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Abstract

Background: Vitamin D deficiency is implicated in neoplastic processes in multiple organs, including the pancreas.
While animal and human data have established a relationship between serum vitamin D (25(OH)D) and the
development of pancreatic cancer, few studies have examined the effects of 25(OH)D on time to progression (TTP)
and overall survival (OS) in this patient population. We hypothesize that lower baseline serum concentrations (BSC)
of 25(OH)D will be associated with decreased TTP and OS.

Methods: This retrospective analysis of 1222 patients with pancreatic cancer aims to identify potential relationships
between 25(OH)D and both TTP and OS, while controlling for the effects of ethnicity and body mass index (BMI).
Baseline 25(OH)D was divided into quartiles defined as deficient (<20 ng/mL), insufficient (20–39 ng/mL), sufficient
(40–59 ng/mL), and optimal (≥60 ng/ml). Statistical significance was declared if the two-sided p-value was ≤ 0.05.

Results: For the 627 subjects included for analysis, the median 25(OH)D was 27 ng/mL (range 4 to 114), 30.0 %
were 25(OH)D deficient (<20 ng/mL), and 47.2 % were insufficient (20–39 ng/mL). Ethnicity (p < 0.0001) and BMI
(p = 0.05) were significantly associated with (BSC)of 25(OH)D, while TTP (p = 0.39) and OS (p = 0.37) were not
associated.

Conclusion: Suboptimal vitamin D levels (<60 ng/mL) occurred in 96 % of patients analyzed. Both ethnicity and
BMI were statistically significantly associated with vitamin D deficiency and insufficiency. Similar to results previously
reported in the literature, this analysis did not identify a significant association between BSC of 25(OH)D and OS or
TTP in patients with pancreatic cancer.

Keywords: Body mass index, Pancreatic neoplasms, Vitamin D deficiency, Overall survival, Progression free
survival, Cancer

Background
Vitamin D is a steroid hormone primarily obtained
through the synthesis of 7-dehydrocholesterol following
sun exposure, and secondarily through dietary intake of
certain fish, fortified foods and beverages, and dietary
supplements. The optimal serum concentration of
25-hydroxyvitamin D (25(OH)D) varies among sources. A

widely accepted ideal level is 35–55 ng/mL, but other
sources site a broader range of 30–70 ng/mL as opti-
mal [1–3]. The National Health and Nutrition Exam-
ination Survey (2005 to 2006) identified a 41.6 %
prevalence of vitamin D deficiency (serum 25(OH)D
<20 ng/mL) in the United States [4]. Vitamin D levels are
affected by ethnicity, body mass index (BMI), geographic
exposure to sunlight, age, and disease [3]. Because of the
vast biological role of vitamin D, especially in mechanisms
commonly associated with cancer, understanding the ef-
fects of vitamin D deficiency on disease development and
progression is critical.
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Although the biologically active form of vitamin D is
1,25-hydroxyvitamin D (1,25(OH)2D), total circulating
vitamin D from dietary sources, supplements, and sun
exposure are best represented by 25(OH)D [5, 6]. Not
only is vitamin D responsible for regulating calcium and
phosphorous levels in the human body, but it also has
anti-proliferative and immunomodulatory effects via
autocrine and paracrine signaling [1]. As a lipid-soluble
molecule, it readily diffuses across plasma membranes.
By binding to the vitamin D receptor (VDR) on the nu-
cleus, it affects target genes involved in intracellular sig-
naling pathways including cell growth, differentiation,
adhesion, and apoptosis, making it of interest to study in
relation to cancer [5, 6]. Alteration of such cellular
mechanisms plays a critical role in cancer development
and suggests a potential relationship between vitamin D
and cancer.
While the relationship between serum 25(OH)D levels

