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Abstract
Purpose: Higher serum 25-hydroxyvitamin D (25(OH)
D) levels are reportedly associated with better survival
in early-stage non–small cell lung cancer (NSCLC). Therefore, whether vitamin D supplementation can improve
the prognosis of patients with NSCLC was examined
(UMIN000001869).
Patients and Methods: A randomized, double-blind trial
comparing vitamin D supplements (1,200 IU/day) with
placebo for 1 year after operation was conducted. The
primary and secondary outcomes were relapse-free survival
(RFS) and overall survival (OS), respectively. Prespeciﬁed
subgroup analyses were performed with stratiﬁcation by
stage (early vs. advanced), pathology (adenocarcinoma vs.
others), and 25(OH)D levels (low, <20 ng/mL vs. high, 20
ng/mL). Polymorphisms of vitamin D receptor (VDR) and
vitamin D–binding protein (DBP) and survival were also
examined.

Introduction
Age-standardized 5-year survival of patients with lung cancer
is typically low, in the range of 10% to 30%, in most geographical areas (1). Recently, molecular targeting immunotherapies have been shown to prolong survival in advanced
non–small cell lung cancer (NSCLC; refs. 2–5). However, in
early-stage NSCLC, there is no curative treatment except for
surgical resection. Despite adding adjuvant chemotherapy to
surgery, relapse rates are still high. Thus, a novel treatment to
prevent relapse that is less toxic and cost-effective, such as the
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Results: Patients with NSCLC (n ¼ 155) were randomly
assigned to receive vitamin D (n ¼ 77) or placebo (n ¼ 78) and
followed for a median of 3.3 years. Relapse and death occurred
in 40 (28%) and 24 (17%) patients, respectively. In the total
study population, no signiﬁcant difference in either RFS or OS
was seen with vitamin D compared with the placebo group.
However, by restricting the analysis to the subgroup with earlystage adenocarcinoma with low 25(OH)D, the vitamin D
group showed signiﬁcantly better 5-year RFS (86% vs. 50%,
P ¼ 0.04) and OS (91% vs. 48%, P ¼ 0.02) than the placebo
group. Among the examined polymorphisms, DBP1 (rs7041)
TT and CDX2 (rs11568820) AA/AG genotypes were markers of
better prognosis, even with multivariate adjustment.
Conclusions: In patients with NSCLC, vitamin D supplementation may improve survival of patients with earlystage lung adenocarcinoma with lower 25(OH)D levels.
Clin Cancer Res; 24(17); 4089–97. 2018 AACR.

use of natural compounds like vitamin D, should be developed
for early-stage NSCLC.
Vitamin D obtained from skin exposed to sunlight, diet, or a
supplement is metabolized in the liver to 25-hydroxyvitamin
D (25(OH)D), which is used as a biomarker of vitamin D status.
25(OH)D is further activated in the kidneys by 1a-hydroxylase to
1,25-dihydroxyvitamin D (1,25(OH)2D), which facilitates calcium absorption and is associated with bone health. In addition,
most tissues, as well as cancers, have both 1a-hydroxylase to
convert serum 25(OH)D to 1,25(OH)2D and vitamin D receptor
(VDR), a steroid hormone nuclear receptor that regulates a variety
of genes within a cell (6), by which vitamin D is hypothesized to
prevent cancer relapse through inhibiting cell proliferation,
angiogenesis, and metastasis, while inducing apoptosis and differentiation (7).
Indeed, patients with early-stage NSCLC who had surgery
during the summer with the highest vitamin D intake, or with a
higher serum 25(OH)D, had a better prognosis than patients
who had surgery during the winter with the lowest vitamin D
intake, or with lower 25(OH)D (8, 9). On the other hand,
serum 25(OH)D had no association with survival in advanced
NSCLC, but VDR SNPs were shown to be signiﬁcantly associated with survival (10). In addition, SNPs of vitamin
D–binding protein (DBP), rs7041 (Asp416Glu; DBP1) and
rs4588 (Thr420Lys; DBP2), were found to produce variant
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Translational Relevance
Prospective cohort studies have reported that higher serum
25-hydroxyvitamin D (25(OH)D) levels are associated with
better survival in early-stage non–small cell lung cancer
(NSCLC). However, because of the studies' observational
nature, whether lower 25(OH)D is merely a precursor to
relapse and death or a lower 25(OH)D is causally related to
shorter survival cannot be determined. To clarify this, a randomized, double-blind, placebo-controlled trial using vitamin D was performed in patients with NSCLC; this is the ﬁrst
trial designed to evaluate the effect of vitamin D on survival of
patients with NSCLC. Although vitamin D supplementation
was not associated with a difference in survival in the total
study population, by restricting the analysis to the subgroup
with early-stage adenocarcinoma with 25(OH)D concentrations <20 ng/mL, the vitamin D group showed signiﬁcantly
better 5-year survival than the placebo group. Moreover,
polymorphisms of vitamin D–binding protein were also
found to inﬂuence the survival.

