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Abstract

Background - Circulating concentrations of B-vitamins and factors related to one-carbon
metabolism have been found to be strongly inversely associated with lung cancer risk in the
European Prospective Investigation into Cancer and Nutrition (EPIC) study. The extent to

which these associations are present in other study populations is unknown.

Methods — Within 20 prospective cohorts from the NCI Cohort Consortium, a nested case-
control study was designed including 5,364 incident lung cancer cases and 5,364 controls
that were individually matched to cases by age, sex, cohort, and smoking status. Centralized
biochemical analyses were performed to measure circulating concentrations of vitamin B6,
folate and methionine, as well as cotinine as an indicator of recent tobacco exposure. The
association between these biomarkers and lung cancer risk was evaluated using conditional

logistic regression models.

Results — Participants with higher circulating concentrations of vitamin B6 and folate had a
modestly decreased risk of lung cancer risk overall, the odds ratio when comparing the top
and bottom fourths [ORays1] being 0.88 (95% confidence interval [95% Cl], 0.78-1.00) and
0.86 (95% CI 0.74-0.99), respectively. We found stronger associations among for men (ORavs1
0.74; 95% Cl 0.62-0.89 for vitamin B6, ORavs1 0.75; 95% ClI 0.61-0.93 for folate) and ever
smokers (ORavs1 0.79; 95% Cl 0.68-0.91 for vitamin B6, ORavs1 0.85; 95% Cl 0.72-0.99 for
folate). We further noted that the association of folate was restricted to Europe/Australia
and Asia, whilst no clear association was observed for the United-States. Circulating
concentrations of methionine were not associated with lung cancer risk overall or in

important subgroups.

Conclusion — Although confounding by tobacco exposure or reverse causation cannot be
ruled out, these study results are compatible with a small decrease in lung cancer risk in

ever smokers who avoid low concentrations of circulating folate and vitamin B6.
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Introduction

The most important and effective means for lung cancer control is by reducing the number
of people who smoke tobacco products. However, even among subjects who have quit
smoking, the lifetime risk of lung cancer remains high,’ and in some regions where anti-
tobacco campaigns have been successful, such as the US, over 50% of lung cancer cases now
occurs among former and never smokers. Given these considerations, exploring additional
means of primary prevention of lung cancer is important for subgroups of high risk—in

particular former smokers—who seek additional means to further reduce their risk.

One-carbon metabolism (OCM) encompasses a series of biochemical reactions involving B-
vitamins that are essential to ensure balanced DNA synthesis and methylation.*> Changes in
specific OCM factors have been implicated in cancer development, as well as other non-
communicable diseases, including neural tube defect, cardiovascular diseases, inflammation
and dementia.*®? If imbalances in B-vitamins such as folate (vitamin B9) and vitamin B6 are
proved to be causally implicated in lung cancer etiology, they would provide an appealing
target for chemoprevention as they are modifiable by changes in diet or

supplementation.0t!

Only two prospective studies have been published on lung cancer and circulating
biomarkers of OCM, the EPIC study?? and the Alpha-Tocopherol, Beta-Carotene, Prevention
Cancer (ATBC) study of smoking men,3 both of which reported that subjects in the upper
categories of circulating vitamin B6 concentrations had approximately half the risk of lung
cancer compared to those in the lower concentration categories. In particular, the EPIC
nested case-control study of 899 cases and 1,770 controls reported that the inverse
association of vitamin B6 with lung cancer risk was strong and consistent regardless of
tobacco smoking history, and also reported strong inverse associations of methionine and

folate with risk.12

In order to provide conclusive evidence on the importance of circulating B-vitamins and lung
cancer risk, we initiated the Lung Cancer Cohort Consortium (LC3) with a combined cohort
population of over 2,000,000 participants from North America, Europe, Asian, and Australia,
to retrieve blood samples and conduct biochemical analysis on over 5,000 case-controls

pairs.
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Material and Methods
Study population

We invited all prospective cohort studies with cryopreserved baseline plasma and serum
samples that in 2009 were members in the US National Cancer Institute (NCI) Cohort
Consortium to participate in the study. Twenty cohorts fulfilled those criteria and accepted
to participate, resulting in a combined cohort population of over 2,000,000 participants
from North America, Europe, Asia and Australia. Written informed consent was provided by
all study participants and the research was approved by the relevant institutional review
boards. Brief details on design of the cohorts and their follow-up procedures are provided in

the Supplementary methods.
Selection of cases and controls

Lung cancer cases were defined on the basis of the International Classification of Diseases
for Oncology, Second Edition (ICD-O-2), and included all invasive cancers coded as C34.0-
C34-9. We selected a total 5,545 lung cancer cases, and in order optimize the statistical
power in smoking stratified analyses, never and former smoking cases were oversampled.
For each case, one control was matched by cohort, sex, race (US cohorts only), date of blood
collection (+ 1 month, relaxed to + 3 months for sets without available controls), and date of
birth (+ 1 year, relaxed to * 3 years), as well as smoking status in 5 categories; never
smokers, short and long term quitters among former smokers (<10 years, =10 years since
quitting), and light and heavy smokers among current smokers (< 15 years, =15 cigarettes
per day). After various exclusions (see Supplementary methods), 5,364 lung cancer case-

control pairs remained eligible for the risk analysis.
Biochemical analyses

Concentrations of vitamin B6, methionine and cotinine were determined by mass
spectrometry based methods (LC-MS/MS, GC-MS/MS),'**> and microbiological methods
were used to determine concentrations of folate (Lactobacillus casei).'® Further details are

provided in Supplementary methods.



192

193
194
195
196
197
198
199
200
201
202
203
204
205

206
207
208
209
210
211
212

213
214

215

216

217

218
219

Statistical analyses

Hierarchical linear models were used to describe the variation in average biomarker
concentrations between the cohorts, and the extent to which these could be explained by
differences in baseline characteristics. Relative risks of lung cancer were estimated by
calculating odds ratios (OR) and 95% confidence intervals (Cl) using conditional logistic
regression (conditioning on matched case-control sets) with the first quartile as the
referent. Additional covariates were included to account for confounding by risk factors,
including indicators of educational attainment (in six categories) and tobacco exposure (in
addition to matching to smoking status by design: cotinine concentrations [quartiles defined
in current smokers]). Including additional covariates of body mass index (BMI) and alcohol
intake did not appreciably alter the results and were not included in the final models. As a
sensitivity analysis, we fitted models that were additionally adjusted for smoking duration or
pack-years of smoking among ever smokers. All risk analyses were conducted overall, and

stratified by smoking status and region (US, EU/AU, Asia).

As an indication of the overall statistical strength of association between each biomarker
and risk, we calculated a p-value for trend by including the base-2 logarithm (log2) of the
biomarker concentration as a continuous variable in a separate conditional logistic
regression model. The same approach was used in stratified risk analyses according to other
pre-defined demographic characteristics and risk factors. OR estimates per log2 unit (log:
OR) may be interpreted as the relative risk associated with a doubling in the concentration

of a circulating biomarker.

All statistical analyses were conducted using SAS 9.2 (Cary, North Carolina),’” R version

3.1.3® or Stan version 2.9.0.*°
Additional details on the statistical methods are provided in the Supplementary methods.
Results

Baseline Characteristics

Baseline characteristics of the study subjects separated by geographic areas are shown in

Table 1. The final study population included 5,364 lung cancer cases and 5,364 individually
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matched controls. Median age at cohort enrolment was 63 years and the median time
between blood draw and lung cancer diagnosis was 6.3 years. Because we oversampled
never and former smokers, approximately half of the study population were current
smokers at recruitment (2,519 case-control pairs, 47%), whereas the other half were either
former (1,518 case-control pairs, 28%) or never smokers (1,327 case-control pairs, 25%).
Overall, 46% of the participants were women, though the sex distribution varied by region,
the US cohorts contributing more women and the cohorts from Europe and Asia contributed

more men.
Variation in circulating biomarkers

There was substantial between-cohort variation in concentrations of all biomarkers (Table
1), in particular for folate and vitamin B6 concentrations that were substantially higher in US
cohorts than for EU/AU or Asian cohorts. This could only partly be explained by differences
in age, sex, smoking status, or BMI (Figure 1). For circulating vitamin B6 and methionine, the
between-cohort variability was similar before and after covariate adjustment (Figure 1).
Conversely, for circulating folate, adjustment for age, sex, smoking status, and BMI reduced
the between-cohort variability, the sd being 0.70 (90% Cl 0.54-0.97) without adjustment and
0.44 (90% ClI 0.32-0.65) with adjustment. Limited data on supplementation use suggested
that a part of the differences in vitamin B6 and folate concentrations between US and non-
US cohorts can be explained by multivitamin use (vitamin B6 median concentrations among
US multivitamin users: 76.2 nmol/L, non-users: 39.2 nmol/L; folate median concentrations

users:46.5 nmol/L, non-users:25.5 nmol/L, Supplementary Table 5).
Risk analysis overall and stratified by region

Participants with higher circulating vitamin B6 and folate had an approximate 20% lower risk
of lung cancer overall (Table 2 and 3), the odds ratio when comparing the top and bottom
quartiles [ORayvs1] being 0.81 for vitamin B6 (95% Cl 0.72-0.92) and 0.80 for folate (95% ClI
0.70-0.92). These OR estimates were slightly attenuated after adjustment for circulating
cotinine and education (ORays1 0.88, 95% Cl 0.78-1.00 for vitamin B6 and OR4ys1 0.86, 95% Cl
0.74-0.99 for folate). We did not observe any clear association between circulating
methionine and risk of lung cancer (ORavs1 0.95, 95% 0.85-1.07, Table 4), apart from among
US men (OR4vs1 0.68, 95% 0.52-0.89, Table 4). Among participants with available information
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on smoking duration and pack-years of smoking (90% of ever smokers), further adjustment
by continuous number of years of smoking or pack-years of smoking did not notably affect

the estimates (Supplementary Table 1-4).

In risk analyses stratified by region (Table 2-4), the overall inverse associations of vitamin B6
and folate were mainly driven by Asian and EU/AU participants. The adjusted ORays1 for
vitamin B6 was 0.82 in the Asian cohorts (95% Cl 0.65-1.02) and 0.78 for the EU/AU cohorts
(95% CI 0.62-1.00), and 0.95 for the US cohorts (95% Cl 0.80-1.13). Similarly, for folate, the
adjusted OR4ys1 was 0.84 for the Asian cohorts (95% Cl 0.68-1.03) and 0.77 for the EU/AU
cohorts (95% Cl 0.60-0.99), and 0.95 for the US cohorts (95% Cl 0.78-1.15).

Risk analysis stratified by smoking status and sex

In analyses stratified by smoking status, we observed an inverse association between
vitamin B6 and overall risk for former (ORays1 0.72, 95% Cl 0.57-0.91) and current smokers
(OR4vs1 0.79, 95% Cl 0.65-0.95) (Table 2). Folate was also inversely associated with risk for
former (ORays10.66, 95% Cl 0.51-0.85), but not for current smokers (ORavs1 0.97, 95% Cl 0.77-
1.21) (Table 3). When analyzing ever smokers overall (i.e. former and current smokers
combined), we observed an inverse association for circulating vitamin B6 (ORavs1 0.79, 95%
Cl 0.88-0.91) and folate (ORavs1 0.85, 95% Cl 0.72-0.99). Of note, whilst no clear association
was seen between folate and risk for never smokers (ORavs1 0.86, 95% Cl 0.63-1.17), we
observed a positive association between vitamin B6 and risk for never smokers, the ORays1

being 1.51 (95% Cl 1.14-2.01) (Table 2).

Further analyses stratified by sex showed that any inverse association between folate or
vitamin B6 and lung cancer risk was restricted to ever smokers and men. First, the
association of vitamin B6 in men (ORayvs10.74, 95% Cl 0.62-0.89) was consistently observed in
cohorts from each region (Table 2), with similar observations for folate (overall ORays1 0.75;
95% Cl 0.61-0.93) (Table 3). Conversely, no association was seen among for women overall,

nor for women separated by region (Table 2-3).

No clear differences in OR estimates were seen in risk analyses conducted on cohorts

providing plasma compared to cohorts providing serum (Preterogeneity >0.33).

Stratified risk analysis by demographic and diagnostic parameters
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To assess potential of effect modification, we fitted models that included interaction terms
between circulating folate or vitamin B6 and various covariates (Supplementary Figures 1-8).
Gender modified the associations between circulating concentrations of vitamin B6 and
folate and lung cancer risk (Pheterogeneity <0.05, Supplementary Tables 1 and 4). When
assessing blood samples taken up to 10 years prior to diagnosis, we observed that the
overall inverse association between vitamin B6 and lung cancer risk was driven by cases
diagnosed closer to blood draw (Pheterogeneity = 0.001, Supplementary Figure 1), as well as by
former (ORjog2 0.81; 95% Cl 0.70-0.90, Supplementary Figure 3) and current smokers (ORiog2
0.79; 95% ClI 0.69-0.91, Supplementary Figure 4). Stratified analyses by histology showed a
stronger inverse association between vitamin B6 and folate and risk of lung squamous cell
cancer (ORjog2 0.86; 95% ClI 0.77-0.95 for vitamin B6 and ORiog2 0.88; 95% Cl 0.78-0.98 for
folate) than for other histological types (Supplementary Figures 1 and 5). Stratified analysis
by period of blood collection before and after 1996 when folate fortification of food items
took effect in US did not reveal any discernable difference in lung cancer risk for circulating
folate (Supplementary Figure 12), nor did analysis stratified on multivitamin use (data not
shown). The associations between biomarker concentrations and lung cancer risk for
individual cohorts are presented in Supplementary Figures 9-11. We also estimated the
potential risk increase associated with being clinically deficient in vitamin B6 and folate, and
observed a 23% increase in risk of lung cancer for those deficient in vitamin B6 (OR = 1.23,
95% Cl 1.09-1.38) that was more apparent for being diagnosed with squamous cell cancer
(OR=1.54, 95% Cl 1.18-2.02), and also those for developing lung cancer within the first 3
years following blood collection (OR=1.83, 95% Cl 1.42-2.36) (Supplementary Figure 13).
Similarly, for folate we observed an increased risk for those classified as deficient (OR=1.27,
95% Cl 1.07-1.49, Supplementary Figure 14). Further stratified analyses are presented in
Supplementary Figures 13 and 14.

Discussion

Our aim was to evaluate the associations between lung cancer risk and circulating
concentrations of folate, vitamin B6, and methionine, within a consortium of 20 prospective

cohorts from the US, Europe, Asia and Australia. We found that individuals with low

10
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concentrations of vitamin B6 and folate have a small risk increase of lung cancer, particularly

among men, current and former smokers, and participants living outside the United States.

Previous studies and the Lung Cancer Cohort Consortium (LC3)

To date, this is the largest cohort consortium initiative for which circulating biomarkers
where assessed in relation to a single cancer outcome with coordinated biochemical
analysis conducted in one centralized laboratory. The background to this study was the
initial findings from the EPIC cohort involving 899 lung cancer cases and 1,770 controls.*?
The EPIC study reported a strong inverse association between vitamin B6 and lung cancer
regardless of smoking history, and additionally, found similar inverse associations with risk
for folate and methionine. The results of the EPIC study were noteworthy as they suggested
a potentially important role of the one-carbon metabolism pathway in lung cancer etiology,
in addition to tobacco exposure. Along with additional evidence from the ATBC cohort,*3
this motivated the organization of the Lung Cancer Cohort Consortium (LC3) in order to
conclusively evaluate the extent to which these findings translate into other populations

from Asia, the United States, Europe and Australia.

Interpreting the results

The current study discerned relatively weak inverse associations between folate, vitamin B6
and lung cancer risk overall, associations that differed substantially between groups of
different tobacco exposure history. For former and current smokers, we observed slightly
lower risk among for those study participants with higher concentrations of folate and
vitamin B6 compared to those having lower concentrations. This inverse association for lung
cancer risk with vitamin B6 or folate can also be interpreted as an increased risk among
participants in the lowest category of concentrations compared to those in the remaining
three higher categories (Tables 2 and 3). In contrast, methionine was inversely associated
with risk in US men, whereas no associations were noted overall or in other important

subgroup.

Previous studies have shown that being a current smoker is clearly associated with lower

circulating concentrations of folate and vitamin B6,'2 and our analysis confirms this relation

11
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(data not shown). This highlights the importance of carefully accounting for tobacco
exposure in risk analyses of B-vitamins and lung cancer. We used circulating cotinine, an

20 and the weak inverse

objective and accurate measure of current tobacco exposure,
associations of vitamin B6 and folate with lung cancer risk remained after adjusting for
cotinine. Further accounting for smoking duration and intensity did not substantively alter
the OR estimates. In contrast to current smokers, former smokers tend to have similar
circulating B-vitamin concentrations as never smokers.'? This suggests that the potential
confounding effect of tobacco exposure on the associations between circulating vitamin
B6/folate and lung cancer risk is of less concern for former smokers than for current
smokers. Despite these considerations, and given the important impact of both past and

current tobacco exposure on lung cancer risk, our results do not allow ruling out

confounding by tobacco smoking as a possible explanation for the observed associations.

Another potential explanation for the observed association of vitamin B6 with risk is reverse
causation. In analysis stratified on smoking status, we observed a gradually stronger inverse
association between vitamin B6 and risk of lung cancer in both former and current smokers
when measured in blood drawn closer to diagnosis (Supplementary Figure 1, 3 and 4),
results that would be consistent with pre-clinical metabolic changes due to the underlying
disease progression. In contrast, no such clear relation by time from blood draw to diagnosis

was observed for folate.

In interpreting these results, we note that they are compatible with a small benefit in terms
of lung cancer risk for smokers who avoid low circulating concentrations of vitamin B6 and
folate. However, we cannot rule out the possibility that residual confounding by tobacco
exposure and/or reverse causation due to the disease progression, underlie their

associations with risk.

