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Abstract
Our previous analysis suggested that surgery season in the
summer time and high vitamin D intake are associated with
improved survival in early-stage non – small cell lung cancer
(NSCLC) patients. Here, we investigated the associations of
vitamin D receptor (VDR) polymorphisms of Cdx-2 G>A, FokI
C>T, and BsmI C>T with overall survival (OS) and recurrencefree survival (RFS) in 373 early-stage NSCLC patients. The
data were analyzed using log-rank test and Cox proportional
hazards models. The median follow-up time was 71 months
(range, 0.1-140 months), with 186 deaths and 127 recurrences.
There was no association between VDR polymorphisms and
survival, overall or among adenocarcinoma patients. Among
squamous cell carcinoma (SCC) patients, the G/A+A/A
genotype group of the Cdx-2 polymorphism was associated
with better OS: the 5-year OS rates were 41% [95% confidence

interval (95% CI), 28-53] for the G/G and 55% (95% CI, 39-71)
for the G/A+A/A genotypes, respectively (P = 0.04, log-rank
test), with the adjusted hazard ratio of 0.56 (95% CI, 0.33-0.95)
for G/A+A/A versus G/G. For the joint effects of the three
polymorphisms, subjects with two or more ‘‘protective’’
alleles have better OS among SCC patients, with the adjusted
hazard ratios of 0.20 (95% CI, 0.09-0.48), 0.40 (95% CI, 0.19-0.87),
and 0.43 (95% CI, 0.19-0.97), respectively, for subjects with
two, three, and four or more ‘‘protective’’ alleles when
compared with subjects with zero or one ‘‘protective’’ allele
(P trend = 0.71). Similar associations were found in haplotype
analysis and for RFS among SCC patients. In conclusion, VDR
polymorphisms may be associated with improved survival
among SCC patients of early-stage NSCLC. (Cancer Epidemiol Biomarkers Prev 2006;15(11):2239 – 45)

Introduction
The vitamin D endocrine system is involved in a wide variety
of biological processes, including bone metabolism, modulation of the immune response, and regulation of cell proliferation and differentiation (1). Recent animal and epidemiologic
studies have suggested that vitamin D may have anticancer
benefits, including against progression and metastasis, in a
wide spectrum of cancers, including lung cancer (2-4). The
hormonal activity of vitamin D is mediated by the vitamin D
receptor (VDR), a member of the steroid/retinoid receptor
superfamily of nuclear receptors, which has been found in
numerous tissues in different organs. The VDRs are intracellular polypeptides of 50 to 60 kDa that specifically bind
1,25(OH)2D and interact with target cell nuclei to produce a
variety of biological effects. Vitamin D exerts its potential
tumor-suppressive functions by binding to VDR within cells.
The VDR then interacts with specific regions of the DNA in
cells and triggers changes in the activity of genes involved in
cell division, cell adhesion, and cellular function (2).
The human VDR gene contains 11 exons and spans f75 kb,
and several polymorphisms are ‘‘functional’’ by in vitro
studies. The Cdx-2 G>A polymorphism (rs11568820) is located
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within the Cdx-2-binding site in the VDR gene promoter, with
the A allele being associated with significantly higher VDR
transcriptional activity than the G allele (5, 6). The FokI C>T
polymorphism (rs10735810) is in the translational start site of
VDR and has distinct structural consequences for the VDR,
with the T allele (also called ‘‘f’’) being less efficient in exerting
1,25(OH)2D effects than the C allele (also called ‘‘F’’; ref. 7).
The BsmI C>T polymorphism (rs1544410) is located in intron
8 at the 3¶ end of VDR and is in high linkage disequilibrium
with several other reported polymorphisms, including ApaI,
TaqI, and poly-A (8, 9), with the T allele (also called ‘‘B’’) being
associated with increased VDR mRNA expression and
increased serum levels of 1,25(OH)2D compared with the C
allele (also called ‘‘b’’; refs. 10, 11). Polymorphisms of VDR
have been associated with metastasis, recurrence, treatment
response, or prognosis of breast cancer (12), malignant
melanoma (13), prostate cancer (14, 15), and colorectal cancer
(16); however, the results are not consistent in different studies,
with little reproducibility from study to study.
Our previous data suggested that high vitamin D levels (the
joint effects of summer surgery season and high recent vitamin
D intake) at the time of treatment initiation may be associated
with improved survival of early-stage non – small cell lung
cancer (NSCLC) patients (17). Based on the ‘‘functional’’ data
of VDR polymorphisms, we hypothesized that the variant A
allele of the Cdx-2 polymorphism, the wild-type C allele of the
FokI polymorphism, and the variant T allele of the BsmI
polymorphism, which are thought to be associated with higher
VDR transcriptional activities or higher vitamin D levels, are
associated with improved survival of NSCLC and have joint
effects with vitamin D status at the time of treatment initiation.
Furthermore, we hypothesized that the joint effects of the three
polymorphisms are stronger than the individual effect.
Because histologic difference has been reported for the effects
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of 1,25(OH)2D and VDR on lung cancer (18), we investigated
the above a priori hypotheses in our cohort of early-stage
NSCLC patients, overall and in different histologic cell types of
NSCLC.

