-~ 19ej 2y} s309pa1 Lyi[egdow Jadued Sun| o3 siskjeur ay3 3O1IIsL 0}
uolstoap 3y, ‘ainsodxa g1, £q paausnyur £3ijejdouws jo asned £juo
a3 sf J30uwd Sun| J8Y) aaaljaq am guy3 Ljdwr jou seop 81y} ‘a9oued
3unj ueyy Joyjo saENEd WOy SLH 03 IqUINQLIIE Y3eap Jo ysu
awiljaji| oY) dyvuIlsd jou op am yYSnoyy[y) 000'001 Ut T Jo ssedxa
uf st aunsodxs GLF @jviapowl YIIM sIAOWsUOU Juowrs SLd ©)
ajqeynquse (19dued Sun| woij) yyeap jo YU awnayy| 9Y3 Joyjeym
19pIsuo0d am ‘p-(J UO1NdRS U *000°000°'T ut T 10 000°Q0T ! | uwvy) 883|
81 aInsodxa 03 IquINqUIIR YIeIP Jo Ysu1 swimajy pajedidyue oy
3I3ym [343] ® 03 pare[nias o1v saaneodxe [RjusWILOIIALD Auepy

"UdW 1O} puR USWIOM I0f A[ejuaw

-des apuw sy agwwiss ayy, ‘gI.q 03 9[qeInqLiIe aq JySiw gggy ul

suosiad Supyoursuou (3uopajif) Suowre oo 03 pajswinise syjuep
J20uvd Sun| ay3 Jo Lusw moy eynduiod em ‘8-q uonpoag uy

"SI9{OWISUOU puv sIeyows

A1308 U U0 puw JUIUIOD AINUUN Jo s[aAe) (z) pue eyows

Wwealjsutew ul pue SL9 ul (VINQN) oulwIR|AY3awWIPOLOIYIU- y pus

‘(dvg) suaakd[v]ozuaq ‘(dsy) sarenonyed pepusdsns e[quaidsaa

Jo 8[3a3] (]) uo poseq aansodxe SLd Jo semunse juepuadapus
03 dRwNsd s1yy auvdwod am ‘Ajeuonippy ‘fep 19d sjuspuamba
-33391e815 Ut J9yowsuou s9viaae uw Jo amsodxe g 1.5 oy ajvunyse
3 SLA 03 pasodxd siajowsuou uo wyep Y3iM s19yowss 9130w uo
ejep oifojorwapide Jupsixs %43 sulquiod am ‘Z-q uoideg up

‘spoyjauwr

JUdIaHIp oMy £q NSl sange[ar anuy sy 9jewlled o3 s[enpraipug

«pasodxaun,, pue  pasodxa, u aUIu10d LIvULIN JO §[aA9] UO (vs61)
SIANY pUe preg 4q pa30afjod viep ay3 asn am ‘1-q uondeg uj

_ "(Posodxa, oYy uy ysux

2ALE[3I 30 Yy [[@D [jeys am YoIYM) senptatpul pasodxeun £[n1

ut aje1 ay3 03 srenpiaipur ,pasodxs, uy 93us £311e320ur 390ued Sun)

243 jo oljel ay3 3q pinom sfenpratpuy «pasodxa, uo g4 Jo j00p0
381aApE 3y} JO JINSEIW 1921100 Ay, ‘s[enplatput pasodxa, uo gLq

J0 37548 as194pR 301y ay3 jo syvwIERIpUN uR 9q p[noa ¢°f jo ysu
9Al38|a1 PaAlasqo ayjy ‘S5 09 peasodxe U33q ‘308] ut ‘eawy #0a(qns
«Pesodxaun, ayy §i ‘syzew uomejonb ut  pasodxaun, piom sy
aoe[d am ‘syoe(qns «Pasodxaun, yons 0y 1951 om 1243UdYM ‘uoseal
S143 404 "SJ 03 pasodxa aiw sjenpiarpur «Pasodxaun, jeyy smojjoj
W ‘sainsodxa ayows 0308qoy Y8noryy Ajuewnad ‘s3onpoad 0d3mqoy

§1 sping £poq ur sun0u 0 auturod Jo 921nos £[uo ay3 L[renjaia

S2Ulg "auNIn J19Y3 Ul BUIUIY00 O [u/8u ¢'g ‘e8%1aav uo ‘aavy sjenpia

-Iput pasodxaun,, jeyy umoys oavy (pg6I) otyasry pue PI*M

$62

y62

‘(21 193dey) aas—s1a)jowsuOU

o uoljeoyisve[osiut ‘-8'3) seiq 03 j0uU pue s{ENpPIAIp
H. Ewuw“ﬂu::.. %5 c.“voownxoa usamiaq amsodxa (s1.9) ux.oEa
ou.ue..pS [SIUGWIUCIIAUD Ul 832UIBYIP 0} Paje|al »:na.ucw 8l ¢ m~ jo
o8wioau pajysiom u Jey) suinss am ‘xipuadde sy uj g n. Ay8nox
81 s013ud 9381 dY10ads-Apnys g1 3y Jo a8uvidav pAyBiem v “(sjenpia
._.v.:. Jpasodxaun, pajea 133)wa1ay) uonysanbieyy 03 jou, vo._osmrm _
c.:k.Boonu:o: Suowre 3je1 £)1[ejI0W ayy 03 (SENplATpul ..vuwo .
-Xa, Pa[[e> d9ualay) ,;ijows v-asnods ok sf, 9yI| uolisand e
0} 834, Palamsuv oym sIjowsuou Suoure el b:!:o_w 1adued
Sunj ay3 Jo ol3el 3y3 Jo Ajuwilyed ue papiaoid »v.:a- yovy ‘pazuiew
-wns e sa1pnjs aifojonuapide £1 Jo s3[NsAI ay3 ‘7Y 193deyD ul