The most notable difference between our results and those from the previous EPIC study
was for never smokers, where vitamin B6 was positively associated with risk among for
women in the current study, the opposite of what was observed in the previous EPIC study.
The reason for this stark discrepancy is unclear and not explained by differences in study

characteristics.

12
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Study strengths and limitations

Strengths of this study included the large study sample of 5,364 case-control pairs, the
prospective study design and the use of pre-diagnostic plasma or serum, the centralized
biochemical analysis with a robust quality control protocol, and the wide participation of
cohorts from different geographical regions. We benefitted from over-sampling never and
former smokers, as well as matching by history of tobacco exposure, thus allowing for well-
powered stratified analysis. However, this oversampling also meant that the individual
cohorts provided different proportions of subjects by smoking status. For instance, the WHI
only contributed never smoking women and the ATBC study only contributed current
smoking men. Another particular feature of this study was that circulating vitamin B6 and
folate varied substantially across cohorts and continents. Indeed, US participants had about
65% higher B6 and almost three-fold the median folate concentrations of European and
Asian study participants (see Table 1). A likely explanation of this is that up to 50% of U.S.
citizens aged 50 years or more regularly consume dietary supplements such as multi-vitamin
pills,’! and because of the folate fortification in the US.??2 Differences in baseline
characteristics only partially accounted for these differences, and this means that we could
not efficiently compare participants at extremes of the distribution of folate concentrations
because the controls were matched to cases within the same cohort, and we were reluctant

to break that matching.

Study implications and conclusions

This study highlights the importance of re-evaluating promising associations of
putative risk factors indicated in initial studies across multiple study populations in a
coordinated fashion. The LC3 clearly demonstrates that it is feasible to gather cohorts from
around the world and provide robust information on disease risk association before
resorting to intervention studies that are costly and risk harming the study participants.
Whilst our results were compatible with a modest decrease in lung cancer risk among
former and current smokers who avoid low circulating concentrations of vitamin B6 and
folate, we could not rule out the possibility that confounding due to tobacco or reverse
causation may have given rise to spurious associations. Given that any potential beneficial

effect of vitamin B6 or folate—if real—is likely to be small, our findings do not support the

13
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Figure 1. Estimated between-cohort variation in mean concentration of vitamin B6, folate,

and methionine. Before (left) and after (right) adjustment for age, sex, smoking status, and BMI.

Histograms show the posterior distribution of the overall mean and standard deviation (SD) of the cohort-

specific intercepts. The "caterpillar plots" show the estimated cohort-specific mean concentrations, along with

50% and 90% credible intervals (thick and thin bars, respectively).
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Table 1. Baseline and clinical characteristics of study participants overall and per continent

US cohorts* EU/AU cohorts* Asian cohorts* Overall
No.(%) of participants in group No.(%) of participants in group No.(%) of participants in group No.(%) of participants in group
Discrete variables Cases Matched controls Cases Matched controls Cases Matched controls Cases Matched controls
(n=2400) (n=2400) (n=1189) (n=1189) (n=1775) (n=1775) (n=5364) (n=5364)

Sex

Men 991 (41.3%) 991 (41.3%) 688 (57.9%) 688 (57.9%) 1229 (69.2%) 1229 (69.2%) 2908 (54.2%) 2908 (54.2%)

Women 1409 (58.7%) 1409 (58.7%) 501 (42.1%) 501 (42.1%) 546 (30.8%) 546 (30.8%) 2456 (45.8%) 2456 (45.8%)
Smoking status

Never 569 (23.7%) 569 (23.7%) 156 (13.1%) 156 (13.1%) 602 (33.9%) 602 (33.9%) 1327 (24.7%) 1327 (24.7%)

Former 1007 (42%) 1007 (42%) 335 (28.2%) 335 (28.2%) 176 (9.9%) 176 (9.9%) 1518 (28.3%) 1518 (28.3%)

Current 824 (34.3%) 824 (34.3%) 698 (58.7%) 698 (58.7%) 997 (56.2%) 997 (56.2%) 2519 (47%) 2519 (47%)
Education

less than high school 237 (9.9%) 215 (9%) 661 (55.6%) 596 (50.2%) 898 (50.6%) 883 (49.7%) 1797 (33.5%) 1696 (31.6%)

completed high school 357 (14.9%) 374 (15.6%) 159 (13.4%) 180 (15.2%) 243 (13.7%) 230 (13%) 759 (14.1%) 784 (14.6%)

vocational school 422 (17.6%) 435 (18.1%) 180 (15.2%) 200 (16.8%) 289 (16.3%) 279 (15.7%) 891 (16.6%) 914 (17%)

some college 402 (16.8%) 393 (16.4%) 107 (9%) 129 (10.9%) 171 (9.6%) 196 (11%) 680 (12.7%) 718 (13.4%)

college graduate 357 (14.9%) 319 (13.3%) 63 (5.3%) 64 (5.4%) 104 (5.9%) 113 (6.4%) 524 (9.8%) 496 (9.2%)

graduate studies 574 (23.9%) 637 (26.5%) 10 (0.8%) 8 (0.7%) 62 (3.5%) 65 (3.7%) 646 (12%) 710 (13.2%)

Unknown 51 (2.1%) 27 (1.1%) 8 (0.7%) 10 (0.8%) 8 (0.5%) 9 (0.5%) 67 (1.2%) 46 (0.9%)
Alcohol use (any type)

Never 250 (10.4%) 252 (10.5%) 292 (24.6%) 286 (24.1%) 946 (53.3%) 974 (54.9%) 1488 (27.7%) 1512 (28.2%)

Ever 2013 (83.9%) 2041 (85%) 643 (54.1%) 643 (54.1%) 829 (46.7%) 801 (45.1%) 3485 (65%) 3485 (65%)

Unknown 137 (5.7%) 107 (4.5%) 254 (21.4%) 260 (21.9%) 0 (0%) 0 (0%) 391 (7.3%) 367 (6.8%)
Body Mass index [kg/m?]

<18.5 30 (1.3%) 31 (1.3%) 14 (1.2%) 9 (0.8%) 157 (8.8%) 113 (6.4%) 201 (3.7%) 153 (2.9%)

18.5-25 1088 (45.3%) 1020 (42.5%) 521 (43.8%) 435 (36.6%) 1203 (67.8%) 1192 (67.2%) 2812 (52.4%) 2647 (49.3%)

25-30 841 (35%) 858 (35.8%) 468 (39.4%) 536 (45.1%) 369 (20.8%) 424 (23.9%) 1678 (31.3%) 1818 (33.9%)

230 378 (15.8%) 430 (17.9%) 185 (15.6%) 207 (17.4%) 46 (2.6%) 46 (2.6%) 609 (11.4%) 683 (12.7%)

Unknown 63 (2.6%) 61 (2.5%) 1(0.1%) 2 (0.2%) 0 (0%) 0 (0%) 64 (1.2%) 63 (1.2%)

Continuous variables, median (5th-95th percentile)

Age at recruitment (years) 60 (42-74) 60 (42-74) 60 (45-70) 60 (45-70) 60 (46-72) 60 (46-72) 60 (44-72) 60 (44-72)

Blood concentrations for biomakers
Vitamin B6 (Pyridoxal 5'-phosphate), nmol/L
Vitamin B9 (folate), nmol/L

Methionine, umol/L

47.6 (15.2-266)
32.9(8.3-114.2)

25.8 (18.4-39.6)

49.9 (16.4-271)
33.7 (8.1-114.9)

26.2 (18.8-39.7)

28.9(12.6-127) 30.9 (13.3-102)

10.2 (4.4-30.1) 10.8 (4.9-32.9)
26.1(19.1-37.8) 26.3 (18.7-37.8)

29.0(11.1-114)
13.9 (6.2-40.5)

31.2 (12.4-119)
15.1 (6.7-40.7)

27.3 (18.0-42.4) 27.4 (18.2-41.9)

35.2 (12.6-205)
17.0 (6.0-91.8)

37.1(13.9-197)
17.9 (6.3-90.3)

26.3 (18.4-40.4) 26.6 (18.6-40.3)

Age at diagnosis, median (range), years
Time from blood draw to diagnosis (years)
Hystology, No. (%)

Large cell carcinoma

Small cell carcinoma

Squamous cell carcinoma

Adenocarcinoma

Other / Unknown

70 (55-83)
5.2 (1-15.5)

112 (4.6%)

245 (10.4%)
291 (11.9%)
1034 (42.7%)
735 (31.4%)

Clinical cl

haracteristics, case participants only
69 (54-79)
10.0 (1.5-16.0)

46 (4%)
150 (12.5%)
231 (19.5%)
419 (34.5%)
357 (29.5%)

69 (52-80)
5.8 (0.7-16.5)

16 (1%)
99 (5.5%)
319 (17.9%)
615 (34.6%)
726 (41%)

69.8 (53.6-82.0)
6.3 (1.0-16.0)

174 (3.3%)

492 (9.2%)
836 (15.5%)
2056 (38.4%)
1806 (33.6%)

* US cohorts included 83% white, 11% African American, and 6% participants indicated as ‘Other’.
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Table 2. Odds ratios of lung cancer for circulating concentrations of vitamin B6

0dds Ratio (95% Confidence Interval)

Cases compared
to matched
controls,
unadjusted?

Case/Controls

o (n=5364/5364)
participants

LC3 participants  Quartile (Range)

Cases compared
to matched
controls,
adjusted for
cotinine and
education®

(n=5364/5364)"

Never Smokers¢

(n=1327/1327)c

Former Smokers¢

(n = 1518/1518)c

Current smokers?

(n = 2519/2519)b

Menb

(n=2908/2908)>

Woment

(n=2456/2456)"

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (5.08-29.89) 629/600 1.00 (reference)
United States
2 (29.90-49.90) 618/600 0.98 (0.83 - 1.15)
(n=11 cohorts)
3 (49.91-90.05) 574/600 0.90 (0.77 - 1.07)
4 >90.05 579/600 0.91 (0.76 - 1.07)
P for trend" 0.14

1.00 (reference)

1.00 (0.84 - 1.18)

0.93 (0.78 - 1.10)

0.95 (0.8 - 1.13)
0.40

1.00 (reference)

1.45 (0.99 - 2.13)

1.19 (0.82 - 1.72)

1.19 (0.82 - 1.72)
0.77

1.00 (reference)

0.88 (0.68 - 1.14)

0.87 (0.67 - 1.13)

0.90 (0.69 - 1.17)
0.15

1.00 (reference)

0.95 (0.73 - 1.24)

0.89 (0.67 - 1.17)

0.85 (0.63 - 1.15)
0.52

1.00 (reference)

0.82 (0.63 - 1.06)

0.77 (0.59 - 1.00)

0.75 (0.56 - 0.99)
0.02

1.00 (reference)

1.14 (0.91 - 1.41)

1.04 (0.84 - 1.30)

1.11 (0.89 - 1.38)
0.47

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]e

Europe 1 (4.37-22.41) 378/297 1.00 (reference)
/Australia 2 (22.42-30.90) 269/297 0.70 (0.56 - 0.88)
(n=5 cohorts) 3 (30.91-44.95) 258/298 0.65 (0.51 - 0.83)
4 >44.96 284/297 0.73 (0.57 - 0.92)

P for trend" 0.12

1.00 (reference)

0.73 (0.58 - 0.92)

0.69 (0.54 - 0.88)

0.78 (0.62 - 1.00)
0.36

1.00 (reference)

1.32(0.59 - 2.98)

1.19 (0.56 - 2.54)

1.57(0.77 - 3.19)
0.56

1.00 (reference)

0.97 (0.59 - 1.60)

0.61 (0.37 - 0.99)

0.73 (0.46 - 1.17)
0.42

1.00 (reference)

0.62 (0.47 - 0.82)

0.71(0.52 - 0.97)

0.76 (0.55 - 1.04)
0.41

1.00 (reference)

0.73 (0.54 - 0.99)

0.74 (0.53 - 1.02)

0.68 (0.50 - 0.94)
0.17

1.00 (reference)

0.71(0.49 - 1.03)

0.61 (0.42 - 0.89)

0.91 (0.64 - 1.31)
0.97

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]f

) 1 (4.81-20.49) 528/443 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
:fz cohorts) 2 (20.50-30.82) 440/444 0.78 (0.64-0.96)  0.90(0.73-1.10) 1.33(0.80-2.21) 0.67(0.32-1.41) 0.92(0.72-1.17) 0.89(0.71-1.11)  1.29(0.74 - 2.25)
3 (31.23-46.99) 398/444 0.67 (0.55-0.84) 0.79(0.63-0.98) 1.59(0.95-2.68) 0.60(0.31-1.17) 0.66 (0.50-0.86) 0.68(0.52-0.87)  1.45 (0.84 - 2.51)
4 >47.00 409/444 0.68(0.55-0.87) 0.82(0.65-1.02) 1.55(0.99-2.72) 0.54(0.28-1.02) 0.66(0.48-0.93) 0.75(0.58-0.98)  1.34(0.79- 2.29)

P for trend" 0.002 0.08 0.06 0.29 0.003 0.008 0.50

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]e

1 (4.37-23.93) 1501/1341 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
:-\n”=20 cohcg’:;;’)rts 2 (23.94-37.05) 1319/1341 0.85(0.76-0.95)  0.90(0.81-1.01) 1.53(1.15-2.05) 0.73(0.58-0.93) 0.86(0.74-1.00) 0.77(0.66-0.89)  1.14(0.96 - 1.37)
3 (37.06-62.50) 1254/1341 0.80(0.72 - 0.90) 0.87 (0.77 - 0.97) 1.52 (1.15 - 2.00) 0.66 (0.53 - 0.84) 0.83 (0.70-0.98) 0.77 (0.66 - 0.91) 1.03 (0.86 - 1.23)
4 >62.51 1290/1341 0.81(0.72-0.92) 0.88(0.78-1.00) 1.51(1.14-2.01) 0.72(0.57-0.91) 0.79(0.65-0.95) 0.74(0.62-0.89)  1.10(0.92-1.31)

P for trend" 9x10+4 0.06 0.12 0.05 0.005 2x104 0.37

a) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set.
b) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set, and adjusting for circulating cotinine (in quartiles) and education (in 7 categories) .
c) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set, and adjusting for education (in 7 categories) .

d) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 2400 individually matched controls (US cohorts; n=11).

e) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 1189 individually matched controls (European/Australian cohorts; n=5).

f) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 1775 individually matched controls (Asian cohorts; n=4).

g) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 5364 individually matched controls (pooled cohorts; n=20).

h) P for trend assessed by the base 2 logarithm of the circulating concentrations.
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Table 3. Odds ratios of lung cancer for circulating concentrations of folate

LC3 participants

Case/Controls

tile (R
Quartile (Range) participants

Odds Ratio (95% Confidence Interval)

Cases compared
to matched
controls,
unadjusted?

(n=5364/5364)

Cases compared
to matched
controls, adjusted
for cotinine and
education®

(n=5364/5364)"

Never Smokers®

(n=1327/1327)c

Former Smokers¢

(n = 1518/1518)¢

Current smokers?

(n =2519/2519)b

Menb

(n=2908/2908)>

Women?