and cancer opens a broad area for analysis, ample re-
search has been conducted analyzing vitamin D and risk
of cancer development in prostate, breast, and colorectal
cancers [3, 6–10]. Vitamin D supplements have been
shown to reduce the risk of cancer development by 77 %
when compared to and verified with placebos, and a
2006 study observed a 29 % reduction in cancer death
rate for every 10 ng/mL increase in vitamin D [11]. Simi-
larly, ambient exposure to ultraviolet light, especially
ultraviolet B-rays (UVB), has been shown to reduce the
risk of pancreatic cancer development [12–14]. Despite
the evidence supporting decreased risk of pancreatic
cancer in individuals with higher serum 25(OH)D, the
relationship between serum 25(OH)D and its effect on
pancreatic cancer progression has not been extensively
studied. Pancreatic cancer is the fourth leading cause of
cancer related death in the United States with a 6 % 5-
year survival rate, and 75 % mortality rate within the
first year of diagnosis [7, 15, 16]. Contradictory results
describing the relationship between vitamin D and pan-
creatic cancer make it difficult for researchers to draw
consistent conclusions [17, 18]. While multiple studies
suggest adequate 25(OH)D levels may decrease inci-
dence of pancreatic cancer, Stolzenberg et al. conducted
a pooled, nested, case–control study of eight cohorts,
finding that higher levels of vitamin D (>40 ng/mL) were
associated with a two-fold increase in risk of pancreatic
cancer development (OR = 2.12, 95 % CI: 1.23, 3.64)
[17]. Such results suggest vitamin D supplementation in
cancer patients should be monitored carefully.
Despite this data, in vitro and in vivo studies of pan-

creatic cancer cell lines found that 25(OH)D inhibited
cell line growth, while analogs of 25(OH)D inhibited
pancreatic cell proliferation, induced differentiation, pro-
moted apoptosis in vitro, and inhibited pancreatic tumor
growth in vivo [18–20]. A study published in May 2015

found that activation of vitamin D/VDR signaling led to
inhibition of FOXM1, a direct transcriptional target of
VDR, causing a suppression of tumor stemness, growth,
and metastasis [15]. These results imply vitamin D pos-
sesses anti-tumorigenic properties that may be useful in
preventing development or progression of cancer.
Although in vitro studies have identified vitamin D

and its receptor as potential targets for inhibiting pan-
creatic cancer development or progression, genetic stud-
ies to date have not identified an association between
the 25(OH)D, the VDR, and pancreatic cancer [21, 22].
In an analysis of 11 genes (213 single nucleotide poly-
morphisms) related to vitamin D synthesis, metabolism,
and signaling, no individual genes were significantly as-
sociated with pancreatic cancer [22].
The first study (CALGB 151006) to examine the rela-

tionship between serum 25(OH)D in patients with pan-
creatic cancer and time to progression (TTP) and overall
survival (OS) was a correlative study conducted in May
2014 [23]. These results did not support a statistically
significant relationship between 25(OH)D levels and
TTP or OS [23]. This current retrospective study aims
to contribute to the literature exploring the relationship
between vitamin D and TTP and OS in pancreatic can-
cer patients. It is hypothesized that lower baseline serum
concentrations (BSC) of 25(OH)D will be associated
with decreased TTP and OS.

Methods
Study population
Eligible participants included patients with pancreatic
cancer age 18 years or older, seen at any one of the five
Cancer Treatment Centers of America (CTCA) hospitals
between January 1, 2011, and April 30, 2014, who had
one or more recorded serum 25(OH)D blood draws.
Patients were excluded from the study if there was a
currently active second malignancy other than non-
melanomatous skin cancer or carcinoma in-situ of cer-
vix. Institutional Review Board (IRB) exemption was ob-
tained for this project. For each study participant, data
points collected included but were not limited to demo-
graphics, number of treatment regimens prior to presen-
tation at CTCA, stage of pancreatic cancer, and value of
each serum 25(OH)D draw.

