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Chapter 11
Lung Cancer in the Elderly: The Most
Dominant Cause of Cancer Death in Japan

Chikako Kiyohara, Yoichi Nakanishi, and Masakazu Washio

Abstract Lung cancer is a major cause of cancer-related death in Japan, and the
overall survival rate was still poor. The majority of individuals diagnosed with lung
cancer are elderly people aged >65 years. Although chronic inhalation of cigarette
smoke is a major risk factor to the development of lung cancer, genetic factors have
been implicated to account for some of the observed differences in lung cancer sus-
ceptibility. A number of studies have examined lung cancer susceptibility based on
the presence of high-frequency, low-penetrance genetic polymorphisms. As expo-
sure to harmful chemicals or reactive oxygen species via cigarette smoking is
thought to contribute to the development of lung cancer, genetic polymorphisms
involved in xenobiotic metabolism, DNA repair, and inflammation might be prom-
ising candidates. In order to evaluate whether the impact of genetic polymorphisms
on lung cancer differs between elderly and younger people, we evaluated potential
31 genetic polymorphisms in a stratified analysis by age category (aged
>65 and <65 years). Seven polymorphisms, namely, CYPIAI rs4646903, CYPIAI
rs1048943, GSTM1 deletion, GSTPI rs1695, SULTAI 1s9282861, TP53BPI
rs560191, and CRP rs2794520, were associated with lung cancer risk in the elderly.
However, there was little difference in the impact of polymorphism on lung cancer
risk between the elderly and non-elderly groups. In this chapter, we would like to
discuss the importance of the prevention of smoking (the best established and stron-
gest avoidable risk factor) at early age for successful aging.
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11.1 Introduction

Improvement of public health and advances in medicine after World War II have
given Japan one of the highest average life expectancies in the world (i.e., 81.0 years
old for men and 87.1 years old for women in 2016), and the proportion of the elderly
(people aged >65 years) increased from 4.9% in 1950 to 27.3% in 2016 [1].
Increased life expectancy means the increased number of the elderly who need med-
ical care.

Tobacco smoking is the largest single recognized cause of human cancer in
Western countries [2]. Cigarette smoking alone account for about 30% of all cancer
deaths in the United States and an estimated 16% of all cancers worldwide [2].
Tobacco smoking is associated with an increased risk of malignancies of both
organs in direct contact with smoke, such as the esophagus and lung, and organs not
in direct contact with smoke, such as the kidneys [3].

As shown in Table 11.1, cancer has been the leading cause of death in Japan
since 1981 and is the major causes of death for over three decades in Japan [1].
Cerebrovascular diseases (CVD) were the leading cause of death for three decades
before 1980. Heart disease deaths outnumbered CVD deaths for 1985-2016 except
for the period from 1995 to 1996. Infectious diseases [tuberculosis (predominantly
lung tuberculosis), pneumonia, bronchitis, gastroenteritis] were the major cause of
death in Japan before 1950. As of 2016, lung cancer is the first cause of cancer death
for men and the second cause of cancer death for women in an all Japanese popula-
tion [1]. Table 11.2 illustrates that lung cancer mortality rate among men (242.4 per
100,000) is also the highest among all site-specific cancer death rates in the elderly
(people aged >65 years) in Japan [1].

Lung cancer has become the most frequent malignant neoplasm among men
in most countries, and a parallel increase in incidence is seen among women in
Western countries although lung cancer was a rare disease before the beginning
of the twentieth century [4]. As shown in Table 11.3, tobacco smoking increases
the risk of lung cancer, while a diet rich in fruits and vegetables has a protective
effect against lung cancer [4—6]. Washio et al. [7] conducted a case-control
study in Hokkaido, Northern Japan, and found that current smokers (vs. non-
smokers, odds ratio (OR) = 4.65, 95% confidence intervals (CI) = 2.17-9.97)
and old age (65 years old and over vs. 40-64 years old, OR = 2.31, 95%
CI = 1.41-3.80) increased the risk of lung cancer, and short sleeping time (5 h/
day or less vs. 6 h/day or more, OR =2.47,95% CI = 0.97-6.32) showed a non-
significantly increased lung cancer risk after controlling age, sex, and smoking
status [7]. On the other hand, never smokers (vs. ex-smokers, OR = 0.28, 95%
CI =0.14-0.56), high intake of green tea (7 cups/day and over vs. 0—6 cups/day,
OR =0.38, 95% CI = 0.14-0.995), and frequent consumption of green and yel-
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Table 11.1 Trends in causes of death between 1899 and 2016* [1]
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Top Second Third Fourth Fifth
1899 Pneumonia and | CVD All Gastroenteritis | Senility®
bronchitis tuberculosis
1930 Gastroenteritis | Pneumonia All CVD Senility®
and bronchitis | tuberculosis
1940 All tuberculosis | Pneumonia CVD Gastroenteritis | Senility®
and bronchitis
1950 All tuberculosis | CVD Pneumonia and | Gastroenteritis | Cancers
bronchitis
1960 CVD Cancers Heart diseases | Senility® Pneumonia
and bronchitis
1970-1972 | CVD Cancers Heart diseases | Accidents® Senility
1973-1974 | CVD Cancers Heart diseases | Accidents® Pneumonia
and bronchitis
1975-1978 | CVD Cancers Heart diseases | Pneumonia Accidents®
and bronchitis
1979-1980 | CVD Cancers Heart diseases | Pneumonia Senility®
and bronchitis
1981 Cancers CVD Heart diseases | Pneumonia Senility®
and bronchitis
1982-1984 | Cancers CVD Heart diseases | Pneumonia Accidents®
and bronchitis
1985-1994 | Cancers Heart diseases | CVD Pneumonia Accidents®
and bronchitis
1995-1996 | Cancers CVD Heart diseases® | Pneumonia Accidents
1997-2008 | Cancers Heart CVD Pneumonia Accidents
diseases!
2009-2010 | Cancers Heart CVD Pneumonia Senility
diseases!
2011 Cancers Heart Pneumonia CVD Accidents
diseases!
2012-2016 | Cancers Heart Pneumonia CVD Senility
diseases!

