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November 2, 1971 
Active Bone Marrow Dose Related t o  Hematological Changes in 

Whole Body and P a r t i a l  Body Exposures 

W e  have been interested in finding an approach t o  allow the 

prediction of heu to log ic  changes t o  be expected following uniform 

and non uniform exposures (whole body, upper body, lower b0dy~l.6 trunk) 

used in th ia  program in t he  treatment of cancer patients.  

t A t i V e  approach t o  evaluating the e f fec ts  of  non-uniform exposure 

ham been proposed i n  the l i t e r a tu re .  

our spec i f ic  project,  one has t o  know the  dis t r ibut ion of bone 

marrow (assmned t o  pa ra l l e l  t ha t  of stem cell) and the radiation 

dose d is t r ibu t ion  throughout the bone marrow. The detai led dis- 

t r ibut ion of active bone marrow f o r  standard man at  age 40 was 

adapted from the l i t e r a tu re .  A tissue equivalent phantom con- 

taining ab-  skeleton and simulated lung cavities WM used 

t o  experimentally determine the act ive bone marrow dose under 

A quenti- 

In applying this approach t o  

- r h u l a t e d  whole body and p a r t i a l  body (upper, lower, and complete - 

trunk) b i l a t e r a l  cobalt-60 exposure conditions. Capsules f i l l e d  

with l i thium fluoride were placed in bone cavities.  Tho xiphoid 

served M the boundary f i e l d  f o r  upper and lower body exposures. 

The domen f o r  each section were averaged and multiplied by t o t a l  

gram of active m~rrow in tha t  srction. 

in t eg ra l  doses for  upper body, lower body and complete trunk are 

48X, 6l%, and 75% rerpectively, of t ha t  d a t e d r i e d  f o r  whole body 

exposursr . 

The active bone marrow 

Using the  measured radiation dose dis t r ibut ion t o  ac t ive  bone 

marrow, we then procwded t o  calculate  the weighted stem cell sur- 
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viva1 fo r  the various exposure conditions. 

ms0 range, the normalized mouse bone mrrow atom cell survival 

data who obtained from the l i t e ra ture .  The rum of t h e  products of 

the  fraction of t o t a l  marrow irradiated and relative stam cell  

survival fo r  that radiation doac yielde the weighted re la t ive  

rtem cell survival. Thus, f o r  any of the given nunvlliform 

, =posurea, one can determine the dose of uniform whole body 

radiation that would result i n  the same cell mortality rate. 

The corresponding "dosee" thus derived fo r  uniform whole body 

exposures can be thought of as being "dose equivalent." This 

approach is extended t o  the circulating fractions of the  peri- 

pheral blood elements at  the  nadir point fo r  the pat ients  treated 

in this study. It is usumed in  t h t  extension of t h i s  approach 

tha t  circulating fract ion fo r  a given blood element at the nadir 

is equal t o  the iurviving fraction of marrow stem cells by the given 

exposure. 

the  predicted and measurad nadir 'bf circulating fractioru of white 

blood cells and p la te le t s  fo r  several groups of patients.  

pheral blood couuta of the  patients were obtained pr ior  t o  

i r rad ia t ion  m d  were fallowed f o r  as long u prac t ica l  following 

exposure. 

For mortality in the  

The val idi ty  of t h i s  externion was tes ted by comparing - 

Peri- 

The data reported here were obtained from patients 

-aham t o  have n o d  blood counts p r io r  t o  expomure. The pat ients  

-were grouped as t o  type of exposure and the  r i d l i n e  dose received. 

A comparison wan made f o r  three groups of pe t ian t i  who received 
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k whole body exposures of 100, 350 and 200 rad midline absorbed dose 

rerpectiv+y; M d  two groups of patients who received lover body 

-eqoeurm of 200 m d  300 rads midline absorbed dosw, rmpectlvely. 

In  view of the usmnptione nade in the atudy, there appeared to be 

fair agrement between the proposed -del a d  t!m average clinical 

findings in tarma of the nadir of c iaul . t ing fractiow of white 

blood cella m d  platelets. 
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