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Investigations in  the effect of total  body i r rad ia t ion  have been c a r r i e d  
out in this  department  for more than 10 y e a r s  and th i r  f inal  repor t  is based  
on data  collected during thir  t ime.  The pro jec t  w a s  init iated when com- 
par i son  of response  of pat ients  receiving therapeut ic  total  body i r rad ia t ion  
with that of patients receiving chemotherapy  indicated that, i n  the dose  
range used, total  body raidat ion was well to le ra ted  and could be used as as 
adjunct to t rea tment  of disseminated  c a n c e r  (1, 2). Intensive s tudies  on 
response  of e ry thropoies i s  w e r e  undertaken ( 3 )  and findings gave new 
direct ions fo r  fur ther  study so that ,  i n  the  f inal  y e a r s ,  the protocol included 
a h r g e  a e r i e s  of clinical ,  hematologic,  biochemical  and physiological t e s t s  
(4 )  as e l l  as studies  in  protection. The investigation includes observat ions 
on 112 pat ients  receiving therapeut ic  total  body i r rad ia t ion ;  pilot and 
pa ra l l e l  s tudies  were  c a r r i e d  out on  expe r imen ta l  animals .  

The fundamental problem h a s  been  to define effect of i r radiat ion and 
quantitate effect with amount of radiat ion exposure.  S ince  quantitation is 
porsible  only to the deg ree  that m e a s u r e m e n t  of both effect and amount of 
radiation is possible,  i t  was n e c e s s a r y  to cons ider  a l l  the var iab les  that 
would influence measurement ,  

Comprehension of the p rob lem begins  with the recognition that a s imple  
numer ica l  express ion  C a M O t  def ine d o s e  of i r radiat ion.  The physical 
cha rac t e r i s t i c s  of i r rad ia t ion  r e q u i r e  that d o s e  be descr ibed  not only by 
the number of units ( roentgens,  r ads ,  etc.) but a l s o  by dis t r ibut ion and 
ia tensi ty  in  a given volume of t i s sue ,  and t ime  or durat ion of exposure. 
For each i r rad ia t ion  p rocedure  planned, dos ime t ry  s tudies  were  c a r r i e d  
out so that uniform dis t r ibut ion of i r r ad ia t ion  could be achieved. S e v e r a l  
methods, and types of dos ime te r s ,  w e r e  used  for comparison,and fo r  
accu ra t e  measurement  .of dose  to spec i f ic  ana tomica l  si tes.  These  methods 
arsured even dist r ibut ion of radiat ion and produced comparabre data  on 
radiation exposure throughout the  e n t i r e  study. 

S i m i l a r  dos imet ry  s tudies  w e r e  c a r r i e d  out f o r  an imal  experiments .  
P ro toco l s  required an ima l s  of s i m i l a r  age, weight and physical s t ruc tu re  
so t h r t  volume i r rad ia ted  and r e sponse  could b e  compared.  All an imals  
received immunization vaccine,  w e r e  quarant ined  fo r  two weeks, and all 
w e r e  well nourished and in  good health prior to experimental  work. 

Although var iab les  assoc ia ted  with pa t ien ts  requir ing therapeutic total  
body i r rad ia t ion  a r e  present ,  c e r t a i n  a s p e c t s  w e r e  comparable .  
were  adults suffering from disseminated  c a n c e r ,  a l l  received evenly 
dis t r ibuted exposures  of i r r ad ia t ion  and, except  when react ion was seve re ,  
none received supportive t r ea tmen t  that  would mask effect of i r radiat ion.  
S ince  prediction of effect i s  the  b a s i s  of radiotherapy,  experience i n  th i s  
f ie ld  is helpful in evaluating r e sponse  to t r ea tmen t  and in  es t imat ing 
response to heavy exposures  by extrapolat ion of data  obtained with thera-  
peutic exposures.  

All pat ients  
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A PREDICTXON OF THE EFFECT OF TOTAL BODY IRRADIATION 
BASED ON CLINICAL OBSmVATIONS 

T h e  essent ia l  p roblem posed by the possibi l i ty  of mass ive  i r r ad ia t ion  
of the  human is to pred ic t  the lethal dose, the  dose at which immedia te  
bot temporary  incapacity will occur ,  and the dose  a t  which derayed but 
rigniffcant injury will occur.  The  possible a n a w r s  pro l i fe ra te  as  
probable qualifying f ac to r s  a r e  introduced, e.g., 
1. Unless the re  is a uniform concept of dose  and dos ime t r i c  p rocedures ,  

gross discrepancies  in es t imates  of dose-effect  a r e  to be  expected. 
2. The effectr of i r rad ia t ion  a r e  not specif ic  and a r e  apt to be confused 

with other  types of injury,--mental ,  phys ica l  o r  biocherrical. 
3, The effect of the accidental  o r  catastrophic  i r r ad ia t ion  exposure will 

v a r y  with the geographic,  geometr ic  and ana tomic  re la t ions  that m a y  
be unrurpectcd or,  a t  least ,  difficult to recons t ruc t .  

