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Although cigarette smoking is a major risk factor for lung cancer, genetic susceptibility may also affect lung
cancer risk. To explore the role of genetic risk, this case-control study investigated the association between
family history of cancer at several sites and lung cancer risk. A total of 1,733 lung cancer cases and 6,643
controls were selected from patients aged 30 years and over admitted to a single hospital in Japan between
1997 and 2009. Information on family history of cancer was collected using a self-administered
questionnaire and odds ratios (ORs) were estimated by unconditional logistic regression. Family history of
lung cancer in first-degree relatives was associated with an increased risk of lung cancer among both
sexes. According to histology and type of relatives, a parental history of lung cancer was significantly
associated with an increased risk of female adenocarcinoma (OR = 1.72). Stratification by smoking status
revealed that this significant positive association in women was limited to ever-smokers (OR = 4.13). In
men, a history of lung cancer in siblings was significantly associated with an increased risk of small cell
carcinoma (OR = 2.28) and adenocarcinoma (OR = 2.25). Otherwise, positive associations between
history of breast (OR = 1.99) and total (OR = 1.71) cancers in siblings and the risk of male adenocarcinoma
were observed. These results suggest that inherited genetic susceptibility may contribute to the
development of lung cancer. In men, shared exposure to environmental factors among siblings may also
be responsible for the increase in lung cancer risk.
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Introduction

Lung cancer is a major site in cancer incidence world-
wide (Curado et al. 2007). In Japan, it has the second high-
est incidence after stomach cancer in men and is the fifth
leading-site in women (Hori et al. 2015).

Cigarette smoking has been regarded as the most
important risk factor for lung cancer (International Agency
for Research on Cancer 2004), and therefore smoking con-
trol is considered to be the effective method of prevention.
In fact, the incidence of lung cancer seems to have pla-

teaued recently in developed countries, possibly due to the
decrease of smokers (Katanoda et al. 2013). However, the
patterns of lung cancer incidence are not straightforward;
the incidences of both squamous cell and small cell carci-
noma have decreased, whereas that of adenocarcinoma has
increased (Kinoshita et al. 2016). It is known that the asso-
ciation of smoking with lung cancer risk is weak for adeno-
carcinoma in comparison with other histologic types (Pesch
et al. 2012; Seki et al. 2013). Furthermore, it has been indi-
cated that the proportion of lung cancer patients who have
never smoked varies from region to region (Parkin et al.
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2005; Subramanian and Govindan 2007; Wu et al. 2016;
Lin et al. 2017). It has been estimated that 53% of all
women with lung cancer worldwide are never smokers
(Parkin et al. 2005; Subramanian and Govindan 2007),
whereas the proportion in Japanese female patients is as
high as 70% (Sobue et al. 2002; Seki et al. 2013). Based on
these observations, the distribution of other environmental
factors including dust, chemical exposure and diet, rather
than smoking, determine the patterns of lung cancer inci-
dence (Hamra et al. 2014; Vieira et al. 2016). On the other
hand, individuals may differ in their genetic susceptibility
to environmental factors including tobacco smoke, and this
may also have some impact on the incidence (Bartsch et al.
2000; Brennan et al. 2011).

In the assessment of genetic susceptibility, family his-
tory has been used as a surrogate for genetic risk (American
Society of Clinical Oncology 2003; Khoury et al. 2005). In
1963, Tokuhata and Lilienfeld found evidence for familial
aggregation of lung cancer (Tokuhata and Lilienfeld 1963),
and since then several epidemiologic studies have evaluated
lung cancer risk in relation to family history of lung cancer
(Matakidou et al. 2005b; Nitadori et al. 2006; Coté et al.
2012). The associations between family histories of other
cancers and lung cancer risk have also been investigated
(Kunitoh et al. 1999; Poole et al. 1999). Most studies have
reported an increase of overall lung cancer risk for individ-
uals with family history of lung cancer (Matakidou et al.
2005b; Coté et al. 2012). Some studies have been stratified
according to histology, type of relatives (father, mother, sib-
lings, etc.), and smoking status (Nitadori et al. 2006; Coté
et al. 2012). For example, a recent study conducted in
Europe reported a strong association between family history
of lung cancer and the risk of squamous cell carcinoma
(Lissowska et al. 2010). A pooled analysis by the interna-
tional consortium demonstrated a higher lung cancer risk
for individuals with family history of lung cancer in sib-
lings (Coté et al. 2012). However, there have been some
differences in results among these previous studies (Nitadori
et al. 2006; Lissowska et al. 2010; Coté et al. 2012). Few
epidemiologic studies have investigated familial risk in
Japanese population (Tsugane et al. 1987; Kunitoh et al.
1999; Nitadori et al. 2006). Furthermore, risk evaluation
according to sex and histology has rarely been performed
(Ambrosone et al. 1993). Existing evidence seems insuffi-
cient to conclude that family history has significant effects
on lung cancer risk.

In the present hospital-based case-control study, we
attempted to clarify the association between family history
of cancer and lung cancer risk according to sex and histo-
logic type. Data were obtained from patients aged 30 years
and over who were admitted to a single hospital in Miyagi
Prefecture, Japan, between 1997 and 2009. Lung cancer
risk was evaluated in relation to family histories of lung and
other major cancers.

Methods

Data collection

The data collection procedure we employed has been reported
previously (Minami and Tateno 2003; Seki et al. 2013; Takizawa et
al. 2018). Briefly, between January 1997 and December 2009, infor-
mation on lifestyle, personal history and family history of diseases
including cancer was collected from patients at their first admission
to the Miyagi Cancer Center Hospital (MCCH) using a self-adminis-
tered questionnaire. The questionnaire was distributed to 23,531 first-
admitted patients, of whom 21,056 responded.

