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REPOWOW E- pmf? E3 W i l l i a m  H .  Foege, M.D., D i r e c t o r  

P u b l i c  Hea l th  S e r v i c e  
Atlanta, Georgia  30333 

Dear D r .  Foege: 

Center  f o r  Disease C o n t r o l  COLLECTION vYlm.&e/y r-1 l- E 5 

My r e sponse  t o  t h e  t h r e e  q u e s t i o n s  addres sed  by you t o  each  of t h e  members 
of t h e  b e r y l l i u m  review group a t  o u r  meet ing  on  October  9 ,  1978,  is as follows: 

Ques t ion  1 Are t h e  an ima l  s t u d i e s  c r e d i b l e  i n  showing c a r c i n o g e n i c i t y  of 
b e r y l l i u m  i n  a t  least  t w o  s p e c i e s ?  

ResDonse 

The an ima l  s t u d i e s  are c r e d i b l e  i n  showing c a r c i n o g e n i c i t y  of  b e r y l l i u m  i n  
a t  least  two s p e c i e s .  
i n h a l a t i o n  r o u t e  t o  ra ts  and monkeys produced pulmonary neoplasms i n  b o t h  s p e c i e s .  
Eeryll . ium ox ide ,  b e r y l l i u m  hydroxide ,  b e r y l l i u m  f l u o r i d e ,  b e r y l l i u m  phosphate ,  
b e r y l  o r e ,  b e r y l l i u m  metal and beryll ium-aluminum a l l o y  each  induced pulmonary 
neoplasms i n  rats u s u a l l y  by t h e  i n s t i l l a t i o n  of t h e s e  compounds d i r e c t l y  i i l to  
t h e  t r a c h e a .  I n t r a m e d u l l a r y  i n j e c t i o n s  of b e r y l l i u m  metal, b e r y l l i u m  s i l i ca t e  
or  b e r y l l i u m  phosphate  produced o s t e o g e n i c  sarcomas i n  r a b b i t s .  

Bery l l ium s u l f a t e  a d m i n i s t e r e d  e x p e r i m e n t a l l y  by t h e  

There are l i m i t a t i o n s  t o  t h i s  body o f  ev idence .  I n  some cases, adequa te  
c o n t r o l s  were n o t  used.  I n  others, t h e  r e s u l t s  were n o t  pub l i shed  i n  peer 
reviewed j o u r n a l s .  O v e r a l l ,  however, t h e  ev idence  t h a t  some forms of  be ry l l i um 
a r E  c a r c i n o g e n i c  i n  more than  one s p e c i e s  of an ima l  is conv inc ing ly  s t r o n g .  

Ques t ion  2 Is b e r y l l i u m  copper  a l l o y  a ca rc inogen?  

Response 

NO, t h e r e  is no d i r e c t  ev idence  conce rn ing  t h e  c a r c i n o g e n i c i t y  o f  be ry l l i um 
copper  a l l o y .  
i n  arimals (Groth,  D.H. e t  61. 1978) ;  s i n c e  less t h a n  20 rats w e r e  emplayed f o r  
e a c h  of two c o n c e n t r a t i o n s  of  t h e  a l l o y ,  i t  i s  n o t  p o s s i b l e  t o  p l a c e  any eonf idence  
on tha n e g a t i v e  r e s u l t s  of t h i s  work. 

I n  o n l y  one unpubl i shed  s t u d y  w a s  b e r y l l i u m  copper  a l l o y  t e s t e d  

In t h e  face of t h e  p o s i t i v e  expe r imen ta l  c a r c i n o g e n i c  f i n d i n g s  f o r  many 
b e r y l l i u m  sal ts  and f o r  t h e  m e t a l  a l o n e ,  I b e l i e v e  t h a t  a h i g h  c o n c e n t r a t i o n  of 
b e r y l l i u m  copper  a l l o y  admin i s t e red  t o  a l a r g e  nunber of an ima l s ,  such  as 1000 

