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SYSTEMIC AND CLINICAL EF ECTS INDUCED IN 263 CANCER PATIENTS BY 
WHOLE-BODY X-IRRADIATIO t WITH NOMINAL AIR DOSES OF 15 TO 200 R 

i 
INTRODUCTION 

~ o l n c ?  effect3 of 
are known froin clic 
j tudies  o f  ato ink  Iroiilb 

findings oljtaincct f c ~ m  persons 
nucfe:tr accirlencs (2); unct third, 
made on pcici ic$ receiviog 
rion ( 3 ,  4, S), Siti4ly these 
value hccausc either the 
or the subject .is 

ole-body x-irratliation has been 
a superior mechotl for the 

.such paticnts(G). I *  

che matrki6etnent of leukemias (7); or1 the basis 
of r l r i s  experience, similar s inal l  doses were 
npplied f i r s t  t o  ocher, less radiosensitive, 
p c r a l i z e d  t u i n w s .  With  additional experience  
quined froin careful observation of rhc pat ients ,  
chc dose was r a i d  ia Ixrrtcr cases iri sccps of 
2 )  r. The explori>tory plinser of che irrquiry 
cumpriseJ 233 p:ttici\rs exposed EO doses 
riuigiiig f i r m  1s co 200 r; che final phase can- 
:ii;Jccd of series of 30 patients who received 
200 I .  lfre nncurc of thin study rieccsvicated 
exceiiyivc 8c'IICCBl, clinical. it114 laboraccrry 
:jutveillarice of rhc irradiated per soils to dctecc 
proinptly any harmful effect iirduced by the 
creocincnr. 
Thc present reporc tlescribcu in some detail 

rlic finding?: ohraiaed in t h e  final phase of the  . L .i 

inyest igatieri, but on ly  thc most csscntinl  
observarioris in:itle during che exploratory 
phswcs.. t:urtherinorc, ;C emphasizes chase 
uspeccs of the problem which are of general 
radiobiologic inccrest; a strictly clinicor her- 
apcuric cva\uacion w i l i  be given cisewhere (s). 

METHOD 
an cffectivc procedure? If YO, h w high 

d a m  char can or inust be d m i  istercd 

answer cheric cpiescions, a I ng-term 
w n s  iaitiatcd in  1951 and c ncinued 

a in bent f i c ial re su I I s ? 

1956. From the hcginning i t  was rcaliired 
s igni f icant  clinical benefit coul:I bc 

ctetl, i f  RC all, only ac a dorc 1 vel bor- 
n8 chc clini(:ul chrcshol:f dose or clinical 
ranee dose, beyold which serio 3 coin- 
ations migtrt occur. Paucicy of k owicdgc: 

tion beginliinp ac rather lo doses. 
caqc from I )  CD 25 r, whole-body 

n therapy corninonly has been used i n  

i 
I 

[ K g  irnportanr range neccssitaced .: auriour 4 

- ---.-. -- 
-.c 1 - w  

I C  .-- I r ^^ -- ron -I,. P1 , .hr?,, ClLC 

CbronoloOie evoluiion of s tudy and standard for 
case selection 

Ourinp, the f i r s c  two years, relt i t ively Low 
dorcs (15 co 75 r) of whole-body x-irradiation 
wcre emldoycd largely as ndjuvr\ntu to limited 
field exposure or hormone treatiiienc, and wcre 
odiiiiiiistered either conroinicantly wich or 
shortly before initiation of thc conventional 
therapeutic procedure. For [ h i s  first exploratory 
phnse, therefore, pat ients  were selected whose 
disease was  in such a state char cure or at 
least dcfinire palliarion could still be erpcctcd 
from escoblished inechod~ of treatiiieric. T h e s e  
law d3ses were tolerated wcll enough to raise 
hope that higher JOUCS of whole-body exposure, 
similar to nitrogen muscard, rriighc prove use- 
ful  as an independent form of palliative therapy. 

