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The primary purporc of this investigation is to define and quantitat 

the ef l t t t a  of total body irrrdirtion, 

T h t  fundamental problem of phyrlcrl dosimetry ir  that a simple 
nYmerical expression of done i s  inadequate to describe the distribution ' .ntcnrity and quality of radiation delivered throughout the body. While 
striving to achieve uniformity of distribution in order to allow I meanin 
and repreducible rtrtement of dome, it ir  recognized that any radiation , 

exporure received under other thrn controlled conditions, is apt to be a 
partial body exposure, likely to be of unknown geometry, and certain to 
be of uneven distribution throughout the body. 

The biologic component of irrrdiation dosimetry has these factors, 
among others: 4 

1. The observed biologic r c~ponsc r  a re  not specific for irr8diation 
2, hlcchanisrns of compensation and repair obscure the direct effect of 

irradi8tion injury 
3, Such nrrchanirmr are themrclvcr sensitive to continued irradiation 

an recognized in  the concept of a time-dose relationship 
4, Uncertain and uneven distribution of radiation throughout the body 

must have uncertain and inconstant effects on  repairative reserve 
5. Such reserver are peculiar to the individual and influenced by ate, 

current state of health and pYior i h e s s  or injury porribly unrecogni: 

The complcxitier are  seen more clearly with increasing knowledee 
f 
\ 

bot the complexity of the problem itself ir  not increased. Some perspec 
in rttx#ying the problem 1 1  gained from recogniting that irradiation tan k 
used clinically with acceptable rdety and affettivencrs. 

Man7 approaches to the problem have been undertaken, and reviewec 
fat thin report. Major ntudkr which have been completed and reported 
prevlourly are lirrted, and the continuing rtudy of clinical observations 01 
pmticntr receiving therapeutic total body irradiation Is summarized. 
Detailr of investigatLonr carried out over the  paet year follow the swnrn, 

A total of 110 patientr have received thcmpeutic total body irradiatic - 

On-cmach pattent, follow-up is continued as longr a s  possible so that effect . 

of irradiation may be observed and recorded, A11 patients were suffer inj  
from generalized direare: becrurc many were  approaching the terminal 
stage at the  time of treatment, long t e rm obrervationr were limited. ln  
aomc inrtancer, the therapeutic rerponse wan dramatic,- -enlarged nodes '* 

- 

bappeared, impending obrtruction war rclkvcd, and n few bedridden 
r t k n t r  became ambulatory, While long term8 control of dinseminatcd 
ricer cannot be expcctcd with nny method of treatment, rurvivals up to 

9 - 10 y t s r a  fallowing rrporurc dwnonfittntc tha t  rnodcratc amounts of t c  
body i r radiat ion can be tolpratcd without dangerous rrrquclfic. 
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At  the beginning of the study, it waa planned to collcct two ~ t ; c s  
of pattents for comparhon of r ~ ~ p o n a e , - o n e  rccciving aingic do?tcq o 
body irradiation and one receiving protracted CxpoilurcR. ’I’hc *ingle 
aerier inclodcr a larger number of patients than the protracted expos. 
g-rsp because, for many paticntt, plans for protracted cxposure c o d <  
not be carried out. In some cases the desired therapeutic effect was 
obtained with the first expoaure and protracted irradiation was not 
indicated; in others, further irradiation was contta- indicated because 
of paor general condition. Among the latter group are patkstr  who, 
having m a  the gamut of all other forms of treatment, are referred fot 
irradiation as a tart resort, 

In addition to the two series, third group evolved during the cou 

with good response but who, after periods varying from 3 to 29 month 
c of stmdy. Thir is represented by patientllr who received protracted cx l  

Q developed rymptomr rcquirine additional total body irradiation, 

in80 three categorierr 1) ainile exposurer ranging from tSr  
Z8 protracted crporurtr raniina from 2 5 t  - 400r over periods of I to 
L3d.y.. and 3) repeated protracted expowarea ranging from )Or - 250 
1 e? cmmrae 4 2 - 4 cootrrea) over pertach of 5 to 42 months. Thr quml 
of patients in  each eate~ory, with range of etposurc and elapsed time, 
mhown in Table 1. 

5 

Accordingly, for the present r tv i tw,  the paticntcr have been divide 
Wh, 

Tlhble 1 

I l l .  



Table 2, 
1, Single  crrporurecr 

6 
20 

5 
0 
1 
7 

21 
1 
1 
0 
0 
0 
0 
$0 

No, of Ptr, 
of 

:rdirt ion 
1 2Sr 

SO? 
t S r  

1001. 
125r 
1SOr 
2OOr 
2 1 s t  
25Or 
3 O O t  
3SOt  
4 O O t  
545r 

Total 

tf, Protracted c x p a ~ u r c ~  
No, of Ptr ,  Time 

1 ( 4  days) 
2 ( 2 - 5  day81 
0 
2 ( 7 - 2 8  d.78) 
0 
9 (3-18 d8yd 
4 ( 6 - 1 9  drys) 

4 (7-17 drys) 
4 - ( 6 - 3 3  days) 

1 ( 2 1  days) 

2 (22  d r y 4  
1 (23 days) 
L (18 d8yr) 
33 

- 
B Cattgery 
et 

Btcamse expression of dost requires a statement of time, and prtientr 
received more than one C O U ~ S C ,  the amount of irradiatiea 

?ed in each cour8t for crck patient 48 outlined in Table 3. 

Table 30 
Total Time 

d 

25 mor, 

5 moa, 

4 mor, 

4 t  mar, 

l ?  mor. 

'I mor, 

25 moa, 

Amount of Radiatlon/Coursc, 
lZSrj62 days 
SOr/ll dry8 
282r/ 1 1  3 dayr 
Zbor/l dry 
200r/l dry 

- 

90r/35 d r y s  
3Or/16 dryr 
50r/63 d8y8 

100 r / 3 5- d r y  8 
sOr/14 dry# 

150t/l  d r y  
200t/9 dryr  
lsot/t day 
lOOt/l day 
W r / l  day 

L5Or/S8 days 
W r / l  day 
lOOr/t dayn 
100r/6 days 

'. 
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,' Although systemic effects of radiation, w e r e  recognized anti rcportcd 
a s  early a s  1897, there is  still no satisfactory explanation for the set of 
syp-toms known in 1912 as "Rontgenkatet" (rocntpen-hangover), and 
to called "radiation licknerr," Ellinger* has summarized a series 
T' biochemical changes. noted clinically and experimentally, that account 
bwr "radiation sickness." According to h is  report, symptoms develop 
"most commonly after total body irradiation," and i n  partial body 
irradiation, the incidence and severity of symptoms depend upon the 
anatomical area exposed. 

c 

The present ser ies  has been investigated with relation to protraction 
of exposure, to amount of radiation in single exposures and, during the 
last year, by physiologic studies before, during and after total body 
irradiation, For purposes of evaluation, the severity of symptoms has 
been graded as follows: 0 
3 = nausea and vomiting one day, and 4 = nausea and vomiting more than 
one day. Two patients were omitted from this study; one patient, tcrminr 
at time of treatment, died within 24 hours and one, an out-patient with 
concurrent tuberculosis, was lost to follow-up. Table 4 summarizes the 

none, 1 II anorexia only, 2 = nausea only, 

0 1 2 3 4  
I 60 53 4 3* 8* 0 
I1 33 2 8 2 2 1 0  

6 0 0 0 1  
Total 108 8 7 6 5 9 1  

- - - - -  7 - UI 

+One patient with Grade 2 and one patient with Grade 3 
symptomr had nausea and vomiting prior to irradiation. ., 

course 

- 

The table indicate8 that a total of 21 patients (19%) had symptoms 
varyfng from mild to severe. While th i s  f i gu re  is not high, i t  cannot 
be accepted without reBervations for several reasons: 1) any or all 
symptoms could be due to cancer and/or its complications, 2 )  two 
patients had symptoms prior to irradiation exposure and 3) no 
explanation is  provided for the  87 patients (817.1 who developed no 
symptomr at all. 

i 

*Ell inger,  F, 1'. N e w e r  concepts of radiation s i c k n e s s  nnr! i t?;  t rca trr ivnt .  
I'roc, 1tucloJf V i r c h o w  M e d i c a l  S O C .  14:9-24, 1955.  
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I .  
In evaluating radiation sickness according to amount of irradiation, 

Category I is used because response to a single exposure is easily 
recognized and symptoms are not complicated by the .cumulative effect 
’ repeated exposures. Table 5 shows the number of patients developin 

mptoms according to amount of irradiation Idlowing a sirrglc exposur 

Exposure 

25r 
SOr 
7Sr 

l O O r  
l2Sr 
1SOr 
200 r 
21Sr 
250r 

Table 5. 