1 0 1 1 3 2 2  



W i l l l a m  H.  Foege, M . D .  
October  1 2 ,  1978 

Page t w o  

exposed and 1000 c o n t r o l s ,  would be l i k e l y  t o  show ev idence  of c a r c i n o g e n i c i t y .  
make t h i s  judgment on t h e  b a s i s  o f  t h e  c a r c i n o g e n i c i t y  of b e r y l l i u m  m e t a l  i t s e l f .  I 
a m  a l s o  concerned t h a t  workers  who u s e  b e r y l l i u m  copper  a l l o y s  may be exposed 
t o  b e r y l l i u m  ox ide  and b e r y l l i u m  metal  d u s t s  i n  t h e  p r o c e s s  of  g r i n d i n g ,  
m i l l i n g  or  h e a t i n g  t h e  a l l o y ;  t h e s e  workers  would then  b e  exposed t o  forms of  
b e r y l l i u m  t h a t  have been shown t o  be c a r c i n o g e n i c  i n  an ima l s .  

I 

g u e s t i o n  3 Is t h e r e  ev idence  i n d i c a t i n g  t h a t  b e r y l l i u m  is a ca rc inogen  i n  
man? 

R e  .c Dons e 
-c 

In my o p i n i o n  as an  e p i d e m i o l o g i s t  who h a s  been e x t e n s i v e l y  invo lved  i n  
envi ronmenta l  and o c c u p a t i o n a l  h e a l t h  s t u d i e s ,  t h e  e p i d e m i o l o g i c a l  ev idence  
is s u g g e s t i v e  t h a t  b e r y l l i u m  i s  a ca rc inogen  i n  man. The e v i d e n c e  is  n o t  a t  
t h i s  t i m e  judged t o  b e  more than  s u g g e s t i v e  because  a l t e r n a t i v e  e x p l a n a t i o n s  
f o r  t h e  p o s i t i v e  f i n d i n g s  have n o t  been d e f i n i t i v e l y  exc luded .  Likewise ,  t h e  
t h r e e  r e p o r t s  (Wagoner e t  a l . ,  1978; Mancuso 1978;  I n f a n t e  e t  a l .  1978) showing 

l i k e l y  t o  r e q u i r e  some r e v i s i o n s  a f te r  j o u r n a l  peer review p r i o r  t o  p u b l i c a t i o n .  
*f a p o s i t i v e  r e h t i u a s h i p  i n  humans are unpubl i shed  d r a f t s ,  e a c h  of u h i c h  is  

I .  

In  t h e  f i r s t  r e p o r t  by Wagoner e t  a l .  (1978), a s t a t i s t i c a l l y  s i g n i f i c a n t  
excess of l u n g  cancer (47  obse rved ,  3 4 . 3  expec ted)  w a s  r e p o r t e d  from a r e t r o s -  
p e c t i v e  c o h o r t  s t u d y  o f  3055 w o r k e r s ' a t  a b e r y l l i u m  e x t r a c t i o n ,  p r o c e s s i n g  and 
f a b r i c a t i o n  f a c i l i t y  i n  Pennsylvania .  Among t h e  more impor t an t  l i m i t a t i o n s  of 
t h i s  s t u d y  are t h e  f o l l o w i n g :  

