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Occupationai data from 5 case-control studies in the United
States invoiving 2,973 male cases and 3,210 controls were
analyzed to estimate the percentage of Jung cancer attribuc-
able to well-known and suspected lung carcinagens. The seud-
ies were conducted in areas heterogeneowus In terms of
induserial activities. The percentage of lung cancers areribut-
able to occupations enciling potential exposure to wellrec-
ognized carcnogens ranged, by study area, from 3 o {7%.
The further inclusion of occupational groups with suspect car-
cinogenic exposures changed these estimates very listle. Ex-
clusion of data derived from next-of-kin intarviews influenced
tha estimates of actribucable risks, bug not In a systematic
tashion. The estimates also varied according <o ethnic group,
smioking status and birth cohort, with higher values in non
whites, non-smokers and among members of more recent
birth cohorts, Possible ervors in exposure classiflcation, which
may make these estimates conservative, are discussed.

Same occupational exposures are among the known causes
of lung cancer, and, under certain circumstances or in specific
geographic areas, their contribution to the total lung cancer
burden may be substantial. In order to quantify the role of
occupation in luag-cancer development and t0 examine its
variability across severzl geographic arsas, we analyzed data
from 5 case-control studies of lung cancer conducted in the
1970s and 1980s in the United States (Blot er af., 1980, 1982
and 1983: Correa er al., 1984; Schoenberg er af.. 1987). Each
study collected lifetime occupational histories, as well as in-
formation on smoking. We estimated the age- and smoking-
adjusted proportion of lung cancers due to occupations asse-
ciated with recognized and suspected lung carcinogens.

SUBJECTS AND METHODS

Seudy designs

The designs of the studies. carried out in the states of
Louisiana, Florida, Pennsylvania, Virginia and New Jersey,
are summarized in Table I. The study areas were originally
selected because of high lung-cancer rates and/or because of
the presence of certain industries. Subjects with a diagnosis of
lung cancer resident in selected geographic areas of the respec-
tive states were identified from existing cancer registries. from
co-operating hospitals or from death centificaces. All the stud-
ies included at least some interviews with next-of-kin of the
enrolied subjects. Next-of-kin were the only source of infor-
mation in Permsylvania and Virginia. Response rates for the
studies ranged from 63 to 93%. Overall, 2.973 male cases and
3.210 male controls were inctuded in the analyses. Distribu-
tions of the case and control samples according to demo-
ﬁmphac characteristics and smoking habits are shown in Table

Choice and coding of aceupations

Information was collected by interview for each job held for
6 months or more. including the place and type of work and
the duration of employment. In New Jersey, occupations and
industries were coded according 10 the 1970 Census classifi-
cation and to the Standard Industrial Classification. respec-

Usa.

tively (OMB, 1972). In Louisiana. the Dictionary of Occu-
pational Titles (1977) was used. For the other study areas.
study-specific job coding schemes were developed.

In a recent review, Simonate and Saracci (1983) classified
industries/occupations with well-established carcinogenic ex-
posures (List A) and industries/occupations with suspect car-
cinogenic exposures (List B). With minor modifications, we
have adapted these categories for well-established and suspect
lung carcinogens. List A industries or occupations (Table [1I)
are generally associated with specific chemical exposures, List
B (Table V) includes mainly jobs or industrial activities in
which an excess of lung cancer has been described in epide-
miologic studies, but for which the degree and specificity of
the associations with specific exposures are uncerain. Al-
though coding schemes differed across the § studies, the in-
dustry/occupation dictionaries were used in a standard fashion

-to identify Lisis A and B jobs. The codes were reviewed
independently by three of us (P.V., T.T. and, R.BH.). A
consensus was reached on all job-history categories except for
20 cases and 28 controls. with uncerain List A exposures,
who were deleted from the analysis.