4. Age, genera l  health and competing d i s e a s e  Wall modify the response  
o l  the individual. Predict ion of dose -e f f ec t  is poss ib le  for  individuals 
o r  for  uniform groups of individuals but a v e r y  wide ran te  of dose-  
effects is to be expected in the genera l  population. 

5. Predict ion of dose -e f f ec t  in  humans must  be based upon the control led 
c i rcumstances  of c l inical  u se  of radiotherapy where  uniformity of 
radiation throughout the body may be sought although this is unlikely 
ever to be achieved in  accidental  or ca tas t rophic  exposure.  

6.  Morbidity and mortal i ty  will  c lear ly  depend upon medica l  a s s i s t ance  
whether this be  m e r e l y  supportive o r  actual ly  specific. 

Nevertheless ,  some  s imple expression of the haza rd  of radiation is 
necessary and a predict ion can  be offered i f  aa allowance of f 3 d B is 
granted. 

ma les  between 30 and 50 y e a r s  of age, with t ra ining o r  education to p e r m i t  
a ba r i c  understanding of radiation and biology, physical ly  and mentally 
conditioned to work in  the field of radiation h a z a r d s  and f r e e  of any 
previous physical o r  chemical  t rauma likely to i m p a i r  to le rance  to 
rrdiation. The d o s e  is expressed  as the  amount  of radiat ion measu red  
in air a t  the s i t e  where  the individual is exposed. T h e  geometry  of 
e rposu re  and quality of i r rad ia t ion  i s  a s sumed  to b e  such as to produce  
a d o r m  dis t r ibut ion through the en t i re  body. 

"Acute incapacity" means  uncertain abil i ty to c a r r y  out c ruc ia l  
mental  o r  physical  tasks .  

"Pa r t i a l  disabil i ty" means  ability to c a r r y  out  menta l  t a sks  and 
sedentary work but vulnerable  to s t r e s s ,  e,g., s e v e r e  physic a1 exert ion,  
infection or f u r t h e r  i r radiat ion.  

The  problems of single brief exposure and of p r o t r a c t e d  exposures  
a r e  deal t  with separately.  

The following predict ions a r e  based on a hypothetical  group of adul t  

I 
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Table 15 
Predic ted  Effect 

of 

Single Exposures of Total  Body Irradiation 

501 
lOOr 
toor 
3OOr 

500r 
(a0 dcmthr anti-  
c ipatcd be bu 
thlr lcveU 

700 r 
(LD-50 range) 

900 t 
(LD- 100 range) 

Acute 
Incmpac itat ion 

0 
0 
0 

1 - 6 hrr .  
minor)  

1 - I t  hrr. 

1 - 72 hrs .  

2 mos. 

Partial Blood c o u m  
Dirabllity ( 5  of normal)  Time t 

75% 
50% 

25 Z 

2 - 3 mor. 5% 

4 mor. 1% 

12 mor .  41% 
(U any su rv tvo r s )  

Recover  

60 dayr 
60 day1 

60 day1 

90 day1 

120 dayr 

1 year 
(U aay i u t v  

The predict ion of the effects of prot rac ted  total  body i r rad ia t ion  fr 
lcrr readi ly  descr ibed  in s imple numer ica l  values  for dose and time. 

The rule to be anticipate is that, taking values  for single exposures  
of the order  of one hour an a s tandard,  the effect of protract ion will be 
(AI  to o b r c u r e  the t ime of onre t  of signs o r  symptoms due to  delayed 
and insidlous development , and ( 8 )  to prolong the recovery period due 
tot 1) increased  time required fo r  accumulation of an effective amount 
of irr8diation. t )  lnhibitlon of the repa i ra t ive  response,  3) vulnerabili ty 
to infection and other forma of s t r e r a  during the period when repa i ra t ivc  
rcrponrt la  impai red ,  

I t  t s  evident that a t  some low level of pro t rac ted  exposure,  no 
detectable  effect will occur and a t  some high level of pro t rac t ion  falling 
short of lethality. the above descr ipt ion will be clear ly  applicable. 
Intermediate  exposures will be d i f f i cu l t  to def ine  wi th  precision. 
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Table 16 

Predic ted  Effect 
of 

P r o t r a c t e d  Total Body I r rad ia t ion  

Amount 01 Radiation syznmum 
P a r t  ia 1 aad Acute 

Duration o I Expo J u re Incapac t la ti0 n 

l O O r  in  1 wk. 
in 1 mo. 
in 1 yr. 