proteins that differ in their afﬁnity for 25(OH)D and
1,25(OH)2D (11–14).
However, because of the studies' observational nature,
whether lower 25(OH)D is merely a precursor to relapse
and death or a lower 25(OH)D is causally related to shorter
survival cannot be determined. To clarify this, a randomized,
double-blind, placebo-controlled trial was planned to determine whether vitamin D supplementation could improve
relapse-free survival (RFS) and/or overall survival (OS) in the
total study population or in prespeciﬁed subgroups stratiﬁed
by stage (early vs. advanced), pathology (adenocarcinoma
vs. others), and serum 25(OH)D levels (<20 ng/mL vs.
20 ng/mL) before starting supplementation. Furthermore,
the effects of VDR and DBP SNPs on RFS and OS were also
evaluated.

Patients and Methods
Eligibility
Inclusion criteria were patients: (i) histopathologically diagnosed as having NSCLC (adenocarcinoma, squamous cell carcinoma, adenosquamous carcinoma, or large cell lung carcinoma);
(ii) with stage IA to IIIA; (iii) aged 20 to 75 years at entry; (iv)
diagnosed and operated at any one of four Jikei University
Hospitals at Shimbashi, Kashiwa, Chofu, and Katsushika; (v)
with tumor totally resected; (vi) discharged without major complications; and (vii) could visit the Jikei University Hospitals
(Tokyo, Japan) and be followed-up for as long as possible.
Exclusion criteria were patients: (i) who were already taking a
vitamin D supplement or active vitamin D; (ii) who had a history
of urinary tract stones; and (iii) who had other difﬁculties as
judged by the surgeon in charge.
Enrollment was done by the collaborating surgeons perioperatively. When patients were considered to satisfy the inclusion
criteria, the collaborating surgeons explained the trial to the
patients and their families at the hospital outpatient clinic and
asked them to participate in the trial. Written, informed consent
was obtained from each participant.
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Trial design
This was a balanced randomized (1:1), double-blind, placebocontrolled, parallel group study conducted at the Jikei University
Hospitals. Participants were enrolled from August 2009 and
followed-up. The trial protocol was developed by all authors and
approved by the ethics committee of the Jikei University School of
Medicine and the clinical study committee of each Jikei hospital
(20-231 5521). The trial (UMIN000001869) was registered with
the UMIN Clinical Trials Registry on April 2009. The data monitoring center was at the Division of Epidemiology, the Jikei
University School of Medicine. Both vitamin D3 and placebo
were purchased from Zenyaku Pharmaceutical Co., Ltd. None of
the authors had a conﬂict of interest with the pharmaceutical
company making the vitamin D supplements.
In our previous trial in patients with Parkinson disease, a dose
of 1,200 IU/day for 1 year raised 25(OH)D levels from 22.5 to
41.7 ng/mL (15), which was considered a relatively higher level of
25(OH)D. Thus, the same dose of 1,200 IU for vitamin D was
used in this trial.
Randomization, blinding, intervention, and follow-up
A central computerized procedure generated by an investigator
(M. Urashima) who had no clinical involvement in this trial was
used to randomly assign patients to permutated blocks of four to
receive either vitamin D3 (total 1,200 IU/day) or placebo. The
vitamin D and placebo were in capsule form and identical in
appearance and taste, containing sesame oil, gelatin derived from
swine, and glycerin for placebo or the active supplement. These
supplements were prepacked in bottles and consecutively numbered for each patient according to the randomization schedule.
The blinding process was performed by ofﬁce secretaries who
monitored and ﬁxed the data, had no clinical involvement in this
trial, and did not perform statistical analyses. After obtaining
written, informed consent, the patients were assigned to groups,
given the corresponding bottles, and asked to take two capsules
per day for 12 months at discharge or at an outpatient clinic after
operation.
On an outpatient basis, patients were periodically (1–3
months) examined to exclude relapse of lung cancer by interviews, physical examination, chest X-ray, CT, and other examinations as needed. Patients were asked about compliance at every
visit. Oral or injection chemotherapy was administered to the
patients according to the stage, except in stage IA and tumor size
less than 2 cm.
Patients were not permitted to take personal vitamin D supplements. On the other hand, when vitamin D supplementation was
medically needed, as for bone fracture or osteoporosis, the supplementation of the trial was stopped.
Vitamin D measurements and genotyping
Serum levels of 25(OH)D were measured by radioimmunoassay at SRL Inc., as described previously (16), before taking the
supplement (deﬁned as "Pre") and 1 year after starting the
supplement (deﬁned as "Post").
DNA was extracted from peripheral blood samples. DNA fragments were ampliﬁed by PCR. The following SNPs of VDR [FokI
(rs10735810), BsmI (rs1544410), CDX2 (rs11568820), ApaI
(rs7976091), and TaqI (rs731236)] and vitamin D–binding protein [DBP; DBP1 (rs7041) and DBP2 (rs4588)] were determined
by direct sequencing, for which the detailed methods were
reported in our previous article (17).
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Outcomes
The primary and secondary outcomes were RFS and OS, respectively. RFS was deﬁned as the time from the supplement start date
to the earlier date of relapse of cancer or death from any cause. OS
was deﬁned as the time from the supplement start date to the date
of death from any cause.
Statistical analysis
We hypothesized that 5-year RFS would be 66.66% in the
vitamin D group and 50% in the placebo group, with a type I
error (two-sided) of 5% and a power of 80%, on the assumption
of 10% loss to follow-up. Therefore, 1:1 divided samples of 300
patients with NSCLC were calculated as being sufﬁcient to detect a
signiﬁcant difference. However, because there had been no previous RCTs using vitamin D supplements to improve survival of
patients with NSCLC, an interim analysis was planned to reestimate the sample size when the enrolled patient number reached
half of the planned sample size. The P value for signiﬁcance at the
interim analysis was set as <0.029 according to the Pocock
stopping boundaries (18).
To evaluate signiﬁcant differences between the vitamin D group
and the placebo group, Student t test was used to analyze continuous variables with normal distributions, and the c2 test was
used to assess categorical variables of patients' characteristics.
Changes in 25(OH)D levels were evaluated by paired t test.
Kaplan–Meier survival curves were drawn and compared using
the log-rank test in an intention-to-treat analysis. Cox proportional hazards models were used to determine HRs and 95%
conﬁdence intervals (CIs). Prespeciﬁed subgroup analyses were

