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M aterials and M ethods

Study subjects

The study subjects were recruited from National Taiwan University Hospital, Taipei,

Taiwan. Nationa Taiwan University Hospital is the leading teaching hospital in

Taiwan, and is the most important referral center in Taiwan. Subjects were mostly

from great Taipei area; however, some of them were referred from other area from

other hospitals. Eligible cases were newly diagnosed and histologically (pathology

or cytology) confirmed primary lung adenocarcinoma by experienced pathologists

or chest specialists. A total of 301 eligible cases were recruited between July 1996

and March 2001. Among them, 30 subjects were proved to be not lung cancer,

including tuberculosis, ovary cancer, breast cancer, or other benign tumors;, 4

subjects were of unknown diagnosis, and 263 subjects were proved to lung cancer.

Among 263 lung cancer patients, 200 subjects were adenocarcinoma, and 63 of them

were non-adenocarcinoma lung cancer, including squamous cell, small cell, large

cell, and adenosquamous cell carcinoma. About 76 % of lung cancer patients were

adenocarcinoma. Among adenocarcinoma, 16 subjects had no questionnaires due to

either too ill to response, discharged, or expired. The response rate was 92%. Among

the 184 subjects, 167 of them had blood sample, and 17 subjects had no blood

sample due to discharge, expire, or refusal. The control group was recruited from



two stages. The first stage was between 1997 July and 1998 January. Hospital
controls were recruited from National Taiwan University Hospital health
examination department. A total of 279 controls were recruited. We did not perform
individual matching because of administrative consideration. However, the control
group was younger and receiving higher education than cases. In order to improve
the power and efficiency, we stared a secondary stage of control recruitment. This
time, controls were recruited from Taipei Municipal Chung-Hsiao hospital in 2001.
Female older than 65 years receiving free health examination provided by Bureau of
National Health Insurance, Taiwan was eligible controls. A total of 73 controls were
recruited. Among the total 352 controls, only 2 subjects refused interview, and 10
subjects refused to provide blood samples. Only 277 controls and 148 cases had
received genotyping for phase |1 ,2 xenobiotics-metabolizing enzymes, estrogen
metabolizing and receptor gene , and DNA repair genes polymorphism.

The catchments areas of the controls were from the great Taipei city. However, the
catchments areas of cases, though mostly were from great Taipei city, were from the
whole Taiwan in fact. We did not use proxy responder information in our study.

Data specification

Two trained interviews conducted personal interviews to collect risk factors data.

Data on demographic characteristics, menstrual and pregnancy history, tobacco



exposure status including the smoking status of the patient and her spouse, parents,

and co-workers, individua medical condition, incense smoke, dietary history,

alcohol consumption, occupational exposure, a family history of lung cancer and

cooking fume exposure were obtained from structured questionnaires. Cooking

habit before 40 was defined as cooking daily for a least 6 months before

40-year-old. Cooking fume exposure was defined as those who had cooking habit

before 40-year-old and no ventilator was used when she was cooking. Subjects who

had no cooking habits or used ventilator when cooking were defined as no cooking

fume exposure. Other cooking related items, such as Cooking fuels, including

electricity, natural gas, charcoal, wood, and coal, cooking oils, including lard oil or

vegetable oils (soybean, peanut, sunflower, and other vegetable oils), age at starting

cooking, total cooking years before 40, and fume extractor in kitchen (as

dichotomous variable) were aso interviewed and analyzed. Ever smoker was

defined as having smoked daily for at least 6 months during her lifetime.

Nonsmoker was defined as never having smoked daily for at least 6 months during

her lifetime. Smoking duration (in years), and cumulative smoking amount (in

pack-year) were stratified to four levels to test the dose-response relationship. As to

the environmental tobacco smoke exposure, smoking status of father, mother, spouse,

and co-workers were inquired. Spouse smoking duration (in years) and cumulative



smoking amount (in pack-years) were stratified into four levels to test the

dose-response relationship. Tobacco smoke exposure was defined as ever smokers

or spouse smoking nears her.

Hormone-related risk factors included age at menarche, age at menopause,

menstruation regularity, menstrual cycle length, length of menstrual period, number

of gestation, parity, spontaneous abortion, and total duration of breast-feeding.

External source of sex hormone included oral contraceptives and hormone

replacement therapy, and some Chinese herb drug for menstruation-regulation.

Period of hormone exposure was defined as (age of recruitment — age of menarche)

x 12-10 x times of full term delivery- 5% times of abortion when she was not

menopausal, and was defined as (age of menopause — age of menarche) x 12-10 x

times of full term delivery- 5x times of abortion when she was menopausal. Body

mass index was cal culated by body weight six months before diagnosis in kilogram

divided by square of body height in meter.

Interviewer also asked about the history of pulmonary tuberculosis, chronic

obstructive airway disease (emphysema, chronic bronchitis), asthma, and history of

hysterectomy, oophorectomy, and family history of lung cancer.

L aboratory methods

After obtaining the letter of consent from study subjects, we collected 10 ml of
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venous blood for genotype analysis. Genomic DNA sample were extracted from

peripheral lymphocytes using a Puregene DNA isolation kit (Gentra System, Lnc.,

Minneapoils, MN, USA). After extraction, DNA was dissolved in a hydration

solution and stored at 4°C until further analysis. Genotypes were detected using a

PCR-RFLP technique as the following condition:

Phase | xenaobiotics-metabolizing enzymes genotyping

CYP1B1 (Codon 432)

Primer:

5-GTGGTT TTT GTC AAC CAG TGG-3

5-GCCTCT TGCTTCTTA TTG GCA-3

Condition:

94°C 4mins—> (94C 40" > 55C 30" > 72°C 40") - 72°C 10mins

35 cycles

Exon3, codon 432 (Val=>Leu) 1294 G>C

PCR product: 390 bp, create Eco57! site

G/G: 390 bp, C/C: 330+60 bp

CYP1B1 (Codon 48)

Primer:

5'-TAC GGC GAC GTT TTC CAG AT-3

5'-CGT GAA GAA GTT GCG CAT CA-3

Condition:

94°C 4mins—> (94°C 40" > 55C 30" > 72°C 40") - 72°C 10mins

35 cycles

PCR product: 230 bp; codon 48 Ala>Ser  (G>T)

Create Ahd1 site, G/G bp: 230; T/T: 110+120 bp

CYP1AI-exon7 (Codon 462)

Primer:

5'-GAACTGCCACTTCAGCTGTCT-3

5'-GAAAGACCTCCCAGCGGTCA-3

Condition:

94°C4min® (94°C40" ® 60°C 25" ® 72°C 30") ® 72°C 10min
35 cycles



Codon 462 I1e® Val (ATT® GTT)
PCR product 187 bp, A-G mutation create Hincll site, Ile: 139+48, Val: 120+48+19 bp

CYP1AI1-M spl (3’ -flanking region)

C44: 5 -TAGGAGTCTTGTCTCATGCCT-3

CA47: 5'-CAGTGAAGAGGTGTAGCCGCT-3'

94°C4min® (94°C40" ® 60°C 30" ® 72°C 30") ® 72°C 10min
35 cycles

PCR product 340 bp

3’ -flanking T® C mutation create Mspl site, wt/wt: 340, mt/mt 205+135

CYP2E1-Rsal

Primer:

5'-CCAGTCGAGTCTACATTGTCA-3

5 -TTCATTCTGTCTTCTAACTGG-3

Condition:

PCR product 412 bp, Rsal, wt/wt: 366+46, mt/mt: 412

CYP1A2 (-2964)

Primer:

5'-GCT ACA CAT GAT CGA GCT ATA C-3

5'-CA GGT CTCTTC ACT GTA AAG TTA-3

94°C 4mins—> (94°C 40" > 56°C 30" > 72°C 40") - 72°C 10mins

35 cycles

G~ A at position-2964, create Bsll

Size of PCR product: 596 bp

G:/G: 343 +132+ 93+ 28

A/A: 475+ 93+ 28

CYP2C19m1

Primer:

5'-AATTACAACCAGAGCTTGGC -3

5'-TATCACTTTCCATAAAAGCAAG-3

Condition:

94°C4min® (94°C40" ®52°C 30" ® 72°C 30") ® 72°C 10min
35 cycles

PCR product: 169 wt/wt: 120+49 mt/mt: 169

Phase || xenobiotics-metabolizing enzymes genotyping

COMT (Val158Met)
5'-TCGTGGAC GCCGTGATTCAGG-3



5'-AGGTCTGAC AAC GGGTCAGGC-3
94°C 4mins—> (94C 40" > 55C 30" > 72°C 30") = 72°C 10mins
35 cycles

Size of PCR product: 217bp

A->G lossof an Nlalll site

Met/Met: 40+96+81bp, Val/Val: 136+81bp.

GST TIM1:

M1:G5 5-GAAC TCCCTGAAAAGCTAAAGC-3

G6 5-GTTGGGCTCAAATATAC GGTGG-3'
T1: T1-R 5 -TCAC CGGATCATGGCCAGCA-3
T1-F5-TTCCTTAC TGGTCCTCAC ATCTC-3
B-globin: CAAC TTCATCCAC GTTCACC
GAAGAGCCAAGGAC AGGTAC

PCR condition:

94°C4min® (94°C40" ®55°C 30" ® 72°C40") ® 72°C 10min
35 cycles

2.5 % agarose electrophoresis

GSTP1 (llel05val)

P105F 5'-ACC CCA GGG CTC TAT GG-3

P105R 5'-TGA GGG CAC AAG AAG CCCCT-3

94°C4min® (94°C40" ® 60°C 25" ® 72°C 30") ® 72°C 10min

35 cycles

PCR product: 176bp, lle/lle: 176 bp, Val/Val: 91+85 bp

The Alw26l site created by the A® G mutation at codon105

NAT2

N4: 5'-TCT AGC ATG AAT CACTCT GC-3

N5: 5'-GGA AC A AAT TGGACT TGG-3

94°C4min® (94°C40" ®52°C 30" ® 72°C90") ® 72°C 10min
35 cycles

PCR product: 1093 M1 (Kpn1) C/C: 660+433bp, T/T: 1093bp

M2 (Tagl) G/G: 380+317+226+170, A/A: 396+380+317
M3 (BamH1) G/G: 811+282, A/A: 1093

NAT1

N1323 5-TAAAAC AATCTTGTCTATTTG-3

N1536NR 5 -ATAAC CAC AGGCCATCTTTAGAA-3

94°C4min® (94°C40" ®52°C 30" ® 72°C40") ® 72°C 10min
35 cycles

ACCESSION: X17059



SNP site: *4/*4:1528T/T; 1535:C/C.
*3/*3:1528T/T; 1535:A/A
*10/*10:1528A/A; 1535:A/A
*11/*11:1520-1528 del eted;
Run cycle-sequence to distinguish * 3/4*/10/* 11
EH (Tyr113His)
5-TGT CCT TCC CAT CCCTCT CAACTT-3
5-CCTTCAATCTTAGTCTTGAAGTGA CGG T-3
94°C4min® (94°C40" ®55°C 30" ® 72°C40") ® 72°C 10min
35 cycles
C® T mutation loss of an Aspl site.
PCR product 228bp, Tyr/Tyr: 201+ 27bp, Hig/His: 228bp.
EH (His139Arg)
5-AAC AC CGGGCCCAC CCTTGGC-3
5-GGGGTAC CAGAGCCTGAC CGT-3
94°C4min® (94°C40" ® 60°C 25" ® 72°C 30") ® 72°C 10min
35 cycles
A® G mutation create a Rsal site
PCR product: 357 bp, Hig/His: 299+58 bp, Arg/Arg: 177+122+58 bp
2%agarose electrophoresis

Estrogen metabolizing and receptor gene polymor phism genotying

COMT (Val158Met)

5'-TCGTGGACGCCGTGATTCAGG-3

5'-AGGTCTGACAACGGGTCAGGC-3

940 4 mins > (940 40" - 550 30" - 720 30" ) - 7200 10 mins
35 cycles

Size of PCR product: 217bp

A->Glossof an Nlalll site

Met/Met: 40+96+81bp, Val/Val: 136+81bp

CYP17

5-CATTCGCACTCTGGAGTC-3

5-AGGCTCTTGGGGTACTTG-3
94°C4min® (94°C40" ®57°C 30" ® 72°C40") ® 72°C 10min



35 cycles
SNP located at 34 bp upstream from the initiation of trandation
T-C mutation create a MspA1l site,
PCR product: 419, wt/wt: 419, mt/mt: 295+124