No. of Patients  Grade 
0 1 2 3 4  

5 s o o o o  
20 1 5 0 2 3 0  

S 5 0 0 0 0  
0 8 0 0 0 0  
1 1 0 0 0 0  
? 5 2 0 0 0  

20 14 2 1 3* 0 
1 0 0 0 1 0  

0 0 0 1 8 0  1 ----- - 
68 5 3 4 3 8 0  

*One patient rccciv!ng 2OOr and one receiving 2SOr 
had nausea and vomiting prior to irradiation. 

Y<? Study of Table 5 shows that, for-this group, radiation sickness 
$dlorlng single exposures up to 200r is negligible except for the putrlin 

incidence following 50r. This  is particularly interesting in  view of the 
53 patients who developed no symptoms,--48 of whom received equal or 
greater amounts of irradiation. For this reason, the his tor ies  of these 
5 patients were reviewed. 

The first patient had widespread metastases  with possible involveme 
of gastrointestinal t ract  f rom carcinoma of breast. She was terminal at 
the t ime of treatment,  requiring narcotics for pain. Nausea and vomiting 
occurred  following irradiation but symptoms could have been caused by 
motion and manipulation, by medication, or by disease. - The patient died 
1s days following treatment. 

Histories of the remaining 4 patients a r e  particularly pertinent. A l l  
were occupants of the same ward at  the  s a m e  time. The first to receive 
total body irradiation had carcinoma of kidney with metastases  to liver; k 
was receiving par t ia l  body irradiation over the abdomen at the  time of 

tal body exposure and h i s  condition was complicated by a gastric ulcer. 
*here was no vomiting but he  complained of nausea following trcatmvrt 
\ d t h i s  was noted and discussed by his fellow patients. 

The remaining three patients received total body i r radiat ion whi le  
u n d e r g o i n g  a course  of radiotherttpy for testicular canccr;  ahdomlnal  



receive total  body i r radiat ion complained of nausea and though VornitiqpjT- 
anticipated, i t  dod not occur. The last two patients (R.hl. and G.M.) develc 
nausea and vomiting during par t ia l  body irradiation and received supportis 
tre lent which controlled the symptoms, Both patients received total to t  
i r r r - ra t ion  on the same day and both developed nausea and vomiting s00n.a 
t( mtment. T h e r e  is no question concerning the validity of symptoms in th 
men; both were  genuinely ill and both received specific medication for con 
of nausea and vomiting. Both were  well enough to continue partial  body ir: 
diatton and the i r  cour ses  were  completed without interruption. These circ 
s tances  indicate that in a t  least  three patients, nausea and vomiting was an 
cipated and the power of suggestion may have played a significant role i n  
t he i r  reactions. +& c. 

Of the S patients who developed nausea and vomiting following exposur 
of 200r - 250r, two had symptoms prior to irradiation, two had primary ca 
of the  stomach and were receiving partial  body irradiation to abdominal f i t  
and one, with Hodgkin's disease,  had extensive involvement of stomach and 

The  component fea tures  of radiation sickness,--anorexia, nausea, vow 
and fatigut,--are par t icular ly  susceptible to augmentation o r  control by el, 
of motivation or suggestion. It i8 well established that a patient may have 
the symptoms of radiation sickness af ter  being placed in the radiotherapy . 
e.* 3 without turning o n  the x-ray machine. 

4 jthcr, whether speaking of total body'or partial  body irradiation, may be 
adequately explained on a basis of the attitude and experience of the ptofts; 
pcrronncl and personal acquaintances in contact with the patient. 

O n  th i s  basis it is the firm impression that at levels of total body cxpc 
below 200r in a single exposure, or in  protracted exposures up to o n e  rnont 
t he re  need be no incapacitation due to radiation skkne r s .  

The problem could be eliminated by selection of stable individuals, by 
education and sound information, and by due attention to motivation and 

The difference in incidence of radiation sickness from one center  to 

- sugge st  ion. 

haustion when the i l l-prepared and uninformed individual is exposed to the 
suggestion that he has  been exposed and that sickness is inevitable. 

Conversely, the symptoms will be induced by panic, exertion and cx- 

c Therapeutic total body irradiation is offered in  c a s e s  o f  disseminated 
cancer with the intent of relieving symptoms; a t  the same time, other c f k c  
of irradiation m a y  be observed. while certain types of cancers  are consrd 
radioresistant,  there ,  among these individuai cancers  tha t  m a y  bc raclio- 

ponsive. Since these cancers  cannot be identified, the pract ice  of w i t h -  
L d n g  referral or treatment may lose many opportunities to he lp  p n t i v n t s  
a( to collect information. The  lymphoma group i s  recognizcd as btning arr 
t h c  most radiosensitive cancers  and analysis according to di;igrio\is wn 4 

carried out  to determine i f  this  group rcpresentcd thc  majority of t h v  s ' * r l f  

Among t h c  I t 0  patipnts,  thcre were  3 0  types of cancer; t h c s c  hnvc  l w c n  ( J l v  
'rl!n 17 rJ-1:)tt-d ~ ! r o ~ i ; ? s  a n t '  s**:y:n?. *.'-eel in 7'nl)I c C r ? r t ! i t  ! ! ( B  ! I : + .  n > * - - l t r * t  

P1It L 



. a,a:tcrpatcd, it dod not occur,  
niurca and vomiting during par t ia l  body .irradiation and received ruppo 
t rea tment  which controlled the ryrnptomr, Both patierrtr received total 
’ -adiation on the  ~ a m c  day and both developed nausea and vomiting 5OL 

;atmento T h e r e  is no qucrtion concerning the validity of symptomr i r  
I 

men; both w e r e  genuinely ill and both received specific medication for 4 

of nausea and vomiting. Both were  well enough to continue partial  body 
diation and the i r  courses  were  completed without interruption. These c 
stances indicate that in  at least three  patientr, nausea and vomiting was 
cipated and the power of suggestion may have played a significant role i 
their  reactions. 

A ne io81 YWO prrrcrarr b 4 t * 4 u e  t a m  W . A V A . ~ - S S C *  - 

’ 

Of the 5 patients who developed nausea and vomiting following cxpo 
of ZOOr - 25Or, two had ayrnptoms prior to irradiation, two had primary 
of the stomach and were receiving par t ia l  body irradiation to abdominal 
and one, with Hodgkin’s disease,  had extensive involvement of stomach 

The component features  of radiation sickness,- -anorexia, nausea,  i 
and fatigue,--are particularly susceptible to augmentation or control by 
of motivation or suggestion. It is well established that a patient m a y  ha 
the symptoms of radiation sickness a f te r  being placed in  the radiothcra. 
even without turning on the x-ray machine, 

The difference in  incidence of radiation s ickness  from one center  t q  . 
nothcr, whcth t r  speaking of total body or partial  body irradiation, may. 

(* adequately explained on a basis of the attitude and experience of the pro 
personnel  and personal acquaintances in  contact with the patient, 

On this basis it  is the firm impression that at levels of total body e 
below 2OOr in a single exposure, or  in protracted exposures up to o n e  n 
there  need be no incapacitation due to radiation sickness. 

The problem could be eliminated by selection of stable individuals, 
education and Bound information, and by due attention to motivation and 
rugge s t  ion. 

Conversely, the symptoms wil l  be induced by panic, exe r t ion  and e) 
haustion when the i l l-prepared and uninformed individual i s  cxposcd to I 
suggestion that he has been exposed and that s i c k n e s s  is inevitable. 

Therapeutic total body irradiatitrn is offcrcd in  cases O C  disscrninnt 
cancer  with the  intent  of rclievfng symptoms: at  the samc time, other CI’ 
of i r radiat ion may be observed, Whi le  cer tain t y p s s  of c a n c e r s  a r e  con 
radioresistant,  there, among these individunl  cancers  tha t  m a y  \)c radio 
responsive.  Since t h c s c  cancers cannot bc identified,  the  practicc of wi 
potding referral or trentmrnt may losc many opportunities to hell' 1iatit> 
And to collect information, Thc lymphoma g r o u p  is rccogni7.c-d n.; tlc-inc 
hc most radiosensitive cancers  and  annlysiq according to cii;tgrttJ<is w a *  

carried out to dcterrninc i f  t h i a  group rcprcsentcd thc  majori ty  of  t t t v  h’  

Among thc  110 paticntq,  tht-re wCrC 3 0  t y p e s  of cancrr ;  thc*sc have l j**t -n  
i n t o  17 rclatcd group’s ant? Summ;rrizcrj in 1’nblc 6 nccorr l inc  to thv r l t t r l l i  

p:rrirnts in r-ach c a t c ~ o t y ,  

. 

- - 

fA6r 6 
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Diag no s i s C at ego rie s Total 

Leukemia 
(chronic &I acute) 

( Lymphosarcoma 
Ca, of lung 
Hodgkin's disease 
Multiple myeloma 
Head t Neck cancer 

(larynx, face, tongue, etc. 
Testicular cancer 
Ca. of colon & rectum 
Brcas t cancer 
Cancer of stomach 
Cancer of pancreas 
Gynecological cancer 
Mycorris fungoides 
Malignant me la noma 
Carcinomatorir 

(primary unknown) 
Erring's sarcoma 
Mircc~~rneotrs cancer 

I~ (paragangIioma, ea. of cA~' liycr, kidney, prostate, etc.) 