'7- 
/ 7.s- 
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i n  general, significtm b could not bc 
expected from other 

with 

1 t 
F I G L J I ~ E  1 

Unclassified malignancy. Nun Yrous rulcutunrous 
rumor masses tare widely dis eniinntrd over rbc 
untutior ctras; wall. Tbe pbot depicts condition 
prior IO whole-body exposwe IO 200 r ( c m u  3). 

I 

neither radiotherapy nor chemotherapy, 
been subjected to e i t h c r  one or both 
treatments, and I had nlrctrdy received 
body irradiation. Composition of the 200. 
varied widely with respect to age and 
iiialignniicy (cable I). At thc time of irra 
these paciencs were still able t o  walk  
perform light physical  tasks; t h e y  knew 
tlic advanced state of t h c i r  disease a 
experimental nature arid possible risks 
proposed radiotherapy. 
Gonoral pro-codurr 

Afrer conclusion of the f i r s t  cxplor 
phnse (15 to  75 r), B routine procedure 
adopted ns follows: the patients werc obse 
for an iriitid 2-weck period that w a s  div 
inco three sections.  A prcradintion i 
of 4 days w a s  followecl by wholc-body e 
on the f i f th  day and by a postradiation i 
of 9 days. During chcsc 14 d ~ y s ,  hospitaliz 
occurred only i n  those c a s e s  whcre  ic 
required by cliriicnl considerations os 
of housing facil i t ies;  in chc majority of 
thc pntieritr conciriued to live or1 the ou 
and appeared daily at the clinic for chcck 
or treaciiicnt. Hcrnatologic data froin the peri 
era1 blood were obtained daily with ordin 
laboratory iiizth.o<ls. N O  nctcrnpt W i t s  made 
standardize diet or physical activity of 
patients. Following cornplecioa of thc ini 
2-week period, t h e  pactcrn of observat 
varied widely. The  few patierits who remai 
hospitalircd could bc seen and cxamiiwd dail 
Of those released, the insjority appeared rno 
or l e s s  r:qularly for follow-up examinations 
frequency of v i s i t s  depending lnrgcly on di" 
cnnce betwcen hospital and hotric town,+ 

A Maxitron (G.E.) operated ac 250 kvp witb 
n Thoraeuv 111 filter, providing n 3.0 mm. coppei 

approximately I5 percent were lost from sight. 
Irradiation 

HVL,  served os x-ray source. The cube wRJ 4 
used without a diaphragm, and t h e  bcain was 

Sirtine litternlly to rhr bcnm thc paciciic, in a' 
slumped-over position, covcarcd npproxiinntely 
one-half of the circular n r m  outlinctl by the 
cross scction of t h e  henin (lig. 3). The distrince 
between x-ray source and iiridlirie of the  p t i e n c  
was 205 cm. At c h i s  discitnce the dose rate 
air averaged 3.8 r/ininutc.  Afrer one-half of the 
exposure had heeii delivered - 100 r bnvcd 0 )  

1 
nirned horizoncnlly at a wall 240 cm. away. ,  4 
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C.SC 

No. 

6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
1G 
17 
18 

19 
20 

21 
22 

23 
24 
2s 
21 
27 
28 
29 
30 
3 1  
32 
33 
34  
3s 

(yctrrr) 

50 
76 
78 
6.1 
46 
33 
64 
.6S 
63 
23 
57 
59 
2s 
52 
so 
17 
5 1' 
rla 
5G 
61 
43 
7s 

26 
51 

6:.* 

Hirtoloiic clirgnosim 

Adenocarcinoma 
Adenocarcinoma 
hlclanoma 
Undifferentiated carcinoma 
hlclsnomo 
Ewing's sarcoma 
Squamous catcinomn 
Squamous carcinoma 
Squamous carcinoma 
Plurigerieric cnrcinoma 
Squoniouo carcinoma 
Undifferentiated carcinoma 
Plurigeneric carcinoma 
Syuaiiious carcinonrr 
Squamous carcinoma 
Udifferenti~~tad cntcinoma 
Lymphornrcomn 
~Jndiffcrenrirrcd carcinoma 
None 
Undifferencinte.d carcinoma 
Adcnoc arc inunr n 
Squamous carcinoma 
Plurigeneric cucinomn 
hdtnocrrcinome 
Adenocnrc inomr 
Adcnacarcinomr 
Und iffmrentinted Guc inorna 