CYPI9(TTTA)nin Intron 5

5'-GTC TAT GAA TAT GCCTTT TT-3'

5-GTT TGA CTCCGT GTGTTT GA-3

PCR product: 291-320 bp

940 4 mins > (940 40" - 550 30" - 720 30" ) - 7200 10 mins

for 35 cycles

ESR (Codon 325)

5'-GCC CGC TCA TGA TCA AACG-3

5'-GGA TCA TAC TCG GAA TAG AGA AT-3

940 4 mins > (940 40" - 550 30" - 720 30" ) - 7200 10 mins
for 35 cycles

Size of PCR product: 120 bp

Codon 325 CCC—> CCG create Hinfl

CCC (120bp) - CCG (98+21 bp)

CYP1A1 (exon 7)

5'-GAACTGCCACTTCAGCTGTCT-3
5'-GAAAGACCTCCCAGCGGTCA-3
94°C4min® (94°C40" ® 60°C 25" ® 72°C 30") ® 72°C 10min
35 cycles
Codon 462 11e® Val (ATT® GTT)
PCR product 187 bp, A-G mutation create Hincll site, Ile: 139+48, Val: 120+48+19 bp

DNA repair enzyme genotying

Genotypes were examined using polymerase chain reaction-based restriction fragment length
polymorphism (PCR-RFLP) assays. Primers for XRCC1 exon 6 were 5'-CGA GTC TAG GTC TCA

ACC CTA CTC ACT-3 and 5'-GTT CCG TGT GAA GGA GGA GGA-3', which amplified a 138
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bp DNA fragment. Primers for XRCC1 exons 9 and 10 were 5-TTG ACC CCC AGT GGT GCT
AA-3 and 5-GGC TGG GAC CAC CTG TGT T-3', which amplified an 861 bp DNA fragment.
Primers for XRCC3 exon 7 were 5'- TCG CCT GGT GGT CAT CGA CTC-3 and 5'-GCA TCC
TGG CTA AAA ATA CGA GC-3', which amplified a 207 bp DNA fragment. Primers for hMLH1
5'-flanking region were 5'-AGT AGC CGC TTC AGG GA-3 and 5-CTC GTC CAG CCG CCG
AAT AA-3', which amplified a 259 bp DNA fragment. Primers for XPD exon 23 were 5'-AGG ATC
AGC TGG GCC TGT CCC TGC-3 and 5'-TGT GGA CGT GAC AGT GAG AAA T-3, which
amplified a 220 bp DNA fragment. All PCRs were under the same condition as follows: a 50pL
reaction mixture containing 2uL of genomic DNA, 1uL each dNTPS, 0.5 unit Tag (Promega,
Madison, WI), and 1X PCR buffer. PCR program was consisted of an initial melting step of 94°C for
4 minutes, followed by 35 cycles of 40 seconds at 94°C and 30 second at 55°C. The products were
electrophoresed using 2% agarose gel and visualized by ethidium bromide.

The restriction enzyme Pvu 1l was used to distinguish the 26304 polymorphism of XRCC1
exon 6 in which the gain of a Pvu Il restriction site occurred in the polymorphic allele. The Arg/Arg,
Arg/Trp, and Trp/Trp genotypes for codon 194 resulted in 138 bp; 138 bp, 63 bp and 75 bp; and 63
bp and 75 bp digestion products, respectively. The restriction enzyme Rsa | was used to distinguish
the 27466 polymorphism of XRCC1 exon 9. The Arg/Arg, Arg/His, and His/His genotypes for codon
280 resulted in 63 bp, 201 bp and 597 bp; 63 bp, 201 bp, 597 bp and 660 bp; and 660 bp and 201 bp
digestion products, respectively. The restriction enzyme Msp | was used to distinguish the 28152
polymorphism of XRCC1 exon 10. The Arg/Arg, Arg/GIn, and GIn/GIn genotypes for codon 399
resulted in 115 bp, 285 bp and 461 bp; 115 bp, 285 bp, 461 bp and 576 bp; and 285 bp and 576 bp
digestion products, respectively. The restriction enzyme Nla 111 was used to distinguish the 18067
polymorphism of XRCC3 exon 7. The Thr/Thr, Thr/Met and Met/Met genotypes for codon 241
resulted in 207 bp; 207 bp, 103 bp and 104 bp; and 103 bp and 104 bp, respectively. The restriction
enzyme Mab Il was used to distinguish the 35931 polymorphism of XPD exon 23. The Lys/Lys,

Lys/GlIn, and GIn/GIn genotyps for codon 751 resulted in 80 bp and 140 bp; 80 bp, 140 bp and 220 bp;
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and 220 bp, respectively. The restriction enzyme Pvu Il was used to distinguish the polymorphism at
position -93nt of hMLH1 5'-flanking region. The G/G, G/A, and A/A dleles resulted in 125 bp and

134 bp; 125 bp, 134 bp and 259 bp; and 259 bp digestion products, respectively.

Statistical analysis

In the case-control study, odds ratios and their 95% confidence intervals were used

as estimates of relative risk. Univariate logistic regression model was applied to test

the potential risk factors mentioned above. The significant risk factorsidentified in

univariate logistic regression model were put into multiple logistic regressions. All

the models were adjusted for age and education levels. Stratified analysis was done

for evaluating the interactive effect of tobacco smoke exposure and cooking

exposure, tobacco smoke exposure and family history, and hormone exposure period

and BMI. All univariate and multivariate logistic regressions were adjusted for age,

education level. All non-smoking related risk factors analysis was adjusted for

smoking exposure. All p values were obtained by two-tail test.

The genotype-genotype interaction effect was divided into four groups: individuals

with three, two, one, and no putative high-risk genotypes of phase | metabolizing

genes, phase |l metabolizing genes, and estrogen metabolizing enzymes. The gene

dosage effect was evaluated by p value obtained from test for trend method. The

genotype-environment interaction effect was divided into four groups. individuas

12



with three, two, one, and no putative high-risk factors among tobacco smoke
exposure, cooking fume exposure, and three putative high-risk genotypes. The
gene-environment dosage effect was evaluated by p value obtained from test for

trend method. All p values were from two-tailed tests.

13



Results

We showed demographic characteristics in Table 1-1. Among cases, the peak

incidence was among 60-69 years group (26.6%), which was consistent with

previous finding. And we found a small plateau over 40-60 years (comprised of

more than 40% cases). It seemed that more female adenocarcinoma occurring at

younger age than male. The mean age was 60.33 among case group, and was 56.27

among control group; the mean schooling year was 7.4 years among case group, and

9.72 years among control group. Overall, the control group was younger and

receiving higher education than cases. So, in the following analysis, we al adjusted

for age and education levels. As to the ethnic groups, we found no significant

difference among cases and controls. More than three fourth of the subjects were

Fukienese.

In Table 1-2, we showed the smoking-related risk factors in association with lung

adenocarcinoma. The ever-smoker possessed a 2.4-folds significant risk compared

with nonsmoker. Only 8.2% female adenocarcinoma were an ever smoker, which

was the lowest compared to previous study (4). The risk increased when the

smoking duration and cumulative smoking amount increased, showing a significant

trend. Those who smoked more than 25 pack-years possessed a 6.3-folds risk

compared with nonsmoker. Table 1-3 showed the passive cigarette smoke related
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factors. Spouse smoking exposure only carried a 1.2-folds non-significant risk;

however, if her husband smoked just besides her, the risk increased to 1.5-folds. We

stratified the cumulative amount of spouse smoking exposure into four levels to test

the dose-response relationship; however, there were no significant trend. We also

found that if more than 10 coworkers were ever smoker, the risk would be up to

2.8-folds. We categorized the subjects who were ever-smokers or her spouse smoked

just besides her as having “tobacco smoke exposure”, and found that it carried a

1.7-fold (95%Cl=1.1-2.5) significant risk.

Table 1-4 showed cooking-related risk factors before 40. Almost all subjects (>90 %

cases and controls) cooked daily before 40, which is consistent with traditional

Chinese women daily practice. The odds ratio for cooking habit did not show

significant association with lung adenocarcinoma (OR=0.6) because almost all

subjects had the exposure. However, if we compared those who had cooking habit

and did not have fume extractor in kitchen with those who did not cook or cooked

but had fume extractor in kitchen, we see a nhon-significant increased risk (OR=1.3,

95%Cl= 0.8- 2.2). And then, we categorized those who did not cook or cooked but

had fume extractor in kitchen as no cooking fume exposure, and those who had

cooking habit and did not have fume extractor in kitchen as having cooking fume

exposure. Age at starting cooking did not show significant trend with the
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development of lung adenocarcinoma. However, total duration of cooking before 40

showed a mild, but non-significant trend in association with the development of lung

adenocarcinoma. As to the cooking oils, we found that lard oils possessed a

2.1-folds (95%Cl=1.2-3.8) of significant risk compared with no cooking fume

exposure. Vegetable oils did not show significant risk (OR=0.7, 95% CI=0.4-1.3).

Asto the cooking fuels, we found that coal, wood and charcoal possessed a 1.6-folds

(95%CI=1.0-2.8) of significant risk compared with no cooking fume exposure.

Electricity and natural gas did not show significant risk (OR=0.6, 95% CI=0.2-1.6).

We concluded that those who cooked, had no fume extractor, and used lard oils as

cooking oils or used coal, wood, and charcoal as cooking fuels possessed higher risk

for lung adenocarcinoma.

Table 1-5 showed hormone-related risk factor in association with lung

adenocarcinoma. Late onset of menarche (>=15 years) showed a borderline

significant risk for developing lung adenocarcinoma compared with early onset of

menarche. The earlier menopause the subjects were, the higher risk for lung

adenocarcinoma they would have, showing a significant trends. Those who were

menopausal carried a 6.6-folds risk (95%CI=2.9-14.7) compared with those who

were not yet menopausal, adjusting for age and education levels. Longer

menstruation period (>6 days) (OR=1.6, 95%CI=1.0-2.5), longer menstruation cycle
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(>=25 days) (OR=2.3, 95%CI=1.0-5.3) showed higher risk compared with shorter

menstruation period (<=6 days) and shorter menstruation cycle (<25 days). As the

numbers of gestation and parity increased, the risk for lung adenocarcinoma

increased simultaneously, and it showed a significant trend (p for trend <0.05).

Breast-feeding more than 18 months carried a 1.7-folds significant risk

(95%CI=1.0-2.8) compared with less than 18 months or no breast-feeding. As to the

external source of sex hormone, history of oral contraceptives and hormone

replacement therapy carried a borderline significantly protective effect (OR=0.6, 0.7,

respectively). And the protective effect increased as the duration of usage increased,

all showed a significant trend (p for trend <0.05). In those taking more than 1 year

compared with subjects never using, the ORs were 0.3, and 0.4 respectively for oral

contraceptives and HRT. Taking Chinese herb drug for menstruation-regulation

possessed a 1.2-folds significant risk (95%CI=1.0-1.5). BMI was inversey

associated with lung adenocarcinoma risk, and the more obese the women were, the

more unlikely she contracted lung cancer (p for trend =0.01). BMI >22.5 had a

0.6-fold significantly protective risk compared with BMI <=22.5. Hormone

exposure period (>=30 years) had no association with lung adenocarcinoma

(OR=1.1, 95%CI=0.7-1.7). Overal, many hormone-related items were associated

with lung cancer risk.
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Table 1-6 showed personal medical history and family history of lung cancer in

association with lung adenocarcinoma. Pulmonary tuberculosis had a 2.3-folds

significant risk for lung adenocarcinoma. COPD, asthma, hysterectomy, and

oophorectomy were not associated with lung adenocarcinoma. As to the family

history, we found mother contracting lung cancer carried an 8.9-folds significant risk

for lung adenocarcinoma. Sibling contracting lung cancer also carried a 5.6-folds

significant risk for lung adenocarcinoma. Father contracting lung cancer was not

associated with lung adenocarcinoma. If we included all first-degree relatives, we

found 1.9-folds significant risk for lung adenocarcinoma. If we exclude father, all

first-degree relatives showed a 4.9-flods (95%ClI=1.7-14.1). Table 1-7 showed the

results of hormone-related risk factors in multiple logistic regression models. The

analysis was adjusted for age, education levels, and smoking exposure. We found

that oral contraceptives (OR=0.6), hormone replacement therapy (OR=0.2), BMI

(OR=0.4), menopause (OR=9.0), and longer menstruation period (OR=1.7) showed

significant association with lung adenocarcinoma. However, “breast feeding longer

than 18 months’ showed borderline significance (OR=1.8). Other items, including

shorter menstruation cycle length, menstruation regularity, age at menarche, and

Chinese herb drug did not show association with lung adenocarcinoma. In Table 1-8,

we put al putative risk factors derived from univariate logistic regression into
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multiple logistic regression models. The analysis was adjusted for age and education

levels. We found that cooking oil with lard (OR=2.0), tobacco smoke exposure

(OR=2.0), ora contraceptives (OR=0.6), hormone replacement therapy (OR=0.2),

BMI (OR=0.5) and menopause (OR=9.8) showed significant association with lung

adenocarcinoma. However, longer menstruation period (OR=1.7) showed borderline

significance. Other items, including lung cancer history of first-degree relatives

(OR=3.0), and pulmonary tuberculosis (OR=0.9) did not show association with lung

adenocarcinoma.

