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In a multicenter study of lung cancer in lifetime nonsmokers in the United States, 646 female lung cancer 
patients and 1,252 population controls were interviewed regarding history of cancer in their first-degree 
relatives. A 30% increased risk (95% confidence interval 0.9-1.8) was found for a history of respiratory tract 
cancer in parents or siblings after adjustment for exposure to environmental tobacco smoke (ETS) in adult life. 
Lung cancer, which represented approximately two thirds of the respiratory tract cancers, occurred more 
frequently in first-degree relatives of lung cancer patients than in comparable relatives of population controls 
(ETS-adjusted odds ratio = 1.29, 95% confidence interval 0.9-1.9). In particular, a significant threefold 
increased risk for lung cancer was associated with lung cancer diagnosed in mothers and sisters. The 
increased risk in relation to family history of lung cancer was observed among parents and siblings who were 
smokers as well as in those who were nonsmokers. The association with family history of lung cancer was 
strengthened when the analysis was restricted to adenocarcinoma of the lung (ETS-adjusted odds ratio = 
1.50, 95% confidence interval 1.0-2.2). However, there was no association between family history of other 
cancers and risk of lung cancer in nonsmokers. Am J Epidemiol 1996;143:535-42.
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Although tobacco smoke is a well-established 
causal factor for lung cancer, there is accumulating 
evidence that genetic factors also play a role in lung 
cancer development. Case-control studies have consis­
tently found that lung cancer aggregates in family 
members of lung cancer patients (1-9). A few studies 
have also observed that all cancers (8, 10), other 
nonpulmonary smoking-related cancers (2, 9, 10), and 
reproductive cancers (11) occur significantly more 
often in first-degree relatives of lung cancer cases than 
in controls. The extent to which familial susceptibility

to the development of lung cancer can be attributed to 
aggregation of smoking habits in families versus 
shared genetic susceptibility has been difficult to de­
termine, because most lung cancer patients in these 
studies were smokers, and information on smoking by 
family members was generally absent. In a seminal 
study conducted by Tokuhata and Lilienfeld (1) in 
which information on smoking and history of cancer 
was obtained from both the index subjects and their 
family members, the familial effect was more marked 
in nonsmokers than in smokers with lung cancer, and
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the excess of lung cancer was observed in relatives 
irrespective of their smoking history. However, in two 
studies with small numbers of lung cancer cases in 
nonsmokers (less than 35 cases in each study), an 
increased familial risk was observed only among 
smokers with lung cancer, not among nonsmokers 
with lung cancer (8, 9). Using data collected in a 
recently completed case-control study designed to in­
vestigate the etiology of lung cancer in lifetime female 
nonsmokers (12), we compared histories of cancer in 
first-degree relatives of lung cancer patients and con­
trols.

MATERIALS AND METHODS
Study methods have been described in detail else­

where (12, 13). In brief, this was a population-based 
case-control study of lung cancer in female lifetime 
nonsmokers, defined as those who had smoked fewer 
than 100 cigarettes and had not used any other form of 
tobacco for more than 6 months. Women aged 20-79 
years with a microscopically confirmed diagnosis of 
primary lung cancer who resided in one of five major 
metropolitan areas in the United States (Atlanta, Geor­
gia; Houston, Texas; New Orleans, Louisiana; the San 
Francisco Bay Area; and Los Angeles County, Cali­
fornia) comprised the case series. In Atlanta and Hous­
ton, eligible lung cancer cases were diagnosed from 
December 1, 1985, through November 30, 1988, 
whereas in New Orleans and the two California study 
centers, case accrual continued for 2 additional years. 
Controls were selected by random digit dialing. The 
control group was supplemented by random sampling 
from Health Care Financing Administration files for 
women aged 65 years or more. Controls were frequen­
cy-matched to lung cancer cases (2:1 ratio) on age, 
ethnicity, and study area and were lifetime nonusers of 
any tobacco products. We completed interviews with 
83 percent of eligible lung cancer cases and 70 percent 
of population controls. During the first 3 years of the 
study, a second control group was selected from fe­
male colon cancer patients, mainly to evaluate poten­
tial recall or response bias associated with being diag­
nosed with cancer or being ill. In the first report on this 
study, results on environmental tobacco smoke (ETS) 
were similar when lung cancer cases were compared 
with colon cancer or population controls (13). Inter­
viewing of colon cancer controls was not continued in 
the last 2 years of the study.

