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ABSTRACT

Background: Experimental evidence has suggested that vitamin D
may be protective against tobacco-related cancers through the inhibi-
tion of the formation of tumors induced by tobacco carcinogens. To our
knowledge, only one previous epidemiologic study investigated the
association between vitamin D status and tobacco-related cancer risk,
and no study has focused on vitamin D-related gene polymorphisms.
Objective: Our objective was to prospectively study the association
between plasma 25-hydroxyvitamin D [25(OH)D] concentrations, vitamin
D-related gene polymorphisms, and risk of tobacco-related cancers.
Design: A total of 209 tobacco-related cancers were diagnosed within
the SU.VLMAX (Supplémentation en vitamines et minéraux anti-
oxydants) cohort (1994-2007) and were matched with 418 controls as
part of a nested case-control study. Tobacco-related cancers (i.e., can-
cers for which tobacco is one of the risk factors) included several sites
in the respiratory, digestive, reproductive, and urinary systems. Total
plasma 25(OH)D was assessed with the use of an electrochemolumi-
nescent assay. Polymorphisms were determined with the use of a Tag-
Man assay. Conditional logistic regression models were computed.
Results: A 25(OH)D concentration =30 ng/mL was associated with
reduced risk of tobacco-related cancers (OR for =30 compared with
<30 ng/mL: 0.59; 95% CI 0.35, 0.99; P = 0.046). This association
was observed in former and current smokers (OR for =30 compared
with <30 ng/mL: 0.43; 95% CI: 0.23, 0.84; P = 0.01) but not in never
smokers (P = 0.8). The vitamin D receptor (VDR) Fokl AA genotype and
retinoid X receptor (RXR) rs7861779 TT genotype were associated with
increased risk of tobacco-related cancers [OR for homozygous mutant
type (MT) compared with wild type (WT): 1.87; 95% CI: 1.08, 3.23; P-
trend = 0.02; OR for heterozygous type (HT) plus MT compared with
WT: 1.60; 95% CI: 1.07, 2.38; P = 0.02].

Conclusions: In this prospective study, high vitamin D status
[25(OH)D concentration =30 ng/mL] was associated with decreased
risk of tobacco-related cancers, especially in smokers. These results,
which are supported by mechanistic plausibility, suggest that vita-
min D may contribute to the prevention of tobacco-induced cancers
in smokers and deserve additional investigation. The SU.VL.MAX
trial was registered at clinicaltrials.gov as NCT00272428. Am J
Clin Nutr 2015;102:1207-15.
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INTRODUCTION

Tobacco-smoking is a major risk factor for several cancers (in
particular, respiratory, digestive, and urinary cancers) because of
many carcinogens released during cigarette combustion (1).
Experimental studies have suggested that vitamin D could be
beneficial in cancer prevention through several cell regulation
properties (e.g., antiproliferation, pro-apoptosis, and growth control)
(2) and, especially in tobacco-related cancers, through its ability to
inhibit the formation of chemically induced tumors that result from
exposure to tobacco carcinogens (3-6).

Because tobacco-related cancers [i.e., cancers for which to-
bacco is one of the risk factors (7)] are supposed to share
a common cause linked to tobacco smoking, and because vitamin
D may be protective against smoking carcinogens, it is relevant to
consider tobacco-related cancers as a single outcome when
studying their association with vitamin D (8). To our knowledge,
only one prospective study has previously investigated the
association between vitamin D status (25-hydroxyvitamin D
[25(0OH)D]’ plasma concentration) and risk of tobacco-related
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cancers; the study observed increased risk associated with a low
25(OH)D concentration (8). When tobacco-related cancer sites
have been considered separately, current epidemiologic evi-
dence has supported a protective role of vitamin D in colorectal
carcinogenesis as expressed in 2008 by the International Agency
for Research on Cancer in its report on vitamin D and cancer (9)
and as observed in recent meta-analyses (10, 11). Literature that
has dealt with other tobacco-related cancer sites individually
(such as of the lung, bladder, esophagus, stomach, pharynx and
larynx, liver, kidneys, and pancreas) has been scarce and in-
consistent (12-20). However, for several of these cancer sites,
previous studies have suggested a more-pronounced protective
effect of vitamin D in smokers (8, 15, 21, 22).

Polymorphisms of genes involved in vitamin D metabolism
[in particular, those for signaling [vitamin D receptor (VDR)
and retinoid X receptor (RXR), transportation vitamin D
binding protein (GC), degradation 1,25-dihydroxyvitamin D3
24-hydroxylase (CYP24A1), and calcium metabolism calcium-
sensing receptor (CaSR)] may also be involved in carcino-
genesis through a potential influence on vitamin D activity. To
our knowledge, no previous study investigated the association
between polymorphisms of these genes and tobacco-related
cancers as the overall outcome. Studies have been performed
on specific sites with inconsistent results that mainly focused
on colorectal cancer risk and VDR polymorphisms (11, 23),
suggesting inverse associations with VDR Bsml (B allele compared
with b) and VDR Cdx2 (c allele compared with C). Evidence for
other tobacco-related cancer sites or other gene poly-
morphisms has been sparse (21, 24-29).

