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<:L:.;: Dear M~; Free~ah: .· . 

i 

i;ebruary iJ, 
!'I , 

. :;,l,.i ~~r;·you~'·r~q~est, enclosed is, a tabl~e. summarizing our risk estimate'S from',: 
. ,. fitting the multiStage oiod)l to our cadmium cohort 'study. . These. dsk ' '• ·. 

;~\·' estimates· were' intermediate between the estimates that we derived fro'm 
, , · .fi.tt:ing, the Cox. an(!.. Po is~ em ·rP,.~ressio~. io~del's. ' 1

' 

,: ·. ··: .. 

-· Y~u ~hould also not~ that our risk estimates from the Cox and Poi~soti 
,. ;: m~d~ts ~re app:roxiiDat~ly, so, h,igher thart . the . estimates ; in· our•. ris~:.: ' ·.· . 
<iii a~sessailent:•~:eport; .~ha:t: we'•previously submitted to .. the docket ,on'caduiiilm 
. . (H~OSZaf; )>r . .Kenl)eth CrUIJip has suggested. to us that lifetime rlsk "'·.".·u .. , .... '""'·· 

•.••• ,.cc;,c•,,.•,,, ·' .· ... ·:. bi{ ealcuiatea•:over 'the :entire·•::lifespan . rather them. ~h~' median ,·lif'~span/· 
,· .. ,;::::(i'~·.e.; 75:.-y~ars. of age). ' We ·.agree with thiS suggestion: andhaye/:t,h~s .. 
· · '~~di~ied · thti::ipt;ogr.am· that w,as· provided to. us by Elizabeth pro~soi~n\~:9~ • . 

·,.?alc~late excess ~is~ UP''tci .. the age: 100 \isin~ the follo~ing foriiliilS::(• •. 
::-::·' ~. ' ·:-, _·. 

1~0 • <~~ .. l>_··~J.Zi:)J,~xp•[. No·· <~~l)q1 <j> + q.<J> 11 · 
', ·~·.: ,, 

. ·.... . . 

'.:. ~~re' RRiiS th~ rate ~~tio. from .the model,~ql(i) .. r~pre~:~~t~''.:t~ii· ... ' .·· 
·•b#ckgroUria···.age>spe,cific .lung·•· ;; .. , .. n;..,..-•. rate; .. q. ( i) represents the backgi:~~l\<1, •.. · 
'ag~'specif,ic iliortCll.ity for all and i indexes/age~>'· ··· 

' ..• : .. l;.~:· (. :.· .• 

. ~i,l~ mc;»difyingthisprogram we also 
j iilther: ~han lung. cancer rates .• had 

have .. also modifi:ed the pro grain to use 
~som~ illfluencfi! on the changes in our risk 

ticed that respiratory cancer, ~~te~: .· 
.takenly.•used. Therefor~;Y~~··\ ' 

. and this\abo' h~d, 

< 

Rega'tdittg the•{multiSt~ge model, our approach 
··' .·· ~lt~~. hC!,s beei1 used .fC?r epidemiologic ... st~dies 

· .-·· ·.·:.~l~hd~g~:.:··thiS·;apprOa~h· has been preVioUSty·us~d wi 
(Maz1l11Jdar et al., 19.89;. Risk Analysis, Vol. 9(4), 
·adapte~ .this. approach to fitting the- Cox proportional '"""a•cus 

.. ·. Enclosed with this letter. is an outline of the mathemat 
' thts. ~ethod. · · · ... ·._,., . 

\.,'' 



•.·.· 

P~ge,2- Ms. Caroline Freeman 

W~ assumed a 5 stage model for our analysis, since this is the ntimber. <>.f 
~tages that ha.s generally been observed in other multistage anB.lyses ,of . 

. ;··lung cancer (e.g. smoking). We fit the model varyiilg the stage_ ·affected by 
.. cadmium exposure .and found that the model fit best (i.e., had the highest 
· likelihood) when we assumed that cadmium affected the third stage. · Thus 
•'the dsk estimates presented in the enclosed .table were from a 5-stage 
model .with .cadmium exposure affecting the 3rd stage. 

We, hope. this additional information will be useful to OSHA in the 
finalization of the cadmium standard. Of course, we would be happy to 
~b~uss with you further any aspects of our statistical analyses. Please. 
feel free to call me if you have any questions (513~533-8307). 

·, ••. i 

Sincerely yours, · 

Leslie T; Stayner, Ph.D. . ....... . 
Assistant. Director for Risk Assessment 
Division of Standards Devel~pmeht 

and Technology Transfer · 

·•···.~IOSH/DSD'.q:LStayner:ls/dm:TaftSB- 52: Cinti:OH: 2/7/92 :cadmium. fre. 
':, .. -=.· ... . ·· .. ·· ... ' ··: '"·. . . . . . . , .. ·:.:· 

~~· .. 



.·· . . .. . ' 

.. · . , II. ·;l''' 

E~t·iml!:t'e~; 'or Exce.ss Risk per. 1000 workers Based . on the. Poi'ss(;ri · 
.. R.eg.r.E!ssion; cox: Proportional Hazards Additive Re·lative Rate, a'nd 
''('Multistage .Stage Models (Lagged · 5 years·) Assuming 45 · Years o fi., 

·Exposl,lre to c'admium and Varying the. Time Weighted Average (TWA)'/ 
Exposure~ 'and Continuous (CONT) Exposures.' , ··· 

: ··::r-;.;: :· 
...... , .. 