(1) The c o n t r i b u t i o n  of  c i g a r e t t e  smoking t o  t h e  excess observed  l u n g  
c a n c e r s  cou ld  n o t  be e v a l u a t e d  because  smoking i n f o r m a t i o n  w a s  l a c k i n g .  This 
d e f i c i e n c y  i s  common t o  r e t r o s p e c t i v e  c o h o r t  m o r t a l i t y  s t u d i e s ,  and y e t  t h e  
s c i e n t i f i c  community has  accep ted  ev idence  f o r  a n  a s s o c i a t i o n  between l u n g  
Cancer and c e r t a i n  o c c u p a t i o n a l  h a z a r d s ,  based upon r e t r o s p e c t i v e  c o h o r t  
m o r t a l i t y  s t u d i e s  l a c k i n g  c i g a r e t t e  smoking d a t a .  Examples are s t u d i e s  of  
u r a n i - a  mine r s ,  r u b b e r  workers ,  a s b e s t o s  exposed i n s u l a t i o n  workers  and a s b e s t o s  
w l n e r s ,  and a c r y l o n i t r i l e  workers .  I n  the Wagoner e t  a l .  s t u d y  (19681, t h e  
a u t h c r s  . c i ted  e v i d e n c e  t h a t  t h e  d i s t r i b u t i o n  of  h i s t b l o g i c  types  among t h e  25 
l u n g  caricer cases f o r  which t i s s u e  specimens cou ld  be reviewed w a s  such  t h a t  
exposure  f a c t o r s  o t h e r  t h a n  c i g a r e t t e  smoking seemed t o  be o p e r a t i n g .  I do n o t  
b e l i e v e  i t  was p o s s i b l e  f o r  t h e  a u t h o r s  t o  be more d e f i n i t i v e  i n  e v a l u a t i n g  
t h e  c i g a r e t t e  smoking c o n t r i b u t i o n ,  g iven  t h e  r e t r o s p e c t i v e  n a t u r e  o f  t h e i r  
s t u d y .  

(2) Near ly  t h e  e n t i r e  excess i n  l u n g  cance r  w a s  d i s t r i b u t e d  among workers  
who w e r e  employed l e s s  than  one  y e a r  i n  t h e  b e r y l l i u m  p l a n t  (40 observed  cases, 
28.6  e x p e c t e d ) .  T h i s  f i n d i n g  is d i s t u r b i n g  i n  t h a t  w e  would e x p e c t  workers  
employed f o r  5 o r  more y e a r s  t o  have been exposed t o  g r e a t e r  cumula t ive  doses  of 
b e q l l i u m  than  t h o s e  employed less t h a n  one  y e a r .  Yet i n  t h e  group employed 
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f o r  5 and more y e a r s ,  7 l u n g  c a n c e r  d e a t h s  were observed ,  and 5.7 were expec ted ,  
y i e l d i n g  a n o n s i g n i f i c a n t  m o r t a l i t y  r a t i o .  
fo l lou -up  p e r i o d  of  15 y e a r s ,  t h e  group employed f o r  5 o r  more y e a r s  e x p e r i e n c e d  
6 l u n g  c a n c e r  d e a t h s  a g a i n s t  4.2 e x p e c t e d ,  a r a t i o  t h a t  s t i l l  i s  n o t  s t a t i s t i -  
c a l l y  s i g n i f i c a n t .  Many of  t h e  workers  employed f o r  less t h a n  a y e a r  a p p a r e n t l y  
worked d u r i n g  t h e  1940-49 i n t e r v a l ,  when w a r  t i m e  c o n d i t i o n s  may w e l l  have 
r e s u l t e d  i n  less c o n t r o l l e d  exposures  and g r e a t e r  j o b  t u r n o v e r .  It i s  p o s s i b l e  
t h a t  t h e s e  sho r t - t e rm workers ,  who went on t o  e x p e r i e n c e  e x c e s s  l u n g  c a n c e r  
rates, were a l s o  employed i n  o t h e r  i n d u s t r i e s  a s s o c i a t e d  w i t h  l u n g  c a n c e r r i s k s ,  
o r  t h a t  they  indeed  had v e r y  high b e r y l l i u m  exposures  i n  a s h o r t  t i m e .  
Absence o f  complete  work h i s t o r i e s  and o f  exposure  d a t a  makes i t  i m p o s s i b l e  t o  
e v a l u a t e  a l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h e  h i g h  l u n g  c a n c e r  r i s k s  i n  s h o r t - t e r m  
workers .  

