UC Davis
UC Davis Previously Published Works

Title
Serum Vitamin D Status and Breast Cancer Risk by Receptor Status: A Systematic Review.

Permalink

bttgszggescholarshiQ.orgéucgitem418t3k4zj

Journal
Nutrition and Cancer, 70(5)

Authors

Tommie, Jessica

Pinney, Susan
Nommsen-Rivers, Laurie

Publication Date
2018-07-01

DOI
10.1080/01635581.2018.1470653

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/18t3k4zz
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Nutr Cancer. Author manuscript; available in PMC 2022 April 13.

-, HHS Public Access
«

Published in final edited form as:
Nutr Cancer. 2018 July ; 70(5): 804-820. doi:10.1080/01635581.2018.1470653.

Serum Vitamin D Status and Breast Cancer Risk by Receptor
Status: A Systematic Review

Jessica L. Tommie?, Susan M. Pinneyb, Laurie A. Nommsen-Rivers?
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Abstract

Background: The association between vitamin D status and breast cancer risk is equivocal. No
systematic reviews or meta-analyses have examined this association stratified by receptor status.
Our objective is to conduct a systematic review to answer the question, “Is there a relationship
between lower serum/plasma vitamin D levels and increased risk of triple negative breast cancer
(TNBC) specifically?”

Methods: We systematically searched Embase and PubMed databases for published original
research studies examining the risk of a breast cancer diagnosis according to vitamin D status. We
excluded studies that did not provide risk estimates stratified by receptor status.

Results: Fourteen studies met our criteria, including case-control, nested case-control, and case-
series studies, reflecting the cumulative results of 13,135 breast cancer cases. When grouped

by relevancy to TNBC, the proportion of analyses across all study types showing a significant
association between vitamin D status and breast cancer diagnosis was 37% for non-TNBC
analyses, 48% for analyses that included some TNBC cases, and 88% for TNBC analyses.

Conclusions: Our results suggest that low vitamin D status may particularly increase the risk
of TNBC, although more research is needed to determine if this association is causative. Women
should be routinely screened for 25(OH)D deficiency.

Introduction

One out of every eight women in the United States will develop invasive breast cancer

over the course of her lifetime. Breast cancer is the most common cancer among women,
excluding skin cancers, and the second leading cause of cancer death (1). In particular, triple
negative breast cancer (TNBC) is a subtype that carries the worst prognosis of all breast
cancer diagnoses. The incidence of TNBC is higher in younger women, women of African
or Hispanic descent, and women with the BRCA1 genetic variant (2). TNBC is less likely to
be found on a mammogram, more likely to be aggressive, and lacks targeted therapies—all
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of which contribute to its poorer prognosis (2). Identifying modifiable risk factors for TNBC
is an important step toward reducing its prevalence.

In 2011, the St Gallen International Breast Cancer Conference Expert Panel adopted a
classification system for breast cancer based on intrinsic biologic subtypes, which continues
to be used for recommending treatment protocols (3,4). Summarized in Table 1, the
groupings include four intrinsic subtypes: Luminal A, Luminal B, HER2 overexpression,
and Basal-like (3). The immunohistochemistry markers for estrogen receptor (ER),
progesterone receptor (PR), Human epidermal growth factor receptor 2 (HER2), and Ki-67
(a proliferation index) are used as prognostic indicators and to approximate the intrinsic
subtype (5).

TNBC is characterized by the absence of ER and PR receptors and normal HER2
expression. Up to 90% of incident basal-like breast cancers are TNBC (6) and approximately
86% of TNBC diagnoses are basal-like (4). “Basal-like” and “triple-negative” are often used
interchangeably because of the high degree of overlap between these classifications.

Preclinical data suggest that basal-like cancers arise from different cell types of origin,
compared to other types of breast cancer. Basal-like cancers are characterized by a high
expression of keratins and genes related to proliferation, intermediate expression of HER2
genes, and low expression of genes related to luminal cancers (4).

Vitamin D, a fat-soluble vitamin, can be obtained via two routes. Ultraviolet-B rays from
the sun react with 7-dehydrocholesterol in the skin to form vitamin D3 and vitamin D3

is absorbed from dietary intake and supplements. In the liver, the 25-hydroxylase enzyme
converts vitamin D3 to 25-hydroxyvitamin D3 (25(OH)D). Primarily in the kidneys but
also in the breast and other tissues, the 1a-hydroxylase enzyme converts 25(OH)D to

the biologically active 1,25-hydroxyvitamin D3 (1,25 (OH)D) (7). The half-life of plasma
1,25(0OH)D is only 4-6 hours. In contrast, the half-life of plasma 25(OH)D is 2—-3 weeks
which makes it a more useful clinical measure of vitamin D status (8).