NOILONTOUINI

*310da1 ayj jo

1eWal 3y} Ul Paurejuod viep Y3 ajeidajul 0} Lem ajqissod auo
“Mvo.“w: voacm“o._ww_ pue 3dodai s1yj Jo WINPUIPPR U §v papn|dul sl
1 "SLA Jo 83UaN3138U0D 3Y3 0} 3insodxa Jo saansvaLl AUI0S pus cMMc
J18ojoruapids 3y3 Y30q S19pISUOD J8Y) JUMNLSESISR YS1I 0} Yovoidde
ue S0A18 9] [1PUNOD YOIweeey|[euolIEN oY) £q PamdtAdl 31 SeM Jou
‘aurly Jo yoe| Jo esnwdRq AjeSre| 203 1uIu0d Y3 Aq PaIapIsuod jou

IRW YT, "YINOH ANqnd Jo J00YdS A3isIaatuf) pivAlvy ay)
Hﬂ:ﬂom BEM_ mﬁ.ﬁ 4q peredoid sem x_.v._oaac paloyine siyJ,

sujqoy sowrep

Iaoue)) unry pue
ayouIg 000B(O], (&L iiUOIIAUY
0} 2INS0dXJ—JUaUWISSISSY YSIY

:(J x1puaddy

*g86T °*D'a ‘uojburyseMm ‘oouaros jo Awapeody

TeuCT3eN ‘@Yows 000RqO], TejusuuoxTauy FWOId

-



296

that the data necessary to perform an adequate quantitative risk
assessment; for causes of death other than lung cancer do not exist.)

In discussions of the health effects of ETS exposure, one
should consider the effect on exsmokers of breathing other peo-
ple’s cigarette smoke, since exsmokers have given up smoking,
presumably to protect their health. Therefore, in Section D-4 we
estimate, for exsmokers, the lifetime risk of death from lung cancer
attributable to breathing other people’s cigarette smoke.

The sections D-1 to D-4 give nontechnical expositions of the is-
sues. A separate Technical Discussion Section provides additional
technical support and mathematical background.

In order to make quantitative estimates of the lung cancer
risk attributable to ETS, numerical values must be chosen for a
large number of parameters. When there are either no data or
inconsistent data as to the magnitude of an important parameter,
results are reported for a range of plausible values (i.e., a sensitivity
analysis is performed).

Summary of Main Results Under the Assumption That
the Summary Rate Ratlo of 1.3 Is Causal

We summarize our main results. We caution the reader that
the proper interpretation of these results requires that one read
Section D-1 to D-4 and the discussion section that follows.

The estimated true relative risk for “exposed” individuals lies
between 1.41 and 1.87. For “unexposed” individuals, the estimated
true relative risk lies between 1.09 and 1.45. The number of (ac-
tively smoked) cigarettes effectively inhaled by a nonsmoker living
with a smoking spouse lies in the range of 0.36-2.79 cigarettes/day.
If the spouse is & nonsmoker, however, the estimated number lies
between 0.12 and 0.93 cigarettes/day.

Of the roughly 7,000 lung cancer deaths estimated to have oc-
curred among lifelong nonsmoking women in 1985, between 1,770
and 3,220 may be attributable to ETS. Of the roughly 5,200 lung
cancer deaths estimated to have occurred among lifelong nonsmok-
ing males in 1985, between 720 and 1,940 may be attributable to
ETS.

The estimated lifetime risk of lung cancer attributable to ETS
in a nonsmoker with moderate ETS exposure lies between 390
and 990 in 100,000. The estimated lifetime risk of lung cancer
attributable to other people’s cigarette smoke for an exsmoker who

207

smoked one pack per day from a
exposed to other people’s cigare
2,030 per 100,000,

ge 18 to 45 and was moderately
tte smoke lies between 520 and

D-1 ESTIMATION OF THE TRUE RELATIVE RISK
Method 1 o

The first method for estimating the true rélative ri i
rue rel
two assumptions: g e relative risk relies on

. The excess relative risk in a nonsmoker is proport
the lifetime dose of ETS. That is, if an individual’s Mgw o.»..amho%%%”
all ages) were doubled, his excess relative risk would be doubled.
® At every age, “exposed” subjects have been exposed to
ETS at a rate 3 times that of “unexposed” subjects. A factor
of 3 was u.a_aoaom to reflect the empirical observation that the
concentration of cotinine in the urine of nonsmokers with smoking

spouses is about 3 times that of nonsmoker, ithout .
spouses (Wald and Ritchie, 198 1), 8 without smoking

These two assumptions imply that the excess (true) relat;

. . [ [ . "
_...n_n in aoxvonom”. individuals is 3 times that of ..E:.Mxvouvan__.m w_.“m..w
viduals. Hence, in the absence of bias, the summary rate ratio of
1.3 equals the ratio of the true relative risk in “exposed” individ-

uals to that in “unexposed” individuals, Therefore,

1432

14z’

iro_.m z and ua. are the excess true relative risks in “unexposed”
and “exposed” individuals, respectively. Solving for z gives z =
c-m and, thus, the true relative risk in “exposed” and *unexposed”
:E::m:.n_- of 1.54 and 1.18, respectively. If we used the summary
rate ratio of 1.14 from only the U.S. studies (see Chapter 12)
we estimate the true relative risk in “exposed® and a::oxvcm&...
.=&<E.=v_u to be 1.23 and 1.08, respectively.

) It is likely that the second assumption above may be inappro-
priate (see Remark 4 in the Technical Discussion). For instance, it
is :EE&«. that the ETS exposure in childhood is 3 times greater in
_._..an.an who later married smokers, i.e., “exposed” subjects, than
in u:Eampu. who later married nonsmokers, i.e., “unexposed” sub-
jects. If it is not appropriate, then another approach is necessary.
This approach is outlined in Method 2, which follows. ‘

13 =
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TABLED-2 Estimated Ranges for the True Relative Risks (RR) in
“Exposed" and “Unexposed’* Subjects

/8
Rate Bu/By

3.0
2.0
1.0

3.0
1.0
3.0
1.0
3.0
1.0

Age 55-70 yr
Jie

0.5

1.0

0.5
1.0
0.5
1.0

Pc

W Srue= 1L, icE= L.

