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Smoking is well established as the major aetiological risk factor for
lung cancer. Investigators have long hypothesised that individuals
differ in their susceptibility to environmental insults and that these
differences may be the result of genetic predisposition (Schwartz,
2004). Familial aggregation and increased familial risk for lung
cancer have been reported in several studies, providing indirect
evidence that genetic factors contribute to susceptibility to lung
cancer (Yang et al, 1999; Etzel et al, 2003; Matakidou et al, 2005;
Xu et al, 2005). Recently, a major lung cancer susceptibility locus
was mapped to chromosome 6q23-35 through a genome-wide
linkage analysis, further supporting the role of genetic factors in
the susceptibility of lung cancer (Bailey-Wilson et al, 2004).
Biological theory and the experience of other cancers, including
breast (Hopper et al, 1999), pancreas (James et al, 2004) and colon
(Strate and Syngal, 2005), suggest that tumours associated with
genetic factors tend to occur early in life. Numerous lung cancer
studies have investigated the numbers of affected relatives and age-
at-onset, with greatest risk seen in families with early-onset lung
cancer compared with those whose onset of lung cancer occurred
at older ages (Kreuzer et al, 1998; Bromen et al, 2000; Gauderman
and Morrison 2000; Li and Hemminki, 2004; Cote et al, 2005).
However, information on familial risk by age-at-onset of both the
proband and the affected relatives is rare in lung cancer studies.
Here we report results for a case-control study that examines age-
at-onset in both lung cancer cases and affected relatives.
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To investigate the little known risk of lung cancer at an early age when a first-degree relative has had such a diagnosis, 579 incident
cases and | 157 population controls were studied in Liverpool between 1998 and 2004 using standardised questionnaires covering
demography and lifestyle. A history of lung cancer in first-degree relatives was associated with a significantly increased risk in the
proband where in both individuals the cancers were diagnosed before the age of 60 years (odds ratio (OR) =4.89; 95% confidence
interval (Cl): 1.47—16.25). A significantly elevated risk of lung cancer was also observed in association with a relative affected before
the age of 60 years, regardless of age-at-onset of the disease (OR =2.08; 95% Cl: 1.20—-3.59). This finding is strongly consistent with a
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MATERIALS AND METHODS

The lung cancer case-control data were derived from an ongoing
molecular - epidemiological study of lung cancer in Liverpool, UK,
The Liverpool Lung Project (Field et al, 2005). Histologically or
cytologically confirmed lung cancer cases with primary tumours,
resident within the study area, were recruited from participating
chest clinics. Population controls were selected from registers of
general practitioners in Liverpool and matched to cases by 2-year
age group and gender.

A standardised questionnaire was used to determine basic
demographic characteristics in addition to details on smoking
history, family history of cancer in first-degree relatives and
exposure to environmental tobacco smoke (ETS). Lifetime
smoking histories were recorded, covering: (i) ever smoked
(never-smoker defined as someone who had smoked less than
100 cigarettes in his or her lifetime); (ii) current smoker (yes or
no); (iii) duration of smoking (years); (iv) pack-years (calculated
from the number of cigarette packs (of 20) smoked per day and
years of smoking); and (v) amount smoked (average number of
cigarettes per day). Environmental tobacco smoke exposure was
defined as being in the presence of a smoker on a regular basis.
Exposures to ETS at home, work and in public places (e.g. bars)
were recorded separately. Information on history of cancer among
first-degree relatives (i.e. parents, brothers and sisters and
biological children) were recorded, including age-at-diagnosis,
site of cancer and relation to the participant. These data were not
validated by death certificate, and smoking information of relatives
was not obtained. Individuals were defined as having a history of
familial lung cancer if at least one relative with lung cancer was
reported. The study protocol was approved by the Liverpool
Research Ethic Committee and all research participants provided



written, informed consent in accordance with the Declaration of
Helsinki Principle.