CVD cerebrovascular diseases

30kinawa Prefecture is not included for 1947-1973
"Senility without mention of psychosis

¢Accidents and adverse effects

YHeart diseases without hypertensive heart diseases

low vegetables (4 days/week vs. 0-3 days/week, OR = 0.46, 95% CI = 0.26—
0.81) reduced the risk of lung cancer after controlling age, sex, and smoking

status [5].

Since our health status in the later life is influenced by the life experience
throughout life, health promotion from pregnancy and childhood to old age is
important to avoid unhealthy aging. We should remember not only tobacco
smoking but also exposure to environmental tobacco smoke increases the risk of

cancer [5].
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Table 11.2 Site-specific cancer mortality rate per 100,000* in 2016

Population aged >65 years Population aged <65 years

Both sexes Men Women Both sexes Men Women
Top Lung Lung Colorectal | Lung Lung Colorectal

(149.2) (242.4) (83.11) (24.08) (34.37) (14.90)
Second | Colorectal Stomach Lung Colorectal Stomach Breast

(98.78) (135.8) (77.80) (17.25) (20.29) (14.78)
Third | Stomach Colorectal | Pancreas Stomach Colorectal | Lung

(91.02) (119.3) (59.27) (15.21) (19.54) (13.53)
Fourth | Pancreas Liver Stomach Pancreas Liver Pancreas

(66.50) (81.07) (56.76) (11.34) (13.58) (10.54)
Fifth | Liver (55.40) | Pancreas Breast Liver Pancreas Stomach

(75.94) (35.15) (10.14) (12.12) (9.999)

Calculated based on the database of Vital Statistics in Japan, 2016 [1]

Table 11.3 Risk factors other than genetic factors for lung cancer in Japan and worldwide [4—6]

Japan Worldwide
Direction of Direction of

Factors Association risk Association risk
Smoking Convincing Increase Convincing® Increase
Exposure to ETS Convincing Increase Convincing® Increase
p-Carotene Not available Convincing Increase®
supplement
Fruits Possible Decrease Probable Decrease
Vegetables Limited Limited Decrease®

(no conclusion) (suggestive)
Physical activity Limited Limited Decrease

(no conclusion) (suggestive)
Alcohol use Limited Limited

(no conclusion) (no conclusion)

ETS environmental tobacco smoke

“The panel emphasizes the importance of not smoking and avoiding exposure to environmental
tobacco smoke although the WCRF/AICR report would not judge the evidence on active smoking
and exposure to environmental tobacco smoke

"Among current smokers

“Non-starchy vegetables

11.2 Case-Control Study to Investigate Association Between
Genetic Polymorphism and Lung Cancer Risk

11.2.1 Background

Although tobacco smoking is a convincing risk factor for lung cancer, approxi-
mately one in ten smokers develops lung cancer in their lifetime indicating an inter-
individual variation in susceptibility to tobacco smoking [8]. Individuals may have
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a unique combination of polymorphic traits that modify genetic susceptibility and
response to tobacco smoking. Chemical substances in tobacco smoke must be meta-
bolically activated to exert their noxious effects by phase I enzymes, but this is
counteracted by the ongoing detoxification of activated substances (carcinogens in
most situations) by phase II enzymes. Therefore, DNA damage itself is a balance
between phase I and II metabolic enzymes, many of which are polymorphic. The
capacity to repair DNA damage induced by activated carcinogens is also a genetic
factor that may affect lung cancer risk. Furthermore, exposure to reactive oxygen
species (ROS) via cigarette smoking is thought to contribute to the development of
lung cancer [9]. Phase I enzymes contribute to the formation of ROS, whereas phase
IT enzymes play a critical role in the detoxification and reduction of ROS [10].
Chronic inflammation has been implicated in the development of several human
malignancies, including lung cancer [11]. Pulmonary inflammation may promote
tumor formation by the generation of ROS and secretion of cytokines, chemokines,
and pro-angiogenic factors [12]. Lung cancer susceptibility may be associated with
genetic polymorphisms involved in the inflammatory response.

The primary advantage of genetic markers is to allow the identification of a high-
risk group for lung cancer and guide individualized therapy. Thus, reliable genetic
markers for lung cancer are urgently required. It has been hypothesized that the rise
in cancer diagnosis for elderly persons may be due to DNA damage by ROS [13]. In
this chapter, we reanalyzed the data from our case-control studies [14-21] limited
to elderly people aged 65 years and over, with special reference to genetic polymor-
phisms involved in xenobiotic metabolism, DNA repair, and inflammation. For
comparison, the same polymorphisms among the non-elderly population (<65 years)
were determined.

11.2.2 Materials and Methods
11.2.2.1 Study Subjects and Data Collection

Lung cancer patients were enrolled in Kyushu University Hospital (Research Institute
for Diseases of the Chest, Kyushu University) and its collaborating hospitals. The
suitable cases (n = 462) were patients with primary lung cancer that were newly diag-
nosed and histologically confirmed during the period from 1996 to 2008. The partici-
pation rate among the cases was 100%. Histological types were categorized into four
major types according to the International Classification of Diseases for Oncology
(ICD-0), second edition: adenocarcinoma (8140, 8211, 8230-8231, 82508260,
8323, 8480-8490, 8550-8560, 8570-8572), squamous cell carcinoma (8050-8076),
small cell carcinoma (8040-8045), and large cell carcinoma (8012-8031, 8310).
Controls (n = 379) were the hospitalized patients without clinical history of any
type of malignancy, ischemic heart disease, or chronic respiratory disease during the
same period. Controls were not, individually or in larger groups, matched to cases.
Controls were approached by their attending physicians to be recruited as control
subjects. None of the controls refused to participate in this study. A self-administered
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questionnaire was used to collect data on demographic and lifestyle factors such
as age, years of education, smoking, alcohol consumption, environmental tobacco
exposure from spouse, etc. All subjects were unrelated ethnic Japanese. The details
have been described elsewhere [14-21]. The study subjects were stratified by age
group, namely, the elderly group (people aged >65 years, 303 cases and 114 con-
trols) and the non-elderly group (people aged <65 years, 159 cases and 265 controls).
A total of 462 cases and 379 controls were included in this analysis.