Adcnocnrcinomr 
Hodgkin's diseane 
Adenocorc inonir 

57-92 

nir dose at midline-the patienc W A S  turned RESULTS 

On the ensuing pages the f in& 
arranged in sections. In the f i r s t  
observations made on the final 200-r 
are reportcd*in some dernil since in chis 

'effects produced by irradiation could 
and escirnacion of integr been raced to a large cxteilc from rhosc act 

to the disease, and since these patie 

I'ADLE 1 

the body, 

of h e  linul group o 30 patierits who received 
to a nomina I crir dose of 200 r. 

SUfViV81 

(month.) 

11.6 
1.0 
1.7 

0.s 
13.5 
7.4 
1.1 
1.0 
8.6 
0.4 

14.2 
1.0 
6.8 

11.0 
5.3 
0. I 

19.2 
3- 3 
0.3 

3.4 
2.6 

1.1 
0. S 

reporccd separately (9). 

.. ..- -._ - 

Origin of tumor 

~ 

Unde c er m iii e d 
Kidney 
Skin 
Bronchus 
Eye 
Rib 
D ronchu s 
Dronchus 
5ronchus 
Testis 
Tonsil 
Dronchus 
Testis 
Bronchus 
ntonchtl s 

Bronchus 
Uiitletcrmined 
nranchua 

Kidney 

Bronchus 
f 3  m nc h ux 

jk in 
Testis 
Colon 
Adrend 
Liver 
Dronchus 
Pancreas 

I Jndetertliiried 
hens(  

4.1 

8.2 
3.6 
3.s 
1.3 
3 . 3  
0.8 - 

'Female. 



*dcchcci inore closely than the others. 
second secriorr, f indings obcaiiietl f r  
cxplorarory groups ;ire (1cscr;hed rath 
sorily; a inore erhaiisr i v e  treatment 
dpcnllcd f o r  siiicie symptoms induced 
sdvaiicin.g ciiscasc hequentl  y obucur 
Inildcr oiic.5 possibly p r m ~ i J C t d  hy rndiot 
In the chirci section, observ:rtic?nw :ire 
for n f c w  p i e n t s  w h o  
doses of wholc-hc>:ly irratfiiltion. 

1. F ind  200-r group 

Early rcactiori..: t o  
*ere rc lsc ive ly  iiiilil  
2. of the 30 paticncs 
becaiiie 

the ocher (case 21) becnme bcdriddcn o w h g  
to. accclicuation of a cardiac dccoriiperrsation 
,which existed before the radiotherap 
re,miining 28 pat ients  cxptrienced Jirr 
firsc 3 days posccrct-itiiient a inore cir lcss 
$ronounccd impnirmeiic i\J describcc! in  the 
nixt paragraph. 6.: 
!fiNuuseu and vomii ing.  Upon 

11 but 3 of the 30 pat i ent s  

either fatigue, decreased 
malaise, nird which was 

of uppetite. 
loped within R 

progrcsscd to 

of candicion w h i c h  

>7-92 

DIRECT X-RAY BEAM '-1 

Dit1 vomit 
Antitinetic and venoclysis .required 2 
Atlcieniecic d o n e  rcqiiirccl* J 
.4nrierneric nor required 10 - 

17 

Did not vomit  

N ausen absent 
S a u r e l  prcscnr 
Nor recsrrlcd 

(1 

S 
2 - 



V i 9 1  

group of patients, were 
alone, or by the 

As revealed by experiments 
and disease. 

weight of the group occurred; statistical 
uacion of t h e  dura showed no ~ i g n i l i c a n c  
Among the Rroup only otic pacient, case 
devclopcd appreciable weight lo s s  (7 po\rn 
within the f i r s t  24 hours after radiochera 
th i s  obviously wns caused by profuse voihiti 
and normal weight  was rescored by the 
post rad iatioli day. 