Thus, our objective was to study the association between
plasma 25(OH)D concentrations, 10 single nucleotide polymor-
phism (SNPs) of genes involved in vitamin D metabolism (VDR
Bsml, Fokl, and Cdx2, CYP24A1 rs4809958, GC rs4588 and
1s7041, RXR rs7861779 and rs12004589, and CaSR rs1801725 and
rs4678174), and risk of tobacco-related cancers.

METHODS

Subjects

The SU.VLMAX (Supplémentation en vitamines et min-
éraux antioxydants) study (clinicaltrials.gov; NCT00272428)
was initially designed as a double-blind placebo-controlled
trial with the purpose to assess the influence of a daily
supplementation with nutritional doses of antioxidants (a
daily capsule of a combination of 120 mg ascorbic acid,
30 mg vitamin E, 6 mg B carotene, 100 ug Se, and 20 mg Zn)
on the incidence of cardiovascular diseases and cancers (30,
31). A total of 13,017 participants were enrolled in 1994-1995
for an 8-y intervention trial and were followed up for health
events until September 2007. All subjects gave their written
informed consent to participate in the study. Vitamin D was
not part of the trial supplementation, and participants were
advised against taking any self-prescribed supplements (vita-
min D or others) during the trial. The study was conducted
according to the Declaration of Helsinki guidelines and was
approved by the Ethics Committee for Studies with Human
Subjects of Paris-Cochin Hospital (CCPPRB 706/2364) and
the ‘Commission Nationale de I’Informatique et des Libertés’
(334641/907094).
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Case ascertainment

Health events were self-reported by the participants. All rel-
evant medical information and pathologic reports were gathered
through participants, physicians, and hospitals and reviewed for
validation by an independent physician expert committee. Val-
idated cancer cases were classified according to the International
Chronic Diseases Classification, 10th Revision, Clinical Modi-
fication (32). All first-incident primary tobacco-related cancers
were considered as cases in this study. Tobacco-related cancers
included all of the following cancer sites for which an association
with tobacco smoking has been established with sufficient evi-
dence according to the International Agency for Research on
Cancer (7): the lung, oral cavity, pharynx, larynx, esophagus,
pancreas, urinary bladder, ureter, kidney, nasal sinuses, stomach,
liver, uterine cervix, ovary, myeloid leukemia, colon-rectum, and
anus.

Nested case-control study

All participants who were diagnosed with a tobacco-related
cancer during follow-up (1994-2007; i.e., 13 y of follow-up)
were included in a nested case-control study whereby 2 control
subjects per tobacco-related cancer case were randomly selected
in cancer-free subjects and were matched according to the fol-
lowing baseline criteria: sex (female or male), age (<40, 4044,
45-49, 50-54, or 55-65 y), intervention group of the initial SU.
VIL.MAX trial (placebo or supplemented), season of blood draw
(June through October or November through May), and, for
women, menopausal status (premenopause or postmenopause)
and use of hormonal treatment of menopause (yes or no).

Baseline data collection

Self-administered questionnaires were used at baseline to get
information on sociodemographics, physical activity, medication
use, health status, and smoking habits.

Participants underwent a clinical examination by the study
nurses and physicians with anthropometric measurements and
ablood draw that occurred in the early morning after an overnight
(12-h) fasting period. Thirty-five-milliliter venous blood sam-
ples were collected in evacuated tubes and immediately centri-
fuged to get plasma aliquots (preserved in sodium heparin) and
buffy-coat fractions, thereby allowing for future DNA extrac-
tion. Both aliquots and fractions were stored frozen in liquid
nitrogen. Dietary intakes were collected with the use of repeated
24h-dietary records that were completed through the Minitel
Telematic Network, which is a French telephone-based terminal
that is equivalent to an Internet prototype. Portion sizes were
assessed with the use of a validated picture booklet (33), and the
amounts consumed from composite dishes were estimated with
the use of French recipes that were validated by food and nu-
trition professionals. Mean daily energy, alcohol, and nutrient
intakes were estimated with the use of a published French food-
composition table (34).

Laboratory assay of plasma 25(OH)D concentration

The 25(OH)D plasma concentration was determined on
baseline samples as previously described in detail (35, 36). The
plasma 25(OH)D concentration was measured with the use of the
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Roche Cobas electrochemoluminescent total 25(OH)D assay
(Roche Diagnostics), which is based on the principle of com-
petitive binding (37). The interassay CV was <10% [8 samples
of various 25(OH)D concentrations tested in 42 separate runs],
whereas the intra-assay CV was <6.6% (the same 8 samples
tested 21 times in the same run).