The study protocol was approved by our institutional review board, and all par-
ticipants were provided written informed consent.

11.2.2.2 Genetic Analysis

Genomic DNA was extracted from blood samples. Genotyping of 31 polymor-
phisms (xenobiotic metabolism, CYPIAI rs464903, CYPIAI rs1048943, CYPIA2
1s76551, CYPIA2 152069514, CYP2A6 deletion, CYP2A13 rs8192789, CYP2EI
rs2031920, MPO rs2333227, GSTM1 deletion, GSTTI deletion, GSTPI rs1695,
NQOI 151800566, SULTIAI rs9282861, NAT2 genotypes determined by NAT2*4,
*5B, *6A, or *7B allele; DNA repair, ERCC2 rs13181, XRCC] rs25487, AXRCC3
rs861539, OGGI rs1052113, TP53 rs1042522, TP53BP1 rs560191; and inflamma-
tion, IL1B1 rs1143634, IL6 rs1800796, IL8 rs4073, IL101s180871, IL13 rs1800925,
CRP 132794520, NOS2 152297518, CYBA r1s4673, TNFA 151799724, TNFRA2
1s1061622, NFkB rs283649) was conducted with blinding to case-control status.
The details of the methods have been described elsewhere [14-21]. For quality con-
trol, both assays were repeated on a random 5% of all samples, and the replicates
were 100% concordant.

11.2.2.3 Statistical Analysis

Comparisons of means, proportions, and medians were based on the unpaired ¢ test,
* test, and Wilcoxon rank-sum test, respectively. The distribution of the genotypes
of polymorphisms in controls was compared with that expected from Hardy-
Weinberg equilibrium (HWE) by the chi-square (Pearson) test. Unconditional logis-
tic regression was used to compute the ORs and their 95% Cls, with adjustments for
several covariates. Subjects were considered current smokers if they smoked or
stopped smoking less than 1 year before either the date of diagnosis of lung cancer
or the date of completion of the questionnaires (controls). Never smokers were
defined as those who had never smoked in their lifetime. Former smokers were
those who had stopped smoking 1 or more years before either the date of diagnosis
of lung cancer or the date of completion of the questionnaires (controls).

Based on “Healthy Japan 217 (National Health Promotion in the twenty-first
century), heavy drinkers were defined as those who drank more than 60 g of alcohol
per day. As “Healthy Japan 21" has emphasized drinking an appropriate volume of
alcohol (20 g of alcohol per day), appropriate drinkers were defined as those who
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did not exceed 20 g of alcohol intake per day. The appropriate volume of alcohol use
may have a protective effect on life expectancy and morbidity [22]. Unlike cigarette
smoke, ingested alcohol is eliminated from the body by various metabolic mecha-
nisms, and the alcohol elimination process begins almost immediately. Significant
relationships between excessive drinking and lung cancer have been reported, while
appropriate drinking has not shown the same effects [23]. In terms of alcohol con-
sumption, the subjects were classified into the following three groups based on their
intake for at least 1 year: those who drank more than 60 g of alcohol per day (heavy
drinkers), those who drank more than 20 g of alcohol per day but not exceeding 60 g
per day (moderate drinkers), and those who drank less than 20 g of alcohol per day
(appropriate drinkers). Appropriate drinkers included infrequent and nondrinkers
because the lung cancer risks were comparable among them [17].

Genotype impact was assessed by a score test for each genotype as follows: (0)
homozygous for the major allele, (1) heterozygous, and (2) homozygous for the
minor allele. All statistical analyses were performed using the computer program
STATA Version 14.2 (STATA Corporation, College Station, TX). All P values were
two-sided, with those less than 0.05 considered statistically significant.

11.2.3 Results
11.2.3.1 Characteristics of Study Subjects

Table 11.4 summarizes the distributions of selected characteristics among subjects
[14-21]. As controls were not selected to match lung cancer patients on age and sex,
there were significant differences in age (P < 0.001) between lung cancer patients
and controls in both the elderly and non-elderly groups. Sex ratio was significantly
different between cases and controls in the non-elderly group (P =0.001). Compared
with control subjects, lung cancer patients were more likely to report a history of
smoking in the both groups (P < 0.001). Pack-years of smoking were significantly
different between cases and controls in the two groups. We excluded pack-years (the
number of packs of cigarettes smoked/day multiplied by years of smoking) from the
logistic models because of high correlation with age (avoiding the problem of
potential collinearity). Compared with control subjects, lung cancer patients were
more likely to report a history of alcohol drinking in the non-elderly group
(P =0.001).