Statistical analyses

Significance tests for differences in distributions between cases and
controls, odds ratio (OR) estimates of relative risk and 95%
confidence intervals (CI) were all estimated using conditional
logistic regression. Early- and late-onset lung cancers were defined
as before the age of 60 years and at the age of 60 years or later,
respectively, in accordance with the average age of lung cancer
diagnoses in our study population. To determine whether the risk
of developing lung cancer is greater for relatives of cases with
early- and late-onset lung cancer, we performed analyses stratified
for (i) cases diagnosed before the age of 60 years and at the age of
60 years or later; and (ii) first-degree relatives diagnosed with lung
cancer before the age of 60 years and at the age of 60 years or later.
Models were adjusted for smoking duration (five categories), ETS
exposure at home, work and in public (two categories) and
socioeconomic status (six categories). All analyses were performed
using STATA.

RESULTS

Five hundred and seventy-nine incident cases of lung cancer and
1157 population controls were recruited between 1998 and 2004.
Overall, the response rate was 58.3% for cases and 61.5% for
controls. Table 1 shows the distribution of cases and controls by
number of affected relatives, smoking, socioeconomic status and
ETS exposure. As expected, the proportion of ever smokers was
higher among cases (95.3%) compared with controls (71%), with
significant differences observed in terms of duration of smoking
(P<0.001). The proportion of cases with two or more first-degree
relatives was more than twice that of the controls: 5.2 and 2.3%,
respectively (P=0.03). There were also significant differences
between cases and controls in socioeconomic status (P<0.001) and
exposure to ETS in the home (P<0.001). Borderline significant
differences were observed for exposure to ETS at work (P =0.07).
Although there was a significant trend of increasing risk with
numbers of affected relatives (Table 1), there was no significant
effect of family history (any vs none) of lung cancer in the study
population overall or in late-onset cases, regardless of the age of
affected relatives. There was, however, a substantial and statistically
significant increase in risk where both the lung cancer case and the
affected relative were diagnosed with lung cancer before the age of
60 years (OR=4.89; 95% CI: 1.47, 16.25) (P=0.01). Significantly
elevated ORs were also observed in connection with an affected
relative diagnosed before the age of 60 years, regardless of age-at-
onset of the case (OR=2.08; 95% CI: 1.20, 3.59) (Table 2). The
interaction did not reach formal statistical significance (P =0.1).
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DISCUSSION

Our results demonstrate an approximate five-fold increase in risk
of lung cancer in individuals aged less than 60 years if first-degree
relatives were diagnosed with early-onset lung cancer (i.e. less than
60 years old). We also found a significantly increased risk
associated with family history regardless of age-at-onset. The
increase in familial risk reported in younger individuals supports
the hypothesis that there is a greater likelihood of a genetic
component to risk in this group. Previous studies of familial
aggregation suggest that family history of lung cancer among first-

Table | Distribution of study-specific characteristics of lung cancer cases
and healthy controls, Liverpool, 1998—-2004
Case Control
Variable N % N % P-value*
Number of lung cancer relatives
0 456 788 946 81.8 003
I 93 16.1 183 159
2 25 43 22 1.7
3 2 04 5 0.5
4 3 05 \ 0.1
Smoking (duration)
Never 27 47 335 29.0 <0.001
=19 (years) 43 74 236 204
20—-39 (years) 157 27.1 337 29.1
40-59 (years) 321 554 234 20.2
=60 (years) 31 54 15 1.3
Socioeconomic status®
Managerial and professional 79 14.4 270 235 <0.001
Intermediate occupations 49 8.9 141 12.3
Small employers 24 4.4 59 5.1
Lower supervisory 73 13.3 145 12.6
Semiroutine and routine 281 511 427 372
Long term unemployed 44 8.0 107 9.3
Home ETS®
No 100 173 368 31.8 <0.001
Yes 284 491 706 61.0
Work ETS?
No 149 257 374 323 0.07
Yes 246 425 776 67.1
Public ETS®
No 8l 14.0 286 247 0.16
Yes 308 532 864 747

ETS = environmental tobacco smoke. *Numbers do not add up to total due to
missing data. *P-values were derived from conditional logistic regression.