(n=2456/2456)>

United States
(n=11 cohorts)

Folate (Vitamin B9) [nmol/L]¢

1.00 (reference)

0.90 (0.77 - 1.07)

0.93 (0.78 - 1.10)

0.91 (0.75 - 1.10)
0.27

1.00 (reference)

0.93 (0.78 - 1.10)

0.95 (0.80 - 1.14)

0.95 (0.78 - 1.15)
0.52

1.00 (reference)

0.83 (0.54 - 1.29)

0.87 (0.56 - 1.36)

0.92 (0.57 - 1.47)
0.84

1.00 (reference)

0.95 (0.72 - 1.24)

0.86 (0.66 - 1.13)

0.87 (0.65 - 1.16)
0.27

1.00 (reference)

0.92 (0.72 - 1.18)

1.05 (0.78 - 1.42)

1.02 (0.72 - 1.45)
0.88

1.00 (reference)

0.86 (0.66 - 1.12)

0.92 (0.69 - 1.22)

0.78 (0.56 - 1.07)
0.44

1.00 (reference)

0.98 (0.79 - 1.22)

0.98 (0.78 - 1.24)

1.07 (0.84 - 1.37)
0.85

Europe
/Australia
(n=5 cohorts)

1.00 (reference)
0.82 (0.65 - 1.03)
0.78 (0.61 - 0.98)
0.73 (0.57 - 0.93)
0.007

1.00 (reference)

0.84 (0.66 - 1.06)

0.80 (0.63 - 1.02)

0.77 (0.60 - 0.99)
0.02

1.00 (reference)

1.30(0.65 - 2.60)

0.65 (0.33 - 1.25)

0.98 (0.49 - 1.97)
0.89

1.00 (reference)
0.71(0.44 - 1.14)
0.69 (0.44 - 1.10)
0.58 (0.36 - 0.93)
0.007

1.00 (reference)

0.81(0.60 - 1.10)

0.90 (0.65 - 1.23)

0.83 (0.60 - 1.16)
0.37

1.00 (reference)

0.82 (0.59 - 1.12)

0.76 (0.55 - 1.04)

0.69 (0.49 - 0.98)
0.02

1.00 (reference)

0.85 (0.59 - 1.22)

0.85 (0.58 - 1.23)

0.87 (0.60 - 1.27)
0.47

Asia
(n=4 cohorts)

1.00 (reference)
0.84 (0.70 - 1.02)
0.67 (0.55 - 0.81)
0.77 (0.63 - 0.94)
0.001

1.00 (reference)

0.88 (0.72 - 1.06)

0.73 (0.59 - 0.89)

0.84 (0.68 - 1.03)
0.02

1.00 (reference)

0.96 (0.65 - 1.40)

0.76 (0.52 - 1.10)

0.89 (0.61 - 1.29)
0.26

1.00 (reference)

0.40 (0.21 - 0.74)

0.45 (0.23 - 0.85)

0.65 (0.35 - 1.18)
0.26

1.00 (reference)

0.96 (0.75 - 1.23)

0.80 (0.65 - 1.12)

0.84 (0.64 - 1.11)
0.09

1.00 (reference)
0.85 (0.68 - 1.06)
0.75 (0.59 - 0.95)
0.74 (0.58 - 0.94)
0.008

1.00 (reference)

1.01 (0.68 - 1.5)

0.78 (0.53 - 1.14)

1.12 (0.76 - 1.65)
0.97

All cohorts
(n=20 cohorts)

1 (1.70-17.45) 633/600
2 (17.46-33.35) 578/600
3 (33.36-59.10) 598/600
4 >59.10 591/600
P for trend"
Folate (Vitamin B9) [nmol/L]¢
1 (0.24-7.78) 348/297
2 (7.79-10.77) 291/297
3 (10.78-15.98) 282/298
4 >15.98 268/297
P for trend"
Folate (Vitamin B9) [nmol/L]f
1 (0.17-10.59) 525/443
2 (10.60-15.00) 461/444
3 (15.01-21.00) 366/444
4 >21.01 423/444
P for trend"
Folate (Vitamin B9) [nmol/L]e
1 (0.17-10.92) 1489/1341
2 (10.93-17.89) 1331/1341
3 (17.90-34.92) 1243/1341
4 >34.97 1301/1341
P for trend"

1.00 (reference)
0.87 (0.78 - 0.97)
0.79 (0.70 - 0.89)
0.80 (0.70 - 0.92)
2x104

1.00 (reference)

0.90 (0.81 - 1.01)

0.84 (0.74 - 0.95)

0.86 (0.74 - 0.99)
0.01

1.00 (reference)

0.87 (0.67 - 1.13)

0.81 (0.62 - 1.06)

0.86 (0.63 - 1.17)
0.37

1.00 (reference)

0.74 (0.58 - 0.95)

0.73 (0.57 - 0.93)

0.66 (0.51 - 0.85)
0.01

1.00 (reference)

0.96 (0.83 - 1.12)

0.88 (0.74 - 1.04)

0.97 (0.77 - 1.21)
0.15

1.00 (reference)
0.90 (0.77 - 1.04)
0.77 (0.65 - 0.91)
0.75 (0.61 - 0.93)
0.001

1.00 (reference)

0.92 (0.77 - 1.10)

0.94 (0.78 - 1.13)

0.97 (0.79 - 1.19)
0.66

a) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set.
b) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set, and adjusting for circulating cotinine (in quartiles) and education (in 7 categories) .
c) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set, and adjusting for education (in 7 categories) .
d) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 2400 individually matched controls (US cohorts; n=11).
e) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 1189 individually matched controls (European/Australian cohorts; n=5).
f) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 1775 individually matched controls (Asian cohorts; n=4).

g) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 5364 individually matched controls (pooled cohorts; n=20).

h) P for trend assessed by the base 2 logarithm of the circulating concentrations.

21



Table 4. Odds ratios of lung cancer for circulating concentrations of methionine

LC3 participants

Quartile (Range)

Case/Controls
participants

0dds Ratio (95% Confidence Interval)

Cases compared
to matched
controls,
unadjusted?

(n=5364/5364)

Cases compared
to matched
controls,
adjusted for
cotinine and
education®

(n=5364/5364)"

Never Smokers¢

(n=1327/1327)

Former Smokers¢

(n = 1518/1518)c

Current smokersP

(n =2519/2519)b

Menb

(n=2908/2908)®

Womenb

(n=2456/2456)>

United States
(n=11 cohorts)

P for trend"

Methionine [umol/L]¢

1 (11.83-22.77)
2 (22.78-26.16)
3 (26.17-30.47)
4 >30.47

632/600
617/600
591/600
560/600

1.00 (reference)

0.97 (0.82 - 1.14)

0.92 (0.78 - 1.09)

0.87 (0.73 - 1.03)
0.11

1.00 (reference)

0.97 (0.82 - 1.14)

0.93 (0.78 - 1.10)

0.87 (0.73 - 1.04)
0.12

1.00 (reference)

1.10 (0.80 - 1.51)

1.04 (0.73 - 1.48)

1.05 (0.68 - 1.62)
0.93

1.00 (reference)

0.82 (0.62 - 1.08)

0.78 (0.60 - 1.01)

0.79 (0.60 - 1.02)
0.08

1.00 (reference)

1.02 (0.78 - 1.35)

1.01 (0.75 - 1.36)

0.84 (0.63 - 1.13)
0.36

1.00 (reference)
0.90 (0.68 - 1.19)
0.88 (0.67 - 1.16)
0.68 (0.52 - 0.89)
0.008

1.00 (reference)

1.00 (0.82 - 1.23)

0.95 (0.77 - 1.19)

1.10(0.86 - 1.39)
0.65

Europe
/Australia
(n=5 cohorts)

P for trend"

Methionine [umol/L]e

1 (10.63-22.81)
2 (22.82-26.29)
3 (26.30-29.91)
4 >2991

295/297
316/297
282/298
296/297

1.00 (reference)

1.08 (0.86 - 1.35)

0.94 (0.74 - 1.20)

0.99 (0.78 - 1.26)
0.92

1.00 (reference)

1.07 (0.85-1.35)

0.91(0.71 - 1.16)

1.00 (0.78 - 1.27)
0.92

1.00 (reference)

1.01 (0.54 - 1.90)

0.82 (0.43 - 1.57)

0.96 (0.49 - 1.89)
0.86

1.00 (reference)

0.88 (0.57 - 1.35)

1.06 (0.67 - 1.65)

1.11(0.72 - 1.70)
0.74

1.00 (reference)

1.21(0.88 - 1.65)

0.87 (0.62 - 1.20)

0.95 (0.68 - 1.32)
0.83

1.00 (reference)

1.08 (0.76 - 1.52)

0.94 (0.67 - 1.33)

1.02(0.74 - 1.42)
0.92

1.00 (reference)

1.07 (0.78 - 1.48)

0.87 (0.60 - 1.24)

0.96 (0.65 - 1.41)
0.99

Asia
(n=4 cohorts)

P for trend"

Methionine [umol/L]f

1 (12.32-23.17)
2 (23.18-27.39)
3 (27.39-32.22)
4 >32.22

451/443
440/444
420/444
464/444

1.00 (reference)

0.99 (0.81 - 1.20)

0.92 (0.75 - 1.12)

1.02 (0.82 - 1.22)
0.82

1.00 (reference)

1.02 (0.84 - 1.24)

0.93 (0.76 - 1.15)

1.04 (0.85 - 1.26)
0.83

1.00 (reference)

0.85 (0.63 - 1.16)

0.99 (0.71 - 1.38)

1.11 (0.79 - 1.57)
0.50

1.00 (reference)

0.70 (0.38 - 1.29)

0.73 (0.40 - 1.32)

0.59 (0.32 - 1.10)
0.17

1.00 (reference)

1.32 (0.98 - 1.77)

1.00 (0.74 - 1.34)

1.16 (0.88 - 1.53)
0.73

1.00 (reference)

1.15 (0.89 - 1.49)

0.94 (0.73 - 1.22)

1.13 (0.88 - 1.45)
0.61

1.00 (reference)

0.86 (0.62 - 1.17)

1.02 (0.71 - 1.47)

0.86 (0.6 - 1.22)
0.70

All cohorts
(n=20 cohorts)

P for trend"

Methionine [umol/L]8

1 (10.63-22.89)
2 (22.90-27.40)
3 (27.40-31.00)
4 >31.01

1377/1341
1382/1341
1303/1341
1302/1341

1.00 (reference)

1.00 (0.90 - 1.12)

0.93 (0.83 - 1.05)

0.93 (0.83 - 1.04)
0.22

1.00 (reference)

1.01(0.91-1.13)

0.94 (0.84 - 1.05)

0.95 (0.85 - 1.07)
0.42

1.00 (reference)

0.99 (0.80 - 1.21)

0.98 (0.78 - 1.22)

1.04 (0.81-1.33)
0.52

1.00 (reference)

0.88 (0.72 - 1.09)

0.80 (0.65 - 0.99)

0.83 (0.67 - 1.03)
0.07

1.00 (reference)

1.12 (0.95 - 1.32)

1.01 (0.84 - 1.20)

0.99 (0.83-1.17)
0.69

1.00 (reference)

1.02 (0.87 - 1.21)

0.89 (0.76 - 1.05)

0.92 (0.79 - 1.08)
0.22

1.00 (reference)

1.00 (0.86 - 1.16)

1.00 (0.85 - 1.17)

0.99 (0.83 - 1.18)
0.88

a) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set.
b) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set, and adjusting for circulating cotinine (in quartiles) and education (in 7 categories) .
¢) Assessed by analysing lung cancer cases and their individually matched controls by conditional logistic regression, conditioning on individual case set, and adjusting for education (in 7 categories) .

d) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 2400 individually matched controls (US cohorts; n=11).

e) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 1189 individually matched controls (European/Australian cohorts; n=5).

f) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 1775 individually matched controls (Asian cohorts; n=4).

g) Quartile cut-off points were determined based on the blood concentration distribution of each biomarker for 5364 individually matched controls (pooled cohorts; n=20).
h) P for trend assessed by the base 2 logarithm of the circulating concentrations.
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Supplementary Figure 1. Forest plot showing stratified ORs of lung cancer for log2- of circulating vitamin

B6 overall.
study group Cases Control OR? 95%ClI

1

|
Overall log2-Vitamin B6 5364 5364 0.96 0.93-1.00 <>

By gender (p-heterogeneity= 0.001)®

1
1
1
1
E
1
Men 2908 2908 0.90 0.85-0.95 . '
1
I
1
1
1
1
1
I
1
I

Women 2456 2456 1.02 0.97-1.08

By Continent (p-heterogeneity= 0.83)?

United States 2400 2400 0.98 0.93-1.03 l

Europe/Australia 1189 1189 0.96 0.88-1.05 _-__
|
Asia 1775 1775 0.93 0.86-1.01 +‘

By histology (p-heterogeneity= 0.03)®

Large cell carcinoma 174 5364 1.11 0.89-1.38 =
Small cell carcinoma 492 5364 1.07 0.94-1.21 B
Squamous cell carcinoma 836 5364 0.86 0.77-0.95 ——
Adenocarcinoma 2056 5364 1.00 0.94-1.07 _-_

|
By time from blood draw to diagnosis (p-heterogeneity=0.001)" i
1-35 months 1086 5364 0.85 0.78-0.92 _._ i
36-72 months 1256 5364 0.99 0.91-1.07 +
73-120 months 1445 5364 0.97 0.90-1.05 _-‘_
>120 months 1577 5364 1.04 0.97-1.12 —

[ T : T T T 1
0.8 0.9 1.0 1.1 1.2 13

Odds ratio (95%Cl)

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 2. Forest plot showing stratified ORs of lung cancer for log2- of circulating vitamin B6
among never smokers.

study group Cases Controls OR? 95%Cl
1
i
Never smokers log2-Vitamin B6 1327 1327 1.06 0.98-1.15 <<>
|
!
By gender (p-heterogeneity= 0.72)® !
1
Men 292 292 111 0.93-1.34 ——

Women 1035 1035 1.05 0.96-1.14

1

1

!

By Continent (p-heterogeneity= 0.49)P |

United States 569 569 1.02 0.92-1.13 .
=

Europe/Australia 156 156 1.08 0.83-1.40

]
1
Asia 602 602  1.13 0.99-1.29 —l—

By histology (p-heterogeneity= 0.71)°

1
1
1
|
|
1
|
Large cell carcinoma 29 1327 1.19 0.80-1.76 —
|
1
i
1
|

Small cell carcinoma 27 1327 1.23 0.73-2.08 -
Squamous cell carcinoma 59 1327 0.91 0.64-1.29 =
Adenocarcinoma 731 1327 1.07 0.97-1.19 —*
i
By time from blood draw to diagnosis (p-heterogeneity=0.02)? E
1-35 months 263 1327 094 081110 ——
36-72 months 321 1327 130  1.10-1.53 ——
73-120 months 393 1327 1.06 0.92-1.22 _‘-_
>120 months 350 1327 098  0.83-115 4%%
I : I ]
1.0 1.5 2.0

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 3. Forest plot showing stratified ORs of lung cancer for log2- of circulating vitamin B6
among former smokers.
study group Cases Controls OR?® 95%Cl
Former smokers log2-Vitamin B6 1518 1518 0.94 0.88-1.00

By gender (p-heterogeneity= 0.005)®
Men 898 898 0.85 0.77-0.94

1
1
1
1
1
1
1
1
1
1
1
1
. |
Women 620 620  1.03 0.94-1.14 i—|.—
1
1
1
1
1
1

By Continent (p-heterogeneity= 0.86)°

United States 1007 1007 0.94 0.87-1.02
Asia 176 176 0.90 0.73-1.10 L

By histology (p-heterogeneity= 0.72)

Large cell carcinoma 70 1518 0.97 0.69-1.36 =
Small cell carcinoma 135 1518 0.86 0.67-1.11 &
Squamous cell carcinoma 246 1518 0.87 0.74-1.03 i

Adenocarcinoma 642 1518 1.00 0.90-1.11 —.—

Europe/Australia 335 335 0.93 0.79-1.10 ‘
:
1
1
1
]
]
]
|
1
1
1
1
]
]
i
|
1
1
]
]
]

By time from blood draw to diagnosis (p-heterogeneity=0.003)®

1-35 months 344 1518 081  070-0.94 i
36-72 months 368 1518 088  077-101 ——
73-120 months 419 1518 094  082-1.06 —-——
>120 months 387 1518 116 1.01-135 E L
| | — T T
07 08 09 10 11 12 14

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 4. Forest plot showing stratified ORs of lung cancer for log2- of circulating vitamin B6
among current smokers.

study group Cases Controls OR® 95%ClI
Current smokers log2-Vitamin B6 2519 2519 0.92 0.87-0.98
By gender (p-heterogeneity= 0.11)®

Men 1718 1718 0.88 0.82-0.96

Women 801 801 0.97 0.88-1.07

By Continent (p-heterogeneity= 0.04)®

United States 824 824 0.97 0.89-1.06

——

+_

Europe/Australia 698 698 0.95 0.85-1.07

Asia 997 997 0.81 0.72-0.91 ——

By histology (p-heterogeneity= 0.01)®

Large cell carcinoma 75 2519 1.19 0.78-1.82 -
Small cell carcinoma 330 2519 112 0.96-1.30 ——
Squamous cell carcinoma 531 2519 0.82 0.72-0.95 _._‘_
Adenocarcinoma 683 2519 0.92 0.82-1.03 +_

By time from blood draw to diagnosis (p-heterogeneity=0.07)°

1-35 months 479 2519 0.79 0.69-0.91 _._

36-72 months 567 2519 0.92 0.81-1.04 _.__
73-120 months 633 2519 0.93 0.82-1.05 _-__
>120 months 840 2519 1.00 0.90-1.12

0.8 1.

o

1.2 14 1.6

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 5. Forest plot showing stratified ORs of lung cancer for log2- of circulating folate

overall.
study group Cases Controls OR? 95%Cl
Overall log2-Folate 5364 5364 0.94 0.90-0.97

By gender (p-heterogeneity= 0.05)°
Men 2908 2908 0.90 0.84-0.96

Women 2456 2456 0.99 0.93-1.05

By Continent (p-heterogeneity= 0.11)®

o

United States 2400 2400 0.98 0.92-1.04
Europe/Australia 1189 1189 0.89 0.80-0.99 B
Asia 1775 1775 0.90 0.83-0.99 B

By histology (p-heterogeneity= 0.65)°

Large cell carcinoma 174 5364 0.95 0.77-1.18

Small cell carcinoma 492 5364 0.99 0.86-1.15 B
Squamous cell carcinoma 836 5364 0.88 0.78-0.98 .
Adenocarcinoma 2056 5364 0.94 0.88-1.01 +—

By time from blood draw to diagnosis (p-heterogeneity=0.53)°

135 months 1086 5364 092 084102 L
36-72 months 1256 5364 095  0.87-1.04 |
73-120 months 1445 5364 091  083-0.99 | i
>120 months 1577 5364 099 091107 :

t

0.8 0.9 1.0 1.1
Odds ratio (95%Cl)

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 6. Forest plot showing stratified ORs of lung cancer for log2- of circulating folate
among never smokers.

study group Cases Controls OR? 95%ClI

|

1
Never smokers log2-Folate 1327 1327 0.95 0.86-1.05 <E:>

|

i
By gender (p-heterogeneity= 0.33)° !

1
Men 292 292 087 0.70-1.08 —
Women 1035 1035 0.98 0.88-1.09

By Continent (p-heterogeneity= 0.72)®

-

United States 569 569 0.99 0.86-1.14
Europe/Australia 156 156 0.98 0.74-1.31
Asia 602 602 0.91 0.78-1.06

By histology (p-heterogeneity= 0.50)°

Large cell carcinoma 29 1327 1.24 0.61-2.55 -
Small cell carcinoma 27 1327 0.88 0.45-1.70
Squamous cell carcinoma 59 1327 0.70 0.44-1.10 =

Adenocarcinoma 731 1327 0.97 0.85-1.11 '

By time from blood draw to diagnosis (p-heterogeneity=0.27)?