11.2.3.2 Association Between Genetic Polymorphisms Involved
in Xenobiotic Metabolism and Lung Cancer Risk

The genotype frequencies of 14 polymorphisms were consistent with Hardy-
Weinberg equilibrium (HWE) among controls, except for CYP2EI rs2031920
(P =0.016) in the elderly group (data not shown). As shown in Table 11.5 [14, 15,
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Table 11.4 Selected characteristics of lung cancer cases and controls [14-21]

Aged >65 years Aged <65 years
Cases Controls Cases Controls

Characteristics n=303) |(n=114) |P (n=159) | (n=265) P
Age (year), 71.4 69.4 <0.001 | 56.0 50.1 <0.001
mean (95% CI) (70.9-71.8) | (68.8-70.0) (54.9-57.1) | (48.7-51.4)
Sex, n (%)

Male 191 (63.0) |82 (71.9) 96 (60.4) 201 (75.9)

Female 112 (37.0) |32 (28.1) 0.089 |63(39.6) |64 (24.2) 0.001
Smoking status, n (%)

Current smoker 128 (42.2) |38 (33.3) 70 (44.0) 91 (34.3)

Former smoker 72(23.8) |13 (11.4) 39 (24.5) 28 (10.6)

Never smoker 103 (34.0) | 63 (55.3) <0.001 | 50 (31.5) 146 (55.1) | <0.001

Ever-smoker® 200 (66.0) |51 (44.7) <0.001 | 109 (68.6) | 119 (44.9) |<0.001
Pack-years among 58.7 48.4 0.011 |46.5 30.3 <0.001
ever-smokers, mean (54.8-62.5) | (43.9-52.9) (41.6-51.5) | (27.2-33.5)
(95% CI)
Drinking status, n (%)

Non drinker 120 (39.6) |58 (50.9) 58 (36.5) 146 (55.1)

Moderate drinker® 85(28.1) |27 (23.7) 45(28.3) |57 (21.5)

Excessive drinker® 98 (32.3) [29(25.4) 0.114 |56(35.2) 62(23.4) 0.001
Exposure to ETS among never smokers, n (%)

Positive 60 (58.3) |34 (54.0) 0.589 |39 (78.0) 101 (69.2) |0.233
Education (year), 134 13.7 0.270 |15.1 154 0.173
mean (95% CI) (13.2-13.6) | (13.3-14.1) (14.7-15.5) | (15.1-15.6)

ETS environmental tobacco smoke, CI confidence interval

aCurrent and former smokers were combined (ever-smokers)
"Subjects who drink more than 0 and less than 20 g of alcohol per day
“Subjects who drink more than 20 g of alcohol per day

18, 20, 24, 25], the minor homozygotes of CYPIAI rs4646903 (OR = 2.36, 95%
CI = 1.13-4.94) were significantly associated with an increased lung cancer risk
even after adjustment for age, sex, education, smoking status, and drinking status.
With the increasing number of the C allele, there was a significant trend of higher
risk of lung cancer (Pyenqg = 0.019). The null genotype of the GSTM I deletion poly-
morphism was at a 1.61-fold (95% CI = 1.01-2.55) increased risk of lung cancer.
CYPIAI 151048943 (OR = 1.64, 95% CI = 1.03-2.62), GSTPI rs1695 (OR = 2.25,
95% CI=1.29-3.92), and SULTIAI 1s9282861 (OR = 1.64, 95% CI = 1.001-2.69)
were associated with lung cancer risk under a dominant genetic model.

Subjects aged <65 years based on 159 cases and 365 controls were genotyped for
comparison. There was somewhat difference in the impact of polymorphism on
lung cancer risk between subjects aged >65 years and those <65 years. Unlike with
the results from elderly, CYP2A6 deletion, NQO1 rs1800566, and NAT2 polymor-
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Table 11.5 Association between genetic polymorphisms involved in xenobiotic metabolism and
lung cancer risk [14, 15, 18, 20, 24, 25]

Adjusted® OR (95% CI)
Polymorphism Aged >65 years ‘ P ‘ Aged <65 years® ‘ P
CYPIAI rs4646903
TT 1.0 (reference) 1.0 (reference)
TC 1.39 (0.84-2.28) 0.196 | 1.54 (0.94-2.50 | 0.084
CC 2.36 (1.13-4.94) 0.022 1 2.82(1.47-5.40) |0.002
Piea=0.019 Pena = 0.002
TC+CCvs. TT 1.58 (0.99-2.53) 0.054 | 1.80(1.14-2.85) 0.012
CYPIAI rs1048943
Tle/Tle 1.0 (reference) 1.0 (reference)
Tle/Val 1.62 (0.98-2.68) 0.061 10.89(0.55-1.44) 0.629
Val/Val 1.73 (0.74-4.01) 0.204 14.09 (1.76-9.53) | 0.001
Piena=0.053 Piena = 0.033
Tle/Val + Val/Val vs. lle/lle 1.64 (1.03-2.62) 0.038 | 1.20(0.77-1.87) |0.415
CYPIA2 rs762551
AA 1.0 (reference) 1.0 (reference)
AC 0.97 (0.58-1.64) 0.936 | 1.09 (0.68-1.74) |0.730
CC 0.97 (0.47-2.00) 0.935 10.70 (0.34-1.45) 1 0.336
Piena = 0.927 Piena = 0.545
AC + CCvs. AA 0.98 (0.59-1.61) 0.927 | 1.00 (0.63-1.57) |0.993
CYPIA2 152069514
AA 0.40 (0.15-1.09) 0.074 1 0.71 (0.47-1.14) | 0.157
AG 0.82 (0.50-1.34) 0.436 | 1.01 (0.40-2.55) |0.985
GG 1.0 (reference) 1.0 (reference)
Pirena = 0.102 Piena = 0.358
AG + AA vs. GG 0.75 (0.47-1.19) 0.223 1 0.75(0.48-1.17) | 0.205
CYP2A6 deletion
#1#] 1.0 (reference) 1.0 (reference)
*1%4 1.21 (0.69-2.13) 0.498 | 1.71(1.01-2.92) | 0.049
*4%4 (deletion) NA 2.87 (0.53-15.5) |0.221
Piena = 0.024
*¥1*4 4 *4%4 v, *1*] 1.28 (0.73-2.24) 0.387 | 1.78 (1.06-2.99) | 0.029
CYP2A13 rs8192789
Arg/Arg 1.0 (reference) 1.0 (reference)
Arg/Cys 1.26 (0.70-2.29) 0.438 1 0.98 (0.55-1.76) |0.950
Cys/Cys 3.13 (0.37-26.5) 0.295 2.60(0.63-10.8) |0.189
Piena =0.220 Piena = 0.450
Arg/Cys + Cys/Cys vs. Arg/Arg | 1.36 (0.76-2.41) 0.297 | 1.11(0.64-1.92) |0.708
CYP2EI rs2031920
CC 1.0 (reference) 1.0 (reference)
CT 0.82 (0.51-1.34) 0.435 1 0.81(0.50-1.32) | 0.406