?'bus ii musi be concluded tbd t  canor 
nausea, and vomi t ing  o n l y  occusional ly  
siccb a degree as to compromise t n f i s l  
nutrition o l i b e  pi i t ients.  

Body temperaturc and blood pressure, rec 
ryrtcmatically in some of the  cases 
revealed no significont change. However, 
v d u e  of these ohyervatioos must  be consirle 
as rather limited since the activity of 
patients was not controlled. 

To illustrate the po int s  discussed so 
excerpts are taken f h m  the histories o 

' 

'I'ABLE 111 

inucliation with 200 1. 

Distribution uomiring during {irtc 72 bows following wholc.body t 
Csbe 
N 0. 

' 6  
7. 

- 9  
13 
15 
16 
17. 
18 
19 
21 
22 
24 
28. 

31 
32 
34* 
3s 

Not l /  recorded 
>8 

1 
2 M 

Not recorcled 

3'4 

2 
60 

2'4 
2 

30 

1 
1 

Nor recorded 

60 

I m n r d  i nt e 

-- 

- . , ...- 
Frequency of cmcaia 

First Second 
24 huura 24 hours -- -. . - -- 
1 
2* * 
0 
9 
1 
0 
I**  
5 
0 
2 
1 
0 
4*'  
1 

3 
7" 
0 

4 
0 
0 

12 
0 

4 
la*  
2' 
0 
0 
0 

1 
0'.  

0 
0 

4' 
u 

lhird 
24 hours 

3*' 
0 
3 
4' 
0 
0 

1.. 

0" 
1 
0 
0 
0 
0.' 
0 
0 

O* * 
1 

durina ptrrrdirclon period. 



pnticrics,  showirig t h e  mi ldes t  and  t h e  
;niciaI rc iact ions,  rcspecrively. tax6 ( 

year-old rniniscer. had Ewiiig'Y 
orjeintkcirig froin chc posccr ior  
right 4rli r i l l .  R e s e c c i o n  and 
,-our.yc?~ of Icicnl rriciugcr\ 

prcvrnr r ecu r rence .  On 

0 a.m. Approximately 2 h o u r s  later revere 
rea, vornicirtg, and prostration dev loped. 

vomited 5 ciines n i d  lost 7 pourids In body 
in6 chc f i r s c  24 hours fdlowirrg e t po3urc 

I ,  

' ,  

I .  
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subsided, and t h e  general c o n d i r i o n  of music I .  

of t h e  Facicncs had rccurne?J eo the preradiaeiort 
Shortly thurosfrer Rpiwxtirni te ly  30 per- 

o f  t h e  Hroup claimed s u b j e c t i v e  improve- 

these claims could nor be suppor ted  by " ,!I 

I t  
' {  
* I  
i ,  I 
I. 1 ' 

. :  . .  
I 

level. 

nrenc n t  leasc roinporrrily; frcqucncly, however ,  

nbjecrivc finrfiqs. In most csscs psychologir 
r a t h e r  tlinri clinical facrors might have been  
rcspori si h 1 e for chc w I I ~g rrtf c r ~  n si Cory i mpo vc- 
metit, and in only  - r l i r + c  inntanccs could ti 

sn t l i ewhw more c o n c r e t e  cffcct be established. 

cc?tic 

I'. 1 

i . . 

'. i 

' . .  ! .'. i 
Cusrt I I S r w c c t I  chac within  4 days ufcer exposure 
h i s  pain v:inished for t h e  f i r s t  time in 4 iiionths; 
for 10 rlays he d i d  not u s e  mulgos ic s  nnd . ,  
ni t rco t ics  necessary prior co radiotherapy; ; I  

he rctltapsntl (1) h i s  preradiarion condi t ion.  :, i 

shouldcr aiid arm pain b e l i c v c d  due co large 
mer~sti~tic masses  ii:, t h e  ri ghc s u p r a c l a v i c u l a r  . .  
fossa ~ i i d  right a x i l l a ,  claimed marked,  although : 1 . 1  
incomylcce, relief developing on che th i rd  
poscradiar ian,  day. This relief coincir lcd with I : *  

questionable dighc d e c r e a s e  in size of the 
cumor musses; pain rcturned 2 weeks later whet1 . I .  