Materials and Methods
Study Population. The study population is based on an
ongoing hospital-based case follow-up study initiated in 1992,
with details described previously (17). In brief, all participants
were histologically confirmed and consecutively recruited
incident early-stage (stages IA to IIB) NSCLC patients from
Massachusetts General Hospital (MGH; Boston, MA). Histologic review of all samples was done by pathologists at the
MGH Pathology Department at the time of surgical resection.
Fresh tumor tissue was obtained at the time of surgery and cut
into slides, and representative H&E-stained sections were
examined to evaluate the pathologic type of the tumor. We
limited the analysis to those patients recruited before year 2000,
ensuring a follow-up time of at least 4 years (outcome data were
collected in year 2004). All of the patients had their surgical
resection at MGH, with outpatient records available and
detailed demographic information collected by intervieweradministered questionnaires. More than 85% of eligible
patients participated in this study, and 96% were Caucasians.
Among the 456 eligible subjects, 83 patients were excluded
because they did not have adequate blood or DNA samples for
genotyping, leaving a total of 373 subjects. There were no
statistically significant differences in patient characteristics
between those with and those without genotype data.
Characteristics examined include age, gender, histologic cell
type, stage, radiotherapy, and chemotherapy after surgery.
There were also no differences in overall survival (OS)
between the groups, neither. All patients had surgical resection
as the initial treatment, including wedge (24%), lobectomy
(62%), bilobectomy (2%), pneumonectomy (6%), sleeve lobectomy (3%), and lobectomy plus wedge (1%). Additionally, 30
(8%) patients received postoperative radiation and/or adjuvant chemotherapy. The study was approved by the Human
Subjects Committee of MGH and Harvard School of Public
Health, and informed consent was collected from each
participant.
VDR Genotyping. DNA was extracted from peripheral
blood samples using the Puregene DNA Isolation kit (Gentra
Systems, Minneapolis, MN). The three VDR polymorphisms
were genotyped by the 5¶ nuclease assay (Taqman) using the
ABI Prism 7900HT Sequence Detection System (Applied
Biosystems, Foster City, CA). The primers, probes, and
reaction conditions were available upon request. Genotyping
was done by laboratory personnel blinded to case-control
status, and a random 5% of the samples were repeated to
validate genotyping procedures. Two authors reviewed
independently all genotyping results.
Outcome Data Collection. OS and recurrence-free survival
(RFS) were the end points in this study. OS was calculated
from the date of surgery to the date of last follow-up or
death from any cause. Dates of death were obtained and
cross-checked using at least one of the following four methods:
(a) inpatient and outpatient medical records, (b) MGH tumor
registry, (c) Social Security Death Index, and (d) confirmation
with the patient’s primary care physician and/or family.
Patients who were not deceased were censored at the last date
they were known to be alive based on date of last contact. This
date was verified by methods (b) and/or (d) as described
above. Median follow-up time for this cohort was computed
among alive subjects. RFS was defined as the time from the
date of surgery to the first date of recurrence of cancer or death
from any cause or the date of last follow-up. Date of recurrence

was obtained by reviewing the hospital and outpatient records
of all patients. For those 14% of patients who had their primary
follow-up outside of the MGH system, we contacted the
primary physician to obtain follow-up information.
Statistical Analysis. Demographic, clinical, and histologic
information was compared across different genotype groups
using Pearson m2 tests (for categorical variables) and KruskalWallis tests (for continuous variables), where appropriate.
Hardy-Weinberg equilibrium of each polymorphism was
tested using the m2 test, and detection of linkage disequilibrium between the three polymorphisms was based on
Lewontin’s D¶. The associations between individual VDR
polymorphisms (or the total number of ‘‘protective’’ alleles
from the three polymorphisms) and OS and RFS were
estimated using the method of Kaplan and Meier and assessed
using the log-rank test. Cox proportional hazards models were
used as our primary analyses, controlling for multiple possible
covariates simultaneously, including age, gender, stage,
smoking status, and surgery season, where appropriate, with
each covariate, including genotype groups or number of
‘‘protective’’ alleles represented by indicator variables. In
addition to the overall analysis, we also investigated the
effects of VDR polymorphisms on NSCLC in different
histologic cell types [i.e., adenocarcinoma and squamous cell
carcinoma (SCC), respectively].
Haplotype frequencies and individual haplotypes were
generated using the expectation-maximization algorithm,
which reconstruct individual probabilities for individual
phasing accuracy based on unphased genotype data, as well
as estimates on the overall haplotype frequencies and their SEs
(19-22). The associations between VDR haplotypes and
survival were estimated using the ‘‘expectation substitution’’
approach (19, 20, 22), which treats expected haplotype scores
(calculated under additive model) as observed covariates in a
standard Cox proportional hazards model, instead of assigning each subject with the most likely haplotype pair. All
reported Ps are from two-sided tests. Ps < 0.05 were
considered statistically significant. All analyses were done
using Statistical Analysis System software version 9 (SAS
Institute, Cary, NC).

Results
Demographic, Stage, and Treatment Characteristics.
Among the 373 NSCLC patients, median age was 69 years
(range, 31-89), 49% were females and 39% were current
smokers. Adenocarcinoma, SCC, large cell, and bronchioloalveolar carcinoma represented 48%, 29%, 5%, and 12% of the
tumor histologies, respectively. Fifty-two percent were stage
IA, 29% were stage IB, 4% were stage IIA, and 15% were stage
IIB. There were 186 deaths and 127 recurrences, including 98
deaths that occurred in the absence of reported recurrence and
39 recurrences without death. The median follow-up time for
the 225 patients still alive was 71 months (range, 0.1-140
months).
Detailed demographic, clinical, and treatment information
by different histologic cell types is presented in Table 1.
Compared with adenocarcinoma, SCC patients had lower
frequencies of females (37% versus 54%), stage IA (37% versus
58%), and never smokers (1% versus 9%). Surgery seasons
were similar between different histologic cell types. Because of
the small sample sizes of bronchioloalveolar carcinoma and
large cell carcinoma, we limited the genotype survival analysis
to adenocarcinoma and SCC in the subgroup analysis.
Genotype Information. The three VDR polymorphisms
were all in Hardy-Weinberg equilibrium. The variant allele
frequency was 0.27 for the Cdx-2 polymorphism (the A allele),
0.40 for the FokI polymorphism (the T allele), and 0.44 for the
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Table 1. Demographic, treatment, and genotype characteristics in different histologic cell types of lung cancer patients
Characteristic

Age (y)*
Gender, female
Smoking status
Never
Ex-smokers
Current smokers
Clinical stage
IA
IB
IIA
IIB
Surgery type
Wedge
Lobectomy
Others
Radiation/chemotherapy
c
Surgery season
Winter
Spring/fall
Summer
VDR Cdx-2 G>A polymorphism
G/G
G/A
A/A
VDR FokI C>T polymorphism
C/C
C/T
T/T
VDR BsmI C>T polymorphism
C/C
C/T
T/T