Study subjects

Cases and controls were selected from among the respondents
to the above questionnaire. To identify incident cases of lung cancer,
a list of the respondents was linked to the hospital-based cancer regis-
try files. Through this linkage, 1,733 patients aged 30 years and over
(1,194 men, 539 women) were identified as cases. Among these
cases, 1621 (93.5%) were histopathologically confirmed: squamous
cell carcinoma in 434, small cell carcinoma in 161, adenocarcinoma
in 883, large cell carcinoma in 44, and others in 99. For the remain-
ing 112 cases (6.5%), histopathologic data were unavailable.

Controls were selected from among the non-cancer respondents.
Diagnoses of the non-cancer respondents were confirmed using the
disease registration database at the MCCH. Accordingly, 6,643 non-
cancer patients aged 30 years and over (3,483 men, 3,160 women)
were identified as possible controls. The diagnoses among the possi-
ble controls were benign tumor in 3,638 (54.8%), cardiovascular dis-
ease in 216 (3.2%), respiratory tract disease in 280 (4.2%), other
benign disease in 1,778 (26.8%), and no abnormal findings in 731
(11.0%). The sites of benign tumors were the stomach in 308, col-
orectum in 1,347, lung in 36, breast in 36, gynecologic organs in 375,
bone or connective tissue in 985, and other in 551.

In each analysis for evaluating the risk related to family history,
patients with benign tumors in the index site were excluded from pos-
sible controls because the risk of benign tumor may be related to fam-
ily history of cancer (Minami et al. 1998). It is likely that the validity
of the study would have been improved by such exclusion (Rothman
and Greenland 1998).

This study was approved by the ethical review board of the
Miyagi Cancer Center (Protocol Identification Number 23-50,
January 19, 2012). The purpose of the survey was explained on the
cover page of the questionnaire. We considered the return of ques-
tionnaires signed by the patients to imply their consent to participate
in the study. The final response rate for the questionnaire survey was
84.7% for the cases and 89.8% for the possible controls.

Assessment of family history and statistical analysis

Information on family history of cancer in first-degree relatives
(father, mother, and siblings) was obtained from the questionnaire
survey. A positive answer to family history-related items was
regarded as a positive history. Information on cancer sites in affected
relatives was also obtained.

The present study evaluated lung cancer risk in relation to fam-
ily history of cancer at following sites: lung, stomach, breast, and all
sites. Stomach cancer is the leading site in male cancer incidence in
Japan, whereas breast cancer incidence is highest in women. Using
unconditional logistic regression analysis (Breslow and Day 1980),
we estimated overall lung cancer risk and histology-specific risk
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(squamous cell carcinoma, small cell carcinoma, and adenocarci-
noma) among men and women. To investigate whether ORs for fam-
ily history (present vs. absent) were constant across both sexes, statis-
tical significance was tested for the interaction term (sex*family
history of cancer). Furthermore, to investigate synergistic effect
between smoking status and family history of lung cancer, the analy-
sis stratified by smoking status (ever, never) was performed.
Stratification by passive smoking from spouses was performed for
non-smoking married subjects.

The analyses were conducted according to the type of relatives,
i.e., history in siblings only and in the father or mother (parental his-
tory), along with overall history in first-degree relatives. The follow-
ing variables were considered to be confounders: age, year of recruit-
ment, area of residence, referral status, occupation, alcohol drinking,
pack-years of smoking, passive smoking from spouses, and birth-
place. In evaluating the risk for family history in siblings only, sub-
jects not having siblings were excluded and the number of siblings
was added as a confounder. Missing values were treated as an addi-
tional variable category.

All analyses were performed using SAS version 9.3 (SAS
Institute, Cary, NC). Values were regarded as significant if the two-
sided P values were < 0.05.

Results

The characteristics of the study subjects are presented
in Table 1. The table shows the data for controls including
patients with benign tumor (possible controls). The cases
with squamous cell or small cell carcinoma tended to be
smokers. On the other hand, the distribution of smokers in
cases with adenocarcinoma was comparable to the controls.

Table 2 shows overall lung cancer risk in relation to
family history of cancer at any site among men and women.
In both men and women, family history of lung cancer in
first-degree relatives was associated with an increased risk
of lung cancer (men, OR = 1.43, P < 0.05; women, OR
=1.40, P =0.06). According to the type of relatives, history
of lung cancer in siblings only was significantly associated
with male lung cancer risk. A significant positive associa-
tion for parental history was found in women. There was
no association between family history of stomach cancer
and lung cancer risk in both sexes. Family history of breast
cancer in first-degree relatives was associated with an
increased risk of male lung cancer. This association was
evident for a history in siblings only. The interaction term
suggested that the effect of family history of breast cancer
on overall lung cancer risk might significantly differ
between men and women (P for interaction = 0.04). A sig-
nificant positive association between family history of can-
cers in all sites (total cancers) and lung cancer risk was also
observed in males only.

Table 3 shows lung cancer risk according to histologic
type. For adenocarcinoma, a positive association with fam-
ily history of lung cancer in first-degree relatives was
observed in both men (P < 0.05) and women (P = 0.08).
According to the type of relatives, a higher risk for history
in siblings only was found in men, whereas a significant
positive association with parental history was observed in

women. For squamous cell carcinoma, a significant posi-
tive association with parental history was observed in
women; however, the confidence interval was wide due to
the small number of cases (n = 3). For small cell carci-
noma, an elevated risk for history in siblings only was
observed in men.