I 

7 
7 

11 
3 
6 

7 
5 
3 

3 
2 
2 
0 
0 

5 
1 

, 2  

6 

70 
- 

u 111 

3 4 
12 2 
1 0 
3 0 
3 0 

0 
0 
0 
1 
0 
0 
0 
2 
2 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
1 0 

1 

33 '1 
- 5 - 

14 
21 
12 
6 
9 

7 
5 
3 
3 
3 
2 
2 
2 
2 

5 
2 

12 

The lymphoma group (leukemia, lymphosarcoma and Hodgkin's di 
is represented by 41 (37%) of t he  110 patiantr. Of the 14 patients .rho 
received total body irradiation for Ieukemta, 3 were terminal at the ti 
of treatment and died of disease within 3 months; one patient with act t  
tuberculosis war lost to follow-up. The remaining 10 patients had cor 
riderable r e h f  of symptoms with survivals ranging from 6 to 4 6  rmnr 
Two of there a re  still living: one (No, 91) received 250r/14 days in 
February 1959 and ham been observed for 35 months; the  second (109)  
received 150r in  a 8ingle e%posurc;and has  done well for 9 months. 

Of the 27 patients who received total body irradiation for general1 
lymphosarcoma and Hodgkin'8 di8ea8t, 16 died of disease within 3 mo 
Eleven patients survivcd from 4 months to 6 years and 5 of these are 
living. Of the  five living patimtr, one i r  current and the other 4 have 
observed for pcriodr of 14 to 41 months. The longest survivor (NO. 41 
died of hypertensive cardiovr8cular discare 6 years a f t e r  treatrncnt a '- age 89,  with no evidence of radiation change. 
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'hronlc & acute) 
nphosarcoma 
of lung 
igkin's disease 
ltiplt myeloma 
ad . Neck cancer 
arynx, face, tongue, etc, 
pticular cancer . of colon Ci;r rectum 
east cancer 
,nctr of stomach 
,nccr of pancreas 
mccologicsl cancer 
ycosir fungoides 
alignant melanoma 
arcinomatosis 
,primary unknown) 
wing's sarcoma 
,isccllaneous cancer 
(paraganglioma, ca, of 
liver, kidney, prostate, ctc,) 

I 

7 
11 
3 
6 

7 
5 
3 
2 
3 
2 
2 
0 
0 

5 
1 

9 

6 

70 
- 

a 

12 
1 
3 
3 

0 
0 
0 
1 
0 
0 
0 
2 
2 

0 
1 

5 

33 
- 

2 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

1 

7 
- 

21 
12 
6 
9 

7 
5 
3 
3 
3 
2 
2 
2 
2 

5 
2 

12 

c- :he lymphoma group (leukemia, lymphosarcoma and Hodgkin's direart) 
s represented by 41 (37%) of the 110 patients, Of the 14 patients who 

f treatment and died of disease within 3 months; one patient wlth active 
ubettta~orir war 108t to fohow-up." The remaining 10 patients had con- 
ddcrablc relief of symptoms with survivals ranging from 6 to 4 6  mnthr, 

+bruary 1959 and has been observed for 35 months; the second (109) 
-eccivcd 150r in a single txpasurc:and has done we11 for 9 months, 

cccivcd total body irradiation for leukemia, 3 were terminal at the time i,. : 

:wo of these are still living; one (No, 91) received 25Or/14 days in 

' 

i 

Of the 27 patients who received total body irradiation for generalized 
iymphorarcoma and Hodgkin's disease, 16 died of disease within 3 months, 
Eleven patients survived from 4 months to 6 years and 5 of these are still 
'ivfng, Of the five living patient#, one is current and the other 4 have been 
hserved for periods of 14 to 41 months, The longest survivor (No. 40) 
iicd of hypertensive cardiovascular disease 6 years after treatment at 
Bgc 89, with no evidence of radiation change. 

Of the entire group of A10 patients, 9 were lost to follow-up, 89 arc 
'n to have died rrnd 12 are still living, Table 7 s~irnmarizcs survival 

w 

e r a period of tan yearr. 



Table 7 
Survival Time Number of Patient3 

Died b 8 t  to F ,U,  Living 

0 - 3 mas. 
3 = 6 mor. 
6 - 12 mos. 
1 - Zyrr. 
2 - 3 yrs. 
3 - 4 y r ~ .  
4 - 5 yrs. 

6 - Iyrr .  
7 - 0 yrr, 

9 - 10 yrs. 

- (  

W 

5 - 6 YTS. 

8 - 9 yT8. 

Total 

44 
30 

9 
7 
5 
2 
0 
0 9  
I 
1 
0 
0 

89 
- 

5 
0 
0 
0 
0 
t 
1 
0 
0 
I 
0 
1 

9 
- 

1 
0 
2 
1 
2 
1 
1 
2 
1 
0 
1 
1 

12 
- 

Table 7 shows that 9 patients were followed from 5 to 10 years, pro 
* vidfng long-term observations on effects of total body irradiation, Thcr 

patients arc listed in Table 8, along with amount of exposure and most 
recent follow-up. 

Table 8 
Patient Age at Irradiation Fo llow - up 

. L  
T o B J o  Am‘t. h date 

R.P. r 1.281 I WI k Z&/c id, 6/56 i t  a t  , Hgb. 15.8, WBC 7,550 12/62 

ROW 24 50r/l d, 5/56 Hgb. 12.8, WBC 7,000 11/62 

A,& 54 SOr/l do 8/56 Hgb. 14.0, WBC 7,150 1/63 

J.R. 83 545r/16 do 10/54 Hgb. 13.5, WBC 9,000 11/60 

1.G 75 1004/1 d, 10/53 Hgb. 10.2, WBC 4,300 1/63 

cow. 64 75r/ l  d. 10/53 Hgb. 13.0, W B C  6,400 6 / 6 0 .  

8. J, 27 200r/1 do 9 / 5 3  Discharged to penitentiary 

Two Children, ages 4 & 2 yrr. 

Wt. gain, nOW 243 l b ~ .  c 

Doing well 

Died 12/60 HCVD, age 89 

No complaints, age 85 

Doing well when lost - 1960 

Released after 5 y r s .  
Working every day, lost 1960 

SOr/ l  d,  ?/53 Hgb, 13.2, WBC 6,400 1 / 6 3  

70 12Sr/i d.  7 /53  Hgh. 10.6, W n C  8 , 9 0 0  6 / 6 0  

d Doing wel l  
A O K  60 

S.P. 

- c  
nip(’ ---‘!p l o f q  
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Among these patients there was no evidence of radiation change ovc 
periods of 5 to 10 years following exposure. Considering age and gener 
condition, blood counts were normal and there were no complaintr, sign 
or symptoms that could be attributed to irradiation. 

( '  
Details of response of hematopoiesis as observed i n  peripheral bloo 

counts have been reported as  patients have been added to the series. Fo 
this report, a comparison of response of white blood cell count is made 
according to amount of radiation given in single exposures with energies 
of 250 Kvp. and 2 m.v. (see figures 1 - 5). Captions and legends make 
these illustrations self-explanatory. In general, the degree of depressio - increases  a s  the amount of irradiation is increased. The graphs show 
some indication, too, that differvccs in energies may produce diffcrcnct 
in response and this may be attributed to diversions of dose distribution 
that occur with 250 K v p .  However, comparable curves following cornpar. 
exposures cannot be achieved because the patients are not comparable. 

The search for a suitable biologic index of radiation has led to numc 
investigations. Each of these has required the development of techniques 
often with t h t  modification and/or design and construction of equipment; 
continuous studies in  dosimetry have been carried out fo . r~n ima l s  and 
humans receiving single doses, protracted e ~ o s u r e s ,  and repeated court 

f irradiation. A l l  rrtudics a re  related to hematology, blood chemistry, 
@di*idoal tissues, cellu, organs and systems, o r  to physiological responr 
The following list is not complete but provides a basis for an estimate of 
the problems involved. 

