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ABSTRACT 

Hainta ining a n  awareness t h a t  workplace f a c t o r s  may c o n t r i b u t e  
to o c c u p a t i o n a l  cancer i s  one of t h e  most fo rmidab le  o b s t a c l e s  
i n  e a r l y  c l i n i c a l  r ecogn i t ion .  
an o p p o r t u n i t y  f o r  a p r a c t i c i n g  p h y s i c i a n  t o  make a n  impor tan t  
c o n t r i b u t i o n  t o  new knowledge i n  t h e  f i e l d .  Another impor tan t  
reason f o r  t h e  p h y s i c i a n  t o  have a h i g h  index of s u s p i c i o n  of 
cancers be ing  r e l a t e d  t o  workplace exposures  has  t o  do w i t h  
compensation b e n e f i t s  which may a c c r u e  t o  t h e  i n j u r e d  worker. 
The p h y s i c i a n ' s  r o l e  i n  t h e  compensation system is c r i t i c a l  bo th  
i n  p rov id ing  medical  op in ion ,  which is m a t e r i a l  t o  t h e  f i n a l  
dec i s ion ,  and because i n  many states i t  is t h e  p h y s i c i a n  who 
s t a r t s  t h e  t i m e  c l o c k  f o r  t h e  s t a t u t e  of l i m i t a t i o n s .  Three 
case examples are used t o  i l l u s t r a t e  t h e  impor tance  of  c l i n i c a l  
r ecogn i t ion  by a n  a l e r t  phys ic ian :  1) mesothelioma and l a b o r ;  
2) lung  cancer  i n  a plumber who smokes and one who does n o t  
smoke; 3) leukemia i n  a rubber  i n d u s t r y  worker. Given t h e  
inherent  p r e v e n t a b l e  n a t u r e  of o c c u p a t i o n a l  c a n c e r s ,  i t  is hoped 
tha t  s o c i e t y  w i l l  a s s i s t  i n  s e a r c h i n g  f o r  t h e s e  impor tan t  l i n k s .  

T h i s  e a r l y  r e c o g n i t i o n  p rov ides  

INTRODUCTION 

Despite t h e  accumulat ion of knowledge about  and t o o l s  t o  a s s e s s  

known and suspec ted  o c c u p a t i o n a l  ca rc inogens ,  t h e  t a s k  remains a 

d i f f i c u l t  one  f o r  t h e  phys ic ian  faced  w i t h  de te rmin ing  t h e  work- 

r e l a t e d n e s s  of cance r  i n  any i n d i v i d u a l  p a t i e n t .  Perhaps t h e  
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1 

is a 

And 1 

shou 

t i c  

is t r  

t h e  a p p r o p r i a t e  p a r t i e s  of t h e  p resence  of  a known o r  suspec ted  Perhi 

o c c u p a t i o n a l  d i sease .  That t h e  p h y s i c i a n  u s u a l l y  f a i l s  t o  o b t a i n  much 

cont i  even t h e  most rudimentary  i n f o r m a t i o n  necessa ry  t o  i n i t i a t e  

t h i s  sequence has  by now been commented upon by many (1 ,2) .  t h e  

t o  h: Alice Hamilton’s comments of over  50 y e a r s  ago,  fo l lowing  s i m i l a r  

comments by Ramazzini of 200 y e a r s  earlier, are, u n f o r t u n a t e l y ,  

most formidable  o b s t a c l e  i n  t h i s  d e t e r m i n a t i o n  is t h e  f i r s t  s t e p  

which t h e  p h y s i c i a n  must t a k e  i n  e v a l u a t i n g  any p a t i e n t  who may 

have a n  o c c u p a t i o n a l  d i s e a s e ,  namely, m a i n t a i n i n g  awareness t h a t  

workplace f a c t o r s  may be of importance.  Only then can t h e  o t h e r  
1 
j 

impor tan t  steps fo l low o f  d iagnos ing ,  t r e a t i n g ,  and n o t i f y i n g  

! 
i. ).,a 

E.’ 
i; $ 

F ’  
I 

I 
! 
i: 

s t i l l  t o o  a p t .  She s a i d ,  “ I f  t h e  r e c o r d i n g  i n t e r n e  would o n l y  --.- . 
t reat  t h e  poison from which t h e  man is  s u f f e r i n g  w i t h  as much 

i n t e r e s t  as he  g i v e s  t o  t h e  c o f f e e  t h e  p a t i e n t  has  drunk and t h e  

tobacco  he  has  smoked, i f  he  would a s k  as c a r e f u l l y  about  t h e  

l e n g t h  of t i m e  he was exposed t o  t h e  po i son  a s  about t h e  age  a t  I 
which he  had measles, t h e  t a s t e  of t h e  s e a r c h e r  f o r  t h e  t r u t h  

about  i n d u s t r i a l  poisons would be  made so very much e a s i e r  (3):‘ 

There a r e  many p o t e n t i a l  b e n e f i t s  t h a t  d e r i v e  from t h e  c l i n i -  

c i a n ‘ s  c o n s i d e r a t i o n  of t h e  work- rela tedness  of cancer.  The 

f i r s t  is t o  h e l p  a r r i v e  a t  t h e  c o r r e c t  d i a g n o s i s  and in t u r n  

d e s i g n  a p p r o p r i a t e  t r ea tment .  

asbestos- exposed worker should  ca l l  f o r  p l a c i n g  mesothelioma 

h i g h e r  on t h e  l i s t  of d i f f e r e n t i a l  d i agnoses  than  i t  o t h e r w i s e  

would be. Primary lung carcinoma, p a r t i c u l a r l y  i f  t h a t  worker 

A new p l e u r a l  e f f u s i o n  I n  an  
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is a l s o  a smoker, is, of cou r se ,  a l s o  a s t r o n g  cons ide ra t ion .  