Genotyping

One to 3 SNPs were selected for each gene of interest (VDR,
CYP24A1, GC, RXR, and CASR) on the basis of two criteria:
I) relatively high frequency in Caucasian populations (http://
www.ncbi.nlm.nih.gov/guide/howto/viewgen-freq/) and 2)
predicted functional effect according to the PUPA database
(http://snpeffect.vib.be and http://pupasuite.bioinfo.cipf.es/). The
selected SNPs were as follows: VDR 151544410 [Bsml, minor
allele frequency (MAF): T, 0.2959], rs2228570/10735810 (FokI,
MAF: A, 0.3285) and rs11568820 (Cdx2, MAF: T, 0.4569),
CYP24A1 154809958 (MAF: G, 0.1907), GC rs4588 (MAF:
T, 0.2079) and rs7041 (MAF: C, 0.3816), RXR rs7861779
(MAF: T, 0.2804) and rs12004589 (MAF: T, 0.1304), and
CaSR 151801725 (MAF: T, 0.0942) and rs4678174 (MAF: C,
0.4619). Genomic DNA was extracted from each patient’s
mononuclear cells in peripheral blood with the use of a MagNA
Pure Compact Instrument with magnetic-bead technology for
the isolation process (Roche Diagnostics). Genetic polymor-
phisms were assessed by allelic discrimination with the use of
fluorogenic probes and the 5’ nuclease (TagMan) assay (Applied
Biosystems). Quality control of genotyping was carried out for
each SNP by investigating any departure from the Hardy-
Weinberg equilibrium and comparing observed distributions to
those of European reference populations [CSHL-HapMap-CEU
and 1000GENOMES-phase_1_EUR (http://www.ensembl.org/)]
with the use of chi-square tests.

Statistical analyses

Baseline characteristics were compared between tobacco-
related cancer cases and controls with the use of chi-square tests
for categorical variables or Fisher tests (from ANOVA models)
for continuous variables.

Associations between the plasma 25(OH)D concentration,
dietary vitamin D intake, studied SNPs, and tobacco-related
cancer risk were characterized by ORs and 95% ClIs that were
derived from multivariate logistic regressions. All models were
conditional except for stratified analyses and SNPs analyses.
Participants were matched for sex, age at baseline, intervention
group of the initial SU.VLMAX trial, season of blood draw,
menopausal status (women), and use of hormonal treatment of
menopause (women), and models were further adjusted for ed-
ucational level, physical activity, alcohol intake, smoking status,
height, BMI, and family history of cancer. SNPs models were also
adjusted for 25(OH)D concentrations. Sensitivity analyses were
carried out by further adjusting for energy intake (without al-
cohol) or for professional categories. For all models that involved
dietary intake data, only subjects who provided =3 valid 24-h
dietary records were included. Dietary vitamin D intake was
treated as an energy-adjusted variable with the use of the re-
sidual method (38).
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The plasma 25(OH)D concentration was coded as =30 and
<30 ng/mL. These cutoffs correspond to the threshold values
that are used to define vitamin D insufficiency and sufficiency,
respectively, according to the official recommendations of
the US Endocrine Society (39). Therefore, individuals with a
25(OH)D concentration =30 ng/mL may be considered as having
“optimal vitamin D status.” Subjects were classified into 5
categories according to their baseline smoking status as follows:
never smokers, former smokers with past cigarette consumption
=10 or >10 cigarettes/d, and current smokers with cigarette
consumption =10 or >10 cigarettes/d. A combined variable of
vitamin D status (<30 and =30 ng/mL) and smoking status
(never smokers and ever smokers) was also computed. A test for
a linear trend was performed across the 4 categories with the use
of the ordinal value of this combined variable [/) 25(OH)D
concentration <30 ng/mL and ever smokers; 2) 25(OH)D con-
centration =30 ng/mL and ever smokers, 3) 25(OH)D concen-
tration <30 ng/mL and never smokers; and 4) 25(OH)D
concentration =30 ng/mL and never smokers). For each SNP, the
following codings were tested: codominant [heterozygous type
(HT) compared with wild type (WT) and homozygous mutant
type (MT) compared with WT), dominant (HT and MT compared
with WT), and recessive (MT compared with WT and HT).

Two-way interactions were tested between the 25(OH)D
concentration, the 10 SNPs, and smoking status, and stratified
analyses were performed when appropriate. All statistical tests
were 2 sided, and P < 0.05 was considered significant. A power
analysis was performed with the use of PS Power and Sample
Size calculator (version 3.0) (40). Analyses were performed
with the use of SAS software (version 9.3; SAS Institute).

RESULTS

During the 13 y of follow-up (1994-2007), the 209 tobacco-
related cancer cases of the following sites were diagnosed within
the SU.VLMAX cohort: lung (n = 32), oral cavity (n = 9),
pharynx (n = 2), larynx (n = 6), esophagus (n = 9), pancreas (n =
14), urinary bladder (n = 12), ureter (n = 1), kidney (n = 15),
nasal sinuses (n = 2), stomach (n = 4), liver (n = 4), uterine
cervix (n = 24), ovary (n = 15), myeloid leukemia (n = 4), colon-
rectum (n = 52), and anus (n = 4). A total of 418 controls were
randomly selected and matched with the cases. The mean age at
diagnosis was 57.7 y, and the mean baseline-to-diagnosis time
was 6.3 y. With 209 cancer cases and 2 matched controls per
case, a type I error probability of 0.05, and a power of 0.8, we
were able to detect ORs =0.6 or =1.4.