Enrollment

performed with stratiﬁcation by: stage, early (IA to IIB) versus
advanced (IIIA); pathology, adenocarcinoma versus nonadenocarcinoma; and 25(OH)D levels, lower (<20 ng/mL) versus higher
(20 ng/mL), because most experts consider <20 ng/mL to
indicate vitamin D insufﬁciency (6). Moreover, the effects of ﬁve
VDRs and two DBP SNPs on survival were evaluated by multivariate analysis with stage, adenocarcinoma, low 25(OH)D, and
supplementation with vitamin D. All reported P values are twosided. P values <0.05 were considered statistically signiﬁcant. Stata
14.0 (StataCorp LP) was used for all analyses.

Results
Study population
A ﬂow diagram is shown (Fig. 1). At the midterm analysis in
November 2014, 5-year RFS of the vitamin D and placebo
groups was much closer than expected. As a result, the reestimated sample size was exploded from 300 to much more than
1,000. Thus, it was decided to stop new enrollment and
terminate this trial after further 3-year follow-up. Consequently, a total of 155 patients with NSCLC were randomly assigned
to receive vitamin D supplements (n ¼ 77) or placebo (n ¼ 78)
in a double-blind setting for 12 months from August 2009 to
November 2014. Because ﬁve patients in the vitamin D group
and six patients in the placebo group were lost to follow-up, 72
patients in the vitamin D group and 72 patients in the placebo
group were analyzed.
In the vitamin D group, the mean levels of 25(OH)D increased
signiﬁcantly from 21 to 39 ng/mL (P ¼ 0.0001). On the other
hand, the levels did not change signiﬁcantly, from 22 to 24 ng/mL,