Ratic*  Group

All

0.0124

0.225

-mugsnu-
1.3

-.mﬁgo-

.14 “Unexposed"

“Unexposed"”

1.41-1.87%

(321)-(113y

1.09-1.45
321)-(113)
1.19-1.35
321)-(113)
1.04-1.18

1.41-1.87

321)-(113)

1.09-1.45
(21)-(113)

1.43-1.72

(321)-(113)

1.10-1.34

(321)-(113)

1.43-1.64
(321)-(113)
L1-1.27
(321)-(113)

Age 20-55 yr
S P S Jo

fl-

Age 0-20 yr

Pa

Population
Subgroup

TaBLE D-1 Thirty Population Exposure Histories in Various Age Groups®

Value of
a b . orc

(321)-(113)

“Assume causal summary rate ratio.

Range of RR over 30 exposure histories and three values of B4/84.
“Range of RR over 30 exposure histories.

mm:xa..a histories (2, b, c) at which minimum and maximum, respectively, occur [see
Table D-1 for definition of exposure histories (a, 5, c)].

posed to 1.5 dy, ait £ subjects t0 0.15 dg. From 55-70, 50% of

E-subjects were exposed to 3 dy and 50% to 1 dy. All E-subjects were exposed to 1 d.

3.0
1.0
1.5
0.15

Gair Rl

ies i ; ea . t = ovilk, o
of the countries in which epidemiologic studies were conducted,. s
2»8@38&»55&3? Emamaro o<o..~=..u=

mmary rate ratio of
L.14 from the U.S. studies. In this case the overall range in the

estimates of the true relative risk was 1.19 to 1.35 in the “exposed”
and 1.04 to 1.18 in the “unexposed.”

03
0.3
0.3
0.3
0.3
0.15
0.15
0.15
0.6
03

D-2 THE CARCIN OGEN-EQUIVALENT NUMBER
OF ACTIVELY SMOKED CIGARETTES
INHALED DAILY BY PASSIVE SMOKERS:
COMPARISONS OF EPIDEMIOLOGIC WITH
DOSIMETRIC ESTIMATES

In this section we attempt to estimate the number of cigarettes,
do, that would have to be actively smoked to deliver to the lung
of the smoker a dose of active carcinogen equal to the daily pul-
monary dose of carcinogen (attributable to ETS) of an average
adult nonsmoker with a nonsmoking spouse. Roughly speaking,
do is the (lung) carcinogen-equivalent number of (actively smoked)
cigarettes inhaled daily by an average adult nonsmoker with a non-
smoking spouse.

Under the assumptions of Method 2, we saw that knowledge
of B4/B: and of the relative exposure histories of “exposed” and
“unexposed” study subjects was sufficient to estimate the true

1.53¢
1.83
1.53
1.53
1.53
0.75
0.7s
0.75
1.0

0.5
0.3, poe = pui = 1.0, frag = 1.5, fu = 0.15, peg = 0.5, pg = 1.0, ficg

0.39
0.25
0.44
0.18
0.44
0.18
0.44
0.18
0.44
0.18

1.0
1.0
1.0
1.0
= “Exposed™; E = “Unexposed”. Population Exposure History (a. b. ¢) = (1, 2, 3), has p,s = 0.39, pi = 0.25,

JiaE = 1.83, frus
The interpretation follows.

Wty i by R 1y b 1y

INTERPRETATION: 39% of E-individuals were exposed to ETS dose rate 1.53 dg and 61% to 0.3 dp from ages 0-20. 25% of E subjects

*In units of dy.
NOTATION: E

were exposed to 1.53 dg and 75% to 0.3 dy. From 20-55, all E-subjects were ex

1

2

3

4

S
Jiee
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several orders of magnitude higher. A possible, although unlikely,
explanation is that the measurements of BaP levels in ETS (sum-
marized in Table 2-10) inappropriately reflect total environmental
BaP, which includes contributions from cooking, coal burning, and
other sources, and that the contribution of BaP from ETS to total
BaP is of the order of 2% or less.

The large uncertainty in dy seen in Table D-4 restricts the
utility of these dosimetric calculations, especially given the lack of
knowledge concerning the identity of the active carcinogens in ETS
and mainstream smoke. In fact, the limitations of our dosimetric
data may be even more serious than Table D-4 would lead one to
believe. Specifically:

e the range of values entered in Table D-4 for NDMA could
actually be orders of magnitude too high (see step 4 of Remark
11), . .
e the range of values for RSP and BaP do not reflect dif-
ferences between the particulate phase of ETS and that of main-
stream smoke with regard to deposition sites, clearance rates, and
particle size,

o the range of values given for BaP in Table D-4 could be
orders of magnitude too high if, as discussed above, the BaP entries
in Table 2-10 represent the total environmental BaP inhaled by a
nonsmoker, and

e the ratio of urinary nicotine (or cotinine) in nonsmokers
to that in active smokers may not reflect, even qualitatively, the
ratio of the biologically effective dose of active lung carcinogen
absorbed by nonsmokers to the dose absorbed by active smokers
(see Remark 12).

D-3 ESTIMATING THE NUMBER OF -
LUNG CANCER DEATHS IN NONSMOKERS
IN 1985 ATTRIBUTABLE TO ETS

An estimate of the total number of lung cancer deaths among
lifelong nonsmoking women in 1985 is ¥, Io(¢)N(¢), where N(t) is
the number of nonsmoking women at risk at age t in 1985 and
Io(t) is the age-specific lung cancer death rate among nonsmoking
women in 1985. Data on Iy(t) are given in Garfinkel (1981) for
1972; thus, this may be somewhat inaccurate for 1985. National
Health Interview Survey data on N(t) were made available from
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R. Wilson of the National Center for Health Statistics, Using
these mvaa.. 2.5 number of lung cancer deaths was estimated to
be q.ocow u=...=_2. to the estimate obtained by Seidman (personal
communication) using a related approach.

The 3»._._ number of lung cancer deaths among nonsmoking
women attributable to ETS in 1985 is

AN = Mkﬁanvb&&?a&. |

where AF(t) is the age-specific fraction of lung cancer deaths
due to Mﬂm.axvogno In nonsmoking women. That is, AF(t) is
the age-specific average excess true relative risk (i.e., the average

relative _.mn_n. minus 1) divided by the age-apecific average relative ri-’:, In
order to estimate the age-specific average relative risk among nonsmoking

women, we require age-specific estimates of the probability of being
married to a smoker (i.e., the probability of being “exposed”) and
of the 2...5 relative risk in “exposed” and “unexposed” subjects.
..<<o obtained age-specific estimates of the probability of being

exposed” from the Garfinke] et al. (1985) control population
(Garfinkel, personal communication).

