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Abstract

Purpose—Our previous work has shown low serum 25-hydroxyvitamin D concentrations in
association with aggressive breast cancer subtypes. Vitamin D receptor (VDR) is central for
vitamin D-mediated transcription regulation. Few studies have examined breast VDR expression
with tumor characteristics or patient survival.

Experimental Design—VDR expression in breast tumor tissue microarrays was determined by
immunohistochemistry in 1,114 female patients as low, moderate and strong expression based on

an immunoreactive score, and examined with histopathological tumor characteristics and survival
outcomes including progression free survival, breast cancer specific survival, and overall survival.

Results—A majority (58%) of breast tumors showed moderate or strong VDR expression. VDR
expression was inversely related to aggressive tumor characteristics, including large tumor size,
hormonal receptor (HR) negativity, and triple-negative subtype (p<0.05). In addition, VDR
expression was also inversely related to Ki-67 expression among patients older than 50 years.
Nevertheless, VDR expression was not associated with any patient survival outcomes examined.

Conclusions—In a large patient population, VDR expression is inversely associated with more
aggressive breast cancer, but not with breast cancer survival outcomes. The present findings of
VDR expression are consistent with our previous results of circulating vitamin D biomarkers,
which provide two converging lines of evidence supporting the putative benefits of vitamin D
against aggressive breast cancer. Because of the observational nature of our analyses, future
studies are warranted to establish the causality of the reported associations.
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INTRODUCTION

Vitamin D receptor (VDR) is a ligand-dependent transcription factor in a nuclear receptor
superfamily (1). When it binds to its ligand, calcitriol (1a, 25(OH),-dihydroxyvitamin D),
VDR translocates into the nucleus and binds to vitamin D response element (VDRE),
activating the transcription of targeted genes. Activated VDR regulates numerous genes
involved in a myriad of cellular functions and processes and impaired vitamin D activities
have been widely implicated in human cancer (2, 3). In 1979, VDR was first identified in a
breast cancer cell line (4, 5), and was later identified in many breast cancer cell lines and a
majority of human breast tumor tissues examined (6-12). Experimental studies on VDR
knockout mice showed higher rates of pre-neoplastic mammary lesions (13), and treatment
with a vitamin D analogue prevented the development of carcinogen-induced mammary
tumors (14), by mechanisms including inhibition of cellular proliferation, promoting
differentiation and inducing apoptosis (15).

A growing body of epidemiological evidence suggests an inverse association between
vitamin D levels and breast cancer risk, yet the results are still mixed (16-18). Our previous
study has shown that higher serum concentrations of 25-hydroxyvitamin D (250HD) were
associated with reduced risk of breast cancer subtypes of poor prognosis, including estrogen
receptor (ER) negative and triple-negative breast cancer (TNBC), in premenopausal women
(19), highlighting the importance of considering tumor heterogeneity in epidemiological
studies. In contrast to numerous studies on circulating vitamin D biomarkers and breast
cancer, there are few studies on VDR expression in breast tumor tissues. In an earlier study
of 228 breast cancer patients, VDR expression was not associated with any histopathological
indicators, such as ER and Ki-67 status (20). Moreover, previous studies have shown VDR
expression as a prognostic marker for prostate and lung cancer (21, 22), which has remained
understudied in breast cancer. Recently, a small study based on 82 breast cancer patients
found that VDR expression was strongly associated with better prognosis (23). Due to the
small sample size of this study, further investigation of the clinical significance of VDR
expression in breast cancer is warranted.

The present study aims to perform a comprehensive investigation of the association of tumor
VDR expression with cancer clinical characteristics and survival outcomes based on a large
breast cancer patient population.

PATIENTS AND METHODS

Patient population

Women included in the study were those who were diagnosed with invasive breast cancer at
Roswell Park Cancer Institute (RPCI) from 1989-2011 and had breast tumor tissues
collected by RPCI Pathology Research Network (PRN). From these tumors, tissue
microarrays (TMAS) were constructed, with at least three 0.6 mm cores from each donor
tumor block taken randomly from areas pre-selected by a pathologist after reviewing
hematoxylin and eosin slides sectioned from the same block. The cores were then
transferred to a recipient block typically holding cores from 40 patients. Initially, 32 TMAs
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encompassing 4,576 cores from 1,149 patients were included in the analysis. This study was
approved by RPCI Institutional Review Board for human subject protection.