Tables 1-9 to 1-13 showed the interactive effect of tobacco smoke exposure and

cooking fume exposure, tobacco smoke exposure and cooking oil, tobacco smoke

exposure and cooking fuels, tobacco smoke exposure and, and BMI and hormone

exposure period in relation to lung adenocarcinoma. We found multiplicative

patterns in “tobacco smoke exposure” and “cooking fume exposure’, “tobacco

smoke exposure” and “cooking oils’, “tobacco smoke exposure’” and *“cooking

fuels’, and “tobacco smoke exposure” and “family history of lung cancer”. We

investigated the modifier effect with regard to BMI in association with lung

adenocarcinoma. In shorter hormone exposure period, the ORs for lung

adenocarcinoma were 1, 0.6, 0.6 respectively for those BMI<=22.5, 22.5-25, and

BMI>25. However, in longer hormone exposure period, the ORs for lung
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adenocarcinoma were 1, 0.5, 0.4 respectively, for those BMI<=22.5, 22.5-25, and
BMI>25. It seemed no modifying among BMI and hormone exposure period.

Table 2-1 presents the overall distribution of cases and controls and adjusted ORs
and 95% CI s by genotypes of phase | genes. The CYP1A1 lle/lle genotype had
1.8-folds (95% CI=1.1-2.9) increased risk of developing lung adenocarcinoma
(compared with lle/Val and Val/Va genotype as the referent group). The CYP1A2
G/G or G/A genotype had 3.9-folds (95% Cl=1.4-11.3) increased risk of developing
lung adenocarcinoma (compared with A/A). Other phase | gene, i.e. CYP1AI Mspl
polymorphism (TT/TC vs. CC, OR= 1.4, 95% C.l.= 0.7-2.5), CYPZEI Rsal
polymorphism (clcl/ clc2 vs. c2c2, OR= 1.4, 95% C.I= 0.4-4.3), CYP2E1 Dral
polymorphism (DD/ DC vs. CC, OR=1.5, 95% C.I= 0.5-3.9), CYP2C19 exon 5
(GG/GA vs. AA, OR= 1.3, 95% C.I.= 0.6-2.98), CYP1B1 codon 48 (AlalAla vs.
AlalSer, Ser/Ser, OR= 1.1, 95% C.I= 0.6-2.0), CYP1BI1 codon 432 (Va/Vva vs.
Val/Leu, Leu/Leu, OR= 1.4, 95% C.I= 0.7-2.5), did not show significant association
with lung adenocarcinoma.

To avoid gene-gene confounding effect, we put al phase | genesinto multiple
logistic regression model. Because the CYP1A1 Mspl and Ile/Val polymorphism,

and the CYP2E1 Rsal and Dral polymorphisms all showed strong linkage

disequilibrium, only CYP1A1 lle/Va polymorphisms and CYP2E1 Rsal
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polymorphism were included in the model. CYP1A1 lle/Va polymorphism was

chosen due to their greater risk in the simple logistic regression. CYP2E1 Rsal

polymorphism was chosen because its phenotypic implication is more evident than

Dral polymorphismsin previous studies. Asto CYP1B1, only codon 432

polymorphism was included in the model due to their greater risk in the simple

logistic regression than CYP1B1 codon 48. The results are showed in table 2-2: only

CYP1A25 flanking region polymorphism (GG/GA vs. AA) showed a 6.5-folds risk

of developing female lung adenocarcinoma (95% C.1 1.6-29.2), CYP2E1 Rsal

polymorphism (clc2/clcl vs. c2c2) had a 1.3-folds risk; however, it did not reach

statistical significance. Table 2-3 presents the gene dosage effect. CYP1AI1 lle/Val,

CYP1A25 flanking region, and CYP2E1 Rsal polymorphisms were combined into a

four-level model of risk. A borderline significantly dose-response relationship was

noted between the numbers of putative high-risk genotype and the risk of lung

adenocarcinoma (p=0.06). OR=1 for those with three risk genotype (referent group),

adjusted OR=0.9 (95% CI=0.5-1.5) for those with two putative high-risk genotype,

adjusted OR=0.5 (95% CI=0.2-1.0) for those with one putative high-risk genotype,

and adjusted OR=0.2 (95% CI=0.02-1.3) for those with zero putative high-risk

genotype. Table 2-4 presents the gene-environment dosage effect. Tobacco exposure,

cooking fume exposure, and phase | gene were combined into afour-level model of
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risk. We categorized phase | gene into two groups: one group having less than three

putative high-risk genotypes, the other group having three putative high-risk

genotypes. We assigned those with neither risk factor as referent group. Having one

putative high-risk factor (including any one of tobacco smoke exposure, cooking

fume exposure, or three putative high-risk genotypes) is associated with a 1.4-folds

increased risk for devel oping lung adenocarcinoma. Having two putative high-risk

factors (including any two of tobacco exposure, cooking fume exposure, or three

putative high-risk genotypes) is associated with a significantly higher risk of lung

adenocarcinoma (OR=3.0; 95% Cl=1.4-6.2). Women who had three putative

high-risk factors (those who exposed to tobacco, cooking fume, and having three

putative high risk genotypes) had a strong associated with lung adenocarcinoma

(OR=20.8; 95% CI =2.4-179.3). And it showed strong linear trend in our analysis

(p<0.0001).

Table 3-1 presents the overall distribution of cases and controls and adjusted ORs

and 95% CI s by genotypes of phase Il genes. The GSTM1 null genotype has

1.5-folds (95% CI=0.9-2.5) borderline significantly increased risk for developing

lung adenocarcinoma (compared with non-null genotype). The COMT Val/Met,

Met/Met genotype has 1.7-folds (95% CI=1.1-2.8) increased risk for developing

lung adenocarcinoma (compared with Val/Val). Other phase Il gene, such as GSTT1
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(null vs. non-null, OR= 0.9, 95% C1=0.5-1.4), GSTP1 "®1053 polymorphism (lle/lle
vs. lle/Va and Val/va, OR= 1.3, 95% CI=0.8-2.1), NAT1 (sow acetylator vs. rapid
acetylator, OR=1.2, 95% CI=0.7-2.4), NATZ2 (slow acetylator vs. rapid acetylator,
OR=1.2, 95% Cl= 0.6-2.3), Epoxide hydrolase ™113" (His/His, Tyr/His vs.
Tyr/Tyr, OR=1.4, 95% CI=0.9-2.3), Epoxide hydrolase "'*139"" (Arg/Arg, Arg/His
vs. His/His, OR=1.2, 95% CI =0.7-2.3), do not show significant association with
femal e lung adenocarcinoma.

To avoid gene-gene confounding effect, we put all phase Il genes into multiple
logistic regression models. The results are showed in Table 3-2. COMT M*158¥d
(Met/Met, Met/Val vs. Va/Val) shows a 2.2-folds increased risk for developing
female lung adenocarcinoma (95% C.| 1.2-4.0). Epoxide hydrolase 113" (Tyr/His,
His/His vs. Tyr/Tyr) shows a 2.0-folds increased risk (95% CI =1.1-3.7), and
GSTM1 null genotype shows borderline significantly association with female lung
adenocarcinoma compared with GSTM1 non-null genotype (OR=1.7, 95% CI
=0.9-3.1). In order to see the gene dosage effect, GSTM1, EH ™"113"'S and COMT
Me158"4 polymorphisms are combined into a model of four-level risk. The results
are shown in Table 3-3: OR=1 for those with zero putative high-risk genotype
(referent group), adjusted OR=3.1 (95% CI =0.9-10.3) for those with one putative

high-risk genotype, adjusted OR=4.1 (95% CI =1.2-13.5) for those with two putative
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high-risk genotype, and adjusted OR=11.7 (95% CI =3.0-45.5) for those with three

putative high-risk genotype. A significantly dose-response relationship is noted

between the numbers of putative high-risk genotype and the risk of lung

adenocarcinoma (test for trend p<0.001). Table 3-4 presents the gene-environment

dosage effect. Tobacco exposure, cooking fume exposure, and phase Il gene are

combined into a model of four-level risk. We categorize phase Il gene into two

groups: one group has less than three putative high-risk genotypes; the other group

has three putative high-risk genotypes. OR=1 is for those with neither risk factor

(referent group), adjusted OR=2.9 (95% CI=1.3-6.6) is for those with one putative

high-risk factor (including any one of tobacco exposure, cooking fume exposure, or

three putative high-risk genotypes). Having two putative high-risk factors (including

any two of tobacco exposure, cooking fume exposure, or three putative high-risk

genotypes) is associated with a significantly higher risk for lung adenocarcinoma

(OR=6.0; 95% CIl=2.6-13.8). Having two putative high-risk factors (those who

exposed to tobacco, cooking fume, and having three putative high risk genotypes) is

strongly associated with lung adenocarcinoma (OR=13.5, 95% Cl =4.7-38.4). And a

significantly dose-response relationship is noted between the numbers of putative

high-risk factors and the risk of lung adenocarcinoma (test for trend p<0.001). Table

3-5 shows the combined effect of NAT1 and NATZ2 genetic polymorphisms. The
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subject possessing one or two rapid acetylator shows an 8.4-folds significantly

increased risk for developing lung adenocarcinoma, compared with the slow/slow

acetylator combination. Table 3-6 shows the combined effect of GSTM1, GSTT1,

and GSTP1. We found that the subjects possessing three putative high-risk

genotypes have a 2.2-folds increased risk for developing lung adenocarcinoma,

compared with those who have none putative high-risk genotype. And the subjects

possessing one or more than one putative high-risk genotype have a 1.9-folds of

increased risk compared with those who have none putative high-risk genotype, but

all do not reach statistical significance.

Table 4-1 presents the overall distribution of cases and controls and adjusted ORs

and 95%Cls by genotypes of hormone-related genes. The CYP17 A2A2 genotype

has 2.2-folds (95%C.1.=1.1-4.5) significantly increased risk for developing lung

adenocarcinoma (compared with A1A1 genotype). The COMT Va/Met, Met/Met

genotype has 1.7-folds (95% Cl=1.1-2.8) increased risk for developing lung

adenocarcinoma (compared with Val/Val). Other hormone-related gene, such as

CYP19 microsatellite number and ESR codon 325 polymorphisms do not show

statistically significant association with lung adenocarcinoma.