Histologic cell types
Others (N = 85),
n (%)

P

All patients
(N = 373), n (%)

Adenocarcinoma
(N = 180), n (%)

Squamous
(N = 108), n (%)

69 (31-89)
182 (49)

69 (35-86)
97 (54)

70 (47-89)
40 (37)

69 (31-88)
45 (53)

26 (7)
202 (54)
145 (39)

17 (9)
89 (49)
74 (41)

1 (1)
54 (50)
53 (49)

8 (9)
59 (69)
18 (21)

<0.001

0.32
0.01

194
109
14
56

(52)
(29)
(4)
(15)

104
43
10
23

(58)
(24)
(5)
(13)

40 (37)
41 (38)
3
24 (22)

50
25
1
9

(59)
(29)
(1)
(11)

<0.01

90
232
51
30

(24)
(62)
(14)
(8)

50
117
13
12

(28)
(65)
(7)
(7)

23
57
28
11

17
58
10
7

(20)
(68)
(12)
(8)

<0.001

(21)
(53)
(26)
(10)

0.57

107 (29)
143 (38)
123 (33)

53 (29)
68 (38)
59 (33)

32 (30)
41 (38)
35 (32)

22 (26)
34 (40)
29 (34)

0.98

201 (54)
144 (39)
28 (7)

87 (48)
78 (44)
15 (8)

66 (61)
37 (34)
5 (5)

48 (57)
29 (34)
8 (9)

0.20

141 (38)
170 (45)
62 (17)

68 (38)
78 (43)
34 (19)

44 (41)
48 (44)
16 (15)

29 (34)
44 (52)
12 (14)

0.63

119 (32)
182 (49)
72 (19)

54 (30)
92 (51)
34 (19)

33 (31)
50 (46)
25 (23)

32 (38)
40 (47)
13 (15)

0.54

NOTE: Among the population, 340 patients were Caucasians, 12 patients were non-Caucasians, and 21 patients were missing the race information. Except for age, all
of the other values are tested by m2 test or Fisher’s exact test.
*Median (range), tested by Kruskal-Wallis test.
cSeasons include winter (the low sun exposure months of November-February), spring/fall (the intermediate sun exposure months of March, April, September, and
October), and summer (the high sun exposure months of May-August).

BsmI polymorphism (the T allele). The three VDR polymorphisms were not in linkage disequilibrium, with the D¶ of
Cdx-2_A-FokI_T of 0.10, Cdx-2_A-BsmI_C of 0.09, and FokI_TBsmI_C of 0.03. None of the evaluated genotypes was
associated with histologic cell types (Table 1), age, gender,
stage, smoking, treatment, or surgery season (data not shown).
Individual VDR Polymorphisms and OS and RFS. The
results of log-rank test and Cox proportional hazards models
for VDR polymorphisms are presented in Table 2 (for OS). No
association was found between the VDR Cdx-2 polymorphism
and OS in the whole population or in adenocarcinoma
patients. For the Cdx-2 polymorphism in SCC, due to the
small number of patients with A/A genotype (n = 5) and
similar survival effects with the G/A genotype (Table 2), we
combined the G/A and A/A genotype groups in the analysis.
The VDR Cdx-2 polymorphism was associated with statistically significant better survival among SCC patients. The 5year OS survival rates [95% confidence interval (95% CI)] of
the Cdx-2 polymorphisms were 41% (28-53) for the G/G
genotype and 55% (39-71) for the G/A+A/A genotypes,
respectively (P = 0.04, log-rank test; Fig. 1A). In the Cox
proportional hazards model, the adjusted hazard ratio (AHR)
was 0.56 (95% CI, 0.33-0.95) for the G/A+A/A versus G/G.
Similar improved survival effects of the Cdx-2 polymorphism
were found for RFS in SCC: the 5-year RFS survival rates were
34% (95% CI, 22-46) for the G/G genotype and 50% (95% CI,
34-66) for the G/A+A/A genotypes, respectively (P = 0.03,
log-rank test; Fig. 1B), with the AHR of 0.57 (95% CI, 0.34-0.94)
for G/A+A/A versus G/G. Further analysis showed that the

interaction between Cdx-2 polymorphism (G/A+A/A versus
G/G) and histologic cell types (SCC versus adenocarcinoma)
was statistically significant (P = 0.02 for both OS and RFS) in
the Cox proportional hazards model. Similar results were
observed in the Caucasian-only analysis.
In the secondary analysis, we investigated the joint effects
between surgery season or dietary vitamin D intake and Cdx-2
polymorphism. Similar to the results of Cdx-2 polymorphism
alone, the joint effects of summer season and G/A+A/A genotype
and of higher vitamin D intake and G/A+A/A genotype were
associated with better OS or RFS among SCC patients,
respectively, although the trend test was not always statistically
significant (Table 3).
There was no statistically significant association between
VDR FokI or BsmI polymorphism and OS (Table 2) or RFS,
overall or by histologic cell types. Similar results were found
when the three polymorphisms were included in the same
model in the Cox proportional hazards models.
Combined VDR Polymorphisms and OS and RFS. We also
analyzed the joint effects of the three VDR polymorphisms
based on the ‘‘function’’ of each polymorphism and total
number of ‘‘protective’’ alleles. For the purposes of this
analysis, the Cdx-2 G/G, FokI T/T, and BsmI C/C genotypes,
which are associated with lower VDR transcriptional activity,
lower VDR mRNA levels, or lower circulating vitamin D
levels, were assigned as having zero ‘‘protective’’ allele;
conversely, the Cdx-2 A/A, FokI C/C, and BsmI T/T genotypes
were assigned as having two ‘‘protective’’ alleles. A total of
four groups was generated: group 1, the reference group, with
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Table 2. Five-year OS rates (95% CI) and AHRs (95% CI) for individual VDR polymorphism
Genotypes