1-35 months 263 1327 094 0.75-1.19 ——
36-72 months 321 1327 112 0.91-1.37 -+
73-120 months 393 1327 085 0.71-1.02 —.—i

>120 months 350 1327 095 0.79-1.14

’

0.5 1.0 1.5 20 25

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 7. Forest plot showing stratified ORs of lung cancer for log2- of circulating folate

among former smokers.

study group Cases
Former smokers log2-Folate 1518
By gender (p-heterogeneity= 0.41)°

Men 898

Women 620

By Continent (p-heterogeneity= 0.14)°

United States 1007
Europe/Australia 335
Asia 176

By histology (p-heterogeneity= 0.37)°

Large cell carcinoma 70
Small cell carcinoma 135
Squamous cell carcinoma 246
Adenocarcinoma 642

By time from blood draw to diagnosis (p-heterogeneity=0.71)?

1-35 months 344
36-72 months 368
73-120 months 419
>120 months 387
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95%ClI

0.84-0.98

0.79-0.98
0.84-1.05

0.87-1.04
0.65-0.93

0.70-1.10

0.64-1.28
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a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.

b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 8. Forest plot showing stratified ORs of lung cancer for log2- of circulating folate

among current smokers.

study group Cases
Current smokers log2-Folate 2519
By gender (p-heterogeneity= 0.11)®

Men 1718
Women 801

By Continent (p-heterogeneity= 0.46)°
United States
Europe/Australia

Asia

By histology (p-heterogeneity= 0.40)®
Large cell carcinoma

Small cell carcinoma

Squamous cell carcinoma

Adenocarcinoma

By time from blood draw to diagnosis (p-heterogeneity=0.67)°

1-35 months
36-72 months
73-120 months

>120 months

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
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1718
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824
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2519
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2519
2519

OR?

0.95

1.02

0.99
0.94
0.90

0.93
1.02
0.95
0.85

0.96
0.92

95%Cl

0.89-1.02

0.83-0.99

0.92-1.12

0.90-1.09
0.82-1.08
0.80-1.02

0.69-1.25
0.85-1.23
0.82-1.09

0.75-0.97

0.83-1.12
0.80-1.07
0.80-1.04

0.90-1.12

indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
b Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 9. Forest plot showing stratified ORs of lung cancer for log2 of circulating vitamin B6
by LC3 cohorts.

study group Cases Controls OR?® 95%Cl !

|
Overall log2-Vitamin B6 5364 5364 0.96 0.93-1.00 <E>

|
US cohorts i
WHI 241 241 1.04 0.89-1.21 ——
sccs 226 226 095 0.77-1.16 =
PLCO 450 450  0.94 0.83-1.05 +—
NYUWHS 171 171 1.03 0.85-1.26 il

|
CPS 182 182  1.12 0.90-1.38 ; i
CLUE 191 191 1.05 0.86-1.28 W
MEC 174 174  0.77 0.63-0.93 i ;
WHS 184 184  1.01 0.79-1.29 —
NHS 345 345  1.08 0.93-1.25 ——
HPFS 155 155 1.08 0.86-1.36 .
PHS 81 81 0.90 0.61-1.34 -
EU/AU cohorts i
MCCS 354 354 1.11 0.94-1.32 ; L
MDCS 198 198  0.99 0.80-1.23 b
NSHDS 244 244  0.82 0.66-1.02 = !
ATBC 200 200 1.04 0.84-1.30 — i
HUNT 193 193  0.83 0.64-1.07 = i
Asian cohorts E
SCS 513 513  0.93 0.76-1.13 -
SCHS 422 422  0.94 0.83-1.06 —.— —
SMHS 421 421 078 0.65-0.94 i 5
SWHS 419 419 110 0.92-1.32 ; L

[ I ) I
0.6 0.8 1.0 1.2 14

Odds ratio (95 ClI%)

30Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 10. Forest plot showing stratified ORs of lung cancer for log2 of circulating folate by
LC3 cohorts.

study group Cases Controls OR? 95%CI !

Overall log2-Folate 5364 5364 0.94 0.90-0.97 <>

US cohorts i

WHI 241 241 1.17 0.91-1.50 | =

SCCS 226 226  1.08 0.84-1.38 ——1l

PLCO 450 450 095 0.81-1.12 ——

NYUWHS 171 171 0.86 0.67-1.12 -

CPS 182 182 1.10 0.86-1.41 ——1

CLUE 191 191 096 0.79-1.16 ——

MEC 174 174  0.84 0.65-1.10 -

WHS 184 184 1.02 0.83-1.26 it

NHS 345 345 1.00 0.86-1.16 :

HPFS 155 155  1.12 0.90-1.40 ——1

PHS 81 81 0.66 0.43-0.99 = |

EU/AU cohorts i

MCCS 354 354 0.87 0.73-1.04 —il-—

MDCS 198 198 0.90 0.70-1.16 -

NSHDS 244 244  0.78 0.61-0.99 —

ATBC 200 200 1.10 0.81-1.49 .

HUNT 193 193 098 0.72-1.33 ii

Asian cohorts i

sCs 513 513  0.85 0.72-1.02 —l—

SCHS 422 422 086 0.73-1.02 —l——

SMHS 421 421 081 0.66-0.98 ——

SWHS 419 419 1.07 0.89-1.28 —Til—
| — —
0.6 08 1.0 1.2

Odds ratio (95 Cl1%)

a0Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 11. Forest plot showing stratified ORs of lung cancer for log2 of circulating
methionine by LC3 cohorts.

study group Cases Controls OR?  95%CI i

Overall log2-Methionine 5364 5364 0.96 0.85-1.08 <:;

US cohorts i

WHI 241 241 2.0 0.83-5.30 i =
sccs 226 226 0.90 0.60-1.34 ——
PLCO 450 450  0.84 0.56-1.26 —il—
NYUWHS 171 171 0.87 0.49-1.56 — &
CPS 182 182 0.79 0.46-1.37 —
CLUE 191 191 0.50 0.26-0.97 — &

MEC 174 174 0.79 0.31-2.01 "

WHS 184 184 113 0.51-2.51 T

NHS 345 345 125 0.67-2.34 B
HPFS 155 155 0.52 0.24-1.14 = 5

PHS 81 81 153  0.41-5.71 —
EU/AU cohorts |

MCCS 354 354 0.92 0.53-1.60 — &
MDCS 198 198 0.71 0.38-1.34 — &
NSHDS 244 244 140 0.62-3.18 .
ATBC 200 200 0.99 0.42-2.33 iy

HUNT 193 193 120 0.71-2.03 — i
Asian cohorts i

5CS 513 513 121 0.82-1.77 —l—
SCHS 422 422 0.93 0.63-1.37

SMHS 421 421 1.07 0.73-1.55

SWHS 419 419 0.97 0.68-1.41

0.5 1.0 2.0
Odds ratio (95 CI%)

5.0

30Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative
risks of a doubling in circulating concentrations), and where relevant adjusted for cotinine and education; the black squares and horizontal lines
indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the logistic regression estimates.
Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 12. Forest plot showing stratified ORs of lung cancer for log2 of circulating vitamin B6 and folate by period of recruitment and by
smoking status in US cohorts (n=2400 cases and matched controls).

study group

Case Controls OR?

Log2-Vitamin B6

By smoking status (p-heterogeneity=0.65)?

never smokers 228 228 0.89
former smokers 652 647 0.98
current smokers 528 528 0.95
Log2-Folate

By smoking status (p-heterogeneity=0.67)"

never smokers 228 228 0.87
former smokers 652 647 0.96
current smokers 528 528 0.96

95%ClI

0.74-1.07
0.89-1.09
0.86-1.06

0.71-1.07
0.86-1.07
0.86-1.07

Recruited before 1996

0.7

1
0.8 0.9 1.0
Odds ratio (95 Cl%)

L
_.__
1

1
11

Case Controls OR?
(p-heterogeneity=0.001 )°
596 597 1.15 1.01-1.32
498 493 0.87 0.77-0.98
719 700 0.86 0.77-0.97
(p-heterogeneity=0.80)°
596 597 0.97 0.83-1.13
498 493 0.90 0.77-1.04
719 700 0.94 0.83-1.07

95%CI

Recruited after 1996

=
L
L
—a—
[ I I I 1
0.8 0.9 10 11 12 13

Odds ratio (95 Cl%)

30Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative risks of a doubling in circulating concentrations),

and where relevant adjusted for cotinine and education; the black squares and horizontal lines indicate the ORs and 95% Cis; the size of the black squares are proportional to the inverse variance of

logistic regression estimates. ® Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 13. Forest plot showing stratified ORs of lung cancer for B6 deficiency overall and by smoking status.

study group cases OR? 95%ClI

Vitamin B6 deficiency 1050 1.3 1.09-138 e

By gender (p-heterogeneity=0.07) i

Men 746 1.35 1.16-1.56 *
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By continent (p-heterogeneity=0.27)
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Europe 200 134 1.09-165 ——
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72-120 months 247 1.8 1.00-1.63 —i—

>120 months 339 0.99 0.80-1.21 ——

T

1.0 15 2.0

Overall
(n=5364/5364)

Odds ratio (95 C1%)

cases OR? Never smokers
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24 0.69 —
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p-heterogeneity=0.59 i

0 !

3 150 e L ——
6 1.00 ‘

41 050 ——
p-heterogeneity=0.006 i
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23 1.06 BB —
22 0.47 —

— 1
0.5 1.0 2.0

Odds ratio (95 ClI%)
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47 1.21 —
30 1.56 fﬁ—%
p-heterogeneity=0.67 i
3 033 <= T
13 1.10 -
34 150 *%R
62 1.17 —i—
p-heterogeneity=0.36 i
58 1.72 ———
49 1.29 -
24 133 — &
30 0.96 +

T : 1

0.5 1.0 2.0

Odds ratio (95 C1%)

cases OR?

817 1.36

-heterogeneity=0.75
&2 14T

195 1.33

p-heterogeneity=0.21
145 1.12

227 1.49
445 1.38

p-heterogeneity=0.01

8 039 «m—+

85 1.12
211 1.59
200 1.30

p-heterogeneity=0.11
163 2.03

167 1.28
200 1.35
287 111

Current smokers

(n=2519/2519)

1.0 15 20 25
Odds ratio (95 Cl%)

20Rs were assessed by conditional logistic regression, and where relevant adjusted for cotinine and education; the black squares and horizontal lines indicate the ORs and 95% Cis; the size of the black squares
are proportional to the inverse variance of logistic regression estimates.
Cases listed are those from the group presenting a B6 deficiency. Number of cases within the reference group is not listed. Subjects were considered vitamin B6 deficient if their circulating concentrations were

less than 20nmol/L and normal if above or equal to 20nmol/L.



Supplementary Figure 14. Forest plot showing stratified ORs of lung cancer for Folate deficiency overall and by smoking

status.
study group cases OR2 95%CI Overall cases OR? Never smokers cases OR® Former smokers cases OR? Current smokers
(n=5364/5364) (n=1327/1327) (n=1518/1518) (n=2519/2519)
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USA Deficiency Y 65  0.97 0.68-1.40 —_— 8 12 ——T= 16 133 7 41 088 — 01
| | ! !
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Europe Deficiency 257 127 1.00-1.62 — 26 113 Tt 60 1.69 B E— 7 115 N
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Asia Deficiency 148 152 1.13-2.04 T 22 253 - 13 164 ! 113 165 E_'—
By hlstog\c/)l%%lj E)(Pa{]:tgg??arg%; 0.32) 39 077 043.138 i p-geterggggeity=0.87 3 lz—hete(;ogineitwo.ﬁz i pz-geterog?gitwo.ﬂ E
. < — T 5 T 5 = 1
Large Cell - peficiency 14 138 086-2.23 —_ 0 1 4 097 : 0 173 >
! ! | |
Small Cell Moderate deficiency 146 1.09 0.79-1.52 — 4 200 lL > 26 1.22 s 16 111 ——"'—:
Deficiency 43 0.97 0.57-1.65 < ! 2 4.00 ; 6 085 \ > 35 095 :
Squamous Cell Moderate deficiency 278 121 0.96-1.54 *+: 13 137 7‘% 50 1.18 R 215 118 —
q Deficiency 93 1.77 1.19-2.62 ;4‘7 6 3.26 ?—> 20 242 —)——> 67 147 ——E—'—
Adeno Moderate deficiency 510 122 1.03-144 —-— 141 127 T 125  1.09 — 244 108 — T
Deficiency 162 1.38 1.04-1.83 —_ 26 1.26 T 35 142 *4':7 101  1.38 '
By time from blood draw to diagnosis (p-heterogenelty 0.46) 3 p-heterogeneity=0.26 i p-heterogeneity=0.72 i p-heterogeneity=0.66 E
1-35months ~ Moderate deficiency 1.24 0.98-1.56 T 44 147 4'7 74 1.36 - 173 113 I
Deficiency 92 152 1. 05 2.22 e — 10 3.44 - 22 186 — 60 1.27 1
I 1 1 1
Moderate deficiency ~ 338 1.03 0.84-1.26 —— 65 0.89 —— 71 131 — 202 1.00 ——
36-72months  Deficiency 99 131 0.90-1.91 B E— 6 057 <+ 24 227 —— 69 1.3 :
hg Moderate deficiency 378 124 101-152 —— 79 128 I 70 1.30 I 229 123 S
72-120 months - peficiency 112 140 0.99-197 T 18 152 - 18 102 : 76 151 I
Moderate deficiency ~ 503 103 0.87-1.22 — 81 102 —a— 101 087 — 321 1.09 — -
>120months  Beficiency 167 105 080138 ——t 22 174 i % 15 120 094 ——
[ I e p— — | — T
1.0 15 20 05 10 20 5.0 0.5 1.0 2.0 0.5 1.0 15 20

Odds ratio (95 Cl%) Odds ratio (95 C1%) 0dds ratio (95 C1%) Odds ratio (95 C1%)

30Rs were assessed by conditional logistic regression, and where relevant adjusted for cotinine and education; the black squares and horizontal lines indicate the ORs and 95% Cis; the size of
the black squares are proportional to the inverse variance of logistic regression estimates.
Cases listed are those from the group presenting a folate deficiency or a moderate deficiency. Number of cases within the reference group is not listed. For folate deficiency, subjects were classified in three

categories; deficient (folate <7 nmol/L), moderately deficient (folate 7-13 nmol/L), or normal (folate > 13 nmol/L).



Supplementary Figure 15. Forest plot showing stratified ORs of lung cancer for log2- of circulating vitamin B6 for each cohort participants by
smoking status.

Never smokers Former smokers Current smokers
Cohorts Cases OR? 95%Cl ‘ Cases OR? 95%Cl | Cases OR?  95%CI '
Overall 1327 1.06 0.98-1.15 i 1518 0.94 0.88-1.00 < 2519 0.92 0.87-0.98 <>
WHI 241 1.08 0.93-1.25 . NA NA
sccs 17 0.83 0.42-1.65 S [ 44 0.79 0.52-1.19 S 165 0.93 0.73-1.18 +
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MEC 38 0.65 0.36-1.17 +f 90 0.83 0.65-1.05 u il 46 0.73 0.52-1.04 +—
WHS 33 063 035116 — o  |i 68 131 0.84-2.05 %% 83 0.94 0.68-1.29
NHS 43 1.02 0.67-1.55 — . 126 1.04 0.84-1.29 1 176 113 0.92-1.40
HPFS 18 2.14 0.89-5.19 e e 5 95 1.02  0.76-1.37 42 0.95 0.62-1.47
PHS 25 1.55 0.77-3.13 74_.7 48 0.58 0.32-1.06 ; NA
mccs 49 129 0.77-2.15 — . 145 1.06 0.83-1.36 160 110 0.86-1.41 i}
MDCS 50 1.21 0.81-1.80 4% 71 0.88 0.63-1.23 T 77 1.06 0.70-1.60 ﬁH
NSHDS 30 0.80 0.43-1.48 S 76 0.80 0.50-1.29 %_Li 138 0.86 0.65-1.14 —
ATBC NA 1.00 NA i 200 094 0.77-1.15
HUNT 27 0.70 0.30-1.61 . 43 0.78 0.47-1.30 - 123 0.90 0.67-1.22
SCS 51 1.26 0.73-2.18 7H7 11 0.50 0.16-1.56 i 451 091 0.74-1.11
SCHS 118 107 0.85-134 . 89 109 0.84-141 A 215 079 0.65-0.96
SMHS 49 1.24 0.75-2.05 S 71 0.62 0.41-094 = 1 301 0.76 0.61-0.96 j
SWHS 384 1.16 0.97-1.40 ' NA 30 0.65 0.32-1.34 <—%—

T : T \ M T 1 I T ]
0.5 1.0 20 30 0.5 1.0 15 20 0.5 10 15 20
0Odds trend (95 Cl1%) Odds trend (95 Cl1%) Odds trend (95 CI%)

30Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative risks of a doubling in circulating concentrations), and
where relevant adjusted for cotinine and education; the black squares and horizontal lines indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the
logistic regression estimates. Sample sizes lower than 10 were classified as not available (NA).

Preterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Figure 16. Forest plot showing stratified ORs of lung cancer for log2- of circulating folate for each cohort participants by smoking

status.
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95%Cl
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20Rs were assessed by conditional logistic regression by including the base 2 logarithm of circulating concentrations (ORs indicate relative risks of a doubling in circulating concentrations), and
where relevant adjusted for cotinine and education; the black squares and horizontal lines indicate the ORs and 95% Cls; the size of the black squares is proportional to the inverse variance of the
logistic regression estimates. Sample sizes lower than 10 were classified as not available (NA).

Pheterogeneity indicates results of chi-square test assessing the null hypothesis of ORs being identical.



Supplementary Tables



Supplementary Table 1. Within-batch % coefficients of variation for methionine, vitamin B6 and folate, respectively.

