
Review of Beryll.ium 1Iumn S t u d i e s  (11-1 t o  11-4) 706060  
by Wagoner, B a y l i s s  and  I n f a n t e :  t tBeryll i&i,:  

a n  e t i o l o g i c  a g e n t  i n  the i n d u c t i o n  of l ung  
cance r ,  nonneop las t i c  r e s p i r a t o r y  d i s e a s e  and 

h e a r t  d i s e a s e  among i n d u s t r i a l l y  exposed workers"  

(Reviewed by Car l  PI. Shy f o r  t h e  10/9 /78  meet ing a t  CDC) 

w 

The  f o u r  d r a f t s  r e p o r t i n g  t h e  r e s u l t s  of t h e  N I O S H  s t u d y  of workers  

employed a t  a be ry l l i um p l a n t  i n  Reading, Penn. p r e s e n t  t h e  most i m p o r t a n t  

e x t a n t  human evidence conce rn ing  a p o t e n t i a l  a s s o c i a t i o n  between o c c u p a t i o n a l  

exposure  t o  be ry l l i um and excess l u n g  cance r .  

1 /31 /78  t o  8/28/78 are  a p p a r e n t l y  s u c c e s s i v e  r e v i s i o n s ,  c o r r e c t i o n s  and 

The f o u r  d r a f t s ,  d a t i n g  from 

e l a b o r a t i o n s  of a n  ea r l i e r  r e p o r t  submi t t ed  a t  t h e  1977 OS€U Eery l l i um Hear ings  

under  t h e  a u t h o r s h i p  of B a y l i s s ,  D . L .  and Wagoner, J.K. and e n t i t l e d  

"Bronchogenic cancer  and c a r d i o - r e s p i r a t o r y  d i s e a s e  m o r t a l i t y  among w h i c t  males  

employed i n  a be ry l l i um p roduc t ion  f a c i l i t y "  (OSH.4 Bery l l ium Hear ing ,  1977,  

E x h i b i t  13-F) .  

(Chairmag of Epidemiology a t  the  Harvard School  of P u b l i c  Hea l th ) ,  s e r v i n g  as 

a c o n s u l t a n t  t o  a b e r y l l i u m  company, i n  a w r i t t e n  commentary and a n a l y s i s  

The l a t t e r  r e p o r t  w a s  r i g o r o u s l y  s c r u t i n i z e d  by Br i an  NacYahon 

e n t i t l e d  "OSILi 13eryllium Hear ings ,  1977. Eva lua t ion  of Ep idemio log ica l  Ma te r i a l s " .  

I n  t i le l a t t e r  r e p o r t  FIacMahon independent ly  ana lyzed  t h e  e p i d e m i o l o g i c a l  d a t a  

a s  con ta ined  on the NIOSH computer tape.  In  a d d i t i o n ,  a n  in-house CDC Bery l l i um 

Panel  s u c c e s s i v e l y  reviewed t h e  f i r s t  t h r e e  d r a f t s  oE the Wa:;oner , B a y l i s s  and 

I n f a n t e  r e p o r t s  (11-1 t o  I{-3) and wrote  s p e c i f i c  c r i t i c i s m s  and s u g g e s t i o n s  t h a t  

! ;~JKC l a r g e l y  responded t o  by t h e  au t i io rs  and r e s u l t e d  i n  t h e  f i n a l  d r a f t  d a t e d  

8/28/78 (1 [ - -4 ) .  My review conmerits w i l l  p r i m a r i l y  be d i r e c t e d  t o  the final d r a E t  

d a i c d  6 / 2 8 / 7 8 ,  h e r e a f t e r  r e f e r r e d  to  a s  t h e  Wngoncr r e p o r t .  I w i l l  also r e f e r  

t o  : ; w e r a l  c r i t i c a l  poLnts mcltle by  the  in-house CDC Bcrylliurn P a n e l ,  l icrcaf  t c r  
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r e f e r r e d  t o  as t h e  CDC Panel ,  and i n  the  MacPIahon e v a l u a t i o n .  