Table 1 summarizes the baseline characteristics of tobacco-
related cancer cases and controls. Compared with controls, cases
were more likely to smoke, be obese, have lower intakes of
dietary vitamin D, and possess the T allele (CT and TT geno-
types) of the RXR rs7861779 polymorphism. All studied SNPs
respected the Hardy-Weinberg equilibrium (P > 0.05). The re-
partition of subjects across the different genotypes was in ac-
cordance with that observed in European reference populations
(CSHL-HapMap-CEU and 1000GENOMES-phase_1_EUR) for
all SNPs (P > 0.05).

A 25(OH)D concentration =30 ng/mL was associated with
reduced risk of tobacco-related cancers (OR for =30 compared with
<30 ng/mL: 0.59; 95% CI: 0.35, 0.99; P = 0.046) (Table 2) .
This association was observed for subjects who have ever
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TABLE 1
Baseline characteristics of tobacco-related cancers and controls (SU.VI.MAX cohort, France; 1994—2007)1
Tobacco-related cancer cases Controls
(n =209) (n = 418)
n (%) Mean = SD n (%) Mean *= SD P

Age, y — 514 £ 6.2 512 * 64 0.6

Sex 1
Men 106 (50.7) — 212 (50.7) —

Women 103 (49.3) — 206 (49.3) —
BMI, kg/m? — 247 £ 42 — 242 + 34 0.09
0.02

<18.5 (underweight) 8 (3.8) — 8 (1.9) —

=18.5 to <25 (normal weight) 113 (54.1) — 257 (61.5) —

=25 to <30 (overweight) 64 (30.6) — 130 (31.1) —

=30 (obese) 24 (11.5) — 23 (5.5) —

Height, cm — 167.9 = 8.0 — 1674 = 8.4 0.5

Intervention group 1
Antioxidants 105 (50.2) — 210 (50.2) —

Placebo 104 (49.8) — 208 (49.8) —

Smoking status, cigarettes/d <0.0001
Never 73 (34.9) — 193 (46.2) —

Former, =10 29 (13.9) — 61 (14.6) —
Former, >10 54 (25.8) — 114 (27.3) —
Current, =10 15 (7.2) — 31 (74) —
Current, >10 38 (18.2) — 19 4.5) —

Physical activity 0.5
Irregular 45 (21.5) — 108 (25.8) —
<1-h/d walking equivalent 67 (32.1) — 121 (29.0) —
= 1-h/d walking equivalent 97 (46.4) — 189 (45.2) —

Educational level 0.3
Primary 39 (18.7) — 91 (21.8) —

Secondary 90 (43.1) — 152 (36.3) —
Superior 80 (38.3) — 175 (41.9) —

Family history of cancer,’ yes 75 (35.9) — 155 (37.1) — 0.8

Alcohol intake, g/d — 22.6 £25.0 — 19.5 = 20.5 0.09

Energy intake without alcohol, kcal/d — 1919.5 = 5533 — 2019.1 = 562.7 0.05

Dietary vitamin D intake,’ ug/d — 26 £ 1.7 — 3123 0.03

Plasma 25-hydroxyvitamin D, ng/mL — 204 = 10.5 — 21.0 £ 11.3 0.5

Month of blood draw 0.8
October through November 40 (19.1) — 79 (18.9 —

December through January 59 (28.2) — 134 (32.1) —
February through March 84 (40.2) — 156 (37.3) —
April through May 26 (12.5) — 49 (11.7) —

VDR Bsml 11544410 0.2
C/C (WT) 69 (36.3) — 150 (38.2) —

C/T (HT) 96 (50.5) — 171 (43.5) —
T/T (MT) 25 (13.2) — 72 (18.3) —

VDR FokI rs2228570 0.08
G/G (WT) 69 (32.5) — 168 (40.9) —

A/G (HT) 98 (50.5) — 193 (46.9) —
A/A (MT) 33 (17.0) — 50 (12.2) —

VDR Cdx2 rs11568820 — — 0.2
C/C (WT) 108 (55.1) — 221 (54.8) —

C/T (HT) 83 (42.3) — 159 (39.5) —
T/T (MT) 5(2.6) — 23 (5.7) —

CYP24A1 154809958 0.8
G/G (WT) 132 (69.8) — 285 (70.7) —

G/T (HT) 51 (27.0) — 109 (27.1) —
T/T (MT) 6 (3.2) — 9(2.2) —

GC rs4588 0.5
G/G (WT) 100 (50.2) — 198 (49.0) — —
G/T (HT) 77 (38.7) — 171 (42.3) — —
T/T (MT) 22 (11.1) — 35 (8.7) — —

(Continued)
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TABLE 1 (Continued)