(continued)
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Adjusted® OR (95% CI)
Polymorphism Aged >65 years P Aged <65 years® | P
TT NA 0.69 (0.22-2.14) |0.523
Piena = 0.325
CT +TT vs. CC 0.90 (0.56-1.46) 0.679 1 0.80 (0.50-1.27) |0.341
MPO rs2333227
AA NA 0.36 (0.03-3.77) | 0.395
GA 0.63 (0.33-1.19) 0.152 | 1.04 (0.58-1.87) |0.887
GG 1.0 (reference) 1.0 (reference)
Piena = 0.285 Piena = 0.771
GA + AA vs. GG 0.66 (0.36-1.24) 0.201 1 0.98 (0.56-1.73) | 0.949
GSTM1 deletion
Non-null 1.0 (reference) 1.0 (reference)
Null 1.61 (1.01-2.55) 0.043 | 1.23(0.79-1.91) |0.359
GSTTI deletion
Non-null 1.0 (reference) 1.0 (reference)
Null 1.21 (0.76-1.92) 0413 | 1.16 (0.75-1.79) 1 0.510
GSTPI rs1695
Tle/Tle 1.0 (reference) 1.0 (reference)
Tle/Val 2.18 (1.22-3.89) 0.008 10.92(0.55-1.53) |0.739
Val/Val 2.94 (0.59-14.7) 0.189 13.70 (0.93-14.6) | 0.062
Pena = 0.005 Piena = 0.429
Tle/Val + Val/Val vs. Ile/lle 2.25(1.29-3.92) 0.004 | 1.06 (0.65-1.73) | 0.827
NQOI 151800566
Pro/Pro 1.0 (reference) 1.0 (reference)
Pro/Ser 1.12 (0.66-1.91) 0.666 | 1.51(0.90-2.55) 0.121
Ser/Ser 1.41 (0.71-2.78) 0.319 1 2.18(1.18-4.02) |0.013
Pena =0.329 Piena = 0.329
Pro/Ser + Ser/Ser vs. Pro/Pro 1.20 (0.73-1.97) 0.477 1 1.70 (1.04-2.78) |0.033
SULTIAT rs9282861
Arg/Arg 1.0 (reference) 1.0 (reference)
Arg/His 1.63 (0.99-2.68) 0.056 | 1.70 (1.06-2.74) | 0.029
His/His 1.99 (0.22-18.1) 0.542 1 2.44(0.48-12.4) 0.281
Piena =0.052 Piena=0.018
Arg/His + His/His vs. Arg/Arg 1.64 (1.001-2.69) |0.050 |174 (1.09-2.77) |0.020
NAT2¢
Rapid acetylator (RA) 1.0 (reference) 1.0 (reference)
Intermediate acetylator (IA) 1.59 (0.86-2.94) 0.143  12.09 (1.20-3.62) | 0.009
Slow acetylator (SA) 1.19 (0.59-2.40) 0.625 | 1.69 (0.87-3.27) 0.121
Piena=0.775 Piena=0.104
IA + SA vs. RA 1.45 (0.80-2.62) 0.217 | 1.97 (1.16-3.34) | 0.012

OR odds ratio, 95% CI 95% confidence interval, NA not available

*Adjusted for age, sex, education, smoking status, and drinking status

"Based on 159 cases and 265 controls

‘Genotypes determined by NAT2*4, *5B, *6A, or *7B allele. Rapid acetylator, *4/*4; intermediate

acetylator, *4/*5B, *4/*6A,
*OA/F6A*6A/*TB, *TB/*TB

*4/*7B;

slow acetylator,

*5B/*5B,

*5B/*6A,

*5B/*7B,
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phisms were significantly associated with lung cancer risk. GSTM/ deletion and
GSTP1 rs1695 polymorphisms were not significantly associated with lung cancer
risk. As there was an overlap between the CIs of the ORs for each polymorphism in
the two groups, it can be assumed that there is no statistically significant difference
in the ORs between the two groups.

11.2.3.3 Association Between Genetic Polymorphisms Involved in DNA
Repair and Lung Cancer Risk

The genotype frequencies of six polymorphisms were all in agreement with the
HWE in controls (data not shown). As shown in Table 11.6 [16, 18, 24], only
TP53BP1 1s560191 was significantly associated with lung cancer risk. The ORs of
lung cancer for the Glu/Glu genotype and Asp/Glu genotype were 0.40 (95%
CI =0.20-0.80) and 0.56 (95% CI = 0.33-0.95), respectively. Decreasing numbers
of the Asp allele decreased lung cancer risk in a dose-dependent manner
(Pyena = 0.006). A statistically significant decreased lung cancer risk was found
under dominant model (OR = 0.51, 95% CI = 0.31-0.85).

Unlike with the results from elderly, ERCC2 rs13181 and XRCC1 rs25487 poly-
morphisms were significantly associated with lung cancer risk among subjects aged
<65 years. As there was an overlap between the ClIs of the ORs for each polymor-
phism, the differences are not statistically significant.

