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TIIC x w r C  R T ~ A T I O : ~  s s m ~ o m :  
WLATIO;? OF CLIPIICAL EFFECTS TO PROGXOSIS 

: r e p o r t  p r e s e n t s  a b r i e f  account of r e s e a r c h  carr 2C-I o u t  

a t  t h e  nad io i so topc  Laboratory of t h e  Un ive r s i ty  of Cinc inna t i  

. for  t h e  past n i n e  y e a r s  r e f l e c t i n g  our concern w i t h  t h e  d i agnos i s  

and treatnent of t h e  a c u t e  r a d i a t i o n  syndronc. These s t u d i e s  a rc  

almost  e n t i r e l y  de r ived  frord p a t i e n t s  v i t h  cancer  i n  v?liG:ii 

cura t ive  a t t c r i p t s  cannot be made. I t  has been our  t e n e t  t h a t  

whole or p a r t i a l  body r a d i a t i o n  i s  a t  l e a s t  as e f f e c t i v e  as other  

forms of p a l l i a t i o n .  

I n s o f a r  as p o s s i b l e  p a t i e n t s  are s e l e c t e d  w i t h  a normal 

hcnorjram and a b i l i t y  t o  n a i n t a i n  wei5lit. Those v i t h  lynyiiomata 

are excluded f r o m  t h e  s tudy  s i n c e  t h e  p o s s i b l e  rapir2 d e s t r u c t i o n  

of tumor t i s s u e  would p r e s e n t  changes n o t  found i n  t h e  nore 

n e a r l y  normal subjec t .  

b 

I r r a d i a t i o n  has  been given wi th  a s i n g l e  Cobal t  60 

t e l e t h e r a p y  u n i t  a t  d i s t a n c e s  of 202 c m  from t h c  rdiclline and x i t h  

ex2osure rates of 3-G R/min .  Wholc body exposure i s  given 

through two opposing l a t e ra l  portals. P a r t i a l  body r a d i a t i o n  i s  

given w i t h  n d i v i d i n g  p o i n t  at t h e  x iphoid  a l thou5h o t h e r  

boundar ies  are t o  be i n v e s t i g a t c d  i n  t h e  f u t u r e .  

Each p a t i e n t  serves as h i s  ovn control  w i t h  R 3-5 week pre- 

t r e a t m e n t  exposure pe r iod  bein9 compared t o  J. 4-12 v:ccl: post- 

t r e a t n e n t  o k s c r v a t i o n  per iod .  There is  c a r e f u l  c l . inica1 

ohsc rva t ion  , special  psychic  ani! psyc!iiatric intervj.cv;j.ng, 
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d e t a i l e d  l a h o r a t o r y  t es t s  and a nuaber of s p c c i a l  t i nche? ica l  znd 

ot!!er s t u d i e s  of i n t e r e s t .  

Tvra aspects of t h i s  work w i l l  Le p r e s e n t s 6  here .  The  first 

is conccrned w i t h  e v a l u a t i o n  of c l i n i c a l  and r o u t i n e  l a b o r a t o r y  

o b s e r v a t i o n s  and t h e  second i s  r e l a t e d  t o  e s t i m a t e s  of effects of 

p a r t i a l  body i r r a d i a t i o n  t o  t h e  better documentec! changes 

observed i n  t o t a l  body exposure.  

I n  t h e  cour se  of our  c l in i ca l  e v a l u a t i o n  several ep i sodes  of 

sham i r r a d i a t i o n  are c a r r i e d  o u t  and i n  most i n s t a n c e s  t h e s e  have 

preceded the a c t u a l  therapy.  The p r e p a r a t i o n s  ant! procedures f o r  

sham are t h e  same as f o r  t h e  i r r a d i a t i o n .  At no t i ne  i s  the 

p a t i e n t  in formei  as t o  synptons or s i q n s  vhicii  he might 

expe r i ence  no r  i s  h e  ques t ioned  about  such nani f  e s t a t i o n s  

subsequcnt ly .  

L 

One of our  specific interests has  been t h e  occurrence an?& 

f requency  of prodromal Sl’iqptOnS i n  r e l a t i o n  t o  prognosis .  An 

e a r l y  hypo thes i s  was t h n t  s u b j e c t s  vho had r ece ived  previous  

r a d i a t i o n  therapy  would be more l i k e l y  t o  have prodromal symptcrrs 

and t!iat these would be more severe t han  i n  p a t i e n t s  who had been 

so t reated earlier. Th i s  hypothes is  was r e j e c t e d .  ?IO d i f f e r e n c e  

i n  prodroraal f i nd inTs  betvecn these two catecjor ies  of p a t i e n t s  

was noted  nor  was t h e r e  any d i f f e r e n c e  i n  h e m t o l o g i c a l  f i l ld ings  

n o t  a t t r i b u t a b l e  t o  the under ly ing  disease. 