) We estimated the true relative risk in three different ways.
First, we use the estimates derived using Method 1 in Section D-1.
Second, we use the estimates based on Method 2 of Section D-

.

1. Third, we completely ignore the epidemiologic data on passive

of f; and Bs/ By extrapolated from data on active smokers, and
estimates of dy based on dosimetry (Method 3). In a sensitivity
gu_wu_n.. we allow d; to equal 0.01, 0.2, and 2 to crudely represent
?vv..ox.:.ae& exposures to RSP, BaP, and NDMA, respectively
(see Table D-4). The estimates of the attributable number based
on Methods 1 and 2 are valid whenever the assumptions justifying
those methods hold. For a given choice of do, the estimates of the
attributable number based on the third method are valid when
the first assumption under Method 2 holds and the choice of do is
correct (see Remark 13). :

Using the relative risk estimates based on Method 1, we ob-
tained an attributable number of 2,010.

In Table D-5, estimated ranges for the attributable number
are reported. AN(EP) represents the estimates based on Method
2. AN(0.01), AN(0.2), and AN (2) represent estimates based on
the dosimetry estimates of 0.01, 0.2, and 2. (Since the estimate
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TABLE D-5 Estimates of ETS-Attributable Lung Cancer Deaths Among U.S. Nonsmokers in 1985

(by Sex)
Be/By: All 0.0124 0.225 0.0124 (-)35-—- 1.80
By All 293 0.803 _ 1.41 0.461 0.140
Sex
Rate Ratio = 1.3 -
Al: Err 1768-3220° 1768-3220 1820-2800° 1768-3220 1820-2800 1939-2492
(323)-(113¢ 323)-(113) 321)-(113) (323)-(113) (321)-(113) (323)-(113)
M 721-1942 721-1942 751-1611 721-1942 750-1611 850-1390
(321)-(113) (321)-(113) (321)-(113) (321)-(113) 321)-(113) 321)-(113)
AN (0:01)
- 31-59 34-55
31-259 : 125-259 54-102 61-127
F (423)-(211) (423)-(211) (423)(211) (423)-(211) (423)-(211) (423)-(211)
M 14-137 53-137 24-50 26-67 14-29 16-25
(423)-(111) . (423)-(111) (423)-(111) (423)-(111) (423)-(111) (423)-(111)
AN (0.2)
F 585-3174 1921-3174 978-1695 1059-1939 585-1052 634-988
(423}-211) (423)211) (423)-211) (423)-211) (423)-211) 2011
M 265-1890 908-1890 450-891 425-1094 265-540 305-465
y Brum “a-y “@23)-(111) (423)-(111) @23)~(111) 423111
AN(Q)
F 3793-6778 5992-6778 5039-6198 4702-5973 3793-5163 3854-495S
, (423)-211) (423)-211) (423)-211) (423)-211) (423)-(211) (423)-211)
M 2016-4803 3812-4803 2904-4060 2758-4057 2016-3170 2151-2908
Rate Ratio = 1.14
AN (EP)
F 935-1730
323)-(113)
M 360-980
321)-(113)

“AN (EP) is based op epidemiologic data in nonsmokers exposed to ETS.

Range of attributable number of lung cancers over 30 exposure histories and five choices of (8. Bs/By).
“Range of AN of lung cancers over 30 exposure histories in nonsmoking females for 84/8) = 0.225, 8, = 0.803.
-"Exposure history where minimum and maximum occurs. - ) .
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severalfold. Generally, the more parameters that are varied in a
sensitivity analysis, the more information that analysis provides;
nonetheless, for simplicity, we chose to vary only those param-
eters with inadequate or inconsistent estimates. It is inevitable
that some readers, often with good justification, will feel that we
should have used different values for the parameters we treated as
fixed or different ranges for the parameters we varied. (Computer
programs are available from Dr. Robins.)
In our risk assessment, the most important assumption was
that the observed summary rate ratio of 1.3 was causal. If this
assumption is correct (below we discuss the possibility that it is
not), we believe that the estimate of the lifetime risk of lung cancer
among lifelong nonsmokers attributable to moderate ETS expo-
sure [AF(M)] will be accurate to within a factor of 2 to 6. This
belief depends on the fact that if the rate ratio of 1.3 is causal, we
are not extrapolating outside the range of the data (for example,
from high to low dose) in estimating AF{M). (Even though our re-
ported uncertainty in estimating AF(M) in never-smokers (Table
D-6) is only twofold, nonetheless, as discussed above, our esti-
mate of overall uncertainty would likely be larger; we have guessed
twofold to sixfold). For any reasonably flexible model, such as
the multistage model, the data (when ample) will drive the risk
estimates provided one does not extrapolate outside the range of
the data. For instance, even though our estimates of f,/8; used in
the sensitivity analysis differed by 150-fold, the overall variation
in the lifetime risk of lung cancer due to ETS in nonsmokers varied
only twofold (Table D-6). In contrast, in estimating the lifetime
risk of lung cancer due to ETS in exsmokers we were forced to
extrapolate outside the range of the data. To do this we used sta-
tistical models. We found an uncertainty factor of about fourfold
(Table D-6) because of the sensitivity of this extrapolation to the
particular coefficients assumed for the multistage model. But even
this range of four underestimates the true uncertainty, because we
have little assurance that it is appropriate to use the multistage
model to extrapolate.
Given that we can know the lifetime risk of ETS-caused lung
cancer in nonsmokers within a factor of 2 to 6, is this degree of
accuracy sufficient for our purposes? Obviously, it depends on the

purpose. If there were a regulatory process through which we wished to

ensure that the lifetime risk of lung cancer attributable to ETS
among nonsmokers would be no greater than 1 in 100,000 (or even
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1 in 1,000), by limiting, if necessary, exposure to environmental
eovgno smoke, our risk analysis would appear to be sufficient to
n_.:..o that process. This is true because, even if the lower estimate
of :u.r of 390 per 100,000 were reduced by factor of 2 or 3 (to
take into account additional sources of uncertainty), it would still
greatly exceed 1 per 100,000,

. .F this appendix, we confined our risk estimates . to. those
arising 552.. the assumptions that the causal summary rate ratio
from the various epidemiologic studies was either 1.3 or 1.14 (the
summary rate ratio from the U.S. studies). In Chapter 12 it was
noun_miom that, considering the evidence as a whole, exposure to
ETS Increases the rate of lung cancer among nonsmokers. Further-
more, it was concluded that our best overall estimate of the causal
summary rate ratio from the 13 studies was about 1.3, In light
of this conclusion about causation, for purposes of making public
health decisions for the United States, it would seem prudent to
operate under the assumption that the true summary rate ratio
was most likely 1.3 and at least 1.14 (even though values less than
1.14 cannot be excluded). We therefore did not prepare estimates
for values less than 1.14.