All patients
n

Death

5-year
survival

Adenocarcinoma
AHR

VDR Cdx-2 G>A polymorphism
G/G
201 105
54% (47-61%)
G/A
144
69
58% (50-67%)
A/A
28
12
53% (33-73%)
P*
0.40
G/A+A/A 172
81
59% (51-67%)
VDR FokI C>T polymorphism
C/C
141
76
54% (45-63%)
C/T
170
79
59% (52-67%)
T/T
62
31
55% (42-68%)
P*
0.47
VDR BsmI C>T polymorphism
C/C
119
61
52% (42-62%)
C/T
182
89
64% (57-72%)
T/T
72
40
44% (32-56%)
P*
0.20

n

Death

1.00
87
0.84 (0.62-1.14) 78
0.92 (0.50-1.68) 15
0.37
0.85 (0.63-1.14) 93

39
39
9

1.00
68
0.84 (0.61-1.16) 78
1.13 (0.74-1.74) 34
0.93
1.00
54
0.83 (0.59-1.16) 92
1.35 (0.90-2.03) 34
0.31

5-year
survival

SCC
AHR

n

Death

5-year
survival

AHR

64% (53-74%)
1.00
66
62% (51-74%) 1.02 (0.64-1.62) 37
47% (21-72%) 1.71 (0.81-3.60) 5
0.57
0.33
60% (50-70%) 1.11 (0.72-1.73) 42

44
19
2

30
41
16

62% (50-75%)
1.00
44
59% (47-70%) 1.13 (0.67-1.88) 48
62% (45-79%) 1.31 (0.70-2.46) 16
0.75
0.40

30
25
10

40% (24-56%)
52% (37-66%)
45% (19-71%)
0.49

1.00
0.75 (0.44-1.28)
0.98 (0.47-2.03)
0.64

25
44
18

59% (45-73%)
1.00
33
67% (57-77%) 0.88 (0.52-1.48) 50
47% (29-66%) 1.52 (0.81-2.83) 25
0.63
0.30

22
26
17

38% (21-55%)
59% (44-74%)
31% (11-51%)
0.08

1.00
0.59 (0.33-1.05)
1.18 (0.62-2.23)
0.83

48

21

41% (28-53%)
1.00
55% (38-72%) 0.55 (0.32-0.95)
60% (17-100%) 0.69 (0.16-2.96)
0.12
0.05
55% (39-71%) 0.56 (0.33-0.95)

NOTE: AHRs, adjusting for age, gender, smoking status, stage, and surgery season, where appropriate.
*The P s were for log-rank test or trend test in Cox proportional hazards models, respectively.

zero or one ‘‘protective’’ allele; group 2, with two ‘‘protective’’
alleles; group 3, with three ‘‘protective’’ alleles; and group 4,
with four or more ‘‘protective’’ alleles. Results of log-rank test
and Cox proportional hazards models are shown in Table 4.
There was no statistically significant association between the
joint polymorphisms and OS or RFS, overall or in adenocarcinoma patients. Among SCC patients, those with two or more
‘‘protective’’ alleles have statistically better survival when
compared with the reference group in Cox proportional
hazards models; however, no clear ‘‘dose-response’’ effect
was observed. For OS, the AHRs were 0.20 (95% CI, 0.09-0.48),
0.40 (95% CI, 0.19-0.87), and 0.43 (95% CI, 0.19-0.97) for subjects
with two, three, and four or more ‘‘protective’’ alleles (P trend =
0.71); for RFS, the corresponding AHRs were 0.23 (95% CI,
0.10-0.51), 0.43 (95% CI, 0.20-0.89), and 0.44 (95% CI, 0.20-0.97),
respectively (P trend = 0.70). Similar results were observed in the
Caucasian-only analysis.

of Cdx-2 G>A, FokI C>T, and BsmI C>T and the survival of
early-stage NSCLC patients and found that the G/A+A/A
genotypes of the Cdx-2 polymorphism, the combined ‘‘protective’’ genotypes, and the A-C-T haplotype (Cdx-2-FokI-BsmI),
which are associated with higher VDR expressions, transcription, or higher vitamin D levels, were all associated with better
OS and RFS among SCC lung cancer patients. The results were
also confirmed by the joint effects of surgery season, dietary

VDR Haplotypes and OS and RFS. Finally, we investigated
the associations between VDR haplotypes and OS and RFS in
Cox proportional hazards models. A total of eight haplotypes
was generated (Table 5). Among these, the G-T-C haplotype
(15%, Cdx-2-FokI-BsmI) was hypothesized to be associated with
the lowest VDR expression or VDR function levels based on
the ‘‘functional’’ data and was therefore used as reference
group in the analysis. Similar to the results of genotype
analysis, there was no statistically significant association
between VDR haplotypes and OS or RFS, overall or among
adenocarcinoma patients. Among SCC patients, the majority of
the haplotypes were associated with lower AHRs when
compared with the G-T-C haplotype, and the A-C-T haplotype
(6% of frequency) that was hypothesized to be associated with
the best function was associated with better OS (statistically
significant) and RFS (borderline significant): the AHR of A-C-T
versus G-T-C was 0.22 (95% CI, 0.05-0.96; P = 0.04) for OS and
0.27 (95% CI, 0.07-1.12; P = 0.07) for RFS, respectively (Table 5).
Similar results were also observed in the Caucasian-only
analysis.