Even i f  w e  c o n s i d e r  a minimum 

(3) I n  t h e  Wagoner e t  a l .  s t u d y ,  expec ted  numbers of l u n g  c a n c e r  d e a t h s  f o r  
t h e  1968-1975 i n t e r v a l s  w e r e  c a l c u l a t e d  by a p p l y i n g  U.S. l u n g  cancer d e a t h  rates 
f o r  t h e  1965-1967 p e r i o d .  
to  i n c r e a s e  o v e r  t h e  1965-75 decac:, a l a r g e r  expec ted  v a l u e  would have been 
o b t a i n e d  i f  a c t u a l  1968-75 U.S. l u n g  c a n c e r  rates were a p p l i e d ,  t h u s  d e c r e a s i n g  
t h e  r a t i o  of  observed t o  expec ted .  I n  a recent e v a l u a t i o n  of t h e  Wagoner e t  a l .  
s t u d y  by MacMahon and Roth (1968) ,  1968-1975 U.S. l u n g  c a n c e r  rates were a p p l i e d  
t o  t h e  1968-1975 e x p e r i e n c e  o f  t h e  worker c o h o r t ,  and t h e  expec ted  number of  
lung c a n c e r  d e a t h s  w a s  found t o  be 3 7 . 7 ,  as opposed t o  t h e  34.3 r e p o r t e d  by 
Wagoner e t  a l .  The r a t i o  of  47 d e a t h s  observed vs .  37.7 expec ted  i s  s t a t i s t i -  
c a l l y  s i g n i f i c a n t  a t  t h e  p=O.O8 level ,  a v a l u e  t h a t  most e p i d e m i o l o g i s t s  would 
j u d g e  t o  b e  of  b o r d e r l i n e  s i g n i f i c a n c e .  However, t h e r e  are o t h e r  f a c t o r s  t h a t  
may have r e s u l t e d  i n  an u n d e r e s t i m a t e  o f  t h e  l u n g  c a n c e r  r i s k  among t h e  bery l -  
l i v m  workers .  These, as c i t e d  by Wagoner e t  a l . ,  i n c l u d e  among o t h e r s  r e g i o n a l  
d i f f e r e n c e s  i n  l u n g  c a n c e r  rates between t h e  Pennsy lvan ia  l o c a t i o n  and t h e  U.S. 
a v e r a g e ,  and t h e  c o n s i d e r a t i o n  of  a l l  persons  l o s t  t o  follow-up as b e i n g  a l i v e  
( o r  a t  least  none dead of  l u n g  c a n c e r ) .  These techniques  are s t a n d a r d  p r o t o c o l  
i n  r e t r o s p e c t i v e  c o h o r t  s t u d i e s  b u t  are known t o  y i e l d  c o n s e r v ~ t i v e  e s t i m a t e s  
o f  excess d e a t h s  a s s o c i a t e d  w i t h  an  exposure  f a c t o r , .  

S i n c e  l u n g  c a n c e r  ra tes  i n  t h e  U.S.  have c o n t i n u e d  