Immunohistochemistry

From each TMA block, a 5-micron section was cut and used for immunohistochemical
(IHC) staining for VDR with a validated monoclonal antibody 9A7 (ThermoFisher catalog #
MA1-710, Waltham, MA) and a Dako automated slide stainer following standardized
protocols established by PRN. The antibody showed an exclusive nuclear staining without
cytoplasmic reactivity in breast tissues (Figure 1), which is consistent with the literature (10,
24). After staining, whole-slide digital images were captured by the Aperio ScanScope CS
Slide Scanner, and a computer-assisted image analysis algorithm optimized for the VDR
antibody was used for automated quantitative assessment of staining intensity and percent of
positive staining area. Any tumor with a total nuclei count less than 15 was excluded (n=18)
from the analysis. An immunoreactive score (IRS) was computed as the product of intensity
score (0-3) and percent of positive nuclei score (0-4) for each core and scores across
multiple cores of each tumor block were compiled into a final score by the average score
weighted by the total count of nuclei of each core. The resultant score thus ranged from
0-12. Based on the distribution of the IRS, VDR expression was classified into three levels
with largely similar number of cases in each level: low (0-2), moderate (3-5), and strong
(6-12) (see Figure 1 for representative stains).

Clinical data

Patient demographic data, including age at diagnosis, race/ethnicity and family history of
breast cancer, as well as tumor pathological data, including tumor size (T), lymph nodal
metastasis (N), ER, PR, and Her2/neu status were obtained from RPCI Clinical Data
Network (CDN). Because tumor staging criteria underwent several updates during the time
span of tumor tissue procurement, we elected not to include tumor stage in the analysis, to
avoid misclassification, but instead focus on tumor size and nodal status separately. Clinical
subtypes were defined based on ER, PR, and Her2/neu status as the following: luminal A
(ER+ and/or PR+, and Her2-); luminal B (ER+ and/or PR+, and Her2+); Her2-enriched (ER
-, PR—, and Her2+); and triple-negative (ER-, PR—, and Her2-). Patients without clinical
data from CDN were excluded from the analysis (n=17), resulting in a total of 1,114 patients
included in the final analysis. In addition, as a part of two previous studies, data on tumor
Ki-67 expression and serum 250HD concentrations at the time of breast cancer diagnosis
were available from 699 and 247 patients in this study, respectively. Data for patient survival
outcomes, including recurrence, second primary cancer, all-cause mortality, and breast
cancer-specific mortality, were obtained from cancer registry and NCCN database
maintained by the RPCI Breast Program conducting regular patient follow-up.

Statistical analysis

Patient population characteristics were summarized using descriptive statistics. For
associations of VDR expression (low, moderate and high) with demographic and tumor
characteristics, univariate analysis was first conducted using chi-square test, followed by
logistic regression, modeling the probability of high aggressive vs. low aggressive
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characteristic (e.g., larger tumor vs. small tumor; TNBC vs. luminal A), with adjustment for
age at diagnosis. The analyses were further stratified by age group (<50 years and >50 years)
as a proxy of menopausal status. For survival analysis, three endpoints were assessed,
including overall survival (OS), progression-free survival (PFS) (recurrence, second primary
cancer, or death due to any cause), and breast cancer-specific survival (BCSS). For each
endpoint, follow-up time began at the time of diagnosis and ended at the time of an event of
interest or the date of last contact (censored). Kaplan-Meier survival curves by VDR
expression levels were plotted with p-values derived from log-rank test. Cox proportional
hazards models were used to derive hazards ratios (HRs) and 95% confidence intervals (CIs)
associated with VDR expression, controlling for age at diagnosis. Subgroup analyses were
performed by stratification on selected demographic and clinical characteristics. All
statistical analyses were performed in SAS 9.4 with two-sided type | error rate of 0.05.

RESULTS

The demographic and clinical characteristics of the 1,114 breast cancer patients included in
the final analysis are summarized in Table 1. The majority of patients were older than 50
years (65%) and Caucasian (86%). More than half of the tumors (55%) were T1 and node
negative (54%). For clinical subtypes, 56% of the tumors were classified as luminal A, 16%
luminal B, 7% Her2-enriched, and 21% TNBC. Among a subset of the patients with Ki-67
data (n=699), most (67%) had low expression.

