v i n g  a r e a  from T-7 to L-1. 

October  1956 Kad io the rapy ,  2600r / i4  days  (2 m v )  

Improvement fol lowed t r e a t m e n t  and symptoms remained c o n t r o l l e d  

f o r  a p p r o x i m a t e l y  1 y e a r .  
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Novemoer 1957 Mul t ip le  bone m e t a s t a s e s  appeared and were t r e a t e d  by 

J u l y  1958 r a d  i o  Lliera py . 
Extensive pulmonary me tas t a ses  deve loped  t o  the p o i n t  of 

pulmonary embarrassment ,  (Fig.  1 A ) .  

t o  

August  8 - 28. 1958 TOTAL BODY RADIATION 300r/20 days  

S u b j e c t i v e l y ,  there was remarkable  improvemnt  and the p a t i e n t  became 

The c h e s t  f i lm 54 days  a f t e r  treatment ambulacory a f t e r  the 4 t h  t r e a t m e n t .  

showed s t r i k i n g  r e g r e s s i o n  of pulmonary metastases (Fig. I B).  

There was g radua l  d e p r e s s i o n  of the white blood ce l l  coun t  and p l a t e l e t s ,  

t h e  l owes t  po in t  o c c u r r i n g  35-42 days  a f t e r  the f i r s t  t r ea tmen t .  The p a t i e n t  

r e c e i v e d  fou r  t r a n s f u s i o n s  w i t h  g radua l  improvement i n  the blood p i c t u r e .  

On t h e  1 1 9 t h  day the w h i t e  b lood  ce l l  count  was 9,000 and p l a t e l e t s  were 

245,000 see Fig .  2 ) .  

There was g radua l  p r o g r e s s  of tne disease b u t  the p a t i e n t  was main- 

t a ined  in comfort  u n t i l  his d e a t h  March 2. 1959. Blood coun t  March 1, 1559: 

Hgb. 11.1 gms.. w h i t e  blood cells 9.750, p l a t e l e t s  61,000. 

Serum samples from t h i s  p a t i e n t  were s e n t  t o  Walter Reed Army Researcn 

I n s t i t u t e  i n  coope ra t ion  w i t h  t h e i r  r e s e a r c h  program. 

C a s e  2. A. 5.  W/F Age 71 

D i a g n o s i s :  Lymphosarcoma. g i a n t  f o l l i c u l a r  t y p e  

March 1958 Admitted compla in ins  of i n d i g e s t i o n ,  p a i n  between s h o u l d e r s  and 

cough f o r  6 t o  8 months. 

P r e o p e r a t i v e  d ia ( ;nos is :  abdominal aneurysm 

Exp lo ra to ry  laparo tomy revea led  a l a r g e ,  l o b u l a t e d  mass occupying  

most o f  the r o o t  of mesentery of sma l l  bowel. The mass could n o t  

be removed b u t  Diopsy was done. 

Pattioloyy r e p o r t :  lympliosarccnia. g i a n t  f o l l i c u l a r  type.  
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/,.arch 19. 1558 

t a  y 1958 

September 1958 

October  1958 

Radio therapy  t o  e p i g a s t r i c  reg ion  throuQli opposing 

1 5  x 1 5  cni. f i e l d s .  T.D. 3300r/24 days ,  2 m Y. 

No masses or nodes p a l p a b l e  

Aiass i n  lower abdosicn. 

Larye f i e l d  r a d i o t h e r a p y  was planned. R a d i a t i o n  was s t a r t e d  

th rough  opposing 24 x 24 cm. f i e l d s ;  these were reduced l a t e r  

t o  18 x 18 car., 2650r/19 days w i t h  2 m v. 

The mass d i sappea red  bu t  the p a t i e n t  deve loped  a s c i t e s ,  muscle 

s t i f f n e s s  and mass on s c a l p , - - a l l  ev idence  of widespread 

d i s e a s e .  

November 11. 1958 Radio therapy  - t o t a l  body r a d i a t i o n ,  150r/8 days ,  2 m v. 

Mecause of uncomfor tab le  a s c i t e s ,  a n t e r i o r - p o s t e r i o r  technique  

cou ld  not  be used. I n s t e a d ,  25r was d e l i v e r e d  t o  each side 

f o r  a t o t a l  of 50 r / t r ea t inen t  f o r  3 treatments. Tlte p a t i e n t  

t o l e r a t e d  t r e a t m e n t  well. No nausea,  vomi t ing  o r  d i a r r l i ea .  