Table 4 shows histology-specific lung cancer risk in
relation to family histories of other cancers. Regarding
family history of breast cancer, a significant positive associ-
ation with history in first-degree relatives was found for
male adenocarcinoma. This association was evident for
history in siblings only. A positive association with history
of breast cancer in siblings only was also observed for male
small cell carcinoma. Conversely, such positive associa-
tions with family history of breast cancer were not observed
for any histologic type of female lung cancer. The interac-
tion term suggested that the effect of history of breast can-
cer in siblings only on the risk of adenocarcinoma might
significantly differ between men and women (P for interac-
tion = 0.04). Family history of total cancers was signifi-
cantly associated with an increased risk of male adenocarci-
noma. According to the type of relatives, a higher risk of
adenocarcinoma was found for history in siblings only (OR
=1.71, 95% CI: 1.25-2.33).

Table 5 shows histology-specific lung cancer risk strat-
ified by smoking status in relation to family history of lung
cancer. Although the risks of squamous cell and small cell
carcinoma could not be fully investigated due to the small
number of cases, some differences in histology-specific risk
were found between never- and ever-smokers. For female
adenocarcinoma, a significant positive association for
parental history of lung cancer was found among ever-
smokers (OR =4.13, 95% CI: 1.58-10.79). No such associ-
ation was observed among never-smokers, suggesting syn-
ergistic interaction between smoking status and parental
history of lung cancer (P for interaction = 0.08). On the
other hand, stratified analysis in men showed that parental
history was associated with an increased risk of adenocarci-
noma among never-smokers, being inconsistent with the
above-mentioned result in women.

The risk stratified by passive smoking status is shown
in Table 6. The table shows only the results for the risk of
adenocarcinoma. In non-smoking married women exposed
to their husbands’ tobacco smoke, a non-significant positive
association was observed between parental history of lung
cancer and the risk of adenocarcinoma (OR = 1.80).

Discussion

The present study clarified lung cancer risk associated
with family history of lung cancer according to sex and his-
tologic type. The associations of family history of other
cancers, including stomach, breast and total cancers, with
lung cancer risk were also clarified. These data provide
additional evidence for familial and genetic risk of lung
cancer.

Regarding lung cancer risk in relation to family history
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Table 1. Characteristics of cases and controls by sex and histologic type.

Cases
a Histologic type Controls”
Factor All Squamous cell Small cell Adeno
M¢ we M w M W M W M W
Number of subjects 1194 539 391 43 134 27 491 392 3483 3160
Age group (years old) (%)
30-39 0.6 0.7 0.5 0.0 0.0 0.0 0.8 1.0 5.8 8.5
40-49 34 54 1.8 0.0 3.7 7.4 3.7 5.4 11.4 17.6
50-59 15.6 17.3 8.7 11.6 22.4 11.1 19.4 18.1 22.4 22.1
60-69 28.2 29.1 24.5 23.3 38.1 259 28.9 32.6 30.1 253
70-79 43.1 38.6 53.2 46.5 29.1 48.2 40.7 36.0 24.4 20.3
80- 9.1 8.9 11.3 18.6 6.7 7.4 6.5 6.9 5.9 6.2
Mean (years old) 68.3 67.2 70.7 71.0 66.1 67.9 67.0 66.4 61.8 59.5
SD 9.8 10.5 8.4 9.5 9.6 10.0 9.9 10.2 12.6 13.7
Year of recruitment (%)
1997-2002 344 36.6 322 32.6 433 44.4 35.2 37.0 51.8 54.7
2003-2009 65.6 63.4 67.8 67.4 56.7 55.6 64.8 63.0 48.2 453
Area of residence (%)
Southern Miyagi prefecture 77.8 82.6 73.1 79.1 82.8 88.9 80.5 81.9 88.9 88.3
Other area 222 17.4 26.9 20.9 17.2 11.1 19.5 18.1 11.1 11.7
Referral status (%)
From screening 18.3 31.9 17.1 11.6 11.2 14.8 22.2 35.7 17.7 18.1
Other 81.7 68.1 82.9 88.4 88.8 85.2 77.8 64.3 82.3 81.9
Occupation (%)
Professional or clerical work 33.0 24.1 28.9 27.9 30.6 333 36.3 22.7 42.7 34.0
Industrial work or fishery 352 15.8 30.7 23 33.6 7.4 38.1 17.9 342 14.1
Agriculture or forestry 16.5 9.5 21.2 4.7 25.4 0.0 11.8 11.0 12.7 10.0
Other® 2.1 26.9 2.6 25.6 1.5 333 2.0 27.5 1.6 25.0
Missing 13.2 23.7 16.6 39.5 8.9 26.0 11.8 20.9 8.8 16.9
Birthplace (%)
Urban 16.5 16.2 15.1 25.6 12.7 7.4 18.9 16.1 16.1 16.3
Rural or other 80.2 79.0 81.3 67.4 85.1 81.5 78.0 80.1 81.9 79.8
Missing 33 4.8 3.6 7.0 2.2 11.1 3.1 3.8 2.0 3.9
Number of siblines' (%)
1 0.2 0.2 0.3 0.0 0.0 0.0 0.2 0.3 0.1 0.1
1< <5 32.7 343 27.6 27.9 36.6 48.2 36.9 349 41.2 47.0
5< 57.9 57.5 63.4 67.4 55.2 44.4 533 56.4 50.3 46.2
Missing 9.2 8.0 8.7 4.7 8.2 7.4 9.6 8.4 8.4 6.7
Alcohol drinking (%)
Ever 71.2 21.0 69.6 27.9 75.4 333 72.9 19.9 75.9 233
Never 25.4 71.2 26.8 60.5 23.1 59.3 234 72.5 21.5 71.3
Missing 34 7.8 3.6 11.6 1.5 7.4 3.7 7.6 2.6 5.4
Smoking (%)
Ever 89.8 23.6 93.9 58.1 96.2 85.2 84.1 16.1 76.0 15.6
Never 7.3 71.2 33 34.9 3.0 14.8 12.2 78.3 22.0 80.0
Missing 2.9 5.2 2.8 7.0 0.8 0.0 3.7 5.6 2.0 4.4
Pack-years of smoking (%)
0 (Never smoked) 7.3 71.2 33 349 3.0 14.8 12.2 78.3 22.0 80.0
0< <85 1.4 2.2 0.8 2.3 0.8 0.0 2.0 23 3.0 4.6
85< <19 34 4.3 0.8 7.0 3.0 14.8 53 3.1 8.7 4.6
19< 68.3 11.3 73.4 34.9 74.6 63.0 62.7 59 53.5 4.5
Ever smoked (missing for pack-years) 16.7 5.8 18.9 13.9 17.8 7.4 14.1 4.8 10.8 1.9
Missing for smoking status 2.9 52 2.8 7.0 0.8 0.0 3.7 5.6 2.0 44
Passive smoking from spouse (%)
Never 73.6 21.0 77.3 11.6 72.4 11.1 70.4 21.7 75.7 24.6
Ever 9.1 50.6 6.1 46.5 9.0 59.3 10.8 533 9.5 51.1
Missing 9.1 18.9 9.2 27.9 11.9 25.9 9.4 16.1 6.1 15.3
Unmarried or unknown marital status 8.2 9.5 7.4 14.0 6.7 3.7 9.4 8.9 8.7 9.0