Based on the IRS classification, VDR was not or expressed at low level in 42% of tumors
(n=477), moderately expressed in 32% (n=354), and strongly expressed in the other 25%
(n=283). There was no difference in VDR expression between Caucasian American and
African American patients (p=0.80); however, older patients tended to have stronger VDR
expression than younger patients (p=0.05). In a subset of patients (n=247) with serum
250HD concentrations at the time of diagnosis, no association between 250HD
concentrations and VDR expression was found (p=0.97).

Table 2 summaries VDR expression by tumor characteristics. Except for nodal status and
Her2/neu status, significant differences in VDR expression were found. VDR expression
was significantly lower in tumors with more aggressive characteristics (larger tumors, ER-
negative, PR-negative and TNBC) than in tumors with better prognosis characteristics. In
addition, VDR expression appeared to be inversely related to Ki-67 expression (p=0.02). In
logistic regression analyses these associations remained after adjustment for age
(Supplementary Table 1). For the most part, associations were similar between younger
(<50 years) and older (>50 years) patients after stratification by age, except that Ki-67 were
inversely related to VDR expression only among older patients (p<0.05).

The median follow-up time was 72 months (range 3-201 months), during which time 271
death, including 130 breast cancer-specific death, and 311 disease-free events occurred.
There were no differences in patients’ survival outcomes, including OS, PFS, or BCSS, by
tumor VDR expression as shown by Kaplan-Meier curves in Figure 2. In Cox proportional
hazards model with adjustment for age, no significant associations were found (Table 3). In
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further subgroup analyses by age, tumor size, nodal status, ER, PR, Her2/neu, clinical
subtype, and Ki-67 expression, no associations were found (data not shown).

DISCUSSION

In this large sample of 1,114 breast cancer patients, we found that low VDR expression in
tumor tissues was associated with more aggressive characteristics, specifically large tumor
size, ER and PR negativity, TNBC, and high Ki-67 expression. No associations of VDR
expression with lymph node involvement or Her2 status was found. Despite the strong
associations with tumor histopathological features that are known to be prognostic, breast
tumor VDR expression was not associated with patient survival outcomes after a median of
6 years follow up in our patient population.

The finding of an inverse association between VDR expression and tumor aggressiveness
suggests that VDR may be a target subjected to down-regulation or ablation along the breast
cancer progression cascade into more aggressive stages. In an earlier study by Lopes et al,
the IHC expression of VDR and two metabolizing enzymes, CYP27B1 and CYP24A1, were
examined in a full spectrum of breast tissues ranging from normal tissue, to benign lesions,
ductal carcinoma /n situ (DCIS) and invasive tumors (10). It was found that VDR expression
was significantly lower in DCIS and invasive tumor than in normal or benign tissues, and
further, VDR expression was correlated with tumor ER expression, which is consistent with
our findings. In addition to decreased expression of VDR in tumor tissue, VDR activity may
also be subjected to negative regulation. In the same study;, it was also found that in contrast
to a decreasing trend of VDR expression, vitamin D catabolizing enzyme CYP24A1 was
increased in tumor tissues. Similar findings of a deregulated vitamin D signaling pathway
favoring lower VDR activity were also reported in other studies (25, 26). The degraded VDR
expression and activity may be a common molecular alteration that has been found in
multiple tumor types, such as breast, prostate and colon cancer (27-29). For example, in
colon cancer cells, VDR gene expression was suppressed by elevated expression of SNAIL
transcription factor, which blocked cancer cell response to vitamin D treatment (30).

However, caution should be taken when interpreting the loss of VDR as a driving
mechanism responsible for the more aggressive breast cancer phenotypes. It is possible that
the alteration in VDR expression or activity may only be a “passenger” event occurring
along with the loss of other cell differentiation markers with no obviously meaningful
consequences. Interestingly in a 2014 study by Santagata et al, it was found that a new breast
cancer subtyping schema based on ER, androgen receptor (AR) and VDR provided a much
stronger prognostication than the commonly used schema by ER, PR and Her2 (31). This
suggests that VDR may not simply be tracking with ER in tumor tissues as a differentiation
marker, but complex interplays may exist among these hormonal receptors and influence the
development and progression of breast cancer cells. Estrogen induces ERK 1/2 activation
and transcriptional activity, which results in up-regulation of VDR gene expression (32). In
the study by Santagata et al, the majority (93%) of ER+ tumors were also VDR+ (31).
Nevertheless, in ER+ breast cancer cells, calcitriol significantly reduced ER expression and
inhibited estrogen stimulation of cell proliferation (33, 34). Thus, in breast cancer cells, ER
tends to co-express with VDR, the latter, upon activation by its ligand, suppresses ER in a
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negative feedback loop. This suggests that active vitamin D signaling activity may synergize
with anti-estrogen agents in treating ER+ breast cancer. Indeed, it has been reported that
vitamin D enhances the apoptotic effect of Tamoxifen in MCF-7 breast cancer cells (35) and
in mice models (36). Apparently, further studies are warranted to elucidate the molecular
mechanisms underlying the deregulation of VDR in breast tumors and to establish the
causality between VDR loss and tumor progression in a prospective manner.