A p p e t i t e  Lad been poor but  was not  a f f e c t e d  by r a d i a t i o n .  

P e r i p h e r a l  blood c o u n t s  were not  a l t e r e d ,  see f i g u r e  3. 

November 21, 1958 O b s t r u c t i o n  of c i s t e r n a  c h y l i  cont inued  and the p a t i e n t  

e x p i r e d  November 21, 1958. Autopsy showed r e t r o p e r i t o n e a l  

lymphoma w i t h  m e t a s t a s e s  t o  s c a l p .  t h o r a c i c  v e r t e b r a ,  lungs 

and sp leen .  

Effect  of R a d i a t i o n  on Absorp t ion  from Intestine 

S i n c e  i n t e s t i n a l  mucosa is c o n s i d e r e d  one of  the most r a d i o s e n s i t i v e  

tissues, i t  seemed p o s s i b l e  t h a t  t h e r e  might be a measurable  e f f e c t  of 

r a d i a t i o n  on a b s o r p t i o n  from the intest ine.  Observa t ions  have been made on 

t h e  a b s o r p t i o n  of r a d i o i o d i n e  l a b e l e d  serum albumin be fo re  and a f t e r  v,llOle 
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body or l i m i t e d  f i e l d  r a d i a t i o n  therapy .  

hiethod and procedure 

S te r i le ,  p r e c a l i b r a t e d  1131 l a b e l e d  human serum albumin was procured 

f r o m  Abbott  Labora to r i e s .  T race r  Doses of 50,uc and 10 uc and a p p r o p r i a t e l y  

d i l u t e d  reference s t a n d a r d  were prepared.  The p a t i e n t  was f a s t e d  ove r  n i g h t  

and g iven  a 5 0 , u C  t r a c e r  dose Of R E A  by mouth a f t e r  a c o n t r o l  blood sample 

was ob ta ined .  After the l a s t  sample was taken ,  a 10 uc t r a c e r  dose  was 

i n j e c t e d  in t r avenous ly  and a f i n a l  blood sample was taken for  the d e t e r m i -  

n a t i o n  of plasma volume. A l l  blood samples were hepa r in i zed .  

Plasma was s e p a r a t e d  from ..he blood samples:  1 - 2 cc. of plasma was 

counted  i n  a well t y p e  s c i n t i l l a t i o n  counter .  The count ing  r a t e  of appro-  

p r i a t e l y  d i l u t e d  reference s t anda rd  and room background were determined.  

C o r r e c t e d  c o u n t s  / cc. Plasma x Plasma Vol. x 100 
C o r r e c t e d  coun t s  / cc. S t d .  x d i l u t i o n  x No. of cc. g iven  

a b s o r p t i o n  : - -- - ---- 

The C o n t r o l  Study 

S i x  non-cancer p a t i e n t s  having no c l i n i c a l  evidence of g a s t r o i n t e s t i n a l  

d i s t u r b a n c e  were s t u d i e d  as  o u t l i n e d  above. It was found t h a t  serum a c t i v i t y  

i n c r e a s e d  w i t h  time, r e a c h i n g  a peak between 2 - 4 hours  and t h e n  g r a d u a l l y  

d e c l i n e d .  The peak v a l u e s  of a b s o r p t i o n  showed a c o n s i d e r a b l e  r ange  i n  t h e  

six s u b j e c t s .  The a c t u a l  results were: 6.9. 9.7. 10.2, 16.3. and 18.5 per 

c e n t  of a d m i n i s t e r e d  dose.  

E f f e c t  of Rad ia t ion  

The e f f e c t  of t h e r a p e u t i c  r a d i a t i o n  was s t u d i e d  i n  n ine  p a t i e n t s .  Gne 

of these r e c e i v e d  t o t a l  body r a d i a t i o n  ( 7 x 50r - 350r ove r  a per iod  o f  

5 months) f o r  c h r o n i c  lympha t i c  leukemia.  

Could be r epea ted .  

r e s u l t s  a r e  summarized i n  Tab le  I. 