1. Dosimetry (special studies) 
, b + + v +  ; j @ , j ~ ~ ~ ~ t & ~ * ! $ f t ~ ~  ' ,  f :  

d Integral dose 
b) Phantom studies for rotation therapy 
e) Uniformity of skin dose by film monitoring 
d) A i r  dose distribution in  entire field with Victoreen Chamber 

and rate meter probe 
e) Theoretical (mathematical) check on inverse fall-off 
I )  Depth dose in  local irradiation fields using solid molds 
g) Total body absorption dose checked by Victoreen within 

h) Total body absorption dose checked by film within phantom 
the body of animals 

2. Red blood cells and hemoglobin 
a) Fe*9 turnover studies 
b) C r S l  red cell survival studies 
c) Blood volume studits 
d) Cell indices ( ra t io  of cell size, volume and hemoglobin - concent ra t ion  in  red cella) 
e) Circulating cell  concentration 

i 

9 
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.. 1) absolute change 
2) per  cent change b central  tendency (weighted means) 

1) absolute c h a n g e  p e r  cell t y p e  
2) per cent change t central  tendency (weighted means) 

3 )  absolute total circulating cell type 

b) Differential cel l  count 

(‘ 
per  cel l  type 

4. Pla te le t s  
a) Absolute change 
b) Per cent change 

5 .  Lipoprotein - ratio of changes in molecular weight to changes . in protein moiety 
? 

6 .  RISA absorption 

7 ,  Antibody response 
a) Rebuck test 
b) Radiation altered serum gamma globulin (Dr. Luzzio) 

8, Extracorporeal irradiation of blood 

9( Bone marrow shielding 

10, Prc- and postirradiation studies of bone marrow changes 
& d  ; t  I$:d I * )  I {  .?. i- 4 ’ 

11. Bone marrow bank 
a spi ra t ion, p YO c e J s i ng , s to rag e, and re  - inf u 8 ion) 

12, D e t e r m i n a t i o n  of degree  of protection using B.S.A. (Dr, Knox) 

13. D e t e r m i n a t i o n  of inhibition of tumor growth with s ingle  exposures 
of total body irradiation (Dr. Wesley Starbuck) 

14. Evaluation of response when factors known to influence effect of 
radiation are  camparahlc (age, integral dose, pr ior  injury, amount 
of exposure, general  condition, ctc.) 

15. S u r v e y  of literature wi th  a v i t w  to compiling bibliography on 
radiation effects .  

Currvnt  comptehtAncivu protocol for patients receiving total body 

l ivpr funz t ion,  mu%t*ul; ir ,  body composition, c a r d i o d y n s m i c ,  c t c  . I .  
w i t h  a11 t c s t s  rcrnrdt-(1 for  data processing ( s e e  progrvss r r p o r t  
f o r  y ) l ’ r i t > f !  v r i c ! i r i j ;  . Ian.  3 1 ,  1 9 6 2 ) .  

lo, i r r a d i n f i o n  (hi*rnatoIogy, blood chemistry,  uring t c 9 t s ,  psychology, 
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additional pc r s o n n c l  ( radiophysic s and radiochemistry) have- pc. t m i t  tcd 
extension of the  en t i re  program, New studies i n  dosimetry have  bccn 
initiated and  studies i n  physiologic response to total body irradiation ;f 

being extended. 

Dosimetry Studies 

The standard m e t h o d  of reporting the exposure of total body irrad.  
is the amount of irradiation measured i n  a i r  a t  the point to which the 
patient is centered in fixcd beam therapy or the axis of rotation i f  the 
patient is rotated. 

The use of any  single numerical value such as skin dose o r  mid lit 
dose does not imply uniformity throughout the patient or improve the 
certainty that the dose can be duplicated from one patient to another. I 
reasonable uniformity of d o s e  distribution throughout the body could be 
obtained, then a simplified statement of dose would b~ meaningful and 1 
comparable exposures,  comparable biologic response might be expectc 
or discrepancies  sought for on some other basis. 

It has  been thought that a 4 ? i  irradiation source of appropriate QUE 
of sufficiently large diameter might accomplish t h i s  result  and other c t  
have developed the  ''4-poster'' "technique using a speciallv designed roo 
and eight Cobalt-60 sources. A comparable technique has bern (levcloy 
using the 2 m.v. Van de Graaff to simulate a 4 ii source of 8 meters 
diameter. The patient is placed on a law l i t ter  with the beam at an ang 
of 280 and a target axis  distance of 4 mete r s  with a dose rate of f . l r / n  
air at the axis."Thh'WtfCIYr is r'otated i n  t he  beam with the patient first 
supine and then prone. 

Phantom studies indicate 8 variation of 3% throughout the t runk .  
Studies  a r e  i n  progress to determine the variation i n  head and cxtrcrmi 
Under these cond i t ions  a simple expression ob dose bccomes possible 3 
meaningful; ~ . g . ~  an individual of average diameter  of 28 c m .  for torso 
receives  a dose of 70%? 3 %  of t he  exposure measured i n  a i r  at the axi!  
To deltver 100rlgrn. of bone marrow requires 140r measured in  a i r  at 
the  a x i s .  

A n  i nd iv idua l  of L I )  crn. average diameter of torso r t * c c i v v s  a closr. 
of 80'70 
lOOr/grn. of bone  m a r r o w  (or any other  t i s s u e )  r c q u i r v s  lt5r mt-; i surt*(  
i n  nit at t h c  a x i s .  

370 of the  expocure measured in a i r  at the 3 x 1 ~ .  T o  ( !vIiv**r 



T h e  elements  measured or  calculated a re :  
1. Tota l  body water  
2. Extracellular water 

t 3. Intracel lular  water  
4. Total  body fat 
5. Total body lean weight 
6. Mineral  mass 
7 ,  Cel lu la r  solids 
8. Cellular  mass 

These are correlated with work efficiency as measured by 0 2  c 
sumption and hear t  rate. Most of the work has  been done on well in 
duals with attention to  physical fitness, sex differences, dietary and 
obscity studies, growth studies and aging. 

* 

This  is an area of study where radiation effects appear not to h 
been explored. Considering the effect on growth, the life shortenin8 
aging effects that are  ascribed to radiation, body composition studic 
an appropriate  approach to recognizing and appraising radiation cfft 

Physiograph s tudies 

1. 
2. 
3. 
4. 
5. 

c 

- 

The vital  functions recorded at this t ime are:  
Elcctro-encephalogram 
Electrocardiogram 
Blood p r e s s u r e  
Respiration ra te  and depth 
Cardiotach (amplitude of defection is index of heart  rate) 

+ i t 4  , t i% , : , -  . I  1 I 8 r $  i 

Animal Studies (Dose ra te  3SOr/min. at 40 cm.) 
Hear t  Irradiation - Dose range 12,000r - 50,000r 

25,000r - dog survived 9 days 
Earliest change between 5000r & 6000r - slight skip of S T s 
Inversion of T wave a t  24 - 72 hours  

Terminal - tamponade with serosanguineous effusion 
Marked tachycardia and Q wave changes '- 

B r a i n  Irradiation - Dose range 15,000r - 25,000r 
25,000r - animal survived 2 weeks 
No changes in  first 24 hours, then gradual inc reas ing  wrakne 

IJay 5 - Partial  paralysis beginning 
flay 7 - EEG changes, spiking tachycardia & loss of s i n u s  a r  
IIay 9 - IO Weeping encrustation of skin 
I>ay 1 1 -  14 Conscious and responsive 
I)ay 14 - died  

unsteadiness 



AWJ c ~ r a r  cnatigr- I I ~  runCtrori riutcu in pa~iu-nts in tiv-t-3 u - ~ * * I .  

( ’ *Possible exception: I l is ippearance of sinus arrythmia preceding nau! 
HuMh5 

P a r t i a l  body irradiation - I)ose ra te  87 r /min  at 81.7 cm. 
Abdomen: 3000r/28 days (Lymphoma) 
After 900r  in first week 

(I 1) Sinus a r ry thmia  disappeared 
2) S T segment became isoelectric (hear t  not in  trcatment f ie ld)  

1) Sinus a r ry thmia  returned 
2) EKG abnormality pers is ted (no explanation) 

After 2300r i n  3 weeks 

Brain: ISOOr i n  18 days (Medulloblastoma) 
No change detected in any of the vital  functions mcasured 
(This was re- t reatment  for recur rence  of increase 1-C pressure  
Previously, patient had received 2500r in 71 days  to entire brain 
and spinal subarachnoid space) 

Patient remains paraplegic but is living and well 9 mos. af ter  i r r a  

Total  Body Irradiation - Humans 
M.R. 48 year old male, Diagnosis: seminoma, left testis, 
Following orchiectomy, the patient was referred to radiotherapy for 

- t reatment  of metastases. There  was a 3 cm. mass in left supraclavicular 
region, an ill-defined abdominal mass, mediastinal involvement, a n d  
lymphangiography demonstrated enlarged iliac and para-aort ic  nodes. Tht 
( d: moderate  anemia and the patient complained of weight loss, anorexia, 
and occasional nausea and vomiting, A f t e r  bone marrow aspiration ( 2 8 0  ct - radiotherapy was star ted to involved areas and the patient was admitted to 
the Tcxao Institute for Rehabilitation and Research for wor-up according 
to the comprehensive protocol ,adtQtcci last  year. 
Day Q - 

Day 8 

Day 13 

Day 25 

Day 3 1  
nay  44  
Day 06 
Day 109 

r( j 124 

Prior to exposure, Hgb. 8.4 grns.:WBC 5,000; Plts.  
Total  body irradiation 250r/I day, 2 move, rotation 
Nausea and vomiting pr ior  to exposure - unchanged 
Hgb. 10.3 : WRC 2,240: Plts. 316,000 
Transfusion 1000 c c .  whole blood 
P a r t i a l  body irradiation resumed 
Hgb. 12.2; WBC 2,500; Plts. 184,000 
Lowest point of depression; patient isolated 
Hgb, 11.7; WBC 376; Plts, 62,000 
O n e  half stored marrow re-infused 
Hgb. 10.1: WI3C 5 , 9 5 0 ;  Plts. 488,000 
hlasscs  reduced in  size 50 - 9O%, dischargcd 

29 7.0 90. 