Vitamin D and survival variables
Data were obtained from the institutional electronic
medical record system. Baseline serum concentration of
25(OH)D and all subsequent serum measurements were
divided into quartiles for analysis defined as deficient
(<20 ng/mL), insufficient (20–39 ng/mL), sufficient
(40–59 ng/mL), and optimal (≥60 ng/mL). Quartiles
were determined based on cutoffs used in literature
in addition to nutritionist and naturopathic physician
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recommendations from our facility for our patient
population [3, 11, 19, 24]. Measured as days from
diagnosis to progression of disease, TTP (defined as
change in treatment supported by objective evidence
of progression of disease or death in the absence of
documented disease progression) was recorded for
each patient. Overall survival, measured as days from
diagnosis to date of death, was also recorded for each
patient. The date of last patient contact was used to
represent TTP and/or OS for patients without docu-
mented progression, date of death, or for those pa-
tients still living. Statistical survival analyses censored
patients fitting these conditions.
Three variables known to influence serum levels of

25(OH)D include age, body mass index (BMI), and
ethnicity. This study did not evaluate the effect of age
on 25(OH)D, but did assess age at diagnosis. For this
study, BMI was divided into quartiles: underweight
(<18.5 kg/m2), healthy weight (18.5–24.9 kg/m2), over-
weight (25–29.9 kg/m2), and obese (≥30 kg/m2). Self-
reported ethnicity was recorded for each patient.

Statistical analysis
Statistical analyses were completed using the Statistical
Analysis System (SAS). The initial analysis for each pri-
mary variable, TTP and OS, compared the 25(OH)D
quartiles based on the use of Kaplan-Meier survival
curves and the Log Rank test. Additionally, the vitamin
D groups were compared after adjusting for important
covariates, including number of prior cancer therapies,
BMI, and ethnicity, using the Cox Proportional Hazard
model. Patients lost to follow-up, and, therefore lacking
a documented date of progression or death, were cen-
sored. Statistical significance was declared if the two-
sided p-value was ≤ 0.05.

Results
A total of 1222 patients with pancreatic cancer were
seen during the defined time period, of which 1017 pa-
tients had at least one had recorded serum concentra-
tion of 25(OH)D. Out of the 1017 patients who had
baseline vitamin D values, 627 had not received cancer
directed therapy prior to admission at CTCA. Because
prior treatment could affect nutritional status of a pa-
tient, only patients who had not received prior therapy
were included for analysis.
As summarized in Table 1, the majority of subjects

were Caucasian and had stage IV pancreatic cancer. The
average age at diagnosis was 57 (range: 31–82, SD:7.7).
Gender was equally represented, and the majority of the
samples were 25(OH)D insufficient. The patients who
had a BMI of 25 or higher (33 %) primarily fell into the
insufficient and deficient 25(OH)D quartiles. Even the
majority of patients with a healthy BMI had insufficient

BSC of 25(OH)D (48 %). Figure 1 depicts the frequency
of patients per baseline 25(OH)D quartile. Of the patient
characteristics analyzed, ethnicity (p < 0.0001) and BMI
(p = 0.05) were statistically significantly associated with
BSC of 25(OH)D.
Figure 2 depicts the average TTP per baseline

25(OH)D quartile. Kaplan-Meier survival analysis re-
sulted in no statistically significant association be-
tween TTP and BSC of 25(OH)D (p = 0.39, deficient
vs. insufficient quartiles HR = 1.1; 95 % CI = 0.9 to
1.5, deficient vs. sufficient quartiles HR = 1.1; 95 % CI
= 0.8 to 1.5, deficient vs. optimal quartiles HR = 0.7;
95 % CI = 0.4 to 1.3, insufficient vs. sufficient quartiles
HR = 0.9; 95 % CI = 0.7 to 1.3, insufficient vs. optimal
quartiles HR = 0.6; 95 % CI = 0.4 to 1.1, sufficient vs.
optimal quartiles HR = 0.7; 95 % CI = 0.4 to 1.2). For
the progression analysis, 317 observations (52 %) were
censored given that a documented date of disease
progression or death was not available. Other vari-
ables of interest analyzed using a Type III ANOVA
test, including ethnicity (p = 0.35, HR = 1.2; 95 % CI =
0.9 to 1.70) and BMI (p = 0.70, HR = 1.0; 95 % CI =
0.98 to 1.0), were not statistically significantly associ-
ated with TTP.
At the time of data collection, 480 (76 %) of the study