Assessed for eligibility
(n = 176)
Excluded (n = 21)
j Not meeting inclusion criteria (n = 8)
j Declined to participate (n = 12)
j Other reasons (n = 1)
Randomized (n = 155)

Allocation

Allocated to vitamin D (n = 77)
j Received allocated intervention (n = 77)
j Did not receive allocated intervention (n = 0)

Allocated to placebo (n = 78)
j Received allocated intervention (n = 78)
j Did not receive allocated intervention (n = 8)

Follow-up
Lost to follow-up (withdraw; n = 5)

Lost to follow-up (withdraw; n = 6)

Analysis
Analysed (n = 72)
j Excluded from analysis (n = 0)

Analysed (n = 72)
j Excluded from analysis (n = 0)

Figure 1.
Flow diagram of vitamin D versus placebo.
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Table 1. Patients' characteristics
Age (y), mean (SD)
Female, No. (%)
Body mass index (kg/m2), mean  SD
Stage
IA, No. (%)
IB, No. (%)
IIA, No. (%)
IIB, No. (%)
IIIA, No. (%)
Pathology
Squamous cell carcinoma
Adenocarcinoma
Large cell
SNPs
FokI CC/CT/TT
BsmI AA/AG/GG
Cdx2 GG/GA/AA
ApaI GG/GT/TT
TaqI TT/TC/CC
DBP1 TT/TG/GG
DBP2 CC/CA/AA

Total (n ¼ 155)
68  9
38 (25)
22.6  2.9

Vitamin D (n ¼ 77)
68  9
16 (21)
22.8  3.0

Placebo (n ¼ 78)
68  10
22 (29)
22.3  2.8

75 (50)
36 (23)
15 (10)
10 (7)
15 (10)

37 (49)
16 (21)
7 (9)
5 (7)
11 (14)

38 (50)
20 (27)
8 (11)
5 (7)
4 (5)

26 (17)
122 (81)
3 (2)

18 (24)
57 (75)
1 (1)

8 (11)
65 (87)
2 (3)

56/70/14
1/31/89
37/66/19
49/67/6
90/32/0
61/49/12
70/48/4

30/32/6
0/14/46
16/35/9
25/32/3
47/13/0
31/22/7
39/18/3

26/38/8
1/17/43
21/31/10
24/35/3
43/19/0
30/27/5
31/30/1

P
0.98a
0.26b
0.33a
0.44b

0.10b

0.62b
0.50b
0.63b
0.94b
0.26b
0.66b
0.09b

P value calculated by Student t test.
P value calculated by the c2 test.