We previously reported inverse associations of serum 250HD concentrations with risk of
aggressive breast cancer, including higher stage, ER-negative and TNBC (19). The present
study of tumor VDR expression now corroborates with the findings from our previous study
of serum 250HD. Although both studies are of observatory nature and we cannot exclude
the possibility of a reverse causality, these two converging lines of evidence from circulating
biomarker and tumor tissue may not simply be coincidence, as they are endorsed by a
variety of anti-cancer activities of vitamin D demonstrated in a rich body of literature from
experimental studies. For example, cell culture and animal studies have well established that
vitamin D has anti-proliferation and pro-differentiation properties (2, 3), which may well
explain our findings of low VDR expression in tumors of large size and high Ki-67
expression. In a randomized clinical trial, vitamin D3 supplementation raised calcitriol
concentrations in prostate tissue, which was correlated with lower levels of Ki-67 expression
in prostate cancer tissues (37). Although similar data from breast cancer randomized trials
are currently lacking, a recent study examining hormonal receptor markers at the single cell
level showed that most proliferating breast cancer cells positive for Ki-67 were VDR
negative (31). In addition to anti-proliferation effects, vitamin D has also been shown to have
anti-oxidative stress, anti-invasion and anti-angiogenesis activities, and most recently also
anti-metastasis by targeting the tumor progression gene inhibition of differentiation 1 (ID1)
(38). These versatile anti-tumor activities of vitamin D support the findings from our and
others’ observational studies and argue against the possibility of reverse causality.
Nevertheless, a definitive conclusion awaits from future prospective intervention trials.

Our data also showed significantly lower VDR expression in TNBC compared to luminal A
subtype. We know of no other studies in the literature examining VDR expression with the
TNBC phenotype. The finding is consistent with our data from serum vitamin D biomarker
that 250HD concentrations were the lowest in premenopausal patients with TNBC
compared with other subtypes (19). Experimental studies suggest that vitamin D may
modulate tumor microenvironment by regulating genes involved in extracellular remodeling
and epithelialmesenchymal transition (EMT) and thus alter breast tumor phenotypes,
including TNBC (39, 40). Intriguingly, in a study of mammospheres which were enriched
with mammary cancer stem cells (MCSCs), VDR expression was significantly down-
regulated in mammospheres, MCSCs, and triple-negative cancer cells (41). When VDR was
over expressed, the ability of cells to form mammospheres was compromised. TNBC is
currently the most difficult to treat breast cancer subgroup. Our findings imply that vitamin
D might have cancer preventive benefits against the occurrence of TNBC and VDR may be a
therapeutic target for treatment. A recent study in TNBC cell lines provides support for the
latter hypothesis (42).
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Because VDR expression was inversely related to poor breast cancer aggressive
characteristics in our study, it is unexpected to find no associations of VDR expression with
patient survival outcomes. To understand this discordance, we first examined tumor
aggressive characteristics, including tumor size, lymph node, ER, PR, Her2, IHC subtype,
and Ki-67, with patient survival outcomes, and all the results except for Ki-67 were
significant and the hazards ratios were in the expected directions. This affirms the validity of
the survival outcome data. We then included VDR variable as an additional variable in the
Cox models already containing each of the tumor aggressive characteristics. The
associations with these characteristics were not changed, while there was still no significant
association with VDR levels in any of the models. This suggests that, although VDR levels
were correlated with many of the tumor aggressive characteristics, the associations may not
be strong enough to subsequently impact patient survival. In fact, VDR levels were not
associated with all of the aggressive characteristics, particularly not with the number of
positive lymph node, which is known to be a very strong prognostic factor. To test whether
VDR levels were associated with survival outcomes only within certain cancer subgroups,
we performed a number of stratified analyses by age group and tumor characteristics.
Although the sample size became rather limited in some strata, we still did not see any
trends of associations. Alternatively, it is possible that the associations of VDR levels with
survival outcomes were modified by circulating 25D levels. We thus did some exploratory
analyses using the small number of patients (n=247) in this study who had both VDR
staining and 25D levels data. There was no correlation between VDR levels and 25D levels.
There were also no significant associations of 25D tertiles with survival; but when stratified
by a binary 25D levels (high and low by the median), there was a trend of better survival in
patients with strong VDR levels and 25D levels above the median. However, the confidence
intervals are very wide due to small sample sizes. It is also possible that tumor VDR levels
might change along the course of disease progression and be subject to regulations by
vitamin D, estrogen and other factors. Thus the levels at the time of diagnosis might not
necessarily represent the tumor cells progress to a tumor mass at relapse. Because we do not
have VDR data from recurrent tumor tissues, which are usually rare to get access to, we
cannot test this possibility.