Among the many functions of vitamin D are its modulation of cell proliferation,
angiogenesis, cell differentiation, and apoptosis (9). These antineoplastic properties have
prompted research into the relationship between 25 (OH)D status and the risk of breast
cancer. Several molecular signaling pathways, including Notch, Hedgehog, Wnt/B-catenin,
and TGF-B, are implicated in promoting the growth of TNBC (2). For all of these pathways,
gene expression is modulated by vitamin D (10).

Two recent meta-analyses have examined the relationship between 25(OH)D and overall
breast cancer risk. One of these meta-analyses found an overall significant association,
and the other did not (11,12). Thus, the question as to whether lower 25(0OH)D status
increases the risk of breast cancer continues to lack consensus. No systematic reviews or
meta-analyses have examined if the association between 25(0OH)D and breast cancer risk
varies with receptor status. The present hypothesis is that the risk of developing TNBC, in
particular, is significantly increased with low 25(OH)D status. Thus, our objective was to
conduct a systematic review of published original research studies that specifically report
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the association between 25(OH)D and breast cancer with risk estimates stratified by receptor
status.

Search Strategy

We conducted a systematic review following PRISMA guidelines (13). The first author

(JT) searched the Embase database on May 29th, 2017 using the search terms “(25
hydroxyvitamin D OR vitamin D) AND (breast cancer OR breast tumor)” and PubMed

on June 3rd, 2017, using the MeSH terms “Vitamin D” AND “Breast Neoplasms.” The first
author combined the results from the two searches and removed duplicate titles.

Inclusion and Exclusion Criteria

We included original research studies that reported the association between serum/plasma
25(0OH)D and breast cancer diagnosis when the risk estimates were reported separately by
receptor status or intrinsic subtype. We excluded studies published before January 1, 2007
because receptor status was rarely reported prior to this date. We also excluded studies that:
1) were not original research reports, 2) were not written in English, 3) were predominately
focused on male breast cancer or juvenile breast cancer, 4) did not base vitamin D exposure
on measured values of 25(OH)D in serum or plasma, 5) evaluated free 25(OH)D instead of
total 25(OH)D (as results would not be comparable).

Exposure Assessment

Reporting units.—Individual studies reported 25(OH)D levels in either ng/mL or nmol/L.
We converted values reported in nmol/L to ng/mL by dividing by a conversion factor of 2.5.

Star rating of exposure.—We developed a 5-point star rating system to gauge the quality
of assessment of 25 (OH)D status. We awarded one star for each of the following: 1) listing
the quantile or cut-point values for categories of 25(OH)D, 2) accounted for the month or
season of 25(0OH)D assessment, 3) obtained the blood sample for 25(OH)D assay prior to
the initiation of any cancer treatment, 4) 25(OH)D assessed from blood samples obtained
at multiple points in time, and 5) 25 (OH) D was assayed using a chromatography method,
or if assayed using an immunoassay method, the intra-assay coefficient of variation (CV)
was reported and less than 10% for all batches. The two main methodologies for assessing
25(0OH)D status are chromatography and competitive binding assays. The isotope-dilution
liquid chromatography tandem mass spectrometry (ID-LC-MS/MS) is commonly used as
a comparative standard and is generally considered the method with highest attainable
accuracy. Chromatography methods can distinguish between D2 and D3, whereas most
binding assays cannot (14).

Lower limit of detection (LOD).—Most studies did not address the LOD for 25(0OH)D,
thus we contacted the corresponding author for each study via email and asked if a lower
limit of detection was established and how they handled cases that fell below the limit.
Authors who did not respond to the initial contact were each contacted one additional time
to solicit a response.

Nutr Cancer. Author manuscript; available in PMC 2022 April 13.
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Data Extraction

Bias

Results

We extracted the adjusted risk ratio point estimate and its 95% confidence interval of the
lowest reported 25 (OH)D category versus the highest for all breast cancer diagnosis types
reported in each study. To aid in visual representation across studies, we created three forest
plots to summarize the results according to study design: case-control, nested case-control,
or case-series. Within each forest plot, we grouped the results by TNBC relevance: 1)
diagnoses that do not include TNBC, 2) diagnoses that partially represent TNBC, and

3) diagnoses that are TNBC. See Table 2 for a summary of the receptor combinations

and intrinsic sub-types that were included in each TNBC relevancy group. The results
were then ordered by increasing risk ratio point estimate. In constructing the forest plots,
we transposed the results that were expressed with the lowest 25(OH)D category as the
reference so that all data are presented in a uniform way. Regarding group 2 (diagnoses
that partially represent TNBC), we could not definitively classify all results as TNBC or
not TNBC because sometimes only the status for one or two receptor biomarkers was
considered in the analysis. For example, if results were reported for cases with ER-/PR-
cancer, some of these cancers will be TNBC and some will be HER2-enriched, hence the
intermediate classification. For the purposes of this study, we assumed all basal cancers are
TNBC.