One p a t i e n t  d i ed  b e f o r e  t h e  s tudy  

'AVO p a t i e n t s  f a i l e d  t o  appea r  f o r  the r e p e a t  s t u d y .  The 
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1 .  I n  s e b e r a l  c a s e s  the p e r  cent a u s o r p t i o n  of RISA a f t e r  r a d i a t i o n  

a p p e a r s  t o  Le higher t h a n  the v a l u e s  f o r  the c o n t r o l  ser ies .  

2. T h e  r a d i a t i o n  thero9y g i v e n  t o  these p a t i e n t s  has no t  impaired the 

B b s o r p t i o n  of R E A .  

3. If r a d i a t i o n  can influence the a b s o r p t i o n  of RISA across i n t e s t i n a l  

mucosa, i t  may be t h a t  the e f f ec t  is t o  i n c r e a s e  r a t h e r  t h a n  d e c r e a s e  the 

abso rp t ion .  

4. This i n v e s t i g a t i o n  w i l l  be  con t inued ,  

F a c t o r s  I n f l u e n c i n g  t h e  Effect o f  T o t a l  Body R a d i a t i o n  

I n  p a t i e n t s  undergoinG r a d i o t h e r a p y ,  i t  has been commonly observed. 

and noted i n  ear l ier  r e p o r t s  (see ProSres s  Repor t  f o r  p e r i o d  ending  2/28/58, 

p. 2 4 ) . t h a t  t o l e r a n c e  t o  r a d i a t i o n  is i n f l u e n c e d  by the g e n e r a l  h e a l t h  and 

sometimes O.ry occult  f a c t o r s .  

i n d i v i d u a l  canno t  be  p r e c i s e  and impress ions  of p r o t e c t i v e  e f f e c t s  may be 

i l l u s o r y  i n  t h e  i n d i v i d u a l .  

Thus. t h e  p r e d i c t i o n  of t o l e r a n c e  i o r  the 

I n i t i a l l y .  c o n s i d e r a t i o n  was given t o  bow the s i t e  and a r e a  of p a r t i a l  

body s h i e l d i n g  i n  dogs might i n f l u e n c e  t h e  dose  of r a d i a t i o n  t h a t  can be 

t o l e r a t e d .  For  p a r t i a l  body r a d i a t i o n ,  u n i r r a d i a t e d  hematopo ie t i c  tissue 

i s  b e l i e v e d  t o  s u s t a i n  the i n d i v i d u a l  i n  a dosage  r a n s e  f a r  beyond the 

t o l e r a t e d  d o s e  f o r  t o t a l  body r a d i a t i o n .  

Four  normal dogs of comparable  p h y s i c a l  c h a r a c t e r i s t i c s ,  w i t h  an  ave rage  

w e i g h t  of 13.5 ki lograms were used i n  this experiment .  

was g iven  w i t h  the 2 m v Van d e  G r a a f f  g e n e r a t o r  ( h a l f  value l a y e r  9 mm. l e a d ) ,  

two an ima l s  r e c e i v i n g  200r and two r e c e i v i n g  400r.  

and one r e c e i v i n g  400r  were i r r a d i a t e d  w i t h o u t  s l i i e ld ing  a s  c o n t r o l s .  

T o t a l  body r a d i a t i o n  

One dog r e c e i v i n g  200r 

The 
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two animals  had p a r t i a l  shielding a s  i i l u s t r a t e d  i n  f igure 4. Ihe lead 

Yere Y om. i n  thickness, t h u s  reducing radiation t o  one half in t h e  

areas. Iko shields  7 x 8 019. covered the outer aspects of clavicle 

upper ends of humerus on each side,  a s i n g l e  5 x 12 cm. shield covered 

Unprotected areas of red bone the entire pe lv is  and upper ends of femora. 

included lower ends of femora and humeri, aL1 of fibulae,  t ib iae ,  ulaae 

r ad i i ,  and portions of spine and r ib s ;  these areas received f u l l  dosage 

of radiation. 

Figure 5 A shows the white blood cell  count and p la te le t  respoise i n  

the two control animals (No. 88 and No. 91) following t o t a l  body radiat ion 

201jr and 400r respectively without shielding. 

receiving 400r. No. 88. receiving 200r, showed maximum depression on .the 

10th day w i t h  return t o  normal on the 28th day. 