And knowing of t h e  a s b e s t o s  exposure  and i t s  many s e q u e l a e  

should add a n o t h e r  e n t i t y  t o  t h e  l i s t ,  t h a t  of a benign a sbes to -  

t i c  e f fus ion .  The second reason t o  cons ide r  workplace f a c t o r s  

i s  t o  f i n d  new a s s o c i a t i o n s  between hazards  and d i s e a s e .  

Perhaps i n  no o t h e r  a r e a  t han  occupa t iona l  h e a l t h  is t h e r e  a s  

much oppor tun i ty  f o r  t h e  p r a c t i c i n g  p h y s i c i a n  t o  make impor tant  

con t r ibu t ions  t o  new knowledge. The i n s t a n c e s  are m u l t i p l e  of 

the p h y s i c i a n  who, sometimes a f t e r  t h e  problem i s  f i r s t  brought  

t o  h i s  o r  h e r  a t t e n t i o n  by workers,  e s t a b l i s h e d  a new l i n k  

between an  exposure  and a n  adve r se  h e a l t h  outcome. Th i s  was 

the case when o n l y  a few y e a r s  ago D r .  Keogh i d e n t i f i e d  t h e  

neurotoxic p r o p e r t i e s  of d ime thy laminoprop ion i t r i l e ,  a chemical  

used i n  plast ics  manufac tur ing  ( 4 ) .  The h i s t o r y  of i d e n t i f i c a-  

t i o n  by p h y s i c i a n s  of occupa t iona l  carc inogens  i s  a long  one,  

s t a r t i n g  w i t h  P e r c i v a l  P o t t  who i n  1775 r e p o r t e d  s c r o t a l  c a r c i-  

noma among London chimney sweeps (5 ) .  That t h i s  same class of 

. substances,  coal  combustion by- products, which caused t h e  rare 

s c r o t a l  tumor con t inues  t o  cause  lung cancer  i n  coke-oven wor- 

kers is a clear and s o r r y  s t a t emen t  t h a t  i d e n t i f i c a t i o n  a l o n e  

i s  not  enough. A more r e c e n t  example of i d e n t i f i c a t i o n  of a 

human ca rc inogen  by a phys i c i an ,  i n  t h i s  case a p a r t - t i m e  p l a n t  

physician,  i s  t h e  r e p o r t  i n  1974 by D r .  Creech of t h r e e  cases 

of h e p a t i c  angiosarcoma among workers i n  a s i n g l e  po lyv iny l  

ch lor ide  manufac tur ing  f a c i l i t y  ( 6 ) .  I n  t h i s  i n s t a n c e ,  t h e  car- 



by earlier animal studies ( 7 ) .  

Other reasons for considering workplace factors in clinical 

practice include being better able to educate and counsel 

workers. The role of smoking cessation, which is a primary, 

but also a secondary preventive intervention, insofar as it 

relates to asbestos-related lung cancer risk, is but one example. 

Consideration of exposure to occupational carcinogens is an im- 

portant component of designing effective Screening or surveil- 

lance programs for individuals or groups of workers. 

important factor in this regard is the appreciation of the 

effect of population prevalence of the abnormality, or the 

pretest risk of the disease in any individual, on the diagnostic 

efficacy of the screening test. 

has received increased attention, in general, in the clinical 

literature, for example, as noted in the marked variation in 

the ability of ST segment depression in exercise treadmill 

testing to predict the presence of coronary artery disease (8).  

For example, assuming a sensitivity and specificity of 90% of 

the chest x-ray to detect a lung abnormality such as cancer, 

then 90% of those with the abnormality will have an abnormal 

chest x-ray and 90% of those without abnormalities w i l l  have a 

normal chest x-ray. 

If one then evaluates patients from a population where the lung 

abnormality has a prevalence of 1 in 100, the positive predic- 

tive value of the chest x-ray, that is how many with the abnormal 

One 

This aspect of Bayes's theorum 
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chest x-ray are  going  t o  have t h e  abnorma l i t y ,  is  q u i t e  low a t  

roughly 8%. This i s  c o n t r a s t e d  w i t h  t h e  u se  of t h e  c h e s t  x- ray 

t o  screen  p a t i e n t s  w i th  a h i g h e r  prevalence  of t h e  abnorma l i t y ,  

1 i n  10, where t h e  test  c h a r a c t e r i s t i c s  of 90% s e n s i t i v i t y  and 

s p e c i f i c i t y  have n o t  changed, bu t  t h e  p o s i t i v e  p r e d i c t i v e  v a l u e  

of an abnormal c h e s t  x-ray has  i nc reased  t o  50%. It i s  impor- 

tant ,  f o rma l ly  o r  i n f o r m a l l y ,  t o  i n c o r p o r a t e  t h i s  concept  of 

pretest  p r o b a b i l i t i e s  i n t o  c l i n i c a l  p r a c t i c e  when s c r e e n i n g  f o r  

health problems among those  o c c u p a t i o n a l l y  exposed. Chest x- rays 

have not  been shown t o  be c o s t- e f f e c t i v e  a s  r o u t i n e  s c r e e n i n g  

tea ts  in p a r t  because  of t h i s  e f f e c t  of popu la t ion  prevalence .  