Three earlier studies based on small patient populations found high VDR expression related
to longer survival (23, 43, 44). The study by Santagata et al also found patients with triple-
positive breast cancer subtype (ER+, AR+ and VDR+) had the best prognosis compared
with those with other subtypes (31). However, two other small studies in the literature
reported null associations of VDR expression with survival in breast cancer patients (11, 12).
Given the scarcity of data from large prospective studies on tumor VDR expression and
breast cancer outcomes, future studies are needed. It will be particularly interesting to
investigate VDR expression in tumor tissues together with serum 250HD levels and
common genetic variations in the VDR locus. Several single nucleotide polymorphisms
(SNPs) with potential functional impact have been repeatedly studied with breast cancer risk
(45), but much fewer studies have been conducted with survival outcomes (17, 46). These
genetic variations, as well as /7 vivo vitamin D availability indicated by circulating 250HD
levels, may modify the associations of VDR expression and breast cancer prognosis.
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Our study has some limitations. First, we did not control for treatment patients received in
the survival analysis. Because breast cancer therapy regimens depend heavily on tumor
histopathological characteristics, the two are closely correlated. We thus adjusted for tumor
characteristics in the models, which reduced potential bias due to different treatment patients
received. However, we cannot completely refute the possibility of residual confounding
effects. Because our findings from the survival analyses were null, if residual confounding
existed, it would have only biased the results towards null. Second, VDR expression was
categorized into three levels based on the distribution of the IRS. This categorization is
primarily data driven and could be considered arbitrary. However, this approach is a
common practice in epidemiological analysis, especially when there is no alternative cutoff
based on biological or clinical meanings. We further performed a trend test by using the
midpoint value of each IRS category (1, 4 and 9 for low, moderate and strong VDR
expression levels, respectively) as a continuous variable in the regression models for tumor
aggressive characteristics and survival. The results are very similar to those by treating VDR
expression levels as a categorical variable. Lastly, we did not have data on intake of vitamin
D supplement and multivitamins before and after breast cancer diagnosis, which may affect
in vivo vitamin D levels and VDR activity, and further on patient survival. A prospective
study to collect supplement intake and measure 250HD repeatedly at baseline and during
follow up will have capacity to address this important question.

In conclusion, VDR expression measured by IHC staining is inversely associated with
aggressive characteristics in breast cancer but not with patient survival outcomes. The down-
regulation of VDR expression in more aggressive breast cancer suggests functional vitamin
D activity may slow or block cancer progression. However, this should be taken with caution
of reverse causality. Future studies based on large prospective cohorts are warranted to
further investigate the prognostic significance of expression of VDR, particularly with joint
consideration of circulating 250HD levels and related genetic variations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TRANSLATIONAL RELEVANCE

There has been long-standing interest in using vitamin D as a natural compound for
breast cancer prevention and therapy, largely supported by experimental data from cell
culture and animal models. However, epidemiological and clinical studies provide
inconclusive data. In a large breast cancer patient population, deficient VDR expression
was associated with more aggressive disease but not with decreased survival. The
findings corroborate data form our previous serum biomarker study and support the
putative benefits of vitamin D against the aggressive forms of breast cancer; yet the effect
seems not to extend to clinical benefit in terms of patient survival. Future studies are
needed to investigate prognostic significance of VDR expression in the context of in vivo
vitamin D levels and inherited genetic variations.
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Figure 1.
Representative immages of vitamin D receptor (VDR) protein expression in selected

malignant breast tissue microarray cores, classified by immunoreactive score (IRS).
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Kaplan-Meier survival curves by vitamin D receptor (VDR) expression levels
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Table 1