,' . 
. .  . ' I  
I .  

. "  , .  

: :  

' . ,  ! fo 11 0 wiri g th is  irit nsicor y i mpru vc mr ut,  ho w e  ver, 

Cuse 33, previousty exycriencing scvcre right 
i l  

: :  

. .  
, L  

. :  , .  

: 
1 1  

. I  , .  ti 
! !' ' /  f 

chc tumor began co advance again. Case  22,  a 
11 cgr e Y s, Y u f t e r ed from g,c IIC ral i zc d 1 y I t i p  I\  o sa r- 
conio. Followiiq i r r a d i a t i o n  s h c  reported a 
gain in general Slreilgth, ~ u b s t n n t i i ~ c d  by an 
iilcrcilsc in body weight  nnJ by il slow but 
definite ' shririkagc of the culi iw inasses in 
rectal mucosa and nasopharynx. About  2 rnoitths 
later she wus a b l e  to r e s u m e  work as h o u s e w i f e ,  
farm helper, a i d  praccical iiursc'. Fur ther  
trcncinc~it was not required. This improved state 
persisted until approximarely 2 wcekv prior to 
her (leach char occurred one year and 7 months 
poscirradiat ion.  

I n  summary, 200 r whole-body x-irradiut ion 
produced a de finite trunsitory arncliorurion o/ 
the d i s e a s e  in 3 casus, Qnd a qur.stionatlr 
i I n  p ro u e ni e n  t i n  s e u c ru 1 a Adit io  no I p u 1 i r  ti t s. 

IIemrctolngy. 'I'hc hcmaiologic dnt obtn i tied 
tluriir8 the 2-week i n i t i a l  observation period 
showed definite rur~iation-iiidiicL,d chorlges 
(cable  1V). For statistical e v a l u a t i o n  t h e  group 
means of the m e a s u r e m e n t s  011 e a c h  posc- 
ratliucion day were c o m p a r e d  W i t h  rho cotre-  
spoilcling vfllties fltxermincrd 2 dnyc prior to  

exposure, and Scudem's w e s t  was applied to 
che di f fe rences .  T h i s  proce t lurs  yielded t h e  
f d o w i n q  result: significance on che 0.01 



57-91 

level w n s  rcached for the tatal w h i t e  cell 
count, 011 the 7th postrndinrioi day; for the 
lyrnphocyce count,  on the 26 postradiation day; 
arid for the platelet count,  not ar ail. Hence  
it may be concluded chat, w i t h  a probability 
p a c e r  than 99 percent, the droIls in leukocyte 
and lymphocyte counts were noc the  result 
of chsircc a l o n e .  Ked cell coiir t, hemaglobin, 
and ret iculocyte  counc (not tabtilrc.cd) did not 
s h o w  s ignif iconc changes. Results of iron:S9 
clcarnnce anrl uptake studies were treatad 
in a separate report (10). 

In 4 cqses long-cerm ohserva:ions could ha 
pcrEormed regularly enough to allow graphic 
represenrotion (figs. 1-91. The to a1 white counc 
(fig. 4) rcached a minimum between the 4th 

in cases 33 and 27 must he 
ard 6th poscrndiatiori weeks - 
phcnomena; chc 
exhibit ing the 
drop, showed 

E//cct 
c el 

cIic platelees (fig. 6) crsentially parall 
the w h i t e  count excepc for absence of 
terminal rises. Ked .cell CoUi1t (fig.  7), 
globin (fig. 8). and hematocrit (not rcpre 
displayed a tendency toward a gradual 
wliilc the rcticulocytcs (fig. 9) s h  
irre g 11 la r be IIR v ior . 