The d r a f t  by Mancuso (1978) r e p o r t s  a 1.5 t o  2.5-fold h i g h e r  l u n g  cancer 
rates i n  a c o h o r t  of  b e r y l l i u m  workers  from two p l a n t s ,  one i n  Ohio and one i n  
Pennsy lvan ia ,  compared w i t h  rates for workers  employed i n  an  Ohio v i s c o s e  rayon 
f a c t o r y .  A c o n s i s t e n t  l u n g  cancer e x c e s s  is shown f o r  s h o r t - t e r m  and long-term 
b e r y l l i u m  workers .  P o t e n t i a l  confounding f a c t o r s  such as smoking and o t h e r  j o b  
e x p o s i r e s  were n o t  e v a l u a t e d ,  b u t  i t  i s  d i f f i c u l t  t o  account  for t h e s e  f a c t o r s  
in r e c r o s p e c t i v e  m o r t a l i t y  s t u d i e s .  The m o r t a l i t y  rates need t o  b e  a g e  
a d j u s t e d ,  b u t  i t  i s  u n l i k e l y  t h a t  a g e  d i f f e r e n c e s  were s i g n i f i c a n t  enough t o  
a c c o u n t  f o r  t h e  1 .5  t o  2.5 m o r t a l i t y  ra t ios .  'The n a t u r e  of t h i s  s t u d y  i s  such  
t h a t  nc c o n c l u s i o n s  a b o u t  a c a u s a l  r e l a t i o n s i p  w i t h  b e r y l l i u m  exposure  can  be 
made, b u t  a r e a s o n a b l e  s u s p i c i o n  for an a s s o c i a t i o n  between excess l u n g  c a n c e r  
and employment a t  t h e  two b e r y l l i u m  p l a n t s  is r a i s e d .  Again,. t h i s  work h a s  n o t  
been s u b m i t t e d  f o r  p u b l i c a t i o n .  
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I n  t h e  I n f a n t e  e t  a l .  (1978) s t u d y ,  an  e x c e s s  l u n g  c a n c e r  m o r t a l i t y  is 
r e p o r t e d  f o r  cases e n t e r e d  a l i v e  and w i t h o u t  l u n g  cancer  i n t o  t h e  Bery l l i um 
Case R e g i s t r y .  
U.S. w h i t e  male m o r t a l i t y  e x p e r i e n c e  f o r  t h e  follow-up p e r i o d .  I n t e r p r e t a -  
t i o n  of t h e  r e p o r t e d  exess is  s e v e r e l y  l i m i t e d  due t o  t h e  h i g h l y  se lec t ive  
n a t u r e  02 t h e  s t u d y  c o h o r t .  
of t h e  p r e s e n c e  o f  l u n g  d i s e a s e ;  i t  i s  n o t  improbable  t h a t  t h i s  group smoked 
more t h a n  a v e r a g e  and t h a t  they  were t h e r e f o r e  a t  g r e a t e r  r i s k  o f  l u n g  c a n c e r ,  
i c d e p e n d e n t l y  o f  o t h e r  e x p o s u r e s .  I do n o t  f e e l  t h a t  t h i s  s t u d y  adds  t o  o u r  
i n d e x  of s u s p i c i o n  conce rn ing  t h e  c a r c i n o g e n i c i t y  o f  b e r y l l i u m  i n  man. 

Expected numbers o f  l u n g  c a n c e r  d e a t h s  are computed from the  

This group w a s  e n t e r e d  i n t o  t h e  R e g i s t r y  because 

In  sum, t h e  few e p i d e m i o l o g i c  s t u d i e s  of  b e r y l l i u m  and human c a n c e r s  are 
o n l y  s u g g e s t i v e  t h a t  b e r y l l i u m  i s  c a r c i n o g e n i c  i n  man. 
e x p l a n a t i o n s  of t h e  obse rved  l u n g  c a n c e r  e x c e s s  have n o t  been r i g o r o u s l y  
exc luded ,  t h e  a s s o c i a t i o n s  have n o t  been shown t o  be i n v a l i d  o r  b i o l o g i c a l l y  
i m p l a u s i b l e .  S p e c i a l l y  des igned  c a s e - c o n t r o l  s t u d i e s  a r e  needed t o  e v a l u a t e  
o t h e r  r i s k  f a c t o r s  i n  t h e  b e r y l l i u m  a s s o c i a t e d  l u n g  c a n c e r  cases. 
r e t r o s p e c t i v e  c o h o r t  s t u d i e s  s h o u l d  a l s o  b e  conducted.  N e v e r t h e l e s s ,  i t  would 
b e  imFrudent from a p u b l i c  h e a l t h  p e r s p e c t i v e  t o  d e l a y  o u r  j u d p e n t  a b o u t  
b e r y l l i u m  exposure  o f  c u r r e n t  workers ,  u n t i l  t h e s e  s t u d i e s  were completed.  In 
ir; osii i ion,  b 2 r y l l i u a  s h o u l d  be  c o n s i d e r e d  as a s u s p e c t  c a r c i n o g e n  f o r  expljsecl 
workers .  

While a l t e r n a t i v e  

Confirmatory 

. .  .t 

S i n c e r e l y  , 

C a r l  M. Shy, M. 
P r o f e s s o r  o f  Epidemiology and 
Director, I n s t i t u t e  ' f o r  Environmental  S t u d i e s  

CMS/bs 

cc: W i l l i a m  A .  F e l s i n g ,  Jr. 

Enclosure (References)  
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