Include all lung cancer patients (histologically confirmed 1,621, unconfirmed 112).

®Include patients with benign tumor.

‘M, men.
W, women.

*Household wife / Domestic help / Other.
fIncludes study subject and its siblings. Data according to sisiters and brothers were unavailable.
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Table 2. Odds ratio (OR) and 95% confidence interval (CI) according to family history of cancer by sex.

Men Women

. od
Cases Controls® OR 95% CI Cases Controls OR 95% CI Interaction

Cancer site in family history of cancer
Lung

Absent 1,070 3,224 1 (reference) 493 2951 1 (reference)

Present in first-degree relatives® 124 243 1.43 1.12-1.83 46 189 1.40 0.98-2.01 0.98

in siblings only* 71 91 1.81 1.28-2.56 19 69 1.16 0.68-2.00 0.22

in father or mother” 53 152 1.17 0.83-1.65 27 120 1.62 1.02-2.57 0.22
Stomach

Absent 1,004 2,837 1 (reference) 454 2,585 1 (reference)

Present in first-degree relatives 190 484 1.04 0.85-1.26 85 429 0.98 0.75-1.28 0.97

in siblings only 46 137 0.73 0.51-1.04 24 125 0.78 0.49-1.25 0.78

in father or mother 144 347 1.19 0.95-1.49 61 304 1.08 0.79-1.47 0.88
Breast

Absent 1,158 3,407 1 (reference) 520 3,001 1 (reference)

Present in first-degree relatives 36 76 1.83 1.05-3.19 19 123 0.78 0.43-1.42 0.04

in siblings only 26 45 1.99 1.02-3.90 13 83 0.70 0.34-1.43 0.04

in father or mother 10 31 1.72 0.65-4.57 6 40 1.02 0.35-3.00 0.47
All sites

Absent 640 1,010 1 (reference) 286 783 1 (reference)

Present in first-degree relatives 554 659 1.24 1.05-1.46 253 578 1.02 0.82-1.27 0.37

in siblings only 197 195 1.31 1.02-1.67 89 168 1.08 0.78-1.49 0.72

in father or mother 357 464 1.18 0.98-1.43 164 410 0.99 0.77-1.27 0.40

aIn statistical analysis for each site, subjects with benign tumor in the site were excluded from controls.

"OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefecture, other area), referral status (from screening,
other), occupation (professional or clerical work, industrial work or fishery, agriculture or forestry, other), birthplace (urban, rural or
other), alcohol drinking (never, ever), pack-years of smoking (0, 0 << 8.5, 8.5 << 19, 19 <), and passive smoking from spouse (ever,
never, unmarried or unknown marital status).

°Subjects not having siblings were excluded. OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefec-
ture, other area), referral status (from screening, other), occupation (professional or clerical work, industrial work or fishery, agriculture
or forestry, other), birthplace (urban, rural or other), number of siblings (1 < <5, 5 <), alcohol drinking (never, ever), pack-years of
smoking (0, 0 << 8.5, 8.5 << 19, 19 <), and passive smoking from spouse (ever, never, unmarried or unknown marital status).

4P for interaction between sex and family history.

Table 3. Odds ratio (OR) and 95% confidence interval (CI) according to family history of lung cancer by sex and histologic type.

a Squamous cell Small cell Adeno
Controls’ ~Fises  OR 95% CI___ Cases OR___ 95%CI__ Cases OR___ 95%CI
Men
Absent 3,224 350 1 (reference) 122 1 (reference) 432 1 (reference)
Present in first-degree relatives® 243 41 1.37 0.93-2.01 12 1.28 0.69-2.38 59  1.69 1.24-2.32
in siblings only® 91 23 1.38 0.82-2.32 9 228 1.09-4.76 33 225 1.45-348
in father or mother” 152 18 1.38 0.80-2.38 3 055 0.17-1.78 26 137 0.88-2.14
Women
Absent 2,951 39 1 (reference) 25 1 (reference) 359 1 (reference)
Present in first-degree relatives 189 4 210 0.69-6.36 2 078 0.15-4.05 33 144  0.96-2.16
in siblings only 69 1 073 0.09-5.96 0 - - - 13 1.14 0.61-2.13
in father or mother 120 3 387 1.05-14.30 2 123  0.22-6.99 20 1.72  1.03-2.88
P for interaction between sex and family history
in first-degree relatives 0.47 0.99 0.47
in siblings only 0.60 - 0.12
in father or mother 0.14 0.19 0.58

aSubjects with lung benign tumor were excluded from controls.

"OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefecture, other area), referral status (from screening,
other), occupation (professional or clerical work, industrial work or fishery, agriculture or forestry, other), birthplace (urban, rural or
other), alcohol drinking (never, ever), pack-years of smoking (0, 0 << 8.5, 8.5 << 19, 19 <), and passive smoking from spouse (ever,
never, unmarried or unknown marital status).

°Subjects not having siblings were excluded. OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefec-
ture, other area), referral status (from screening, other), occupation (professional or clerical work, industrial work or fishery, agriculture
or forestry, other), birthplace (urban, rural or other), number of siblings (1 < <5, 5 <), alcohol drinking (never, ever), pack-years of
smoking (0, 0 <<8.5,8.5<<19, 19 <), and passive smoking from spouse (ever, never, unmarried or unknown marital status).



104 K. Yoshida et al.

Table 4. Odds ratio (OR) and 95% confidence interval (CI) according to family history of cancer of stomach and breast, and cancer in

all sites by sex and histologic type.

a Squamous cell Small cell Adeno
Controls Cases OR 95% CI Cases OR 95% CI Cases OR 95% CI
Family history of stomach cancer
Men
Absent 2,837 326 1 (reference) 112 1 (reference) 416 1 (reference)
Present in first-degree relativesb 484 65 1.07 0.78-1.45 22 1.11 0.69-1.79 75 1.01 0.77-1.32
in siblings only® 137 15 0.70 0.39-1.24 5 0.73 0.29-1.85 20 0.85 0.52-1.40
in father or mother” 347 50  1.27 0.89-1.79 17 1.28 0.75-2.18 55 1.08 0.79-1.48
Women
Absent 2,585 40 1 (reference) 24 1 (reference) 322 1 (reference)
Present in first-degree relatives 429 3 046 0.14-1.54 3 0.86 0.23-3.19 70 1.11  0.83-1.48
in siblings only 125 2 077 0.17-3.45 1 0.70 0.07-6.79 19 0.84 0.50-1.41
in father or mother 304 1 024 0.03-1.81 2 096 0.20-4.62 51 125 0.89-1.74
P for interaction between sex and family history
in first-degree relatives 0.16 0.59 0.48
in siblings only 0.92 0.98 0.85
in father or mother 0.12 0.54 0.44
Family history of breast cancer
Men
Absent 3,407 383 I (reference) 129 1 (reference) 474 1 (reference)
Present in first-degree relatives 76 8 1.05 0.48-2.32 5  1.88 0.73-4.87 17 1.83  1.05-3.19
in siblings only 45 5 0487 0.32-2.32 5 278 1.04-7.44 12 199 1.02-3.90
in father or mother 31 3 148 0.39-5.60 0 - - - 5 1.72  0.65-4.57
Women
Absent 3,001 41 I (reference) 25 1 (reference) 379 1 (reference)
Present in first-degree relatives 123 2 091 0.20-4.14 2 131 0.25-6.90 13 078 043-1.42
in siblings only 83 1 052 0.06-4.30 1 072 0.08-6.92 9 070 0.34-1.43
in father or mother 40 1 228 0.24-21.42 1 578 0.50-67.16 4 1.02 0.35-3.00
P for interaction between sex and family history
in first-degree relatives 0.99 0.68 0.04
in siblings only 0.80 0.30 0.04
in father or mother 0.73 - 0.47
Family history of cancer in all sites
Men
Absent 1,010 214 1 (reference) 74 1 (reference) 252 1 (reference)
Present in first-degree relatives 659 177 1.11 0.87-1.43 60 1.26 0.87-1.82 239 1.33  1.07-1.65
in siblings only 195 58 094 0.65-1.37 23 1.46 0.86-2.48 95 1.71 1.25-2.33
in father or mother 464 119  1.19 0.90-1.58 37  1.10 0.72-1.69 144  1.18 0.92-1.52
Women
Absent 783 24 I (reference) 13 1 (reference) 205 1 (reference)
Present in first-degree relatives 578 19 099 0.49-1.98 14 0.88 0.34-2.25 187 1.08  0.85-1.38
in siblings only 168 8 1.08 0.41-2.82 6 1.51 0.39-5.78 60 1.06 0.73-1.52
in father or mother 410 11 0385 0.37-1.98 8 0.68 0.22-2.06 127 1.08 0.82-1.41
P for interaction between sex and family history
in first-degree relatives 0.99 0.96 0.31
in siblings only 0.49 0.57 0.23
in father or mother 0.58 0.78 0.70

aIn statistical analysis for each site, subjects with benign tumor in the site were excluded from controls.

"OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefecture, other area), referral status (from screening,
other), occupation (professional or clerical work, industrial work or fishery, agriculture or forestry, other), birthplace (urban, rural or
other), alcohol drinking (never, ever), pack-years of smoking (0, 0< <8.5, 8.5< <19, 19<), and passive smoking from spouse (ever,

never, unmarried or unknown marital status).

