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Per your request enclosed is a table summarizing our risk es"imatev R ro
ting the’ multistage mod il. to our cadmxum cohort study )
"estimates were intermediate between the estimates that ‘we derive

: ‘ span
) .. We: agree with this suggestion nd have thu
4 am that’ was provided to us' by Elizabet _G -ossman;to
risk upi—" i

hev race .ratio est"mate from the model ql(i .represent
‘specific lung cancer: rate q_(i) represents the backg
ic mortality for all causes,

\qticed that respiratory cancer, |
lung cancer rates had been \nistakenly used. ‘Therefore:w
ave alsoﬂmodified the program to use lung cancer rates and this also ha
' influe e on t:he changes in our risk es{:imates :

ultistage model _our approach i\)ased upon 0. app: xim

en used for epidemiologic .studies (Wh \rtemore and Keller 1978)
Ithough''thi ‘»_approach has been previous y‘used wi on’
azumdar et al., 1989, Risk Analysis Vol. 9(l¢) 55
adapte ‘this' approach to; fitting the’ Cox proportional” zards ode
Enclo ed with this let:ter is an outline of the: mathemati\eal de i__a
t S method :




Paée 2- Hs. Caroline Freeman

-We assumed as scage model for our analysis, since t:his is the. number of
“ stages that has generally been observed in other multistage.. analyses of
" lung cancer (e.g. smoking). We fit the model varying the stage affected hy
: ",cadmium exposure .and found that the model fit best (i.e., had the. highest: -
“1ikelihood) when we assumed that cadmium affected the third stage. " Thus
‘the risk estimates presented in the enclosed table were from a 5- stage SR
”model wit:h .cadmium exposure affecting the 3rd stage. S

We hope t:his additional informat:ion will be’ useful to OSHA in the

i finalizat:ion of -the cadmium standard. Of course, we would be happy to’

f dis scuss 'with you further any aspects of our st:at:ist:ical analyses Please. o
':feel free to ' call me . 1f you have any questions (513-533- 8307) e

Sincerely yours .

Leslie T. St:ayner Ph D.-
Assistant Director for Rx,
Division of Standards Deve

. and ’l.fechnology.'l.‘rans_fe; i

Enclosures .




ge . Sta.ge Models (Lagged 5 years) Assummg 45 Years_
Exposure to Cadmlum .and Varying. the. Time, Welghted Average (TWA)
Exp}sure‘- and Contlnuous (CONT) Etposures.

S EXCESS RISK ESTIMATES
~(PER THOUSAND WORKERS)
POI_SSON_ . .cox MULTIST GE.
MODEL MODEL MODEL

| i'o'?.'s '
,z 3
':3 9

exposure estlmateé that were used for fltting :the 'regression




A mathemat1cal der:.vatlon connectlng the Aruutage—Doll and Coxr
proportlonate hazards models i R

Randall Sm1th Leslle Stayner
NIOSH o

Thls note examines’ the Armltage Doll model of carc1nogene51s when

*ngle sta.ge is affected ‘by- dose. - This: derivation'is ‘based on.an -

o ion .to- ive. i given by Crump,‘.f

owe (1984). The correspondlng ‘age~specific rate is obtalned :

: wr1tten as the product ot‘ a- relatlve rate functlon t1mes a
‘_basellne rate. .

number of stages in the Armltage Doll‘mo v
the stage wh1ch 1s affected by dos1ng :

exposure concentratlon at age t
:dose rat to t1ssue at age t

. occ { the. tlssue'at age
(1nsta:"taneous) hazard funct o

role of’ the:"parameter 90 is. the same as 'in Crump4
'(1984') 'and the parameter. q, differs from the param‘ er
d:Howe. bY only & ln l).tlpllce.tlye constant. “Th

, Itis for ‘this. reason'as well that'the expo Ure
concentr t:.on C(t) can be ised’in plaée 6fith tissue''dose
__hls dev lopment if these funct1ons are propo‘tlonal tole ch othe

: v dose is not the last stage ‘an
Lelbnlz s rule for. diffe
1nte°ral can "be appl:.ed to . the second term of equatl.

Le1bn1z S ;‘ﬁleﬂ is summarized by Mood et al.
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= @ KtFt + g (K-1)




Armitage-Doil and . Cox. Hodeis

:uct of. a baselxne ha.zard (t) txmes a relatlve ra.te funct:.on
“The - cova.rla.te (t) is a- time- dependent ‘covariate®

dose hlstorv prior 'to .age t
_estimation of the relative rate can b\* accompllshed b

1x1ng “the number. of : stages (K) and the. stage that is’affected - (r) 5

‘and computing the values of X(t.) for -member of the: cohort under-

.observatmn at age t. when the 1“ case failed®. . The value of: x(t ¥
e approxlmated numerically and the estimation. of B .can be
1ed out with- software. for. fitting Cox models'. that accept: both

‘time. dependent cova.rla.tes and a: relat:.ve rate functlon of ‘the forln
FLs+ BX(e)y oo : v ,

‘Tnese :nﬁlembere',' are often referred to as ‘the i risk set.




Armitage-Doll and Cox Model
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