Lifetime smoking status was determined in a mul­
tistep procedure that included reviewing information 
on tobacco use from hospital charts and contacting the 
physicians of lung cancer cases and colon cancer con­
trols. For subjects believed to be nonsmokers or for 
whom smoking status could not be determined from

these sources, we contacted the subjects by telephone 
and asked specific questions on their lifetime use of 
tobacco products. The identical telephone screening 
questions were used for the population control group. 
At the time of interview, lung cancer cases and con­
trols were again asked the tobacco use screening ques­
tions to confirm each subject’s reported status of life­
time non-tobacco use. In addition, a urine sample was 
collected from all consenting subjects at the end of the 
interview to determine the level of urinary cotinine 
and creatinine, as a measure of their recent nonsmok­
ing status (14). The histologic type of lung cancer was 
independently confirmed by a pulmonary pathologist 
(D. S. Greenberg, Department of Pathology, Baylor 
College of Medicine, Houston, Texas).

In the family history section of the interview, all 
subjects, self- and surrogate respondents, were first 
asked the number of brothers and sisters (including 
half-siblings) they had. Subjects were then asked 
whether there was a history of cancer in the immediate 
family, which included fathers, mothers, brothers, and 
sisters (full and half-siblings). We did not distinguish 
between full and half-siblings in our coding if there 
was a history of cancer. The specific type of cancer in 
the affected relative and the relationship of the af­
fected relative to the index subject was determined. 
However, the report of cancer in relatives was not 
independently confirmed, and the relative’s age at 
cancer diagnosis was not obtained. Although we did 
not specifically ask for the smoking history of affected 
relatives, in our assessment of lifetime ETS exposure 
we asked whether the mother, father, or any other 
household member(s) had smoked in the household of 
the index subject during her childhood. We classified 
lung cancer in parents according to whether the mother 
or father had smoked during the childhood of the index 
subject. We also classified lung cancer in siblings 
based on whether there were other smokers in the 
household (other than parents) during the index sub­
ject’s childhood.

We investigated the association between risk of lung 
cancer and family history of all cancers combined, as 
well as specifically by cancer site or system, which 
included the lung, breast, prostate, female genital tract 
(excluding the cervix), respiratory tract, and digestive 
system. In addition, family history of all tobacco- 
related tumors (buccal cavity, larynx, esophagus, 
stomach, liver, pancreas, respiratory tract, cervix, 
bladder, kidney, and renal pelvis) was evaluated. Mul­
tivariate logistic regression methods were used to 
compute risk estimates for family history of cancer 
(15) by comparing lung cancer cases (self- and surro­
gate respondents combined) with population controls. 
In tables 1-4, two sets of odds ratios are presented.
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The odds ratios in the first column (adjusted odds 
ratios) were adjusted for age (^49, 50-59, 60-69, 
and >70 years), study area (Los Angeles County, the 
San Francisco Bay Area, and the southern study ar­
eas—New Orleans, Atlanta, and Houston), ethnicity 
(white, black, Asian, or Hispanic), education (<11, 
12, and >13 years of schooling), and number of broth­
ers and sisters. (Details regarding the distribution of 
cases and controls by these demographic parameters 
have been previously presented (12).) The second col­
umn of odds ratios (ETS-adjusted odds ratios) was 
also adjusted for an index of exposure to ETS (0,1-11, 
12-28, 29-47, and >48 smoke-years) during adult 
life (12). Potential confounders, including employ­
ment in potentially high-risk occupations (12), dietary 
intake of antioxidants, and dietary cholesterol, were 
considered. These factors did not confound the family 
history-cancer findings and were not included in the 
final models.