. · :;EXPci'sURE. 
TWAr ;· · ' CONTe 

:tugtM1 l · · .. 

EXCESS.· RISK ESTIMATES 
(PER THOUSAND WORKERS ) 

POISSON cox MULTIST~GE. 
MODEL MODEL MODEL . 

1.8 

5.4 

.9. 0 

·.· :12.5 

1}.8 

wet:e 

0.8 

2.3 

3.9 

·5 .4 

7.7 

·'15', 3 

. L1 

3.3 

5~5 

7.7 

.·'.53 /2 . 

·· .• 102':2 

ta9.1 

··'·' 

..... _ ... , •. ~, .. u_,,., , et~~'ow· s __ 
0
· ~rr __ ·_.k.~e·r·· ··s·E! __ s t i:ma te s were . :est ima tE!d·· "· ... ;"""'Y 

iri . this . study •. were•:. 
. . hq),lrs per . day · and i4'o days P~l"; . 

' CONT::TWA*S/24*2 0/'3.65) •. The c.oritinuous '4!xposure. may', be .· 
'as . the -~qutvalent .. for exposures occurring. in the 

· >. ~enyi~oriJient, ·li~iich ar,e · generally Constant during ·th~, day 
:d~;';1~e~ multi_stage ,'IDOdel. was •f{~ted ''~ssuil:ling 5 stagE! 
·'!<ikel'ihood' of. this ·model was maximized with. the 3rd st'age: . ....,~.~_,. . ..,. .. ~,.,·~.: 
;by- ;l:'admium .exposure. a~d the results from this model wer:f!: 
thls:table. · 



A mathematical derivation connecting the Armitage~Doll. and 
~roportionate hazar.·ds models 

Smith, Leslie Stayner 

the Armitage- Do 11 mocle 1 of care inogenesis when . 
is affected by dose. This derivation is 'based on .an 

the'· cumulative ·hazard function as given .by .Crump;_ .. 
The corresponding age-specific rate is obt~in'ed' 

the product of a relative rate function times• a 

Definitions 

number or' s~ages in th~ Armitage-Doil m()ciiih 
t~e stage which is affecte~ by do~_ing·:· 

·· :~xposllre concentrat'ion at a'ge t 
.·dose rate. to tissi:fe at age .t ., 

cumulative ha;zard functirin for fi~llt•· tu.l.or;• .. 
occurr __ .enc_e'_i_ri. the_tiss_ue at ag_ e t .. · .. ··· ..... · .. 
( instantane'ous l hazard':·f"uni::tion =.~dH/dt.~':(··::·<i':''··.· 

\,''•''·.' ','/ o• .·, r;" 
-~ '·. . ·,}, '. :-.,' 

Armftage~Doll·• .. -~u~~latainvde_·_·Hhoawzea'r·_cda: nfurictrioe.np· rae_.ss:._·esntt'a.e-~d~'d···b!_ .. _.n ••. ·_._.:_e:'.··qu~ .• ~.i. cins~~·· th.'roogh· All b'y. ·crump be -~ ........ :' . ·' .. ,'· ' 

qo t:IC { ~~k·t~< ~l< t-u> '!-rur-l du .. 
: ~ I f. 

!'~ the parameter qo 'is the same as in cfum~ . an·~, 
( 1984) and the parameter ql differs from the parameter · 
Crump and Howe ·by only a mu1.tiplicative constant •. ,Th,is · :n:eJ['enc:e.••·•····•T. 
i·s unimpor'tant since models wit,h. unknown parameters 

,. only. by multiplicatiVe. CODStants yield. eqUivalent est.&.·. Uli:I.I:.C:'::t.-U 

:hazard _function. It':is for 'this reason as well that 
concentration C( t ). can be used iri place of. the .. _tis -_._ .. _._..-''-
this development if these functions are propor'tional to' · 
. . -.·,. . ,· ' - ,: . 

the stage. that is affected by dose is no.t the last ~:d~ge· · 
· is differentiable, Leibniz • s rule for differ~r1t~a~ing 

integral can be applied to . the second term of. equation 1 • Th4;! .· 

rule is summarized by Hood et al. (1974), 



.. ~ .. ·, -~r· 
Armi tag·e-Doll and· Cox 

for the instan~~neous hizard'fun6ii~~ 

= , .q£(K.;.r) • , . 

~K 

J.
ll(tl at ... 

= ·-du + g<ti .at .. 
_;, 

functio~ 

.. - -. r/. . . . 
If ' ,' ' ' 

f<h<t.e>;t> ~ 

f, g; h ·.·are 



Armitage-Doll and Cox Models 1 

I • ' ,,,·' 

of. abase line hazard hft(t) times. a relativ.~ rat'e f~nction . 
t)] .. ·The- covariate t( t) is a time-dependent covariate' 

depends~. on K ._·and r and the dose histor'y prior to_ age t~ 
. estimation Of the rEdative rate can b,\ accomplishe(.bf. 
'the number of stages ( K) and the stage thlit is affected (r) 

ing' the values of X(.tl~ for member~ of the c~hor't under 
ion at age ti when the i case failed . The value ) 

numerically and the es.timation .of 
ftware for. fitting Cox models that 

¢ovariates and a relative rate function 0 

' .. ·· 

\: 

2
. These members are often referred tci as 
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' ~ .. -· 

Arini tage-Doll and Cox Models 
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