The Wagoner r e p o r t  is  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  of 3055 workers  en!ployed at: 

some t i m e  between January  1, 1942 and September,  1968 a t  a b e r y l l i u m  e x t r a c t i o n ,  

p rocess ing  and f a b r i c a t i o n  f a c i l i t y  i n  Reading, Pennsylvania .  Only w h i t e  male 

worlcers engaged i n  e x t r a c t i o n ,  p r o c e s s i n g  o r  f a b r i c a t i o n ,  o r  involved  i n  o n - s i t e  

a d m i n i s t r a t i v e ,  maintenance and suppor t  a c t i v i t i e s  were r e p o r t e d  as i n c l u d e d  i n  

t h e  s t u d y  c o h o r t .  The  observed  m o r t a l i t y  e x p e r i e n c e  of t h e  r o h o r t  f o r  s p e c i f i c  

causes of  d e a t h  w a s  compared w i t h  expec ted  m o r t a l i t y ,  t h e  l a t t e r  d e r i v e d  from 

t h e  age ,  c a l e n d a r  t i ne -pe r iod  and cause - spec i f i c  m o r t a l i t y  rates f o r  the w h i t e  

male p o p u l a t i o n  of t h e  United S t a t e s .  Vital s t a t u s  of 9 7 %  of  t h e  s t u d y  c o h o r t  

w a s  determined.  

The s a l i e n t  r e s u l t s  o f  t h e  Wagoner s t u d y  are as follows: 

1. Table 5: 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  observed/expec ted  d e a t h s  
was r e p o r t e d  f o r  l u n g  cance r  (47 observed ,  34 .3  expec ted )  and 
f o r  hea r t  d i s e a s e  (396 observed ,  349.3 expec ted ) .  

2. Table  6 :  For lung  cance r  d e a t h s ,  excess  d e a t h s  were l a r g e l y  d i s t r i b u t e d  
among workers  w i t h  less than  5 y e a r s  employment (40  o b s e m e d ,  
28.6 expec ted ) ,  w h i l e  workers w i t h  5 o r  more y e a r s  employment 
d i d  n o t  show a s t a t i s t i c a l l y  s i g n i i i c a n t  excess  (7 obse rved ,  
5.7 expec ted ) .  
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3 .  Tab le  7 :  Excess non-neop las t i c  r e s p i r a t o r y  d i s e a s e  dea ths  were s i m i l a r l y  
d i s t r i b u t e d ,  t he  excess  o c c u r r i n g  o n l y  among workers  employed 
f o r  less than  f i v e  y e a r s  (29 obse rved ,  1.5.6 e x p e c t e d ) .  

4 .  Table  8: Excess h e a r t  d i s e a s e  d c a t h s  were more h e a v i l y  d i s t r i b u t e d  among 
workers  employed f o r  5 o r  more y e a r s  (78 observcd ,  60.4 expec ted ,  
SFIR = 129)  than  f o r  l e s s  than  5 y e a r s  (318 observed ,  288.9 
expec tcd, StlR = 110) , h u t  d j  f f crcncc's were s t a t i s  t i c a l l y  s i g n i -  
f i c a n  t o n l y  f o r  tlie t o  t a l  c o h o r t  . 

5 .  T n b l c  6 :  Whiiii l u n g  cancer  death?;  were ana lyzed  acco rd ing  t o  i n t e r v a l  
si.iicc: f i r s t  cinploymc5nt and tlurnt:ion of employment,  a 
s E a t L s t i c a l l y  s i g n i f i c a n t  exces:; appeared  o n l y  among those  
fo l lowcd f o r  25 o r  mol-c! yca.rs  s-i.nce f i r s t  cin~pl.oyrncnt a n d  
employcd f o r  less tlian f i v e  Y C ~ T - : ; .  E?otnbl.y,  a s i g n i f i c a n t  
cxccss was no t  sclcn f o r  t.he group emp1oyc:d f o r  5 o r  more y e a r s  
and fol lowed f o r  15-24 y e a r s  o r  f o r  25 o r  iiior(: y e a r s .  1 0 1 1 3 9 1 !  
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6 .  Table  10: Euss lung  cancer  d e a t h s  occurred  o n l y  amonK workers  i n i t i a l l y  
employed b e f o r e  1950. No lung  cance r  d e a t h s  were observed i n  
t h e  r e l a t i v e l y  s m a l l  p o r t i o n  of t h e  c o h o r t  employeci s i n c e  1950, 
whereas 2 l u n g  cancer  d e a t h s  would be expec ted .  