Discussion
Vitamin D has potential antiproliferative, anti-invasive, and
proapoptotic properties against a wide spectrum of cancers
and may be beneficial for the survival of cancers, including
lung cancer (2, 4, 17). In this study, we investigated the
associations between three ‘‘functional’’ VDR polymorphisms

Figure 1. Kaplan-Meier curves of VDR Cdx-2 G>A polymorphism in
OS (P = 0.04, log-rank test; A) and RFS (P = 0.03, log-rank test; B)
among SCC patients, where the G/A and A/A genotypes are
combined. Log-rank test was based on the full data of SCC patients.
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Table 3. AHRs (95% CI) for the joint effects between surgery season or dietary vitamin D intake and VDR Cdx-2
polymorphism
VDR groups

All patients
n

Events

Adenocarcinoma
n

AHR

AHR

n

Events

AHR

15
54
18

1.00
1.01 (0.56-1.81)
1.43 (0.70-2.92)

20
73
15

13
44
8

1.00
0.83 (0.43-1.60)
0.52 (0.21-1.27)

19
70
21

1.00
1.10 (0.65-1.86)
1.38 (0.72-2.66)

20
73
15

16
48
8

1.00
0.59 (0.32-1.10)
0.35 (0.15-0.85)

12
43
12

1.00
1.23 (0.63-2.41)
1.04 (0.46-2.35)

23
39
20

14
25
10

1.00
0.82 (0.41-1.66)
0.44 (0.19-1.04)

19
48
16

1.00
0.92 (0.52-1.61)
0.99 (0.50-1.96)

23
39
20

15
26
11

1.00
1.01 (0.51-2.02)
0.57 (0.25-1.28)

Events

Joint effects of surgery season and VDR Cdx-2 G>A polymorphism
OS
Winter + G/G
60
33
1.00
30
Others
257
125
0.99 (0.67-1.46)
121
Summer + A *
56
28
0.90 (0.54-1.50)
29
RFS
Winter + G/G
60
40
1.00
30
Others
257
152
1.00 (0.70-1.42)
121
Summer + A *
56
33
0.90 (0.57-1.44)
29
Joint effects of dietary vitamin D intake and VDR Cdx-2 G>A polymorphismc
OS
Low intake + G/G
73
33
1.00
33
Others
148
82
1.06 (0.70-1.61)
82
High intake + A *
63
27
0.78 (0.47-1.32)
28
RFS
Low intake + G/G
73
42
1.00
33
Others
148
90
0.95 (0.65-1.39)
82
High intake + A *
63
37
1.02 (0.65-1.61)
28

SCC

NOTE: AHRs, adjusting for age, gender, smoking status, and stage, where appropriate, with winter season + G/G genotype or low vitamin D intake + G/G genotype as
the reference group, respectively.
*G/A+A/A genotype.
cDietary data were available for 284 patients in this study, with low and high dietary vitamin D intake stratified by mean vitamin D intake (273 IU/d) in the whole
population.

vitamin D intake, and Cdx-2 polymorphism. The findings were
observed only for SCC and thus could be due to chance.
However, the consistency of the findings for SCC observed for
the individual genotypes, combined analysis, haplotype
analysis, and joint analysis with surgery season and vitamin
D intake argues against a chance finding.
The associations between VDR and cancer metastases and
survival are supported by animal models. Using cells isolated
from VDR knockout and wild-type mice, both normal and
transformed mammary cells derived from wild-type mice are
growth inhibited by 1,25(OH)2D. However, cells derived from
VDR knockout mice are completely unresponsive to
1,25(OH)2D (23). An inverse relationship between VDR levels
and both colonic hyperproliferation and oxidative stress has
been found in a mouse model (24). In humans, significant
higher expression levels of VDR have been found in lung
cancer tissues than in normal tissues (25, 26), and VDR activity

may be enhanced by h-catenin (27), which makes cells in the
tumor mass more adherent to each other and reduces the
likelihood of mobilization of large numbers of malignant cells
into the lymphatic or blood circulation.
VDR is a highly polymorphic gene. Although functional
significances between different genotypes of VDR polymorphisms have been reported based on in vitro studies, the
associations between VDR polymorphisms and cancer survival are not consistent across studies, and there is no report on
the association between VDR genotypes or haplotypes and
lung cancer survival (28). The BsmI C>T polymorphism is the
most widely studied VDR polymorphism in cancer prognosis.
The T/T genotype may protect the development of metastases
among breast cancer patient (29, 30) and may affect the
prognosis of rectal cancer by influencing erbB-2 oncogene
expression, although it alone did not influence survival (16).
The BsmI T allele has also been associated with reduced acute

Table 4. Five-year survival rates (95% CI) and AHRs (95% CI) for combined VDR polymorphisms
VDR groups

OS
Group
Group
Group
Group
P*
RFS
Group
Group
Group
Group
P*

All patients

Adenocarcinoma

n

Events

1
2
3
4

55
123
109
86

27
60
55
44

52%
61%
53%
55%

(38-66%)
1.00
24
(52-71%) 0.71 (0.45-1.13) 61
(43-63%) 0.86 (0.53-1.38) 50
(44-66%) 0.90 (0.55-1.46) 45
0.63
0.76

9
30
26
22

64%
64%
58%
59%

(44-84%)
1.00
15
(51-76%) 0.90 (0.41-1.97) 35
(43-72%) 0.98 (0.43-2.22) 35
(44-75%) 1.11 (0.50-2.47) 23
0.63
0.51

12
18
19
16

25%
59%
40%
44%

(2-48%)
1.00
(42-75%) 0.20 (0.09-0.48)
(22-59%) 0.40 (0.19-0.87)
(22-65%) 0.43 (0.19-0.97)
0.18
0.71

1
2
3
4

55
123
109
86

35
71
66
53

40%
54%
42%
42%

(26-54%)
1.00
24
(44-63%) 0.69 (0.46-1.04) 61
(32-52%) 0.88 (0.58-1.33) 50
(31-53%) 0.92 (0.60-1.41) 45
0.46
0.62

14
36
32
28

45%
53%
43%
41%

(24-66%)
1.00
15
(40-66%) 0.76 (0.40-1.46) 35
(28-57%) 0.87 (0.44-1.71) 35
(26-57%) 1.01 (0.52-1.97) 23
0.78
0.58

13
21
22
16

20%
51%
34%
39%

(0-40%)
1.00
(34-67%) 0.23 (0.10-0.51)
(16-53%) 0.43 (0.20-0.89)
(18-60%) 0.44 (0.20-0.97)
0.26
0.70