Sixteen additional p a t i e m s  could h e  follow 
alchough inore sporntlicnlly, for A suff ic i  
length of t i m e  to permit analysis. Thcsc,ca ' 
rogcthcr with-the 4 described in  the prcv 
paragraph, were rreaced statistically. 
rcsylc was as follows: i n  8 CRSCS l cuk 
wi th  less than 2,500 white  cclls/rnrn.J 
oped; the m e a n  ciriic interval between ex 
and l o w e s t  w h i t e  coufit was 32 days 
range from 11 to 5 2  days. Recovery above 
2,500 cell level  occurred after a me 
radiation time interval of 46 days, w i t h  a 
from 12 to 81 days. Thrombocycopcnia- pl 
count below 70,00O/mm.' - was encounce 

T A B L E  IV 

x-irrudicition the number of white blood 
plutelrts in 1 mm.' of blood. Means and 
o b i a i n d  /ram a group of 30 patienis 

bnvc bCeJ  fabttltzi.d. 

Plncelerr 
(thou.rnnds/mm.') 

Pre-radiation 
1 
2 
3 

0 

P ostndiat ion 

Irrudintion 

1 
2 
3 
4 
S 
C 
7 

8 
9 

10 

Mcrn P 19.62 

8.32 

S. D. 

4.48 
3.52 
4.27 

3.8.5 

3.4s 
2. so 
3.63 
2.88 
3.28 
2.77 

2.39 
2.27 
2.29 
2.17 

- 

.-- 
Lymphocyte. 

(thoiurnds/mm.') 

1.41 
1.43 
1.36 

1.16 

1.00 

.8R 

.8 1 

.73 

.70 

.64 

.69 

.7I 

.69 

.68 

S.D. 
_I_ 

.77 

.82 

.h7 

.53 

.47 

.36 

.33 
* 3s 
35 

* 2u 
.27 
.34 
-33  
.33 
- 
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excelit eo which radiation had atfectcd the l i l 'e 
expectancy of the patients; howcver some 
estimate was possible. The 12 cases d bron- 
chuqcnic carcinoma, rcprcsenring u rcla~ivcl  y 
uriiforrn popularion, w e r e  sepnracetl Iroiri thc  
rest of the 200-r series and were coinpared 
with data available ii i  the l i terxure .  111 tlic:sc 
12 patients the carciiiu~na was tuo advanscd 
to bc opcrablc or t u  be suitable for ratlical 
radiotherapy; even Id l ia t ivc .  i r r a J i ; i t i ~ i i  in its 
ordiirwy form was iiot considcrcd proinisinp. 
In 3 insts i ice7  4iagi;osi.s was bilsed 011 110th 
rocntgcnoIo4ic rlemoostracion Oi l un f i  or w d i a s -  
cinal abriorinalir ies, corisi sreiii wir. h hroiic Iio- 
genic cnrcinoina. and on biopsy reports 1,4 
InaliJnancy froin either [he clicst will1 or &i 

supraclavicular lyirph node; i t 1  t1.c rct:)airi.iiig 
cases j i n ~ n u s i s  was coiifirmcd by bronchoscopic 
biopsy  i n  2, .by biopsy ;\L tIiuriicoluiIiy i i i  3 ,  iL1l;I 

by Iiistologic exatiiiriaition nc autopsy in 4. 
Mean survival t ime aitcr 200 r whlde-ludy 
x-irradiurion i n  thcse 12 ciascs was .3 ,$  iiioii(ijis. 

SienhoCC (11) reported a like expectiltlcy ,of 
approximately 5 inontl ls' l  for a group nf .344 

patients. many" oi' w h i m  had received l&nl 
radiotherapy alter irrernovnble tuliiors liad bccn 
found at chcst exploration. Watson (12) Iolrrirl 
in 295 untreaced lung canct,f yaiieirrs it  in&n 
survival ci:ne o l  3.1 rnonrhs. Irr ligurc IO, the 
survival ,iisrribution ot ihc present series oi 