Batch
1

OCooNOOTULL B WN

B W WWWWWWWWWNRNNNNNNNNNRRPRREPRRRRRR
COuwooONOOTULLPPWNRPRPROOVOKNODULD,WNRPRPOOONOULPEL WNRERO

Folate
13.7
7.4
1.2
8.5
7.8
1.3
2.3
2.8
3.3
53
0.2
4.4
0.5
0.7
3.3
53
9.6
0.3
1.7
0.6
4.6
2.9
1.1
1.8
2.3
4.3
4.1
4.4
4.3
6.6
2.9
13.1
2.0
1.9
1.7
11.2
0.6
9.5
1.4
9.7

PLP
3.8
4.3
2.2
2.5
34
3.9
3.2
4.6
5.0
4.6
3.7
3.8
10.3
4.8
6.6
10.7
12.0
3.2
2.9
10.2
9.9
6.4
5.9
3.6
13.6
3.9
11.3
8.5
7.6
14.6
8.4
5.1
8.9
5.7
4.6
2.5
3.6
1.0
6.3
6.8

Methionine
3.3
2.6
3.8
4.0
3.5
5.8
2.1
1.6
3.7
4.4
2.7
3.9
1.6
4.1
2.1
4.9
3.4
1.4
3.5
4.8
2.7
3.9
1.7
4.3
49
2.7
2.9
3.6
4.1
8.2
2.9
1.6
1.2
3.5
2.1
2.3
2.7
2.4
1.8
2.1

Batch
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

Folate
49
8.5
5.3
1.9
2.6
0.1

13.2
12.6
2.0
13.7
10.7
7.7
2.3
5.9
9.5
18.0
5.2
5.3
1.9
3.7
12.0
8.4
5.5
2.6
8.4
4.1
0.2
14.4
13.7
13.0
9.4
5.9
9.8
13.8
10.1
0.8
4.8
8.8
10.6
5.6

PLP
4.6
4.9
5.0
3.1
2.7
3.5
6.4
2.2
2.2
2.6
3.2
2.9
5.1
2.2
2.9
3.6
4.9
4.8
6.1
4.7
9.5
7.1
4.0
5.8
5.9
1.9
2.2
3.0
2.2
4.1
7.5
4.3
2.1
2.4
5.8
5.5
2.8
3.1
4.5
4.2

Methionine
1.5
3.2
2.3
1.2
2.3
3.8
1.9
2.0
1.6
1.5
3.4
1.7
1.5
1.5
2.9
2.5
2.3
3.2
2.2
2.4
2.8
2.8
1.1
2.0
3.9
3.9
4.2
3.9
1.9
2.6
1.5
2.1
2.3
2.6
2.0
3.8
1.9
1.6
2.6
4.1

Batch
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

Folate
3.7
8.8
3.6
7.6
3.5

12.9
8.7
0.1

16.3

11.1
5.8
7.9
7.8
3.5

14.5
8.8
2.2
0.9
4.2

11.4

10.1
3.8
2.5
1.2
3.7
3.7
3.0
0.1
4.5
3.1
1.7

10.0
3.7

10.6
8.9
7.1
3.7

11.1

12.3
5.7

PLP
35
33
4.0
33
5.7
4.6
6.9
2.6
4.5
25
4.0
5.9
5.5
4.9
4.2
2.9
6.9
1.5
5.6
5.7
5.6
8.0
3.9
6.1
7.5
6.1
6.4
6.4
3.5
31
3.0
7.5
53
2.0
31
7.2
5.1
4.9
2.6
7.3

Methionine
3.0
2.5
2.7
2.3
4.9
6.4
1.7
1.5
2.7
2.4
3.4
2.5
3.5
3.3
5.9
2.4
2.5
1.8
2.3
2.7
2.2
2.3
2.9
3.5
2.6
3.9
1.2
2.0
3.9
43
1.7
3.2
1.5
2.9
4.3
3.4
1.3
2.6
3.2
2.3

Batch
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

Folate
4.8
5.9
0.7

12.6
11.8
2.1
2.7
3.0
0.5
4.1
11.9
0.5
6.7
5.7
15.1
14.2
0.6
10.5
5.8
0.2
16.7
8.0
3.9
4.3
5.0
8.2
2.0
5.4
2.8
4.4
4.5
2.5

PLP
3.2
5.8
4.0
4.2
2.4
2.5
3.7
6.0
3.7
2.5
6.1
6.6
6.8
43
7.3
5.3
4.6
6.2
4.5
5.1
5.5
6.8
7.6
5.4
8.7
5.8
15.2
5.4
7.4
11.7
7.6
17.6

Methionine
1.5
3.0
2.5
2.4
2.0
2.2
2.8
6.0
3.8
1.7
2.7
3.4
2.2
4.8
2.7
2.9
1.6
2.5
2.4
1.6
0.7
2.7
2.2
2.7
2.5
2.3
1.6
3.2
1.9
4.2
4.1
2.6




Supplementary Table 1. Odds ratios of lung cancer for circulating levels of vitamin B6, folate and methionine among ever smoking
participants in US

US cohorts

Cases

Controls

Model 12
OR (95%Cl)

Model 2
OR (95%Cl)

Model 3¢
OR (95%Cl)

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (5.08-29.89) 487 455 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (29.90-49.90) 386 387 0.96 (0.79 - 1.17) 0.98 (0.8 - 1.2) 0.96 (0.78 - 1.18)
3 (49.91-90.05) 328 343 0.93 (0.76 - 1.14) 0.95 (0.76 - 1.17) 0.91 (0.74 - 1.13)
4 >90.05 322 338 0.92 (0.74 - 1.14) 0.97 (0.77 - 1.21) 0.97 (0.78 - 1.22)
P for trende 0.32 0.61 0.57
Folate (Vitamin B9) [nmol/L]¢
1 (1.70-17.45) 450 429 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (17.46-33.35) 369 388 0.93 (0.76 - 1.14) 0.96 (0.78 - 1.19) 0.95 (0.77 - 1.17)
:\n:'oe':’;rs 3 (33.36-59.10) 353 350 0.98 (0.78 - 1.22) 1.01(0.8-1.27) 1(0.8-1.26)
4 >59.10 351 356 0.98 (0.77 - 1.25) 1.03 (0.81 - 1.32) 1.03 (0.81-1.32)
P for trende 0.75 0.96 0.97
Methionine [umol/L]¢
1 (11.83-22.77) 385 363 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.78-26.16) 375 367 0.94 (0.76 - 1.16) 0.95 (0.77 - 1.18) 0.95 (0.77 - 1.18)
3 (26.17-30.47) 372 366 0.96 (0.77 - 1.18) 0.95 (0.76 - 1.19) 0.98 (0.79 - 1.23)
4 >30.47 391 427 0.85 (0.69 - 1.05) 0.85 (0.69 - 1.06) 0.85 (0.69 - 1.06)
P for trend® 0.12 0.09 0.14
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (5.08-29.89) 164 158 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (29.90-49.90) 161 165 0.94 (0.69 - 1.28) 0.95 (0.68 - 1.31) 0.95 (0.68 - 1.32)
3 (49.91-90.05) 178 181 0.95 (0.69 - 1.29) 0.94 (0.67 - 1.3) 0.9 (0.65 - 1.26)
4 >90.05 200 199 0.97 (0.71-1.32) 1.03(0.73-1.43) 1.08 (0.77 - 1.51)
P for trende 0.32 0.52 0.61
Folate (Vitamin B9) [nmol/L]¢
1 (1.70-17.45) 110 100 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (17.46-33.35) 163 159 0.92 (0.63 - 1.32) 0.94 (0.64 - 1.38) 1.02 (0.7 - 1.51)
S:LT::S 3 (33.36-59.10) 196 210 0.84 (0.59 - 1.19) 0.87 (0.6 - 1.26) 0.94 (0.65 - 1.37)
4 >59.10 234 234 0.89 (0.62 - 1.28) 0.97 (0.66 - 1.43) 1.02 (0.7 - 1.5)
P for trende® 0.51 0.83 0.88
Methionine [umol/L]¢
1 (11.83-22.77) 150 132 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.78-26.16) 165 167 0.87 (0.63-1.2) 0.92 (0.65 - 1.3) 0.89 (0.63 - 1.27)
3 (26.17-30.47) 184 189 0.85 (0.62 - 1.16) 0.85 (0.6 - 1.18) 0.93 (0.66 - 1.32)
4 >30.47 204 215 0.83 (0.61-1.13) 0.87 (0.62-1.21) 0.88 (0.63 - 1.24)
P for trende 0.13 0.16 0.28
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (5.08-29.89) 323 297 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (29.90-49.90) 225 222 0.98 (0.75 - 1.28) 1(0.77-1.3) 0.98 (0.75 - 1.28)
3 (49.91-90.05) 150 162 0.91 (0.69 - 1.21) 0.94 (0.7 - 1.24) 0.91 (0.69 - 1.21)
4 >90.05 122 139 0.85 (0.63 - 1.15) 0.87 (0.65 - 1.18) 0.86 (0.64 - 1.17)
P for trend® 0.52 0.68 0.57
Folate (Vitamin B9) [nmol/L]¢
1 (1.70-17.45) 340 329 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (17.46-33.35) 206 229 0.91(0.71-1.17) 0.93(0.73-1.2) 0.91(0.71-1.17)
:;‘::e':i 3 (33.36-59.10) 157 140 1.07 (0.79 - 1.44) 1.09 (0.8 - 1.47) 1.06 (0.78 - 1.44)
4 >59.10 117 122 1.06 (0.75 - 1.51) 1.06 (0.74 - 1.51) 1.06 (0.75-1.52)
P for trende 0.97 0.95 0.98
Methionine [umol/L]¢
1 (11.83-22.77) 235 231 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.78-26.16) 210 200 1.01 (0.77 - 1.33) 1(0.76 - 1.32) 1.01 (0.76 - 1.33)
3 (26.17-30.47) 188 177 1.03 (0.76 - 1.38) 1.03 (0.76 - 1.38) 1.03 (0.76 - 1.38)
4 >30.47 187 212 0.85 (0.63 - 1.14) 0.84 (0.62-1.12) 0.84 (0.62 - 1.12)
P for trende 0.39 0.32 0.36




Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (5.08-29.89) 221 192 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (29.90-49.90) 175 174 0.89 (0.66 - 1.2) 0.91 (0.67 - 1.24) 0.87 (0.64 - 1.18)
3 (49.91-90.05) 150 156 0.83 (0.6-1.13) 0.82 (0.59 - 1.14) 0.74 (0.53 - 1.03)
4 >90.05 129 153 0.7 (0.5-0.98) 0.74 (0.53 - 1.06) 0.75 (0.52 - 1.06)
P for trende® 0.02 0.04 0.04
Folate (Vitamin B9) [nmol/L]d
1 (1.70-17.45) 185 164 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (17.46-33.35) 152 176 0.8 (0.57 - 1.11) 0.85 (0.6 - 1.18) 0.85 (0.6 - 1.19)
Smn:’:r'l"g 3 (33.36-59.10) 172 166 0.91 (0.64 - 1.32) 0.98 (0.67 - 1.42) 0.98 (0.67 - 1.43)
4 >59.10 166 169 0.89 (0.6 - 1.32) 0.96 (0.64 - 1.45) 0.97 (0.64 - 1.47)
P for trende 0.93 0.80 0.87
Methionine [umol/L]¢
1 (11.83-22.77) 161 147 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.78-26.16) 161 133 1.06 (0.76 - 1.49) 1.05 (0.75 - 1.49) 1.03 (0.73 - 1.47)
3 (26.17-30.47) 162 155 0.96 (0.69 - 1.33) 0.94 (0.67 - 1.33) 0.99 (0.69 - 1.4)
4 >30.47 191 240 0.69 (0.5 - 0.94) 0.69 (0.49 - 0.95) 0.68 (0.49 - 0.95)
P for trende 0.02 0.01 0.03
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (5.08-29.89) 266 263 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (29.90-49.90) 211 213 1.02 (0.77 - 1.33) 1.03 (0.78 - 1.36) 1.03 (0.78 - 1.36)
3 (49.91-90.05) 178 187 1(0.76 - 1.32) 1.03 (0.78 - 1.37) 1.05 (0.79 - 1.4)
4 >90.05 193 185 1.12 (0.84 - 1.49) 1.15 (0.86 - 1.54) 1.16 (0.86 - 1.55)
P for trend® 0.52 0.34 0.35
Folate (Vitamin B9) [nmol/L]¢
1 (1.70-17.45) 265 265 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (17.46-33.35) 217 212 1.05 (0.8 - 1.36) 1.07 (0.82 - 1.39) 1.04 (0.8 - 1.36)
S‘:I':x'e"f 3 (33.36-59.10) 181 184 1.01 (0.76 - 1.34) 1.03 (0.77 - 1.37) 1.01 (0.76 - 1.34)
4 >59.10 185 187 1.05 (0.77 - 1.42) 1.08 (0.79 - 1.48) 1.07 (0.79 - 1.46)
P for trend® 0.77 0.92 0.91
Methionine [umol/L]¢
1 (11.83-22.77) 224 216 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.78-26.16) 214 234 0.86 (0.65 - 1.13) 0.88 (0.66 - 1.16) 0.89 (0.68 - 1.18)
3 (26.17-30.47) 210 211 0.96 (0.73 - 1.28) 0.97 (0.72-1.3) 1(0.75-1.33)
4 >30.47 200 187 1.06 (0.79 - 1.41) 1.07 (0.79 - 1.43) 1.07 (0.8 - 1.44)
P for trend 0.85 0.86 0.81

a) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles) and education (in
7 categories).

b) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of years of smoking (continuous).

c) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of pack-years of smoking (continuous).

d) Quartile cut-off points were determined based on the circulating level distribution of US matched controls.

e) P for trend assessed by the base 2 logarithm of the circulating levels.



Supplementary Table 2. Odds ratios of lung cancer for circulating levels of vitamin B6, folate and methionine among ever smoking
participants in EU/AU

European/Asian cohorts

Cases

Controls

Model 12
OR (95%Cl)

Model 2
OR (95%Cl)

Model 3¢
OR (95%Cl)

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (4.37-22.41) 334 245 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.42-30.90) 216 254 0.65 (0.5 - 0.83) 0.63 (0.49 - 0.82) 0.65 (0.5 - 0.84)
3 (30.91-44.95) 186 217 0.65 (0.5 - 0.86) 0.65 (0.49 - 0.86) 0.66 (0.5 - 0.87)
4 >44.96 201 221 0.71 (0.54 - 0.93) 0.71 (0.54 - 0.94) 0.69 (0.52 - 0.91)
P for trende 0.31 0.65 0.17
Folate (Vitamin B9) [nmol/L]¢
1 (0.24-7.78) 279 230 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (7.79-10.77) 220 243 0.74 (0.56 - 0.97) 0.77 (0.58 - 1.01) 0.74 (0.56 - 0.97)
:\n:'oe':’;rs 3 (10.78-15.98) 230 231 0.84 (0.64 - 1.11) 0.83 (0.63-1.1) 0.86 (0.65 - 1.13)
4 >15.98 208 233 0.76 (0.57 - 1) 0.76 (0.57 - 1.02) 0.75 (0.56 - 1)
P for trende 0.06 0.06 0.04
Methionine [umol/L]¢
1 (10.63-22.81) 221 235 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.82-26.29) 249 218 1.23 (0.94 - 1.6) 1.18 (0.89 - 1.55) 1.24 (0.95 - 1.63)
3 (26.30-29.91) 235 241 0.97 (0.74 - 1.29) 1(0.75 - 1.33) 0.99 (0.75 - 1.31)
4 >29.91 232 243 1.01(0.77 - 1.33) 0.97 (0.73-1.3) 1.03 (0.78 - 1.37)
P for trend® 0.79 0.75 0.96
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.37-22.41) 48 35 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.42-30.90) 62 55 0.8 (0.45 - 1.42) 0.88 (0.47 - 1.63) 0.83 (0.45 - 1.52)
3 (30.91-44.95) 58 74 0.55 (0.31 - 0.98) 0.64 (0.34 - 1.2) 0.54 (0.29 - 1)
4 >44.96 77 81 0.66 (0.38 - 1.16) 0.67 (0.36 - 1.23) 0.61 (0.34 - 1.09)
P for trende 0.72 0.51 0.28
Folate (Vitamin B9) [nmol/L]¢
1 (0.24-7.78) 50 31 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (7.79-10.77) 53 60 0.52 (0.28 - 0.95) 0.53(0.27 - 1.02) 0.55(0.29 - 1.03)
S:LT::S 3 (10.78-15.98) 62 64 0.57(0.32 - 1.02) 0.54 (0.29 - 1.02) 0.58 (0.31 - 1.06)
4 >15.98 80 90 0.51(0.28 - 0.91) 0.48 (0.25-0.9) 0.5(0.27-0.92)
P for trend® 0.03 0.02 0.01
Methionine [umol/L]¢
1 (10.63-22.81) 52 64 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.82-26.29) 56 51 1.33(0.79 - 2.24) 1.35 (0.76 - 2.39) 1.31(0.76 - 2.24)
3 (26.30-29.91) 68 61 1.37 (0.82 - 2.29) 1.54 (0.88 - 2.69) 1.28 (0.75 - 2.19)
4 >2991 69 69 1.23 (0.75 - 2.03) 1.05 (0.61 - 1.82) 1.21(0.72 - 2.05)
P for trende 0.82 0.91 0.93
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.37-22.41) 286 210 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.42-30.90) 154 199 0.6 (0.45 - 0.8) 0.58 (0.43 - 0.77) 0.6 (0.45 - 0.8)
3 (30.91-44.95) 128 143 0.7 (0.51 - 0.96) 0.68 (0.49 - 0.94) 0.7 (0.51-0.97)
4 >44.96 124 140 0.74 (0.54 - 1.02) 0.76 (0.55 - 1.05) 0.74 (0.54 - 1.02)
P for trend® 0.33 0.44 0.31
Folate (Vitamin B9) [nmol/L]¢
1 (0.24-7.78) 229 199 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (7.79-10.77) 167 183 0.79 (0.59 - 1.08) 0.82 (0.6-1.11) 0.78 (0.58 - 1.07)
:;::;ts, 3 (10.78-15.98) 168 167 0.91(0.67 - 1.26) 0.91 (0.66 - 1.25) 0.92 (0.67 - 1.27)
4 >15.98 128 143 0.83 (0.59 - 1.16) 0.84 (0.6 - 1.18) 0.82 (0.59 - 1.15)
P for trende 0.39 0.43 0.36
Methionine [umol/L]¢
1 (10.63-22.81) 169 171 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.82-26.29) 193 167 1.17 (0.85 - 1.6) 1.13 (0.82 - 1.55) 1.19 (0.87 - 1.64)
3 (26.30-29.91) 167 180 0.84 (0.61-1.17) 0.85 (0.61 - 1.19) 0.88 (0.63 - 1.23)
4 >29.91 163 174 0.92 (0.66 - 1.28) 0.92 (0.66 - 1.29) 0.95 (0.68 - 1.33)
P for trend® 0.60 0.66 0.81




Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (4.37-22.41) 195 146 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.42-30.90) 140 162 0.67 (0.49 - 0.92) 0.68 (0.49 - 0.94) 0.7 (0.5-0.97)
3 (30.91-44.95) 123 133 0.73 (0.51-1.03) 0.76 (0.53 - 1.09) 0.74 (0.51 - 1.06)
4 >44.96 117 134 0.72 (0.51 - 1.02) 0.74 (0.52 - 1.06) 0.71 (0.5 - 1.02)
P for trende® 0.29 0.37 0.21
Folate (Vitamin B9) [nmol/L]d
1 (0.24-7.78) 158 121 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (7.79-10.77) 135 145 0.71 (0.5 - 1.02) 0.72 (0.5 - 1.04) 0.71(0.49 - 1.02)
Smn:’:r'l"g 3 (10.78-15.98) 151 161 0.73 (0.51 - 1.04) 0.69 (0.48 - 1) 0.75 (0.52 - 1.08)
4 >15.98 131 148 0.67 (0.46 - 0.97) 0.66 (0.45-0.98) 0.65 (0.44 - 0.96)
P for trende 0.03 0.02 0.01
Methionine [umol/L]¢
1 (10.63-22.81) 95 100 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.82-26.29) 144 126 1.23 (0.84 - 1.8) 1.22 (0.82 - 1.81) 1.29(0.87 - 1.91)
3 (26.30-29.91) 164 166 0.98 (0.67 - 1.44) 1.06 (0.71 - 1.58) 1.03 (0.7 - 1.52)
4 >29.91 172 183 0.99 (0.68 - 1.42) 1(0.68 - 1.46) 1.03 (0.7 - 1.5)
P for trende 0.53 0.65 0.73
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.37-22.41) 139 99 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.42-30.90) 76 92 0.59 (0.39-0.9) 0.54 (0.35 - 0.83) 0.55 (0.35 - 0.84)
3 (30.91-44.95) 63 84 0.54 (0.35 - 0.85) 0.5(0.31-0.79) 0.54 (0.34 - 0.85)
4 >44.96 84 87 0.67 (0.43 - 1.04) 0.66 (0.42 - 1.03) 0.64 (0.41 - 0.99)
P for trend® 0.69 0.67 0.46
Folate (Vitamin B9) [nmol/L]¢
1 (0.24-7.78) 121 109 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (7.79-10.77) 85 98 0.76 (0.5 - 1.16) 0.82 (0.53 - 1.25) 0.78 (0.51 - 1.19)
S‘:ﬂ“e"f 3 (10.78-15.98) 79 70 1.06 (0.67 - 1.68) 1.12 (0.7 - 1.79) 1.06 (0.66 - 1.69)
4 >15.98 77 85 0.88 (0.57 - 1.37) 0.9 (0.57 - 1.4) 0.9 (0.57 - 1.4)
P for trend® 0.81 0.89 0.88
Methionine [umol/L]¢
1 (10.63-22.81) 126 135 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.82-26.29) 105 92 1.21(0.82 - 1.78) 1.15 (0.77 - 1.71) 1.19 (0.8 - 1.76)
3 (26.30-29.91) 71 75 0.95 (0.62 - 1.45) 0.93 (0.6 - 1.44) 0.94 (0.61 - 1.45)
4 >29.91 60 60 1.06 (0.67 - 1.67) 0.96 (0.61 - 1.54) 1.07 (0.67 - 1.7)
P for trend® 0.83 0.99 0.80

a) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles) and education (in
7 categories).

b) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of years of smoking (continuous).

c) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of pack-years of smoking (continuous).

d) Quartile cut-off points were determined based on the circulating level distribution of EU/AU matched controls.
e) P for trend assessed by the base 2 logarithm of the circulating levels.



Supplementary Table 3. Odds ratios of lung cancer for circulating levels of vitamin B6, folate and methionine among ever smoking
participants in Asia

Asian cohorts

Cases

Controls

Model 12
OR (95%Cl)

Model 2
OR (95%Cl)

Model 3¢
OR (95%Cl)

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (4.81-20.49) 490 391 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (20.50-30.82) 317 308 0.89 (0.71 - 1.13) 0.91 (0.72 - 1.15) 0.96 (0.76 - 1.22)
3 (31.23-46.99) 205 259 0.68 (0.52 - 0.88) 0.72 (0.55 - 0.94) 0.73 (0.55 - 0.95)
4 >47.00 161 215 0.65 (0.49 - 0.87) 0.71 (0.54 - 0.95) 0.73 (0.54 - 0.97)
P for trende 0.001 0.009 0.01
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.59) 418 348 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (10.60-15.00) 315 310 0.85 (0.68 - 1.07) 0.89 (0.71 - 1.13) 0.91 (0.72 - 1.15)
:\n:'oe':’;rs 3 (15.01-21.00) 222 274 0.73 (0.58 - 0.94) 0.77 (0.6 - 0.99) 0.81(0.62 - 1.04)
4 >21.01 218 241 0.83 (0.64 - 1.06) 0.89 (0.69 - 1.15) 0.89 (0.68 - 1.15)
P for trende 0.05 0.26 0.22
Methionine [umol/L]¢
1 (12.32-23.17) 258 254 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.18-27.39) 282 267 1.12 (0.86 - 1.45) 1.22 (0.93 - 1.59) 1.19 (0.91 - 1.56)
3 (27.39-32.22) 288 312 0.93(0.71-1.2) 0.98 (0.75 - 1.29) 0.94 (0.72 - 1.23)
4 >32.22 345 340 1.03 (0.8 -1.31) 1.08 (0.83 - 1.39) 1.08 (0.83 - 1.39)
P for trend® 0.87 0.99 0.83
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.81-20.49) 34 22 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (20.50-30.82) 40 38 0.67 (0.32 - 1.41) 0.71(0.33 - 1.51) 0.82 (0.36 - 1.83)
3 (31.23-46.99) 48 52 0.6 (0.3-1.17) 0.6(0.3-1.2) 0.63 (0.31-1.31)
4 >47.00 54 64 0.55 (0.29 - 1.06) 0.64 (0.33 - 1.26) 0.66 (0.33 - 1.32)
P for trende 0.29 0.58 0.65
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.59) 60 37 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (10.60-15.00) 32 48 0.42 (0.23 - 0.78) 0.47 (0.25 - 0.88) 0.47 (0.25-0.91)
S:LT:; 3 (15.01-21.00) 34 45 0.45 (0.24 - 0.86) 0.53(0.27 - 1.02) 0.61(0.31-1.2)
4 >21.01 50 46 0.65 (0.36 - 1.19) 0.82(0.43 - 1.55) 0.85 (0.45 - 1.62)
P for trende® 0.26 0.74 0.76
Methionine [umol/L]¢
1 (12.32-23.17) 62 48 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.18-27.39) 37 41 0.66 (0.36 - 1.22) 0.74 (0.4 - 1.4) 0.77 (0.4 - 1.47)
3 (27.39-32.22) 43 45 0.69 (0.38 - 1.25) 0.74 (0.4 - 1.36) 0.71(0.38-1.32)
4 >32.22 34 42 0.59 (0.32-1.1) 0.61(0.32 - 1.15) 0.56 (0.28 - 1.09)
P for trende 0.17 0.17 0.17
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.81-20.49) 456 369 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (20.50-30.82) 277 270 0.93 (0.73 - 1.18) 0.93 (0.73 - 1.19) 0.98 (0.76 - 1.26)
3 (31.23-46.99) 157 207 0.68 (0.51 - 0.9) 0.74 (0.55 - 0.99) 0.73 (0.55 - 0.99)
4 >47.00 107 151 0.68 (0.49 - 0.94) 0.7 (0.5 - 0.98) 0.73 (0.52 - 1.02)
P for trend® 0.001 0.006 0.009
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.59) 358 311 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (10.60-15.00) 283 262 0.96 (0.75 - 1.23) 0.98 (0.76 - 1.26) 1(0.78 - 1.29)
:;‘::e':i 3 (15.01-21.00) 188 229 0.8 (0.61-1.05) 0.82 (0.62 - 1.07) 0.84 (0.64 - 1.11)
4 >21.01 168 195 0.84 (0.64 - 1.11) 0.85 (0.64 - 1.13) 0.86 (0.65 - 1.15)
P for trende 0.09 0.18 0.18
Methionine [umol/L]¢
1 (12.32-23.17) 196 206 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.18-27.39) 245 226 1.28 (0.96 - 1.72) 1.37 (1.02 - 1.86) 1.33 (0.98 - 1.8)
3 (27.39-32.22) 245 267 1.02 (0.76 - 1.36) 1.07 (0.79 - 1.45) 1.02 (0.75 - 1.38)
4 >32.22 311 298 1.16 (0.88 - 1.52) 1.21 (0.91- 1.6) 1.22 (0.92 - 1.61)
P for trende 0.71 0.58 0.44




Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (4.81-20.49) 473 380 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (20.50-30.82) 293 292 0.89(0.7-1.12) 0.89 (0.7 - 1.13) 0.96 (0.75 - 1.22)
3 (31.23-46.99) 183 233 0.69 (0.53-0.9) 0.72 (0.55 - 0.95) 0.74 (0.56 - 0.98)
4 >47.00 151 195 0.69 (0.51 - 0.92) 0.75 (0.56 - 1.01) 0.77 (0.56 - 1.04)
P for trende® 0.003 0.02 0.04
Folate (Vitamin B9) [nmol/L]d
1 (0.17-10.59) 400 328 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (10.60-15.00) 296 292 0.84 (0.66 - 1.05) 0.88 (0.69 - 1.12) 0.89 (0.7 - 1.13)
Smn:’:r'l"g 3 (15.01-21.00) 208 250 0.75 (0.58 - 0.96) 0.8 (0.62 - 1.04) 0.82 (0.63 - 1.07)
4 >21.01 196 230 0.76 (0.59 - 0.98) 0.82 (0.63-1.07) 0.81(0.62 - 1.06)
P for trende 0.02 0.15 0.09
Methionine [umol/L]¢
1 (12.32-23.17) 225 225 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.18-27.39) 261 250 1.11 (0.85 - 1.46) 1.22 (0.92 - 1.61) 1.19 (0.89 - 1.58)
3 (27.39-32.22) 279 301 0.94 (0.72 - 1.24) 1.01(0.76 - 1.33) 0.96 (0.72 - 1.27)
4 >32.22 335 324 1.06 (0.82 - 1.38) 1.12 (0.86 - 1.46) 1.12 (0.86 - 1.47)
P for trende 0.97 0.88 0.67
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.81-20.49) 17 11 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (20.50-30.82) 24 16 0.71(0.22 - 2.26) 0.82 (0.25-2.7) 0.78 (0.24 - 2.51)
3 (31.23-46.99) 22 26 0.37 (0.12 - 1.17) 0.47 (0.14 - 1.57) 0.4 (0.12-1.3)
4 >47.00 10 20 0.29 (0.08 - 1.04) 0.32 (0.09 - 1.18) 0.31(0.08 - 1.14)
P for trend® 0.04 0.07 0.05
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.59) 18 20 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (10.60-15.00) 19 18 1.3 (0.39 - 4.33) 1.63 (0.46 - 5.79) 1.66 (0.46 - 5.99)
S‘:ﬂ“e"f 3 (15.01-21.00) 14 24 0.65 (0.22 - 1.91) 0.59 (0.19 - 1.84) 0.78 (0.25 - 2.41)
4 >21.01 22 11 3(0.9-9.93) 3.96 (1.03 - 15.18) 3.86 (1.05 - 14.21)
P for trend® 0.17 0.16 0.11
Methionine [umol/L]¢
1 (12.32-23.17) 33 29 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.18-27.39) 21 17 1.21 (0.44 - 3.34) 1.35 (0.48 - 3.79) 1.27 (0.45 - 3.56)
3 (27.39-32.22) 9 11 0.64 (0.2 - 2.05) 0.7 (0.22 - 2.24) 0.75 (0.23 - 2.42)
4 >32.22 10 16 0.51 (0.2 - 1.33) 0.54 (0.2 - 1.44) 0.54 (0.2 - 1.44)
P for trend® 0.34 0.42 0.38

a) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles) and education (in
7 categories).

b) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of years of smoking (continuous).

c) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of pack-years of smoking (continuous).

d) Quartile cut-off points were determined based on the circulating level distribution of Asian matched controls.

e) P for trend assessed by the base 2 logarithm of the circulating levels.



Supplementary Table 4. Odds ratios of lung cancer for circulating levels of vitamin B6, folate and methionine among ever smoking
participants in LC3

All cohorts

Cases

Controls

Model 12
OR (95%Cl)

Model 2
OR (95%Cl)

Model 3¢
OR (95%Cl)

Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (4.37-23.93) 1300 1104 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.94-37.05) 911 962 0.83 (0.73 - 0.94) 0.85 (0.74 - 0.97) 0.87 (0.76 - 0.99)
3 (37.06-62.50) 724 795 0.81 (0.7 - 0.93) 0.83 (0.72 - 0.96) 0.82 (0.71 - 0.95)
4 >62.51 698 772 0.78 (0.67 - 0.91) 0.83 (0.71 - 0.97) 0.81 (0.7 - 0.95)
P for trende 0.003 0.03 0.02
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.92) 1154 1039 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (10.93-17.89) 948 957 0.91 (0.8 -1.04) 0.93 (0.81 - 1.06) 0.94 (0.82 - 1.08)
:\n:'oe':’;rs 3 (17.90-34.92) 776 855 0.85 (0.74 - 0.98) 0.88 (0.76 - 1.02) 0.89 (0.77 - 1.03)
4 >34.97 755 782 0.87 (0.73 - 1.03) 0.92 (0.77-1.1) 0.91 (0.76 - 1.08)
P for trende 0.03 0.15 0.10
Methionine [umol/L]¢
1 (10.63-22.89) 861 855 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.90-27.40) 902 849 1.07 (0.93 - 1.23) 1.09 (0.94 - 1.25) 1.09 (0.94 - 1.25)
3 (27.40-31.00) 913 913 0.99 (0.86 - 1.14) 1.01(0.87 - 1.17) 1.02 (0.88 - 1.18)
4 >31.01 957 1016 0.95 (0.82 - 1.09) 0.96 (0.83 - 1.11) 0.96 (0.83 - 1.11)
P for trend® 0.25 0.24 0.44
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.37-23.93) 210 163 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.94-37.05) 266 279 0.74 (0.57 - 0.97) 0.77 (0.58 - 1.01) 0.77 (0.58 - 1.03)
3 (37.06-62.50) 270 288 0.72 (0.55 - 0.94) 0.76 (0.57 - 1.01) 0.7 (0.53 - 0.94)
4 >62.51 378 394 0.73 (0.56 - 0.95) 0.79 (0.6 - 1.04) 0.77 (0.58 - 1.02)
P for trende 0.17 0.41 0.31
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.92) 211 164 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (10.93-17.89) 200 215 0.69 (0.52 - 0.93) 0.74 (0.54 - 1.01) 0.74 (0.54 - 1)
S:LT::S 3 (17.90-34.92) 275 281 0.69 (0.51 - 0.92) 0.77 (0.56 - 1.05) 0.79 (0.57 - 1.08)
4 >34.97 438 464 0.63 (0.47 - 0.86) 0.73 (0.53-1.01) 0.72 (0.52- 1)
P for trend® 0.05 0.26 0.18
Methionine [umol/L]¢
1 (10.63-22.89) 263 248 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.90-27.40) 279 267 0.98 (0.77 - 1.26) 1.01(0.78 - 1.31) 1.01(0.77 - 1.31)
3 (27.40-31.00) 298 300 0.93 (0.73 - 1.18) 0.96 (0.75 - 1.24) 0.99 (0.76 - 1.28)
4 >31.01 284 309 0.86 (0.67 - 1.1) 0.86 (0.66 - 1.12) 0.87 (0.67 - 1.13)
P for trende 0.09 0.08 0.15
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.37-23.93) 1090 941 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.94-37.05) 645 683 0.85 (0.74 - 0.99) 0.87 (0.75 - 1.01) 0.89 (0.76 - 1.03)
3 (37.06-62.50) 454 507 0.83 (0.7 - 0.98) 0.85 (0.72 - 1.01) 0.85 (0.72 - 1.01)
4 >62.51 320 378 0.78 (0.64 - 0.95) 0.81 (0.67 - 0.99) 0.8 (0.65-0.97)
P for trend® 0.005 0.03 0.01
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.92) 943 875 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (10.93-17.89) 748 742 0.96 (0.83 - 1.12) 0.97 (0.83 - 1.13) 0.98 (0.84 - 1.14)
:;::;ts, 3 (17.90-34.92) 501 574 0.88 (0.74 - 1.04) 0.89 (0.75 - 1.05) 0.9 (0.76 - 1.06)
4 >34.97 317 318 0.97 (0.78 - 1.21) 1.01 (0.8 - 1.26) 0.98 (0.78 - 1.23)
P for trende 0.15 0.26 0.20
Methionine [umol/L]¢
1 (10.63-22.89) 598 607 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.90-27.40) 623 582 1.12 (0.94 - 1.32) 1.12 (0.95 - 1.33) 1.12 (0.95 - 1.33)
3 (27.40-31.00) 615 613 1.02 (0.86 - 1.21) 1.03 (0.86 - 1.22) 1.03 (0.87 - 1.23)
4 >31.01 673 707 0.99 (0.84 - 1.17) 1(0.84-1.19) 1(0.84-1.19)
P for trende 0.72 0.72 0.92




Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢

1 (4.37-23.93) 952 789 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.94-37.05) 593 655 0.76 (0.65 - 0.89) 0.79 (0.67 - 0.92) 0.82 (0.7 - 0.96)
3 (37.06-62.50) 461 497 0.81 (0.68 - 0.96) 0.84 (0.7 -1.01) 0.82 (0.69 - 0.99)
4 >62.51 344 409 0.68 (0.56 - 0.84) 0.72 (0.59 - 0.89) 0.7 (0.57-0.87)
P for trende® <.0001 0.001 0.001
Folate (Vitamin B9) [nmol/L]d
1 (0.17-10.92) 799 693 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (10.93-17.89) 677 687 0.88 (0.75 - 1.03) 0.9 (0.77 - 1.06) 0.92 (0.78 - 1.08)
Smn:’:r'l"g 3 (17.90-34.92) 489 562 0.78 (0.66 - 0.94) 0.82 (0.68 - 0.99) 0.84 (0.7 - 1.01)
4 >34.97 385 408 0.78 (0.61 - 0.98) 0.86 (0.67 - 1.1) 0.82 (0.64 - 1.05)
P for trende 0.005 0.05 0.02
Methionine [umol/L]¢
1 (10.63-22.89) 476 464 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.90-27.40) 538 490 1.11(0.92 - 1.33) 1.14 (0.94 - 1.38) 1.13 (0.93-1.37)
3 (27.40-31.00) 618 624 0.97 (0.81-1.17) 1.02 (0.84 - 1.23) 1(0.83-1.21)
4 >31.01 718 772 0.92 (0.77 - 1.1) 0.94 (0.79 - 1.13) 0.94 (0.78 - 1.13)
P for trende 0.16 0.17 0.32
Vitamin B6 (Pyridoxal 5'-phosphate) [nmol/L]¢
1 (4.37-23.93) 348 315 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (23.94-37.05) 318 307 0.96 (0.77 - 1.2) 0.98 (0.78 - 1.23) 0.96 (0.76 - 1.2)
3 (37.06-62.50) 263 298 0.81 (0.64 - 1.03) 0.83 (0.65 - 1.06) 0.82 (0.65 - 1.05)
4 >62.51 354 363 0.94 (0.74 - 1.19) 0.98 (0.77 - 1.25) 0.97 (0.77 - 1.24)
P for trend® 0.96 0.71 0.91
Folate (Vitamin B9) [nmol/L]¢
1 (0.17-10.92) 355 346 1.00 (reference) 1.00 (reference) 1.00 (reference)
) 2 (10.93-17.89) 271 270 0.98 (0.77 - 1.25) 0.98 (0.76 - 1.25) 0.97 (0.76 - 1.24)
S‘::x'e"f 3 (17.90-34.92) 287 293 0.99 (0.78 - 1.28) 1(0.77-1.28) 1(0.77-1.28)
4 >34.97 370 374 1.01(0.78 - 1.31) 1.03 (0.79 - 1.34) 1.03 (0.79 - 1.33)
P for trend® 0.89 0.93 0.90
Methionine [umol/L]¢
1 (10.63-22.89) 385 391 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 (22.90-27.40) 364 359 1.02 (0.83 - 1.26) 1.02 (0.82 - 1.26) 1.03 (0.83 - 1.28)
3 (27.40-31.00) 295 289 1.03 (0.82 - 1.29) 1.01 (0.8 -1.27) 1.05 (0.83 - 1.33)
4 >31.01 239 244 1.02 (0.8 - 1.29) 1.02 (0.8 - 1.31) 1.02 (0.8-1.3)
P for trende 0.97 0.97 0.93

a) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles) and education (in
7 categories).

b) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of years of smoking (continuous).

c) Assessed by conditional logistic regression, conditioning on individual case set and adjusting for circulating cotinine (in quartiles), education (in 7
categories), and number of pack-years of smoking (continuous).

d) Quartile cut-off points were determined based on the circulating level distribution of LC3 matched controls.

e) P for trend assessed by the base 2 logarithm of the circulating levels.



Supplementary table 5. Circulating concentrations of vitamin B6, folate and
methionine among users vs non-users of multivitamins

Multivitamins Nb. Analyte Median 5th 95th
users

No 2703  Vitamin B6 39.21 1435 186.5

Folate 25.51 7.619 104.56

Methionine 26.05 18.32  40.07

Yes 1607  Vitamin B6 76.18 2243 3441

Folate 46.52 10.741 1251

Methionine 25.79 18.903 38.86

Supplementary table 6. Intraclass Correlation Coefficient for vitamin B6, folate and methionine
as measured using repeat samples from CPS-Il1 and NSHDS cohorts.

Time
LC3 Participants bgﬁ\évggn Intraclass correlation coefficient
draws
Vitamin B6 Folate Methionine
6 months 0.73 0.58 0.40
EepHll e Nkl 2.6 years 0.62 0.34 0.27

cohorts
10 years 0.33 0.49 0.51



Supplementary Methods

Material and Methods

Study population

We invited all prospective cohort studies that in 2009 were members in the US National
Cancer Institute (NCI) Cohort Consortium to participate in the study. Additional inclusion
criteria included the occurrence of at least 200 incident lung cancer cases with baseline
guestionnaire data and either plasma or serum samples cryopreserved at <80°C available.
Twenty cohorts fulfilled those criteria and accepted to participate, resulting in a combined
cohort population of over 2,000,000 participants from North America, Europe, Asia and
Australia.

Selection of cases and controls

Lung cancer cases were defined on the basis of the International Classification of Diseases
for Oncology, Second Edition (ICD-0-2), and included all invasive cancers coded as C34.0-
C34-9. Altogether, 11,399 incident lung cancer cases with pre-diagnostic blood samples
were identified from the participating cohorts. We selected a total 5,545 lung cancer cases,
and in order optimize the statistical power in smoking stratified analyses, never and former
smoking cases were oversampled. For each case, one control was randomly chosen from
risk-sets consisting of all cohort members alive and free of cancer (except non-melanoma
skin cancer) at the time of diagnosis of the index case. Matching criteria were cohort, sex,
date of blood collection (* 1 month, relaxed to * 3 months for sets without available
controls), and date of birth (+ 1 year, relaxed to *+ 3 years), as well as smoking status in 5
categories; never smokers, short and long term quitters among former smokers (<10 years,
=10 years since quitting), and light and heavy smokers among current smokers (< 15 years,
>15 cigarettes per day). After excluding cases who were not correctly matched on smoking
status (n=124 cases), who had insufficient plasma samples (n=42), or had a revised date of
diagnosis prior to blood draw (n=13), 5,364 lung cancer case-control pairs remained eligible

for the risk analysis.



Brief description of the participating cohorts in the Lung Cancer Cohort Consortium
1) US cohorts
The Women'’s Health Initiative (WHI)

WHlI is a long-term health study of 161,808 post-menopausal women aged 50 to 79 years at
40 clinical centers throughout the U.S. WHI comprises a Clinical Trial (CT) component
(68,132 women), and an Observational Study (OS) component (93,676 women), and has
included several extension studies. Some detailed descriptions of WHI have been previously
presented! 2.The CT evaluated two forms of postmenopausal hormone therapy, a low-fat
dietary pattern intervention, and calcium and vitamin D supplementation in a randomized,
controlled fashion, in a partial factorial design. The hormone therapy component findings
led to major reductions in the use of hormone therapy worldwide, and are thought to have
led to noteworthy reductions in breast cancer incidence.

In the present study lung cancer cases occurring during the follow-up of WHI cohorts since
enrolment (1993-1998) among non-smoking women, were matched 1-1 to corresponding
non-smoking lung cancer free controls, for serum and DNA analyte comparisons.

The Southern Community Cohort Study (SCCS)

The Southern Community Cohort Study (SCCS)? is a prospective cohort of African and non-
African Americans which during 2002-2009 enrolled approximately 86,000 residents aged
40-79 years across 12 southern states. Recruitment occurred mainly at community health
centers, institutions providing basic health services primarily to the medically uninsured, so
that the cohort includes many adults of lower income and educational status. Each study
participant completed a detailed baseline questionnaire, and nearly 90% provided a biologic
specimen (approximately 45% a blood sample and 45% buccal cells). Follow-up of the cohort
is conducted by linkage to national mortality registers and to state cancer registries.
Included in this study are 240 incident African American lung cancer cases and 240
individually matched African American cohort members without lung cancer at the index
date selected by incidence density sampling.

Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO)

The PLCO study, a randomized trial aimed at evaluating the efficacy of screening in reducing
cancer mortality, recruited approximately 155,000 men and women age 55 to 74 years from
1992 to 2001% Screening for lung cancer among participants in the intervention arm

included a chest x-ray at baseline followed by either three annual x-rays (for current or



former smokers at enrollment) or two annual x-rays (for never smokers); participants in the
control arm received routine health care. Screening-arm participants provided data on
sociodemographic factors, smoking behavior, anthropometric characteristics, medical
history, and family history of cancer, as well as blood samples annually for the first 6 years
of the study (baseline [TO] and T1 through T5). Lung cancers were ascertained through
annual questionnaires mailed to the participants, and positive reports were followed up by
abstracting medical records or death certificates. Follow-up in the trial as of July 2009 was
96.7%.

We conducted a nested case-control study within the screening arm of the PLCO trial. As of
December 31, 2004, 898 lung cancers were diagnosed among the 77,464 participants.
Patients were excluded because of missing baseline questionnaire, previous history of any
cancer, diagnosis of multiple cancers during follow-up, missing smoking information at
baseline, missing consent for utilization of biologic specimens for etiologic studies, or
unavailability/insufficient quantity of serum or DNA specimens. Hemolyzed vials were
excluded. We included 450 confirmed lung cancer patients and 450 matched controls in this
study sampled from the intervention arm.

Controls were individuals free of cancer at the time of a case's lung cancer diagnosis.
Controls were individually matched to lung cancer patients on sex, date of birth +/- 1 year
with a possible relaxation to 5 years, race, study year of blood draw, date of blood draw +/-
1 month (with a possible relaxation to 3/6 months), time of blood draw (6AM-9AM, 9AM-
12PM, other), smoking categories (smoking status at enrollment, never, former, or current
smoker; cumulative amount of smoking (0 to 29, 30 to 39, 40 to 49, and 50+ pack-years),
with additional matching for time since quitting (< 15 years and > 15 years) for former
smokers, cigarettes per day smoked, and number of days in the study.

The New York University Women’s Health Study (NYUWHS)

The New York University Women’s Health Study (NYUWHS) is a prospective cohort study of
women enrolled at a mammography screening center in New York City. From March 1985
through June 1991, 14,274 women between the ages of 34 and 65 were enrolled in the
study. Because the original focus of the study was endogenous hormones and breast cancer,
women who had taken hormone medications in the 6 months preceding baseline enrolment

were not eligible for the study.



At the time of enrolment, data on demographics, anthropometric measures, medical
history, reproductive and lifestyle variables were collected through self-administered
guestionnaires after written informed consent was obtained. Incident lung cancer cases
were identified through active follow-up of the cohort conducted with questionnaires
mailed approximately every two to four years and record linkages with state tumor
registries in New York, New Jersey, and Florida, as well as record linkage with the National
Death Index (NDI). Medical records were obtained to verify reported cancer outcomes. A
total of 171 incident lung cancer cases and 171 individually matched controls were included
for this analysis.

The American Cancer Society Cancer Prevention Study-Il (CPS-1I) Nutrition Cohort

The ACS Study-Il is a prospective study of cancer incidence and mortality among 86,404 men
and 97,786 women. The CPS-1l Nutrition Cohort, which is described in detail elsewhere®,
was initiated in 1992 as a subgroup of CPS-ll, a prospective study of cancer mortality
involving approximately 1.2 million Americans begun in 1982. Participants in the CPS-I|
Nutrition Cohort were recruited from CPS-lIl members who resided in 21 states and were
between the ages of 50 and 74 years. At enrollment in 1992/1993, participants completed a
self-administered questionnaire that included demographic, medical, dietary, and lifestyle
information. Follow-up questionnaires were sent to all living Nutrition Cohort members in
1997, and every two years after this to update exposure information and to ascertain newly
diagnosed cancers. Between June 1998 and June 2001, blood samples were collected from
a subset of CPS-1I Nutrition Cohort participants (21,965 women and 17,411 men).

Incident lung cancer cases were identified through self-report on a follow-up questionnaire,
linkage with state cancer registries, or death certificates. Self-reported cancers were
verified through medical records. 200 incident lung cancer cases and 200 matched controls
from the CPS-II Nutrition Cohort were provided for this analysis.

The Campaigh Against Cancer and Stroke (CLUE I) and the Campaigh Against Cancer and

Heart Disease (CLUE Il).

The CLUE studies include two large cohorts of volunteers from Washington County,
Maryland that were enrolled in 1974 and 1989, respectively. CLUE | was conducted in
Washington County, Maryland, in the fall of 1974. Brief health histories and blood pressures
were taken and 15 ml of blood was drawn from 26,147 volunteers (23,951 were residents of

Washington County) at the time of enrollment. Linkage of the records from this program to



those of a private census in the summer of 1975 indicated that almost a third of the adult
population of the county had participated. CLUE Il was an outgrowth of CLUE | conducted
from May through October in 1989. As in CLUE |, a brief health history was obtained and 20
ml of blood was drawn. A blood sample was collected from 32,894 volunteers at the time of
enrollment (25,076 were residents of Washington County). Participants were also given a
food frequency questionnaire to complete at home and were asked to return it with a
toenail clipping of the large toe for trace metal assays. Comparisons with published figures
from the 1990 Census indicted that approximately 30 percent of adult residents had

participated. For the current study, 15 case-sets were from CLUE1l and 185 were from

CLUE2.
The Multiethnic Cohort (MEC)

The MEC includes over 215,000 men and women aged 45-75 years at recruitment from five
different racial/ethnic groups (African Americans, Japanese Americans, Native Hawaiians,
Latinos and European Americans) in Hawaii and California®. The cohort was assembled in
1993-1996 by mailing a self-administered, 26-page questionnaire to obtain extensive
information on demographics, medical and reproductive histories, medication use, family
history of various cancers, physical activity and diet. Identification of incident cancer cases is
by regular linkage with the Hawaii, Los Angeles County and California SEER registries. From
1995 to 2001, blood collection was conducted from incident cases with breast, prostate, or
colorectal cancers, as well as a random sample of cohort participants to serve as controls in
genomic nested case-control studies (participation rate 72% and 63%, respectively). In
addition, from 2001 to 2006, blood was also collected prospectively, without regard for
cancer diagnosis, from willing cohort participants. Approximately 67,000 gave a blood
sample (participation rate 43%). All incident lung cancer cases diagnosed before 2010 with
a pre-diagnostic blood sample were considered for inclusion in this study. Each case was
matched to a control based on study site, sex, age, race/ethnicity, smoking status, hours of

fasting, and date and time of blood draw. For the current study, MEC provided 112 case-sets

of white study participants and 62 case-sets of Asian study participants.

Women’s Health Study (WHS)

The WHS was a randomized trial of low-dose aspirin, vitamin E, and beta-carotene in the
primary prevention of cardiovascular disease and cancer beginning in 1992 among 39,876

female US health professionals aged >45 years’. Information on major clinical, lifestyle, and



dietary factors was collected via self-reports on baseline questionnaires. Women also
provided baseline bloods. During more than two decades of follow-up, WHS participants
reporting new cases of cancer on annual follow-up questionnaires were confirmed by
medical record review by the WHS Endpoints Committee. Reports of cancer were confirmed
on the basis of pathology or cytology reports or, rarely, strong clinical and radiologic or
laboratory marker evidence when a pathology or cytology review was not conducted. Only
confirmed cases of lung cancer were included in the present analyses, which were matched
with eligible controls.

Physicians’ Health Study (PHS)

The PHS | began in 1982 as a randomized trial of aspirin and beta-carotene for the primary
prevention of heart disease and cancer among 22,071 male, Caucasian physicians initially
aged 40 to 84 years®, followed by the PHS Il trial beginning in 1997 to evaluate beta-
carotene, vitamin C, vitamin E, and a daily multivitamin on the prevention of cancer, CVD,
and other endpoints. The PHS Il included 14,641 men, with 7,641 participants from the PHS |
plus 7,000 new physicians, for a total of 29,071 PHS participants®. A wide range of
demographic, clinical, and lifestyle factors were assessed via baseline questionnaires, along
with baseline bloods. PHS participants reported major clinical endpoints, including cancer,
yearly in a mailed questionnaire and postcards every six months. Self-reported, incident
lung cancer cases were confirmed through medical record review by the PHS Endpoints
Committee in included in the present analyses.