Analysis

Adjusted odds ratios (OR) were calculated using Gart's
maximum-likelihood method (Martin and Pickle. 1980 Gart.
1970) as measures of the relative risk of lung cancer associated
with ever-employment in the selected occupations. The odds
ratios were adjusted for age. in 4 groups. birnh cohort. in 4
groups. and usual cigaretie use. in 5 groups (Table II). In 3
areas (Lovisiana. New Jersey and Pennsylvania) it was possi-
ble to use @ categories of smoking, but this did not materially
affect the estimates. Ninety-five percent confidence limits were
computed using Gart’s maximum likelihood method (Gart.
1970). Population-awributable risks (PAR), adjusted for age.
birth cohort and cigaretie use. were estimated using the pro-
cedure of Whittemore (1983) AR = [ - (Lyyxa/nyn).
where n = total number of cases, y, = number of controls in
stratum k. X3y and ys, = number of unexposed cases and
controls in stratum k.

RESULTS

Twenty-five per cent of the cases and 20% of the controls
had ever held a job included in List A. Among those with List
A jobs (Table Ifl). the highest odds ratios (OR) were for
boilermakers (1.8) and for asbestos production workers (2.7).
Approximately 30% of both cases and controls had held a job
included in List B. Among individual List B occupations.
significandy elevated ORs were reported for tale miners,
welders and leather workers (Table [V).
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TABLE § - STUDY DESIGNS OF THE § STUDIES INCLUDED N THE ANALYSIS
Sianc 3l Lexnsierss Florwda Porwavivany Virgrmw Sew frray
vear 197913 1976= 1979 NTEI9YT 78 19801981 /"_*-.\%
Study base Hospital-based in 29 Hospsual-based und death Death centificates  Death certificates  Cases ascerwined through®. "5

parishes centificates in four
counties

Comals and Randomly setected

Randomly selected from: Randomly selected

hosputal tecords, cancer
registry and death cerufi-
cates in § areas

Randomly selecied N} licensed drivers. Jdeath

0 three counties 0 ohe County

exclusions tram hospital pa- a) hospital records and  decedenis—iung fram death ceruficates
tients~{ung disease bl death centificates—  disease and centificates
und tobaceo related  lung and psychiatric suicide excluded
cancers excluded diseases exctuded
Maiching Sesx. age. hospital. Age. county, source of  Sex. age. county.  Fthnic group. uge. Age. area of residence.
cthnic group ascertainment year of deaih yeur of death and  edhnuc group. vital status
county
Response rates 76% {cases) 84% {cases) 93% {casesi 89% (cases) 0% (casés)
89% (controls) 84% {controb) 82% {(controls) 82% (conwols) 63% (controlst
Number of cases  Subject: 760/937 Subject: 163/250 Subject: /0 Subject: 0/0 Subject: 3421666
angd conuols NOK: 294/134 NOK: 1787166 NOK: 335/332 NOK: 347/308 NOK: 378377
References Correa erul,. 1984  Blot eral.. 1982 Bloteral.. 1983  Bloteral.. 1980  Schoenberg eraf., 1987

NOK = acspef-bin.

Table V reports the population-attributable risks (PAR) by
study area for octupations in List A and in List A or B. For
jobs included in List A, estimates. by study area. were be-
tween 3 and 17%. Inclusion of List B jobs as exposed had no
substantial effect on the PARs. The 95% upper confidence
fimits of the PARs ranged from 8 to 35%. The lower confi-
dence limit for each PAR reached 0%. The high variability of
the auributable risk among swdy arcas suggests that it may be
an oversimplification to produce a single estimate for all §
study sites combined.

Table V1 shows the ORs and PARs. for List A and List A or
B according to respondent type. For New Jersey and Florida,

- both the ORs and PARs were higher for data coliected in
personal subject interviews, compared to next-of-kin infer-
views. For Louisiana. the opposite occurred. .