participants had expired. Statistical analysis of average
OS per baseline 25(OH)D quartile, depicted in Figure 3,
did not result in a significant relationship between the
two variables (p = 0.37, deficient vs. insufficient quartiles
HR = 1.0; 95 % CI = 0.8 to 1.2, deficient vs. sufficient
quartiles HR = 1.0; 95 % CI = 0.8 to 1.4, deficient vs. opti-
mal quartiles HR = 1.6; 95 % CI = 0.9 to 2.7, insufficient
vs. sufficient quartiles HR = 1.1; 95 % CI = 0.8 to 1.3, in-
sufficient vs. optimal quartiles HR = 1.6; 95 % CI = 0.9 to
2.7, sufficient vs. optimal quartiles HR = 1.5; 95 %
CI = 0.9 to 2.6). For the overall the survival analysis,
143 observations (23 %) were censored given that a
documented date of death was not provided. A
Type III ANOVA revealed that ethnicity (p = 0.79,
HR = 1.1; 95 % CI = 0.8 to 1.4) and baseline BMI (p = 0.84,
HR = 1.0; 95 % CI = 0.98 to 1.0) were not statistically sig-
nificantly associated with OS.
Thus, the statistical results of this study showed

both ethnicity and BMI impact BSC of 25(OH)D,
and there is no statistically significant relationship
between BSC of 25(OH)D and TTP or OS.

Discussion
This analysis is one of the first to analyze the association
between BSC of 25(OH)D and both TTP and OS in pa-
tients with pancreatic cancer. The results of this study
showed that BSC of 25(OH)D is not statistically signifi-
cantly associated with either TTP or OS. Therefore, BSC of
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25(OH)D does not appear to be indicative of prognosis in
pancreatic cancer patients.
Despite literature noting the protective properties of

25(OH)D and cancer development, the current data does
not support an association between BSC of 25(OH)D and
disease progression in patients with pancreatic cancer.

Although graphical depiction suggests optimal BSC of
25(OH)D is associated with greatest OS, the same quartile
experiences the most rapid TTP. Further research specif-
ically aimed at understanding the role of 25(OH)D during
the course of disease in pancreatic cancer, is needed to
identify the presence or absence of such protective proper-
ties against disease progression.
In a recent correlative randomized trial, serum 25(OH)D

of 256 pancreatic cancer patients was analyzed for associa-
tions with TTP and OS. Similar to our findings, the results
showed no significant association between 25(OH)D and
either variable (TTP p = 0.6, OS p = 0.95). However, that
study did identify a statistically significant relationship be-
tween ethnicity and 25(OH)D, placing emphasis on the pri-
mary endogenous metabolism of vitamin D following
absorption by the skin [19]. Because darker skin pigments
absorb less UV light from the sun, darker-skinned individ-
uals will likely have lower serum concentration of vitamin
D than lighter-skinned individuals. Similar to existing litera-
ture, our study identified a statistically significant relation-
ship between ethnicity and BSC of 25(OH)D (p < 0.0001).