11.2.3.4 Association Between Genetic Polymorphisms Involved
in Inflammation and Lung Cancer Risk

The genotype frequencies of 11 polymorphisms were in agreement with the HWE in
controls, except for CYBA rs4673 in the elderly group (P = 0.039) and ILIBI
rs1143634 in the non-elderly group (P = 0.028). Table 11.7 illustrates association
between genetic polymorphisms involved in inflammation and lung cancer risk [17, 19,
21, 26]. The CT genotype of CRP rs2794520 (OR = 1.67, 95% CI = 1.02-2.73) was
significantly associated with an increased risk of lung cancer. A statistically significant
increased lung cancer risk was found under dominant model (OR = 1.73, 95%
CI = 1.09-2.76). A dose-dependent relationship (Py..q = 0.024) was revealed between
number of the C (T) allele and lung cancer risk. There was little difference in the impact
of polymorphism on lung cancer risk between elderly and non-elderly subjects.

11.2.4 Discussion

The selected 31 polymorphisms involved in xenobiotic metabolism, DNA repair,
and inflammatory response were determined in a total of 417 elderly subjects (303
lung cancer cases and 114 controls) and 424 non-elderly subjects (159 lung cancer



162

C. Kiyohara et al.

Table 11.6 Association between genetic polymorphisms involved in DNA repair and lung cancer

risk [16, 18, 24]

Adjusted® OR (95% CI)
Polymorphism Aged >65 years ‘ P ‘ Aged <65 years® ‘ P
ERCC2 1513181
Lys/Lys 1.0 (reference) 1.0 (reference)
Lys/Gln 0.97 (0.55-1.69) 0910 |2.61(1.47-4.64) |0.001
GIn/Gln 1.31 (0.25-7.04) | 0.750 |9.73 (2.84-33.3) | <0.0001
Piena =0.936 Pena < 0.0001
Lys/Gln + GIn/Gln vs. Lys/Lys | 0.99 (0.58-1.70) |0.984 |3.26 (1.90-5.58) |<0.0001
XRCCI 1525487
Arg/Arg 1.0 (reference) 1.0 (reference)
Arg/Gln 0.98 (0.60-1.61) 10.952 |1.81(1.12-2.92) 0.016
GIn/Gln 1.74 (0.76-4.00) | 0.191 |4.20 (1.55-11.4) |0.005
Piena = 0.335 Piena = 0.001
Arg/Gln + GIn/Gln vs. Arg/Arg | 1.12 (0.70-1.77) |0.644 |2.04 (1.29-3.23) 0.002
XRCC3 1s861539
Thr/Thr 1.0 (reference) 1.0 (reference)
Thr/Met 0.82 (0.48-1.38) 10.453 |1.10(0.62-1.92) |0.745
Met/Met 1.05 (0.21-5.33) 1 0.952 | 1.59(0.42-5.94) 0.494
Piena = 0.559 Piena =0.510
Thr/Met + Met/Met vs. Thr/Thr | 0.83 (0.50-1.39) |0.486 | 1.15(0.68-1.95) |0.603
OGGI rs1052133
Ser/Ser 0.62 (0.32-1.18) 1 0.146 |0.84 (0.49-1.45) 0.538
Cys/Ser 0.75(0.41-1.37) 1 0.347 |0.89(0.49-1.62) 0.714
Cys/Cys 1.0 (reference) 1.0 (reference)
Piena =0.148 Piena =0.723
Cys/Ser + Ser/Ser vs. Cys/Cys 0.69 (0.39-1.22) 1 0.206 |0.86 (052-1.42) 0.563
TP53 rs1042522
Pro/Pro 1.00 (0.17-2.14) 10.991 |1.24 (0.61-2.52) 0.547
Pro/Arg 0.72 (0.44-1.17) 1 0.185 |1.01 (0.63-1.60) 0.972
Arg/Arg 1.0 (reference) 1.0 (reference)
Piena=0.574 Piena = 0.635
Pro/Arg + Pro/Pro vs. Arg/Arg 0.77 (0.48-1.23) 1 0.276 | 1.05(0.68-1.64) 0.816
TP53BP1 rs560191
Asp/Asp 1.0 (reference) 1.0 (reference)
Asp/Glu 0.56 (0.33-0.95) 1 0.033 |1.14 (0.70-1.87) | 0.602
Glu/Glu 0.40 (0.20-0.80) | 0.009 |0.45(0.22-0.61) |0.026
Piena = 0.006 Piena = 0.078
Asp/Glu + Glu/Glu vs. Asp/Asp | 0.51 (0.31-0.85) |0.009 |0.92 (0.58-1.48) |0.737

OR odds ratio, 95% CI 95% confidence interval
*Adjusted for age, sex, education, smoking status, and drinking status

"Based on 159 cases and 265 controls
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Table 11.7 Association between genetic polymorphisms involved in inflammation and lung

cancer risk [17, 19, 21, 26]