We also did not make risk estimates under the assumption
that the causal summary rate ratio was greater than 1.3, largely

- because the estimated lifetime risk of lung cancer at this rate ratio

of u.a. was sufficiently large that it did not seem important to
quantify how large the lifetime risk might be if the true causal rate
ratio were 1.48 (the 95% upper confidence 1imit for the summary

rate ratio of 1.3). Finally, it would have been helpful to be able to

compare estimates of risk derived from the 13 epidemiologic studies

of :o:«io_su.n exposed to ETS with independent estimates based

on dosimetric measurements made in active and passive smokers.

.C:?«S:ng_w. as discussed in Section D-2, uncertainties in the

identity and dose of the active carcinogens in ETS and mainstream
smoke effectively preclude this possibility at this time.

TECHNICAL DISCUSSIONS

Estimation of the True Relative Risk
Method 1

The assumptions presented in Section D-1 above are replaced
by more formal assumptions:
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where c(¢) is a known constant independent of u. Note c(u|t) is a
ratio of the average exposure at age u of “exposed” subjects at risk
at age ¢ to that of “unexposed” subjects at risk at t. Our main
result is:

Lemma 1: If Assumptions 1a and 1b hold then RR(t|E) = 1+ ¢(t)=
and RR(t|E) = 1+ z where
¢B
gy~

£= e(t) - T8

Proof: Let B(t) f; f(t,u)dg(ult)du = RR(t|E) — 1 = z. Then
RR(t|E) = 1 + ¢(t)z and RR(t|E) = 1+ z. Thus, substituting in
Equation D-4,

HE) _ 1+c()=

+(t|E) 14z
implies:
= ﬂ_hv -1 (D-6)
e(t) -

Example: Suppose ¢(70) = 3 and ~(70|E)/4(70|E) = 1.3, then z =
0.18, RR(70|E) = 1.18, RR(T0|E) = 1.54.

We now show that, under Assumption 1a, if ¢(ujt) < 3 for all
u, the previous estimates of RR(t|E) and RR(t|£) must, in fact, be
underestimates (although the magnitude of the underestimation
cannot itself be assessed without further assumptions such as those
given under Method 2). First note that even when Equation D-
5 is false, it is still true that, under Assumption 1a, with z =
RR(t|E) - 1, Equation D-6 holds provided ¢(t) is replaced by c¢*(t),
where

h f/ ?.&aw?v&e.
Jo £(¢,u)dg(u)du

[Note that c*(t) > v(t|E)/4(t|E).] Furthermore, RR(¢|E) is still 14z
(by definition) and RR(t|E) = 1+ ¢*(¢)z.

Now it is straightforward to check that RR(t|E) and RR(t|E)
are decreasing functions of c*(t) reaching respective minima of
1 and +(t|E)/~(t|E) when c*(t) — oo and maxima of co when

c*(t) =

317

c*(¢) = 7(t|E)/1(t|E) is greater than 1. c*(t) = 1(t|E)/4(t|E) is the
condition of maximum misclassification between “exposed” and
“unexposed” groups in terms of exposure to ETS. On the other
MM-..%. when ¢*(t) = oo no “unexposed” individual is exposed to

Furthermore, it is easy to check that if

dg(u]70)/dg (u|70) = c(u|70) < 3 (D-7)
for all u < 70, then c*(t) < 3. It follows that in our previous
example, RR(t|E) = 1.18 and RR(¢t|E) = 1.54 would, in general, be

M:.ﬂonoaomauoau of the true RR(t|£) and RR(t|E) if Equation D-7
olds.

Remark 8 Note that the investigators of the 13 epidemiologic
studies analyze their results as if their observed rate ratios were
not dependent on age, as evidenced by the fact that none of the
authors reported age-specific rate ratios. But if the rate ratio
varies with age, then the observed rate ratio reported in each
study will be a weighted average of varying age-specific rate ratios.
Since Garfinkel et al. (1985) found the median age of lung cancer
in nonsmoking women in his population was approximately 70
(Garfinkel, personal communication), we would expect that this
weighted average approximates the rate ratio at 70. This implies
that the second assumption under Method 2 in section D-1 is
probably close to correct. To be precise, if, in a case-control
study, one-to-one matching on age is employed and a matched
pair analysis is performed, the matched pair odds ratio estimator
will estimate the following weighted average of the age-specific
rate ratios, 7(¢|E)/v(t|E). The large sample expected value of the
odds ratio estimator (OR) is E[OR] = JIA(¢1E)/1(t| E)) £(t)dt where

_ MOl
0 = e o PR

h(t) = p(Elt)p(£]t)
[v(t| E)/~(¢| E)|p(E]t) + p(Ele)’
fp(t) is the fraction of all lung cancers in nonsmoking women that
occur at age ¢, and p(E|t) is the fraction of nonsmokers in the study
source population of age ¢ who are “unexposed.”

Remark 4 We now examine the conditions under which Assump-
tion 1b holds with ¢(70) = 3. We conclude from the following
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probably a reasonable approximation, assuming little divorce and
remarriage in this population.

Condition § If the study compares ever-“exposed” to never-
“exposed” subjects, the magnitude of the ETS exposure in the
years preceeding the study date of ever- “exposed” individuals who
are currently- “unexposed” (because their spouses either died or
quit smoking on average 15 years ago) is the same as that of
currently-“exposed” individuals. For this latter condition to hold
(even as an approximation), it is necessary either that only a small
proportion of the total ETS exposure in currently- “exposed” in-
dividuals is directly from their spouses or that, when the smoking
spouse of a nonsmoker either dies or quits smoking, the amount
of time the nonsmoker spends with other smokers increases, Our
guess, based on Table 6 of Friedman et al. (1983), is that the ETS
exposure of an average ever- “exposéd” female diminishes by a half
or more when her husband either dies or quits. Thus, it is unlikely
that Condition 4 holds.