Tobacco-related cancer cases Controls
(n =209) (n =418)
n (%) Mean *= SD n (%) Mean *= SD P

GC 157041 0.5
A/A (WT) 42 (21.2) — 72 (17.5) — —
A/C (HT) 92 (46.5) — 208 (50.5) — —
C/C (MT) 64 (32.3) — 132 (32.0) — —

RXR rs7861779 — — — — 0.04
C/C (WT) 136 (68.3) — 307 (77.7) —

C/T (HT) 58 (29.2) — 82 (20.8) —
T/T (MT) 5(2.5) — 6 (1.5) —

RXR 1s12004589 — — — — 0.6
G/G (WT) 149 (76.4) — 317 (78.7) — —
G/T (HT) 45 (23.1) — 82 (20.3) — —
T/T (MT) 1(0.5) — 4 (1.0) — —

CASR rs1801725 0.8
G/G (WT) 140 (70.7) — 292 (71.4) — —
G/T (HT) 53 (26.8) — 103 (25.2) — —
T/T (MT) 5.5 — 14 (3.4) — —

CASR rs4678174 0.3
T/T (WT) 98 (51.3) — 184 (46.4) — —
C/T (HT) 81 (42.4) — 174 (43.8) — —
C/C (MT) 12 (6.3) — 39 (9.8) — —

"Tobacco-related cancer sites were as follows: lung, oral cavity, pharynx, larynx, esophagus, pancreas, urinary bladder, ureter, kidney, nasal sinuses,
stomach, liver, uterine cervix, ovary, myeloid leukemia, colon-rectum, and anus. Missing data were as follows: n = 44 for rs1544410, n = 22 for rs2228570, n =
28 for rs11568820, n = 35 for rs4809958, n = 24 for rs4588, n = 17 for rs7041, n = 33 for rs7861779, n = 29 for rs12004589, n = 20 for rs1801725, and n = 39
for rs4678174. CASR, calcium-sensing receptor; CYP24A1, 1,25-dihydroxyvitamin D3 24-hydroxylase; GC, vitamin D binding protein; HT, heterozygous
type; MT, homozygous mutant type; RXR, retinoid X receptor; SU.VL.MAX, Supplémentation en vitamines et minéraux antioxydants; VDR, vitamin D

receptor; WT, wild type.
’In first-degree relatives.

3Dietary intakes from 24-h dietary records during the first 2 y of follow-up; data were available for 418 controls and 168 cases.

smoked (former or current smokers) (OR for =30 compared with
<30 ng/mL: 0.43; 95% CI: 0.23, 0.84; P = 0.01) but not in never
smokers (OR for =30 compared with <30 ng/mL: 1.01; 95% CI:
0.50, 2.42; P = 0.8). However, the P-interaction between 25
(OH)D and smoking was NS (P-interaction = 0.2).

Similar results were obtained when we excluded colorectal
cancer cases (n = 52), which represented 24.9% of all tobacco-
related cancer cases in the study, although the P value did not
reach significance because of a loss of statistical power [ORs for
=30 compared with <30 ng/mL: overall, 0.56 (95% CI: 0.30,
1.05; P = 0.07); for ever smokers, 0.48 (95% CI: 0.23, 1.00; P =
0.05); and for never smokers, P = 0.6 (data not tabulated)].
Results were also similar when we adjusted for energy intake or
for professional categories (data not shown).

Stratified analyses on the average baseline-to-diagnosis
time (<6 and =6 y) were performed. Similar trends were ob-
served for cancer cases diagnosed <6 and =6 y after base-
line although the trends were NS or were borderline significant
because of restricted statistical power (ORs for =30 com-
pared with <30 ng/mL—baseline-to-diagnosis time <6 y:
overall (102 cases and 204 controls), 0.58 (95% CI: 0.27, 1.22;
P =0.1) and in ever smokers (70 cases and 113 controls), 0.49
(95% CI: 0.19, 1.25; P = 0.1); baseline-to-diagnosis time =6
y: overall (107 cases and 214 controls), 0.67 (95% CI: 0.31,
1.45; P = 0.3) and in ever smokers (66 cases and 112 controls),
0.35 (95% CI:0.13, 0.94; P = 0.04).

With the use of a combined variable of vitamin D status and
smoking status, we observed that, compared with smokers with 25
(OH)D concentration <30ng/mL (reference), lowest risk of to-
bacco-related cancer was observed for never smokers with 25(OH)
D concentrations =30 ng/mL (OR: 0.13; 95% CI: 0.05, 0.35),
with an overall P-trend = 0.046 across the 4 categories (data not
tabulated). This result was similar after the exclusion of co-
lorectal cancers (OR: 0.09; 95% CI: 0.03, 0.29; P-trend = 0.07).