I n  a d d i t i o n ,  if e a r l y  d e t e c t i o n  does no t  a l t e r  s i g n i f i c a n t l y  

the course  of i d e n t i f i e d  a b n o r m a l i t i e s ,  then  one of t h e  main 

p r inc ip l e s  of u s e f u l n e s s  of s c r e e n i n g  tests i s  v i o l a t e d .  This 

appear6 t o  be t h e  c a s e  w i th  s c reen ing  c h e s t  x- rays. For  t h i s  

reason, t h e o r e t i c a l  c a l c u l a t i o n s  of t h e  c o s t- e f f e c t i v e n e s s  of 

screening f o r  lung  cance r  among a s b e s t o s  workers do n o t  s u p p o r t  

i ts use ,  d e s p i t e  t h e  profoundly inc reased  r i s k  f o r  lung  cance r  

among this p o p u l a t i o n  ( 9 ) .  These same c a l c u l a t i o n s ,  no t  s u r-  

pr i s ing ly ,  suppor t  t h e  c o s t- e f f e c t i v e n e s s  of s c r e e n i n g  f o r  

colon cance r  among asbestos- exposed i n d i v i d u a l s  because of 

t h e i r  i n c r e a s e d  r i s k  f o r  t h e s e  cance r s  a t  about  1 1 / 2  t o  3- fold 

and because e a r l y  d e t e c t i o n  can  a l t e r  t h e  n a t u r a l  h i s t o r y  of 

these tumors. F u r t h e r  work c l e a r l y  needs t o  be done i n  t h i s  

area,  however, g iven  t h e  p o t e n t i a l  t h a t  among t h i s  e x c e p t i o n a l l y  

high- risk group,  o t h e r  s u r v e i l l a n c e  s t r a t e g i e s  may t u r n  o u t  t o  

265 



benefits, even independent from litigation under third party 

product liability, may be significant and can be established in 

the setting of definite occupational exposure and a pathologic 

diagnosis. A third reason is that mesothelioma is a signal 

neoplasm of asbestos exposure so that monitoring the incidence 

of this tumor provides one means to evaluate the overall burden 

of asbestos-induced disease. 

The Physician and Workers' Compensation 

The physician's role in the workers' compensation system 

is critical, both in providing the medical opinion which is 

mterial to the final decision, and because in many states it 
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l im i t a t i ons .  I n  t h e  S t a t e  of Washington, f o r  example, t h e  worker 

has only  one y e a r  t o  f i l e  from t h e  t i m e  f i r s t  n o t i f i e d  by a 

physician of t h e  presence  of a work- related problem. It has  

been i n t e r p r e t e d  t h a t  t h i s  same n o t i f i c a t i o n  w i l l  s t a r t  a t h r e e  

year s t a t u t e  of l i m i t a t i o n s  on l i t i g a t i o n  under t h i r d  p a r t y  

product l i a b i l i t y .  The p h y s i c i a n  i s  a l s o  l e g a l l y  bound t o  in- 

form t h e  worker of h i s  o r  h e r  r i g h t s  under t h e  compensation 

e y a t e m ,  i n c l u d i n g  t h e  r i g h t  t o  be r ep re sen ted  by a n  a t t o r n e y  

and t o  pursue  t h i r d  p a r t y  l i a b i l i t y  (12) .  

The judgment by t h e  phys i c i an  of t h e  p r o b a b i l i t y  of t h e  

work- relatedness of t h e  medical  c o n d i t i o n  is key in compensation 

and r e l a t e d  s i t u a t i o n s .  The workers '  compensation forms i n  

moat s tates demand t h a t  t h e  phys i c i an  i n d i c a t e  t h e  deg ree  of 

ce r t a in ty  of work- relatedness.  The workers '  compensation form 

i n  t he  S t a t e  of Washington is t h e  same f o r  a c c i d e n t s  and d i -  

eeases. The p h y s i c i a n  must r e p l y  t o  t h e  q u e s t i o n ,  "is t h e  

condit ion diagnosed t h e  r e s u l t  of t h e  i n c i d e n t  d e s c r i b e d ?"  by 

narking one of f o u r  c a t e g o r i e s :  d e f i n i t e l y ,  probably ,  p o s s i b l y ,  

00. Despi te  t h e  yea rn ing  t o  t rea t  t h i s  as a L i k e r t  s c a l e ,  

placing a l a r g e  x somewhere between p o s s i b l y  and p robab ly ,  t h e  

physician must e f f e c t i v e l y  make, w i th  impor tant  i m p l i c a t i o n s ,  

what i s  u l t i m a t e l y  a yes  o r  no answer. 

d e f i n i t e l y  o r  p robab ly ,  and "No" by answering p o s s i b l y  o r  no. 

If the d e c i s i o n  i s  no, t h e  p a t i e n t  w i l l  a lmost  never r e c e i v e  

cornpensation and i f  i t  i s  yes ,  t h e  p a t i e n t  w i l l  sometimes 

"Yes", by answer ing  
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of causa t ion .  These a r e :  mesothelioma i n  a l a b o r e r ;  l ung  

cancer i n  a plumber who smokes and i n  one who does no t  smoke, 

and leukemia i n  a rubber  i n d u s t r y  worker. 