I n s o f a r  as  a dose  res2onc.c r e l a t i o n s h i p  i s  canccrnccl, 

prodroriatn wcrc n o t  found helo:: 100  rac:. ?herc vas a graciual 

i n c r c a z e  i n  tile frcqucncy of ncx~nca a ~ d  v o x i t i n g  k;atwecn 1 . ~ 9  and 
L 



L 200 r a d ,  the p r o h a b i l i t i e s  be ing  s h o m  i n  Table 1. These 

resporises varj’ somewhat from those  r epor t ed  by Lushbaugh (1) b u t  

o u r  p a t i e n t s  werc c a r e f u l l y  screened  froin i n f e r e n t i a l  ques t ion ing  

or  s u b j e c t i v e  s t i n u l i .  Also as mentione6 earlier,  t h e r e  were no 

p a t i e n t s  w i th  lyxphona i n  t h i s  s tudy.  I t  i s  of cons ide rah lc  

i n t e r e s t ,  howevcr , tha.t none of our s u b j e c t s  have ever shown 

nausea o r  vomit ing from episodcs  of sham whether given be fo re  o r  

a f te r  t h e  a c t u a l  exposure. 

The ot!ier c l i n i c a l  fincling of cons ide rab le  i n t e r e s t  vas t h e  

l ack  of change i n  t h e  inciGence of ‘prodromal synptons w i t h  

par t ia l  body i r r a d i a t i o n .  I n  t h i s  p a r t  of. our s tudy  p a t i e n t s  

r ece ived  i r r a d i a t i o n  t o  t h e  upper o r  l ove r  parts of t h e  Lmody, t h e  

i d  s e p a r a t i o n  p o i n t  being a t  t h e  xiphoid.  The d o s i n e t r y  of these 

two s i t u a t i o i i s  is shown i n  Fig.  1 and 2.  Our h i g h e s t  dose t o  

d a t e  has  been 300 rad .  The  c l i n i c a l  response t o  t h e  p a r t i a l  body 

i r r a d i a t i o n  vas t he  s m e  as i f  t h e  p a t i e n t  r ece ived  t o t a l  hoCr 

i r r a d i a t i o n .  T h e  frequency and s e v e r i t y  of nzusea and von i t ing  

were r e l a t e d  t o  dose. It was n o t  p o s s i b l e  t o  d i s t i n g u i s h  tiicse 

p a t i e n t s  c l i n i c a l l y  from t h e  t o t a l  body group. 

But i n  r ega rd  t o  t h c i r  hemato logica l  changes, one i s  s t r u c k  

by t h e  rcmarkahle p a u c i t y  of changes fo l lowin2  50-300 r a d  of t h i s  

p a r t i a l  body exposure. 1.10 d i f f e r e n c e  i n  respcnse has  been 

observed hc tvecn  upper and l o v e r  body i r r ac? i a t ion  . Althuuqh 

t h e r e  ioay be s n a l l  dec reases  i n  c e r t a i n  of these va lues  it would 

be q u i t c  clif f i c u l t  to daterminc t h a t  such an i n d i v i l u a l  Piad 

L r e c e i v e d  r a d i a t i o n .  
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Even ea r -1  lymphocyte depress ion  was less markc' than  f o r  

comparable degrees  of whole body r a d i a t i o n .  Using the technique  

of p r o f i l e  s c o r i n g  (2) as modified f o r  prev ious  evidence of 

d i s e a s e  shows t h a t  p a r t i a l  body p a t i e n t s  f a l l  between those  

r e c e i v i n g  less than  1 0 0  r a d  and those r ece iv ing  1 0 0  rad.  (Sco 

Table 2). 

Thus one rniqht expec t  less response from the  PDF, p a t i e n t s  by 

an o b j e c t i v e  hemato logica l  measure. 

An e x t e n s i v e  b a t t e r y  of psychologica l  and p s y c h i a t r i c  s t u d i e s  

were carried o u t  (See Table  3 ) .  These tests have been desiyned 

p r i m a r i l y  t o  demonstrate  poss ib l e  evidence of c o g n i t i v e  

impairment. As y e t  t h e r e  i s  no evidence of such change though 

t h i s  n e g a t i v e  f inCing  nay be due t o  the poor i n t e l l e c t u a l  q u a l i t y  

of ou r  p a t i e n t s .  A major problex  i n  this sphe re  is t h e  

development of s u i t a b l e  tests t o  permit  adequate  eva lua t ion .  