7. Tables  The 1968 d i s t r i b u r i o n  of smoking h a b i t s  i n  n sample of  t h e  
1 3  & 14 : b e r y l l i u m  p l a n t  workEorce was such t h a t  a smoking f a c t o r  could  

have accounted f o r  a 14  percen r  excess  i n  observed lung  cance r  
d e a t h s ,  whereas a 37 pe rcen t  excess  w a s  r e p o r t e d .  Ana lys i s  of 
t h e  d i s t r i b u t i o n  of t i i s t o l o g i c  t y p e s  of l ung  cance r  from 25 
of t h e  47 lung  cance r  deceden t s  r e v e a l e d  28 p e r c e n t  (7 of 25) 
t o  b e  adenocarcinomas, w h i l e  two series of p a t h o l o g i c a l l y  
v e r i f i e d  lung  cancer  d e a t h s  i n  t h e  U.S. s u g g e s t  an expec ted  
adenocarcinoma d i s t r i b u t i o n  of 1 5  t o  15.7 p e r c e n t .  Th i s  
r e p o r t e d  s h i f t  i n  h i s t o l o g i c  t y p e s  i s  s u g g e s t i v e  of t h e  opera-  
t i o n  of a n  ep idemiologic  r i s k  f a c t o r  o t h e r  than c i g a r e t t e  
smoking a lone .  

8. Table  1 4 :  The observed  lung  cance r  m o r t a l i t y  excess  may have been under- 
e s t i m a t e d  by 19% because  t h e  l u n g  cance r  m o r t a l i t y  e x p e r i e n c e  
of t h e  U.S. as a w h o l e  i s  3.9% g r e a t e r  t han  t h a t  of Berks 
County, i n  which t h e  p l a n t  is  l o c a t e d .  

Marly of  t h e  above p o i n t s  were made i n  r e sponse  t o  prodding  by t h e  CDC 

Pane l .  E a r l y  v e r s i o n s  of  t h e  Wagoner r e p o r t ,  as w e l l  as t h e  v e r s i o n  submi t t ed  

by E a y l i s s  and Wagoner a t  the 1 9 7 7  OSHA Bery l l ium Hearing,  were g r o s s l y  

d e f i c i e n t  i n  p rov id ing  adequate  d e s c r i p t i o n  of methods,  a c c u r a t e  r e p o r t i n g  of 

results, o r  s c i e n t i f i c a l l y  c a u t i o u s  i n t e r p r e t a t i o n  o f  f i n d i n g s .  In my o p i n i o n ,  
. -1 

t hese  d e f i c i e n c i e s  j u s t i f i e d  t h e  concern  of many abou t  t h e  v a l i d i t y  of  t h e  

e a r l y  r e p o r t s .  The f i n a l  d r a f t  i s  a c o n s i d e r a b l e  improvement and much of t h e  

needed c l a r i f i c a t i o n  and e x t e n s i o n  o f  o b s e r v a t i o n s  shou ld  probably  be c r e d i t e d  

t o  itie c a r e f u l  reviews and c o n s t r u c t i v e  s u g g e s t i o n s  o f  t h e  CDC Pane l .  

The NacHahon e v a l u a t i o n ,  w h i l e  d i r e c t e d  towards t h e  NIOSI I  r e p o r t  p r e s e n t e d  

a t  the  1977 OSIiA Eery l l ium Hearing,  s t i l l  makes s e v e r a l  c r u c i a l  o b s e r v a t i o n s  

t h a t  arc a p p l i c a b l e  t o  t h e  f ina l .  Wligoner r e p o r t .  'fie major o b s e r v a t i o n s  o f  

hlnc>t?lion b e a r i n g  011 c u r r e n t  i n t e r p r e t a t i o n s  of t h e  Wagoner stiicly a r e  a s  fo l lows :  
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1. Since  U.S. l u n g  c a n c e r  m o r t a l i t y  rates were n o t  available  f o r  t h e  1968-75 

p e r i o d ,  expec ted  numbers of dcatlhs f o r  t h i s  i n t e r v a l  w e r e  c a l c u l a t e d  by 

app ly ing  1965-67 U.S. rates t o  the  c o h o r t  person-years  of o b s e r v a t i o n  f o r  