Adjusted* OR (95% CI)
Polymorphism Aged >65 years ‘ P ‘ Aged <65 years” ‘ P
ILIB rs1143634
CcC 1.0 (reference) 1.0 (reference)
CT 1.15 (0.60-2.21) 0.677 1.48 (0.77-2.86) 0.244
TT NA 1.77 (0.28-11.2) 0.543
Piena = 0.201
CT +TT vs. CC 1.33 (0.70-2.54) 0.384 1.51 (0.80-2.83) 0.200
1L6 rs1800796
CcC 1.0 (reference) 1.0 (reference)
CG 1.53 (0.92-2.53) 0.100 1.21 (0.75-1.95) 0.427
GG 0.98 (0.37-2.65) 0.976 3.39 (1.13-10.2) 0.029
Piena = 0.281 Piena = 0.057
CG + GG vs. CC 1.43 (0.89-2.31) 0.141 1.37 (0.87-2.16) 0.174
IL8 154073
TT 1.0 (reference) 1.0 (reference)
TA 0.71 (0.44-1.64) 0.176 1.40 (0.88-2.23) 0.158
AA 1.13 (0.50-2.55) 0.766 0.82 (0.36-1.85) 0.638
Piena = 0.684 Piena = 0.668
TA + AAvs. TT 0.78 (0.48-1.24) 0.294 1.27 (0.82-1.97) 0.290
IL10 1s1800871
CcC 0.94 (0.46-1.93) 0.877 1.61 (0.78-3.33) 0.201
CT 1.15 (0.69-1.91) 0.589 1.45(0.91-2.31) 0.121
TT 1.0 (reference) 1.0 (reference)
Piena = 0.942 Piena = 0.097
CT+CCvs. TT 1.10 (0.68-1.77) 0.699 1.48 (0.95-2.31) 0.086
IL13 rs1800925
CcC 1.0 (reference) 1.0 (reference)
CT 0.94 (0.58-1.53) 0.814 1.47 (0.91-2.31) 0.117
TT 3.32(0.41-27.0) 0.261 1.15 (0.40-3.27) 0.796
Piena = 0.698 Piena = 0.209
CT +TT vs. CC 1.01 (0.63-1.62) 0.976 1.42 (0.90-2.34) 0.132
CRP 152794520
CC 2.03 (0.87-4.75) 0.103 1.98 (0.92-4.24) 0.080
CT 1.67 (1.02-2.73) 0.040 1.58 (0.99-2.52) 0.057
TT 1.0 (reference) 1.0 (reference)
Piena = 0.024 Piena = 0.028
CT+CCvs. TT 1.73 (1.09-2.76) 0.021 1.64 (1.05-2.57) 0.031
NOS2 152297518
CC 1.0 (reference) 1.0 (reference)
CT 1.02 (0.53-1.96) 0.962 1.32 (0.70-2.51) 0.391

(continued)
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Adjusted® OR (95% CI)
Polymorphism Aged >65 years P Aged <65 years® P
TT NA 1.80 (0.19-16.9) 0.606
Piena =0.326
CT +TT vs. CC 1.04 (0.54-2.00) 0.900 1.35 (0.73-2.51) 0.343
CYBA 154673
CcC 1.0 (reference) 1.0 (reference)
CT 1.01 (0.49-2.11) 0.972 1.23 (0.67-2.28) 0.501
TT 0.66 (0.10-4.20) 0.661 5.75 (0.46-72.0) 0.175
Piena = 0.821 Piena = 0.233
CT +TT vs. CC 0.96 (0.48-1.92) 0.917 1.33 (0.73-2.43) 0.348
TNFA rs1799724
CcC 1.0 (reference) 1.0 (reference)
CT 1.28 (0.76-2.14) 0.355 1.07 (0.66-1.73) 0.798
TT 0.93 (0.30-2.91) 0.903 1.64 (0.50-5.45) 0.416
Piena = 0.552 Piena =0.513
CT + TT vs. CC 1.23 (0.75-2.00) 0.418 1.11 (0.70-1.77) 0.646
TNFRA2 131061622
GG 1.52 (0.47-4.91) 0.484 0.94 (0.20-4.28) 0.932
TG 1.64 (0.49-5.51) 0.424 0.89 (0.19-4.19) 0.932
TT 1.0 (reference) 1.0 (reference)
Piena = 0.859 Piena = 0.887
TG+ GG vs. TT 1.55 (0.49-4.97) 0.455 0.92 (0.20-4.19) 0.916
NFkB rs28362491
DD 0.54 (0.26-1.16) 0.114 0.72 (0.36-1.46) 0.366
ID 0.70 (0.43-1.15) 0.160 0.84 (0.53-1.33) 0.452
11 1.0 (reference) 1.0 (reference)
Pena = 0.068 Piena = 0.309
ID+DDvs. II 0.67 (0.42-1.06) 0.090 0.81 (0.52-1.26) 0.351

OR odds ratio, 95% CI 95% confidence interval, NA not available
*Adjusted for age, sex, smoking status, drinking status, and education
"Based on 159 cases and 265 controls

patients and 265 controls). Seven polymorphisms, namely, CYPIAI rs4646903,
CYPIAI 151048943, GSTMI1 deletion, GSTPI rs1695, SULTAI 159282861,
TP53BP1 1s560191, and CRP rs2794520, were associated with lung cancer risk in
the elderly group. CYP2E] rs2031920 and CYBA rs4673 in elderly controls and
ILIB]I rs1143634 in non-elderly controls deviated from HWE.

In our previous case-control studies [14, 16-19, 21, 27, 28], the minor homozy-
gotes of CYPIAI rs4646903 (OR =2.63,95% CI = 1.61-4.28), CYPIAI rs1048943
(OR =2.86,95% CI = 1.54-5.32), GSTP1 rs1695 (OR =3.22,95% CI = 1.12-9.30),
CRP 152794520 (OR = 1.92, 95% CI = 1.10-3.38), and TP53BP1 1s560191
(OR = 0.46, 95% CI = 0.29-0.74) were significantly associated with an increased
lung cancer risk in the whole population (462 lung cancer cases and 379 controls).
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Similarly, the null genotype of the GSTM1 deletion polymorphism was at a 1.38-
fold (95% CI = 1.01-1.89) increased risk of lung cancer 1.38 (1.01-1.89) in the
whole population. Although the authors did not report the association between
SULTIAI 1s9282861 and lung cancer risk, SULTIA1 rs9282861 was associated with
lung cancer risk under dominant model (OR = 1.33, 95% CI = 1.00-1.76, P = 0.05)
in a recent meta-analysis [29]. The observed ORs of lung cancer for these polymor-
phisms were consistent with those from a considerable amount of studies, including
our previous studies, but attenuated due to a reduced sample size. Basically, the
impact of selected genetic polymorphisms on lung cancer may be similar between
the elderly population and the non-elderly population. Our findings suggest the
impact of selected genetic polymorphisms on lung cancer is independent of age.