Case Number 1 

The p a t i e n t  i s  a 60-year-old man wi th  a t h i r t y- f i v e  y e a r  

h i s to ry  of  unpro tec t ed  a s b e s t o s  exposure whi le  employed doing  

general l a b o r  and demol i t i on  work i n  t h e  c o s t r u c t i o n  t r a d e s .  

He had s e v e r a l  months of ma la i se ,  a 10 pound weight l o s s  and 

constant ,  d u l l ,  r i gh t- s ided  c h e s t  pain. Chest  x- rays showed a 

r ight- sided p leura l- based  mass wi th  f r e e l y- l a y e r i n g  f l u i d .  

P leura l  p l aques  were p re sen t  i n  t h e  l e f t  hemithorax. A d i a g n o s i s  

of mesothelioma was made from biopsy  m a t e r i a l  ob t a ined  a t  

l imi ted  open thoractomy. 

The r e l a t i o n s h i p  of t h e  d i agnos i s  of mesothelioma t o  t h i s  

p a t i e n t ' s  o c c u p a t i o n a l  a s b e s t o s  expsure ,  would probably  be  

unquestioned even by t h e  most s k e p t i c a l .  Th i s  i s  a s i t u a t i o n  

where most who a r e  informed would not  h e s t i t a t e  a t  responding  

even wi th  a ' d e f i n i r e '  t o  t h e  q u e s t i o n  of t h e  p r o b a b i l i t y  of 

the work- re la tedness  of t h i s  p a t i e n t ' s  tumor. I n  t h e  c a s e  of 

mesothelioma, t h e  smoking s t a t u s  of t h e  p a t i e n t  appea r s  t o  have 

no r e l a t i o n  t o  r i s k  such  t h a t  an i n d i v i d u a l ' s  smoking s t a t u s  i s  

not r e l e v a n t  t o  t h e  de t e rmina t ion  of cause.  Evidence f o r  t h e  

r e l a t i o n s h i p  between mesothelioma and a s b e s t o s  exposure  is  

derived from animal  s t u d i e s  but  more impor t an t ly  from epidernio- 

log ic  s t u d i e s .  

neoplasm of a s b e s t o s  exposure ,  with a h i s t o r y  of a s b e s t o s  

Mesothelioma has  been i d e n t i f i e d  a s  a s i g n a l  



exposure  found i n  anywhere from 50% t o  n e a r l y  100% o f  t h o s e  

w i t h  mesothelioma. While a s b e s t o s  may not  be t h e  o n l y  cause ,  

i t  is c e r t a i n l y  t h e  most s i g n i f i c a n t  one i n  r i s k  for mesothe- 

l ioma,  such  t h a t  r e l a t i v e  r i s k  has  v i r t u a l l y  no meaning, a s  

t h e r e  are no expected c a s e s  i n  t h e  absence  of exposure.  Abso- 

l u t e  r i s k  is  used t o  develop dose- response r e l a t i o n s h i p s .  

Before  examining t h e  evidence about  t h e  dose- response rela- 

t i o n s h i p  between a s b e s t o s  and mesothelioma, i t  is worth reviewing 

some o f  t h e  r easons  why t h e  p r a c t i c i n g  p h y s i c i a n  shou ld  be 

concerned w i t h  such  r e l a t i o n s h i p s .  Few would q u e s t i o n  t h e  

impor tance  of r ecogn iz ing  a p l a s t i c  anemia a s  an  i d i o s y n c r a t i c  

r e sponse  t o  chloramphenicol ,  d i s t i n c t  from t h a t  d r u g ' s  predic-  

t a b l e  myelosuppress ive  a c t i v i t y .  I n  t h e  same way, unders tanding 

dose- response r e l a t i o n s h i p s  i n  o c c u p a t i o n a l l y- r e l a t e d  d i s e a s e s  

a l lows  t h e  p h y s i c i a n  t o  unders tand b e t t e r  why and t o  what 

degree  t h e  i n d i v i d u a l  p a t i e n t  is a t  r i s k  f o r  a n  adverse  outcome 

and t o  a n t i c i p a t e ,  and i f  p o s s i b l e  p r e v e n t ,  t h i s  outcome i n  t h e  

i n d i v i d u a l  o r  o t h e r  exposed workers. It also may be h e l p f u l  i n  

de te rmin ing  p rognos i s  and t r ea tmen t  (13). 

Although mesothelioma may r e s u l t  from b r i e f  and sometimes 

c a s u a l  a s b e s t o s  exposure ,  t h e r e  is  convincing ev idence  t h a t  t h e  

o c c u r r e n c e  of mesothelioma has  a c o n s i s t e n t  r e l a t i o n s h i p  t o  

i n c r e a s i n g  dose ,  a l though  no t  a l i n e a r  one (14) .  Risk does not  

appea r  t o  be r e l a t e d  t o  age a t  f i r s t  exposure ,  b u t  t i m e  from 

f i r s t  exposure ,  w i t h  a d ramat ic  i n c r e a s e  i n  r i s k  wi th  t i m e .  