°Subjects not having siblings were excluded. OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefec-
ture, other area), referral status (from screening, other), occupation (professional or clerical work, industrial work or fishery, agriculture
or forestry, other), birthplace (urban, rural or other), number of siblings (1 < <5, 5 <), alcohol drinking (never, ever), pack-years of
smoking (0, 0 << 8.5, 8.5 << 19, 19 <), and passive smoking from spouse (ever, never, unmarried or unknown marital status).

of lung cancer, the present study showed that family history
of lung cancer in first-degree relatives was positively asso-
ciated with the overall risk of lung cancer in both sexes.
According to histologic type, the positive association
tended to be evident for adenocarcinoma. Previous studies

have consistently demonstrated an increased overall lung
cancer risk among individuals with family history of lung
cancer in first-degree relatives (Tokuhata and Lilienfeld
1963; Poole et al. 1999; Matakidou et al. 2005b; Nitadori et
al. 2006; Lissowska et al. 2010; Coté et al. 2012). Meta-
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Table 5. Odds ratio (OR) and 95% confidence interval (CI) associated with family history of lung cancr according to smoking status by

histologic type.
. Squamous cell Small cell Adeno
Controls —ises _OR __ 95%CI__ Cases OR__ 95%CI__ _Cases OR __05%CI
Men
Never-smokers
Absent 718 12 1 (reference) 4 1 (reference) 51 1 (reference)
Present in first-degree relatives® 47 1 132 0.15-11.40 0 - - - 9 331 1.44-7.60
in siblings only® 17 0 - - - 0 - - - 4 330 0.95-11.48
in father or mother” 30 1 248  0.27-22.66 0 - - - 5 3.60 1.23-10.50
Ever-smokers
Absent 2,446 329 1 (reference) 117 1 (reference) 364 1 (reference)
Present in first-degree relatives 187 38 143 0.96-2.13 12 140 0.75-2.61 49  1.69 1.20-2.39
in siblings only 67 22 1.59 0.93-2.74 9 264 1.25-5.60 29  2.50 1.55-4.02
in father or mother 120 16 1.29 0.73-2.27 3 059 0.18-1.90 20 1.22 0.74-2.01
P for interaction beween smoking and family history
in first degree relatives 0.98 0.97 0.25
in siblings only 0.98 0.98 0.79
in father or mother 0.50 0.98 0.16
Women
Never-smokers
Absent 2,360 13 1 (reference) 4 1 (reference) 287 1 (reference)
Present in first-degree relatives 153 2 252 0.55-11.61 0 - - - 20 1.08  0.65-1.77
in siblings only 60 0 - - - 0 - - - 10 1.04 0.51-2.11
in father or mother 93 2 737 1.48-36.69 0 - - - 10 1.14  0.57-2.25
Ever-smokers
Absent 454 24 1 (reference) 21 1 (reference) 52 1 (reference)
Present in first-degree relatives 34 1 049 0.05-4.76 2 070 0.12-4.00 11 2.77  1.18-6.51
in siblings only 8 1 130 0.12-14.24 0 - - - 2 092 0.16-5.28
in father or mother 26 0 - - - 2 122 0.19-7.78 9 413 1.58-10.79
P for interaction beween smoking and family history
in first degree relatives 0.29 - 0.06
in sibling only - - 0.72
in father or mother - - 0.08

2Subjects with benign lung tumor were excluded from controls.

®OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefecture, other area), referral status (from screening,
other), occupation (professional or clerical work, industrial work or fishery, agriculture or forestry, other), birthplace (urban, rural or
other), alcohol drinking (never, ever), and passive smoking from spouse (ever, never, unmarried or unknown marital status).

°Subjects not having siblings were excluded. OR was adjusted for age, year of recruitment, area of residence (southern Miyagi Prefec-
ture, other area), referral status (from screening, other), occupation (professional or clerical work, industrial work or fishery, agriculture
or forestry, other), birthplace (urban, rural or other), number of siblings (1 < < 5, 5 <), alcohol drinking (never, ever), and passive
smoking from spouse (ever, never, unmarried or unknown marital status).

analysis (Lissowska et al. 2010) and pooled analysis (Coté
et al. 2012) including studies mainly from Western coun-
tries showed a relative risk ranging between 1.4 and 2.0
among men and women. Our estimate for overall lung can-
cer risk was similar to those in these studies. On the other
hand, the risk according to histologic type has been incon-
sistent among previous studies. For example, in several
case-only studies (Sellers et al. 1992; Kunitoh et al. 1999),
subjects with small cell carcinoma tended to report a posi-
tive family history of lung cancer. Some studies including
the Japanese cohort study (the JPHC study) (Shaw et al.
1991; Ambrosone et al. 1993; Matakidou et al. 2005b;
Nitadori et al. 2006; Gao et al. 2009; Lissowska et al. 2010)
have indicated that family history of lung cancer was asso-
ciated with an increased risk of squamous cell carcinoma.
Although the meta-analysis (Lissowska et al. 2010) and
pooled analysis (Coté et al. 2012) indicated that family his-
tory of lung cancer was positively associated with lung can-
cer risk for all histologic types, the magnitude of risk varied

among the individual studies included.