Table 2 Stratified analyses of early- and late-onset lung cancer in proband and first-degree relatives, Liverpool, 1998—-2004

Age of proband Family history of lung cancer Case Control OR* 95% ClI P-value*
All ages No family history 456 946 1.00 Reference —
Affected relative <60 years 46 62 2.08 (1.20-3.59) 0.009
Affected relative =60 years 77 149 1.27 (0.83-1.95) 09
<60 years No family history 97 283 1.00 Reference —
Affected relative <60 years 15 I5 4.89 (1.47-16.25) 0.01
Affected relative =60 years 14 35 1.37 (0.46-4.01) 0.6
=60 years No family history 359 663 1.00 Reference —
Affected relative <60 years 31 47 |.46 (0.75-2.86) 0.3
Affected relative =60 years 63 I'14 I.10 (0.68—1.78) 0.7

Cl = confidence interval; OR = odds ratio. “ORs adjusted for smoking duration, socioeconomic status and ETS (home, work and public). *P-values were derived from conditional

logistic regression.
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degree relatives is associated with increased risk for early-onset,
but not late-onset, lung cancer. Kreuzer et al (1998) reported that
lung cancer in a first-degree relative was associated with a 2.6-fold
increase in risk of lung cancer of young cases (before 46 years
of age), with no elevated risk observed in the older group.
Bromen et al (2000) reported a 4.75-fold increase in risk of
lung cancer among relatives of probands who were diagnosed with
lung cancer before the age of 50 years. Li and Hemminki (2004)
used a Swedish register of families to estimate standardised
incidence ratio for offspring and siblings of cases of lung cancer,
and found a substantially increased risk of disease before the age of
50 years in relatives of cases. In an alternative analysis to quantify
the lifetime risk of lung cancer in first-degree relatives of early-
onset cases diagnosed before the age of 50 years, Cote et al (2005)
reported a 1.91-fold increased risk of lung cancer for relatives of
early-onset cases compared to affected relatives in a control
population.

Our results concur with previous reports, but while others have
observed age-specific effects in familial lung cancer risk, this is the
first study, to our knowledge, demonstrating an increased risk of
lung cancer when both the lung cancer case and the affected
relative were diagnosed at younger ages. It is difficult for
epidemiology to provide conclusive evidence that the accumula-
tion of lung cancer risk has a genetic origin. Cautious interpreta-
tion of familial effects on lung cancer risk is therefore required
because of the possibility that elevated relative risks are due to
shared smoking habits within families (Khoury et al, 1988).
However, it is difficult to envisage how such confounding could be
very strong at young ages and almost nonexistent at older. It is
therefore likely that our observed additional risk for early onset
disease associated with family history is not due to such
confounding. Furthermore, a recent segregation analysis of lung
cancer pedigrees, allowing for the effects of smoking sex and age,
suggests that multiple genetic factors (possibly multiple genetic
loci and interactions) contribute to susceptibility and age-of-onset
for lung cancer (Xu et al, 2005). The particularly high risk
observed in our study associated with early onset in both the
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proband and the affected relatives adds to the evidence of a genetic
component.

In our study, smoking information allowed a detailed adjustment
in the analyses. In addition, we controlled for other known
environmental factors, such as socioeconomic status and ETS, which
have previously been associated with an increased risk of lung
cancer. A limitation of the present study pertains to the use of self-
reported family history of cancer, which may result in inaccurate risk
estimates. Bondy et al (1994) evaluated the validity of proband-
reported family history of cancer using medical records and death
certificates, noting that 85% of probands correctly identified primary
lung cancer in first-degree relatives. However, a recent cancer
registry study linking individuals to their first-degree family
members suggests that in case-control studies of a specific cancer
type, cases are more likely than controls to report both true-positive
and false-positive family histories of their particular cancer, resulting
in inflated estimates of the relative risk (Chang et al, 2006). Another
limitation of the present study is the possibility of recall bias or other
biases in determination of family history in a case-control design
(Khoury and Flanders, 1995; Kreuzer et al, 1998). Furthermore,
because the age-at-onset among relatives was reported by the lung
cancer case, inaccuracies may lead to information bias. It is unlikely,
however, that such biases could lead to effects as substantial and
specific as observed in our study. In conclusion, our study found a
substantial and significant increase in risk of having lung cancer
before the age of 60 years exclusively associated with a relative
having also had lung cancer diagnosed before the age of 60 years.
This remains significant after adjustment for smoking, socio-
economic status and ETS exposure and is consistent with a genetic
component to risk in early-onset lung cancer.
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