1968-75. 

i n c r e a s e  s i g n i f i c a n t l y ,  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  if 

a c t u a l  1968-75 U.S. l u n g  cance r  rates were a p p l i e d ,  t h u s  d e c r e a s i n g  the r a t i o  

of observed  t o  expec ted  l u n g  c a n c a  d e a t h s .  ElacMahon proposed thait t h e  above 

computa t ions  cou ld  have i n c r e a s e d  t h e  expec ted  l u n g  c a n c e r  d e a t h s  t o  37 .5  and 

t h a t  t h i s  v a l u e  would r educe  the obse rvedfexpec ted  r a t i o  t o  less t h a n  

s t a t i s t i ca l  s i g n i f i c a n c e .  Th i s  o b s e r v a t i o n  i s  p a r t i c u l a r l y  impor t an t  i n  v i e w  

of t h e  l a c k  of s i g n i f i c a n t  obse rved /expec ted  ratios f o r  t h e  subcohor t  employed 

5 y e a r s  o r  more. 

chance o b s e r v a t i o n s ,  and w e  must t u r n  t o  o t h e r  f e a t u r e s  o f  t h e  a n a l y s i s  t o  

f i n d  s u p p o r t  f o r  t h e  Wagoner c o n c l u s i o n s .  

e t  al. have  n o t  re-computed t h e i r  expec ted  l u n g  cance r  d e a t h s ,  s i n c e  1968-75 

n a t i o n a l  m o r t a l i t y  d a t a  are now a v a i l a b l e .  

a t  leas-$ one of  t h e  a u t h o r s  has  s u g g e s t e d  this approach  and t h e  Pane l  a g r e e d  

t h a t  t h e s e  r e - c a l c u l a t i o n s  would be  d e s i r a b l e .  W e  shou ld  n o t  be f o r c e d  to 

s p e c u l a t e  on  such  an  e s s e n t i a l  e l emen t  of t h e  s t u d y  when more a c c u r a t e  d a t a  

are a c c e s s i b l e .  

However, s i n c e  l u n g  cancer rates i n  t h e  U.S. have con t inued  t o  

Thus, these  f i n d i n g s  of t h e  Wagoner s t u d y  may indeed  b e  

It i s  ve ry  u n f o r t u n a t e  t h a t  Wagoner 

The CDC Pane l  r e p o r t  n o t e s  t h a t  

2 .  

l a r g e  segment of t h e  c o h o r t  employed f o r  less t h a n  5 y e a r s ,  among w h o m  much o f  

the e x c e s s  i n  l u n g  c a n c e r  d e a t h s  was. observed .  MacMahon goes on t o  c a r r y  o u t  

this a n a l y s i s  by smallcr i n t e r v a l s  o f  d u r a t i o n  of employment (cf.  Table  7 i n  

b h c h h o n ' s  e v a l u a t i o n )  , and the r c s u l t s  are ex t r eme ly  impor t an t  to the i n t e r p r c -  

t a t i o n  o f  t h c  s t u d y .  Y e t  IJagoner c t  al. i a i l c d  cornpletcly t o  p rov ide  t h i s  

PL?cMahon p o i n t s  o u t  t h a t  t h e  N I O S H  s t u d y  f a i l e d  t o  s u b d i v i d e  t h e  r e l a t i v e l y  

a n a l y s i s  i n  t h e i r  subscquen t  dr ; i f t -s  o r  even  t o  r ecogn ize  i t s  s i g n i f  i cancc .  The 

NacFlrihon table i s  reprotluced l~clrc: because  of i t s  s i g n l f  icancci . 
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'flit lung cance r  excc?ss o c c u r s  n e a r l y  entire1.y i n  workers  employed less  than  

one y e a r ,  and t h e r e  i s  l i t t l e  ev idence  f o r  a l a t e n c y  e f fec t  f o r  each  column 

of Ptacci'lnlion's t a b l c .  