RESULTS
In table 1, data are presented on reported history of 

lung cancer among fathers, mothers, brothers, and 
sisters of lung cancer cases and population controls. 
The prevalence of any family history of lung cancer 
was 8.9 percent among lung cancer patients and 6.6

percent among controls (ETS-adjusted odds ratio 
(OR) = 1.29, 95 percent confidence interval (Cl) 
0.88-1.90). Mothers and sisters of lung cancer cases 
were approximately three times more likely to have a 
history of lung cancer than comparable relatives of 
controls; however, there was little difference in such a 
history among fathers and brothers of lung cancer 
patients and controls. The increased risk of lung can­
cer associated with a family history of lung cancer was 
present after adjustment for ETS exposure; this adjust­
ment did not uniformly strengthen or weaken the risk 
estimates for lung cancer in families. The odds ratio 
associated with lung cancer in mothers was affected 
very little by adjustment for ETS exposure (adjusted 
OR = 2.74, ETS-adjusted OR = 2.81), whereas the 
odds ratio associated with lung cancer in sisters was 
reduced but remained statistically significant with ad­
justment for ETS exposure (adjusted OR = 3.58, 
ETS-adjusted OR = 2.78) (table 1). Few subjects 
reported a history of lung cancer in more than one 
family member, and there was no indication of in­
creasing risk with increasing number of family mem­
bers with a positive history. Analyses restricted to 
self-respondents produced risk estimates that were 
slightly stronger than those calculated for all respon­
dents combined (data not shown).

TABLE 1. Family history of lung cancer and risk of lung cancer in lifetime nonsmokers, United States, 
1985-1990

No. Of
No. of lung 

cancer cases All lung cancers

population
controls Self- All

respondents respondents
Adjusted*

ORt 95% Clf
ETSt-

adjustedf
OR

95% Cl

Any lung cancer
No 1,158 366 570 1.00 1.00
Yes 82 39 56 1.33 0.9-1.9 1.29 0.9-1.9

Family member with history
of lung cancer

Father 30 13 16 1.04 0.6-2.0 0.94 0.5-1.8
Mother 6 6 9 2.74 0.9-8.0 2.81 0.9-8.3
Brother 43 16 21 0.86 0.5-1.5 0.89 0.5-1.6
Sister 8 8 14 3.58 1.5-8.8 2.78 1.0-7.4

No. of family members with
lung cancer

1 74 34 49 1.34 0.9-2.0 1.31 0.9-2.0
£2 8 5 7 1.29 0.5-3.7 1.14 0.4—3.6

* Adjusted for age (<49, 50-59, 60-69, and >70 years); area (Los Angeles County, San Francisco Bay Area, 
and southern centers (Houston, Louisiana, and Atlanta combined)); ethnicity (white, black, Asian, or Hispanic); 
education (£11, 12, or >13 years of schooling); and number of brothers and sisters. Thirty-eight subjects were 
excluded from all analyses because of missing information on education (n = 25) or number of brothers and sisters 
(n= 13).

t OR, odds ratio; Cl, confidence interval; ETS, environmental tobacco smoke.
i Adjusted for age, area, ethnicity, education, number of brothers and sisters, and exposure to environmental 

tobacco smoke in adult life (0, 1-11, 12-28, 29-47, and >48 smoke-years).
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To determine whether familial risk of lung cancer is 
associated with the active smoking habits of subjects’ 
relatives, history of lung cancer among the parents and 
siblings of subjects was stratified by their respective 
smoking status (table 2). These results are presented 
for self-respondents only, because of likely incomplete 
knowledge by proxy respondents of the smoking hab­
its of parents and siblings of index subjects (12). Risk 
of lung cancer was elevated among subjects whose 
parents had a history of lung cancer, irrespective of 
whether the parents were smokers or nonsmokers. 
Similarly, history of lung cancer among siblings was 
associated with an increased risk of lung cancer re­
gardless of whether siblings were smokers or non­
smokers.