a

b

in the placebo group (P ¼ 0.14). Serum calcium levels were not
altered in both the vitamin D group (P ¼ 0.18) and the placebo
group (P ¼ 0.45). Serum levels of 25(OH)D before taking the
supplement were the highest in the DBP1 GG and DBP2 CC
genotypes, medium in the DBP1 TT and DBP2 CC genotypes, and
lowest in the DBP1 TT and DBP2 AA genotypes (P ¼ 0.01).
Patients' characteristics
Patients' characteristics are shown in Table 1. The mean age was
68 years, and three-quarters of the patients were men. Early stages
from IA to IIB and adenocarcinoma accounted for 90% and 81%
of the study population, respectively. There were no signiﬁcant
differences in patients' characteristics between the vitamin D and
placebo groups.
Effects of vitamin D or serum 25(OH)D levels on survival
Relapse and death occurred in 40 (28%) and 24 (17%) patients,
respectively. Kaplan–Meier curves of RFS and OS were compared
between the vitamin D group and the placebo group (Fig. 2A and
B). The 5-year RFS of the vitamin D and placebo groups was 65%
and 57%, respectively (HR, 1.15; 95% CI, 0.64–2.05; P ¼ 0.64).
The 5-year OS of the vitamin D and placebo groups was 76% and
78%, respectively (HR, 1.22; 95% CI, 0.54–2.79; P ¼ 0.63).
The median and mean 25(OH)D levels before taking the
supplement were 19 and 20.7 ng/mL, respectively. RFS and OS
were compared between the lower (<20 ng/mL) and the higher
(20 ng/mL) 25(OH)D groups (Fig. 2C and D). Patients with low
25(OH)D showed signiﬁcantly poorer OS than patients with
higher 25(OH)D (P ¼ 0.03), which remained signiﬁcant even
after adjustment by early stage, adenocarcinoma, and vitamin D
supplementation (HR, 0.37; 95% CI, 0.15–0.95; P ¼ 0.04).
However, when RFS and OS were compared between the 25
(OH)D <30 and 30 ng/mL groups, there were no signiﬁcant
differences (Supplementary Fig. S1).
Subgroup analyses
By restricting the analysis to the subgroup of adenocarcinoma
or adenocarcinoma plus early stage, RFS and OS curves were
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drawn (Supplementary Fig. S2). There was a clear trend to better
survival in the vitamin D group than in the placebo group,
although the differences were not signiﬁcant.
The subgroup of adenocarcinoma and early stage was further
divided into low 25(OH)D (Fig. 3A and B) and high 25(OH)D
(Fig. 3C and D). In the subgroup of early-stage adenocarcinoma
and low 25(OH)D, 5-year RFS in the vitamin D and placebo
groups was 86% and 50%, respectively (log-rank test: P ¼ 0.04;
HR, 0.23; 95% CI, 0.05–1.05; P ¼ 0.06). Similarly, 5-year OS in
the vitamin D and placebo groups was 91% and 48%, respectively (log-rank test: P ¼ 0.02; HR, 0.13; 95% CI, 0.02–0.99; P ¼
0.049).
Effects of SNPs on survivals
RFS and OS were compared among three kinds of genotypes in
each SNP: FokI (Supplementary Fig. S3); BsmI (Supplementary
Fig. S4), CDX2 (Supplementary Fig. S5), TaqI (Supplementary Fig.
S6), ApaI (Supplementary Fig. S7), DBP1 (Supplementary Fig.
S8), and DBP2 (Supplementary Fig. S9). RFS and OS were
signiﬁcantly different among three kinds of DBP1 genotypes
(Supplementary Fig. S8A and S8B).
However, RFS and OS of patients with DBP1 TT were better than
those of DBP1 GG/TG; the 5-year RFS in the DBP1 TT and DBP1
TG/GG genotypes was 73% and 33%, respectively (log-rank test:
P ¼ 0.03; HR, 0.50; 95% CI, 0.27–0.94; P ¼ 0.03; Fig. 4A);
similarly, the 5-year OS in the DBP1 TT and DBP1 TG/GG
genotypes was 86% and 58%, respectively (log-rank test: P ¼
0.004; HR, 0.27; 95% CI, 0.10–0.69; P ¼ 0.007; Fig. 4B). This
ﬁnding, that patients with DBP1 TT genotype had longer RFS and
OS than those with DBP1 TG/GG, remained signiﬁcant even after
adjustment by early stage, adenocarcinoma, low 25(OH)D,
and vitamin D supplementation (HR, 0.51; 95% CI, 0.26–0.99;
P ¼ 0.045) and (HR, 0.21; 95% CI, 0.07–0.59; P ¼ 0.003),
respectively.
Regarding CDX2 genotypes, although there was no signiﬁcant
difference in 5-year RFS between the CDX2 AA/AG and GG
genotypes (Fig. 4C), the 5-year OS of the CDX2 AA/AG and GG
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Figure 2.
Kaplan–Meier curves of patients with NSCLC years after starting supplement. P values were calculated by the log-rank test. A, Relapse-free survival curves of
patients taking vitamin D (black line) versus those taking placebo (gray line). B, Overall survival curves of patients taking vitamin D (black line) versus those taking
placebo (gray line). C, Relapse-free survival curves of patients with high 25(OH)D (20 ng/mL; black line) versus those with low 25(OH)D (<20 ng/mL;
gray line) before taking supplements. D, Overall survival curves of patients with high 25(OH)D (20 ng/mL; black line) versus those with low 25(OH)D (<20 ng/mL;
gray line) before taking supplements.