Race and smoking status influenced the estimates (Table
VHl). Non-whites tended to have higher ORs and popufation-
attributable risks than did whites. Non-smokers consistently
showed higher ORs than did smokers, with the PAR as high
as 42% for non-smokers in Peansylvania. However. the num-
bers of non-5mokers were small. An effect of birth cohornt

TABLE 1 - SELECTED CHARACTERISTICS OF THE STUDY POPULATION

Caen Cragonids
Nt 3 Numbey K

Cigarene use'

Never 122 & 783 23

<1:2 puckidav 198 7 376 2

1722 T 73 §.748 54

>2 438 4 256 ]

Unkrown 52 2 47 2
Birth cohnet

<910 888 30 950 30

1910~ 1919 1.129 38 1.193 37

1920-1929 726 23 786 2

{430+ 230 8 28} 9
Ehnic group

White 2.339 78 2.526 79

Nem-white Eulad il 684 2
Interview type

Subject. 1.444 19 1.893 59

Next-ol-kin 1.529 51 .37 44

Totul 2.973 100 3.210 100

't X i thamraana, New loney and Penmg hama) axve dctated intimmasion
g ameshang ey uh aable,

seemed to be present (Table VIID, since higher attributable
risks were found in peopie born in 1930 or later.

The occupations showing the highest ORs among non-smok-
ers were all asbestos-related. including asbestos production
workess. pipefitters, boilermakers and shipyard workers. For
these occupations combined. the OR among smokers was 1.4
{1.1-1.9). and among non-smokers 2.4 {0.9-6.8), considering
data from personally interviewed subjects only. The corre-
sponding PARs were 5.6% and 15.9%. "

DISCUSSION

The population-atnributable risk is a function of the risk of
disease associated with exposure. as here measured by o~
odds ratio. and the proportion of exposed subjects in : 3
popaulation. as here estimated by the proportion of expos..-
controls. Differences in PARs among swudy arcas are due 1o
variability in either of these measures. The proportion of
controls who ecver held any of the occupations in List A was |
4% in Louisiana. 27% in Virginia. 20% in New Jersey, 13%
in Florida. and 34 % in Pennsylvania. These results primarily
reflect differences in industry and occupation parterns between
the study areas. In fact. the study areas were initially selected
in part because of their employment patterns. Some further
differences in occupational paderns may be associated with
the study group sources and inclusion criteria. Only the control
series in New Jersey was population based. Controls selected
from hospital patients and among the deceased may be over-
represented with subjects who have held hazardous occupa-
tions. This possibility is. however. not supporied by available
data (McLaughlin er of.. 1985). The insigatficant contribution
of suspect exposures in List B is probably due. at least in pact,

10 the uncertainties of exposure classification for occupations
in which the actual corcinogens have not been well char-
acterized.

Variation in the odds ratio for industry/occupation groupings
among study areas may be due 10 a number of factors. The
distribution of jobs within occupational groups may vary from
area to area. For example, the increased risk associated with
List A jobs for Virginia reflects in large part cxposures in
shipyards, while {or Pennsylvania the excess risk mainly re-
flects exposures in steel production. The other sudy areas also
have unique occupational distributions.

Carcinogenic exposures associated with the same industrics
and occupations may be more prevalent or inense in some
study areas. Such differences could be due w0 variatios "™

]
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TABLE 118 — OOCUPATIONS {M LIST A: CASES/CONTROLS. ODDS RATIOS AND 938 CONFIDENCE LIMITS

All sijocss
Cascioorirol or' 935% CL)

Vineyard workets -2 - -
Roofers/asphalt workers 45137 1.4 (0.9-2.3)
Coke plant workers B2 0.7 (6.02-21.2)
Gas workers = - -
Asbestos production workers o4 2.7 (0.7-12.0)
{nsulators 1520 0.9 (0.4-2.0)
Shipyard/dockyard workers 3077234 1.4 (L1
Swamfiters 34/41 1.2 {0.8-2.0)
Boilermakers 26017 1.8 0.9-3.7
Pipefiners 531514 1.2 (0.8-1.8)
Arsenic. iron ore. asbestos. 13712 1.3 {0.5-3.3)

uranium miners
BCME/CMME or chromate - -~ -

pigment production workess
Mustard gas production workers - — —
Copper smelicr workers - o -
Chromiumm plating workers 111 0.8 (0.02-20.1)
Ferrochromium production —_ —