5-year
survival

AHR

n Events

SCC

5-year
survival

AHR

n Events

5-year
survival

AHR

NOTE: The joint effects of the three VDR polymorphisms were based on the total number of ‘‘protective’’ alleles, where the Cdx-2 G/G genotype, the FokI T/T
genotype, and BsmI C/C genotype have zero ‘‘protective’’ allele. For the joint groups, group 1, the reference group, with zero or one ‘‘protective’’ allele; group 2, with
two ‘‘protective’’ alleles; group 3, with three ‘‘protective’’ alleles; and group 4, with four or more ‘‘protective’’ alleles. Covariates included in the Cox models are age,
gender, smoking status, stage, and surgery season, where appropriate.
*The P s were for log-rank test or trend test in Cox proportional hazards models, respectively.
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Table 5. VDR haplotype frequencies and AHRs (95% CI) in Cox proportional hazards model
Haplotype

G-T-C
G-C-C
G-C-T
G-T-T
A-C-C
A-T-C
A-C-T
A-T-T

All patients
n

SE

15%
25%
21%
12%
9%
7%
6%
5%

1%
2%
1%
1%
1%
1%
1%
1%

AHR for OS
0.96
1.16
0.91
0.82
0.93
0.77
1.45

1.00
(0.61-1.50)
(0.78-1.73)
(0.49-1.70)
(0.45-1.50)
(0.46-1.89)
(0.38-1.55)
(0.61-3.42)

Adenocarcinoma
AHR for RFS
0.90
1.04
0.79
0.97
0.80
0.79
1.12

1.00
(0.60-1.35)
(0.72-1.49)
(0.45-1.38)
(0.58-1.61)
(0.42-1.54)
(0.44-1.44)
(0.51-2.48)

AHR for OS
0.85
1.01
1.04
0.94
1.09
1.17
1.89

1.00
(0.39-1.89)
(0.50-2.07)
(0.39-2.82)
(0.37-2.38)
(0.36-3.32)
(0.44-3.11)
(0.60-5.96)

AHR for RFS
0.71
0.83
0.70
0.89
0.71
0.92
1.37

1.00
(0.37-1.35)
(0.47-1.48)
(0.30-1.65)
(0.41-1.93)
(0.28-1.84)
(0.42-2.01)
(0.48-3.92)

SCC
AHR for OS
0.66
0.97
0.58
0.62
0.29
0.22
1.20

1.00
(0.29-1.51)
(0.47-1.98)
(0.20-1.69)
(0.22-1.73)
(0.05-1.81)
(0.05-0.96)
(0.19-7.77)

AHR for RFS
0.72
0.91
0.55
0.63
0.24
0.27
1.32

1.00
(0.33-1.57)
(0.46-1.78)
(0.20-1.51)
(0.25-1.61)
(0.04-1.41)
(0.07-1.12)
(0.22-7.86)

NOTE: Haplotype frequencies were presented by the sequences of Cdx-2 G>A, FokI C>T , and BsmI C>T . The AHRs were collected from Cox proportional hazards
model, where the expected haplotype scores (calculated under additive model) were treated as a continuous variable (range, 0-2), with the G-T-C haplotype as the
reference group. Covariates included age, gender, smoking status, stage, and surgery season, where appropriate.

graft-versus-host disease when present in the patient’s
genotype (31) and protected against recurrence of locally
advanced prostate cancer (15). In a small study with 191
mostly Caucasian prostate cancer patients, the C allele of the
FokI C>T polymorphism was associated with an increased risk
of aggressive prostate cancer and could therefore be associated
with worse prognosis (14). We did not observe the association
between the individual BsmI or FokI polymorphism and
NSCLC survival, whereas the joint effects of the three
polymorphisms and haplotype analysis suggested better
survival is associated with the ‘‘protective’’ alleles of the three
polymorphisms, although no ‘‘dose-response’’ relationship
was observed for the number of ‘‘protective’’ alleles (Table
4). Therefore, all of the three investigated VDR polymorphisms
may contribute to better survival of NSCLC patients, with the
Cdx-2 polymorphism having the strongest effect.
In this study, the association with VDR polymorphisms was
observed among SCC patients whereas not among adenocarcinoma patients. In our previous analysis, we also observed a
slightly stronger effect of surgery season and/or vitamin D
intake on NSCLC survival among SCC patients than adenocarcinoma patients, although the difference was not statistically significant (data not shown). In vitro studies have
suggested that vitamin D inhibits growth of a lung SCC cell
line whereas not adenocarcinoma cell line, and the mRNA
levels of VDR were much higher in the SCC cell line than the
adenocarcinoma cell line (18). The mechanism for this
histologic difference of VDR polymorphisms may be associated with the effect of retinoic acid, retinoic acid receptors
(RAR), or retinoid X receptors (RXR). VDR is a member of the
steroid/retinoid receptor superfamily of nuclear receptors.
In the cell, 1,25(OH) 2 D binds to the VDR, and the
VDR*1,25(OH)2D complex then interacts with the RXR to form
a 1,25(OH)2D*VDR*RXR heterodimer complex, which then
interacts with vitamin D – responsive elements. RARs also
function as heterodimers with RXR proteins (2). Because both
retinol and vitamin D require RXR proteins for their actions,
high doses of retinol may antagonize vitamin D actions (32, 33).
In lung cancer, the expression levels of RARb gene have been
found to be highly expressed in adenocarcinoma cell lines
whereas not detectable in SCC cell lines (34). Retinoic acid has
also shown its growth-inhibitory activity when applied to the
adenocarcinoma cell line of human lung and stomach whereas
is inactive on the esophageal SCC cell lines (35). Therefore, in
adenocarcinoma patients, the effect of VDR may be overwhelmed by the highly expressed RAR levels, which may be
one reason that we did not observe a significant effect of VDR
polymorphism on survival among adenocarcinoma patients.
There are several limitations for this study. (a) Sample size.
Although this is a case follow-up study with moderate sample
size, the numbers are small in the SCC subgroup and for the
gene-environment and gene-gene joint analyses. (b) Selection

