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The hematopaletic r e r p n r e  of pt lcats  t rea ted  br :ocsl body n d l s t l o r  

d u r l e g  the unagcmcnt of I n o p r a b i e  cancer has been re-examined. The problem 

i t 1 1  Is t o  reccpnlzc a predictable and quant i ta t ive  r e l a t l o n  batneen radiallorn q , 
exposure m d  blologlc  response. 

to: 

I n  previous repor t s  m t t e n t l o n  baa been glbem 

1. Rerpoxre c f  patlcnta receiving to181 body rad ia t ion  In #Ingle  doses 

of 1Mr - 2M)r w l t h  c o n r e n t l o ~ u l  (250 Kv) therapy equlpmcnt. 

Fatlentr receiving L O C I 1  body n d l a t i o a  In doses ne11 w l t b l u  tolenaca 

(Wr. 50r - l W r  11 dlvlded doses) w i t h  the 2 m a v Van de Graaff 

u n l t  ualnp rotntlag or r la t ionary  f lolds .  

2. 

The M J o i l r y  of ptIemCs In both groupa recelred partlal  body radlat lon 

80.m rlm durlng the course of thelr discsse. 

rcspanre has  k e n  ohrervcd and. u c t p t  f o r  au occrslonal petlent who fmllcd 

t o  return, f o l l w - u p  contlnued as long nr the patients' condltlon permlttcd. 

In th lr  report .  the cases  were selected froa a11 thorn recelvImg tote l  bodi 

and yart!si body rad ia t ion  because tbelr b i s t o r l c s  CbnUIard Informatior 

ps r f lnent  to  t h l s  analyrln.  

In  a l l  cisca tba bemtopoletlc 

PReUlESS 

In  evaluat ing the hematopoletlc rerponre t O  L O U 1  body rad l r t ion .  L k  

f a c t o r r  of general  condltlon of the patlent. dIapnoslm of cancer or otkr  

chron lc  dlsrare .  and the Influence of other  forms Of therapy wst bs conriderad. 

X h l l e  a 'usual hernotoloplc pattern' Is ant lc lpa ted  f o l l w l n g  t o t a l  body 

rndlntlon. th lr  hus k e a  d l f I l c u l t  to  dcf lne w l l h  any preclrlom becawre of 
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Inconstant d-scr lp t lon  of d a t a  on dose. t17e. find blolopic  response. 

a patlent r r c e i r l n g  a given uposure of t o t a l  body rad ia t lon  i n  a g l r e a  t l r  

would rhcu a predlc l sb le  pa t te rn  of hern topol t t lc  depression. Any r a r l a l i o a  

f rom C118 pat Ie rn  m i g h t  be rtudtcd r l t h  

fac tors .  

l lypothctIcaIly.  

view t o  Identifying other  rcsponrlblo I 
I - I t  i s  u o t  penc ra l ly  appreciated t h a t  ond ( o f  any ogent. 

r r d i z t l o o  or  drugs)  are no1 synonyms. 3~ taker In to  C C C o u n t  e f f e c t ,  and t o  

kdop t h i s  c o n s t a n t  It my t. necesaary t o  alter m. A constant 

my prodice var iad eff6ct and tt13refora reprere~t r  a bIfferent dose rhea 

d i f f e r e n c a r  between pntitntr.  and In the IIU p s t l e n t  from tIm t o  tlns. are 

I 

r 
, I  

r I 
t a k a  l n t o  OCCount .  &re CaanDt C x l S t  without eCaSYICmllt but a e l t h e r  Cam J C  

exis t  r l t b c u t  rslatIag rcnrarenent t o  bioloClct l  effecc. An orally adminl i terad 

rcodnt  of a drug Is d l l u t e d  by l n t o s t i n a l  content. ab8ockd  aero88 la teat lnal  
1 - 
1 mucosa. :urth?r d l l u t c d  i n  t t e  blood strcim. t raneferrad across  c a p I l l 8 r y  
.. 

m 1 1 s  Di:d nfxcd wlth Interst l t la l  f l u i d  throughcut the bwJy to a c t  upon cell 

E r b r o n r  or cytoplasm a t  sow psrtlculor slte. To tb lr  process of dl lut lom 

Is w X e P  tbe effect of u t l l l t a t l o n .  destruct ion,  storage and cxcrelfon; the 

1 a c t v a l  acount of t h e  drug produstag t h e  GerIred effect  is alao8r bep113 coa- 