T h i s  r e l a t i o n s h i p  of r i s k  i s  as a f u n c t i o n  of t h e  4 t h  o r  5 t h  
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power of time from f i r s t  exposure (15) .  This  phenomenon raises 

concerns about  even low-dose childhood exposu res ,  a s  t h e s e  

confer  t h e  g r e a t e s t  r i s k  of developing  mesotheliomna a t  a n  age  

when t h e r e  are fewer o t h e r  competing causes  of dea th .  But ,  

c l e a r l y ,  t h e  g r e a t e s t  burden of t h i s  consequence of exposure  i s  

borne by t h o s e  o c c u p a t i o n a l l y  exposed. Be r ry ' s  review of t h e  

m o r t a l i t y  p a t t e r n  of B r i t i s h  workers c e r t i f i e d  wi th  a s b e s t o s i s  

by pneumoconiosis pane l s  found mesothelioma t o  be t h e  cause  of 

death i n  9% (16) .  H e  a l s o  examined l o s s  of l o n g e v i t y ,  f i n d i n g  

t h a t  t h e  e x t e n t  of d i s a b i l i t y  and t i m e  of c e r t i f i c a t i o n  by t h e  

pneumoconiosis pane l  was a po ten t  p r e d i c t o r  of  s u r v i v a l .  

Compared t o  t h e  expected  s u r v i v a l  of 75% of t h e  cohor t  a t  10 

years  from c e r t i f i c a t i o n ,  had t h e  d e a t h  rates of England and 

Wales been a p p l i e d ,  t h o s e  w i t h  d i s a b i l i t i e s  a t  c e r t i f i c a t i o n  of 

10 o r  20% had o n l y  50% s u r v i v a l ,  on ly  about  one- th i rd  su rv ived  

a t  10 y e a r s  i f  i n i t i a l  d i s a b i l i t y  was 30 o r  4 0 % ,  and on ly  

one- sixth were a l i v e  a t  10 y e a r s  i f  i n i t i a l  d i s a b i l i t y  was 50% 

or more. For a man aged 5 5  a t  t i m e  of c e r t i f i c a t i o n  and awarded 

10% d i s a b i l i t y  b e n e f i t s ,  l o n g e v i t y  would be reduced by 3 y e a r s ;  

i f  I n i t i a l  d i s a b i l i t y  was 20%, t hen  l o n g e v i t y  would be reduced 

by 5 y e a r s ,  If 30 o r  4046, t h e n  by 8 y e a r s ,  and i f  a t  l e a s t  50% 

d i s a b i l i t y ,  t h e n  r e d u c t i o n  would be by 12  yea r s .  Goldsmi th ' s  

a n a l y s i s  of m o r t a l i t y  of 11 cohor t s  of about  32,000 a sbes tos-  

exposed workers provided good evidence  t h a t  a t  non-pulmonary 

s i t e s  a s b e s t o s  acts as a sys t emic  carc inogen,  bu t  he  a l s o  showed 

t h e  s i g n i f i c a n t  r i s k  of t hose  exposed f o r  deve lop ing  mesothe l io-  

r--- 
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t ion workers,  c l o s e d  wi th  t h i s  p r o p h e t i c  comment, p e r t i n e n t  t o  

the ca se  under d i s c u s s i o n ,  "Asbestos exposure i n  i n d u s t r y  w i l l  

not be l i m i t e d  t o  t h e  p a r t i c u l a r  c r a f t  t h a t  u t i l i z e s  t h e  mate- 

r i a l .  The f l o a t i n g  f i b e r s  do no t  respect j o b  c l a s s i f i c a t i o n  

... i n s u l a t i o n  workers undoubtedly s h a r e  t h e i r  exposures  w i th  

t h e i r  workmates i n  o t h e r  t r a d e s ;  i n t i m a t e  c o n t a c t  w i th  a s b e s t o s  

18 poss ib l e  f o r  e l e c t r i c i a n s ,  plumbers, s h e e t -m e t a l  workers ,  

steam f i t t e r s ,  l a b o r e r s ,  c a r p e n t e r s ,  bo i l e rmake r s ,  and fo re-  

men... (18) .  I n  1968, S e l i k o f f  r epo r t ed  t h e  remarkably i n c r e a s e d  

r a t e  of about  92- fold f o r  smoking a s b e s t o s  workers of dying  

from bronchogenic carcinoma ( 1 9 ) .  

t h e  a b s o l u t e  i n c r e a s e d  r i s k  f o r  bronchogenic carcinoma, even 

among non-smokers exposed t o  a s b e s t o s  and t h e  profound syner-  

gism i n  r i s k  f o r  t h o s e  who smoked and were exposed (20) .  

Subsequent a n a l y s e s  suppor t ed  

Henderson and E n t e l i n e  have s t u d i e s  t h e  m o r t a l i t y  e x p e r i e n c e  

a f t e r  t h e  age  of 65 of a cohor t  of about  1,000 employees working 

i n  a U . S .  a s b e s t o s  company and r e t i r i n g  w i t h  a company pens ion  

( 21 ) .  

each i n d i v i d u l a ,  based on personnel  r eco rds  and d u s t  l e v e l  

es t imates  f o r  each  job and t i m e  period.  P l o t t i n g  t h e  d a t a  of 

the r e l a t i o n  between t o t a l  dose  and m o r t a l i t y  from r e s p i r a t o r y  

cancer y i e l d s  a s t r o n g  l i n e a r  r e l a t i o n s h i p  w i t h  a c o r r e l a t i o n  

of .98; t h e  p r e d i c t e d  l i n e  has  t h e  formula of S M R  = 100 + 
0.658 (cumula t ive  exposure) .  The r e l a t i v e  r i s k  of deve lop ing  

lung cancer appea r s  t o  be independent  of age a t  f i r s t  exposure .  