Condition 5 The ratio of 3 applies to the ETS exposure of “ex-
posed” and “unexposed” subjects even during childhood. It seems
unlikely that children who grew up to marry smoking spouses
would have 3 times the ETS exposure in childhood as children
who grew up to marry nonsmoking spouses, although in Remark
7 we consider empirical evidence which suggests it is conceivable
that Condition 5 might approximately hold.

Condition 6 Wald and Ritchie (1984) would have found the same
ratio of 3 if their study had been performed in any year from
1932 to 1982. Even in those case-control studies that compared
currently-“exposed” subjects to never- “exposed” subjects, Condi-
tion 6 may well be false. For example, in the 1930s and 1940s,
nonsmoking women study subjects (who were then 20 to 30 years
old) were presumably less often in contact with smokers outside
the home. This would suggest that in the 1930s and 1940s the ra-
tio of ETS exposure in nonsmoking women with smoking spouses
compared to nonsmoking women without smoking spouses was
closer to 12 than to 3 (provided the results of Friedman et al.
(1983) mentioned in the discussion under Condition 1 can be ex-
trapolated to the 1930s).

Remark 5: Estimates of B4/B1 We used three different estimates
for B,/8, in our sensitivity analysis. All were obtained from data

T e e e e ——— e
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on active smokers. To obtain the first, we fit by the method
of maximum likelihood a five-stage multistage model, with the
first and fourth stages affected, to the data on continuing smokers
given in Doll and Peto (1978) (excluding, as did Doll and Peto, the
subgroup who smoked more than 40 cigarettes per day). This gave
Ba/By = 0.0124 (and g, = 2.93). To be Precise, we fit, as did Doll and
Peto, the data enclosed in rectangles in their Tables 2 and 3. We
used the mean number of cigarettes for each ..nmn!.ag?va?maﬁ
group given in their Table 2 and assumed, for each “cigarette-
per-day” group, a variance that was half the maximum possible
variance. We then fit the data in three different ways. First, we
used the reported actual mean age of onset of cigarette smoking
(19.2 years) as date of onset and the means of the age groups
defining the rows in Tables 2 and 3 as the age of the event.
Secondly, we used age 22.5 years as date of onset,. Thirdly, we used
age 19.2 years as date of onset, but subtracted 3.3 years from the
means of the age groups defining the age of the event, The first
and third methods both 8ave essentially the estimates reported
above, while the second method gave g,/p, = 0.014, 81 = 3.42.
The estimates based on the second method are not used in this
appendix. .

For our second estimate we used an estimate of g,/8, = 1.8,
given by Brown and Chy (in press), based on fitting this same mul-
tistage model to data from a large European case-control study.
Brown and Chu found that B4/Pr = 1.8 (and 8, = 0.14) for individ-
uals who smoked 21-30 cigarettes per day (see Table 3 of Brown
and Chu). (Brown and Chu find a ratio of 4 for Ba/B: for smokers
of 1-10 cigarettes per day. We did not use this estimate due to its
presumed lack of stability.) Note that the ratio of 1.8 found by
Brown and Chu was 150 times that of Doll and Peto. The low
Ba/B, ratio in the Doll and Peto continuing smoker data does not
appear to adequately account for the rapid decline in risk associ-
ated with cessation of cigarette smoking as given in Doll and Peto
(1976). This implied that the estimate of 0.0124 was probably too
low. Furthermore, the estimate of A4/, from the Doll and Peto
continuing-smoker data was quite imprecise, since the correlation
between the estimates of £ and £, was —0.93. Based on these con-
siderations, we computed a revised 835&”_ of ,m.,\h.u from the Doll
and Peto continuing-smoker data by ma&amﬁ.n maximum value of
Pu/By associated with a point on the 2 log likelihood surface that
lay 3.87 (chi-squared units) below the value of the 2 log likelihood
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- 0.18, respectively (since 0.7 p,p + 0.15(1 ~ pag) = 0.39 implies
Pag = 0.44).

For the exposure histories represented by a = 1, we used the
uncorrected estimates 0.39 and 0.25, and otherwise used the cor-
rected estimates. The uncorrected estimates were used in our
sensitivity analysis because we do not know the true misclassifica-
tion rates and, if false-positive and false-negative rates depend on
“exposure” status, the true ratio of Pae/p,p may be less than or
equal to 0.39/0.25. To develop estimates of f1a and f3, we proceed
as follows. Jarvis et al. (1985) give mean salivary cotinine levels in
children of 0.44, 1.32, 1.99, 3.39 ng/ml, depending on whether nei-
ther parent smoked (269), only father smoked (96), only mother
smoked (76), or both parents smoked (128). (The numbers in
parentheses give the number of children in each parental smok-
ing category.) Now, Jarvis et al. conjecture that an average ac-
tive smoker would have a salivary cotinine level of approximately
300 ng/ml. It follows that, as a rough approximation, the expo-
sure to ETS of a child with nonsmoking parents is approximately
0.3do since Wald and Ritchie (1984) found the urinary cotinine
levels of currently-“unexposed” individuals were approximately
1/200 that of an average active smoker and 0.44 x 200/300 2¢ 0.3,
(This result obviously depends on unverified assumptions about
 the comparability of nicotine metabolism in adults and children.)
Furthermore, the ratio of ETS exposure in an average child with
a smoking parent to an average child without a smoking parent is
[(1.32)(96) + 1.99(76) + 3.39(128) /(96 + 76 + 128)}/0.44 = 5.1 (which is
a dose of 1.53d, = 5.1(0.3)dp. Similar data from a study of Coultas
et al. (1986) give a ratio of 3.07 rather than 5.1, under the assump-
tion that the fraction of children with two smoking parents among
children with at least one smoking parent is 128/(76 + 56 + 128), as
in the Jarvis study. These results motivated the choice of f1. and
f24 for a equal to 1 and 2.