1:xacerhation of symptoms - rad io therapy  - downhi l l  coursc 

I;:xpi red 
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to respiratron. A r n r r i c u r u r t : ~ ~  Q l b ? Z S  L A p w i . u -  &, *... . ..-_ _. - . 1 -  " 

of 'deceleration that coincided with nausea o r  vomiting. 
A passive tilt  t es t  -re-irradiation was  within normal l imits.  Five c 

la ter ,  the passive tilt  test showed a slight drop  in thc systolic blood p r e  
with a marked  reduction in pulse pressure and a marked increase i n  he; 

Ate. Th i s  was even more manifest on the passive tilt tes t  that was obt: 
39 days post-irradiation. 

Grcss body composition studies showed a n  increase in extracellular 
water and a dec rease  in intracellular water  two weeks after irradiation. 
During this time the patient had lost weight (10 1bs.I with changes i n  lear 
body weight and fat content. These studies are summarized in Table 9 .  
It is fe l t  that change in extracellular and intracel lular  water  may be due 
i r radiat ion,  or to progressive disease,  since loss of weight alone does n 
a l t e r  this ratio, 

( 

Table 9 
G r o s s  Body Composition Before Irradiation (MeRe) 

Measurement 

Total  body water 
Extracel lular  
Intra c e lluis r 
Plasma volume 
Blood volume 

. dean body weight 
Fat content 
Mineral  mass 
Cellular solids . ,  
Cellular m a s  I 
Post - i r radiat ion 
Total body water  
Fxtracel lular  
Intracel lular  
Plasma volume 
Lean body weight 
F a t  content 
Mineral  mass  
C e llula r solid s 
Cellula r mass  

Value 
Found 

22,6 
7.6 
3*6 
4.9 

4 1.9 
9*9 
2.9 

* .  0.0 

30.2 

16.4 ' '  " 

33.2 
0 

27.9 
5.3 
2.s 

45.5 
1.7 
3.2 
9.1 

14.4 

re oi 
W 

58.3 
43.6 
14.7 
6 3  
9.5 

80.9 
19, 1 
5.6 

17.0 
31.7 

70.3 
59.1 
11.2 
5.3 

96.4 
3.6 
6.8 

19.3 
24.2 

% of Thco- 
retical W 

45.1 
33.7 
11.3 
5.4 
7*3 

6 2 3  
14.8 
4.3 

13.1 
24,S 

49.3 
41.5 

7.9 
3.7 

67.6 
2.5 

13.5 
4.8 

21.4 

58.6 ! 3.50 
21.0 t 

4.52 
32.0 ? 

80.0 f4.53 
19.8f4.51 

5.6 ? 0.3 1 
16.1 t 0 . 9 5  
46.0? 

Effect of i r radiat ion on peripheral  blood count is shown in  Table l(r. 
Transfusion on Day 8 sustained the  hemoglobin and red blood cc l l  count 
but depression of other elements continued to the  lowest point  on Day 25 
'3cginning recovery was noted on Day 30 and bone marrow was rcturnrbd 
o n  Bay 31. T h e  contribution of bane marrow to recovery is  not c t -r ta in ;  
m a r r o w  samples taken a t  the t ime of re-infusion indicate t h a t  r r - p o p u l a  
had startcc! spontaneously and  th i s  is i n  agreement with t h t -  t-xpt.c-tt.d 
p::xI::ction ol C C ' I S  ca lcu la ted  in  thp Rtanulocytc prolifcration ~ t * i ~ l v .  

i 



Response of Peripheral Blood count Following 250r Total Dody Irradi 
(M. R.) 

( 
Hgb. 
RBC** 
WBC*** 

Segs. % 
Mye. II 

Lymphs. I 1  

Monos. ‘I 

€os, #I 

Baso, I 1  

Bands !I 

Pits.*** 

Day O*  

8.4 
3.7 
5.0 

8 1  
0 
0 

17 
0 
1 
1 

297.6 

Day 3 Day 8 

8.2 10.3 
2.99 

4.8 2.24 
89 01 

2 1 
0 0 
6 4 
1 1 
0 0 
o s 0  

330.0 316.0 

Day 18 
12.4 
4.0 
1.82 

76 
4 
0 

19 
1 
0 
0 

68.0 

Day 25 
11.7 
2.6 
0.87 

44 
3 
0 
4a 
0 
0 
0 

62.0 

Day 30 D 
11.4 
3.49 
0.6 

I S  
4 
1 

6 5  
0 
0 
0 
82.0 4c 

*Prior to total body irradiation 
*Million s 

*** Thousands 

Multiple blood chemistry studies were  carried out before and aftc 
total body irradiation, Those which shoulcd’changc are listed in Table 

Table 11 
Changes in Blood Chemistry Following 250r Total Body Irradiation (M 

c 
I q i ,  ,, 1 *Daja~O+ “ Day 11 Day 2 Day 3 Day 4 

Urea nitrogen 14 1s 14 20 18 

Amylase 24 52 33 2s 6 

*Prior to total body irradiation 

Gluiose (fasting) a7 a0 102 108 102 

Lipare 2.39 0.19 2.36 0.51 

While these changes appear to be within normal limits, thcy provc 
many questions, A r e  changes of more than 10 per cent s ign i f i cant?  C 
the increase in urea nitrogen be an effect of radiation and is  th i s  relat 
to the change in cellular solids sham in the body composition s tud ies?  
the rise in glucose normal for this patient? Is glucose greatly elcva!e 
heavy exposures and is this a contributory factor to the developmcnt o 
infection? The answers to these, and other s i m i l a r  qupstion.;, will  r c ’ ~  
that s imi lar  studies be carried out on many additional p a t i e n t s .  

In t h i s  patient, the effect of total body i r r a d i a t i o n  was obscurvrf hv 
presence of anemia, by symptoms of nausea and voivitrng p r i o r  t o t ;  

badv irradiat ion,  and by prior pavt ia l  body irr;rcti:qtion. e v ; ~ I r ~ n t i n n  (VI t h  
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resu l t s  mus t  be tempered with these factors and with the psticnt 's  PO 
general  condition. The degree of b o n e  m a r r o w  depression w3s no t  ur 
pccted and  h i s  recovery period was not unduly prolonged; at thc t ime 
death, 124 days post-total body i r radiat ion,  there  was no evidence of 
radiation change. 

For the  remaining patients added to t h e  series in this r e p o r t  p e r  
brief h is tor ies  with response of peripheral  blood counts a re  r e p o r t e d  
Details of the comprehensive work-up, i.e., blood chemistry,  body co 
position, physiograph tracings,  etc., are omitted except when the char 
are significant o r  might be used for comparison. 

S,S. 53 year  old male. Diagnosis: Hodgkin's disease,  
Th i s  patient had undcrgone surgical  excision of enlarged nodes, t 

courses  of chemotherapy, and radiotherapy to several a reas  of involv 
over a period of 8 months. When symptoms recur red ,  chemotherapy 
withheld because of mild congestive hear t  failure and the patient was 
r e fe r r ed  for additional radiotherapy, H e  was digitalized and p r io r  to 
irradiation, a thoracentesis yielded 600 cc, of pleural fluid, 
nay 0 

(. 

Day 14 

Day -31 

Day 39 

Prior to exposure, Hgb. 9.8; RBC 2,580,000; WBC 13,000; PI 
Bone marrow aspiration - 350 cc. stored 
Total  bo dv irradiation. 1 OOr, 2 m.v., rotation 
No untoward reaction 
Re-accumulation of Zluid in  chest  
Hgb. 10,1;,,WOZ 18,950; Plts ,  306,000 
Thoracentesis with installation of HN2 
High fever, cul tures  negative 
Hgb. 5.5: WBC 1,910; Pl ts ,  30,000 
Lowest point of WBC depression - 17 days after c h e m o t h e r a  
Patient very ill 
Developed obstruction of porta hepatica 
Hgb. 7.2; WBC 2,620; Plts .  22,000 
Died of disease 

Because of the patient's poor g e n e r a l  condition, i t  was f e l t  that  t i  
first exposure should be limjted to l O O r  total body irradiation and t h i  
could be repeated i f  indicated, Following Chemotherapy a n d  substzquc 
bane m a r r o w  depression, th i s  p l a n  was abandoned,  T h e  patient h a d  a 
vigorous work-up p r io r  to total bady i r r a d i a t i o n  but because of h i +  dti 
hill course,  t h c  post-irradiation series could not  be undrrtokc-n. T)t-:r 

was due to widcsprcad d i sease  with involvcmcnt of lungs,  m p < l i ; t < r i r t t i t  

anti 1ivc.r. S t u d i e s  on rt-sponse of bone ni;irrowt)y mcans  of tht .  b;r;tri. 

pr-olifcbrat ion schcnit- showcd hcRinning rccovery on P a y  36, !hrt.v c 1 . 1 ~  

p r ior  to tipath, I . ; P c -  fiEurt-s 6 and 7 ) .  

