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RADIOBIOLOGY 

Radium-induced Malignant Tumors in Man 

R. J. Hasterlik, C. E. Miller, and A. J. Finkel 

The incidence of radium-induced malignant tumors and blood dyscrasias was related to cur- 
rent o r  pre-terminal radium burden measurements and to retrospective estimates of maximum 
burdens for a series of 293 persons, most of whom acquired radium burdens in the period 1918 
to 1933, and were studied a t  the Argonne National Laboratory and Argonne Cancer Research Hos- 
pital. The 46 malignant diseases include 22 sarcomas, 16 neoplasms of the skull (principally 
mastoid and paranasal air cell carcinomas), and 8 leukemias and aplastic anemias. Retrospective 
estimates of maximum radium burdens were made by application of the appropriate power func- 
tion for ingestion o r  for multiple injections. 

The principal interest in the malignant tumor experience in the radium cases we have been 
examining lies in the implications that the data may have for radiation carcinogenesis, for onco- 
genic dose-response curves, and for the problem of maximum permissible levels for internally 
deposited bone seeking radionuclides. By relating the occurrence of a malignant tumor to an es- 
timate of the maximum burden in each case, we have sought to avoid problems resulting from 
biological variability in the time of appearance of tumors and variations in body burdens that re- 
sult from vagaries in the time of measurement. 

The power function parameters used here in the function Rinj(t) at are (a = 0.30 and b = 
-0.44) and were derived recently by an analysis of data from long term studies on 8 patients for 
whom suitable data are available. The lowest estimated maximum radium burden for the sar- 
coma cases was 6.72 pCi, and that for carcinoma of the maxilla was 1.23 pCi. The comparable 
value for leukemias and aplastic anemias was greater than 50 rCi. Based on the estimated maxi- 
mum initial burden, these data imply at least a 12-fold margin of safety in the maximum permis- 
sible level for internally deposited radium. 

b 

(See charts on pp. 37 and 38.) 

Radiobiological Experience with High Dose Rate Electrons 

M. L. Griem, L. S. Skaggs, L. H. Land, and F. D. Malkinson 

In 1963, we reported our experience with radiation therapy using high energy electrons in 
a pencil beam scanning mode. This paper described the limited skin reaction observed in patient 
therapy with this mode of electron beam therapy. We speculated that the reason for the lack of 
skin reaction might be based on the possibility that the scan pattern, which was similar to that 
of a television raster, might resemble treatment through a grid. A second explanation of the lack 
of biological epidermal reaction at the surface might be postulated. A slight inhomogeneity a t  the 
surface might allow for repopulation of the basal cell layer in the skin and the partial reconstitu- 
tion of the basal cells available between daily treatments. A third postulate for the lack of skin 
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