of candidate polymorphisms. We investigated three ‘‘functional’’ VDR polymorphisms based on in vitro data, and it
is possible that these polymorphisms may not be truly
functional. We did not investigate the other reported VDR
polymorphisms, including ApaI, TaqI, and poly-A, which may
introduce bias in the results, especially in the haplotype
analysis. However, adding more polymorphisms in the results
may also introduce multiple comparisons in the genotype
analysis. Given the high linkage disequilibrium of these
polymorphisms with the BsmI polymorphism, their association
with NSCLC survival will be similar to the results of the BsmI
polymorphism. (c) Missing data. In our population, 83 patients
were excluded because they did not have adequate blood or
DNA samples for genotyping. However, the distributions of
demographic, histologic, treatment, and survival characteristics were very similar between patients with and without
genotype information. (d) Survival data collection. In this
population, recurrence data were collected retrospectively and
patients were not on a prescribed surveillance schedule. We
attempted to contact local physicians whenever patients were
followed outside of the MGH system (14%). We collected the
vital status data for each patient. However, we could not
distinguish between the death from lung cancer and the death
from other causes. Because the 5-year OS rates in this
population were 65%, 53%, 34%, and 38%, respectively, for
stages IA to IIB, the vast majority of these patients likely died
from lung cancer. (e) We did not have complete information on
either performance status or weight loss in our early-stage
patients. However, in a random sample of 100 patients who
had performance status data available, surgical resectability is
a reasonable surrogate measure for good performance status.
We also had very incomplete weight loss information, with
most of the available information dichotomized into weight
loss present or absent. Our preliminary data in a random
sample of 40 stage IA patients and 10 stage II patients
suggested that disease stage (in early-stage patients) may be
crudely correlated with weight loss. In our models, we do
adjust for disease stage. These factors are unlikely to be
associated with VDR polymorphisms and will not introduce
systematic bias in the results. (f) We lack information on the
serum levels of vitamin D or other genes that are involved in
vitamin D metabolism, which may limit the generalizability of
our results.
In conclusion, this is the first study suggesting that VDR
polymorphisms may be associated with improved survival in
early-stage NSCLC patients. Our results suggest that the A
allele (G/A+A/A genotypes) of the Cdx-2 polymorphism, the
combined ‘‘protective’’ genotypes of the Cdx-2, FokI, and BsmI
polymorphisms, and the A-C-T haplotype (Cdx-2-FokI-BsmI)
are associated with better OS and RFS among SCC patients
whereas not among adenocarcinoma patients. The results are
consistent with our previous findings on surgery season and
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vitamin D intake, further suggesting that vitamin D may be
associated with improved survival in early-stage NSCLC
patients. These results need to be confirmed by independent
prospective studies or clinical trials.

15.
16.

Acknowledgments
We thank the following staff members of the Lung Cancer Susceptibility Group: Barbara Bean, Jessica Shin, Andrea Shafer, Lucy Ann
Principe, Salvatore Mucci, Richard Rivera-Massa, Kofi Asomaning,
David P. Miller, Thomas Van Geel, and Ian James; and Dr. Panos
Fidias, Dr. Bruce A. Chabner, and the physicians and surgeons of the
MGH Cancer Center for their generous support.

17.
18.
19.
20.

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

11.

12.

13.

14.

Uitterlinden AG, Fang Y, Van Meurs JB, Pols HA, Van Leeuwen JP.
Genetics and biology of vitamin D receptor polymorphisms. Gene 2004;338:
143 – 56.
Giovannucci E. The epidemiology of vitamin D and cancer incidence and
mortality: a review (United States). Cancer Causes Control 2005;16:83 – 95.
Nakagawa K, Kawaura A, Kato S, Takeda E, Okano T. 1a,25-Dihydroxyvitamin D(3) is a preventive factor in the metastasis of lung cancer.
Carcinogenesis 2005;26:429 – 40.
Maeda Y, Hirai T, Yamato H, et al. Antitumor effect of 24R,25dihydroxyvitamin D3. In Vivo 1988;2:129 – 32.
Yamamoto H, Miyamoto K, Li B, et al. The caudal-related homeodomain
protein Cdx-2 regulates vitamin D receptor gene expression in the small
intestine. J Bone Miner Res 1999;14:240 – 7.
Arai H, Miyamoto KI, Yoshida M, et al. The polymorphism in the caudalrelated homeodomain protein Cdx-2 binding element in the human vitamin
D receptor gene. J Bone Miner Res 2001;16:1256 – 64.
Colin EM, Weel AE, Uitterlinden AG, et al. Consequences of vitamin D
receptor gene polymorphisms for growth inhibition of cultured human
peripheral blood mononuclear cells by 1,25-dihydroxyvitamin D3. Clin
Endocrinol (Oxf) 2000;52:211 – 6.
Zmuda JM, Cauley JA, Ferrell RE. Molecular epidemiology of vitamin D
receptor gene variants. Epidemiol Rev 2000;22:203 – 17.
Slatter ML, Yakumo K, Hoffman M, Neuhausen S. Variants of the VDR
gene and risk of colon cancer (United States). Cancer Causes Control 2001;
12:359 – 64.
Shakoori AR, van Wijnen AJ, Bortell R, et al. Variations in vitamin D
receptor transcription factor complexes associated with the osteocalcin gene
vitamin D responsive element in osteoblasts and osteosarcoma cells. J Cell
Biochem 1994;55:218 – 29.
Staal A, van Wijnen AJ, Birkenhager JC, et al. Distinct conformations of
vitamin D receptor/retinoid X receptor-a heterodimers are specified by
dinucleotide differences in the vitamin D-responsive elements of the
osteocalcin and osteopontin genes. Mol Endocrinol 1996;10:1444 – 56.
Lundin AC, Soderkvist P, Eriksson B, Bergman-Jungestrom M, Wingren S.
Association of breast cancer progression with a vitamin D receptor gene
polymorphism. South-East Sweden Breast Cancer Group. Cancer Res 1999;
59:2332 – 4.
Halsall JA, Osborne JE, Potter L, Pringle JH, Hutchinson PE. A novel
polymorphism in the 1A promoter region of the vitamin D receptor is
associated with altered susceptibility and prognosis in malignant melanoma.
Br J Cancer 2004;91:765 – 70.
Xu Y, Shibata A, McNeal JE, Stamey TA, Feldman D, Peehl DM. Vitamin D