1 Jec ture .  S t i l l .  It  1s rwld ts t  t h a t  soem level of c o n r l s t t n t  relation exlrti 

m - 

- 
bstweea rcch gross  wecuremat of an agent and b lo logls  r08ponre btcaure of tho 

many exls?ie8 of affccrfre r p c i f i s  therapy. I .- 
Radlrtion. llks drug& prOduCe8 Its effect rh rwgh  cheaical or blo- >I’ r 

I .- 

1 ‘  

c h e a i c a l  reac t loor  a t  the cellular level  but  p rercr ip t lon  of slaount of rad lar loa  

18 pO8liblC w l t h  an rccurncy t h a t  Is relGosl nt ta lned  with other  forms of therap7. 

By d i r e c t  a a r u r e P p n t s  or s t a n d a r d  pracr leer  of c ~ l c u l a t l o n ,  the I n t s n r l t y  

of rad ia t lon  I C  a n y  8Ite .  on t h e  rurfnce or  w l t h l n  the I lv ing  organrlm Can ba 

.- 

.. 

.. 
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determined. Th::. ;::ciston Is sdvsnta~eously applIc.3 I n  p r t i a l  boljy radimtloa 

where a Jes l rcd  cllnlcal e f f e c t  can  he prlduced l o  the t r 5 e ; e i  61% -::: a 

u s e f u l  degree o f  cer ta in ty .  

In t o t a l  bo5y rpdi r t lon .  d e s p i t e  t b  edvrntege of preclrlon i n  e z r u r e d  

a a o ~ n t  of r o d l s t l o n .  YC l i c k  an e a r l y  end point  shor t  of lethality. Malaise. 

drcwslncls,  O O U S ? ~  and r o d l i n g  are suhJect t o  the elemnt of rugpestlor.  

Hewtolopic r c r p n r c r ,  cel l  CJUnfs.  platelet COuDtr. i roo nrUWli sm or0 

sensltire but unru:le Indlcsr. 

prnc t Ical  i p p l  IU f ion. 

- 

Blochcmlcal leads s t r a y  beyond the llrlts of 

 be hemtolcplc plcture remains tb8 mort uselul l n d l c i t o r  rioce I t  I8 

scnsltire to  r r d l a t i o a  and 1s the bio logic  rsrponro most ruscapLihla to 

mcrjsuremnt. Tho deficiency lies i n  tba uncertainty or tho qrsntitrtlwo 

mlatlon bctneen r r r u r e d  amount of r a d i a t i c n  and d e g m  of bceatopoietic 

dspresslon. 

body rad ia t ion  and regression of tumor and oorml tlrsne tolonoce which 

eccounti t o r  the c l ln lca l  u$eIulncrr of ndio tbsrapy .  

There is a conairtent and ~: .*t i t r t Ive relat lom bttr*.cn p.rt1.l 

Cur data  on parlentr recelvng p r t l a l  body r a d l s r l o n  Is cornparod n i t h  

t h a t  of p a t l r n t a  rctelving whole body n d l a t l o o .  reeking to ident i fy  a p t t e r n  

t h a t  may prove useful i n  t h i s  over-al l  study. 

Flguro I shws t h s  depresslon of wblte blood CounL when totr l  hody 

rad la t lon  Is glrcn t o  p t l e o L S  prer lour ly  t rea ted  wl tb  prt la l  body rad ia t ion .  

Figu'rc 2 sbwr the depression of wbite  blood count when t o t a l  body 

rad la t lon  Is fd lmied by p3rLlvl body rad ie t lon  l o  30 dr*r or Iesr.  

Flgure 3 r h a r  t h e  depresslon of nhlte blood count l a  p r l s n t r  rece lv lng  

t o t a l  body r a d l a t l e o  on ly  (dosea 1001 t o  ZOOr x 2). 

http://bttr*.cn
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So defl*lte pattern Is found to dlrClnguisP tllese chree groups o f  

p s t i t r l r  except t h a t  there does seem to be ~ c c u s a l a t i v e  e f f e c t  for total  body 

r8dlaLlrn and p r r i a l  body radlatlon. Tho mort prolonged deprerrlon c f  while 

b l m d  counl occurred i n  t h e .  group of patients rrceivtng tota l  bod1 rad lr t lo i  

folloard by part181 body n d h t l o n  I n  30 dayr or less. 

w i l h l m  the lhree grozpr i s  aImil&r. 

n u n h r  of pnrlents involred. the var1e:y of dlagnorar. tba varying general 

cocditlin. and she dlffrreot  ages. kny couslrtent mlkl loa  beween radiatlob 

absorbed and hemitologic response would ba msked. 