To avoid gene-gene confounding effect, we put al hormone-related genesinto

multiple logistic regression models. The results are showed in table 4-2. In model 1,
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we put all the hormone related genes into the model. In model 2, only CY P17,

CYP19, and COMT are put into the model. In model 2, COMT (Met/Met, Met/Val

vs. Va/Val) shows a 1.7-folds increased risk for developing female lung

adenocarcinoma (95% C.1=1.0-2.9), and CYP17A2A2 shows a 1.7-folds increased

risk for developing female lung adenocarcinoma (95% C.1=1.0-3.0). CYP19and

ESRcodon 325 do not show statistical significance with lung adenocarcinoma. In

order to see the synthesis gene and metabolizing gene interactive effects stratified

analysis of CYP17and COMT in relation to lung adenocarcinomais shown in table

4-3. Those who possess CYP 17 A2/A2 and COMT Met carrier have a 4.2-folds risk

compared with those who possess CYP17A1/Al and COMTVa/Val. In table 4-4,

we show that the synthesis gene and metabolizing gene interactive effect is modified

by BMI of the subjects. Those who possess CYP17A2/A2 and COMT Met carrier

have a 6.7-folds significantly increased risk compared with those who possess

CYP17A1/A1 and COMT Val/Val among thinner subjects (BMI<=23), but only

2.5-folds non-significant risk among fatter subjects (BMI1>23). In table 4-5, we show

that the synthesis gene and metabolizing gene interactive effect is modified by

hormone exposure period of the subjects. Those who possess CYP17A2/A2 and

COMT Met carrier have a 10.4-folds significantly increased risk compared with

those who possess CYP17A1/A1 and COMT Va/Val among shorter hormone

26



exposure period group (<=363 months), but only 1.1-folds non-significant risk

among longer hormone exposure period group (>363 months). In order to see the

three genes gene-dosage effect, CYP17, CYP19, and COMT polymorphisms are

combined into amodd of four-levd risk. The results are shown in table 4-6: OR=1

for those with three putative high-risk genotypes (referent group), adjusted OR=0.5

(95%CI=0.3-0.9) for those with two putative high-risk genotypes, adjusted OR=0.4

(95%CI=0.2-0.8) for those with one putative high-risk genotype, and adjusted

OR=0.2 (95%CI=0.01-2.3) for those with zero putative high-risk genotype. A

significantly dose-response relationship is noted between the numbers of putative

high-risk genotype and the risk of lung adenocarcinoma (test for trend p<0.002).

Table 4-7 shows four genes gene-dosage effect. CYP1A1, CYP17, CYP19, and

COMT polymorphisms are combined into a model of five-level risk. OR=1 for those

with four putative high-risk genotypes (referent group), adjusted OR=0.4

(95%CI=0.4-0.7) for those with three putative high-risk genotypes, adjusted OR=0.2

(95%CI=0.1-0.5) for those with two putative high-risk genotypes, and adjusted

OR=0.3 (95%CI=0.1-0.9) for those with one putative high-risk genotype. No any

cases possess zero high-risk genotype. A significantly dose-response relationship is

noted between the numbers of putative high-risk genotype and the risk of lung

adenocarcinoma (test for trend p<0.005).
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Table 5-1 compares the genetic polymorphisms of four DNA-repair enzymes

between cases and controls. Cases had higher percentages of Arg/Arg and Arg/Trp

genotypes of XRCC1 codon 194, GIn/GIn genotype of XRCC1 codon 399, Thr/Met

genotype of XRCC3 codon 241, Lys/Gln and GIn/GIn genotypes of XPD codon 751,

and GA and AA genotypes of hMLH1 at -95 nucleotide. Cases and controls had

similat genotype frequency of XRCC1 codon 280. The age-adjusted OR (95% ClI) of

developing lung adenocarcinoma was 5.6 (1.2-26.2) for Arg/Arg and Arg/Trp

genotypes of XRCC1 codon 194 compared with Trp/Trp genotype as the referent;

2.2 (1.1-4.6) for GIn/GIn genotype of XRCC1 codon 399 compared with Arg/Arg

and Arg/GIn genotypes; 2.8 (1.0-7.8) for Thr/Met genotype of XRCC3 codon 241

compared with Thr/Thr genotype; 2.7 (1.5-4.8) for Lys/GIn and GIn/GIn genotypes

of XPD codon 751 compared with Lys/Lys genotype; and 2.9 (1.2-7.1) for GA and

AA genotypes of hMLH1 compared with GG genotype.

There was significant correlation with genotype of XRCC1 codon 399 for genotypes

of XRCC1 codon 194 and codon 280. The percentages of Trp/Trp genotype of

XRCC1 codon 194 and His/His genotype of XRCC1 codon 280 were less than 2%.

Accordingly, only the genotype of XRCC1 codon 399 was included in the further

multiple regression anaysis as shown in Table 5-2. Genetic polymorphisms of all

four DNA-repair enzymes remained to be significant risk factors for lung
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adenocarcinoma after adjustment for age, exposures to tobacco smoke and cooking

fume, and genotypes of other DNA-repair enzymes. The multivariate-adjusted ORs

for high-risk genotype of these DNA-repair enzymes ranged from 2.5 to 3.1. Table

5-3 presents the association with lung adenocarcinoma for the combination of

high-risk genotypes of four DNA repair enzymes. Neither cases nor controls had

high-risk genotypes of al four enzymes. There were more cases had a higher

number of high-risk genotypes than controls. A significant dose-response

relationship was observed between the risk of lung adenocarcinoma and the number

of high-risk genotypes of DNA-repair enzymes (p<0.0001 for trend). Compared

with those who had no high-risk genotype as the referent group, the

multivariate-adjusted ORs (95% CI) were 4.3 (1.0-19.67), 11.8 (2.5-54.8) and 18.9

(3.1-115.8) for those who had one, two and three high-risk genotypes, respectively.

The dose-response relationship remained statistically significant in the stratification

analyses by exposures to tobacco smoke and cooking fume. Table 5-4 shows the

effects of combination of genetic and environmental factors on the development of

lung adenocarcinoma. We categorized DNA repair gene into two groups. A

significantly increased risk of lung adenocarcinoma was observed with the number

of both environmental and genetic risk factors showing a dose-response relationship

(p<0.0001 for trend).
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Discussion

The cause of female lung adenocarcinoma in Taiwan remained unknown. Our
case-control study was conducted to elucidate the possible risk factors, including
active smoking, passive smoking, cooking fume exposure, hormone-related risk
factors, and personal and family history. We focused on femae lung
adenocarcinoma in Taiwan, where had the lowest sex ratio of lung cancer incidence,
relatively low smoking prevalence among female lung cancer, higher proportion of
adenocarcinoma among lung cancer, and the most rapid increased rate of lung
cancer during past fifty years in the world. To the best of our knowledge, this was
the first study focusing on lung adenocarcinoma conducted in Taiwanese women. In

our study, a total of 184 lung adenocarcinoma (histologically proved) and 350
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controls were recruited. The response rate in cases was 92%; only 8% of the cases

did not received interview due to too ill, death, and discharge. The response rate in

controls was 99.4% (350/352); only 2 eligible controls refuse to be interviewed. The

causes for not participating the study were not associated with risk factors we

intended to investigate in our study; so, it did not influence the accuracy of our

results. In our study, we did not use proxy responders in both cases and controls to

avoid information bias. The catchments area of cases was dlightly different from the

catchments area of controls. However, we compared the ethnicity for cases and

controls, we found no significant difference. Our control group was selected from

health examinees. The risk factors we intended to investigate (such as smoking,

cooking, hormone-rel ated factors) were not associated with the characteristics of the

health examinees. So, the selection bias may be limited. As to recall bias, it is

common problem in case-control study. However, the cooking habits and smoking

habits of hersaf or her coworker and co-inhabitants were so consistent and

unchangeable in her life, so the effects of recall bias were also limited. As to the

sample size, our study is adequate for OR=1.5, under the assumption of «

level=0.05, B level =0.8, exposure p=0.5, 1: 2 match. In most of risk factors we

investigated, the sample size was adequate.

In our study and cancer registry data conducted in Taiwan (1), we found that female
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lung adenocarcinoma occurred at younger age than male lung cancer. A small

plateau was noted between 40-60 years, and most of them were nonsmokers.

Chinese cooking style was considered as important risk factors in previous studies (2,

3-6). The cooking related items, such as cooking frequency, cooking oils, cooking

fuels, fume extractor and ventilation device were considered as important factors for

lung cancer (3-6). There were some debates as to cooking fume exposure being the

major determinants for female lung adenocarcinoma. Firstly, the use of fume

extractor in Taiwan now is very popular, but the incidence of female lung

adenocarcinoma remains steadily increased; secondly, Chinese women had cooked

for thousands of years;, however, the incidence rate of lung cancer increased for

about 8-folds during past thirty years, and 50-folds during past fifty years (1). Ko (5)

had proposed several reasons. fume extractors are not positioned properly, modern

housing is small, vegetable oils were increasingly used, cohort effect and longer life

expectancy, and other risk factors (such as passive smoking, air pollution) interacted

with the mutagenicity of cooking oil fume. However, we did not think that the

reasons could fully explain the discrepancy. In Ko study (5), using fume extractor

had a more than 2-folds significant protective effect compared with no using fume

extractor before age 40. In our study, we found a non-significant risk for those who

cooked and no using fume extractor (OR= 1.3) before age 40. The fume extractor

32



might not be positioned properly; however, it was better than no using fume

extractor. Till now, there is no consistent evidence showing vegetable oils more

hazardous than lard oils. Cooking fume analysis showed mutagenicity and

genotoxicity in both lard oils and vegetable oils (7-8). PAHs and other carcinogens

were also found in both (7-8). And in our study, we showed much higher risk for

using lard as cooking oils (OR=2.1), compared with using vegetable oils (OR=0.7).

So, the increased usage of vegetable oils could not explain the increase of lung

adenocarcinoma. As the life expectancy prolonged, other competing cause for lung

cancer, such as other malignancy, cardiovascular disease, and cerebrovascular

diseases did not show the same magnitude of increase as lung cancer. The only

plausible reason was that modern housing is smaller than before due to the effect of

urbanization and industrialization. So, more cooking fume was exposed during past

thirty years. In our study, we found that cooking habit was not associated with lung

adenocarcinoma, because more than 90% cases and controls had cooking habits

before 40. So, the cooking habit was not the main determinant for cooking hazards.

However, we categorized the subjects having no cooking habit or cooking but using

fume extractor as “no cooking fume exposure’. Those who cooked and did not use

fume extractor were considered as having “cooking fume exposure”. We found that

cooking fume exposure had a 1.3-fold borderline significant risk for developing lung
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adenocarcinoma. Then, we further stratified the subjects into three groups:. no

cooking exposure, using vegetable oils, and using lard oils. We found lard oils had a

2.1-folds risk compared to no cooking fume exposure. We also found that using coal

or charcoa as cooking fuels possessed a 1.6-folds significant risk for developing

lung adenocarcinoma. Age at starting cooking and total cooking duration before 40

did not show any significant trends for developing lung adenocarcinoma. Our results

were dlightly difference from previous studies. It seemed that cooking-related risk

factors not so important in our study. The style of cooking (stir-frying, deep frying,

and frying) and cooking frequency were aso not associated with lung

adenocarcinoma (not shown in our anaysis). In Chinese studies, especialy

conducted in Shanghai, rapeseed oils seemed to be hazardous, and the component

analysis and mutagenicity and genotoxicity assay al showed compatible results (9).

However, in Taiwan, rapeseed oil was not used. Lard oils, soybeans oils, peanut ails,

and sunflower oils were the most often used cooking oils. In the early decades, lard

oils were not refined, and were frequently repeated used due to economic

consideration. Chinese cooking style, including deep-frying, frying, stir-frying,

might reach high temperature (250-300°C) while cooking. The unrefined lard oils

repeated used in high temperature could produce large amount carcinogens. As to

the cooking fuels, it had been reported that smoke from coal, wood, and charcoal



contains genotoxic PAHs (10). In China, Xuan Wei County had the highest lung

cancer incidence in both male and female. However, the smoking rate was low in

Xuan Wei. It was believed that the high incidence of lung cancer might be due to

indoor air pollution from coa combustion (11). However, there were no reports for

natural gas and el ectricity. So, our study showing that cooking fuels with coal, wood,

or charcoa possessing higher risk for lung adenocarcinoma was biological plausible.

Passive smoking was a proved risk factor to lung cancer. Meta-analysis for 13

studies reported in NRC (12) showed a 1.34 (95%CI=1.18-1.53) significant risk for

lung cancer. Hackshaw reported a meta-analysis recently conducted for 37 studies

(13), and showed a 1.23-folds (1.13-1.34) significant risk. As we know, the major

histological type of lung cancer related to cigarette smoking is SCC, and

adenocarcinoma is weakly associated with cigarette smoking. In our study, we found

that eve-smoker possessed only 2.4-folds of risk for lung adenocarcinoma. Some

carcinogens, such as 4-aminobiphenyl, have higher concentration in side-stream

smoke than in the mainstream smoke (up to 30 folds). One important limitation of

studies investigating the relationship between passive smoking and lung cancer was

that the true exposed amount of smoke is difficult to be measured, depending on

number of ever-smoker exposed, duration of exposure per day, and whether the

active smokers smoke just besides the subjects or not. Despite that urine cotinine
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may be a useful markers, it isnot yet widely used in researches. In our study, spouse

smoking exposure carried a 1.2-folds non-significant risk; however, if the spouse

smoked just besides her, the risk was increased to 1.5-folds (p<0.05). The hazard

was dightly greater than previous studies (OR=1.23) (13). In Taiwan, the husbands

often smoke just besides her wives, and the average living space is smaller than that

in American. So, the higher risk for spouse smoking exposure in Taiwan is

reasonable. In our study, we couldn’'t find significant trends in spouse smoking

duration and cumulative smoking amounts, because the duration and cumulative

smoking amount couldn’t represent the true amount of smoke the subjects exposed.