There was a 30 percent (95 percent Cl 1.0-1.8) 
increased risk in relation to family history of any 
respiratory cancer (table 3). However, this was ex­
plained largely by the excess risk associated with lung 
cancers, which accounted for 68 and 66 percent of the 
respiratory cancers among lung cancer cases and pop­
ulation controls, respectively. There was no associa­
tion between risk of lung cancer and family history of 
tobacco-related cancers combined (table 3). Respira­
tory cancers represented 62 percent of the tobacco- 
related cancers among lung cancer cases, compared 
with 47 percent among population controls. However, 
there was a deficit of digestive tract cancers among 
first-degree relatives of lung cancer cases in compar­
ison with population controls. Mothers and sisters of 
lung cancer cases and population controls showed 
similar histories of cancer of the breast and of the

female genital tract (excluding the cervix). History of 
prostate cancer did not differ between fathers and 
brothers of cases in comparison with comparable rel­
atives of controls (table 3). Lung cancer cases and 
population controls did not differ with regard to family 
history of all cancers combined (excluding lung can­
cer) (adjusted OR = 1.00, 95 percent Cl 0.8-1.2); 
there was no significantly increased risk in relation to 
a history of any cancer reported in three or more 
family members. Results were essentially the same 
when the analyses were restricted to self-respondents 
(data not shown) or adjusted for years of ETS expo­
sure (table 3).

Approximately three fourths of the lung cancers in 
this study population were classified as adenocarci­
noma (12). Results for any family history of lung 
cancer were statistically significant (ETS-adjusted 
OR = 1.50, 95 percent Cl 1.0-2.2) when the analyses 
were restricted to adenocarcinoma of the lung (table 
4). The odds ratios associated with lung cancer in 
mothers and sisters were further strengthened in anal­
yses restricted to adenocarcinoma of the lung. Al­
though the odds ratio for a family history of female 
genital tract cancers and risk of lung cancer was also 
greater, this result was not statistically significant. 
Lung tumors other than adenocarcinomas were few in 
number; analysis in this subgroup produced unstable 
risk estimates for family cancer (data not shown). We 
also examined the effect of family cancer by proband’s 
age at diagnosis of lung cancer (or age at interview for 
controls). Despite few lung cancers diagnosed among 
subjects aged 54 years or younger, the risk estimates in

TABLE 2. Risk of lung cancer in lifetime nonsmokers, by parents’ and siblings’ history of lung cancer 
and smoking habits (self-respondents only), United States, 1985-1990

Lung cancer 
in relative

Relative(s)
that

smoked

No. of 
population 
controls

No. of
lung cancer 
cases (self­
respondents 

only)

Adjusted*
ORf 95% Clf

ETSf-
adjusted

OR*
95% Cl

Parent
No No 512 175 1.00 1.00
No Yes 687 209 0.86 0.7-1.1 0.82 0.6-1.1
Yes No 4 2 1.52 0.3-8.6 1.44 0.3-8.3
Yes Yes 32 15 1.23 0.6-2.4 1.05 0.5-2.1

Sibling
No No 863 269 1.00 1.00
No Yes 242 88 1.15 0.9-1.5 1.10 0.8-1.5
Yes No 37 17 1.48 0.8-2.7 1.17 0.6-2.3
Yes Yes 13 7 1.39 0.5-3.7 1.49 0.5-4.0

* Adjusted for age (^49, 50-59, 60-69, and >70 years); area (Los Angeles County, San Francisco Bay Area, 
and southern centers (Houston, Louisiana, and Atlanta combined)); ethnicity (white, black, Asian, or Hispanic); 
education (sll, 12, or >13 years of schooling); and number of brothers and sisters, 

t OR, odds ratio; Cl, confidence interval; ETS, environmental tobacco smoke.
t Adjusted for age, area, ethnicity, education, number of brothers and sisters, and exposure to environmental 

tobacco smoke in adult life (0, 1-11, 12-28, 29-47, and >48 smoke-years).
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TABLE 3. Risk of lung cancer in lifetime nonsmokers, by family history of cancer, United States, 
1985-1990

Type of 
cancer

in
family

No. Of
No. of lung 

cancer cases All lung cancers

population
controls Self- All

respondents respondents
Adjusted* * * §

ORt 95% Clf
ETSt-

adjustedt
OR

95% Cl

Respiratory tract§
No 1,115 349 546 1.00 1.00
Yes 125 56 80 1.30 1.0-1.8 1.30 0.9-1.8

Tobacco-related cancers II
No 973 314 485 1.00 1.00
Yes 267 91 141 1.06 0.8-1.3 1.10 0.9-1.4

Digestive tractD
No 1,055 356 550 1.00 1.00
Yes 185 49 76 0.79 0.6-1.1 0.80 0.6-1.1