Departure from HWE can imply the presence of selection bias (lack of represen-
tation of the general population) in this population because this study was free from
the possibility of genotyping error (e.g., systematic misgenotyping of heterozygotes
as homozygotes or vice versa or nonrandomness of missing data), assay nonspeci-
ficity, or possible population admixture/stratification [30, 31]. The Japanese popula-
tion sample could be expected to have a relatively low risk of population stratification
effects [32, 33] in comparison to Caucasian populations that have a geographically
broader-based inheritance. The deviation from HWE is most likely due to chance.
For example, no controls had the TT genotype of CYP2E] 1rs2031920 in this study.
If one control had possessed the TT genotype, there was no longer a deviation from
HWE in controls (P = 0.053). On the other hand, two controls had the TT genotype
of CYBA rs4673. If one control had possessed the TT genotype, there was no longer
a deviation from HWE in controls (P = 0.359). It is plausible that the deviation from
HWE was due to chance in this study.

Understanding the genetic basis of complex diseases has been increasingly
emphasized as a means of achieving insight into disease pathogenesis, with the
ultimate goal of improving preventive strategies, diagnostic tools, and therapies.
Case-control genetic association studies such as ours aim to detect association
between genetic polymorphisms and disease. Although case-control genetic asso-
ciation studies can measure statistical associations, they cannot test causality.
Determining genetic causation of disease is a process of inference, which requires
supportive results from multiple association studies and basic science experiments
combined. Furthermore, a concern with respect to genetic association studies has
been lack of replication studies, especially contradictory findings across studies.
Replication of findings is very important before any causal inference can be drawn.
Testing replication in different populations is an important step. Additional studies
are warranted to replicate our and others’ findings from case-control genetic asso-
ciation studies.

In summary, CYPIAI rs4646903, CYPIAI rs1048943, GSTM1 deletion, GSTP1
rs1695, SULTAI 159282861, TP53BP1 rs560191, and CRP rs2794520 were associ-
ated with lung cancer risk in the elderly population. The impact of selected genetic
polymorphisms on lung cancer is independent of age. Future studies involving larger
control and case populations will undoubtedly lead to a more thorough understand-
ing of the role of genetic polymorphisms in lung cancer development among elderly.
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11.3 Conclusion

Our health status in the later life is influenced by the life experience throughout life.
Therefore, health promotion to reduce the risk of chronic diseases such as cancers
is important to obtain healthy aging. Lung cancer is the most common cancer world-
wide [34], which is the leading cause of cancer death in Japan [1].

Similar to the population as a whole, to adequately control risk factors for lung
cancer, such as avoiding the exposure of harmful cigarette smoke and increasing
fruits consumption [4—6] (Table 11.3), might be linked to a healthy life and/or a
longer life expectancy of the elderly. For example, even a 60-year-old cigarette
smoker could gain at least 3 years of life expectancy by stopping [35]. It is accepted
that oxidative damage contributes greatly to the aging process and the development
of various diseases [36]. Antioxidants can decrease the oxidative damage by react-
ing with free radicals or by inhibiting their activity. Fruits are a source of vitamin C
and other antioxidants such as carotenoids, flavonoids, and polyphenols. Therefore,
fruits can be used to benefit human health issues related to retarding aging (increase
in life expectancy). Due to prolonging life expectancy and the increased risk of lung
cancer with aging, lung cancer is common in the elderly. As lung cancer has a rela-
tively long latency period from the time of initial exposure to the onset of symp-
toms, anti-smoking education programs should be introduced at an early age.

In addition to primary prevention, secondary prevention (i.e., early detection of
asymptomatic lung cancer) is also important for our good health status in the later
life. Among both men and women, the incidence of lung cancer is low in persons
under age 45 and increases with age [4]. Therefore, screening for lung cancer after
the middle ages is important to detect asymptomatic lung cancer as well as to avoid
unhealthy aging.

Krabbe and Lotan suggested to us that newly diagnosed bladder cancer patients
should also be screened for lung cancer because a small number (i.e., 4-5%) of
bladder cancer patients were also diagnosed with lung cancer [37]. As bladder can-
cer and lung cancer have shared risk factors (i.e., tobacco smoking [8] and arsenic
in drinking water [38]) and inherited susceptibility (i.e., GSMI deletion
polymorphism and NAT2 [39]) and lung cancer is the most common death from
cancer, it is appropriate that Krabbe and Lotan recommend urologists to advise
bladder cancer patients to undergo screening of lung cancer [40]. Therefore, we
should advise patients with smoking-related cancers other than lung cancer to
undergo screening for lung cancer because tobacco smoking is associated with an
increased risk of malignancies of both organs in direct contact with smoke and
organs not in direct contact with smoke [3].

In addition to environmental factors, a substantial number of genetic polymor-
phisms have been determined as possible risk factors for lung cancer [41-43].
Global estimates suggest that approximately 25% of lung cancer cases worldwide
occur among never smokers [44, 45]. Family history has been reported a simple
proxy for genetic risk and is influenced by both shared and individual environmental
exposures [46]. Understanding the underlying genetic factors will have a high
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degree of availability for clarifying the etiology of lung cancer and in identifying
high-risk individuals for targeted screening and/or prevention based on a combina-
tion of genetic and environmental factors in the elderly population as well as the
population as a whole.

In the end, the impact of genetic factors on lung cancer may be unrelated to age.
Tobacco smoking is the best established and strongest avoidable risk factor for lung
cancer. Although tobacco smoking is associated with an increased risk of malignan-
cies of both organs in direct contact with smoke and organs not in direct contact
with smoke [3] as well as an increased risk of cardiovascular diseases or chronic
obstructive pulmonary disease [47], more than 30% of Japanese boys experienced
tobacco smoking before becoming junior high school students [48, 49], and more
than 10% of Japanese girls did so before becoming senior high school students [49].
As healthy aging is a lifelong process, anti-smoking education from an early age
and the prevention of tobacco smoking throughout the lifetime are important for
healthy aging.
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