Fig. 1 Distribution of baseline 25(OH)D levels among pancreatic
cancer patients(n = 627). ng/mL: nanogram per milliliter

Table 1 Distribution of Demographics Grouped by 25(OH)D Quartile

Vitamin D Quartile

<20 ng/mL 20–39 ng/mL 40–59 ng/mL 60 + ng/mL Total 25(OH)D

Characteristic No. patients (%) No. patients (%) No. patients (%) No. patients (%) No. patients (%) Avg. ng/mL (SD) P-value

Gender

Male 105 (56) 167 (56) 63 (52) 7 (32) 342 (55) 28 (±14) 0.15

Female 83 (44) 129 (44) 58 (48) 15 (68) 285 (45) 30 (±17)

Ethnicity <0.0001

Caucasian 118 (25) 236 (50) 106 (22) 16 (3) 476 (76) 31 (±15)

African American 57 (53) 36 (34) 11 (10) 3 (3) 107 (17) 22 (±15)

Hispanic 0 (0) 7 (44) 0 (0) 1 (6) 16 (3) 22 (±14)

Asian 0 (0) 4 (100) 0 (0) 0 (0) 4 (0.6) 30 (±6)

Polynesian 0 (0) 0 (0) 1 (100) 0 (0) 1 (0.2) 48 (±0)

Other* 5 (22) 5 (22) 3 (13) 2 (9) 23 (4) 30 (±16)

Cancer Stage 0.36

1B 4 (50) 2 (25) 2 (25) 0 (0) 8 (1) 23 (±14)

2A 13 (48) 9 (33) 4 (4) 1 (4) 27 (4) 24 (±16)

2B 15 (31) 27 (56) 3 (6) 3 (6) 48 (8) 27 (±14)

3 24 (28) 40 (47) 19 (22) 3 (3) 86 (14) 30 (±15)

4 131(29) 216 (48) 92 (20) 15 (3) 454 (72) 29 (±16)

Non-staged 1 (25) 2 (50) 1 (25) 0 (0) 4 (1) 28 (±11)

BMI (kg/m2) 0.05

< 18.5 7 (27) 8 (31) 9 (35) 2 (8) 26 (4) 35 (±19)

18.5–24.9 67 (25) 126 (48) 57 (22) 14 (5) 264 (42) 31 (±17)

25–29.9 74 (36) 98 (47) 33 (16) 2 (1) 207 (33) 26 (±13)

30+ 40 (31) 64 (49) 22 (17) 4 (3) 130 (21) 28 (±14)

*Other ethnicities are patients who did not identify with any ethnicity listed above
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Body Mass Index (BMI) is another factor cited in the
literature as having an inverse influence on serum vita-
min D [25]. Our study demonstrated a statistically sig-
nificant relationship between BMI and BSC of vitamin
D (p=0.05). In a study evaluating serum concentration of
25(OH)D in healthy individuals compared to obese

individuals, researchers found that 25(OH)D was in-
versely correlated with BMI (p = 0.007) [26]. While basal
rates of serum 25(OH)D did not differ immediately post
radiation, a statistically significant difference emerged
between obese and healthy individuals 24 h after
exposure. Similarly, there was a significant association

Fig. 2 Kaplan-Meier survival curve depicting the association between baseline 25(OH)D quartile and time to disease progression (p=0.39)

Fig. 3 Kaplan-Meier survival curve depicting the association between baseline 25(OH)D quartile and overall survival in pancreatic
cancer patients (p=0.37)
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between BMI and peak 25(OH)D levels in an oral
challenge [26]. Our study only observed 25(OH)D
and BMI at baseline, a limitation that may have pre-
vented identifying a dynamic association between
changes in BMI with changes in 25(OH)D over time.
Since subcutaneous fat is a deposition site for vitamin
D, overweight and obese individuals may sequester
vitamin D from the blood and store it in a non-
readily available form, causing a prevalence of vitamin
D deficiency among individuals with increased BMIs
[23]. The association between BMI and 25(OH)D
identified in the current study indicates an important
area for future research.
The strength of the current study lies in the large sam-

ple size included for analysis; however, the design was
retrospective in nature. Although it provides insight into
possible associations between vitamin D and pancreatic
cancer, a prospective study is subject to less bias and
possible confounders. The retrospective nature of the
study limits the ability to account for initiation of and
compliance to vitamin D supplementation. Some pa-
tients expired prior to documentation of progression
of disease. For these patients, date of expiration was
used for both OS and TTP as death was considered
disease progression. Given our patient population
travels from many states across the country, as well
as internationally, it was not feasible to assess the
season during which blood was drawn (and, therefore
relative sun exposure) to determine potential effects
on serum25(OH)D.
Our analysis suggests that vitamin D is not signifi-