Breast cancer
No 1,133 362 567 1.00 1.00
Yes 107 42 58 1.10 0.8-1.6 1.09 0.8-1.6

Female genital tract
(excluding cervix)

No 1,216 393 608 1.00 1.00
Yes 24 11 17 1.33 0.7-2.5 1.42 0.7-2.7

Prostate cancer
No 1,180 388 599 1.00 1.00
Yes 54 14 23 0.96 0.6-1.6 1.06 0.6-1.8

All cancers combined,
excluding lung cancer 

No 707 231 362 1.00 1.00
Yes 533 174 264 1.00 0.8-1.2 0.99 0.8-1.2

No. of family members with
cancer, excluding lung 
cancer

1 365 119 181 1.01 0.8-1.3 1.00 0.8-1.2
2 122 36 56 0.90 0.6-1.3 0.90 0.6-1.3

£3 46 19 27 1.16 0.7-2.0 1.14 0.7-2.0

* Adjusted for age (s49, 50-59, 60-69, and £70 years); area (Los Angeles County, San Francisco Bay Area, 
and southern centers (Houston, Louisiana, and Atlanta combined)); ethnicity (white, black, Asian, or Hispanic); 
education (si 1,12, or 213 years of schooling); and number of brothers and sisters.

t OR, odds ratio; Cl, confidence interval; ETS, environmental tobacco smoke.
i Adjusted for age, area, ethnicity, education, number of brothers and sisters, and exposure to environmental 

tobacco smoke in adult life (0, 1-11, 12-28, 29-47, and £48 smoke-years).
§ Includes sites listed under International Classification of Diseases for Oncology (29) codes 160-165.
II Includes cancers of the buccal cavity and larynx, esophagus, stomach, liver, pancreas, respiratory system, 

cervix, bladder, kidney, and renal pelvis.
H Includes sites listed under International Classification of Diseases for Oncology (29) codes 153, 154, 156, 

158, 159.

relation to family history of lung cancer and respira­
tory tract cancer were stronger in the younger age 
group (s54 years) than in the older age group (^55 
years). For example, the ETS-adjusted odds ratio for 
family history of lung cancer was 1.86 (95 percent Cl 
0.51-6.83) in younger subjects (<54 years) and 1.26 
(95 percent Cl 0.83-1.90) in older subjects (>55 
years). However, a deficit of digestive tract cancers 
was only apparent in the older age group (ETS-ad- 
justed OR = 0.79, 95 percent Cl 0.57-1.09) and was 
not observed among younger subjects (ETS-adjusted

OR = 1.00, 95 percent Cl 0.36-2.81). There was, 
however, no statistically significant age interaction 
with family history of lung cancer, respiratory tract 
cancer, or digestive tract cancer (data not shown).

DISCUSSION
This study, to our knowledge, is one of the largest 

studies to date of family history of cancer in relation to 
lung cancer among lifetime nonsmokers. The popula­
tion-based study design reduced the likelihood of se-
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TABLE 4. Risk of adenocarcinoma of the lung in lifetime nonsmokers, by family history of cancer, United States, 1985-1990

Type of 
cancer

No. of
population controls 

(n = 1,242)

No. of lung
adenocarcinoma cases 

(n = 479)
Adjusted*

ORt 95% cit
ETSf-

adjustedt 95% Cl
Yes No Yes No OR

Any lung cancer 82 1,158 48 428 1.52 1.0-2.2 1.50 1.0-2.2

Any lung cancer in family 
member

Father 30 1,189 15 443 1.25 0.7-2.4 1.11 0.6-2.2
Mother 6 1,228 8 454 3.20 1.1-9.6 3.24 1.1-9.9
Brother 43 947 18 378 0.95 0.5-1.7 0.95 0.5-1.7
Sister

No. of family members with lung

8 974 11 368 4.06 1.6-10.4 3.59 1.3-9.8

cancer
i 74 1,158 41 428 1.50 1.0-2.3 1.49 1.0-2.3

£2 8 1,158 7 428 1.72 0.6-4.9 1.52 0.5-4.8

Respiratory tract§ 125 1,115 64 412 1.37 1.0-1.9 1.38 1.0-2.0

Tobacco-related cancers II 267 973 110 366 1.08 0.8-1.4 1.15 0.9-1.5

Digestive tractU 185 1,055 58 418 0.79 0.6-1.1 0.80 0.6-1.1

Breast cancer 107 1,133 47 428 1.17 0.8-1.7 1.17 0.8-1.7

Female genital tract (excluding
cervix) 24 1,216 14 461 1.50 0.8-3.0 1.59 0.8-3.2