workers
Steel production workers 1817166 1.2 {1.0-1.6)
Nickel cefining workers - — -
Ferrous foundry workers 16710 1.2 (0.5-3.0)
Demolition workess 3 0.8 (0.1-5.2)
Locomotive building and 28721 1.0 0.5-2.0)

repair workers
Automobile brake workers 98/90 [.2 0.3-1.7
Noa-exposed 1.383/1,662 1.0 -

industrial processes and in the condition of plant facilities. We,
however, had no direct data on this aspect of exposure.
Sampling error could well account for the variability in odds
ratios across the study areas, since confidence intervals for the
ORs for the 5 study areas overlap considerably. The precision
of statistical estimates of population-auributable risks involve
further uncertainty, as statistical variability in the odds ratio
and in the estimate of the proportion of the population exposed
must be considered in the calculation of confidence intervals

TABLE IV - OCCUPATIONS IN LIST 8:; CASES/CONTROLS. ODOS RATIOS AND

93 % CONFIDENCE LIM{TS
Al subjects
Casefcomrol  OR'  193% Cls

Pesticide applicators 8/6 2.1 (0.5-8.5)
Aluminum production workers 4/8 0.5 (0.1-L. %
Beryllium refining workers o — —
Srreiter {other than copper) 815 0.6 (0.2-1.5)

workers
Butchers 35/50 0.8 {0.5-1.3)
Painters 2047193 1.1 0.9-1.4)
Welders 148/127 1.3 (1.0-1.8)
Qilfield workers 0/4 — —
Laundry and dry cleaning workess 68/78 1.0 (0.7-1.8)
Zinc-lead miners : (/0 — —_
Talc miners 17/8 2.8 (1.0-7.7)
Truek drivers (other than 433/438 1.1 (0.9-1.3)

defivery and routemeny

Printing pressmen 15/26 0.7 (0.3-1.3)
Machine room workers —_ — —

in printing
Rubber workers 26527 1.2 (0.7-2.2)
Leather workers . 4229 1.8 (§.0-3.1H)
Pesticide production workers 4/4 1.4 (0.3-3.2)
Man-made mineral fiber producers — - —
Chimney sweeps - - -
Cadmium warkers — - —
Non-exposed’ 1.383/1.662 1.0  —

- - ;
Adjusted Toe age, birh cohort and smoking.-~No cases or controls, - i
clubedd it cather List A 0¢ List B. BTN cases or -~ ot in

' Adjusted for age, birth cohort, and smoking. -*No cases or controls. ~ Mot included in either Lik A or Lim B.

for the PAR (Whinemore, 1983).

{n a study of this type, misclassification of cxposure may
bave an important impact on the estimated ORs. Random
misclassification of exposure would tend to bias ORs toward
1. i.e.. no effect (Copeland er al. . 1977). Next-of-kin probably
do not report as complete or detailed occupational histories as
are obtained from intervicws of the subjects themselves. In-
deed, in these data the number of jobs reported from next-of-
kin interviews was somewhat less. on average, than that re-
ported in the first-person interviews. Prior comparisons (Pic-
kie er af., 1983) showed that the number of jobs reponted also
varied by type of respondent. The mean aumber of jobs held
as reported by subjects, subjects’ wives, their children. sib-
lings and other respondents was 8.6, 6.3. 5.4. 4.4 and 4.2,
respectively. Although usual occupation reported by next-of-
kin is generally comparable to usual occupation reported by
subjects (Blot and McLaughlin, 1985). the shorter lists of jobs
from next-of-kin imerviews would reduce the opporwunity for
categorization as ever-employed in List A or List B jobs. As
this under-reporting probably affects cases and controls
equally, the net effect would be to lower the OR. Comparing
the results for direct first-person interviews with those for
next-of-kin interviews in the presem study, the ORs were
fower for next-of-kin interviews from New Jersey and Florida,
while for Louisiana they were higher.