cantly associated with rates of disease progression or
overall survival in an advanced pancreatic cancer
population; however, the limitations of a retrospective
and the inconclusive reports of this topic in the lit-
erature suggest more prospective trials are needed to
further define potential associations between vitamin
D and pancreatic cancer progression. The most recent
literature evaluating the effect of vitamin D on
gastrointestinal disease, including pancreatic cancer,
continues to identify the inconsistencies and contra-
dictions of published findings, as well as the need for
a prospective human interventional trial [27]. Further-
more, research is moving towards analysis of vitamin
D analogs and their potential to activate the desirable
anti-inflammatory, immunomodulatory, and apoptotic
effects while avoiding the homeostatic effects on cal-
cium and phosphorous levels. Analogs have also been
cited to synergistically enhance the desired effects of
chemotherapy when used in combination [28, 29]. Fu-
ture research should prospectively document the vari-
ables assessed in this current study to best define
associations between BSC of 25(OH)D and OS and
TTP.

Conclusion
This study did not identify a significant association
between 25(OH)D and overall survival or time to pro-
gression in patients with pancreatic cancer. Future
prospective studies should explore potential relation-
ships between 25(OH)D and OS and TTP in pancre-
atic cancer. Additional studies may also apply analysis
to changes in serum 25(OH)D in association with
changes in other variables, such as BMI.

Abbreviations
ANOVA: analysis of variance; BMI: body mass index; BSC: baseline serum
concentration; CTCA: Cancer Treatment Centers of America; IRB: institutional
review board; ng/mL: nanogram per milliliter; OS: overall survival; TTP: time
to progression; UVB: ultraviolet B-rays; VDR: vitamin D receptor.

Competing interests
There are no financial competing interests to disclose by any author.
Additionally, this study was solely supported via internal funds.

Authors’ contributions
EMM, MEL, MLN, JBH designed research; EMM conducted research; EMM, NH
provided essential reagents, or provided essential materials; EMM, MEL
analyzed data or performed statistical analysis; EMM, MEL, MLN, JBH wrote
paper; EMM, MEL had primary responsibility for final content. All authors read
and approved the final manuscript.

Author details
1Department of Clinical Research, Cancer Treatment Centers of America® at
Eastern Regional Medical Center, 1331 E. Wyoming Ave, Philadelphia, PA
19124, USA. 2Department of Nutrition, Cancer Treatment Centers of America®
at Eastern Regional Medical Center, 1331 E. Wyoming Ave, Philadelphia, PA
19124, USA. 3Department of Pulmonary and Critical Care Medicine, Cancer
Treatment Centers of America® at Eastern Regional Medical Center, 1331 E.
Wyoming Ave, Philadelphia, PA 19124, USA.

Received: 25 November 2015 Accepted: 3 February 2016

References
1. Ross AC, Taylor CL, Yaktine AL, Del Valle HB. Dietary reference intakes for

calcium and vitamin D. Washington, DC: National Academies Press; 2011.
2. 25-hydroxy vitamin D test: MedlinePlus Medical Encyclopedia. U.S. National

Library of Medicine; U.S. Department of Health and Human Services
National Institutes of Health Retrieved from https://www.nlm.nih.gov/
medlineplus/ency/article/003569.htm.

3. Vashi PG, Edwin P, Popiel B, Gupta D. The relationship between circulating
25-hydroxyvitamin D and survival in newly diagnosed advanced non-small-
cell lung cancer. BMC Cancer. 2015;15(1). doi:10.1186/s12885-015-2043-x.