For more precisely estimating the total sources of passive smoking, we must

evauate the childhood passive cigarette smoke exposure (including father and

mother smoking history) and workplace passive cigarette smoke exposure. The

childhood passive cigarette smoke exposure is important because the early event in

life may play an important role on cancer initiation. The workplace passive cigarette

smoke exposure is important because one may spend more than 8-10 hours per day

in workplace during her adulthood. In our study, we found maternal smoking status

possessed 1.8-folds significant risk. Paternal smoking status did not possess higher

risk. We also found “more than 10 coworkers were ever-smoker” carrying a

2.5-folds significant risk. So, the hazard of passive cigarette smoke is more than
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hazard of spouse smoking. What role did the passive cigarette smoke play in the

growing epidemics of female lung adenocarcinomain Taiwan? In 1972, the smoking

prevalence is about 30% in male, and 2-3% in female; the smoking prevalence

changed to 55-60% in male, and 3-4% in female in 1996. However, the sex ratio was

still about 2.0-2.3. The increased incidence rate of lung cancer in male might be due

to smoking epidemics and urbanization in Taiwan since 1950. How to explain the

simultaneous increase of female incidence rate? Could it be explained by

simultaneous increase in passive smoking prevalence (increase smoking rate of her

father, husband, and male co-workers during the thirty years) and the same

urbanization effect? Risch had mentioned that females are more susceptible to

smoking induced lung cancer (14). The most possible explanation was different

genetic susceptibility between sexes. Taioli had mentioned that hormone-rel ated

factors were associated with lung cancer. He also found that smoking could interact

with hormone to contract lung cancer (15). The interaction of passive smoking with

hormone-related factors might be the possible contributor for the growing epidemics

for lung adenocarcinoma in Taiwanese women.

The most amazing finding in our study was that hormone-related factors were

associated with female lung adenocarcinoma. As we previously mentioned,

hormone-related risk factors might play a role in lung adenocarcinoma. Previously,
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sex hormone was considered as promoter effect; however, recently, estrogen was

considered a complete carcinogen due to accumulated evidence for estrogen action

in the breast cancer and endometrial cancer (16). However, sex hormone possessed

bi-directional effect, in other words, pro-oxidant or anti-oxidant. It had been

proposed that in lower concentration of catechol estrogen, its lipid peroxidation

effect predominates and shows carcinogenic effect. In higher level, its free radical

scavenging effect predominates, and shows protective effect (17). Many papers

reported that estrogen or progesterone receptors expression in lung tumor tissues

(18-23). In our study, we found that early menopause, late menarche, more gestation

and parity, longer duration of breast-feeding all carried significant higher risk for

lung adenocarcinoma. Oral contraceptives, hormone replacement therapy, and larger

BMI al showed significant protective effect. Longer hormone exposure periods

showed non-significant. Length of menstrual period (>6 days), longer menstrual

cycle al showed significant risk for lung adenocarcinoma. What did the above

results mean? We propose that: longer and higher estrogen exposure seemed to be

protective in lung adenocarcinomain Taiwan, so we obtained just opposite results to

breast cancer. After menopause, estrogen was mainly from peripheral fat tissue

conversion. The more obese the subjects are, the higher serum level of estrogen the

subjects will have. So, larger BMI after menopause means higher serum estrogen
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level, thus showing protective effect for lung adenocarcinoma. In our study, the

number of cases who were not menopause was so small that we could not further

stratify it to test the interaction between BMI and menopause status. It had been

reported (24) that mean serum estrogen level in Chinese women is lower than that in

American. The results may be due to dietary factors (low fat and cholesterol), less

obesity, and genetic components. So, among nonsmokers, the incidence rate of lung

cancer in female is higher in Chinese women than in Caucasian women; however,

the breast cancer incidence is much higher in Caucasian than in Chinese women.

Taioli showed that smoking might interact with hormone to lung cancer (15). So, the

baseline higher incidence of lung adenocarcinoma in Chinese women might be due

to lower mean level of estrogen compared with Caucasian, and the growing

epidemics of female lung adenocarcinoma in Taiwan might be due to interaction of

passive smoking, cooking fumes with sex hormone. What is the precise mechanism

of interaction? We know that some CY P enzymes, such as CYP1A1, CYP1AZ, and

CYP1B1 were al responsible for metabolizing catechol estrogen. And the CYPs

enzymes expression was modulated by Ah receptor, which is in induced by many

inducers, such as dioxin, or some substances from tobacco smoke. In other word,

tobacco smoke and dioxin may induce CY Ps enzymes expression, thus influencing

the metabolizing of catechol estrogen. So, the hypothesis is biological plausible. We
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know that Taiwan is an area of heavy industrial pollution, and dioxin is especialy

notorious. Another study will be needed to elucidate the impact of environmental

hormone.

If the sex hormone acted opposite roles among lung adenocarcinoma and breast

cancer; as the western life style becoming more popular, the breast cancer incidence

will be increased, and we can infer that: the incidence of lung adenocarcinoma will

be decreased in the future. In Taiwan, the breast cancer incidence increased rapidly

in recent decades; however, the incidence of lung adenocarcinoma did not decrease

recently. However, some trend was still noted: the sex ratio increased gradually

(1962-66, sex ratio= 1.6; 1987-1991, sex ratio=2.3) (25). In other words, the female

adenocarcinoma increased more slowly than male in past thirty years. We proposed

that the incidence rate of female lung adenocarcinoma in Taiwan might be decrease

in the future.

Personal medical history was considered as risk factor for lung cancer in previous

studies. Among them, pulmonary tuberculosis was most important. Cohort study (26)

and case-control studies (27) al showed pulmonary tuberculosis associated with

lung cancer, especially adenocarcinoma. Pulmonary tuberculosis is associated with

lung cancer in severa aspects. pulmonary tuberculosis is the risk factor for lung

cancer; pulmonary tuberculosis may co-exist with lung cancer; pulmonary
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tuberculosis is the competing cause of death for lung cancer; pulmonary tuberculosis

may be misdiagnosed as lung cancer; and lung cancer may be misdiagnosed as

tuberculosis. In Taiwan, the age-adjusted mortality rate of tuberculosis per 100,000

person was 88.6 for male, 46.6 for female in 1960, and 18.7 for male, 5.0 for female

in 1991, decreased about 5-folds in male and 9-folds in female during past thirty

decades (25), largely contributed to nutrition status improvement and widely use of

anti-TB drug. However, in Taiwan, drug compliance was so poor that the

tuberculosis often was not completely treated and relapsed frequently. Persistent

inflammatory lung condition may provide the adequate environment for tumor

formation. And according to the competing cause of death theory: if two diseases

had the same etiology, as the one mortality decreased, the other one mortality

increased simultaneously. This phenomenon might explain why female lung

adenocarcinoma increased rapidly during the thirty years. Indirect evidence can

support the hypothesis: in Taiwan, Aborigine had the highest smoking rate among

different ethnicity; however, the lung cancer rate was lowest. And the pulmonary

tuberculosis mortality rate was highest among different ethnic group. In our study,

we found a 2.4-folds of risk for tuberculosis to develop lung adenocarcinoma.

However, in multiple logistic regression analysis, the association became

non-significant. It may be due to inadequate sample size to estimate too any
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variables. The possibility of inaccurate recall of tuberculosis history existed.

However, tuberculosis is a major event of life, and needs to take drug for a long

duration. So, the possibility of recall bias was in limited range. Severa studies had

been conducted to evaluate the association of chronic obstructive pulmonary disease

(chronic bronchitis and emphysema) with lung cancer (28-29), and the results

mostly supported the association between lung cancer and COPD. However, in our

study, we did not find any association with lung adenocarcinoma. COPD is highly

correlated with cigarette smoking; however, in Taiwanese cohort study (30), the

association of cigarette smoking with COPD was not so strong as that in western

population. In Taiwan, COPD was frequently misdiagnosed as asthma or congestive

heart failure. Thus, no association of COPD with lung adenocarcinoma might be the

result of misclassification bias. In this situation, a medica record was more reliable

than questionnaire interview. Other persona history, such as asthma, hysterectomy,

and oophorectomy were aso not associated with lung adenocarcinoma. Wu (31) had

found the association of hysterectomy with lung cancer, and he proposed that pelvic

thrombus during hysterectomy which might produce multiple showers of small

emboli in the lungs, resulting in localized proliferative changes in the bronchial

epithelium, thus causing lung cancer. We think that the hypothesis has too many

assumptions and has little biological plausibility. In our study, we found no
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association of hysterectomy with lung adenocarcinoma, because hysterectomy did

not influence the hormone status. As to oophorectomy, we did not classify the age

(pre-menopausal or post-menopausal), the causes (incidental or for cancer treatment),

and the methods (unilateral or bilateral). So we could not accurately estimate the

effect of oophorectomy on lung adenocarcinoma.

As to family history, previous studies (32-33) had shown that first-degree relatives

carried a two to five folds risk for developing lung cancer. In our study, we found

that the risk of family history differs between sexes. Among parents, mother

contracting lung cancer carried an 8.9-folds significant risk, but father contracting

lung cancer did not have any increased risk (OR=1.1). Sibling contracting lung

cancer had a 5.6-folds significant risk for lung adenocarcinoma, however, the sisters

contracting lung cancer possessing higher risk compared with brother (not shown

here). According to our results, we found that: all first-degree relatives excluding

father had a 4.9-folds for developing lung adenocarcinoma. Combined with the

finding that hormone-related factors were associated with lung adenocarcinoma, we

propose that: the hormonal factors related to lung adenocarcinoma were genetic

inherited, and were transmitted among female relatives. So, hormone-related gene

and X chromosome may be the target for linkage analysis in the future family study.

In our study, we had the following conclusions. Active smoking and passive
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smoking were still important risk factors for lung adenocarcinoma in Taiwan. Higher

prevalence of passive smoking among Taiwanese women may be the contributor to

female lung adenocarcinoma epidemics during the fifty years. Cooking fume

exposure was aso the contributors for the lung adenocarcinoma; however, its

importance was limited. Hormone-related risk factors were important determinants

for lung adenocarcinoma. Higher and longer estrogen exposure had lower risk for

lung adenocarcinoma, just opposite to the results found in breast cancer. The

interaction between sex hormone and tobacco smoke may be the major contributors

to lung adenocarcinoma epidemics. Family history carried a high risk for lung

adenocarcinoma, especially female first-degree relatives. The decline of tuberculosis

mortality during the thirty years might be another contributor to lung

adenocarcinoma. Further studies for evaluating the genetic contribution for lung

adenocarcinoma were needed. Family study and genome-wide scan for major genes

or large-scal e genetic association study for candidate genes approaches might be the

future directions.
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Table 1-9. Interactive effect of tobacco smoke exposure and cooking exposure in relation to female lung AC patients

Tobacco smoke exposure  Cooking exposure Case No Controls No OR1 (95%CI) OR2 (95%CiI) P
- - 56 173 1 1
- + 33 58 1.3(0.8-2.3)
J 1.4(0.9-2.3)
+ - 38 68 1.5(0.9-2.5)
+ + 50 50 2.2(1.2-4.0) 2.3(1.2-41) <0.05

Adjusted for age, education level



Table 1-10. Interactive effect of tobacco smoke exposure and cooking oil in relation to female lung AC patients

Tobacco smoke exposure Cooking oil Case No Controls No OR1 (95%CI) OR2 (95%CI) P
- No cooking exposure or 65 204 1 1
vegetable oils
- Lard oils 23 27 2.2(1.1-4.9) <0.05
] 16 (1.1-2.5)
+ No cooking exposure or 49 9 1.5(0.9-2.4)
vegetable oils
+ Lard oils 38 24 4.2 (2.1-8.1) 4.0 (2.1-7.6) <0.05