( 



1~ . 1 1 . ( ~ o .  IO{?)  -i9 y w r  O I C I  nl&. I J iagr ius i s ;  Clirorl ic  l y t l l l ) ~ h t ) t  y t  1 c  i t , l l i i  

f ’ t ; \gno\is w a s  tb>ta\)l’lsht-ci it1 1757 :i i i(I  ;I yt*;rr 1.rtc.r t 1 1 1  1 ~ . 1 t l t  I I ~  t ! t  

cori!:t-ativt. hvart fa i lur t . .  From 1953 to 1 9 b L  l i t -  rt*(*t*ivt*tt  ~ ~ t ~ I ~ ~ o i ] l t  t 

L.cwkr.rcrn - 5 courses .  Cytoxan - L caurst’s, A’rccfnlL3urlt* - I ~ I . I I I ~ ~ ~ ~ ~ ~ . I I I (  

daily ( f o ~ t ,  and numvrous drugs f o r  hypc-rtt-nsivtb ciir(1iov.tL.c ~ 1 ~ 1  r t ! 1 . . 1  . 
Itv h t *  n r tb f v r r c*d f 9 r r a c1 iot he  rapy , t la t* re  WLI s In i t  s s iv t *  , w i t1  t~ 5 1 )  r t u  I 1 1 Y I I I 3 

pathy wrth vr11;irgvtI 1ivt.r rind sp lcvn .  LyfllI)tlanI:Ic,l;r.~rtI ~ I I O W ~  ( !  l f , I I I I  I ,  

nodes i n  pclvis and para-aort ic  area.  Ri.idiothcr.~py w I i >  dirt*c-tq#ci t o  . I  

giving r i s e  to most  severe symptoms wi th  rvma rk:ib1tb rtB1it*f , i r i c l  1 )  r011 
prcvcntion of obstruction. T h e  patit*nt was aclmittt*(f to ‘1’t.x.ls I r i c , t I t u t t  

Rehabilitation and Research for complctc invvstigritiora p r i o r  t o  t w I 1  1 
irradiation. 
Day 0 Prior to total body irradiation, Hgb.  13.2: WI3C 17,701); 1 ’ 1 t . ; . l 1 :  

Total body irradiation - 15Or. 1 m,v. 
No untoward reaction 
Liver  slightly reduced in si7,e, nodes less mattccl 
Hgb. 12.6; WBC 6,450; Plts. 154,000 
Discharged 

Day 19 Re-admitted for follow-up studics 
Hgb. 9.4; WBC 5,250; Plts .  34,000 

Day 23 Lowest depression of platelet count - 8 ,000;  p a t i e n t  i n  1301atit  

‘ Day 34 Lowest  depression of WDC - 3,700 
Day 103 A l l  nodes and masses  somewhat rcduccd in size, con(!ition IIOI 

Day 7 

Hgb. 13.8; WBC 14,950; Plts. 130,000 

Physiograph tracings revealed fluctuations of hcart rntc. ~ C ; C ; O  

with respiratory movement of fairly large amplituciv after i r  r:i(Ii.t 

contrast to the small amplituclc pr ior  to irradiation. ”I‘ht.rr. w v  rt‘ 
episodes of deceleration which did not coincidc w i t h  t h v  5 u t )  1 t . c  t I V C  

of naurrca. Numerous cxtrasyato lcs  wvrv dctr*ctr.d i n  tht.  f i r s t  , ? a i  1 
post- irradia t ion. 

Body composition studics,’carricd out pr ior  to irriicI1at i o n ,  0 1 1  I ;.I?; 

and on iJay 21, showed no significant changvs. 
Blood chcmistry studies showrd incrt*asct in  cholt. \tts t . 0 1  f T . l j l r l  I k \ c D  I 

to 267 mg.% o n  Day 16; serum amylilsc incrcasrft  froni  t t i  I ( t I I  8 . )  



On a t l m i s s i o n ,  t h i s  patrent  cornpla incd  of bilateral r i ( . c k  4w(*I l in  
f v v v r ,  d i a r r h v a ,  cough and wcaight loss for 2 months. On v x ; i m i n ; l r i (  

thc*rc* w a s  g c * n e r a l i 7 . ~ d  lymphadenopathy  wi th  m a s s i v e  t -nl i irgt*rnt  n t  
neck nodcs. Fol lowing  b iopsy ,  r a d i o t h c t a p y  ( 2 0 0 O r / 2  w e e k $ )  wziq g i  
to s u p r a c l a v i c u l a r  and c e r v i c a l  areas with  marked  rcnduction i n  
m a s s e s ;  unt r c a t e d  lymphadcnopathy  p r o g r c s s e d  and  f e v c r  c o n t i n u t b ( j  
P r o t r a c t e d  t o t a l  body i r r a d i a t i o n  was planned  with an in i t ia l  v x p o s u  
of 1 0 0 r / l  day. p r e p a r a t i o n  included a s p i r a t i o n  a n d  s t o t a g v  of !,on(- 
mar row ( 190 c c ) ,  h i l a t e r a l  l ymphang iogra rn ,  i n t r a v e n o u s  I>yvlogram 
upper  G.1. scr ies ,  a n d  the  pa t i en t  was a d m i t t e d  to the  T e x a s  1' s t i tut  
for R c h a b i l i t a t i o n  a n d  R e s e a r c h  for c o m p l e t i o n  of w o r k - u p  a c c o r d i n ,  
t o  t he  a l l - i n c l u s i v e  pro tocol .  

Day  0 

( 

P r i o r  to i r r a d i a t i o n :  Hgb. 10.0; WBC 20,450; Pl ts .  53O.',OL3 
T o t a l  body irradia&n - 100r ,  2 m v ( r o t a t i o n )  
No u n t o w a r d  r eac t ion ,  no  n a u s e a  or vomi t ing  

Hgb. 9.3;  WBC 13,600; P l t s .  238,900 

P a t i e n t  ve ry  i l l ,  r e p e a t  t o t a l  body i r r a d i a t i o n  pos tponcd  
Hgh. 10.0: W R C  11,450: P l t s .  162,OOP 

L o w e s t  point of d e p r e s s i o n  
Hgb. 8.3; WBC 5,900; P l t s .  56,000 
P a t i e n t  l o s ing  ground 

Hgb. 10.2; W R C  7,050: P2ts. SO,C,OO 
R c - i n f u s i o n  of bone marrow schcdu ted  for 3 a y  2 8  

Day 3 Progress s a t i s f a c t o r y  

D a y  15 Dyspnea due t o  m e d i a s t i n a l  and r e s p i r a t o r y  involven:(,nt  , 

(\ 
Day  26 

Day 27 

Day 28 n i c d  of d i s e a s e  



Response of peripheral  blood counts of the paticant.; r t ' cc iv tnJ :  t h ~  
peutic total body irradiation in this report  mr iod  ha.; hvvn InclufIr*(l 
the histories.  Fur ther  details on hematopoiesis of thrtBv paticbntci  
(Nos. 107, 108, and 1091, a r e  given in the  granulocyte p r o I i f c r t + r i t ~ ~  

Evaluation of the effect of total body irradiation would  m o + f  
sat isfactory if all  conditions were  comparable, or if t h p  c l i n i c ; t l  r n ; ~ r t -  
could be graded and  divided according to thce fac tors  k n o w n  t o  * n f ! \ i t - 7 c  
response, i.e., age, general  condition, p r io r  partial tBo(ly irr: i ( i ic*! ic)g (1 

other treatment,  amount of total body pxposure,  etc. CIncicar ! h c * c ; ~  ' - : r -  

cumstanccs,  i t  would be expected that, fol lowing a g i v r n  amount o! 
irradiation, patients in  Grade A physical condition would .;how '.F 

depress ion  and more rapid recovery  than patients i n  < ; r ~ ( i ~  nt ivq!c-r :  . .  
condition and t h i s  could he illustrated by c c m p a r i n g  ( I p p r t * ~ \ ~ t ~ n  ,4nfl T Q  

curves. This  type of ana lys i s  is not possible a: p r c s e n t  but t h t - r ' .  A Y C ' ~  

for future  s tud ies  to include t h i s  information. For p i i t i c n t  s t r v i i t r t '  'JV 

the past  year, details  of clinical s t a t u s  and courst- arc9 r#-c-orq!r(: f : y r  (1; 
processing and an incrca-se in the n u m b e r  of patient..; ~n t h i q  s!ut!y wr:! 
provide mater ia l  for impartial analyzis by carnputcr mt.thor!.; 
future. 