4. Forrest KY, Stuhldreher WL. Prevalence and correlates of vitamin D
deficiency in US adults. Nutr Res. 2011;31(1):48–54.

5. Sanchez GV, Weistein SJ, Stolzenberg-Solomon RZ. Is dietary fat, Vitamin D, or
folate associated with pancreatic cancer? Mol Carcinog. 2012;51(1):119–27.

6. Giovannucci E. The Epidemiology of Vitamin and Cancer Incidence and
Mortality: A Review (United States). Cancer Causes and Control. 2005;16:83–95.

7. Cho M, Peddi PF, Ding K, Chen L, Thomas D, et al. Vitamin D deficiency and
prognostics among patients with pancreatic adenocarcinoma. Journal of
Translational Medicine. 2013;11(1):206. doi:10.1186/1479-5876-11-206.

8. Oades GM, Dredge K, Kirby RS, Colston KW. Vitamin D receptor-dependent
antitumor effects of 1,25-dihydroxyvitamin D3 and two synthetic analogues
in three in vivo models of prostate cancer. BJU Int. 2002;90:607–16.

9. Colston KW, Hansen CM. Mechanisms implicated in the growth regulatory
effects of vitamin D in breast cancer. Endocr Relat Cancer. 2002;9:45–59.

10. Palmer HG, Gonzalez-Sancho JM, Espada J, Berciano MT, Puig I, et al.
Vitamin D(3) promotes the differentiation of colon carcinoma cells by the
induction of E-cadherin and the inhibition of beta-catenin signaling. J Cell
Biol. 2001;154:369–87.

11. Iqbal S, Naseem I. Pancreatic cancer control: is vitamin D the answer?.
European Journal of Cancer Prevention. 2015;00.

McGovern et al. Nutrition Journal  (2016) 15:17 Page 6 of 7

https://www.nlm.nih.gov/medlineplus/ency/article/003569.htm
https://www.nlm.nih.gov/medlineplus/ency/article/003569.htm
http://dx.doi.org/10.1186/s12885-015-2043-x
http://dx.doi.org/10.1186/1479-5876-11-206


12. Mohr SB, Garland CF, Gorham ED, Grant WB, Garland FC. Ultraviolet B
Irradiance and Vitamin D Status are Inversely Associated With Incidence
Rates of Pancreatic Cancer Worldwide. Pancreas. 2010;39(5):669–74. doi:10.
1097/mpa.0b013e3181ce654d.

13. Tran B, Whiteman DC, Webb PM, Fritschi L, Fawcett J, et al. Association
between ultraviolet radiation, skin sun sensitivity and risk of pancreatic cancer.
Cancer Epidemiology. 2013;37(6):886–92. doi:10.1016/j.canep.2013.08.013.

14. Waterhouse M, Risch HA, Bosetti C, Anderson KE, Peterson GM, Bamlet WR,
et al. Vitamin D and pancreatic cancer: a pooled analysis from the
Pancreatic Cancer Case–Control Consortium. Ann Oncol. 2015:mdv480. doi:
10.1093/annonc/mdv480.

15. Li Z, Jia Z, Gao Y, Xie D, Wei D, Cui J, et al. Activation of Vitamin D Receptor
Signaling Downregulates the Expression of Nuclear FOXM1 Protein and
Suppresses Pancreatic Cancer Cell Stemness. Clinical Cancer Research. 2015;
21(4):844–53.

16. Wolpin BM, Ng K, Bao Y, Kraft P, Stampfer MJ, Michaud DS, et al. Plasma 25-
hydroxyvitamin D and risk of pancreatic cancer. Cancer Epidemiol
Biomarkers Prev. 2012;21:82–91.

17. Stolzenberg-Solomon RZ, Jacobs EJ, Arslan AA, Qi D, Patel AV, et al.
Circulating 25-hydroxyvitamin D and risk of pancreatic cancer: Cohort
Consortium Vitamin D Pooling Project of Rarer Cancers. Am J Epidemiol.
2010;172(1):81–93.