Adjusted for age, education level



Table 1-11. Interactive effect of tobacco smoke exposure and cooking fuelsin relation to female lung AC patients

Tobacco smoke exposure Cooking oil Case No Controls No OR1 (95%CI) OR2 (95%CI) P
- No cooking exposure, 58 186 1 1
electricity, natural gas
- Coal, wood , charcoal 31 45 1.7 (1.0-2.6) <0.05
1.6 (1.0-2.5)
+ No cooking exposure, 41 75 1.6 (0.9-3.3)
electricity, natural gas
+ Coal, wood, charcoa 46 42 2.8(1.5-5.3) 2.7(1.5-5.) <0.05

Adjusted for age, education level



Table 1-12. Interactive effect of tobacco smoke exposure and family history in relation to female lung AC patients

Tobacco smoke exposure  Family history of Case No Controls No OR1 (95%CiI) OR2 (95%CiI) P
lung cancer *
- - 80 227 1 1
+ - 76 110 1.7 (1.1-2.5) <0.05
1.8(1.2-2.7)
- +- 7 2 8.0 (1.6-39.6)
+ + 7 3 52(1.3-21.1) 52(1.3-21.1) <0.05

*: al first degree of relatives excluding father
Adjusted for age, education level



Table 1-13. Interactive effect of BMI and hormone exposure in relation to female lung AC patients

Hor mone exposure period

Body massindex

<225 22.5-25 >=25
Cases 27 26 17

<30 years Controls 47 27 28
OR 1 0.7 (0.2-1.9) 0.5(0.2-1.3)
OR1 1 0.6 (0.3-1.0) 0.6 (0.3-1.0)
Cases 47 27 28

>=30 years Controls 89 73 59
OR 1.5 (0.6-3.6) 0.9 (0.4-2.3) 0.9 (0.3-2.1)
OR1 1 0.5(0.2-1.3) 0.4(0.2-1.0)

Adjusted for age, education level



Table 2-3: Phase 1 gene dosage effect model

CYP1A1llle-vd CYP1A2 CYP2E1Rsal Adenocarcinoma Control OR (95%Cl) p
+ + + 52(38.0%) 78(36.6%) 1
- + + 23(16.8%) 44(20.7%)
+ - + 0(0%) 1(0.5%) | 0.9(0.5-1.5) 0.64
+ + - 38(27.7%) 40(18.8%)
; - + 6(4.4%) 13(6.1%
; + - 14(10.2%) 30(14.1%) | 0.5(0.2-1.0) 0.06
+ - - 0(0%) 0(0%)
- - - 4(2.9%) 7(7.3%)~ 0.2(0.02-1.3) 0.09

All ORs were adjusted for age, education, cooking fume exposure, and tobacco smoke exposure
p test for trend =0.06

+: putative high-risk genotype

- putative low-risk genotype



Table 2-4: Gene-environmenta dosage effect model

Tobacco smoke Cooking fume  Numbers of putative Cases Control OR (95%Cl)
exposure exposure high risk gene
- - 02 19(16.8%) 79(37.6%) 1
+ - 02 11(9.7%) 28(13.3%)
; + 02 14(12.4%) 14(6.7%)  14(0.7-2.7)
- - 3 15(13.3%) 53(25.2%)
+ + 02 22(19.5%) 12(5.7%)
; i 11(9.7%) 16(7.6%)  3.b*(1.4-62)
; + 10(8.8%) 7(3.3%)
; ; 11(9.7%) 1(0.5%) 20.8¢(2.4-179.3)

All ORs were adjusted for age, education

p test for trend <0.001



Table 3-3: Phase Il gene dosage effect

GSTM1 EH 113 COMT Adenocarcinoma Control OR (95%Cl) p
(%) (%)
+ + + 4.1 12.3 1
- + + 10.7 14.0
N
+ - + 9.9 15.7 | 3.1(0.9-10.3) 0.07
+ + - 12.4 8.5
- - + 20.7 18.2 7
N
- + - 15.7 13.1 |4.1*(1.2-13.5) 0.02
+ - - 9.9 10.6
- - - 16.5 7.6 “11.7(3.0-45.5) 0.0004

All ORs were adjusted for age, education, cooking fume exposure, and tobacco smoke exposure

test for trend p<0.001. *: p<0.05



Table 3-4. Gene-environmental dosage effect

Tobacco smoke Cooking fume  Numbers of putative Adenocarcinoma Control (%) OR (95%Cl) p
exposure exposure high risk gene (%)
- - <=2 6.3 26.1 1
+ - <=2 4.2 9.8
N
- + <=2 4.9 33 | 29*(1.3-6.6) 0.01
- - 3 225 333
+ + <=2 10.6 36~
N
+ - 3 16.2 12.0 | 6.0*(2.6-13.8) 0.0001
- + 3 15.5 8.0
+ + 3 19.7 4.0~ 13.5*(4.7-38.4) 0.0001

All ORs were adjusted for age, education.

test for trend p <0.001. *: p<0.05



Table 3-5. Interaction of NAT1 and NATZ2in relation to female lung adenocarcinoma

NAT1 NAT?2 Case (%) Control (%) OR (95%C.1)
Slow Slow 1.9 6.0 1 1
Rapid Slow 14.0 11.9 6.1 (0.7-57.1)
Slow Rapid 215 22.6 7.1(0.8-64.4) 8.4*(1.0-69.1)
Rapid Rapid 62.6 59.9 6.4(0.8-55.0)

All ORs were adjusted for age, education, cooking fume exposure, and tobacco smoke exposure

*: p<0.05

10



Table 3-6: Interaction of GSTM1, GSTT1 and GSTPL in relation to female lung adenocarcinoma

GSTM1 GSTT1 GSTP1 Adenocarcinoma (%) Control (%) OR (95%Cl) OR (95%Cl)
Non-null Non-null lellle 10.09 13.0 1 1
Null Non-null lellle 15.9 134
Non-null Null lellle 15.2 16.0  1.6(0.7-3.7) ~
Non-null Non-null lle/Val, Val/Val 51 74
Null Null lellle 23.2 26.4 1.9(0.9-4.2)
Null Non-null lle/Val, Va/Val 10.9 56  1.6(0.7-3.6)
Non-null Null lle/Val, Va/Val 7.2 8.2
Null Null lle/Val, Va/Val 11.6 10.0 2.2(0.8-6.1) o

All ORs were adjusted for age, education, cooking fume exposure, and tobacco smoke exposure
test for trend p <0.06
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Table 4-3. ORs for female lung adenocarcinoma with combined genotypes

Genotype COMT WW COMT WV/VV

CYP17A1A1 CYP17AI1A2 CYP17A2A2 CYP17Al1A1 CYP17A1A2 CYP17A2A2
Case 9 33 23 10 28 36
Control 39 73 39 20 49 38
OR (95% C.I) 1 17(06-45)  250.9-6.9)  22(0.7-7.2)  22(0.861)  4.2*(1.6-11.4)
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Table 4-4. ORs for femal e lung adenocarcinoma with combined genotypes, stratified by BMI status

BMI<=23
Genotype COMT W/W COMT WV/VV
CYP17 A1A1 CYP17A1A2 CYP17A2A2 CYP17A1A1 CYP17A1A2 CYP17 A2A2
Case 21 11 10 16 25
Control 31 12 10 26 21
OR(95% C.1) 4.0(0.7-23.4) 6.2(0.9-43.6) 4.3(0.6-29.0) 2.9(0.5-181) 6.7(1.1-40.1)
BMI >23
Genotype COMT W/W COMT WV/VV
CYP17 A1A1 CYP17A1A2 CYP17A2A2 CYP17Al1A1 CYP17A1A2 CYP17A2A2
Case 12 12 0 12 11
Control 42 27 10 23 17
OR(95% C.I) 0.7 (0.2-2.5) 1.3(0.4-4.6) - 1.6(0.5-5.5) 2.5(0.7-9.0)

13



Table 4-5. ORs for femal e lung adenocarcinoma with combined genotypes, stratified by hormone exposure period

Hormone exposure period <=363 months

Genotype COMT W/W COMT WV/VV

CYP17 A1A1 CYP17A1A2 CYP17A2A2 CYP17A1A1 CYP17A1A2 CYP17A2A2
Case 6 22 14 4 17 31
Control 22 43 21 10 32 18
OR(95% C.I) 1 1.5(0.4-5.4) 2.3(0.6-9.4)  22(04-123)  19(057.2) 10.4*(2.7-39.3)

Hormone exposure period >363 months

Genotype COMT W/W COMT WV/VV

CYP17 A1A1 CYP17A1A2 CYP17A2A2 CYP17A1A1 CYP17A1A2 CYP17A2A2
Case 6 19 13 7 17 17
Control 19 31 19 10 17 23
OR(95% C.I) 1 15(0.4-53)  1.6(0.4-6.2) 2.1(0.5-9.4) 1.8(0.5-6.9) 1.1(0.3-4.5)

14



Table 4-6: Gene dosage effect model, with CYP17, CYP19, COMT

Genotype Case Control OR(95%CI) OR(95%CI)
CYP17 CYP19" COMT No (%) No (%)
A1A1 WW WW 1(0.7) 5(2.0) 1 0.2(0.01-2.3)
A1A2/A2A2 WW WW 7(5.0) 20(8.0)
A1A1 WM/MM WW 8(5.8) 33(13.2) 1.7(0.1-20.1) 0.4*(0.2-0.8)
A1A1 WwW WM/MM 1(0.7) 5(2.0)
A1A2/A2A2 WM/MM WW 49(35.3) 91(36.4)
A1A2/A2A2 WW WM/MM 5(3.6) 13(5.2) 2.6(0.2-28.3) 0.5%(0.3-0.9)
A1A1 WM/MM WM/MM 9(6.5) 14(5.6)
A1A2/A2A2 WM/MM WM/MM 59(42.4) 69(27.6) 4.9(0.4-55.1) 1

- M: Microsatellite number <=8
W: Microsatellite number >8

*: p<0.05

Test for trend p<0.002
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Table 4-7 Gene dosage effect model, with CYP17, CYP19, COMT, CYP1A1

Genotype Case Control OR(95%CI)
CYPl1Al1 CYP17 CYP19 COMT No(%) No(%)
- - - - 0 2(0.8) -
+ - - - 3(2.2) 7(2.8)
- + - - 4(2.9) 10(4.0)
- - + - 1(0.8) 1(0.4) 0.3*(0.1-0.9)
- - - + 1(0.7) 3(1.2)
+ + - - 1(0.7) 36(14.6)
+ - + - 19(13.8) 6(2.4)
+ - - + 4(2.9) 13(5.3)
- + + - 4(2.9) 9(3.6) 0.2*(0.1-0.5)
- + - + 4(2.9) 22(8.9)
- - + + 4(2.9) 4(1.6)
+ + + - 13(9.4) 33(13.9)
+ + - + 29(21.0) 53(21.5.)
+ - + + 1(0.7) 7(2.8) 0.4*(0.2-0.7)
- + + + 5(3.6) 5(2.0)
+ + + + 46(33.3) 36(14.6) 1

Test for trend p<0.005
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Table 1-1. Distribution of selected demographic characteristics between 184 female
adenocarcinoma and 350 controls

Variables Cases No (%) Controls No (%)
Age (years)

<40 9(4.9) 33(9.4)
40-49 31(16.8) 72(20.6)
50-59 47(25.5) 110(31.4)
60-69 49(26.6) 72(20.6)
70+ 48(26.1) 63(18.0)
Schooling years

None 54(29.5) 48(13.7)
1-6 45(24.6) 92(26.3)
7-9 49(26.8) 102(29.1)
o+ 35(19.1) 108(30.9)
Ethnic group of father

Aborigine 1(0.6) 0(0)
Fukienese 145(80.1) 265(75.5)
Hakkas 14(7.7) 34(9.7)
China mainlanders 21(11.6) 51(14.6)
Ethnic group of mother

Aborigine 2(1.1) 1(0.3)
Fukienese 147(81.2) 266(76.0)
Hakkas 15(8.3) 37(10.6)

China mainlanders 17(9.4) 46(13.1)




Table 1-2. ORs of Tobacco smoke related items in association with female lung

adenocarcinoma patients

Variable CasesN (%) ControlsN OR (95% C.I)
(%)