genotypes was 81% and 59%, respectively (log-rank test: P ¼ 0.04;
HR, 0.41; 95% CI, 0.18–0.97; P ¼ 0.04; Fig. 4D). This ﬁnding,
that patients with CDX2 AA/AG genotypes had longer OS
than those with CDX2 GG genotypes, remained signiﬁcant
even after adjustment by early stage, adenocarcinoma, low
25(OH)D, and vitamin D supplementation (HR, 0.39; 95%
CI, 0.16–0.97; P ¼ 0.04).
Regarding CDX2 genotypes, the model was further stratiﬁed by low versus high 25(OH)D. In the low 25(OH)D
subgroup, again, the 5-year RFS tended to be worse in GG
compared with CDX2 AA/AG and genotypes, with no signiﬁcant difference (Fig. 5A). On the other hand, the 5-year
OS of the CDX2 AA/AG and GG genotypes was 78% and
27%, respectively (log-rank test: P ¼ 0.004; HR, 0.24; 95%
CI, 0.08–0.68; P ¼ 0.008; Fig. 5B), which remained significant even after adjustment by early stage, adenocarcinoma,
and vitamin D supplementation (HR, 0.22; 95% CI, 0.07–
0.72; P ¼ 0.01). On the other hand, in the high 25(OH)D
subgroup, both 5-year RFS (Fig. 5C) and 5-year OS (Fig. 5D)
were not signiﬁcantly different between the CDX2 AA/AG
and GG genotypes.
Safety
After ﬁnishing the supplements, there were no more cases of
urinary stones, hypercalcemia, and serious adverse events in the
vitamin D group than in the placebo group.

www.aacrjournals.org

Discussion
In this RCT, daily supplementation with 1,200 IU of vitamin D
for 12 months did not improve either RFS or OS of patients with
NSCLC in the total study population including advanced stages
and squamous cell carcinoma or large cell carcinoma. Thus,
vitamin D was considered not likely to improve the survival of
all patients with NSCLC, although the sample size might be too
small to detect a signiﬁcant difference.
Patients with 25(OH)D lower than 20 ng/mL showed significantly shorter OS than those with higher 25(OH)D, independent
of intervention. In the current study, when the analysis was
restricted to the subgroup of patients with early adenocarcinoma
with lower 25(OH)D, vitamin D supplementation signiﬁcantly
improved RFS and OS. In previous cohort studies, higher
25(OH)D did not show an association with advanced stage
(10, 19), but it did show an association with early stages (9).
Anic and colleagues showed that patients with lung adenocarcinoma with higher 25(OH)D, but not patients with squamous cell
carcinoma, tended to have better survival than those with lower
25(OH)D (20), which is consistent with the results of the current
study. Moreover, serum 25(OH)D levels were not associated with
the risk of lung cancer in general or in squamous cell carcinoma of
the lung (21). Moreover, Kim and colleagues reported that 30% of
patients with lung adenocarcinoma had high VDR mRNA levels,
and these were correlated with longer survival (22). On the other
hand, the same study group demonstrated that overexpression of
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Figure 3.
Kaplan–Meier curves of patients restricted only to early-stage adenocarcinoma and further stratiﬁed by low 25(OH)D levels (<20 ng/mL; n ¼ 40) or high 25(OH)D
levels (20 ng/mL). P values were calculated by the log-rank test. A, Relapse-free survival curves of patients taking vitamin D (black line) versus those
taking placebo (gray line) in early-stage adenocarcinoma with low 25(OH)D. B, Overall survival curves of patients taking vitamin D (black line) versus those taking
placebo (gray line) in early-stage adenocarcinoma with low 25(OH)D. C, Relapse-free survival curves of patients taking vitamin D (black line) versus
those taking placebo (gray line) in early-stage adenocarcinoma with high 25(OH)D. D, Overall survival curves of patients taking vitamin D (black line) versus those
taking placebo (gray line) in early-stage adenocarcinoma with high 25(OH)D.