18. Schwartz GG, Eads D, Rao A, Cramer SD, Willingham MC, Chen TC, et al.
Pancreatic cancer cells express 25-hydroxyvitamin D-1 alphahydroxylaseand
their proliferation is inhibited by the prohormone 25-hydroxyvitamin D3.
Carcinogenesis. 2004;25(6):1015–26.

19. Persons KS, Eddy VJ, Chadid S, Deoliveira R, Saha AK, Ray R. Anti-growth
effect of 1,25-dihydroxyvitamin D3-3-bromoacetate alone or in combination
with 5-amino-imidazole-4-carboxamide-1-beta-4-ribofuranoside in
pancreatic cancer cells. Anticancer Res. 2010;30(6):1875–80.

20. Schwartz GG, Eads D, Naczki C, Northrup S, Chen T, Koumenis C. 19-nor-1
alpha,25-dihydroxyvitamin D2 (paricalcitol)inhibits the proliferation of
human pancreatic cancer cells in vitro and in vivo. Cancer Biol Ther. 2008;
7(3):430–6.

21. Anderson LN, Cotterchio M, Knight JA, Borgida A, Gallinger S, Cleary SP.
Genetic Variants in Vitamin D Pathway Genes and Risk of Pancreas Cancer;
Results from a Population-Based Case-Control Study in Ontario, Canada.
PLoS One. 2013;8(6):e66768.

22. Arem H, Yu K, Xiong X, Moy K, Freedman ND, Mayne ST, et al. Vitamin D
Metabolic Pathway Genes and Pancreatic Cancer Risk. PLoS One. 2015;10(3):
e0117574.

23. Van Loon K, Kouros O, Chen J, Kindler HL, Mulcahy MF, Niedzwiecki D, et al.
25-Hydroxyvitamin D Levels and Survival in Advanced Pancreatic Cancer:
Findings from CALGB 80303 (Alliance). J Natl Cancer Inst. 2014;106(8):1–8.

24. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney
RP, et al. Evaluation, Treatment, and Prevention of Vitamin D Deficiency: an
Endocrine Society Clinical Practice Guideline. The Journal of Clinical
Endocrinology & Metabolism. 2011;96(7):1911–30. doi:10.1210/jc.2011-0385.

25. Vimaleswaran KS, Berry DJ, Lu C, Tikkanen E, Pilz S, et al. Causal Relationship
between Obesity and Vitamin D Status: Bi-Directional Mendelian
Randomization Analysis of Multiple Cohorts. PLoS Med. 2013;10(2):e1001383.

26. Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased
Bioavailability of Vitamin D in Obesity. Am J Clin Nutr. 2000;72:690–93.

27. Masri OA, Chalhoub JM, Sharara AI. Role of Vitamins in Gastrointestinal
Diseases – Review May 2015. World J Gastroenterol. 2015;21(17):5191–209.

28. Chirumbolo S. Commentary: Vitamin D and Pancreatic Cancer: A Pooled
Analysis from the Pancreatic Cancer Case-Control Consortium. Front Oncol.
2015;5. doi:10.3389/fonc.2015.00160.

29. Barreto S, Neale R. Vitamin D and pancreatic cancer. Cancer Letters. 2015;
368(1):1–6. doi:10.1016/j.canlet.2015.06.030.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

McGovern et al. Nutrition Journal  (2016) 15:17 Page 7 of 7

http://dx.doi.org/10.1097/mpa.0b013e3181ce654d
http://dx.doi.org/10.1097/mpa.0b013e3181ce654d
http://dx.doi.org/10.1016/j.canep.2013.08.013
http://dx.doi.org/10.1093/annonc/mdv480
http://dx.doi.org/10.1210/jc.2011-0385
http://dx.doi.org/10.3389/fonc.2015.00160
http://dx.doi.org/10.1016/j.canlet.2015.06.030

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Vitamin D and survival variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References