The ranEe of deprerrloa 
-. 

I t  l a  to be expected that for t h e  rmll 

Figure 4. Deprerrion of w h l b  blood count: comprlron of rk p O t h r 4 B  

Io general. tho unCer SO p a r a  of age rad rlx patients over 50 p a z r  of age. 

deFicrrlon Of whft0 blood COYOt 1a ths younger SQO ErOIlp I8 C l O r e C  kud, *ItbOugL 

no lesl revere. a i l  rhW recovery. DepreSr1On 10 tho older age group Is, 10 

gcnetal. nore rapid and recovery occurred la only three of rLr pt ient l .  

Althorgh this doer noL e s u b l i r h  the importance o f  age, it doer indicala t h a l  

a qvnaritative effect of tota l  body radiation Upon tbs hmaCologIc m'.poare 

w111 ta 1nX:urnccd by otbcr fkctorr. 

Ficare 5. Depression of p l e t r l e t  count: plt inntr recalving 2M)r 

to ta l  body radisrion oely and 2l)or tot01 body radiatlos plUS p r t h l  bud3 
the 

raoimrian. The wre nbrupt/depmrsion of platelet Count. the w:e rerlour 

1s its rigniflcaqco. The p t l e n t r  who recorarcd la  both group, were tbona 

w i t h  rlovier rites of deprerrlon. 

The ralldlty of the obrerratlon is not certkia but of the ffse ptlentr 

Shmrl iC recovery. four were under 50 years of age. A l l  p t l e n t r  who fal led 

t o  i b m  recovery were over 50 except one. aged 48. 



So delinit? p t t e r n  iS found t o  d i s t i n g u i s h  these three  g r o u p s  of 

p t l e n t s  cxcept t h a t  t he re  da!s seen  to be accumulstlvt e f f e c t  for t o t a l  body 

r sd ia r ion  aed p r t l a l  body radlntlon. The most prolonged depression of whlta  

t:ocd c o u n t  occ*!rred In !he  group Of p a t i e n t s  XcceivIsg t o t a l  body r ad ia l loa  

followed - .  by pcrt ia l  body r ad le t lon  I n  30 days or less. 

w l t h l n  the three  groups is S!nllat. 

n u r h r  of patlents Involved. the v a r i e t y  o i  uisynub.;6, rha sarylaj ~:=::1l 

condl t lcn .  and the d I f f  r e n t  ages. any e o n s i t t e n t  r e l a t l o n  between rsdiatlom 

abrorixd and hemto log ic  response would be masked. 

The range of deyresalon 

I t  Is t o  be e x p c t e d  t h a t  for the  small 

Flgure 4. Depression of w h i t e  blood count: Conqariron of mix pa t l cn t r  

I n  general. t h e  under 50 years of age and s i x  pt lent s  over 50 yea r s  of age. 

Ccpresrlon of white blood count In the younger age group 1s slower and. although 

no !e31 €evere. 111 s h w  recover;. 

general.  more rzpid 2nd recovery occarred In  only t b n e  of slx patlentt. 

Al fh .>ugh  tbis does not e s t a b l l s h  t h e  Impr l ance  of age. I t  doer ind lca ts  

t h a t  a q u a n t l t s t l v e  e f f e c t  of total  body r ad ia t ion  upon the  hematologlc response 

w i l l  be ir.fluenced by other factors.  

Depressbn  l a  the o lde r  age group ir.  In 

Figure 5. Depression of p l a t e l e t  count: mtients receiving 2001 t o t a l  

body radiation only snd 2001 t o t a l  body r a d h t l o a  plus prt i . 1  body radlatlon. 

The nore abrupt  the deprcsr ion of p l a t e l e t  conat. the more SeriOUS 1s it1 

signlflcance. 

alo,rer ra tes  of depression. 

The pJtIenLs who recovered i n  both groups were those n l t b  

The v a l l d l t y  of l h c  observation Is not certoia but of the f i v e  p t i a n t s  

showing recovery. four  were under 50 yea r s  of sge. 

t o  show recovety ucre over 50 except  one. aged 40. 