No. 91 died 13 days a f t e r  

Figure 5 13 shows t n L  response of white blood cell count and p l a t e l e t s  

i n  two animals receiving t o t a l  body radiation, 200r and 4OOr respectively, 

w i t h  shielding as shown i n  f igure 4. No. 90, receiving 400r showed maximum 

depression (25% of normal) on the 4 t h  day w h i l e  No. 89, receiving 200r. 

rhowed depression t o  68% of normal on the 4 t h  day; beginning  recovery was 

noted between t h e  t h i rd  and fourth week. 

Comparison of  the two flgures shows i n i t i a l  elevation of p l a t e l e t s  

followed by depression i n  a l l  four animals. The elevation of p l e t e l e t s  was 

higher  and depression of both p l a t e l e t s  and w h i t e  blood cel l  count vlas less 

m e r e  i n  the shielded animals .  Comparison of No. 88 (200r unshielded) and 

No. 89 (200r w i t h  sh ie lds)  shows a difference i n  t h e  tine and degree o f  

depression. 

the lowest p o i n t  (38% of normal on the A8th day; i n  the unshielded dog. the 

white blood c e l l  c o u n t  reached the lowest point (60% of normal) on the 

Z I s t  day .  

I n  the unshielded an ima l ,  the white blood ce l l  count  reached 
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Figure  6 A shows the red  blood ce l l  coun t  and hemoglobin response  in 

c o n t r o l  an ima l s  and f i g u r e  6 B showed the re sponse  i n  t he  an imals  w i t h  

body s h i e l d i n g .  Comparison of r e sponse  of the two animals r e c e i v i n g  

4ul,r, one unsh ie lded  and one w i t h  p a r t i a l  s h i e l d i n g  o f  bone marrow, shows 

a s t r i k i n g  d i f f e r e n c e .  

unsh le lded  an ima l ;  pa thology r e p o r t :  complete  a p l a s i a  o f  bone marrow, The 

Autopsy and bone marrow s t u d i e s  were done on t h e  

animal  recovered  promptly,  i n d i c a t i n g  tha t  the s p a r i n g  effect of 

s h i e l d i n g  of bone marrow may insure recove ry  when d o s e s  a r e  of  t h i s  

order .  A l l  s u r v i v i n g  animals r ecove red  promptly and have remained h e a l t h y ;  

s t  no Cime was there ev idence  of nausea,  vomi t ing  or d imin i shed  a p p e t i t e  o r  

a c t i v i t y .  

but  this might  be masked o r  exagge ra t ed  when t h e  l e t h a l  d o s e  of r a d i a t i o n  may 

be in f luenced  by g e n e r a l  p h y s i c a l  c o n d i t i o n ,  n u t r i t i o n a l  s t a t u s  and u n c e r t a i n  

breed. 

The p r o t e c t i v e  effect o f  s h i e l d i n g  cou ld  be  of obvious importance 

J i  

Exper i ence  o f  many i n d i v i d u a l s  w i t h  i r r a d i a t i o n  of dogs has r e s u l t e d  

i n  c o n s i d e r a b l e  v a r i a t i o n  i n  op in ion  as t o  t h e  L.D.50 and L.D.100. 

t h e  r easons  f o r  t h i s  a r e  the r e l a t i v e l y  smal l  number of an imals  a t u d i e d ,  

v a r i a t i o n s  i n  q u a l i t y  o f  r a d i a t i o n ,  geometry o f  i r r a d i a t i o n ,  and methods o f  

measuring and r e c o r d i n g  exposure  dose.  The f a c t o r s  of n u t r i t i o n ,  g e n e r a l  

Phys ica l  c o n d i t i o n  and breed may f u r t h e r  i n f l u e n c e  the t o l e r a n c e  t o  r a d i a t i o n .  

To reduce some o f  these v a r i a b l e s ,  i t  Is n e c e s s a r y  t o  under take  r a d i a t i o n  

of  Contro l  an ima l s .  g i v i n g  p a r t i c u l a r  a t t e n t i o n  t o  the i r  n u t r i t i o n  and 

genera l  h e a l t h .  