Prostate cancer 54 1,180 19 454 1.01 0.6-1.8 1.13 0.7-2.0

All cancers combined, excluding
lung cancer 533 707 207 269 1.04 0.8-1.3 1.02 0.8-1.3

* Adjusted for age (<49, 50-59, 60-69, and >70 years); area (Los Angeles County, San Francisco Bay Area, and southern centers 
(Houston, Louisiana, and Atlanta combined)); ethnicity (white, black, Asian, or Hispanic); education (si 1, 12, or si3 years of schooling); and 
number of brothers and sisters.

t OR, odds ratio; Cl, confidence interval; ETS, environmental tobacco smoke.
i Adjusted for age, area, ethnicity, education, number of brothers and sisters, and exposure to environmental tobacco smoke in adult life 

(0, 1-11, 12-28, 29-47, and >48 smoke-years).
§ Includes sites listed under International Classification of Diseases for Oncology (29) codes 160-165.
II Includes cancers of the buccal cavity and larynx, esophagus, stomach, liver, pancreas, respiratory system, cervix, bladder, kidney, and 

renal pelvis.
11 Includes sites listed under International Classification of Diseases for Oncology (29) codes 153, 154, 156, 158, 159.

lection bias, particularly inasmuch as participation 
rates were high (12). All women with incident lung 
cancer in the five geographic areas were eligible for 
participation, and controls were randomly selected 
from the same geographic areas as the cases.

Our main results show a positive association be­
tween risk of lung cancer and history of reported lung 
cancer in first-degree relatives, particularly sisters and 
mothers. Although the mean number of full and half­
siblings was slightly greater in cases (2.05 and 2.25 for 
brothers and sisters, respectively) than in controls 
(1.98 and 2.15 for brothers and sisters, respectively), 
all analyses were adjusted for numbers of brothers and 
sisters. Interpretation of this finding is limited by po­
tential sources of bias. In particular, recall bias, perti­
nent to all case-control studies of familial lung cancer 
based on self-report, must be considered. However, 
the relative specificity of the association with lung 
cancer in a family member argues against a general

bias of recall of all forms of cancer among lung cancer 
cases. In addition, first-degree relatives of lung cancer 
patients showed an excess of respiratory tract cancers 
and a deficit of digestive tract cancers compared with 
first-degree relatives of population controls and colon 
cancer patients (colon cancer patients were inter­
viewed during the first 3 years of the study and served 
as a second control group) (data not shown).

The prevalence of family history of cancer was 
slightly greater among self-respondents than among 
surrogate respondents in this study. The lower esti­
mate of family history of cancer among surrogate 
respondents may be due to their unfamiliarity with the 
family history of probands, although we cannot be 
certain of this. Because all controls and 61 percent of 
lung cancer patients were self-respondents, our esti­
mation of risks using all lung cancer respondents com­
bined may represent a conservative estimate of the 
association. In addition, the prevalence of lung cancer
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in first-degree relatives of probands in this study was 
somewhat lower than that reported in previous studies. 
The greater prevalences of lung cancer in first-degree 
relatives (10-20 percent) reported in previous inter­
view studies were probably due to the inclusion of 
smokers (6, 20) and males (20) with lung cancer in 
those studies. The present study was restricted to fe­
males who were lifetime nonsmokers.

Although a number of previous studies have shown 
a familial effect of lung cancer in smokers with lung 
cancer (2, 8-10), the data regarding such an associa­
tion among nonsmokers with lung cancer are less 
consistent (1-3, 8-10). This study agrees with studies 
conducted in Baltimore, Maryland (1), and Connecti­
cut (10), and suggests that there is a familial effect that 
is independent of the effect of tobacco smoke. The 
increased risk of lung cancer in relation to lung cancer 
in parents and siblings was observed irrespective of 
the smoking status of the relatives. In a study con­
ducted in Louisiana with information on the smoking 
habits of relatives (3), the magnitude of risk associated 
with lung cancer in female relatives was comparable in 
case-control comparisons conducted separately for 
nonsmoker and smoker female relatives.