With regard to the sex difference in lung cancer risk,
few studies have focused on the effect of family history.
Especially, sex-specific lung cancer risk according to type
of relatives has been unclear. The pooled analysis found an
elevated risk of lung cancer among men with siblings
affected by lung cancer (Coté et al. 2012), which was com-
parable to our finding, whereas the JPHC study produced a
conflicting result: a significant positive association between
history in siblings and female lung cancer risk (Nitadori et
al. 2006). The present study observed some variations in
lung cancer risk between men and women, although the
interaction term (sex*family history) did not necessarily
indicate clear sex difference. We interpreted our results in
relation to family history of lung cancer, as follows. In
men, family history of lung cancer in siblings only was
positively associated with overall lung cancer risk and the
risk of small cell carcinoma and adenocarcinoma, which
may have resulted mainly from common environmental
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Table 6. Odds ratio (OR) and 95% confidence interval (CI) associated
with family history of lung cancer according to passive smoking
status® among non-smoking married subjects.

Adeno
Cases Control”® OR 95% CI
Men
Never exposed to passive smoking
Absent 41 574 1 (reference)
Present in first-degree relatives® 6 40 235  0.89-6.25
in siblings only" 3 15 237  0.60-9.43
in father or mother® 3 25 247  0.66-9.25
Ever exposed to passive smoking
Absent 1 24 1 (reference)
Present in first-degree relatives 1 0 - - -
in siblings only 0 0 - - -
in father or mother 1 0 - - -
P for interaction beween passive
smoking and family history
in first degree relatives -
in siblings only -
in father or mother -
Women
Never exposed to passive smoking
Absent 72 652 1 (reference)
Present in first-degree relatives 3 40 0.66 0.19-2.26
in siblings only 2 13 1.25  0.26-5.97
in father or mother 1 27 035 0.04-2.68
Ever exposed to passive smoking
Absent 148 1,208 1 (reference)
Present in first-degree relatives 13 74 1.60  0.84-3.04
in siblings only 6 29 142  0.56-3.62
in father or mother 7 45  1.80 0.77-4.21
P for interaction beween passive
smoking and family history
in first degree relatives 0.27
in sibling only 0.95
in father or mother 0.16

exposure among siblings, although genetic susceptibility

Due to the small number of cases, ORs could not be evaluated for squa-
mous cell and small cell carcinoma.

aPassive smoking from spouses.

bSubjects with benign lung tumor were excluded from controls.

°OR was adjusted for age, year of recruitment, area of residence (southern
Miyagi Prefecture, other area), referral status (from screening, other), occu-
pation (professional or clerical work, industrial work or fishery, agriculture
or forestry, other), birthplace (urban, rural or other), and alcohol drinking
(never, ever).

dSubjects not having siblings were excluded. OR was adjusted for age,
year of recruitment, area of residence (southern Miyagi Prefecture, other
area), referral status (from screening, other), occupation (professional or
clerical work, industrial work or fishery, agriculture or forestry, other),
birthplace (urban, rural or other), number of siblings (1 < <5, 5 <), and
alcohol drinking (never, ever).

among siblings.

Early and long-term exposure to these

may also play some roles. A previous study based on the
Swedish Family-Cancer Database also reported significant
positive associations between history of lung cancer in sib-
lings and the risk of small cell carcinoma and adenocarci-
noma; however, sex-specific risk was not presented (Li and
Hemminki 2004). During life time period, some residential
exposures including environmental smoke and lifestyles
such as diet and smoking habit might have been shared

shared factors may be responsible for an increased risk of
small cell and adeno-carcinoma in men. For example, the
detailed analysis of our data showed that male control sub-
jects with history of lung cancer in siblings only tended to
be long-term smokers, whereas no such tendency was
observed for subjects with parental history of lung cancer
(data not shown). Furthermore, these characteristics in
male control subjects were not observed in female controls.
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Thus, men with siblings affected by lung cancer are likely
to acquire lifestyles related to lung cancer risk, such as
smoking, in later life. On the other hand, in women, paren-
tal history of lung cancer was associated with an increased
risk of overall lung cancer, and squamous cell and adeno-
carcinoma, although the result for squamous cell carcinoma
may have been a chance finding because of the small num-
ber of cases with parental history. From the view point of
biological aspect, it has been hypothesized that women are
more susceptible to environmental carcinogens than men
(Mollerup et al. 2006; Kiyohara and Ohno 2010; Alberg et
al. 2013). For adenocarcinoma, the association with active
smoking, i.e. the most important environmental risk factor,
has been known to be weak in comparison with other histo-
logic types, as was shown in our previous study (Seki et al.
2013). Parental history is regarded as a surrogate for inher-
ited genetic susceptibility. Therefore, inherited factors
determining susceptibility to environmental carcinogens
including tobacco smoke, or a cancer-predetermining gene,
may play important roles in the development of female lung
cancer, especially adenocarcinoma (Mollerup et al. 1999,
2006; Bartsch et al. 2000; Uppstad et al. 2011).

The results stratified by smoking status, as shown in
Table 5, may provide clues for clarifying the complex inter-
relationships between environmental and inherited genetic
factors that determine lung cancer risk. Previous studies
have also attempted stratification of smoking. The results,
however, have been inconsistent (Tokuhata and Lilienfeld
1963; Wu et al. 1996, 2016; Brownson et al. 1997; Etzel et
al. 2003; Matakidou et al. 2005a; Nitadori et al. 2006; Gao
et al. 2009; Rachtan et al. 2009; Coté et al. 2012; Lin et al.
2017). Although some studies have indicated the positive
association between family history of lung cancer and lung
cancer risk among never-smokers (Nitadori et al. 2006; Wu
et al. 2016; Lin et al. 2017), the pooled analysis showed
that family history of lung cancer was associated with an
increased risk of lung cancer in both ever- and never-smok-
ers (Coté et al. 2012). In the present study, family history
of lung cancer was positively associated with the risk of
adenocarcinoma among female ever-smokers. A large OR
was found for parental history. Case-control studies from
the UK and Poland also showed that female smokers with
family history of lung cancer were at higher risk of lung
cancer than those without such family history; however,
data on the types of relative and histology were not pre-
sented in these studies (Matakidou et al. 2005a; Rachtan et
al. 2009). Tobacco smoking is known to have a significant
effect on the risk of adenocarcinoma for both sexes,
although the magnitude of the effect is small as mentioned
above (Seki et al. 2013). However, tobacco exposure levels
in women are generally lower than in men. Based on these
observations, it is likely that inherited genes, such as cyto-
chrome P 450-related genes involved in the detoxification
of tobacco smoke, may modify the susceptibility to tobacco
carcinogenesis in female smokers (Mollerup et al. 1999,
2006; Bartsch et al. 2000; Uppstad et al. 2011). The role of