The need to atribute occupational exposures from historical
job titles is a common limitation of occupational case-control
studies, in which little or no inforemation is generally avaitable
about on-the-job exposure (Gerin er al., 1985). Even though a
subject worked in a shipyard or stecl mill, we cannot be certain
whether and to what extent he was exposed to asbestos, poly-
cyclic aromatic hydrocarbons, and other lung carcinogens.

Misclassification could also have occurred due 10 the use of
different coding schemes in the srudy areas. Although the
sensitivity and specificity of exposure classification will vary
depending upon the level of detail provided in the occupational
coding scheme, our panel review of the different coding sys-
tems used in the studies heiped to sandardize categorization

HWBUI0010206
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TABLE ¥ - GCTUPATIONS HELD IN LIST A AND LIST A OR B: EXPOSED CASESCONTROLS, ODDS RATION 108 AND
ATTRIBUTABLE RISK IN THE POPULATION (PARS

[Frer Viegwss Mew ferscy Florida Pennuytenma
Lizr A
Expased casesicontrols 1731254 l 10783 23m241 144/114
OR' 1.2 §.3 14 1.4
95% Ci 0.9-1.5} {0.9-2.0) (1.4-0.8) (I G-2.0 (0.9-2.1n
paRr' 3.0 10.0 1.0 17.0
95% upper confidence 8 i 9 34
limu of PAR
ListAar 8
Exposed cases/controls 440/350 1924152 5411566 t76/215 2227197
R' 1.2 1.3 1.2 i 1.4
95% Cl (l 0-1.4) {0.9-1.8) (1.0-1.49) {0.3-1.5) (0.9-2.0»
PAR’ 9.0 9.8 6.1 7.3
95 % upper confidence 13 S 20 15
limit of PAR

* Adjeiagd by smoking status. 3ge. and birth coboe.

TABLE V1 ~ OCCUPATION IN LIST A AND LIST A OR 8 BY TYPE OF INTERVIEW. ODDS RATIO {OR) AND
ATTRIBUTABLE PARD

RISK I THE POPULATION (|
Type urerveewad L New Serscy Florids
List A
Living subjects
Casesfeontrols 126/138 149/137 4561
OR (95% CD) 1.2(0.9-1.6) 1.7(1.2-2.4) 1.8{1.1-3.3)
PAR 3.8 18.7 8.3
Next-of-kin
Casesicontols 4716 89574 41726
OR(95% CD 1.6 (0.8-3.8) 1.1 (0.7-1.7) 1.5(0.7-3.0}
P 13 31 28
Liwsdor8
Living subjects
contruls 3281353 3387380 987139
OR {95% CD 1.2 (1.0-1.9 1.3 {(8.0-1.6) 1.6(1.0-2.9)
PAR 7.2 15.1 2.3
Next-of-kin
Cases/controls 112s37 2034186 78116
OR(95% Ch lbd 8(0.8—2.4) l.; 0.8-1.5) 0.3 (@.5-1.3)
10. - 4. —

TABLE VI - QCCUPATION IN LIST A BY ETHNIC GROUP AND SMOKING STATUS. ODDS RATIOS (OR) AND ATTRIBUTABLE BISK IN THE POPULATION (PAR)

Loursiens Vitguoa New jersey Florida Peantyivean
Ethnic group
Non-whites
Cases/controls 42145 27123 72 15/16 -
OR (95% C0) 1.1 0.6-1.9) 14 (0 6-3.6} 1.9 (0.9-4.6) 1.8 (0.7-5.9) —
PAR ’ 4.4 150 219 215 -
Whites
Cases/controls 1317109 83/60 200/179 T -
OR(95% CD 1.2 0.9-1.7) 1.3 (0.7-2.1) 1.3(1.0-1.8) 1410.8-2.3) -
PAR 39 8.9 9.1 102 -
Smoking starus®
Non-smokers
Cases/controls 329 8/16 10/52 5719 4/23
OR{I5BLCH 1.4 (0.3-5.8) 1.8 (0.5-6.5) £.5 (0.64.9) 1.9 (0.5-8.9) 2.7 (0.4-24.8)
PAR 4.3 9.7 12.3 9.7 42.0
Smokers
Cases/contro 1707125 102/67 228/159 81/68 140191
OR (95% CD 1.2 (0.9-1.5 1.3 (0.3-1.9) 1.4(1.0-1.8) 1.4(0.9-2.1) 1.4 10.9-2.1)
3.7 8.3 11.6 9.8 16.0
‘Esnmd;usmﬂbyage.binhmmnm king.~ Esti djusad by birh cohon and age.
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TASLE VIl - OCCUPATION {N LIST A AND LIST A OR B BY BIRTH COHORT.
OQDDS RATIOS (ORY AND ATTRIBUTABLE RISK IN THE POPULATION (PAR)