expe r i ence  of t h e  c o h o r t  i s  h e a v i l y  i n f l u e n c e d  by i n d i v i d u a l s  w i t h  less t h a n  

one y e a r  employment i n  t h e  p l a n t  and s imul t aneous ly  hav ing  l o n g  follow-up 

s i n c e  t h a t  employment. Th i s  f i n d i n g  s t r o n g l y  s u g g e s t s  t h a t  t h e  sho r t - t e rm 

workers ,  i n  whom most  of  t h e  excess  lung  cancer  appea r s ,  may have -gone on t o  

o t h e r  work exposures  a s s o c i a t e d  with excess  l u n g  cance r  r i s k ,  o r  t h a t  some of 

these  workers  were e a r l y  on a f f e c t e d  by b e r y l l i u m  exposure  t o  t h e  p o i n t  where 

they  developed a b e r y l l i u m  pneumonit is  and were f o r c e d  t o  drop  o u t .  

i n v e s t i g a t o r s  have sugges t ed  workers  deve loping  a c u t e  pulmonary r e a c t i o n s  t o  

b e r y l l i u m  are a t  i n c r e a s e d  r i s k  of l u n g  cancer  l a t e r  i n  l i f e .  

f u r t h e r  p o s t u l a t e s  thar .  c i g a r e t t e  smokers are more l i k e l y  t o  deve lop  acute 

pulmonary r e a c t i o n s  t o  o c c u p a t i o n a l  d u s t  exposures  and would also be  a t  

i n c r e a s e d  r i s k  o f  l u n g  c a n c e r .  I t  i s  n o t  un reasonab le  t o  s u g g e s t ,  t h e n ,  t h a t  

workers  employed less t han  one y e a r  exper ienced  excess  l u n g  cance r  f o r  t h e  

fo l lowing  r easons :  

MacMahon p o i n t s  o u t  t h a t  t h e  t o t a l  l u n g  cance r  ' 

Other  

PlacMahon 

-1 

i) A l a r g e r  p o p u l a t i o n  of t h e s e  workers  were smokers;  t h e y  expe r i enced  

a c u t e  pulmonary r e a c t i o n s  t o  b e r y l l i u m  d u s t  and l e f t  t h e  i n d u s t r y .  

subsequent  excess  lung  cance r  m o r t a l i t y  may be accounted f o r  by t h e  combinat ion 

of con t inued  smoking and t h e  i n i t i a l  a c u t e  pulmonary r e a c t i o n .  

The i r  

i i )  A s i g n i f i c a n t  p r o p o r t i o n  of t h e  sho r t - t e rm w o r k e r s  went on t o  work 

i n  h igh  l u n g  cance r  r i s k  i n d u s t r i e s .  Even i f  t h e  i n i t i a l  b e r y l l i u m  dose  t o  

t h e  shor t - te rm workers  w a s  h i g h ,  i t  i s  n o t  c r e d i b l e  t o  p o s t u l a t e  t h a t  t h e  dose  

t o  workers employed f o r  5 o r  more y e a r s  would n o t  be s i g n i f i c a n t l y  grea te r  

than  f o r  t h e  lc!;s-th~n-one-)rcar workers .  

cancer  excess  f o r  t h e  1 2 4 1  workcrs  employed f o r  one y e a r  o r  inore ( c f .  Table  2 

F n i l u r c  t o  F i n d  a s i g n i f i c a n t  l u n g  
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-In Wagoner r e p o r t )  i s  a telling argument og:iinst a be l -y l l ium-re la ted  l u n g  

cance r  r i s k  i n  t h i s  p a r t i c u l a r  c o h o r t .  

t h i s  p o i n t  i s  e n t i r e l y  unanswered i n  a l l  d r a f t s  o f  t h e  Wagoner paper .  

MacMahon's v igo rous  a s s e r t i o n  of  

3. 

workers  a t  t h e  p l a n t  may well be u n r e p r e s e n t a t i v e  of smoking h a b i t s  f o r  p l a n t  

enployees  i n  ear l ie r  t i m e s .  

lung cance r  excess among shor t - t e rm workers ,  most of  whom were employed p r i o r  

t o  1960 (cf .  Table  2 i n  Wagoner r e p o r t )  s u g g e s t s  h e a v i e r  c i g a r e t t e  smoking 

among t h i s  group. 

