
Cri t ica l  Review of Data Relating t o  Poss ib le  Cancer 
Ef fec ts  from Beryllium 

The papers and documents which were s tudied f o r  t he  review consis ted of 
s eve ra i  papers on animal experiments relating t o  t h e  t d x i c i t y  of the  metal, 
i n d u s t r i a l  hygiene r epor t s ,  recent  epidemiological s tud ie s  of possible  
carcinogenic e f f e c t s ,  and numerous documents from seve ra l  sources containing 
background information on the controversy which surrounds the  human s tudies .  
The la t ter  group of papers w i l l  only be referenced when they contain infor-  
maticn which is no t  ava i l ab le  elsewhere. 

The f i r s t  quest ion which was addressed t o  the  consul tan ts  re fer red  t o  the  
evidence on carcinogenici ty  which w a s  ava i l ab le  f r a n  animal experiments. 
There is a l a r g e  body of experimental d a t a  which has tes ted  the  carcino- 
gen ic i ty  of beryll ium using many d i f f e r e n t  animal spec ies ,  d i f f e r e n t  
beryllium- containing ma te r i a l s  , var ious  r ou t e  s of admin i s tr a t i on, and varying 
doses of t h e  metal. These experiments, i n  general ,  were done i n  the ea r ly  
f i f t i e s  and i n t o  the  s i x t i e s  and w e r e  less r igorously control led than 
acceptable by cur ren t  standards. 
production of chronic lung d isease  as  seen i n  human populations when exposed 
t o  the  phosphor ( a  beryll ium manganese zinc s i l i c a t e  ma te r i a l ) .  Many 
experiments have concentrated on so luble  agents ,  probably because they were 
easier t o  handle and perhaps less tox ic  t o  the  animals. 
materials caused dea th  ea r ly  i n  the  experiment, t he  inves t iga to r s  were 
f requent ly  l e f t  with very few animals f o l l w e d  by a long enough period t o  
d e t e c t  cancers. I n  general ,  the  small animals had t o  be followed f o r  ten 
or  more months, and t h e  la rger  animals f o r  six t o  t en  years  i n  order t o  
d e t e c t  the  tumor formation. 

They a l s o  placed g r e a t  emphasis on the  

Since many of t he  

The two animals species with the most cons is ten t  and most comprehensive 
d a t a  on carcinogenic  e f f e c t s  are t h e  inha la t ion  experiments i n  ra ts  and 
the intravenous experiments i n  r abb i t s .  The ra ts  w e r e  exposed by in t ra -  
t r a=hea l  adminis t ra t ion  or inha la t ion  t o  B&O4 aerosol ,  be r t r and i t e  ore,  
bery l  o re  d u s t ,  BeF2, Bephisphate, phosphor and Be0 (prepared a t  d i f f e r e n t  
hea t  levels). 
about 16 t o  almost 100 percent depending on dura t ion  of followup. 
very d i f f i c u l t  t o  i d e n t i f y  any cons i s t en t  dose lwels t o  canpare and most 
experiments included high l e v e l s  of Be. Sane i nves t iga to r s  indicated t h a t  
tumors were metastatic and t ransplantable .  

Several  i n t e r e s t i n g  observations have been made concerning the  neoplas tie 
chalyes i n  t h i s  model system. The i n i t i a l  l es ions  according to-sane appt-ar 
t o  be a p r o l i f e r a t i o n  and e p i t h e l i a l i z a t i o n  which occurs a t  the  bronchioles 
and a lveo la r  duc ts ,  and t h i s  progresses t o  t-r formation. 
tumors are most f requent ly  adenocarcinanas and ep*demi.de. 
noted the s i m i l a r i t y  of these l e s ions  t o  those of t he  ep i the l i za t ion  of 
a lveolar  w a l l s  noted i n  human lungs wi th  b e r y l l i o s i s .  
t o  the bronchogenic reac t ion  seen with smoking. 

Tumor formation occurred i n  these experiments a t  levels from 
It is 

The f i n a l  
Gehepers (1955) 

This  is not  similar 
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There were some d a t a  on t h e  deposi t ion of Be i n  lungs of rats but i t  is 
somewhat conf l ic t ing .  Reeves e t  a1 (1967) indicated t h a t  t h e  ra te  of lung 
uptake of BeSOq decreased with continued exposure, whereas Schepers e t  a1 
(1957) had previousJy indicated a continuously increasing l e v e l  of Be i n  the 
lung even two months a f t e r  exposure ceased. 

The r a b b i t  is the  second animal system i n  which osteogenic sarcomas and 
bone tumors exclusively have been produced f r w  intravenously administered 
B e  products or  f r a n  d i r e c t  intramedullary in j ec t ion  i n t o  bone. The mater ia l s  
used were Zn B e  Si 04, B e  Si 04, Be 0, phosphor, and B e  phosphate. Some 
inves t iga to r s  did r e p o r t  negat ive resu l t s  with B e  0 and B e  phosphate. 
Di rzc t  i n j ec t ion  i n t o  the  bone did not  produce .tumors a t  the  l o c a l  site. 
These a re ,  i n  general ,  e a r l y  experiments and the  con t ro l s  w e r e  few and 
o f t en  received i n j e c t i o n s  of Zn Si 04. 