Smoking habit

Nonsmoker 169 (91.8) 340(97.1%) 1

Ever smoker 15 (8.2) 10 (2.9) 2.4*(1.0-5.6)

Smoking duration (years)

Nonsmoker 169 (91.8) 340(97.1%) 1

<=10 2(11) 3(0.9 1.5(0.2-9.2)

10-19 1(0.5) 1(0.3) 1.7 (0.1-28.6)

>19 12 (6.5) 6 (1.7) 3.07(1.1-8.2)

Cumulative smoking amount (pack-years)

Nonsmoker 169 (91.8) 340(97.1%) 1

<=10 3(1.6) 7(0.8) 0.8 (0.2-3.0)

10-25 3(1.6) 1(0.3) 5.1 (0.5-50.6)

>25 9(4.9) 2(0.6) 6.3*(1.3-30.2)

Adjusted for age, education level
* p<0.05



Table 1-3. ORs of Environmental tobacco smoke related items in association with

femal e lung adenocarcinoma patients

Variable CasesN (%) ControlsN (%) OR (95% C.1)
Pater nal smoking status

Nonsmoker 85 (50.3) 159 (43.5) 1
Ever-smoker 84 (49.7) 195 (56.5) 0.8(0.6-1.2)
Mater nal smoking status

Nonsmoker 158 (88.8) 323 (93.1) 1
Ever-smoker 20 (11.2) 24 (6.9) 1.7 (0.9-3.1)
Spouse smoking status

Nonsmoker 70 (39.3) 172 (49.3) 1
Ever-smoker 108 (60.7) 177 (50.7) 1.2 (0.8-1.8)
Spouse smoking years

Never 70 (41.4) 172(50.3) 1

<20 32 (18.9) 62 (18.1) 1.2 (0.7-2.0)
20-35 23 (13.6) 54 (15.8) 0.9 (0.5-1.6)
>35 44 (26.0) 54 (15.8) 1.3(0.8-2.3)
Spouse smoking pack-years

Never 70 (41.4) 172(50.4) 1

<20 21 (12.4) 67 (19.6) 0.70.4-1.2)
20-50 53 (31.4) 70 (20.5) 1.5(0.9-2.3)
>=50 25 (14.8) 32(9.9) 1.4 (0.8-2.6)
Spouse smoke just besides her

No 95 (53.4) 214 (67.0) 1

Yes 83 (46.6) 115 (33.0) 1.5%(1.0-2.2)
Wor kplace smoking exposure

No 134 (76.6) 210 (60.9) 1

Yes 41 (23.4) 135 (39.1) 0.6 (0.4-1.0)
Numbers of co-worker ever-smoker

0 134 (82.2) 210 (68.2) 1

0-10 22 (13.5) 93(30.2) 0.5(0.3-0.9
>10 7(4.3) 5(1.6) 2.8(0.9-9.2)
Tobacco smoke exposure

No 91 (49.5) 232 (66.3) 1

Yes 93 (50.5) 118 (33.7) 1.7%(1.1-2.5)

Tobacco smoke exposure: ever smokers or spouse smoking just besides her

All analysis adjusted for age, education level
* p<0.05



Table 1-4. ORs of cooking-related risk factors before 40 years in association with
female lung adenocarcinoma patients

Variable CasesN ControlsN (%) OR (95% C.I)
(%)

Cooking habit

No 17(9.4) 27 (7.7) 1

Yes 164 (90.6) 323 (92.3) 0.6 (0.3-1.1)

Fume extractor in kitchen

Yes or no cooking habit 94 (53.1) 241 (69.1) 1

No 83(46.9) 108 (30.9) 1.3(0.8-2.2)

Age at starting cooking
No cooking fume exposure 94 (53.1) 241 (69.1) 1.0

<19 28(15.9)  37(10.6) 1.2(0.6-2.4)
19-25 36(205)  41(11.7)  1.4(0.827)
>25 18 (10.2) 30(86)  1.3(0.6-2.5)

Total duration of cooking before 40
No cooking fume exposure 94 (53.4) 241 (69.3) 1

>17 21 (11.9) 36 (10.3) 1.2 (0.6-2.3)
17-25 43 (24.4) 53(15.2)  1.3(0.7-2.4)
>=25 18 (10.2) 18 (5.2) 1.6 (0.8-3.6)
Cooking oils

No cooking fume exposure 94 (53.7) 241 (69.1) 1.0
Vegetable oil 20 (11.4) 57 (16.3) 0.7 (0.4-1.3)
Lard oil 61 (34.9) 51 (14.6) 2.1%(1.2-3.8)

Cooking fuels
No cooking fume exposure 94 (53.4) 241 (69.3) 1.0

Electricity, natural gas 5(2.8) 20 (5.7) 0.6 (0.2-1.6)
Coadl, charcoal, wood 77 (43.8) 87 (25.0) 1.6*(1.0-2.8)
* p<0.05

All analysis adjusted for age, education level, and tobacco smoke exposure



Table 1-5. ORs of hormone-related risk factors in association with female lung

adenocarcinoma patients

OR (95% C.I) OR (95%ClI)

Variable CasesN (%) ControlsN (%)
Age at menarche

<15 50 (29.9) 150 (43.1)
>=15 117 (70.1) 197 (56.8)
Age at menopause

No 10 (6.4) 110 (31.7)
>51 40 (25.5) 78 (22.5)
47-51 60 (38.2) 88 (25.4)
<=47 47 (29.9) 71 (20.5)
Ismenstrual cycleregular

Yes 145 (84.3) 301 (86.7)

No 27 (15.7) 46 (13.3)

L ength of menstrual period (day)

<4 44 (27.7) 98 (28.3)
4-6 68 (42.8) 108 (52.0)
>6 47 (29.6) 68 (19.7)

Menstrual cyclelength (day)

<25 7(4.5) 37 (10.8)
25-31 135 (87.7) 269 (78.2)
>31 12 (7.8) 38 (11.0)
No of gestation

None 11 (6.1) 22 (6.3)

<5 81 (44.8) 160 (45.7)
>=5 89 (49.2) 168 (48.0)
No of parity

None 15(8.3) 23 (6.6)

<5 106 (58.6) 251 (71.7)
>=5 60 (33.1) 76 (21.7)

No of spontaneous abortion

None 142 (78.9) 23 (6.6)

<3 35 (19.4) 251 (71.7)
>=3 3(1.7) 76 (21.7)
Total duration of breast feeding (month)

None 34 (19.1) 104 (29.8)
<18 46 (25.8) 124 (35.6)

>=18 98 (55.1) 121 (34.7)

1
1.4 (0.9-2.3)

1

5.0 (2.1-12.3)

6.6(2.8-15.5) |66%(2.9-14.7)
7.3(3.1-16.9)

1
1.3(0.8-2.3)

1
1.0 (0.6-1.7)
1.6 (1.0-2.8)

1
2.4 (1.0-5.5)
1.6 (0.6-3.5)

1

1

1.6%(1.0-2.5)

1

] 2.3*(1.0-5.3)

1.54(1.0-2.3)

2.3(0.6-5.4)

1
0.9 (0.5-1.4)
1.9 (0.7-4.6)

1
1.0 (0.6-1.6)
1.2 (0.3-5.4)

1
1.1 (0.6-1.8)
1.8 (1.0-3.2)

j 1

1.7%(1.0-2.8)



History of oral contraceptives
No 153 (85.5)
Yes 26 (14.5)

273 (78.4)
75 (21.6)

Total duration of taking oral contraceptives

None 153 (87.4) 273 (78.9)
<=1 17 (9.7) 37 (10.7)
>1 5(2.9 36 (10.4)
History of hormone replacement therapy
No 146 (81.6) 262 (75.1)
Yes 33(18.4) 87 (24.9)

Total duration of hormone replacement ther apy

None 146 (82.0) 262 (76.4)
<=1 24 (13.5) 41 (12.0)
>1 8 (4.5) 40 (11.7)
Taking Chinese herb drug during menstruation
No 120 (67.4) 247 (70.8)
Yes 58 (32.6) 102 (29.2)
Body massindex

<=225 67 (41.9) 107 (35.8)
22.5-25 44 (27.5) 97 (32.4)
>=25 49 (30.6) 95 (31.8)
Hormone exposure period (years)

<30 56 (34.1) 92 (26.7)
>=30 108 (65.9) 252 (73.3)

1
0.6 (0.4-1.1)

1 1
OB@ALQJ
0.3 0.6*(0.4-0.9)

1
0.7 (0.4-1.1)

1 1
10@@1&]

04(0.2-0.9)  0.4*(0.2-0.9)
1

1.2 (1.0-1.5)

1 1

0.6 (0.4-1.0)

osws&wj 0.6*(0.4-0.9)

1
1.1 (0.7-1.7)

Hormone exposure period: definition sees text
* p for trends <0.05

Adjusted for age, education, tobacco smoke exposure



Table 1-6. ORs of other personal and family history in association with female lung

adenocarcinoma patients

Variable CasesN (%) ControlsN (%) OR (95% C.I)
History of pulmonary TB

No 165 (91.2) 335 (96.0) 1

Yes 16 (8.8) 14 (4.0 2.3*(1.1-5.0)
History of COPD

No 173 (96.6) 341 (98.0) 1

Yes 6 (3.4) 7(2.0) 1.4(0.4-4.4)
History of hysterectomy

No 156 (87.2) 297 (85.1) 1

Yes 23 (12.8) 52 (14.9) 0.8(0.5-1.4)
History of oophorectomy

No 169 (95.4) 317 (91.6) 1

Yes 8 (4.5) 29 (8.4) 0.6 (0.3-1.4)
History of asthma

No 170 (94.4) 330 (94.6) 1

Yes 10 (5.6) 19 (5.4) 0.9 (0.4-2.0
Father contracted lung cancer

No 163 (94.8) 327 (95.1) 1

Yes 9(5.2 17 (4.9) 1.1(0.5-2.5)
Mother contracted lung cancer

No 168 (97.1) 343 (99.7) 1

Yes 5(2.9) 1(0.3) 8.9%(1.0-77.8)
Sibling contracted lung cancer

No 168 (94.4) 341 (99.1) 1

Yes 10 (5.6) 3(0.9) 5.6*(1.5-21.1)
Offspring contracted lung cancer

No 174 (98.9) 348 (99.7) 1

Yes 2 (11 1(0.3) 4.4 (0.4-50.2)
All first degreerelatives contracted lung cancer

No 146 (88.0) 320 (93.9) 1

Yes 20 (12.0) 21 (6.1) 1.9%(1.0-3.7)
All first degreerelatives excluding father contracted lung cancer
No 156 (91.8) 337 (98.5) 1

Yes 14 (8.2) 5(1.5) 4.9%(1.7-14.1)

Adjusted for age, education, and tobacco smoke exposure

* p<0.05



Table 1-7. ORs and 95% C.I of Hormone-related risk factors of female lung
adenocarcinomain multiple logistic regression models

Variables OR 95% ClI
Age at menarche>=15yvs<15y 14 0.7-2.5
Menstruation regularity no vs yes 0.5 0.2-1.4
Menstrual cycle length >=25 vs <25 22 0.7-7.0
Length of menstrual period> 6d vs <=6d 1.7 1.0-31
Breast feeding >=18 m vs <18m or no 18 0.9-35
Taking oral contraceptives>1yvs<=lyorno  0.6* 0.4-1.0
Hormone replacement therapy >1y vs<=1y or no 0.2* 0.1-0.6
BMI >22.5 vs BMI <=22.5 0.4* 0.2-0.7
Menopause yes vs no 9.0* 3.1-26.2
Chinese herb drug taking during menstruation 1.1 0.8-14
Yes vs no

Adjusted for age education level
* p<0.05



Table 1-8. ORs and 95% C.I of putative risk factors of female lung adenocarcinoma in
multiple logistic regression models

Variables OR 95% CI
Tobacco smoke exposure vs no exposure 2.0* 1.2-34
Cooking ail with lard oil vs no cooking exposure 2.0* 1.0-4.0

or cooking with vegetable oils

Length of menstrual period> 6d vs <=6d 1.7 0.9-3.0
Taking oral contraceptives>1yvs<=lyorno  0.6* 0.4-1.0
Hormone replacement therapy >1y vs<=1y or no 0.2* 0.1-0.7
BMI >22.5 vs BMI <=22.5 0.5* 0.3-0.8
Pulmonary TB history 0.9 0.3-2.7
Lung cancer history of first degree relatives’ 3.0 0.7-12.0
Menopause yes vs no 9.8* 3.4-28.1