I(  

* I  

1 0 0 0 1  

80 1 



The next group consisced of 18 p i i o i i t s  
exposed to 100 r ,  Results Ware csscntially the 
same as in the  preceding series; however, thcre 
were solne hernatologic cllungcs delinitcly 
induced by whole-body x-irradiation dur irq  cfic 
initial observation pcriod ( ~ i l b l c  V). For stiltis- 
tical evaluaciwi, tlAc group means of the rnea- 
suretiwnts on each postradiacioli day were 
compared with the corresponding values dccer- 
mined 2 days prior t o  cxposurc, an:i Sludeur's 
t-test was applied to the differcnccs. This 
procedure yicldcd tlic iollowing result: ncichcr 
coca1 whirc blood cell couatr nor plare1t.r 
couiits shnwcd any radiariorr elfeu, whi lr :  a 
drop i n  lyinphocytes occurred which bccstiic 
significant at1 the 0.0 1 level after. ttic second 
postradiation day. 
. The third exploratory group consisted of 17 

pat ients  exposed to doses a s  follows: 125 r,  
5 cases; 150 r, 6 cases; 175 r ,  I case; arid 
200 r, 5 cases. Since the number of pittictlts 
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To obtain a gross esiiiiinte of rhc dose 
dependency of the hematologic change$, thc 
group ineans i n  percerrt of tiicir Frerd ia t ia i i  
level were  represented graptiicdly ( t ~ g s .  t 1 
and 12). This procedure sh3wcd that chc la11 
in total w h i t e  blood cells became I * O ~ L L  pro- 
nounced w i t h  ilicrcasiuq dose (fie. I I ) ,  while 
rhc reduction in  lymphocytes W R S  pacxicaily 
in:leoca lent of dnse ( f i q .  12). 

i 

3. Double erporur*r 
Eight patients, who seemed to h a v e  improvcd 

a f c c r  chc first whole-body irradiation, recei vcd 
B second trratmenc when deterioration agoiii 
began; the interval between the  cwo cxposurcs 
varied frotii 77 to 187 days. The t'dlowing dose 
combinacions were usccl: 50 + 50 r (1 case), 
la0 + 150 r (3  c a s ~ s ) ,  125 150 r (1 cilsc), 
150 + 150 r (1 case), 175 * 175 c ( 1  case), arid 
125 + 200 r (1 case). The number oi paciciiis 
i i i  th i s  ncrics was too sinall LO allow definite 
conclusions. Thc followin,$ inlpression was, 

gairred, howcvcr: responses t o  the second dosc 
secinkl inore pronounccd rhan chose following 
tlic f i r s t .  'This  iilyiarciuly was true Enr rhc 
i r i i r i a l  reilccioiis -- fatigue, ilnorexiil, nausea, 
illit1 w)rnitinc - as w c l l  :AS for rhc dclayctl bonc- 
inarrow depcssioli. Following rhc first dose 
the ins tawes  oi clinjcally sip,i~ifici~i~t Ieuko- 
peiiia, thrornbocytopeiii,r, .ind uc in in ,  its dcl'incd 
; I ~ I O , , V C ,  were  ils follows: 0, 2, aiid 5 ,  rcspcc- 
t i* i e Iy ;  f o l l o w i q  t h e  sreorid dose tliey wcrc 
3 ,  5 ,  i1nd 5 ,  respectively. Siocc the second 
:li)sc wils larger than the I'irsi ill 'i of these 
pirticnts, the greurcr rcsliwscr tollowing re- 
cxposurc wigtit br. explnincd (111 this basis  
illvcte. llowevr?r, twuo iinprecssioas seemed co 
indioiuc i1 true increiwc in general ratliosen- 
s i t iv i ty  persistitrA c:veii several months dier 
application 01 the inicial dose. First, enhmced 
reilctions occurrcd also in those .3 patients 
who litid rccciveii il sccorirf Jose that was equal 
co the Cirsc in size; a i d  sccoid, iiggravurioii ot 
rcxtions sceirlcd indicaccd when responses 
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FIGURE 11 
DasR rlepcndcttcy of {be effect of w h d e . 4 d y  