Among 

six dogs were s e l e c t e d  and prepared  f o r  r a d i a t i o n  o v e r  a per iod  of 

4 weeks. A l l  r e c e i v e d  i n o c u l a t i o n s  f o r  d i s t e m p e r  and r a b i e s  and a l l  

received an a d e q u a t e  and ba lanced  d i e t .  

io r  u d a y s  and then were placed  i n  semi-quarant ine  ( s e p a r a t e  cages)  where 

A l l  an ima l s  were kept  i n  q u a r a n t i n e  

"., .. .. 
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K e n l a i n &  th roguhout  tile pe r iod  o f  o b s e r v a t i o n .  Preceding i r r a d i a t i o n .  

o,ood C O l l n t ~  were t ahen  d a i l y  f o r  one week and every other day t h e r e a f t e r  

( ,  L o  2 weeks) u n t i l  the blood Count s t a b i l i z e d  and a normal base l ine  was 

Three of t h e  an ima l s  rece ived  400r and three r e c e i v e d  500r t o t a l  

body r a d i a t i o n  w i t h  2 m V .  A l l  an imals  su rv ived  and a l l  showed a uni form 

depression of w h i t e  b lood  c e l l  and p l a t e l e t  c o u n t  w i t h  recovery  beg inn ing  

3 weeks a f t e r  i r r a d i a t i o n  and returning t o  normal a t  abou t  7 weeks. 

Figure 7 shows t h e  w h i t e  blood cell coun t  and p l a t e l e t s  i n  3 an ima l s  

fo l lowing  400r t o t a l  body r a d i a t i o n ;  f i g u r e  6 shows the w h i t e  blood ce l l  

and p l a t e l e t s  i n  3 animals  fo l lowing  500r t o t a l  body r a d i a t i o n .  I n  bo th  

groups  the p l a t e l e t  count dropped s h a r p l y  (5 t o  20% of normal) by t h e  1 1 t h  

d a y  and  remained a t  this  level u n t i l  r ecovery  began abou t  three weeks a f t e r  

exposure.  I n  the three dogs  r e c e i v i n g  400r.  white blood ce l l  d e p r e s s i o n  

ranged from 8 t o  32 per cent of normal;  i n  t h e  3 recei.. 1g 500r. d e p r e s s i o n  

ranged from 20 t o  28 per cent of normal. 

both w h i t e  blood ce l l  c o u n t  and p l a t e l e t s ,  there was no ev idence  o f  b l eed ing  

u r  i n f e c t i o n .  

a h U t  t h e  3rd  week and by t h e  7th week comple te  r ecove ry  was noted i n  one o f  

Llle 4OOr group and i n  two of the 500r group.  

I n  s p i t e  o f  severe d e p r e s s i o n  of 

No s u p p o r t i v e  the rapy  of any k ind  was o f f e r e d .  Recovery began 

Figures  9 and 10 show the response  o f  heaioglobin,  h e m a t o c r i t  and r ed  

Cell count  w i t h  the  expected red ce l l  s u r v i v a l  r a t e .  None o f  these 

i e l l  below 60 per cent or' nornral. I n  both g roups  the f a l l  i n  r e d  cel l  coun t  

roughly w i t h  the expec ted  1 per cent p e r  day d e c r e a s e ,  based 

'" red c e l l  l i f e  s e n .  u n t i l  recovery  began a t  a b o u t  the 3rd week. 

T i i l S  demons t r a t ion  o f  the  e f f e c t  o f  n u t r i t i o n  and g e n e r a l  h e a l t h  upon 

Lo ' e rance  to r a d i a t i o n  i s  no s u r p r i s e  b u t  the impor tance  may have  been 



For C r i t i c a l  o b s e r v a t i o n s  i t  might be necessa ry  t o  use 

bred dogs.  

The d i r e c t i o n  of further i n v e s t i g a t i o n  i s  t o  s t u d y  f a c t o r s  w h i c h  

l n , l u e n c e  t o l e r a n c e  and r ecove ry  sucn a s  p a r t i a l  body s h i e l d i n g  and bone 

P r e l i m i n a r y  work must be done on l a r g e  an imals  such t r a n s p l a n t s .  

dogs o r  smal l  Primates. I n  de t e rmin ing  the f a c t o r s  t h a t  i n f luence  

t o l e r a n c e  and recovery ,  a firm e s t i m a t e  of l e t h a l  d o s e  of r a d i a t i o n  is 

essen t i a l  and this  w i l l  r e q u i r e  t h a t  the f a c t o r s  o f  n u t r i t i o n ,  i n f e c t i o n ,  

genera l  h e a l t h  and b reed  must be cons idered .  

1 . , . . ., . 
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Response of  White Blood Cell Count and Platlets 
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Noromr 11. 1958 Ct:trueclom or claterna chyll  oomrlrued m d  UI. ptlent *.-. - >  , .; ._. . . 
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