Descriptive characteristics of the patient population (n=1,114)

Variable N Percent (%)

Age at diagnosis

<50years 388 34.8
>50 years 726 65.2
Race
Caucasian 962 86.4
African American 135 12.1
Other 17 15
Tumor size
Tl(<2cm) 609 55.7
T2(2-5cm) 411 37.6
T3(>5cm) 73 6.7
Lymph node
NO (0 positive nodes) 570 54
N1 (1-3 positive nodes) 293 27.7
N2 (4-9 positive nodes) 118 11.2
N3 (=10 positive nodes) 75 7.1
ER
Negative 321 28.9
Positive 790 71.1
PR
Negative 480 43.2
Positive 631 56.8
Her2/neu
Negative 842 76.3
Strong 217 19.7
Weak 44 4

Clinical subtype

Luminal A 615 55.9
Luminal B 180 16.3
Her2 enriched 80 7.3
Triple negative 226 20.5
Ki-67

Low (<15%) 467 66.8
Moderate (16-30%) 121 17.3
High (>30%) 111 15.9

VDR expression by IHC
Low (IRS=0-2) 477 428
Moderate (IRS=3-5) 354 31.8
Strong (IRS=6-12) 283 25.4
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Footnote: For some variables, the total number does not add up to the total of 1,114 due to missing data.

Abbreviation: IRS, immunoereactive score; ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor 2.
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Vitamin D receptor (VDR) expression in breast tumors by histopathological characterstics

Table 2

VDR expression

Prognostic characteristics P-value
Low (IRS=0-2) Moderate (IRS=3-5) Strong (IRS=6-12)
Tumor size 0.001
<2cm 233 (38) 201 (33) 175 (29)
>2cm 237 (49) 147 (30) 100 (21)
# positive lymph node 0.59
0 240 (42) 192 (34) 138 (24)
1+ 217 (45) 150 (31) 119 (24)
ER status <0.0001
Negative 184 (57) 88 (27) 49 (15)
Positive 292 (37) 265 (34) 233 (29)
PR status <0.0001
Negative 243 (51) 138 (29) 99 (21)
Positive 233 (37) 215 (34) 183 (29)
Her2 status 0.66
Negative 369(44) 267(32) 206(24)
Positive 106(41) 87(33) 68(26)
Tumor subtype <0.0001
Luminal A 43 (53.75) 20 (25) 17 (21.25)
Luminal B 236 (38.37) 202 (32.85) 177 (28.78)
Her2 expressing 63 (35) 66 (36.67) 51 (28.33)
Triple negative 132 (58.41) 65 (28.76) 29 (12.83)
Ki-67 status 0.02
<15% 187 (40) 130 (28) 150 (32)
16%-30% 57 (47) 35(29) 29 (24)
>30% 50 (45) 41 (37) 20 (18)

Footnote: Count (row percentage) is presented for VDR expression by tumor histopathological characteristics.

Abbreviation: IRS, immunoereactive score; ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor 2.
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Cox proportional hazards regression analysis of patient survival outcomes by tumor vitamin D receptor (VDR)

expression

VDR expression

#event/total

Unadjusted model

Age-adjusted model

HR(% Cl) P HR(9%B%Cl) P
Overall survival
Low 104/474 1.00 0.8 1.00 0.9
Moderate 84/353 1.05 (0.79-1.41) 1.02 (0.77-1.36)
Strong 82/282 1.09 (0.82-1.46) 1.04 (0.78-1.39)
Progression-free survival
Low 117/474 1.00 0.5 1.00 0.6
Moderate 99/353 1.12 (0.85-1.46) 1.09 (0.84-1.43)
Strong 95/282 1.18 (0.90-1.55) 1.14 (0.87-1.50)
Breast cancer specific survival

Low 53/474 1.00 0.7 1.00 0.7
Moderate 35/353 0.85 (0.56-1.31) 0.87 (0.57-1.33)
Strong 39/282 1.04 (0.69-1.57) 1.06 (0.70-1.61)

Abbreviation: HR hazards ratio; Cl, confidence interval.
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