-irradiation on the total white h a d  rell  counr, 
be mtarkings denrrt c ;he iolhtuing: dois. srdtisticul 
pan2 d c r i v d  froin 18 put ients  exposed to 100 r: ' 

pen circles, StuListicd means derived iron 12 
rtients exposed LO dooscs brtwccri 125 trnd 175 t ;  and 
miscs, stdtjsricul 1 1 1 ~ ~ 7 1 5  deriued' /toin 30 prlricnls 
xposed to 200 r. 

o the  scrond dosc were compared wit!) those 
.ppeariq in paticncs who had reccived J s i n g l e  
lxposurc of corrcsponding size. Loeffler (13:) 
nade similar ohservaciotis and cxplniaed them 
IS I reduction ol thc body's capacity co repair 
adi ari on-i nd IIC ed c e 11 dainag c . 

DISCUSSION 

Biologic actions ot i on iz ing  r;tdia&m become 
nore and inore objcctivcs ut' IWO tfiffcrenr 
ields. Thc t'irsc, riadiotherayy, utilizes s u c h  
icrions [or cur ing  disrasc in liuiinan paricrirs; 
he sccoad, radiobiology, actcrnpts to discover 

i r d  expla in  these accioiiv by expcriinciital 
:neaiis. 'Thc c w v  l i e l d s  oC endcavor h a w  accu- 
mulated a weal th  of irilorrnatiuil w h i c h ,  when 
propcriy cxchaaged, mtay prove fruitful u t i i l  

stirnulacill8 to &ch other. To toster such .in 
exchange, che radiixhcrupist has to rceord 
observations that are nltcrr c l in ica l ly  ot l i t t l e  
significance, and to present c t i m  i n  it lorill 
that enables cornpiirisoii w i t h  l i n d i i i g s  obcniircd 
trom i~ccidciitnl irradiation ol' healthy hrciunn 
beings a11J irviii .tnirn;Ji studies. 'The: presciir 
report rltreinpt'i J s tcp  in  t h i s  Jircerion. 
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reactions apperrr to  agree w e l l ;  however, there 
may exist a ciifiercnce i l l  degree. Uiidcr- 
staadably, thc terminal cancer patient w i t h  
tis  sponrnricous reiidenc y towilrtt vurilit ink ,  
bone-inarrow deprcssioii I a i d  hcinorrhagc ma.y 
be expccicd co have a11 increased radiosea- 
s i t i v i t y  w i t h  rcspect to  inrfucciun ol these 
Spptoins.  This rrstrjctioo slrould bc applicd 
to the  suininarizirig s t . ~ t e t i l c i ~ ~ ~  of tlic n c x i  
pnragrapti. 

Systemic and clinical cflccts induced by 
whole-body x-irmdiacion occur essentially in  
two phases that may rleinand special medical 
attention. The firsr one, the initial tcac[ion, 
is characrrrized by laci$quc, urretexia, IAaUSCil, 

and voviiring. In typical cilscs, it  hcgins 
i~pproximrely 2 Itours after cxposurc a i d  suh- 
sides 24 hours later. As strowti by C.ourt Brown 
(1 4), il strong psychologic cotnpIw1it timy 
frequenily be it~volvcd, Thc occon:! ~ h i ~ S ~ ? ,  a 
lnorc o r  leas yrotiouiiced b ~ n e - m i ~ r r ~ ~  leprcs- 
sion, is charircterizcd by il tenticncy towiird 
bleeding, inleccion. and pancytopenia. In 
cypical ci~scs. i t  becomes siqnificanc ckioioslly 
3 to 4 weeks postirradiation and bcqins to 

subside 6 to 8 w e k s  after cxposurc. Geilcrnlly, 
d n s e ~  of 100 r or lower arc si1bthrcshdd ,iind 
w i l l  not produce t h s e  rCi1CciOlls. In the dbse 
rariqc bctweeii 125 and I75 r the c w o  rhuses 
bekin to aypcar iii i d J 0 U t  5(J percctit 01 tlrc 
C ~ S C S ;  however. the reactions ilre LOU 1rlil:l to 

SUMMARY 
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