The present findings also suggest that having a 
female relative (mother or sister) with lung cancer 
increased the risk of lung cancer more than having a 
male relative (father or brother) with lung cancer, 
which is consistent with results from two previous 
studies (3, 9). Reasons for the higher risks associated 
with lung cancer in female relatives are not known. It 
may be that female subjects are more knowledgeable 
and accurate regarding family histories, particularly 
those of their mothers and sisters. However, the stud­
ies conducted by Ooi et al. (3) and Shaw et al. (9) 
included male and female lung cancer probands, so 
sex bias in recall is probably not the sole explanation. 
The greater strength of association among female rel­
atives might be explained by a greater proportion of 
lung cancer among males being linked to environmen­
tal causes (i.e., smoking and occupational exposures) 
than to genetic predisposition. There are no known 
biologic reasons for an increased genetic predisposi­
tion to lung cancer in women as compared with men. 
Some studies (4, 16) have suggested that female hor­
mones (i.e., an excess of estrogens) may result in an 
increased susceptibility to adenocarcinoma of the 
lung, although other studies (6, 7) do not concur with 
that suggestion.

In this study of lung cancer among female lifetime 
nonsmokers, only family history of lung cancer was 
associated with an increased risk, whereas there were 
no statistically significant associations with family 
history of all cancers combined or family history of

other cancers. The present results are not entirely 
surprising if the aggregation of relatives with cancer 
(2, 5, 17-19), particularly smoking-related cancers (5, 
9), denotes an aggregation of tobacco use in families 
or a genotypic susceptibility promoted by tobacco 
smoke. It is intriguing that there was a deficit of 
digestive tract cancers among first-degree relatives of 
lung cancer patients, although this deficit was ob­
served only among subjects aged 55 years or older. A 
deficit of lung cancer among family members of he­
reditary nonpolyposis colorectal cancer patients has 
been reported in most previous studies (21, 22). To 
date, studies of lung cancer have disagreed regarding 
the prevalence of microsatellite instability in lung tu­
mors (23-25). Because a very high percentage of 
hereditary nonpolyposis colorectal cancer patients 
show microsatellite instability (26), it would be of 
interest in future studies to evaluate whether the pres­
ence of microsatellite instability in lung tumors differs 
between lung cancer patients with and without a fam­
ily history of digestive tract cancers.

The findings regarding any family history of lung 
cancer were strengthened when the analyses were re­
stricted to adenocarcinoma of the lung. A family his­
tory of lung cancer was associated with a fourfold 
increased risk of adenocarcinoma of the lung in a 
case-control study of this specific cell type in women 
(6). Among other studies that included all lung cancer 
cell types, a stronger familial effect for adenocarci­
noma of the lung in comparison with other cell types 
was reported in one article (18). However, in another 
study, a stronger effect was found for small cell car­
cinoma (20) compared with other cell types, and in a 
third study, the association was present for all histo­
logic types of lung cancer (9). Finally, results of this 
study suggest that a family history of lung cancer tends 
to be stronger among subjects with early onset of lung 
cancer. These data are compatible with the segregation 
analyses conducted by Sellers et al. (27, 28), who 
found evidence for a major gene influencing earlier 
age at onset.

This analysis represents a first step in demonstrating 
that lung cancer in nonsmokers tends to run in families 
more than would be expected by chance. However, at 
present, we cannot determine what portion of the fa­
milial clustering is related to common environmental 
exposures or biologically inherited susceptibility. To 
further evaluate the contribution of environmental ver­
sus genetic factors to the familial clustering of lung 
cancer in nonsmokers, additional information on all 
family members (i.e., affected and unaffected), includ­
ing their ages, specific smoking habits, age at lung 
cancer diagnosis (if relevant), and other lifestyle fac­
tors (e.g., dietary habits), will be needed. In addition,
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segregation analysis will be necessary to determine 
whether the pattern of lung cancer among relatives is 
compatible with a single major gene, multiple genes, 
or simply a shared environment.
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