No association was observed between dietary vitamin D intake
and risk of tobacco-related cancers [143 cases and 286 controls;
OR for Quartile 4 compared with Quartile 1: 0.84; 95% CI:
0.46, 1.51; P-trend = 0.8 (data not tabulated)].

Associations between the 10 studied SNPs and risk of tobacco-
related cancers are presented in Table 3. The genotype AA of the
VDR Fokl polymorphism was associated with increased risk of
tobacco-related cancers (OR for MT compared with WT = 1.87;
95% CI: 1.08, 3.23; P-trend = 0.02) as was the genotype TT of
RXR 157861779 (OR for HT plus MT compared with WT: 1.60;
95% CI: 1.07, 2.38; P = 0.02). No association was observed for
the other studied SNPs. Similar results were obtained when
colorectal cancer cases were excluded [VDR Fokl: OR for MT
compared with WT, 1.99 (95% CI: 1.04, 3.83; P-trend = 0.02);
RXR rs7861779: OR for HT plus MT compared with WT, 1.64
(95% CI: 1.02, 2.64; P = 0.04)]. No 2-way interaction was
detected between the SNPs and the 25(OH)D concentration
or smoking status.
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TABLE 2

Associations between 25(OH)D concentrations and risk of tobacco-related
cancers from logistic regression models overall and according to smoking
status (SU.VL.LMAX cohort, France; 1994»2007)l

25(0OH)D, ng/mL

<30 =30 P

All

Cases/controls, n 182/335 27/83 —

OR (95% CI) 1.00 0.59 (0.35,0.99) 0.046
Never smoker?

Cases/controls, n 62/163 11/30 —

OR (95% CI) 1.00 1.10 (0.50, 2.42) 0.8
Ever smoker (former and current)®

Cases/controls, n 120/172 16/53 —

OR (95% CI) 1.00 0.43 (0.23,0.84) 0.01

'Tobacco-related cancer sites were as follows: lung, oral cavity, phar-
ynx, larynx, esophagus, pancreas, urinary bladder, ureter, kidney, nasal si-
nuses, stomach, liver, uterine cervix, ovary, myeloid leukemia, colon-rectum,
and anus. Participants were matched for sex, age at baseline, intervention
group of the initial SU.VL.LMAX trial, season of blood draw, menopausal
status, and use of hormonal treatment of menopause, and models were
further adjusted for educational level (primary, secondary, and superior),
physical activity (irregular, <1-h/d walking equivalent, and =1-h/d walking
equivalent), alcohol intake (continuous; in g/d), smoking status (never; for-
mer, =10 cigarettes/d; former, >10 cigarettes/d; current, =10 cigarettes/d;
and current, >10 cigarettes/d), height (continuous; in cm), BMI (continuous;
in kg/m?), and family history of overall cancer (yes or no). SU.VLMAX,
Supplémentation en vitamines et minéraux antioxydants; 25(OH)D, 25-
hydroxyvitamin D.

2pP-interaction = 0.2 between 25(OH)D plasma concentration and smok-
ing status (never or ever).

DISCUSSION

In this nested case-control study, higher vitamin D status
[25(OH)D concentration =30g/mL] was inversely associated with
risk of tobacco-related cancers, particularly in smokers. Two
polymorphisms of genes involved in vitamin D metabolism
(VDR Fokl A allele and RXR rs7861779 T allele) were positively
associated with tobacco-related cancer risk.

To our knowledge, only one recent prospective study in-
vestigated a possible association between vitamin D status and
tobacco-related cancer risk (8). Its results were in line with ours
(i.e., increased risk associated with low vitamin D status, es-
pecially in smokers). Our results were also consistent with several
studies on tobacco-related cancer sites considered separately that
showed an inverse association with vitamin D status that was
modulated by smoking status (15, 22). Zheng et al. (22) observed
reduced risk of colorectal adenoma with vitamin D status that was
only significant for active smokers. Consistently, Amaral et al.
(15) observed increased bladder cancer risk associated with low
vitamin D status in smokers only.

These results suggest that vitamin D could contribute to the
prevention of tobacco-related cancers, which is supported by
experimental data. Smoking is a known risk factor for many
cancers because of released carcinogens (1). Several experi-
mental studies have shown that vitamin D may be involved in
the prevention of chemically induced tumors and tumors that
are induced by tobacco carcinogens in particular (3-6). In-
deed, vitamin D is supposed to enhance apoptosis, thereby
suppressing cells that are damaged because of carcinogens
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and limiting tumor progression (2, 41), to be a factor of de-
toxification (42), and to reduce the susceptibility to carcino-
gens (41).

From a public health standpoint, our results on the combined
25(OH)D concentration—smoking status variable indicated that
tobacco-related cancer risk was maximal in smokers, especially
if their vitamin D status was <30 ng/mL, and was minimal in
nonsmokers with vitamin D status =30 ng/mL. To the best of
our knowledge, our study is the first one to investigate the re-
lation between several SNPs of genes involved in vitamin D
metabolism and tobacco-related cancer risk.

