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February 24 ,  1977 

Analysis of  Hanford Proportional Mortality Data, Adjusted f o r  Age 
and Year of Death 

The analysis sumarized i n  the  attached tab les  was done t o  invest igate  

the suggestion tha t  some of the r e su l t s  reported by Flancuso, Stewart, and 

Kneale may be explainable a s  a r t i f a c t s  of t h e i r  analysis .  The approach 

has been ' to  a d j u s t  f o r  cer ta in  possible confoundings, v i z .  , association of 

cumulative dose with age of death and year o f  death, and possible se lec t ion  

fac tors  between exposed and non-exposed workers; t o  compute t e s t  s t a t i s t i c s  

t h a t  do  n o t  assume a symmetric d i s t r ibu t ion  fo r  dose; and t o  analyze the 

death c e r t i f i c a t e  data provided by ORNL i n  su f f i c i en t  de ta i l  t h a t  some 

judgment can be made a s  t o  the extent of the bias introduced by a proportional 

mortali ty analysis ,  a n d  as  t o  whether the reported radiat ion e f f ec t s  could be 

extreme resu l t s  t o  be expected by chance alone from a large number of 

investigations.  

The basic s t a t i s t i c a l  procedure has been a contingency tab le  method, 

adjusted for  age a t  death (249 ,  50-64, 65+) and year of death (1943-60, 

1961-67, and  1968-73). A t  each level of these fac tors  (e .g . ,  549 a n d  1943-60, 

- <49 and.1961-67, e tc . )  2xk  (k=6 and 11) contingency tables  were tabulated,  

rows corresponding t o  death from a.specif ied disease or from other causes 

and columns t o  non-exposed a n d  t o  dose in te rva ls  within the exposed c lass .  - 

Expected ce l l  frequencies, variances, a n d  covariances were cornnputed from row 

and column sums, and  then summed over tables  t o  provide d e t a i l s  of the null-  

hypothesis d i s t r ibu t ion  of the summary tables .  ' 

The main s t a t i s t i c a l  resu l t s  a r e  the p-values f o r  the exposed vs. 

non-exposed comparison and fo r  the t e s t  of l i nea r  trend w i t h  dose adjusted 
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f o r  exposure; a value near one of the l a t t e r  indicatqs a posi t ive 

association of the corresponding cause of death w i t h  cumulative dose, a 

value near zero indicates  a negative association. Extreme p-values fo r  

the exposed - non-exposed comparison, i n  the absence of a dose response, 

suggest select ion of the exposed or  non-exposed popul'ation f o r  reasons 

related t o  health. 
I 

An extreme p-value f o r  l i nea r  trend unadjusted f o r  exposure, 

w i t h  more moderate p-values f o r  the main two s t a t i s t i c s ,  m i g h t  suggest a 

t rue  dose response, especial ly  i f  the adjusted trend s t a t i s t i c  i s  a t  a 

''suggestive" leve l .  

included as  a check on the possible e f f ec t s  of skewness of the dose d is t r ibu t ion .  

The trend s t a t i s t i c s  f o r  the cube root  of dose were 

The f i n e r  dose in te rva ls  i n  the  l l - i n t e rva l  tab les  provide grea te r  

power against  increasing trends; the 6-interval tab les  provide a check 

against.numerica1 or d is t r ibu t iona l  i n s t a b i l i t y  of the t e s t  s t a t i s t i c s .  

Analyses were performed fo r  cumulative dose a t  death,  a n d  a t 3 ,  5 ,  10 ,  

15,  and  20 years prior t o  death. Cancers were t rea ted  separately f o r  each 

3-digit ICD code, and i n  broader g roups .  Non-cancers were t reated i n  broad 

groups, except for chronic bronchitis  and emphysema, which were t rea ted  

individually.  

4Several causes of death were present much more, o r  much l e s s ,  i n  the 

exposed t h a n  in the non-exposed, indicating t h a t  the  groups probably were 

selected on some basis re la ted t o  health.  

and multiple myeloma, were s ign i f icant ly  re la ted t o  dose among males. 

non-cancer, chronic MI, consis tent ly  decreased w i t h  increasing dose. Since 

Two cancers, pancreatic cancer 

One 

the r e su l t s  fo r  pancreatic cancer and multiple myeloma a re  based on r e l a t ive ly  

few cases,  i t  seems unlikely t h a t  these r e su l t s  could be ascribed t o  a defect 
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o f  the proportional mortali ty approach; select ion of the exposed population, 

even d i f f e ren t i a l ly  by dose, could not be expected t o  create  an  apparent 

dose relat ionship f o r  these diseases alone. However, a c loser  examination 

of each of the individual diagnoses would be i n  order,  s ince ooly a few 

misdiagnoses could have created the e f f ec t s .  Pancreatic cancer, i n  

par t jcu lar ,  has a re la t ive ly  low percentage of h i s to logica l ly  proven cases 

compared w i t h  other cancer s i t e s ,  and therefore may be unusually subject t o  

misdiagnosis on death c e r t i f i c a t e s .  Cancers of  the lung, b r a i n ,  and female 

breast  appeared t o  be related t o  dose i n  unadjusted contingency tab le  

analyses, b u t  these apparent re la t ionships  d i d  not survive adjustnient f o r  

age and year of death. 

[The poss ib i l i ty  t h a t  the r e su l t s  for pancreatic cancer and mu1 t i p l e  
L 

myeloma are  s t a t i s t i c a l  f lukes,  which m i g h t  be expected t o  be obtained i n  an 

analysis of many d i f f e ren t  causes of death, cannot be ruled out.  This seems 

less l i ke ly  for multiple myeloma than f o r  pancreatic cancer, however, s ince 

multiple myeloma i s  a very ra re  disease and  the dose d is t r ibu t ion  o f  the  cases 

, 

is.extreme. 

other cancers, have been reported among U.S. and Br i t i sh  rad io logis t s .  

the other hand ,  the evidence f o r  a dose response for these two diseases 

Excess risks of multiple myeloma and pancreatic cancer, among 

On 

I aniong Japanese A-bomb survivors i s  very weak. 

evidence fo r  a dose e f f ec t  among Hanford workers should involve these two 

diseases and n o t  leukemia o r  malignant lymphomas other t h a n  mu1 t i p l e  

myel orna. 

I t  is  somewhat surpr is ing tha t  -.. 
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