L 

As a r e s u l t  of the l ack  of evidence of hena topoe i t i c  d m a y 2  

i n  the p a r t i a l l y  i r r a d i a t e d  p a t i e n t  an a t t empt  has  heel: made t o  

de tc rminc  t h e  e f f e c t  of these doses and t o  e s t i n a t e  a t  what p o i n t  

t h e  p a r t i a l  body dose would be cqu ipa len t  to t o t a l  body 

r a d i a t i o n .  

Bond (3)  has  d e r i v e d  a curve (Fi7.3) f o r  e s t ima t ing  t h c  

i r . a r t a l i t y  from exposure of bonn narr0i.i v i i t h  e i t h e r  uniform Gr 

non-uniform d i s t r F l u t i o n .  An LD50 of 285 rad is used and i s  s e t  

equa l  t o  a r e l a t i v e  s t e m  ce l l  s u r v i v a l  of 1.0.  Kereiakes and 

Rogers ( 4 )  hzve r:e::surcd tine a c t u a l  hon:! ::.;LrroI: do=+ i n  rzd foz 

t h e  c o r d i t i o n s  of I j i l s t c r a l  cohalt-GO expcsurc? i n  t h e  phs.ntcn. L 



Thus f o r  t h e  c o n d i t i o n s  of our  study tlic a c t u a l  doses  nay be used 

L wit!i Bond's curve  to c a l c u l a t e  t h e  r e l a t i v e  s ten  c e l l  su rv iva l .  

T h i s  curve has  been extended sonevhat t o  explore  t h e  e f f e c t  of 

h ighe r  p a r t i a l  bociy doses  (Fig.4).  In t h i s  way one can  estirmtc 

t h a t  a mid l ine  dose t o  t h e  lower body of G O O  r a d  (900  R niidline 

a i r  exposure) would b e  equ iva len t  t o  a wliole body dose of 120 r ad  

and would produce n i n i n a l  s i g n i f i c a n t  1ier:atologicnl e f f e c t .  A t  

t h e s e  dose levels,  hovcver, and a t  somewhat h ighe r  ones i t  might 

b e  p o s s i b l e  t o  produce o t h e r  l o c a l i z e d . e f f e c t s ,  e . g .  s k i n  or 

g a s t r o - e n t e r i c .  

F u r t h e r  c o n s i d e r a t i o n  should be given t o  t h e  enploynent of 

human s u b j c c t s  who i n  t h e  course of t h e i r  d i s e a s e  receive 

r a d i a t i o n  therapy  and can contribnute t o  ou r  unclerstanding of 

acute effects.  !.:any of t h e  f i n d i n g s  i n  lover anii;ials are n o t  

confirmed i n  t h e  huaan being. 

L 

Our s t u d i e s  i n d i c a t e  t h a t  human d a t a  can be u s e f u l  i n  

e s t i n a t i n 9  r a d i a t i o n  eEfects an2 t!nt pa t i en t s  can sews as 

impor tan t  sources of c h t a  which cannot he obta ined  i n  any o t h e r  

vay. Such s t u d i e s  need be expanded. 
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TAllLE 1 

a 
St imulus  (prodromal synptons ) a t  which p ropor t ion  P 

would be expected t o  respond (C inc inna t i  data). 

P 

0.10 

0.20 

0 . 3 0  

0.40 

0.50 

0.GO 

0.70 

0.80 

0.90 

0 .99  

a. Nausea, vomitin?, ctc.  

Hid l ine  dose 

(rads) 

58 . 

86 

10 7 

1 2 5  

1 4 1  

157 

175  

1 9  5 

224 

292 



Type of rad 170. of D t s .  Dose 
TBR 8 < 100 

TDR 8 100 

P m  8 100-300 

I-!ean Rad Score 

rad 12. G 

rad 41.2 

rad 21.3 



L 

TACLT: 3 

Rei t an  T r a i l s  T e s t ,  P a r t s  A and 13. 

C a t e l l ' s  1 G  PF IPAT, Form A. 

Gottschalk-Glescr  Values Inventory 

lr 'echsler Depression RatincJ Scale 

C l i n i c a l  Dcpression Sca le  of Gottsc!ial]r. 

S e l e c t e d  p o r t i o n s  of t h e  lkchsler-Uel levue Adult  

I n t e l l i g e n c e  scale. 

C l i n i c a l  Iiope and Denia l  Scales. 

A s t r u c t u r e d  q u e s t i o n n a i r e  dcsicjned t o  p inpo in t  

c e r t a i n  s p - ? c i f i c  dynamics con t r iSu t ing  t o  depress ion  

such as s e p a r t t i o n ,  g u i l t ,  shmc am? nachochisn. 

A f ive-minute tape recorded verbal sar;,nle. 
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RELATIVE SU2VIVAL RATE 
OF EONE MARROW STEM CELLS 

EXPOSED UNIFORNLY TO A 
GIVEN DOSE OF RADIATION 

(ex'iension of data of v. P. Bond) 
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