NacMa'tion notes  t h a t  t h e  1968 d i s t r i b u t i o n  of smoking h a b i t s  among 379 

w 

Indeed t h e  ev idence  f o r  t h e  d i s p r o p o r t i o n a t e  

Concerning t h e  i s s u e  o f  h i s t o p a  t h o l i c  c l a s s i f i c a t i o n  of the l u n g  c a n c e r s  

from t h e  p l a n t ,  Smith and Suzulti r e p o r t e d  7 adenocarcinomas i n  25 of l u n g  

cancer  p a t i e n t s  (28%) f o r  whom pathology specimens were r ece ived .  (The 

Wagoner r e p o r t  c i res  8 adenoca rc inonas ) .  However, among t h e  7 cases f o r  which 

h i s t o l o g i c  r e p o r t s  b u t  n o t  pa thology specimens were a v a i l a b l c  f o r  rev iew,  

only  1 adenocarcinoma (14%) w a s  found. 

L O  t h e  remain ing  15 cases f o r  which n e i t h e r  specimens n o r  r e p o r t s  were 

I f  t h e  l a t t e r  p r o p o r t i o n  were a p p l i c a b l e  

- -1 

a v a i l a b l e ,  w e  would expec t  a t o t a l  o f  1 0  adenocarcinomas o u t  of 47 l u n g  c a n c e r  

cases ,  or 21%, a f i g u r e  n o t  d r a m a t i c a l l y  d i f f e r e n t  than  t h e  15 t o  15.7 expec ted  

from two o t h e r  series.  
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Conclusions - 

7 

14iile t h e  Wagoner s t u d y  g i v e s  ev idence  of  excess  lung  c a n c e r  amon& t h e  

3055 workers  a t  the  b e r y l l i u m  p l a n t ,  t h e r e  are very  sound r e a s o n s  f o r  

doub t ing  t h a t  t h i s  excess i s  indeed  c a u s a l l y  r e l a t e d  t o  b e r y l l i u m  exposure.  

Adequate c a l c u l a t i o n  of cxpec ted  

a c t u a l  1968-75 U.S. l u n g  cance r  rates,  may ve ry  well have shown t h e  r e p o r t e d  

excess  t o  b e  a chance o b s e r v a t i o n ,  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 .  More 

i m p o r t a n t l y ,  n e a r l y  a l l  of t h e  excess occur s  i n  workers  employed f o r  less 

than  one y e a r .  

r i s k  i n d u s t r i e s  could well accoun t  f o r  t h i s  excess. 

adequa te ly  addressed  i n  t h e  Wagoner s t u d y  and would n o t  even b e  i d e n t i f i e d  

were i t  n o t  f o r  t h e  PiacNahon a n a l y s i s .  I do n o t  b e l i e v e ,  t h e r e f o r e ,  t h a t  the 

\Isgoner s t u d y  of i k s e l f  p rov ides  r easonab ly  convinc ing  s c i e n t i f i c  ev idence  

f o r  a n  a s s o c i a r i o n  between b e r y l l i u m  exposure  and lung  cancer i n  exposed 

workers .  

numbers oE lung  cance r  cases, based upon 

Smoking, a c u t e  pulnionary r e a c t i o n s ,  and /o r  m i g r a t i o n  to h i g h  

Th i s  p o s s i b i l i t y  w a s  n o t  

'. -1 
These u n c e r t a i n t i e s  could  probably  b e  r e s o l v e d  i f  t h e  s u g g e s t i o n  o f  t h e  

CDC P a n e l  f o r  a case-conci-ol st .udy i s  fo l lowed.  

h i s t o r i e s  can be  o b t a i n e d  f o r  t h e  47 l u n g  cance r  c a s e s  and f o r  an  a p p r o p r i a t e  

D e t a i l e d  work and smoking 

number of matched c o n t r o l s  from t h e  same p lanc .  The t o t a l ,  s t u d y  p o p u l a t i o n  

could p o s s i b l y  be  as  f e w  as  1 4 1 .  I'he q u e s t i o n  of smoking and o t h e r  work 

exposures  can  be readily addressed  i n  t h i s  approach. The impor tance  of t h i s  

d a t a  se t  j u s t i f i e s  an e x p e d i t i o u s  follow-up to t h e  CDC Pane l  s u g g e s t i o n .  