Birth cohort Lam A Lig AorB
<1930
Exposed cases/conrols TOG/609 1.446/1.398
OR 1.3 .3
95% Cl - 1.1-1.6 L1-1.4
PAR 10.9 8.8
o 45/40 1257122
Exposed cases/controls
OR 19 1.8
95% Ct 1.6~3.7 £.2-29
PAR 14.3 24.2

of jobs in Lists A and B.

Contrary to the effects of random misclassification as de-
scribed above, response bias, in the form of more accurate or
detailed reporting from cases or controls, could either increase
or decrease ORs. A major impact of such differential misclas-
sification seems unlikely. since the total number of jobs re-
ported was similar for cases and controls. Such response bias
is more likely when specific chemical exposures, rather than
occupations. are ascentained by interview. Furthermore, the
odds ratios associated with List A occupations were generally
lower than those reported from cther published studies. Low
risks for well-known carcinogenic exposures are more consis-
tent with random misclassification, i.e.. an error in exposure
assessment evealy distributed among the cases and the con-
trols, than with differential response bias.

PARs for List A occupations were higher for non-smokers
than for smokers. This was due 0 higher ORs for occupation
among non-smokers, and not (o 3 higher proportion of occu-
pationally exposed subjects. Because of the small number of
non-smokers among lung-cancer cases, these differences must,
however, be interpreted cautiously. A statistcal test for inter-
action between the risk associated with cigarctie use and with
ever-employment in List A occupations was not significant (p
= (.14).

Non-whites had higher auributable risks for List A occupa-
tions, mainly due to higher ORs. Although the ethnic differ-
ences were not large, the findings eaise the possibility that our
exposure categories imply higher occupational exposures for
non-whites than for whites. As Table VIH shows, subjects

bom in 1930 or after had higher ORs and PARSs both for List
A and List A or B jobs. This could be due to benter recall and
more accurate information for this group, or due 1o different
exposures introduced in more recent years.

Doll and Peto (1981) have suggested that 15% of lung
cancers in the United States may be due 10 occupational expo-
syre. Our dawiz are consistent with this overall estimate. ai-
though the PARs in this swudy varied considerably according
to geographic area. One advantage of our estimates is that they
are based on empirical data from studies containing informa-
tion about confounding variables and effect modifiers.

In highly industrialized areas of Norway and northern ltaly,
the population-atiributable risk was as high as 3040% (Kjuus
et al., 1986; Pasiorino e al.. 1984). Clearly, such small and
homogencous areas with heavy industrialization may yield
PARs which are higher than those found for the entire US or
for the diverse locations included in the present analysis. PAR
estimates may also be higher from studies which rely on direct
exposure assessment, as in the Norwegian and Italian studies,
rather than on indirect categorization based on job tiles (Vi-
neis e al., 1986).

Even if our estimate that 3 10 17% of lung cancers in the
study areas are related 10 exposure to recognized. occupational
carcinogens is conservative, the number of lung cancers in-
duced by occupational exposures would be large, since lung
cancer is the most common cancer in the United States, with
ncarly 100,000 ncw cases expecied among males in (987
(Silverberg and Lubera. 1987). The estimates of 3 o I7%
refer only to well-known carcinogenic exposures. Estimating
the coatribution of other, still suspected or unknown expo-
sures, is more uncertain. Additional associations could only
add to the calculated population-antributable risk.
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