° exd uding father, * p<0.05

Adjusted for age, education level



Table 2-1: The association of phasel gene polymorphisms and female lung
adenocarcinoma

Genotype Adenocarcinoma Control OR (95% CI ) p
(%) (%)

CYPIAIMspl

CcC 189 184 1

TC/TT 81.1 81.6 1.4(0.7-25) 035

CYP1Allle-va

va/vdl, lle/va 34.2 42.6 1

leflle 65.8 57.4 1.8(1.1-29)  0.02

CYP1A2

AA 7.1 10.2 1

GG/IGA 92.9 89.8 39(14-11.3) 0.01

CYPZE1 Dral

CcC 6.8 6.2 1

DD/DC 93.2 93.8 1.5(0.5-3.9) 0.46

CYPZE1Rsal

c2c2 4.7 3.8 1

clcl/clc2 95.3 96.2 1.4(0.4-4.4) 0.59

CYP2C19

miml 7.4 13.0 1

mlw/ww 92.6 87.0 1.3(0.6-2.9) 0.52

CYP1B1 codon 48

AlalSer, Ser/Ser 333 34.0 1

AlalAla 66.7 66.0 1.1(0.6-2.0) 0.74

CYP1BI1 codon 432

Val/Leu, Leu/Leu 20.9 23.7 1

va/val 79.1 76.3 1.4(0.7-2.5) 0.35

All ORs were adjusted for age, education, tobacco smoke exposure, and cooking fume
exposure



Table 2-2: ORs and 95% CI of phase | genesrelated to female lung adenocarcinoma
in multiple logistic regression model

Genotype OR (95% CI ) p
CYPI1AIlle-vd

vad/lle, val/Val 1

lelle 1.2(0.7-2.2) 0.59
CYP1A2

AA 1

GG/GA 6.5(1.6-29.2) 0.009
CYPZE1 Rsal

c2¢c2 1

clcl/clc2 1.3(0.8-2.4) 0.32
CYP2C19

mlml 1

ww/wml 1.2(0.5-2.9) 0.71

CYP1B1 codon 432

Va/Leu, Leu/Leu 1

Val/Vva 1.2(0.6-2.4) 0.57

All ORs were adjusted for age, education, tobacco smoke exposure, and cooking fume exposure
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Table 3-1: The association of phase Il gene polymorphisms and female lung
adenocarcinoma

Genotype Adenocarcinoma (%) Control (%) OR (95%C.I.)
GSTM1

Non-null 55(37.9) 121(44.6) 1

Null 90(62.1) 150(55.4) 1.5'(0.9-2.5)
GSTT1

Non-null 63(43.4) 107(39.4) 1

Null 82(56.6) 164(60.6) 0.9(0.5-1.4)
GSTP1

lellle 90(65.2) 187(69.0) 1

lle/Val, va/Va 48(34.8) 84(31.0) 1.3(0.8-2.1)
NAT1

Slow acetylator 25(22.9) 75(28.8) 1

Rapid acetylator 84(77.1) 185(71.2) 1.2(0.7-2.4)
NAT?2

Slow acetylator 25(17.5) 45(17.5) 1

Rapid acetylator 118(82.5) 212(82.5 1.2(0.6-2.3)
EH codon 113

Tyr/His, His/His 65(45.1) 130(48.1) 1

Tyr/Tyr 79(54.9) 140(51.9) 1.4(0.9-2.3)
EH codon 139

Hig/Arg, Arg/Arg 25(19.2) 49(19.8) 1

His/His 105(80.8) 199(80.2) 1.2(0.7-2.3)
COMT codon 158

Val/Va 64(46.7) 151(58.1) 1

Va/Met, Met/Met 73(53.3) 107(41.5) 1.7%(1.1-2.8)

ORswere dl adjusted for age, education, tobacco smoke exposure, and cooking fume

exposure
T 0.05<p<0.1
*: p<0.05

The numbers are not the same between different genotypes due to genotyping failure

in some subjects
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Table 3-2: ORs and 95% CI of phase Il genes related to female lung adenocarcinoma
in multiple logistic regression model

Genotype OR (95%C.I) P
GSTM1

Non-null 1

Null 1.7(0.9-3.1) 0.08
GSTT1

Non-null 1

Null 1.3(0.7-2.5) 0.35
GSTP1

lelle 1

lle/val, Va/Val 0.9(0.4-1.6) 0.63
NAT1

Slow acetylator 1

Rapid acetylator 1.1(0.6-2.2) 0.72
NAT?2

Slow acetylator 1

Rapid acetylator 1.1(0.5-2.4) 0.78
EH codon 113

Tyr/His, His/His 1

Tyr/Tyr 2.0(1.1-3.7) 0.03
EH codon 139

His/Arg, Arg/Arg 1

His/His 1.2(0.5-2.8) 0.63
COMT codon 158

va/val 1

Val/Met, Met/Met 2.2(1.2-4.0) 0.01

All ORs were adjusted for age, education, tobacco smoke exposure, and cooking fume
exposure
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Table 4-1: The association of hormone-related gene polymorphisms and female lung
adenocarcinoma

Genotype Case (148) Control (267)  OR (95%CI) OR (95%CI)
No (%) No (%)

CYP17

ATA1 20(13.4) 60(22.6) 1 1

A1/A2 68(45.6) 126(47.4) 1.4(0.7-2.8) 1.8°(0.9-3.3)

A2/A2 61(40.9) 80(30.0) 2.2*(1.1-4.5) DR

CYP19

MM 16(10.7) 42(16.7) 1 1

WM 64(43.0) 107(42.5) 1.3(0.6-2.8) 3

WWwW 69(46.3) 103(40.9) 1.3(0.6-2.7) 13(0.7-2.7)

ESR codon 325

CcC 29(21.3) 69(27.0) 1 1

CG 67(49.3) 116(45.3) 1.2(0.6-2.2) !

GG 40(29.4) 71(27.7) 1.0(0.5-2.1) 11(0.6-2.0)

COMT

va/va 65(46.4) 151(58.5) 1 1

Va/Met 60(42.9) 81(31.4) 1.8(1.1-3.0) 1.7%(1.0-2.8)

Met/Met 15(10.7) 26(10.1) 1.4(0.6-3.2) ' o

W: Microsatellite number <=8

M: Microsatellite number >8

* p<0.05, * p<0.1

Adjusted for age, education, smoking exposure, and cooking fume exposure
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Table 4-2: ORs and 95% CI of hormone-related genes related to female lung
adenocarcinoma in multiple logistic regression model

Model 1 Model 2
Genotype OR (95%CI) p OR (95%CI) p
CYP17
AlAl 10 10
A1/A2 1.3(0.6-2.8) 0.43 1.4(0.7-2.7) 04
A2A2 1.6(0.9-3.0) 0.11 1.7%(1.0-3.0) 0.06
CYP19
MM 1.0 1.0
WM/WW 1.5(0.7-3.3) 0.27 1.6(0.8-3.5) 0.19
ESR325
CC 1.0
CGIGG 1.1(0.6-2.0) 0.83
COMT
ww 1.0 1.0
WV/IVV 1.7(1.0-2.9) 0.06 1.7%(1.0-2.9) 0.03

W: Microsatellite number <=8
M: Microsatellite number >8

* p<0.05

Adjusted for age, education, smoking exposure, and cooking fume exposure
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Table 5-1: Univariate analysis of

genetic polymorphism of DNA repair gene

Genotype Cases  Controls OR(95%Cl) OR1(95%Cl)
(n=160) (n=279)

XRCC1-194

Arg/Arg 51.6% 51.0% 1.0 1.0

Arg/Trp 46.9% 40.3%  1.14(0.68-1.90)

Trp/Trp 16%  87%  0.19(0.04-0.92) 0.18(0.04-0.85)

XRCC1-280

Arg/Arg 798% 76.7% 1.0 1.0

Arg/His 185% 21.3%  0.69(0.36-1.34)

His/His 1.7% 19%  2.17(0.38-12.34) 2.32(0.41-13.12)

XRCC1-399

Arg/Arg 51.3% 535% 1.0 1.0

Arg/GIn 31.1% 36.8%  1.11(0.62-1.99)

GIn/GIn 176%  9.7%  2.33(1.10-4.95) 2.24(1.10-4.58)

XRCC3-241

Thr/Thr 926% 958% 1.0

Thr/Met 74%  42%  2.79(0.99-7.81)

Met/Met 0.0%  0.0%

XPD-751

Lys/Lys 598% 821% 1.0 1.0

Lys/GIn 34.4% 17.1%  2.30(1.27-4.17)

GIn/GIn 57%  0.8%  13.91(2.45-79.10) [2.72(1.54-4.80)

hMLH1

GG 8.0% 185% 1.0 1.0

GA 53.6% 48.6%  2.97(1.19-7.42)

AA 384% 328%  2.85(1.11-7.33) 2.92(1.20-7.10)

ORSs’ were adjusted for age, cooking fume exposure, and tobacco exposure

15



Table 5-2 Multivariate analysis for DNA reapir gene

Genotype OR(95%Cl)
XRCC1-399

Arg/Arg+Arg/Gln 1.0

GIn/GIn 2.55(1.20-5.40)
XRCC3-241

Thr/Thr 10

Thr/Met 3.10(1.06-9.09)
XPD-751

Lys/Lys 1.0
Lys/GIn+GIn/GIn 2.53(1.39-4.60)
hMLH1

GG 1.0

GA+AA 2.47(0.99-6.16)

ORSs’ were adjusted for age, cooking fume exposure, and tobacco exposure
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Table 5-3 gene-geneinteraction for lung AC

XRCC1-399 XRCC3-241 XPD-751 hMLH1 Casg(n=160) Control(n=279) OR(95%Cl)
Arg/Arg+Arg/GIn Thr/Thr Lys/Lys GG 4.5% 14.1% 1.0
Arg/Arg+Arg/GIn Thr/Thr Lys/'Lys GA+AA 39.3% 57.6% ]
Arg/Arg+Arg/Gln Thr/Thr Lys/GIn+GIn/GIn GG 1.8% 2.7% 4.32(0.95-19.66
Arg/Arg+Arg/GIn Thr/Met Lys/Lys GG 0.9% 0.4%

GIn/GIn Thr/Thr Lys/Lys GG 1.8% 1.2%
Arg/Arg+Arg/GIn Thr/Thr LysdGIn+GIn/GIn  GA+AA 28.6% 13.3% ]
Arg/Arg+Arg/GIn Thr/Met Lys/Lys GA+AA 3.6% 2.4%
GIn/GIn Thr/Thr Lys/Lys GA+AA 9.8% 5.1% 11.78(2.53-54.7
Arg/Arg+Arg/GIn Thr/Met Lys/GIn+GIn/GIn GG 0.0% 0.0%
GIn/GIn Thr/Thr Lys/GIn+GIn/GIn GG 0.0% 0.0%
GIn/GIn Thr/Met Lys/Lys GG 0.0% 0.4%
GIn/GIn Thr/Met  LygGIn+GIn/GIn GG 2.7% 0.4% ]
GIn/GIn Thr/Met Lys/Lys GA+AA 0.9% 0.8%
GIn/GIn Thr/Thr LysGIn+GIn/GIn  GA+AA 6.3% 1.6% 18.93(3.09-115.
Arg/Arg+Arg/GIn Thr/Met LysdGIn+GIn/GIn  GA+AA 0.0% 0.0%
GIn/GIn Thr/Met LysdGIn+GIn/GIn  GA+AA 0.0% 0.0%
OR: adenoma adjusted age, tobacco exposure, and cooking fume exposure
trend<0.0001
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Table 5-4. DNA repair gene and environmental interactive effect of female lung AC

tobacco exposure  cooking fume  repair gene  case control  OR(95%Cl)
no no 0-1 108% 48.0% 1.0
no no 2-3 17.2% 135% |
no yes 0-1 75%  7.5% |4.65(2.11-10.24)
yes no 0-1 129% 15.5%
no yes 2-3 16.1%  3.2% |
yes no 2-3 6.5%  5.6% [9.37(3.96-22.16)
yes yes 0-1 15.1% 4.9%
yes yes 2-3 14.0% 2.0% 18.96(5.21-69.04)

ORs were adjusted for age

trend<0.0001
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