One would expect that in the 1920s children living in homes
with no parents smoking might well have less ETS exposure than
such children currently have (since in the 1920s fewer caretak-
ers, who were almost exclusively female, smoked). On the other
hand, among children who lived in a home with a smoking parent,
presumably a higher percentage had only a father who smoked.
(Data on this question was not available from the Garfinkel et al.
(1985) control population.) Thus, the ETS exposure in the 1920s
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of an average child with a smoking parent would also be less than
that of a similar child in the 1980s. These observations led to our
choice of f,, and f,, for a = 4. On the other hand, it is likely
that, conditional on having had a smoking parent in childhood,
“exposed” individuals are more likely than “unexposed” individu-
als to have had a mother who smoked. Furthermore, it may well
be that “exposed” individuals without a smoking parent had, on
average, higher exposures in childhood than “unexposed” individ-
uals without a smoking parent. (Recall that a higher percentage
of “exposed” individuals are known to report having at least one
smoking parent.) These observations led to our choice of the ex-
posure histories characterized by a = 3. The final choice, a = 5,
reflects the ratio of 3.07 found by Coultas et al. and the possi-
bility that in the 1920s, when few women smoked, this ratio was
even less. The maximum value for the ratio of the childhood ETS
exposure of “exposed” compared to “unexposed” subjects is 3.17
occurring when a = 3.

All 30 exposure histories presume that the ratio of ETS ex-
posure in the 1970s and 1980s in currently-“exposed” subjects to
that in currently-“unexposed” subjects is 3, as found by Wald
and Ritchie. Thus, the sensitivity analysis may not be applicable
to studies carried out in Greece and J apan, for reasons discussed
above (although it is possible that in recent years the exposure
of Japanese nonsmoking women outside the home has increased
to United States’ and British levels). Thus, one might wish to
use both 1.3 and 1.14 as the summary observed rate ratio in a
sensitivity analysis.

Remark 8: Estimating the True Relative Risk Under Assump-
tions for Method £ Above Consider a group of individuals (i.e., the
“exposed” individuals or the “unexposed” individuals in Garfinkel
et al.’s (1985) study) such that each incividual i has a.constant
exposure to ETS, dy;, from age O to to, 3::posure dy; from age to
to t,, and exposure ds; from age t, to ¢t. The dy;,dy;, dy; may vary
between individuals in the group. Then, the true relative risk at
age ¢ for the group compared to a completely unexposed group,
when exposure affects the first and fourth stages of a five-stage

_ multistage model, is:

RR(t) = 1+ frdo[Hy] + BadolHa) + B1fudo®|Hra),  D-8
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- would be the more appropriate values to use. For these reasons,

we report results for all five of the combinations of B4/B1 and B,
given in Table D-3.

Remark 10: Adjusting for the ETS Ezposure of Active Smokers
In estimating ; and g, from active-smoker data neither we nor
Brown and Chu (in press) took account of the fact that in those
studies active smokers (and the comparison groups of nonsmokers)
were themselves breathing other peoples’ cigarette smoke. If 3d,
is of the order of 3 or more cigarettes per day (as in Table D-3),
a proper analysis (and thus proper estimates of B1,84, and do)
would require refitting the active-smoking data taking account of
ETS exposure. We have not done so here. We expect that the
effect on our estimates of the true relative risk in “exposed” and
“unexposed” subjects using Method 2 would not be great (because
of the insensitivity of these estimates to uncertainty in 8,/6,). On
the other hand, the effect on our estimates of do may be more
pronounced. Further study is required.

Remark 11: Estimation of d, \3.3 Dosimetry The estimates of d,
given in Table D-4 are obtained in step 5 of the following sequence
of calculations.

1. For the ETS constituents BaP and NDMA we estimated
the weight of each constituent inhaled directly by an active smoker
from the mainstream smoke of a single cigarette by using the mid-
point of the range given in the mainstream weight column in
Table 2-10 (i.e., 25 and 30 ng for NDMA and BaP, respectively).
(The weights entered in the mainstream weight column of Table
2-10 are averages based on cigarettes whose mainstream-smoke tar
content, as measured by a smoking machine, varied between 16
and 30 milligrams.) o

2. We estimated the weight of each of the above constituents
inhaled daily by a nonsmoker with a nonsmoking spouse by mul-
tiplying by 1.07 the range of values given under the ETS weight
column in Table 2-10. (1.07 is our estimate of the average num-
ber of hours of daily ETS exposure occurring in nonsmokers with
nonsmoking spouses. Nonsmokers without smoking spouses report
that they are exposed, on average, to ETS between 5 (Table 6,
Friedman et al., 1983) and 10 hours a week (Wald and Ritchie,
1984). Our value of 7.5 hours/week (= 1.07 hours/day) is the
average of the above estimates. We could have chosen to multiply
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the value of 1.07 by a factor of up to 2, since most components of
ETS decay with a half-life of approximately 1 hour when smoking
ceases, assuming approximately one air change per hour and little
plating out onto surfaces.)

3. For each constituent we divided the endpoints of the weight
ranges calculated in Step 2 by the weight estimated in Step 1. The
resulting range of values is, for each constituent, an estimate of
the number of cigarettes that would have to be actively smoked
in order that the weight of the constituent in the directly inhaled
mainstream smoke would equal the weight of the constituent (at-
tributable to ETS) inhaled daily by an average nonsmoker with a
nonsmoking spouse. We shall call this number I,,,,.

4. We next estimated for each constituent the number of
‘cigarettes whose mainstream smoke would have to be directly
inhaled by an active smoker to deliver to the lungs a dose of the
constituent equal to the daily (biologically effective) pulmonary
dose (attributable to ETS) of a nonsmoker with a nonsmoking
spouse. We refer to this number as dy,,. For BaP we multiplied
the endpoints of the range for Iy, by one-seventh. This reflects
the fact that BaP is in the particulate phase and, as discussed in
Chapter 7, a rough estimate of the deposition rates for particulates
in ETS and in mainstream smoke is 10% and 70%, respectively.
[This calculation ignores important differences between the ETS
and mainstream particulate phases in terms of deposition site,
clearance rates, and particle size. Thus, even if BaP were the ac-
tive carcinogen in ETS and mainstream smoke, do,, as calculated
above, could conceivably be quite different from the true value of
dom defined in terms of the biologically effective dose for producing
lung cancer.