Epidemiologic evidence regarding the association between
VDR Fokl polymorphisms and separate cancer sites has been
inconsistent. In our study, we observed increased risk of
tobacco-related cancers with the A (f) allele [compared with the G
(F) allele], which was consistent with some studies that observed
a direct association between the f allele and increased risk of
colon (43) or liver cancer in patients with hepatitis B (25),
whereas other studies showed decreased risk of head and neck
cancer (44) or lung cancer (45) with this same allele or no as-
sociation with colorectal cancer (11, 23), renal cell carcinoma
(24), or bladder cancer (29). Experimental studies have provided
support for our results because they suggested that the f allele
produces a longer form of the VDR protein, which leads to
a less-effective interaction of this receptor with transcription
factors and results in a less-effective activity of vitamin D (46,
47). This less-effective activity of vitamin D is consistent with
increased risk of tobacco-related cancers when the potentially
protective effect of vitamin D that has been suggested for these
cancers is considered.

Very limited information exists regarding the SNP RXR
rs7861779 for which a positive association was observed be-
tween the T allele and tobacco-related cancer risk in our anal-
yses. One previous epidemiologic study observed increased risk
of proximal colon cancer that was associated with this same
allele (27). RXR forms a heterodimer with VDR that enables the
latter to interact with target genes (2). It may be hypothesized
that the T allele of RXR rs7861779 results in a less-effective
RXR-VDR dimer, which hinders a proper vitamin D action in
cancer prevention.

There was no association observed with the other studied
SNPs. The literature regarding these SNPs and separate tobacco-
related cancer sites has been uneven and inconsistent; most
studies dealt with VDR Bsml or Cdx2, especially as they relate to
risk of colorectal cancer for which an inverse association has
been observed with the B allele and a direct association with the
C allele, respectively (11, 23). Few studies have investigated
these SNPs of VDR with other cancer such as head and neck
cancer (null result) (26), lung cancer (decreased risk with the A
allele) (21), or renal cancer (null result) (24), and even fewer
studies have investigated other gene polymorphisms such as GC
rs4588, GC rs7041, CaSR rs4678174, and CaSR rs1801725, and,
again, most of these studies investigated these polymorphisms in
association with colorectal cancer risk and observed null results
(27, 28, 48, 49).

Strengths of our study pertained to its prospective design and
a well-characterized population with available plasma 25(OH)D
concentrations and genotypes for 10 vitamin D-related SNPs.
However, some limitations should be acknowledged. First, al-
though the number of cases was sufficient to perform analyses
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TABLE 3
Associations between single nucleotide polymorphisms of genes involved in vitamin D metabolism and risk of tobacco-related cancers, from logistic
regression (SU.VIL.MAX cohort, France; 1994—2007)1

Codominant Dominant Recessive
WT HT MT P-trend WT HT + MT P WT+HT MT P

VDR Bsml rs1544410

Cases/controls, n 69/150 96/171 25/72 — 69/150 1217243 — 165/321 25/72 —

OR (95% CI) 1.00 1.15 (0.77, 1.70) 0.73 (0.42, 1.27) 0.5 1.00 1.02 (0.71, 1.49) 0.9 1.00 0.67 (0.40, 1.12) 0.1
VDR Fokl rs2228570

Cases/controls, n 63/168 98/193 33/50 — 63/168 131/243 — 161/361 33/50 —

OR (95% CI) 1.00 1.42 (0.96, 2.10) 1.87 (1.08, 3.23)  0.02 1.00 1.51 (1.04, 2.19) 0.03 1.00 1.53 (0.93, 2.51) 0.09
VDR Cdx2 rs11568820

Cases/controls, n 108/221 83/159 5/23 — 108/221 88/182 — 191/380 5/23 —

OR (95% CI) 1.00 1.04 (0.72, 1.50) 0.46 (0.16, 1.28) 0.5 1.00  0.97 (0.68, 1.38) 0.9 1.00 0.45 (0.16, 1.24) 0.1
CYP24A1 154809958

Cases/controls, n 132/285 51/109 6/9 — 132/285 57/118 — 183/394 6/9 —

OR (95% CI) 1.00 1.01 (0.67, 1.52) 1.33 (0.44, 4.00) 0.8 1.00 1.03 (0.70, 1.53) 0.9 1.00 1.33 (0.45,3.97) 0.6
GC rs4588

Cases/controls, n 100/198 77171 22/35 — 100/198 99/206 — 177/369 22/35 —

OR (95% CI) 1.00  0.84 (0.57, 1.22) 1.17 (0.63,2.16) 0.9 1.00  0.89 (0.63, 1.27) 0.5 1.00 1.27 (0.71,2.29) 0.4
GC 157041

Cases/controls, n 42/72 92/208 64/132 — 42/72 156/340 — 134/280 64/132 —

OR (95% CI) 1.00  0.80 (0.50, 1.28) 0.91 (0.55,1.51) 0.8 1.00  0.84 (0.54, 1.31) 0.4 1.00 1.07 (0.73, 1.56) 0.7
RXR rs7861779