CYP24A1, which inactivates 1,25(OH)2D, is associated with
poorer survival in lung adenocarcinoma (23). Because this trial
was stopped earlier than planned at the interim analysis, the
sample size was too small to perform subgroup analyses with
sufﬁcient power, especially in the subgroup with advanced stages
(n ¼ 15), squamous cell carcinoma (n ¼ 26), or large cell
carcinoma (n ¼ 3). In addition, the number of patients with
25(OH)D  30(ng/mL) was also too small (n ¼ 20) to show
improved survivals depending on serum levels of 25(OH)D
before supplementation. Thus, the results of subgroup analyses
require further study.
Patients with the DBP1 TT genotype had signiﬁcantly better
survival than those with DBP1 TG/GG genotypes, which was
not predicted. DBP binds to 85% to 90% of serum 25(OH)D
(24), markedly prolongs the serum half-life of 25(OH)D (25),
and is pivotal for renal handling of 25(OH)D and endocrine
synthesis of 1,25(OH)2D through megalin (26). However, DBP
only transports 25(OH)D, but it does not facilitate uptake of
25(OH)D into target cells not expressing megalin (27), such as
cancer cells. Thus, 25(OH)D unbound to DBP, so called
bioavailable 25(OH)D, is hypothesized to drive many of the
nonrenal actions of 25(OH)D (28). In fact, Powe and colleagues demonstrated that black Americans more frequently
have DBP1 T allele and lower DBP and lower 25(OH)D serum
levels than white Americans, resulting in almost equivalent
levels of bioavailable 25(OH)D between black and white
Americans and rather higher bone mineral density in black
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than in white Americans (29). The DBP1 TT genotype has the
lowest afﬁnity to 25(OH)D, probably resulting in higher levels
of bioavailable 25(OH)D to cancer cells, which may thus
improve patients' survival.
Patients with CDX2 AA/AG genotypes showed signiﬁcantly
better OS than those with the CDX2 GG genotype, a ﬁnding also
reported by Zhou and colleagues (8). As a transcriptional factor,
CDX2 binds to the VDR promoter region to regulate transcription
of VDR. Of interest, the G-allele of CDX2 VDR SNPs was reported
to have 70% less activity than the A-allele (30). Thus, patients with
CDX2 AA/AG genotypes may have more VDR expression than
those with the CDX2 GG genotype and a better prognosis, which
was enhanced in the subgroup with low 25(OH)D, but not in that
with high 25(OH)D. Patients with CDX2 GG may have less VDR
expression, and low 25(OH)D may further hamper the anticancer
effects of vitamin D.
The strength of the current study is that it is the ﬁrst randomized, double-blind, placebo-controlled trial to examine whether
vitamin D supplementation has an effect on the prognosis of
patients with NSCLC, with follow-up of up to 8 years. However,
there are several limitations to this study. First, the RCT was
stopped based on the results of the interim analysis. Consequently, the number of randomized patients was only 155. Although
there were signiﬁcant differences in the subgroup, P values were
0.04 for RFS and 0.02 for OS in patients with early-stage lung
adenocarcinoma with lower 25(OH)D level, which could still
have occurred by chance. In addition, among subgroups
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curves of patients with DBP1 TT genotype (black line) versus those with DBP1 GG/TG genotypes (gray line). B, Overall survival curves of patients with DBP1 TT
genotype (black line) versus those with DBP1 GG/TG genotypes (gray line). C, Relapse-free survival curves of patients with CDX2 AA/AG genotypes
(black line) versus those with CDX2 GG genotype (gray line). D, Overall survival curves of patients with CDX2 AA/AG genotypes (black line) versus those with CDX2
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stratiﬁed by the genotypes or by genotype-plasma 25(OH)D,
the small subset numbers may also have resulted in some
chance ﬁndings. Moreover, the sample size was too small to
calculate P values for interactions within the subgroups. Second, vitamin D supplementation was used for only 12 months,
with a dosage of 1,200 IU/day in this trial. Different regimens,
including higher doses and longer durations, may lead to
different ﬁndings. Third, in this study population, most
patients had early stage and adenocarcinoma. On the other
hand, advanced stages and SCC were fewer in number, and,
thus, the effects of vitamin D on these subpopulations may be
difﬁcult to evaluate.
In conclusion, a randomized, double-blind, placebo-controlled trial was performed in patients with NSCLC and found
that (i) vitamin D supplementation did not improve RFS and
OS in the total study population; (ii) patients with high
25(OH)D (20 ng/mL) before taking the supplement showed
better OS than those with low 25(OH)D (<20 ng/mL); (iii) in
restricting the analysis to the subgroup with early-stage adenocarcinoma with low 25(OH)D, the vitamin D group showed
signiﬁcantly better 5-year RFS and OS than the placebo group;
and (iv) among the examined polymorphisms, 5-year RFS and
OS were better in patients with DBP1 TT than in those with TG/
GG genotypes, as well as in patients with CDX2 AA/AG than
with GG genotypes, both of which remained signiﬁcant even
after adjustment by stage, adenocarcinoma, low 25(OH)D,
and vitamin D supplementation.
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