The tumors which were produced included osteosarcomas, chordiosarcanas,  
chondromas, and others .  They were usual ly  metastatic, e spec ia l ly  t o  the  
lung and o ther  v i scera .  Inves t iga tors  camnented t h a t  t h e  tumor general ly  
contains l i t t l e  B e ,  al though t h e  metal can be found elsewhere i n  the bone. 

Other animal systems have been tes ted ,  espec ia l ly  mice, guinea pig,  and 
monkeys. For most of these the  experimental evidence is minimal. TWO 
monkey species, the s q u i r r e l  and Macacus m u l l a t a  shared no e f f e c t  from 
exposure t o  B e  products. 
tumors i n  eQht of n ine  animals exposed t o  B e  SO4 and followed f o r  six t o  
ten years.  

Hwever,  Vowald using Rhesus monkeys did show 

A s  can be seen, few animals have been exposed t o  pure B e  metal o r  t o  its 
a l loys .  We were s p e c i f i c a l l y  asked t o  address the  i s s u e  of carcinogenic 
e f f e c t s  of copper a l loys .  Most of the da ta  i n  t h i s  area are from a single 
experiment by Groth done seve ra l  years  ago, but soon t o  be reported a s  p a r t  
of a review. Although he found evidence of carcinogenici ty  of B e  metal, 
passivated B e  and B e  A 1  a l l o y  he found no cancers i n  a few animals exposed 
t o  very low doses of B e  i n  t he  copper, nickel ,  and copper coba l t  a l loys .  

The experimental da t a  i n  animals have demonstrated a probable carcinogenic 
e f f e c t  i n  rats by inha la t ion  and i n  r a b b i t s  by intravenous o r  bone in j ec t ion  
i n  response t o  var ious  Be-containing material. Most of t h e  experiments 
have been poorly cont ro l led ,  have used d i f f e r e n t  agents ,  and have not  given 
us  much d a t a  on changing dose 1evels .under  constant  experimental  conditions.  
There is v i r t u a l l y  no information on the e f f e c t s  of wposure  to a l loys .  

The f i n a r  quest ion is whether t h e r e  a r e  human d a t a  suggesting a carcino- 
genic  e f f ec t .  
and Bayl iss  cohort  of workers f r a n  the  Pennsylvania B e  p l an t ,  Mancuso's da ta  
which contains  information f r a n  Socia l  Securi ty  qua r t e r ly  r e p o r t s  on employees 
i n - b o t h  the  same plant  and an Ohio B e  operation, and d a t a  from a nonpopulation 

. .  

There arc i n  genera l  th ree  sources of human d a t a  - the  Wagoner 
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- is ed, voluntary r e g i s t r y  of known cases of beryllium-induced lung disease.  
l y  aiithors had noted t h a t  t h e r e  were no s igns  of an increased r i s k  of 
cer  desp i t e  t h e i r  f e a r s  t h a t  animal d a t a  suggested a poss ib l e  hazard. 
se observations included the  evaluation of the r e g i s t r y  d a t a  i n  1966 
Hardy and the  s tudy of p a t i e n t s  with chronic beryllium d i s e a s e  followed 
ough 1969. 

- 
: a l ly  

:e. 

1969, Mancuso and E l - A t t a r  concluded t h a t  t he re  were no s i g n s  of a 
:inogenic e f f e c t  f r a n  exposure t o  Be. Hawever, by 1970, D r .  Mancuso 
eurther observations about t h e  cohort of workers exposed t o  B e  i n  the 
p l a n t s  noted t h a t  t h e  lung cancer death rates w e r e  higher f o r  i nd iv idua l s  

3sed t o  B e  work f o r  a s h o r t  period of time. :He a l s o  noted t h a t  t he  lung 
-er mor ta l i t y  w a s  higher  i n  ind iv idua l s  who had previously been r eg i s t e red  
laving b e r y l l i o s i s .  The paper had no canparison rates f r a n  o the r  groups, 
so one could not  eva lua te  whether these rates represented an excess r i s k  

ahether t he re  were s i g n i f i c a n t  d i f f e rences  i n  t h i s  observed mor t a l i t y .  
P recent  paper which w a s  submitted f o r  our review, Mancuso has followed 
s 1937-48 cohort  of employees through 1976 and caupared t h e i r  mor t a l i t y  
Zrience t o  a group of rayon workers. 
Lmum method f o r  showing a carcinogenic r i s k .  The d a t a  do suggest a 
ier lung cancer r i s k  i n  Be workers, but t he  ana lys i s  i s  incomplete. 
I are not age-corrected and t h e r e  is no ind ica t ion  as t o  t h e  s ign i f i cance  
the f ind ings  by mathematical test. 
)ers of ind iv idua l s  included i n  successive age-groups and t h e  numbers of 
:hs which are included. 
m s t r a t i n g  any e f f e c t  when it  is completely edi ted and analyzed and the 
a are age-and time-corrected. The o lde r  age d i s t r i b u t i o n  of B e  workers 
rd i n  Mancuso's paper of 1970 make such adjustments imperative. 