Cases/controls, n 136/307 58/82 5/6 — 136/307 63/88 — 194/389 5/6 —

OR (95% CI) 1.00 1.60 (1.06, 2.41) 1.61 (0.45,5.76)  0.03 1.00 1.60 (1.07, 2.38) 0.02 1.00 1.43 (0.40, 5.08) 0.6
RXR 112004589

Cases/controls, n 149/317 45/82 1/4 — 149/317 46/86 — 194/399 1/4 —

OR (95% CI) 1.00 1.22 (0.80, 1.86) 0.52 (0.06, 4.84) 0.5 1.00 1.18 (0.78, 1.80) 0.4 1.00 0.49 (0.05, 4.61) 0.5
CASR rs1801725

Cases/controls, n 140/292 53/103 5/14 — 140/292 58/117 — 193/395 5/14 —

OR (95% CI) 1.00 1.07 (0.72, 1.60) 0.85 (0.29, 2.50) 0.9 1.00 1.05 (0.71, 1.55) 0.8 1.00 0.83 (0.29, 2.43) 0.7
CASR rs4678174

Cases/controls, n 98/184 81/174 12/39 — 98/184 93/213 — 179/358 12/39 —

OR (95% CI) 1.00  0.91 (0.62, 1.32) 0.56 (0.27,1.21) 0.2 1.00  0.84 (0.59, 1.21) 0.3 1.00 0.59 (0.29, 1.17) 0.1

"Tobacco-related cancer sites were as follows: lung, oral cavity, pharynx, larynx, esophagus, pancreas, urinary bladder, ureter, kidney, nasal sinuses,
stomach, liver, uterine cervix, ovary, myeloid leukemia, colon-rectum, and anus. Participants were matched for sex, age at baseline, intervention group of the
initial SU.VL.MAX trial, season of blood draw, menopausal status, and use of hormonal treatment of menopause, and models were further adjusted for the
25-hydroxyvitamin D concentration at baseline (continuous; in ng/mL), educational level (primary, secondary, and superior), physical activity (irregular,
<1-h/d walking equivalent, and =1-h/d walking equivalent), alcohol intake (continuous; in g/d), smoking status (never, former, and current), height (continuous;
in cm), BMI (continuous; in, kg/m?), and family history of overall cancer (yes or no). Missing data were as follows: n = 44 for rs1544410, n = 22 for rs2228570,
n =28 for rs11568820, n = 35 for rs4809958, n = 24 for rs4588, n = 17 for rs7041, n = 33 for rs7861779, n = 29 for rs12004589, n = 20 for rs1801725, and n = 39
for rs4678174. CASR, calcium-sensing receptor; CYP24A1, 1,25-dihydroxyvitamin D3 24-hydroxylase; GC, vitamin D binding protein; HT, heterozygous type;
MT, homozygous mutant type; RXR, retinoid X receptor; SU.VL.LMAX, Supplémentation en vitamines et minéraux antioxydants; VDR, vitamin D receptor;
WT, wild type.

on tobacco-related cancers overall, the number of cases for each stratifications (e.g., by BMI or alcohol intake) were also not
site was limited so that statistical power was not sufficient to  possible in this study because of the limited sample size. Finally,
allow separate analyses by cancer sites. Furthermore, colorectal ~ smoking status was only assessed at baseline, and no detailed
cancer was the most-represented site in our sample, and because  information was available on the duration of smoking or the
of the established inverse association between vitamin D status  time since former smokers quit smoking.

and colorectal cancer risk, it could be hypothesized that our In conclusion, this prospective study observed decreased
results were driven by this site. However, because all results  risk of tobacco-related cancers for 25(OH)D concentrations
were similar when colorectal cancer cases were excluded but =30 ng/mL, particularly in smokers. Consistently, 2 genetic poly-
became borderline significant, the results suggest that, although  morphisms were shown to be associated with increased risk of
colorectal cancer did contribute to the findings, the observed  tobacco-related cancers (i.e., the A allele of VDR Fokl and the
associations were not entirely explained by this cancer site. T allele of RXR rs7861779), which could reflect the less-effective
Statistical power was also limited in the stratified and in genetic ~ activity of vitamin D induced by these polymorphisms. Our
analyses. Although this limitation may have restricted our  results on vitamin D status were consistent with the only existing
ability to detect some of the associations, this drawback was  prospective study that has dealt with tobacco-related cancers,
unlikely to explain the observed relations that were significant  and to our knowledge, our study is the first to investigate the link
despite this potential power limitation. Additional levels of  between vitamin D-related gene polymorphisms and risk of
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tobacco-related cancers. These results, which are supported by
mechanistic data from experimental studies, provide insight into the
role of vitamin D in the prevention of tobacco-related cancers and
deserve additional exploration in future large prospective studies.
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