200r in 1 wk. 
in 1 mo. 
in  1 yr .  

300r in 1 wk. 
in 1 rno. 
in 1 yr .  

5OOr in 1 wk. 
(MLD range) in 1 mo. 

in 1 yr. 

7 O O r  in  1 wk, 
(LD-SO range) in  1 m. 

in  1 yr.  

900r in  1 wk. 
(LD-90 range) in 1 mo. 

in  1 yr. 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Day 7-10 
Day 25-35  

0 

Day 5-30 
Day 15-50 

0 

Day 4-30 
Day 10-50 

0 

Disabili ty 

0 
0 
0 

0 
0 
0 

Day 15-50 
Day 30-90 

0 

Day 10-90 
Day 35-150 
Mom. 10-24 

Day 30-150 
Day 50-200 
Mor,  10-24 

Mor. 1-6 
MOS. 2-12  
MOS,  8 - 2 4  

Blood Co- 
'h of Recovery 

norma l  time 

9070 
90 k 

0 

75 70 
50 z 
0 

50 z 
25% 
0 

20 7 0  

1% 
50 'h 

1 I@ 
d'k 
25% 

1% 
L 1 7 0  

10% 

3 mor. 
4 mor. 

4 mom. 
6 mor. 
4 mor. 

6 moa. 
12 mor; 
4 mom, 

1 y r .  
2 y r r .  
1 yr .  

T h e  above values  a r e  predictions,  not conclusions. 

They a r e  offered as "best answers"  to c u r r e n t  conjecture based on 
total experience i n  clinical radiotherapy. 

T h e  va lues  below 3OOr a r e  firm es t imates .  

T h e  valuer below 500r a r e  safe es t imates .  

T h e  reaaon  for continued cl inical  Investigation is to accumula te  
f u r t h e r  observat ions and develop m o r e  reliable t e s t s  to confirm o r  
.Iter t he  impress ions  in high dose ranges. 



The effect of Total Body Irradiation on Immunologic Tolerance of 
BOn8 Msrrew and Homograft6 of Other Living Tiseue - 
Location: 

Baylor University College of Medicine 
Texas Medical Center 
Houston, Texas. 
approximately 1953 - 1964. 

Reaearchers: 
Vincent P. Collins, M . D . ,  Baylor University, PrhClpal 
Investigator 
R. Kenneth Loeffler, M.D., Baylor University 

Oraanizatian: 
This research was conducted by t he  Baylor University College 

of Medicine. 
Special Weapons Project (AFSWP) contract DA-49-007-MU-428 and 
then supported by the Defensc Atomic Support Agency (UASA) 
contract DA-49-146-XZ-032. 

The work was initially supported under A r m e d  Forces 

Subfecter: 
The subjects were patients at the Texas Medical C e n t e r .  The 

majority had generalized neoplastic conditions. 
patients treated in the study. Exposures ranged from 25r-250r in 
1 day to 25r-545r over periods of time from 4 days to 3.5 years. 

There were 112 

_. P U r n O 6 e  : 
The soal of treatment by total body irradlations f o r  

patients wi th  disseminated cancer is relief of symptoms. 
the fact thaL many patients were approaching t h e  terminal stage 
when referred f o r  treatment, thergpeutic response was evident i n  
many by decrease in s i z e  of nodes, relief of impending 
obstruction and by decreased narcotic requirements subsequent. to 
relief of pain. In some instances, response was dramatic; a few 
completely bedridden patients became ambulatory and several 
experienced long term remissions. Among the 112 patients there 
were more than 30 different types of cancer; since t o t a l  body 
irradiation was given only for generalized disease, a survival of 
one year or even temporary reniission was gratifying. Extensive 
d a t a  from cl inical  observaLions and laboratory tests were 
reported in series of reports to AFSWP and DASA throughout the 
period o€ the study. 

Uespi te 

value to Dab: In his summary report ,  Dr, Collins included a set 
of tables predicting the effect of total body irradiation based 
on c l i n i c a i  observations. He also included detailed and 
extensive tables of biochemical effects and hematological d a t a .  
All of this can and probaly was used to support predictive 
analysis of radiation effects  on troops in a wartime environment. 

Records : 
Currentlv identified records a re  the reports submitted to 

AFSWP and DASA by the University of Baylor. - The titles and dates 
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of the reports indicate t h a t  certain reports are missing; the 
missing reports are being sought for review, 

Prepared by: CAPT C.B. GALLEY,AFRRI, ((310)-295-1048) 