For NDMA we assumed do,, = Iy,,. The rationale for this
decision is that NDMA is in the vapor phase in both ETS and
mainstream smoke. We therefore assumed that the pulmonary
absorption of NDMA per nanogram inhaled was the same for-
mainstream smoke and ETS. (This assumption may be inadequate,
since NDMA is water soluble and thus will dissolve in mucous
membrances before reaching the lungs. Therefore, the fraction of
inhaled NDMA that reaches the lungs may well be up to mo.<2.w_
orders of magnitude greater in active smokers Airomm intake is via
deep inhalations taken through the :5:2.& than in nonsmokers
(whose intake is largely via shallow inhalations taken through the
nose). If 8o, our estimate of dom Would need to be reduced by
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Therefore, if (1) the true carcinogen is in the vapor phase in both
ETS and mainstream smoke, (2) the true carcinogen is in the
particulate phase in both ETS and mainstream smoke, or (3) the
true carcinogen is in the particulate phase in mainstream smoke,
the vapor phase in ETS, and is, in addition, water soluble (so
that the total dose of the carcinogen from ETS greatly exceeds
the pulmonary dose), then serious questions must be raised about

the appropriateness of using the ratio of urinary nicotine (or cotinine)

in nonsmokers to that in active smokers to approximate the ratio
of the biologically effective lung dose of the active carcinogens in
nonsmokers to the lung dose in active smokers.

Remark 13: Estimating Lung Cancer Deaths Attributable to ETS
Among Lifelong Nonsmokers in 1985 As in the Garfinkel et al.
(1985) study, we use “exposed” to mean ever-“exposed”, since
one cannot calculate a population attributable number from case-
control studies in which individuals who are ever-“exposed” but
not currently-“exposed” are excluded. If we assume that Assump-
tion 1a and Equation D-5 hold with ¢(70) = 3, then RR(70|E) and
RR(70|E) are 1.54 and 1.18, respectively, based on a summary
rate ratio of 1.3. We would then need to assume, for example,
that RR(t|E) and RR(t|E) do not depend on t. Using this ap-
proach we obtain an attributable number of 2,010 in nonsmoking
women. In contrast, the naive approach, which ignores the ETS
exposure of “unexposed” individuals by assuming RR(70|E) = 1.3
and RR(70|E) = 1.0, gives an attributable number of 1,150.

The second approach supposes that assumptions of Method 2
in Section D-2 hold. We then choose a value for exposure history
(a,,¢) and B,/B; which, given that 7(70|E) /+(70|E) = 1.3, allows
us to calculate 8,d, from Equation D-10. Knowledge of 8,d,, then,
allows us to calculate, from equation D-9, RR(t|E) and RR(Y|E)
for all ¢ (not just ¢ = 70).

The third approach is to assume that the first assumptions
under Method 2 concerning the multistage cancer model hold but
not to assume that RR(70|E)/RR(70|E) = 1.3. We then must select
a value of B, and dy in order to estimate Prdo and, given (a,b,c)
and b#\b—. NN?_@V.

Remark 14: Estimating the Lifetime Risk of Lung Cancer Due to
ETS  S(tjto) = 1t _, o[1=—A(u)] where A(u) is the all-cause mortality
rate in 1985 among nonsmoking women of age u (and we are follow-
ing the standard convention of using current, i.e. 1985, mortality
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rates).We estimated A(u) for female nonsmokers by multiplying the
all-cause age-specific mortality rates (for female nonsmokers) given
in Hammond (1966) by the ratio of the overall U.S. age-specific fe-
male death rates in 1985 (all smoking categories) to those rates in
.ugw. ?no?@nao—d. Texoess(t) = Qo?v_hkmxowmm?:. where ~, (t)
is the incidence of lung cancer death at t in the absence of all ex-
posure, and RRgxcess(t) is the excess relative risk for lung cancer
due to exposure history M. 4(t) = [1 - AF(t))Io(t) where AF(t)
and Io(t) are as defined above.

From Equation D-9 we can obtain an estimate of RRexcess(t) =
RR(t) -1 for given values of B1do and B,/8, and choice of exposure
history M. It follows that, under the assumption that the observed
rate ratio of 1.3 is causal, we can then obtain an estimate of
AF(M) for t; = 45 for each choice of exposure history (a,,¢) and
value of 8,/8,, since, using Equation D-10, we obtain an estimate
of f1dy from which, in turn, we obtain an estimate of AF(t) and
RRexcess(t). .

Remark 15 In estimating AF(M) in ex- and current smokers,
RRexcess(t) can be estimated from Equation D-9 for a given
value of exposure history (a,b,¢), £./B;, and B under the as-
sumption that the rate ratio of 1.3 is causal. (Knowledge of 8, is
necessary so that we can estimate from Equation D-10 the value
of do rather than simply Prdo.) vo(t) is estimated as for nonsmok-
ers. To estimate the all-cause mortality rate among exsmokers
and continuing smokers we used the data in Hammond (1966) as
described for nonsmokers, except for smokers of 20 cigarettes per
day we used an average of the age-specific all-cause mortality rates
in Hammond for smokers of 1-19 and >19 cigarettes per day; and
for exsmokers we used both their smoking rates while smoking
and the number of years since quitting (as a time-dependent co-
variate) to enter Harnmond’s table at the proper place. Missing
values in Hammond’s table were filled in by linear interpolation or
extrapolation.

Remark 16 Under Assumption 1a, RRexcess(t) would be the
same for exsmokers and nonsmokers who had the same history of
exposure to other people’s cigarette smoke. But if we assume that
cigarette smoke affects two stages of a multistage cancer model,
then, for an exsmoker, the quadratic terms in Equation D-9 cannot
be ignored. As such, a small increment in dose due to breathing
other people’s cigarette smoke will have a larger absolute effect
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risk was 1.01. Even when we unrealistically assumed that both
the false-positive and false-negative rates for exposure misclassi-
fication were 0, the maximum relative risk was only 1.51. Thus,
fi is not surprising that Garfinkel et al. (1985) failed to detect an
effect of childhood exposure in his case-control study.
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