A l l  par l en t s  who foiled 



1 
i 
1 
I 
1 
4 

i 

'i ,I 

I I 

: 

1 

1 -  
1 

i i 
i 
! 

i 
! 
i 
t 
> 
! 

i 
' l i  

-0- 

m U R E  

1. Data on whole body r a d l r t i o n  e f f e c t s  ~ 1 1 1  bc occmrolatad t o  

1i.creasa t h e  dependablll ty of obrcrvatloas or conclusluns. T b l r  lncludrs  

-1nglr r i d  repeated exposure under r u t l o n o r ) .  and r o t a t l o a  CODdlilOmS. 

2. Separately or In comblnatlon. t h e  effects  of parllal  Body 
-. 

radtstlon w111 ba aecumu)rted to  o t a b l l r h  thaL a constant rc la t lon  rsy exist 

between rodla t ion  and hematologic response uh?a r M l s r  conditions of 

exposure and s lml la r  pal leotS are coarldcred. 

Further obrervst lonr  w i l l  be rpde on groups where apt. gencrrl 

ccnrllclon. dlacnorir .  and r l t e  rmd rolulrs IrradlaLed can be e n h a t e d  

separately. 

3. If D conr?rtant r e l a t l o n  can be e r t a b l l s h c d  f o r  conrroIled 

condl t ionr  of parrial body rsd l r t lon .  and IC dl f fe rencer  era be ldeatlflcd 

between partlrl body rad ia t ion  of d l f f e r e a t  tlte;. for example batween 

thorax. r p p t  abdomen. and lower abdown. two p o s r l b l l l t i e r  should lm 

lnvsr  t 1gr tcd. 

a. For anatomleal o r  ~cometrlc reasons. uacqurl & m u n u  oC r a d l r t h  

may be del lvercd to  01 absorbed In a e r l t l c a l  .?ea i n  Indil idaAlr IeCeIvlng 

rlmilnr ro:rl body exporure. 

b. Selective rb le ld lag  of a c r i t i c a l  area c a y  modlfy tho rosponto 

to  tom1 body r a d l a t l o n  In a c o n s l r t e n t  m d  favsrable dlrectlaa. 

I . . ,- .. .., .. .j- 
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Table I. :n t l i l r  tJLle J group of p a t t e n t s  wiKh a var ie ty  of 1esio11s 

re:lriring p r t i o l  body rad ia t ion  t o  d i f f e r e n t  p r r r  of the body a r e  compared. 

T:e rhite blood counts are CoEFared i n  p r c e n t q e  depression and c l u e  t o  

c x i c m  depression. Correlation Is at tenpted wlth toto1 body volums and . 
so!u-c of tisttlc l r radioted.  w i t h  Lata1 body surface and sur face  a rea  

i r radlated.  

Although for  c l i n l c a l  purposes a p r e d i c u b l s  e f f e c t  upon tumor and 

folcrance o b U l n r  i n  these cares.  s patter0 of whim bloc4 count responrs 1s 

s c t  c l e a r l y  rerealcd i o  any of t h e  attempted relat lonrbips .  

Table  11. Figure 6. T h i a  Is a group of pmtlenrs of slmilar age 

rcceiulng conparable trestmcnt by ccmparable technic to the  thoracic  region. 

&:eo cqe. dlagaoslr .  general condition. and area rreotcd a r e  s iml la r ,  there Is 

s u r p r i r l n g  uniformity i n  Lhe r e l a t i o n  between r s d l s r i o a  exposure ie term of 

tucor dose and heEaropoletic depression i n  terms of wblte  blood count. 

Recognition of a predictable  and q u a n t l l o t l r e  relation !JeKwCen whole 

5:ly rad la t ion  exposure and blo logie  response would requi re  uniform condlLlonr 

of w t d e  body radlat ion e x p r u r e  l a  a qroup of lnd i r idua l r  of uniform physical 

condi t ioe.  

:actors nhlsh influence rad la t lon  e f f e c t  and Lo evalua te  their i m p r t a n  e 

nten condi t lonr  are not r i a i l a r .  Ilypatt!etic~11y, there 1s a predic tab le  

minim1 le tha l  dose and the amount of rad ia t ion  required would vary wiKb 

p k j ~ i c ~ l  condi t ions governing rad iar ioa  exposure and bioloqlc  condi t ions  

modifylnq individual response. 

idexLily and derer lbe these variables.  

The d i recr lon  of fu ture  invcrtigaLioa should be to  Idcnt l fy  Lhe 

7 

The d i r c c t l o a  of Invest igat ions should be to 

L 
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