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.

receptor start codon polymorphism (FokI) and prostate cancer progression.
Cancer Epidemiol Biomarkers Prev 2003;12:23 – 7.
Williams H, Powell IJ, Land SJ, et al. Vitamin D receptor gene polymorphisms and disease free survival after radical prostatectomy. Prostate 2004;61:
267 – 75.
Speer G, Dworak O, Cseh K, et al. Vitamin D receptor gene BsmI
polymorphism correlates with erbB-2/HER-2 expression in human rectal
cancer. Oncology 2000;58:242 – 7.
Zhou W, Suk R, Liu G, et al. Vitamin D is associated with improved survival
in early-stage non-small cell lung cancer patients. Cancer Epidemiol
Biomarkers Prev 2005;14:2303 – 9.
Higashimoto Y, Ohata M, Nishio K, et al. 1a,25-Dihydroxyvitamin D3 and
all-trans -retinoic acid inhibit the growth of a lung cancer cell line. Anticancer
Res 1996;16:2653 – 9.
Schaid DJ. General score tests for associations of genetic markers with
disease using cases and their parents. Genet Epidemiol 1996;13:423 – 49.
Zaykin DV, Westfall PH, Young SS, Karnoub MA, Wagner MJ, Ehm MG.
Testing association of statistically inferred haplotypes with discrete and
continuous traits in samples of unrelated individuals. Hum Hered 2002;53:
79 – 91.
Stram DO, Leigh Pearce C, Bretsky P, et al. Modeling and E-M estimation of
haplotype-specific relative risks from genotype data for a case-control study
of unrelated individuals. Hum Hered 2003;55:179 – 90.
Kraft P, Cox DG, Paynter RA, Hunter D, De Vivo I. Accounting for
haplotype uncertainty in matched association studies: a comparison of
simple and flexible techniques. Genet Epidemiol 2005;28:261 – 72.
Welsh J, Wietzke JA, Zinser GM, et al. Impact of the Vitamin D3 receptor on
growth-regulatory pathways in mammary gland and breast cancer. J Steroid
Biochem Mol Biol 2002;83:85 – 92.
Kallay E, Bareis P, Bajna E, et al. Vitamin D receptor activity and prevention
of colonic hyperproliferation and oxidative stress. Food Chem Toxicol 2002;
40:1191 – 6.
Kaiser U, Schilli M, Wegmann B, et al. Expression of vitamin D receptor in
lung cancer. J Cancer Res Clin Oncol 1996;122:356 – 9.
Sandgren M, Danforth L, Plasse TF, DeLuca HF. 1,25-Dihydroxyvitamin D3
receptors in human carcinomas: a pilot study. Cancer Res 1991;51:2021 – 4.
Palmer HG, Gonzalez-Sancho JM, Espada J, et al. Vitamin D(3) promotes the
differentiation of colon carcinoma cells by the induction of E-cadherin and
the inhibition of h-catenin signaling. J Cell Biol 2001;154:369 – 87.
Uitterlinden AG, Fang Y, van Meurs JB, van Leeuwen H, Pols HA. Vitamin
D receptor gene polymorphisms in relation to vitamin D related disease
states. J Steroid Biochem Mol Biol 2004;89 – 90:187 – 93.
Ruggiero M, Pacini S, Aterini S, Fallai C, Ruggiero C, Pacini P. Vitamin D
receptor gene polymorphism is associated with metastatic breast cancer.
Oncol Res 1998;10:43 – 6.
Guy M, Lowe LC, Bretherton-Watt D, et al. Vitamin D receptor gene
polymorphisms and breast cancer risk. Clin Cancer Res 2004;10:5472 – 81.
Middleton PG, Cullup H, Dickinson AM, et al. Vitamin D receptor gene
polymorphism associates with graft-versus-host disease and survival in
HLA-matched sibling allogeneic bone marrow transplantation. Bone
Marrow Transplant 2002;30:223 – 8.
Rohde CM, Manatt M, Clagett-Dame M, DeLuca HF. Vitamin A antagonizes
the action of vitamin D in rats. J Nutr 1999;129:2246 – 50.
Johansson S, Melhus H. Vitamin A antagonizes calcium response to vitamin
D in man. J Bone Miner Res 2001;16:1899 – 905.
Zhang XK, Liu Y, Lee MO. Retinoid receptors in human lung cancer and
breast cancer. Mutat Res 1996;350:267 – 77.
Liu G, Wu M, Levi G, Ferrari N. Inhibition of cancer cell growth by all-trans
retinoic acid and its analog N-(4-hydroxyphenyl) retinamide: a possible
mechanism of action via regulation of retinoid receptors expression. Int J
Cancer 1998;78:248 – 54.

Cancer Epidemiol Biomarkers Prev 2006;15(11). November 2006

Downloaded from cebp.aacrjournals.org on December 4, 2021. © 2006 American Association for Cancer
Research.

Polymorphisms of Vitamin D Receptor and Survival in
Early-Stage Non−Small Cell Lung Cancer Patients
Wei Zhou, Rebecca S. Heist, Geoffrey Liu, et al.
Cancer Epidemiol Biomarkers Prev 2006;15:2239-2245.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/15/11/2239

This article cites 35 articles, 7 of which you can access for free at:
http://cebp.aacrjournals.org/content/15/11/2239.full#ref-list-1
This article has been cited by 8 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/15/11/2239.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/15/11/2239.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on December 4, 2021. © 2006 American Association for Cancer
Research.