these inherited genes may also be supported by the analysis
stratified by passive smoking status as shown in Table 6.
Although hypothetically, women with parental history of
lung cancer may have insufficient ability to detoxify
tobacco smoke. In order to prevent lung cancer, they
should be informed about the importance of smoking cessa-
tion and the avoidance of environmental tobacco smoke.

The present analysis on family histories of other can-
cers provides some suggestion of familial risk of lung can-
cer. First, history of breast cancer in siblings only was posi-
tively associated with male overall risk and the risk of male
small cell carcinoma and adenocarcinoma. No such associ-
ations were observed in women. As stated above in relation
to family history of lung cancer, this finding also suggests
that shared exposure to certain environmental and residen-
tial factors among siblings may play roles in the develop-
ment of male small cell carcinoma and adenocarcinoma.
With regard to breast cancer, it has been hypothesized that
early exposure to factors such as childhood diet and physi-
cal activity might be related to breast cancer risk in adult-
hood (Okasha et al. 2003; Colditz et al. 2014). There are
some similarities in risk factors between breast cancer and
lung adenocarcinoma (Monninkhof et al. 2007; Leitzmann
et al. 2009). It is likely that shared exposure to early envi-
ronmental factors may impact on the risk of both breast
cancer and male lung cancer. Lung cancer risk in relation
to family history of breast cancer has been investigated in
some previous studies (Wu et al. 1996; Brownson et al.
1997; Mayne et al. 1999). The study from the USA indi-
cated a positive association between maternal history, the
history in sisters and lung cancer risk (Mayne et al. 1999).
In Japan, a case-only study showed that women with a fam-
ily history of breast cancer in first-degree relatives are at
higher risk of adenocarcinoma than men, which was incon-
sistent with our results (Tsuchiya et al. 2007). From the
viewpoint of genetic and environmental risk, the associa-
tion between family history of breast cancer and lung can-
cer risk is interesting and important, and further studies of
this issue are required. Second, family history of total can-
cer in siblings only was positively associated with the risk
of male lung cancer, especially adenocarcinoma. This find-
ing also supports the importance of shared exposure to
environmental and residential factors among siblings in the
development of male lung cancer.

The present study had both strengths and limitations.
In hospital-based case-control studies like this one, some
methodological limitations are likely to influence the
results. First, we considered comparability between the
cases and the controls. We selected the controls from
among patients who had been admitted to the same hospi-
tals as the cases. However, the distribution of risk factors
among the control subjects might have differed from that in
the general population. Therefore, to improve comparabil-
ity between cases and controls, we excluded patients with
benign tumors at the index site believed to have been
related to family history from among the controls (Rothman
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and Greenland 1998). Furthermore, statistical analyses
were appropriately controlled for background characteris-
tics, such as area of residence and referral pattern. Second,
all family history was self-reported; therefore, this informa-
tion was never validated. However, since the questionnaire
has been fulfilled at the first admission before any definite
diagnosis or treatment at the MCCH, misclassification of
family history would have been unlikely to affect disease
classification, that is, non-differential. Therefore, informa-
tion bias is unlikely to have distorted the present results.
Third, data on lifestyle and smoking history among parents
and siblings was unavailable. Environmental tobacco
smoke during early life is an important risk factor for lung
cancer. Clustering of smoking habits in families has also
been suggested, and some previous studies have considered
this issue (Jonsson et al. 2004; Lorenzo Bermejo and
Hemminki 2005; Gao et al. 2009; Lin et al. 2015). To pre-
cisely identify the genetic component of family history, it
may be necessary to control for any family history of smok-
ing. Fourth, this study was performed at a single hospital in
Miyagi Prefecture. To validate the present results, further
studies in other regions will be required.

One of our study strengths was that a relatively large
number of cases and controls were included. Consequently,
we were able to evaluate sex- and histology-specific lung
cancer risk. Another strength was that confounders such as
occupation, pack-years of smoking, and birthplace were
controlled for in the analysis. Birthplace may be a surro-
gate for general environment during childhood. Previous
studies have not considered the effects of these confound-
ers.

In conclusion, this case-control study clarified the
association of family history of cancer with histology-spe-
cific lung cancer risk among Japanese men and women. In
general, family history of cancer tended to be positively
associated with the risk of adenocarcinoma among both
sexes. According to the type of relatives, parental history
of lung cancer was significantly associated with an
increased risk of female adenocarcinoma, and this signifi-
cant association was limited to ever-smokers, suggesting
that some inherited genetic factors may play roles in the
development of female adenocarcinoma. In men, family
histories of lung, breast and total cancers among siblings
only were associated with an increased risk of adenocarci-
noma. Shared exposures to environmental factors among
siblings, as well as genetic susceptibility, may be responsi-
ble for the increase of risk in men. Any strategy aimed at
prevention of lung cancer will need to consider the role of
family cancer history.
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