The Nurses’ Health Study (NHS)

The Nurses’ Health Study (NHS)'° ! was established in 1976, when 121,700 married female
registered nurses aged 30 to 55 years residing in 11 States in the U.S. completed and
returned a self-administered questionnaire. Questionnaires have been mailed to
participants in both cohorts every 2 years since baseline to collect updated information on
demographics, lifestyle factors, medical history, and disease outcomes. A semi quantitative
food frequency questionnaire (FFQ) was administered to obtain information on usual
dietary intake over the previous year. The reproducibility and validity of the FFQs have been
established'?16, The FFQ was first administered in 1980 in the NHS, and were repeated
almost every 4 years thereafter. For each food item, the questionnaire specified a common
serving size and queried respondents on average intake during the previous year; responses

in 9 categories ranged from almost never to 6 or more per day. Most nutritional variables



measured by these FFQs have been developed, tested, and refined by our group over the

past 30 years (https://regepi.owh.harvard.edu/health/).

The follow-up rate has been greater than 90%. The institutional review board at the
Brigham and Women’s Hospital approved the study. As approved by the committee, return
of the questionnaires was considered to imply informed consent. Cases of lung cancer were
self-reported by the participants or identified on their death certificates and were
subsequently confirmed by medical records.

Health Professionnals Follow-up Study (HPFS)

The Health Professionals Follow-up Study (HPFS)Y is an ongoing cohort study of 51,529 U.S.
male professionals who were aged 40 to 75 years at baseline in 1986. Questionnaires have
been mailed to participants in both cohorts every 2 years since baseline to collect updated
information on demographics, lifestyle factors, mwedical history, and disease outcomes.
The follow-up rate has been greater than 90%. The institutional review board at the Harvard
T.H. Chan School Public Health approved this study. As approved by the committee, return
of the questionnaires was considered to imply informed consent. A semiquantitative food
frequency questionnaire (FFQ) was administered to obtain information on usual dietary
intake over the previous year. The FFQ was first administered in 1986 in the HPFS and was
repeated almost every 4 years thereafter. The reproducibility and validity of the FFQ have
been estabished'# '8, For each food item, the questionnaire specified a common serving size
and queried respondents on average intake during the previous year; responses in 9
categories ranged from almost never to 6 or more per day. Cases of lung cancer were self-
reported by the participants or identified on their death certificates and were subsequently
confirmed by medical records.

We would like to thank the participants and staff of the Nurses’ Health Study and the Health
Professionals Follow-up Study, for their valuable contributions as well as the following state
cancer registries for their help: AL, AZ, AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, IA, KY, LA, ME,
MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA, WY. This work
was supported by the National Institutes of Health (NIH) grants, UM1CA167552,
UM1CA186107, PO1CA87969, and RO1CA49449. The content is solely the responsibility of

the authors and does not necessarily represent the official views of the NIH.
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2) European/Australian cohorts

The Melbourne Collaborative Cohort Study (MCCS)

The MCCS is a prospective cohort study of 41,514 participants (17,045 men and 24,469
women) aged 27-88 years at recruitment?®; 99.3% of whom were aged 40-69 vyears.
Recruitment occurred between 1990 and 1994. Southern European migrants to Australia
(including 5,411 Italians and 4,525 Greeks) were over-sampled to extend the range of
lifestyle exposures and to increase genetic variation.

Subjects were recruited via Electoral Rolls (registration to vote is compulsory for adults in
Australia), advertisements, and community announcements in local media. Comprehensive
lists of Italian and Greek surnames were used to target southern European migrants in
phonebooks and electoral rolls. Passive follow-up of the cohort has been conducted by
record linkage to Electoral Rolls, electronic phonebooks, the Victorian Cancer Registry and
death records; as well as national cancer and death records to identify events outside of
Victoria.

At recruitment participant’s height and weight were measured, blood samples collected and
guestionnaires covering lifestyle (diet, smoking, physical activity and alcohol consumption),
demographics and medical history completed.

Incident lung cancer cases under 80 years of age up to 315t December 2010 were identified
through record linkage. A total of 361 lung cancer cases and 361 controls matched for date
of birth, gender, smoking status, and ethnicity were included for this analysis.

The Malmo Diet and Cancer Study (MDCS)

The Malmo Diet and Cancer Study (MDCS) is a population-based prospective cohort study
that between 1991 and 1996 recruited men and women aged 44 to 74 years of age living in
Malmé, Sweden?°. The main goal of the MDCS is to study the impact of diet on cancer
incidence and mortality. It consists of a baseline examination including dietary assessment,
a self-administered questionnaire, anthropometric measurements and collection of blood
samples. A total of 201 incident lung cancer cases and 201 individually matched controls
were available for this analysis.

The Northern Sweden Health and Disease Study Cohort (NSHDS)

The Northern Sweden Health and Disease Study (NSHDS) encompasses several prospective
cohorts, the current study involving study participants from the Vasterbotten Intervention

Project (VIP), a sub-cohort within NSHDS?!. VIP is an ongoing prospective cohort and



intervention study intended for health promotion of the general population of the
Vasterbotten County in northern Sweden. VIP was initiated in 1985 and all residents in the
Vasterbotten County were invited to participate by attending a health check-up at 40, 50
and 60 years of age. Participants were asked to complete a self-administered questionnaire
including various demographic factors such as education, smoking habits, physical activity
and diet. In addition, height and weight were measured and participants were asked to
donate a fasting blood sample for future research. Incident lung cancer cases were
identified through linkage with the regional cancer registry. A total of 245 incident lung
cancer cases and 245 individually matched controls were included for this analysis.

The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC)

The ATBC Study was a randomized, double-blind, placebo-controlled, primary cancer
prevention trial testing daily supplementation with a-tocopherol (50 mg/day) or B-carotene
(20 mg/day), or both??, Between 1985 and 1988, the study enrolled and randomized 29,133
50-69 year old male cigarette smokers from southwestern Finland. Study supplementation
continued for 5-8 years (median 6.1 years) until death or trial closure (April 30, 1993). At
baseline, participants completed questionnaires regarding general risk factors, medical
history, smoking habits, and dietary intake. Height, weight, heart rate, and blood pressure
were measured by trained nurses and fasting serum samples were collected and stored at —
70 °C. Lung cancer cases diagnosed during follow-up through 2009 were identified through
linkage with the Finnish Cancer Registry, and 200 were individually matched to 200 controls

for this analysis. For the current study, study participants were selected randomly from the

different arms of the ATBC study.

The Nord-Trgndelag Health Study (HUNT)

The HUNT study is a longitudinal population based study having invited all persons aged 20-
100 years living in the county of Nord-Trgndelag, Norway to three data collections, HUNT1
(1984-86), HUNT2 (1995-97) and HUNT 3 (2006-08) (http://www.ntnu.edu/hunt).
Comprehensive data on life style, health status, symptoms, diseases and anthropometrics
have been collected through questionnaires, interviews and clinical examinations, and in
HUNT2 and HUNT3 biological material as blood and urine additionally were collected and
stored. For this study, data have been linked to the Norwegian Cancer Registry and 238
incident lung cancer cases and 238 individually matched controls have been included.

3) Asian cohorts



The Shanghai Men’s Health Study (SMHS) and the Shanghai Women’s Health Study

SWHS

The SMHS and SWHS are population-based cohort studies conducted in eight communities
of urban Shanghai. Their designs and methods have been described elsewhere?324,

Briefly, the SWHS recruited 74,941 women during 1997-2000 (response rate: 93%) and the
SMHS recruited 61,480 men during 2002-2006 (response rate: 74%). Similar methods and
guestionnaires were used in both studies. At baseline in-person interviews, information on
sociodemographic, diet, lifestyle, occupation and medical history was obtained; height,
body weight, and waist circumference were measured. Blood samples were collected from
75% of the study participants in both studies, processed within 6 hours, and stored at -70°C
until analysis.

The SMHS and SWHS have been followed up by annual record linkage with the population-
based Shanghai Cancer Registry and Shanghai Vital Statistics Registry and in-person surveys
every 2-3 years. Exposure information, including dietary intake, was updated in the in-
person follow-up surveys. All possible matches from the linkages are checked manually and
verified by home visits. Medical charts were obtained from the initial diagnostic hospitals to
verify cancer diagnosis. Death certificate data from the Shanghai Vital Statistics Unit was
used to identify the primary cause of death.

The studies were approved by the Institutional Review boards of the Shanghai Cancer
Institute and Vanderbilt University. Informed consent was obtained from all participants.

The Singapore Chinese Health Study (SCHS)

The design of the SCHS study has been described?> 26, Briefly, the cohort was drawn from
permanent residents or citizens of Singapore who resided in government-built housing
estates (86% of the Singapore population reside in such facilities). The eligible age range for
cohort enrolment was 45-74 years. We restricted study subjects to the two major dialect
groups of Chinese in Singapore: the Hokkiens and the Cantonese, who originated from
Fujian and Guangdong provinces in Southern China, respectively. Between April 1993 and
December 1998, 63,257 subjects (approximately 85% of eligible subjects) were enrolled into
the cohort study. At recruitment, each study subject was interviewed in person by a trained
interviewer using a structured questionnaire that emphasized current diet assessed via a
validated, 165-item food frequency questionnaire. The questionnaire also requested

information on demographics, lifetime use of tobacco, incense use, current physical activity,



usual sleep duration, reproductive history (women only), occupational exposure, medical
history, and family history of cancer.

Beginning in April 1994, a random 3% sample of cohort participants were asked to provide
blood or buccal cell (if request for blood sample was denied), and spot urine samples.
Eligibility for this biospecimen subcohort was extended to all surviving cohort participants
starting in January 2000. By April 2005, all surviving cohort subjects had been contacted for
biospecimen donation. Approximately 60% of eligible cohort participants donated
biospecimens.

The cohort has been passively followed for death and cancer occurrence through regular
record linkage with the population-based Singapore Cancer Registry and the Singapore
Registry of Births and Deaths. Migration out of Singapore, especially among housing estate
residents, is negligible. As of latest update, only 55 individuals from this cohort were known
to be lost to follow-up due to migration and other reason.

A nested case-control study of incident lung cancer cases within the Singapore Chinese
Health Study was used to examine the association between serum levels of vitamin Bes and
other compounds in the one-carbon metabolism pathway and risk of lung cancer. Briefly,
422 lung cancer cases were identified among cohort participants with available
prediagnostic plasma samples as of 12/31/2011. For each case, one control subject was
randomly selected from all eligible cohort members who were alive and free of cancer on
the date of cancer diagnosis of the index case. The control subject was individually matched
to the index case by gender, dialect group (Hokkien, Cantonese), age at enrolment (%3
years), date of baseline interview (12 year), date of biospecimen collection (¥6 months), and
smoking status (current, former, and never smokers). For current smokers, cases and
controls were further matched by number of cigarettes per day (<15, >15 cigarettes/day).
For former smokers, cases and controls were further matched by years since quitting
smoking (<10, 210 vyears). One plasma aliquot per subject was retrieved from the
biorepository and all plasma samples were sent to the Ilaboratory (B-vital) for

measurements.

The Shanghai Cohort Study (SCS)

The SCS study is a residential cohort of 18,244 men in Shanghai, China, assembled during

1986-89 when subjects were between the ages of 45 and 64 years. Approximately 80% of



eligible men participated in the study. At the time of recruitment, each cohort subject was
interviewed in-person by a trained nurse interviewer using a structured questionnaire that
included background information, history of tobacco and alcohol use, current diet, and

medical history?’ 28,

At the completion of the interview, the nurse collected a 10 ml blood and a single void urine
specimen from the study participant. Blood and urine samples were kept in insulated boxes
with ice (0-2°C). The serum was separated from blood specimen within 3-4 hours after
collection. Two sets of serum (2 ml and 1 ml, respectively) and two sets of urine samples (10

ml each) per subject have been stored at -80°C.

The cohort has been followed for the occurrence of cancer and death through routine
ascertainment of new cases from the population-based Shanghai Cancer Registry and
Shanghai Vital Statistics Units. To maximize the cancer findings and minimize the loss of
follow-up, we have recontacted each surviving cohort member annually. Retired nurses visit
the last known address of each living cohort member and record details of the interim
health history of the cohort member. As of December 31, 2014, cumulatively 612 (3.4%)
original subjects were lost to follow-up (i.e., persons we have no record of death and we
have been unable to locate through our annual follow-up recontacts), and 574 (3.1%)
refused to our continued follow-up interview (their cancer and vital status has been
continually updated through record linkage analyses) after 26 years of follow-up since the

beginning of the study.

A nested case-control study of incident lung cancer cases within the Shanghai Cohort Study
was used to examine the association between serum levels of vitamin Bs and other
compounds in the one-carbon metabolism pathway and risk of lung cancer. Briefly, 516 lung
cancer cases were identified among cohort participants with available serum samples as of
12/31/2006. For each case, we randomly selected one control subject from all cohort
members who were free of cancer and alive at the time of cancer diagnosis of the index
case. Controls were matched to the index case by age at enrolment (+2 years), date of
biospecimen collection (1 month) and neighbourhood of residence at recruitment, and
smoking status (current, former and never smokers) as established previously for other

studies. For former smokers, cases and controls were further matched by years since



quitting smoking (<10 vs 210 years). One serum vial per subject was retrieved from
biorepository and all serum samples were sent to the laboratory (B-vital) for measurements.
Biochemical analyses
Serum or plasma samples from all study participants were sent on dry ice to the Bevital A/S
laboratory (http://www.bevital.no) in Bergen, Norway, were they were kept below -80°C
until analysis. Concentrations of vitamin B6, methionine and cotinine were determined by
mass spectrometry based methods (LC-MS/MS, GC-MS/MS),%> 39 and microbiological
methods were used to determine concentrations of folate (Lactobacillus casei).3! Samples
were analyzed in batches of 86 samples, and quality control procedures included 6
calibration samples, 2 control samples, and 1 blank sample in each batch. The coefficients of
variation (CVs) within and between batches were, respectively, 3% and 7% for vitamin B6,
4% and 5% for folate, and 1% and 3% for methionine. All lung cancer cases and their
individually matched controls were analyzed together within the same batches in random
order. The laboratory staff was blinded to the case-control status of the blood samples.
Statistical analyses
We fitted hierarchical linear models to the biomarker concentrations to evaluate between-
cohort variability in mean concentrations, and the extent to which this variability could be
accounted for by individual level covariates such as age, sex, body mass index, and smoking
status. To account for the nested nature of the data (with participants nested within
cohorts) and to allow model parameters to vary across cohorts, we used a hierarchical linear
regression model to regress standardized, log transformed biomarker concentrations on
these covariates. In particular, let y denote the outcome variable (i.e., log transformed
concentrations), and X denote a matrix of K covariates. We model the outcome of
participant n from cohort j as
Ynj ~ Normal(a; + x,;B;,0%).

Each of the K components of the cohort-specific vector of regression coefficients B, are
modeled with independent normal distributions, as are the cohort-specific intercepts a;:

Bjx ~ Normal(uy, 7); a; ~ Normal(¢, 5%).
The overall intercept ¢ and mean regression coefficients u; were given diffuse
Normal(0, 502) prior distributions, and the hierarchical standard deviation parameters 7

and § were given weakly informative HalfCauchy(0,2) hyperprior distributions. The residual



standard deviation o was also given a HalfCauchy(0,2) prior distribution. We conducted
sensitivity analyses in which we specified different scales for the Half-Cauchy hyperpriors,
and found that the posterior distributions of a; and B, were insensitive to the specified
scale of the hyperpriors.

Risk analysis involved calculating quartiles of circulating concentrations for each biomarker
based on the distribution among controls, both overall and by region (United States [US],
Europe and Australia combined [EU/AU], and Asia). Relative risks of lung cancer were
estimated by calculating odds ratios (OR) and 95% confidence intervals (Cl) using conditional
logistic regression (conditioning on matched case-control sets) with the first quartile as the
referent. Additional covariates were included to account for confounding by risk factors,
including indicators of educational attainment (in six categories) and tobacco exposure (in
addition to matching to smoking status in 5 categories: cotinine concentrations [defined using
quartiles of the distribution among participants reporting to be current smokers]). Including
additional covariates of body mass index (BMI) and alcohol intake did not appreciably alter
the results and were not included in the final models. As a sensitivity analysis, we fitted
models that were additionally adjusted for smoking duration or pack-years of smoking
among ever smokers, 90% of which had such information available. All risk analyses were
conducted overall and by stratifying for never, former and current smokers, as well as by
region (US, EU/AU, Asia).

As an indication of the overall statistical strength of association between each biomarker
and risk, we calculated a p-value for trend by including the base-2 logarithm (log2) of the
biomarker concentration as a continuous variable in a separate conditional logistic
regression model. The same approach was used in stratified risk analyses according to other
pre-defined demographic characteristics and risk factors. OR estimates per log2 unit (log:
OR) may be interpreted as the relative risk associated with a doubling in the concentration
of a circulating biomarker. We also performed risk analyses for log2OR on each biomarker
separately for each individual cohort, as well for US cohorts by the period of blood sample
collection (before and after 1996 when folate fortification of food items took effect) to
evaluate potential impact of folate fortification. X? tests were used to assess heterogeneity
in logz OR estimates in stratified analyses.

Finally, in order to evaluate the specific hypothesis of whether deficiency in vitamin B6 or

folate is particularly important in lung cancer etiology, we conducted analysis by



categorizing subjects into deficient, or normal category based on clinically defined cut-off
values. For vitamin B6, <20 nmol/L was considered deficient whereas >20nmol/L was
considered normal 32, For folate deficiency, subjects were classified in three categories; <7
nmol/L as deficient, 7-12.9 nmol/L as moderately deficient, and > 13 nmol/L as normal 3334,

All statistical analyses were conducted using SAS 9.2 (Cary, North Carolina) 3°, R version

3.1.3 36 or Stan version 2.9.0 3.
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