And a l though  t h e  mean l a t e n c y  f o r  lung  cancer  from t i m e  of  f i r s t  

Cumulative a s b e s t o s  d u s t  exposure  was c a l c u l a t e d  f o r  
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exposure  is about 25 y e a r s ,  t h e r e  i s  a l i n e a r  i n c r e a s e  i n  excess  

r i s k  of d e a t h  from lung cancer  which occurs  very  c l o s e  t o  t h e  

o n s e t  of exposure  and c e r t a i n l y  a t  no more than  10 y e a r s  (15). 

I d e n t i f i c a t i o n  of tumor type  i s  probably  of l i t t l e  b e n e f i t  

i n  a s s i g n i n g  cause  t o  lung c a n c e r  i n  t h e  i n d i v i d u a l  p a t i e n t .  

Squamous and adenocarcinoma are t h e  predominant types  of asbes-  

t o s- r e l a t e d  cancers ,  b u t  t h i s  r e f l e c t s  t h e  p a t t e r n  of lung 

c a n c e r  s e e n  i n  t h e  g e n e r a l  p o p u l a t i o n  (22). 

between lung  cancer  i n  t h o s e  w i t h  a s b e s t o s  exposure compared t o  

b! 
One d i f f e r e n c e  

gi 
unexposed i n d i v i d u a l s  is  t h e  l o c a t i o n  of t h e  tumor; i n  t h e  

g e n e r a l  popu la t ion ,  about  2/3 of lung  cancers  a r e  found i n  t h e  

upper lung f i e l d s ,  whereas lower l o b e  tumors are more l i k e l y  i n  

a s b e s t o s- r e l a t e d  lung  cancer  (23). 

u n c l e a r ,  bu t  perhaps i n c l u d e  t h e  predominance of a sbes tos-  

induced f i b r o s i s  i n  t h e s e  same a r e a s .  

t o r s  have repor ted  a g r e a t e r  number of p e r i p h e r a l  tumors i n  

t h o s e  exposed,  t h i s  was no t  found i n  one case- con t ro l  s t u d y  

which addressed  t h i s  i s s u e  (23). 

r 1  i 
i 

~ 

The r easons  f o r  t h i s  are 

Although some i n v e s t i g a-  

I n  t h e  case presen ted  h e r e ,  t h e  r e l a t i o n s h i p  of t h e  tumor i 

1 : '  t o  h i s  work exposures ,  wh i l e  n o t  a s  c l e a r- c u t  as i f  he had 

mesothelioma, meets a lmost  a l l  cr i ter la  which can be employed 

by t h e  phys ic ian  i n  de te rmin ing  t h e  work- rela tedness  of a 

c o n d i t i o n .  It is  b i o l o g i c a l l y  p l a u s i b l e ,  t h e  time course  is 

a p p r o p r i a t e ,  and t h e r e  is l a c k  of exposure  t o  known a g e n t s  

o u t s i d e  t h e  workplace which can  cause  t h e  same process .  

p resence  of o t h e r  m a n i f e s t a t i o n s  of a s l c s t o s  exposure  would 

- 
$ 
P :  

I 

The 
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have provided more ev idence  t o  suppor t  t h e  n a t u r e  and e x t e n t  of 

exposure. Two s t u d i e s  have r e p o r t e d  t h a t  p l e u r a l  p laques  a l o n e ,  

even wi th  t h e  same degree  of exposure,  may confe r  a doub l ing  of 

r i sk  f o r  carcinoma ( 2 4 ) .  The absence of t h e s e  o t h e r  r a d i o g r a p h i c  

mani fes ta t ions ,  however, does  n o t  a l t e r  t h e  c o r r e c t n e s s  of 

s t a t i n g  h i s  tumor is probably work- related. H e  h a s ,  a f t e r  a l l ,  

j u s t  on  t h e  b a s i s  of h i s  exposure ,  m u l t i p l i e d  h i s  r i s k  f o r  lung  

cancer by 5- fold (20).  

But what i f  t h i s  p a t i e n t  were a smoker? A similar d e c i s i o n  

t o  s ta te  t h a t  t h i s  p a t i e n t ' s  tumor was more probably  t h a n  n o t  

work- related can  be soundly based on  a v a i l a b l e  s c i e n t i f i c  

evidence, w i th  t h e  smoking asbestos- exposed worker having  a 

f ive-  t o  ten- fold  i n c r e a s e d  r i s k  f o r  lung  cancer  t h a n  i f  h e  o r  

she d i d  n o t  have t h e  a s b e s t o s  exposure.  This  d e c i s i o n  w i l l ,  

however, be  m e t  w i th  f a r  more argument and con t rove r sy .  Less  

so  because of t h e  s t a t i s t i c s ,  or so- cal led  s c i e n c e ,  but  because 

of t h e  i m p l i c a t i o n s .  Smoking is common, lung cance r  i s  common, 

and a s b e s t o s  exposure  i s  common. If t h e  same r u l e s  of ev idence  

were t o  apply  f o r  a l l  smokers who go t  lung  cancer  who had 

asbes tos  exposure ,  t h e  c o s t  i m p l i c a t i o n s  f o r  many i n d u s t r i e s  i n  

terms of i n d u s t r i a l  i n su rance ,  n o t  t o  mention those  f o r  a few 

i n d u s t r i e s  i n  terms of t h i rd- par ty  product  l i a b i l i t y ,  are 

enormous. The c o s t  i m p l i c a t i o n s  of t h e  added r i s k  posed by t h e  

a sbes tos  exposure  do n o t ,  of cou r se ,  d i s appea r  w i t h  t h e  judgment 

t h a t  t h e s e  tumors are  no t  work- related;  they  a re  j u s t  s h i f t e d  

away from o r  e x t e r n a l i z e d  by i n d u s t r y ,  w i th  t h e  g r e a t e s t  burden 