1 

* 1 1 # .  

Bone Marrow Bank 
T h r e e  essent ia l  qurstions i n  c o n n c c t l o n  w1:h t h t *  f . l k t l \ c * i t i  usr. t t r  r i . ,  

are s t i l l  to be answered: 
I. A r t  cella that have bepn !rozcn and s torcd v * n ! ) l v .  

2. Do they proliferate on infusion? 
c 3 .  39 they  contributc. to thc recovcry of  ~ ~ ~ b ~ \ ; 4 ~ ~ ~ r ~ ~ ~ ; ~ , ~ 1 ~ ~  



Sixty- two p a t i e n t s  htrvr! had marrow uspiratted ; ~ n d  5lorc.rl ; J t  s , u b -  
I rtbep.ing t c m p c r n t u r t - s  ( -  800 C); t h i s  work  w a s  prcc(:cicncl t)y . 1 ~ ~ ) 1 r ; l t l t ~ r ~  

and storage of m a r r o w  of 37 a n i m a l s .  hIarrow has t,t.c*n rc*turnt.ci to 2 5  
p a t i c n t s .  In t h e  c o u r s e  of thi9 c x p c r i e n c e ,  t he  tcechnicluc of \titJltlr;t\*:;lI, 

procc - s s ing ,  s t o r i n g ,  and thawing h a s  been rcf invd  and A S  now a rc,u:111~ 
p r o c c d u r c  for p a t i e n t s  r e c e i v i n g  e x t e n s i v e  par t ia l  body i r r a d i d t i o n  o r  
i n t e n s i v e  c h e m o t h e r a p y  a s  wel l  a s  t o t a l  body i r r a d i a t i o n .  

Studies  o n  v i a b i l i t y  of rrtored cells a re  be ing  ca r r i ed  out .  ‘ r r y p n  
- blue vital s t a i n i n g  t e c h n i q u e s  have b e e n  used .  W e  a r c  us ing  t r ia tc t l  

t h y m i d i n e  t o  label DNA i n  d iv id ing  c e l l s ,  and g r a i n  c o u n t s  ; I S  seen i n  
a u t o r a d i o g r a p h s  before a n d  afteg storage m a y  be a u s e f u l  i nd rx  of 
viability. P r e s e n t  s t u d i e s  i n d i c a t e  80 - 9 0  p e r  cen t  v i ab i l i t y  of c c l l s  
s t o r e d  i n  t he  p a s t  year, 

The p o s s i b i l i t y  of r e c o g n i z i n g  s t o r e d  cells,  labellcd i n  v i t r o ,  n f t v r  
t h e y  have been r e t u r n e d  to t he  ind iv idua ls  is be ing  e x p l o r c d .  

nimal E x p e r i m e n t s  

The study of bone  m a r r o w  sh ie ld ing  i n  a n i m a l s  r e c e i v i n g  u p  to b t h 7  
t o t a l  body i r r a d i a t i o n  h a s  been r e p o r t e d  p r e v i o u s l y .  Tht- LP-109 for 
thplpe animals was 7,I)Or bu t  t o t a l  body i r r a d i a t i o n  could bc incrc . icct i  t o  
1ZOOr by thc  U ~ P  of a lcad sh ic ld  o v e r  the  i l i a c  m a r r o w .  
c o u n t s  were  done and s t u d i e s  inclicatcd tha t ,  i n  ttrc unshit.lcicti nn*1:::t1~, 
fit11 in p e r i p h e r a l  blood coun t  c o r r c s p o n d c d  with  t he  f a i l u r t *  to rrt \ ( ; l Icf-  
ncw ccfls, Le., a s  mature c e l l s  cornplctcd t h e i r  l i fe  cyclt..; ; i n k 1  t a . t ’ r t >  ! o ~ r  
no ncw ct.ll?r appcarcd a n d  l i fe  could not  b~ sustained. I n  t h c  ~ l i 1 t a l t : t  t i  

a n ima l s ,  nnturc c i r c u l a t i n g  c c l l s  complc t cd  t h e i r  lifc s p a n s  br i t  nt -n .  
cr*lIs  a p p e a r i n g  in c i r c u l a t i o n  wcrc g r r a t l y  rcducv( l ;  f o l l o \ v i r i j b  l t . i ! i ; i l  

C x p o s u r c s ,  ntmw c c I l s ,  g r a n u l o c y t c o ,  could come ornlv f 1-0111 t l i t .  a t 4 S . t  

1 1  rot (* c t cd rn a r row . 

Frcaqut:tit ‘!,loo(! 



L I I ~ L  rvct-rvcci  iouur tnnirirrcai nas Occn bred and bore a I i t t c r  o t  !<)I 

hcalthy pups; onc died of unknown cause without ev id t~nct~  th.lt i r r . l ( l  
of t h e  mother  contributed in a n y  way to death. Thc rcmaining ;knirli 

a r c  normal  and it i s  proposed to brccd these l i t ter  mates  to O ~ W T  

possible t ransmiss ib le  mutation, 

Animal experiments have been designed: 1) to investigatt* grant 
proliferation in  normal and aplastic mar row and 2 )  to determine t h l  
viability of mar row cel ls  following aspiration, processing, s t o r i r g t .  
re-infusion. Both t h e s e  studies utilize tritiated thymidine to 1at)cI I 
i n  dividing cel ls ,  and results from the two animals used so f a r  i n d i (  
that  these studies will provide helpful information. 

Gr: nulocyte Prol i ferat ion Studies 

The  per ipheral  blood count has been considered the bcst  index ( 

radiation change and among a l l  the elements of peripheral  blood,  thc 
cytcs  a r e  the f i r s t  to show decrease  following exposure. Thc l i fc  SI 
lymphocytes i n  circulation has been studied by severa l  authori t i tns  ( 
with es t imates  ranging from a few hours to more  than two m o n t h s .  
cells a r e  highly undiffetentiated rind t h e r e  i s  ‘some evidence t h a t  tht. 
two or  three  sub-types, each hnving different life spans. T h o s e  w i t t  
shortest life span m a y  well be the f i r s t  to be lost following r n d i a t i o r  
exposure but since they cannot be distinguished from other typt’s ,  n r  
since lymphocyte counts i n  peripheral  blood cannot be based o n  t h c  t 
number in  circulation (many a r e  found i n  lymph channels and organq 
calculations on their  ra te  of disappearance a r e  unsatisfactory. 

Granulocytes originate i n  bone marrow and, in  man, requirr a n  
es t imated 4 to 5 days for proliferation through the various rny(*loi(l  ( 
par tments  before appearing in  circulation where, i n  our  s t u c l i c s ,  tht.  
cycle is completed in  4.5 days; their  circulating life span h a s  1 ) C t . n  

to be f rom 3 to 13 days by other investigators (5 ,  6 ) .  I n  cont ras t  to I 

life span of red blood cells (120 days), granulocytes would bc tht .  f i r ,  
reflect  radiation change in marrow and subsequent change In  pc-ri;>ht* 
blood. Normally, granulocytic cells constitute 50 - 80 pcr  ct -n t  of  to 
white blood cel ls  whi le  lymphocytes and other  elcments m a k c  ti;’ t h t .  
remaining 20 - 50 per  cent. Following therapeutic total body irr . i* l i .3  

granulocytes may dccrease  to 15 per  cent o r  lower whilc othvr  t * I c * n \  

a r e  decreased ( s e e  Table 10, page 151. Since t h e s e  v n l u c s  a r c  pt9r c- 

ra ther  than absolute, the apparent increase i n  1ymphocytr.s ovcrshn(1i  
the losg of granulocytes. 





s imi lar i ty  in the  c r a d u d  depression of granulocytes to the 4 th  and 5th  
wcck and this i s  followcd by beginning recovery. A second d c p r c s s i o n  
occurr ing  about 2 months post-irradiation h a s  been noted in m a n y  Pati<.  
and in animals .  The  explanation for this i a  not known at t h i s  time. 