This study design should be the 

The 

There are a l s o  discrepancies  i n  the  

The design of t h i s  study should be u s e f u l  i n  
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xond paper of Mancuso's has compared the d a t a  f r a n  each B e  p l a n t  t o  
: of the  U.S. white  males using the NIOSH l i f e  table.  The d a t a  suggest 
tncreased r i s k  of m o r t a l i t y  i n  the short-term employees wi th  the  longest 
i t i o n  of followup i n  both f a c i l i t i e s .  

1 .  

other  set of papers which we  reviewed were those of Wagoner e t  a1 who 
z used the same Pennsylvania p l a n t  as Mancuso but obtained t h e i r  d a t a  
)ugh industry sources. 
Lod from 1940-49, includes the  same 7-ybar cohort f r a n  1942-48 which 
:us0 has used. 
:he group d e s p i t e  t h e  a d d i t i o n a l  t h ree  years  of employee i d e n t i f i c a t i o n ,  
laps because; of h i s  method of population ascertainment o r  becauge of 
!ct.ion of individuqls  f o r  i nc lus ion  i n  t h e  cohort. 
:hed by the two studies are the same. The r i s k  of lung cancer mor ta l i t y  
iigher than expected, and most of t h i s  r i s k  occurs because of dea ths  i n  
*t-term employees who were followed f o r  over 25 years. 

One of t h e i r  cohorts,  which encompasses a 10-year I 

It should be noted t h a t  Wagoner has fewer ind iv idua l s  

However, t h e  conclusions 

n e  

tae. one cr i t ic i lnn which can be levied a t  t h i s  study is that trheV.S. p a p -  
.on is not an appropr i a t e  c o n t r o l  group and that l o c a l  s t k e  and county 
barisons should be included i n  order t o  v e r i f y  the s ign i f i cance  of t h e  
lings. Part of t h e  controversy which has a r i s e n  about t h i s  paper stems 
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indicated i n  these two s t u d i e s  and a f t e r  a d d i t i o n a l  more'appropriate popu- 
latioas are selected f o r  comparison i n  the Wagoner study, we would have 
suggestive evidence of a r i s k  of lung cancer from B e  exposure. 
tiate the  finding, however, we would need another independent study s i n c e  
85% of t he  lung cancer dea ths  which are i n  the  Wagoner study are common t o  
the  Mancuso studies.  A c a r e f u l  examination and canparison of t h e  h i s t o r y  
of these workers is a l s o  warrented. 

- 
To substan- 

As noted i n  seve ra l  camnentaries, t h e  demonstration of similar r i s k s  i n  
two independent populations v i t h  s i m i l a r  exposures provides s t r eng th  t o  
the proposed causat ive associat ion.  

Infante 's  study of mor t a l i t y  of B e  r e g i s t r y  p a t i e n t s  does not s e rve  t o  
s u b s t a n t i a t e  a r i s k  i n  exposed individuals.  
an unusual group of s e l ec t ed  p a t i e n t s  with lung d i sease ,  w e  cannot compare 
them t o  the general  population. They would need t o  be compared t o  s i m i l a r  
types of pa t i en t s ,  a l l  of whapp may have an increased r i s k  of lung cancer, 
no t  j u s t  p a t i e n t s  exposed t o  Be. This could be done by canparing them t o  
h o s p i t a l  populations with lung d i sease  which i d e a l l y  would be another type 
of c h k i c a l  pneumonitis, o r  an i n t e r s t i t i a l  pneumonia o r  chronic pheumo- 
conioees. 

Since these  workers c o n s t i t u t e  

' I f  t he  f i r s t  two cohort s t u d i e s  continue t o  i n d i c a t e  a s i g n i f i c a n t  d i f f e rence  
a f t e r  minor correct ions,  t h e  da t a  are highly suggestive of a r i s k  of lung 
cancer frcm B e  exposure. A second study i n  another population which is 
l a r g e  enough so that i t  might have s i g n i f i c a n t  r e s u l t s  with a r e l a t i v e  r i s k  
of two-fold o r  less is warrented. Further s t u d i e s  t o  t r y  t o  i d e n t i f y  any 
s p e c i f i c  f a c t o r s  which might have contributed t o  t h e  possible  epidemic 
r i s k  of lung cancer i n  the short-term workers f r a n  the  e a r l y  1940 cohort should 

. be undertaken. 

Genevieve M. Matanoski 
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