275 
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borne by t h e  a f f e c t e d  p a t i e n t  and h i s f h e r  f ami ly .  

a n a l y s e s  of compensation f o r  a s b e s t o s- r e l a t e d  d i s a b i l i t y  have 

shown t h e  same t r e n d  p rev ious ly  found, namely, t h a t  workers '  

compensation pays only  a small s h a r e  of t h e  b i l l  f o r  d i s a b i-  

l i t ies  a r i s i n g  from o c c u p a t i o n a l  d i s e a s e  ( 2 5 ) .  Compensation 

In- depth 

f o r  o c c u p a t i o n a l  d i s e a s e  i n  g e n e r a l ,  and i n  p a r t i c u l a r  f o r  t h o s e  

s i t u a t i o n s  of m u l t i f a c t o r a l  o r i g i n  and less we l l- charac te r i zed  

I 
L. 
i. 

i; t 
: I  

r i s k  goes  w e l l  beyond evidence and p h y s i c i a n  assessment  of 

i n d i v i d u a l  cases .  

Under t h e  B r i t i s h  system, a s b e s t o s i s  and mesothelioma are 

p r e s c r i b e d  d i s e a s e s ,  e n t i t l i n g  t h e  p a t i e n t  o r  h i s  o r  h e r  depen- 

d e n t s  t o  compensation. Decis ions  about  compensation a r e  made 

by a pneumoconiosis pane l ,  and c e r t i f i c a t i o n  has  r e c e n t l y  been 

expanded t o  i n c l u d e  p l e u r a l  t h i c k e n i n g ,  i f  ex tens ive .  Under ! 

t h e i r  sys tem,  cancer  of t h e  lung  has  been compensable only i f  

i t  occurs  i n  a s s o c i a t i o n  w i t h  a s b e s t o s i s ,  so t h a t  claims re- 

j e c t e d  d u r i n g  l i f e  may be accep ted  a f t e r  d e a t h  If p o s t  mortem ./ 
1 

examinat ion r e v e a l s  a s b e s t o s i s  which had been no t  radiographi-  

c a l l y  d e t e c t a b l e .  Recent recommendations from t h e  B r i t i s h  
i 

I n d u s t r i a l  I n j u r i e s  Counci l ,  u s i n g  t h e  r e l a t i v e  r i s k  e s t i m a t e s  i 

p r e v i o u s l y  d i s c u s s e d ,  a r e  t h a t  smoking s t a t u s  should  be d i s -  

regarded i n  de te rmin ing  compensation a s  shou ld  tumor type  (26). 

Moreover, i t  was recommended t h a t  lung  cancer  be compensated i f  

B 
1 
3 i t  o c u r r s  not  only  I n  a s s o c i a t i o n  w i t h  parenchymal a s b e s t o s i s  3 

bu t  w i t h  b i l a t e r a l  p l e u r a l  p laques  o r  d i f f u s e  th icken ing .  

a i m  of t h e s e  recommendations i s  t o  compensate t h o s e  w i t h  s u f -  

The 
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f i c i e n t  a s b e s t o s  exposure  who g e t  a f f l i c t e d  wi th  l ung  cancer .  

Although t h i s  can be applauded a s  a more r a t i o n a l  and c o n s i s t e n t  

approach t o  both  t h e  l e g a l  and medical  i n t e r p r e t a t i o n  of t h e  

s c i e n t i f i c  ev idence ,  i t  does no t  add res s  t h e  c i rcumstance  of 

the worker who, f o r  unknown reasons ,  f aced  wi th  t h e  same amount 

o f  exposure as a fellow-worker who develops p l e u r a l  o r  paren-  

chymal f i b r o s i s ,  is spa red  from t h e s e  s equa lae  but  develops  

lung cancer.  Th i s  c i rcumstance  of a sbes tos- re l a t ed  carcinoma 

i n  t he  absence of o t h e r  r ad iog raph ic  a b n o r m a l i t i e s ,  w i l l  c o n t i-  

nue ,  p a r t i c u l a r l y  as  t h e  r i s k  f o r  f i b r o s i s  dec reases  w i t h  

decreasing exposures.  A t  c u r r e n t  a l l owab le  l e v e l s ,  depending 

on t he  r i s k  assessment  model used ,  i t  is es t ima ted  t h a t  t h e r e  

w i l l  be a t  least  5,000 exces s  lung  cancer  dea ths  f o r  each  m i l -  

lion workers exposed ( 2 7 ) .  

The i n t e r a c t i o n  between smoking and workplace haza rds  has  

been unusual ly  wel l- def ined  f o r  a sbes tos .  It is  n o t  s o  much 

da t a  which are l a c k i n g  but  a n  economic, p h i l o s o p h i c a l  and 

e t h i c a l  consensus i n  o r d e r  t o  answer t h e  q u e s t i o n  which was 

posed by S t e r l i n g  s e v e r a l  y e a r s  ago: "Does smoking k i l l  workers  

or working k i l l  smokers?" (28 ) .  It i s  not  s u f f i c i e n t  t o  pursue  

only one approach,  namely, i n d i v i d u a l  smoking c e s s a t i o n  programs, 

p a r t i c u l a r l y  when t h i s  approach is a s s o c i a t e d  w i t h  such  low 

success rates. I n s t i t u t i o n a l  i n t e r v e n t i o n s ,  such  as e l i m i n a t i n g  

tobacco s u b s i d i z a t i o n  and occupa t iona l  carc inogens ,  a r e  ones 

l i k e l y  t o  be a s s o c i a t e d  w i t h  f a r  more ach ievab le  r e s u l t s .  
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Case 3 