Assuming that there  is a primitive s tem cel l  which is t h e  prc-curso 
of the  myelocytic s e r i e s  of marrow cella, and that the t ime involvcd for 
proliferation through the various compartments and extrusion i n t o  c i r -  
culation is correct ,  a quantitative analysis of the number of stem c c l l s  
destroyed by i r radiat ion can  he determined by the 14th day .  M'hen t h c  
number of destroyed s tem cel ls  is plotted against increasing rad d o s c  
(est imated) ,  and roentgen dose, a sigmoid curve  is drawn which clost . ly 
resembles the LD values determined for dogs and postulated for humari 
(see f igure 7 ) .  T h e  f i r s t  two curves  represent  our  observations on hum 
they show destruction of stem cells ranging from insignificant following 
S0r total  body irradiation to 66 per  cent following 250r. Extension of t h  
two cu rves  beyond 66 p e r  cent destruction a t  250r is obtained by e x t r a p  
f rom rate of change. These  curves  a re  compared with the second t\;ro \ t  

show Cronkite 's  L D for dogs and h i s  estimated L D for humans ( 1). 
Studies  o n  m a r r o w  shielding in  clogs indicate that re-population of dcpic  
m a r r o w  can be accomplished i f  a s  little as 6 per cent of the stem cel ls  
survive. The  L D curve  for humans  should approach 100 per  cent a s  thc 
L D curve of s tem cells approaches 94 per  cent. 

1. Cronkite, E.P. Diagnosis of radiation injury and analysis of hums.? 1 
dose of radiation. U.S. Armed Forces  M.J. 2:  2 4 9 - 2 6 0 ,  1960. 
2. Hamilton, LD.' MCtabolic'stabflity of PNA and DNA i n  h u m a n  Icukcm 
leukocytes; t h e  function of lymphocytes. In the  Leukemias. Rebuck ,  J .S .  
Bcthell, F.H., and Mouton, R.W. eds.  Academic P r e s s ,  New York 1 9 5 7 .  

3 .  Ottensen, J. On the agr. of haman wite  ce l l s  i n  peripheral  blooti. 
Acta Physiol. Scandinav. 3 ~ : 7 5 - 9 3 ,  1954. 
4, Rtscgot t i ,  L. Life cycle of granulocytes and lymphocytps cfCtc*rn>inf- (  
m a k i n g  u.sc of iron-59 labeled hemin a s  a t rac tc r .  A c t a  P h y s i o l .  S c - i t n t i i  

5, Life span of whi tc  hloocl cc*l l< ai. r 1 ~ 1 . .  

i n  i r t a c l i n t e d  parabiotic r a t s .  A m .  J. P h y s i o l .  lh5:34 1, lc?51.  
6 ,  V;tist,crgcr, A . 5 ,  and Lcv inc ,  Incorporation o f  r;trfin;tct i v t ,  1 I v c :  
1)y norma l  anct Icukpmic I cucocy tcs .  
7 ,  Y o f f r b y ,  J . h l .  7 ' L . n  qunnt i ta t ivc  qtudy of l y m ~ ) t i o ( - y t v  f ) r ( j f l u (  t J I ) r l .  _ I .  , \  f I  

9 p. 381-400. 

4 h325- 3 3 9 ,  1957. 
Van  Dyke, P.C., and H u f f ,  R.L. 

nlood 9:108L, 1954 .  
, .  

7 : 2 5 0 - 2 6 2 ,  1 9 3 3 .  
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The essential  problem posed by the possibility of massive i r r a d k t  
of the human is to predict the lethal dose,-- the dose a t  which immcdh t  
but temporary incapacity will occur,  and the dose at  which delayed but 
significant injury will occur. The possible answers  proliferate a r  
probable qualifying factors  are  introduced, e,g., 

U n l e s s  there  is a uniform concept of dose and dosimetric procedure 
g r o s s  discrepancies in  es t imates  of dose-effect a r e  to be expected. 
The effects of irradiation a r e  not specific and a r e  apt to be confurec 
with other types of injury,--mentpl, physical o r  biochemical. 
The effect of the accidental or catastrophic irradiation exposure wil 
vary  with the geographic, geometric and anatomic relations that ma 
be unsuspected or, at least, difficult to reconstruct, 
Age, general  health and coMpeting disease will modify the responre 
of the individual, Prediction of dose-effect i s  possible for  individua 
or for uniform groups  of individuals but a very wide range of dore-  
effects is to be expected in  the general  population, 
Prediction of dose-effect in humans must be based upon the control1 
circumstances of clinical use of radiotherapy where uniformity of 
radiation throughout the body may be sought although t h i s  i s  unliktl) 
ever to be achieved in accidental o r  catastrophic exposure, 
Morbidity and mortality will clearly depend upon medical assistanct 
whether this be merely supportive o r  actually specific, 

Nevertheless, some simple expression of the hazard of radiation i t  
necessary and a prediction can be offered i f  an allowance of 
granted. 

3 d B is 

* I  , ,I 1 8 . i i .  , $  '8 

The following predictions are based on a hypothetical group of adul 
males between 30 and 50 years of age, with training o r  education to per 
a basic understanding of radiation and biology, physically and mentally 
conditioned to work i n  the field of radiation hazards and f ree  of any 
previous physical o r  chemical trauma likely to impair tolerance to 
radiation. The dose is expressed a s  the amount of radiation measured 
in  a i r  a t  the site where the individual is exposed, T h e  geometry of 
exposure and quality of irradiation is assumed to be such  as to produce 
a uniform distribution through t h e  entire body. 
"Acute incapacity" means uncertain abil i ty to carry out c ruc ia l  menta l  
o r  physical tasks. 
"Partial disabi l i ty"  m e a n s  ab i l i t y  to c a r r y  o u t  m e n t a l  t a s k s  a n d  sedenta  
work but vulnerable to s t r c s s ,  e . ~ . ,  S C V C ~ C  p h y s i c a l  e x e r t i o n ,  i n f e c t i o n  
or I urt he r i r rad ia t ion .  

The problems of s i n g l c  hticnf exposure rind of p r o t r a c t e d  P x p o q u t t - 9  
a r e  dcalth w i t h  scpnr i i t e ly .  



Single 

Amount of 
I r radiat ion 

SOr 
l O O r  
200r 

300r 

SOOr 
(no deaths anti- 
cipated below 
this level) 

700r 

900r 

(LD.50 range) 

(LD- 100 range) 

Predicted Effect 

of 
Exposures of Total Body Irradiation 

Acute 
Incapacitation 

0 
0 
0 

1 - 6 hrs,  
(minor) 

1 - 12 hrs .  

1 - 7 2  hrs.  

2 mos. 

Par t ia l  
Disability 

0 
0 

0 

0 

2 - 3 mos, 

6 rnos, 

T. 

12 mos. 
( i f  any survivors) 

Blood Counts 
(7' of normal) Tim 

Reco 

60 d 

60  d 

60 d 

90  d 

170 120 d 

4% 1 Y' 
(if any su 

The prediction of the effects of protracted total body irradiation i s  
less readily described in  simple numerical values for dose and time. 

The rule to be anticipate is that, taking values for single exposures 
of the order of one hour as a standard, the effect of protraction will be 
(A )  to obscure  the time of onset of signs ox symptoms due to delayed 
and insidious development , and (B) to prolong the  recovery period due 
eo: 1) increased time required for accumulation of an effective amount 
of irradiation, 2 )  inhibition of t he  repairative response, 1) vulnerability 
to infection and other forms  of s t r e s s  during the period when repairatlve 
response is impaired. 

It i s  evident that a t  s o m e  low level of protracted exposure, no 
detectable effect will occur  and at some high level of protraction fa l l ing  
.or! of lethality, the above description will he clear ly  applicable. 

Intermediate exposures wil l  be diff icul t  to d e f i n e  wi th  precision. 



Table 13 

Predicted Effect 
of 

Protracted Total Body Irradiation 

Amount of Radiation 

Duration of Exposure Incapacitation Disability 

m P  - torn 15 
and Acute Part ia 1 

lOOr in 1 wk. 
in 1 mo. 
in 1 y t .  

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

300r in 1 wk. 
in 1 ma. 
in 1 yr. 

SOOr in 1 wk. 
(MLD range) in 1 MO. 

in 1 yr. 
c 

700r in  1 wk, 
(LD-SO range) in  1 m. 

in 1 yr. 

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

in 1 yr, 

0 
0 
0 

0 
0 
0 

0 
0 
C 

Day 7- IO 

e o  

Day 5 -30  
Day 15-50  

Day 25-35  

0 

Day 4-30  
Day 10.50 

0 

0 
0 
0 

0 
0 
0 

Day 15-50 
Day 30-90  

0 

Day 10-90 
Day 35-15@ 
MOS, 10-24 

Day 30-150 
Day 50-200 
MOS. 10-24 

MOS. 1-6 
MOS. 2-12 
MOS. 8-24 

Blood CQ 
Yo of R e  

normai 

9 0 %  
9070 

0 

75 Yo 
50 70 

0 

T h e  above values are predictions, not conclusions, 

They are offered as ''best answers" to current conjecture bast. 
total experience in  clinical radiotherapy. 

T h e  values below 300r are firm est imates .  

The values below 500r are  safe est imates .  

T h e  reason for continued c l in ica l  inves t iga t ion  is to a c - c ~ i m ~ i l ~ ?  
further observat ions  and develop more rel iable  t e s t s  to c o n f i r m  or 
a l t e r  the impressions in high dose rangvs .  