The p a t i e n t  is a 45-year-old worker exposed f o r  t h e  p a s t  

15 y e a r s  t o  benzene i n  a chemical  manufactur ing p r o c e s s ,  a t  

l e v e l s  t h a t  were determined t o  be  a t  around t h e  c u r r e n t  s t a n d a r d  

of  10 par ts  p e r  m i l l i o n .  H e  had been i n  g e n e r a l l y  good h e a l t h ,  

w i t h o u t  any medical  e v a l u a t i o n  i n  t h e  10 y e a r s  p rev ious  t o  t h i s  

p r e s e n t a t i o n  and d i a g n o s i s  of a c u t e  myelogenous leukemia.  

The ques t ion ,  then,  is whether t h e  p a t i e n t ' s  benzene 

exposure  on a more probable- than-not b a s i s  i s  r e l a t e d  t o  h i 8  

leukemia. There have been m u l t i p l e  c l i n i c a l  r e p o r t s  of benzene- 

induced leukemia s i n c e  t h e  a s s o c i a t i o n  w a s  f i r s t  r e p o r t e d  i n  

1928, so  t h a t  i n  t h e  l a s t  20 y e a r s ,  r e p o r t s  of leukemia have 

outnumbered t h o s e  of f a t a l  pancytopenias  (29).  Only r e c e n t l y  

has  benzene been shown t o  be c a r c i n o g e n i c  i n  an imals ,  l e a v i n g  

a r s e n i c  and h e m a t i t i t e  t h e  only  known human ca rc inogens  wi thou t  

demonst ra ted  animal c a r c i n o g e n i c i t y .  Two c o h o r t  s t u d i e s  have 

demonst ra ted  an i n c r e a s e d  leukemia r i s k  of up t o  20-fold, 

. 

p a r t i c u l a r l y  of t h e  myelogenous form, from benzene exposure  

(30, 31). Excess chromosomal a b e r r a t i o n s  have been demostra ted  

i n  workers exposed t o  c u r r e n t  a l lowab le  

p a r t s  p e r  m i l l i o n  (32) .  

Risk  assessment  a n a l y s i s  of benzene 

and o t h e r  s t u d i e s ,  has  been performed. 

r i s k  assessment  has  p r o j e c t e d ,  a t  t h e  minimum, a n  excess  of 140 

t o  170 leukemia d e a t h s  p e r  1,000 l i f e t i m e  exposed workers a t  

100 ppm, t r a n s l a t i n g  t o  a range of 14 t o  170 excess  d e a t h s  a s  

l e v e l s  of benzene a t  10 

exposure ,  based on t h e s e  

The moBt c o n s e r v a t i v e  

app roxin 
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f o r  devt 
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need t o  
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w a n d  high estimates f o r  exposures  a t  10 pprn (33) .  

Given t h e  a v a i l a b l e  d a t a ,  how should t h e  phys i c i an  respond 

the ques t ion  of t h e  p r o b a b l i t i t y  of t h e  r e l a t i o n  of t h i s  

i t l en t ' s  leukemia t o  h i s  work exposures? The answer, I t h i n k ,  

ould be yes ,  on a more probable- than- not b a s i s .  Using a n  

proximate l i f e t i m e  r i s k  o f  711000 of developing leukemia,  t h e  

re conse rva t ive  e s t i m a t e s  would i n d i c a t e  a r e l a t i v e  r i s k  of  3 

O r  developing leukemia a s  a r e s u l t  of t h i s  i n d i v i d u a l ' s  benzene 

xporrures a t  c u r r e n t  a l l owab le  l e v e l s .  I n  o t h e r  words, s i n c e  

he background ra te  of leukemia I s  a t  least  doubled,  any exposed 

ndiv idualwould  on a more probable  t han  not  b a s i s  have g o t t e n  

.. 

a t  leukemia because  of t h e  benzene exposure.  

It is because of t h e s e  and many o t h e r  s i t u a t i o n s  t h a t  w e  

need t o  do b e t t e r  w i th  c o l l e c t i n g ,  i n t e r p r e t i n g  and a n a l y z i n g  

evidence about  o c c u p a t i o n a l  carc inogens .  But i t  shou ld  a l s o  be 

clear t h a t  It i s  o f t e n  n o t  l a c k  of a v a i l a b l e  d a t a  t h a t  l i m i t s  

our conclus ions  o r  causes  d isagreement ,  bu t  t h e  va lues  and 

in t e r e s t s  which w e  b r i n g  t o  bear  i n d i v i d u a l l y  and c o l l e c t i v e l y  

i n  I n t e r p r e t i n g  t h e  da t a .  As phys i c i ans ,  i t  is  our o b l i g a t i o n  

t o  pro tec t  t h e  i n t e r e s t s  of ou r  worker- pat ien ts .  I would a rgue  

that t h i s  would be b e s t  achieved ,  when i n  doubt about  t h e  

causa l i ty  of a problem, by e r r i n g  on t h e  s i d e  of assuming i t  i s  

wrk-re la ted .  Given t h e  i n h e r e n t l y  p reven tab le  n a t u r e  of occu- 

pational  cance r s ,  I would hope t h a t  a s  a s o c i e t y  w e  would do 
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