We evaluated studies for selection bias and confounding. To evaluate the potential for
selection bias, we noted the criteria for selecting controls and examined if studies matched
for age, race/ethnicity, menopausal status, use of hormone replacement therapy, and season
or date of blood sample donation. We also noted studies which excluded cases or controls
with a history of any cancer or history of breast cancer as part of their selection criteria.

To evaluate adequacy of addressing confounding, we examined if the variables that are
associated with both breast cancer and 25(OH)D status were considered in the final adjusted
models. Figure 1 is a Venn diagram of well-established factors associated with breast cancer
and 25(OH)D deficiency. The factors shared by both conditions include body mass index
(BMI), menopausal status, age, and race/ethnicity (7,15). Thus, we particularly examined if
studies took into consideration potential confounding by these four variables.

Literature Search

Figure 2 summarizes the results of the literature search. Searching Embase and PubMed
returned 634 and 587 articles, respectively. After we removed duplicates, 656 articles
published within the last 10 years remained. The first author excluded 609 articles that
were clearly not relevant to the research question based on title and abstract content. The
first author then examined 47 full text articles for eligibility, consulting the senior author for
clarification as required, and excluded 34 for the following reasons: risk estimates were not
stratified by receptor status or intrinsic subtype (/7= 24), no risk estimates were reported

at all (7= 8) or not for 25(OH)D specifically (7= 1), and free 25(OH)D rather than total
25(0OH)D was evaluated (/7= 1). This yielded 13 eligible studies (16-28). We identified one
additional study via hand searching (29). Thus, we included 14 original research studies

Nutr Cancer. Author manuscript; available in PMC 2022 April 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tommie et al.

Page 5

published between 2009 and 2016 in this review. The papers identified for the systematic
review are summarized in Table 3.

Exposure Assessment

Star Rating—Exposure assessment results, including 25(OH)D cut-points, lower level of
detection, and star rating criteria, are summarized in Table 4. All studies, except for Scarmo
2013, reported the 25(OH)D value that corresponds to the cut-point for each quantile

or a priori-defined category. We contacted the authors for the Scarmo 2013 paper, who
provided us with the cut-point values for each quintile category of 25(OH)D. Eleven of the
14 studies adjusted for the month or season in which blood was collected for 25(OH)D
assessment. Seven studies defined month or season as a statistical covariate, 3 studies used
season-standardized 25(OH)D cut-points, and one study stratified the results by season. We
elected to extract summer values from the latter study as these values are the most likely to
Abbas 2009, collected samples for 25(OH)D analysis an average of 189 days after diagnosis
and Crew 2009, also collected samples after diagnosis, with 20% of the patients receiving
some chemotherapy before samples were taken. The remaining nested case-controls studies
assessed 25(0OH)D from a blood sample taken upon enrollment into the cohort. In these
latter studies, the time between assessment and breast cancer diagnosis ranged from 1 month
to 20 years. Eliassen 2016, and Scarmo 2013, included subsets of cases with two values

of 25(OH)D available for analysis. The remaining 12 studies based their analysis on the
25(0OH)D result from a single blood sample. Multiple 25(OH)D assay methods were used
within and between studies. Coefficients of variation between duplicate assays ranged from
3.1% to 21.8% among the studies that reported this value. After taking all of the above
quality of exposure assessment factors into consideration, we awarded five stars to Scarmo
2013; four stars to Eliassen 2016, McCullough 2009, Shirazi 2016, Yao 2011, and Yao 2016;
three stars to Abbas 2009, Eliassen 2011, Kuhn 2009, Peppone 2012, and Rejnmark 2009;
and two stars to Abulkhair 2015, Crew 2009, and Park 2015.

Cut-Point Evaluation—The 25(0OH)D cut-point ranges among the 14 studies, along with
reference ranges (7,30), are illustrated in Figure 3. One of 2 case-control and 2 of 4
case-series studies presented in this review used a priori cut-points where <20 ng/ml was
considered deficient. Abulkhair 2015 considered <10 ng/ml deficient and Yao 2011, which
used a season-standardized binary cut-point, considered <26.2 ng/mL and lower deficient.
Five of the nested case control studies used quantiles for comparison of 25(OH)D levels and
the remaining four used a priori-determined values. Among the nested case-control studies,
the cut-point for the lowest category ranged from 12 ng/mL to 30.4 ng/mL and the cut-point
for the highest category ranged from 24 ng/mL to 40 ng/mL.

Cut-Point Generalizability to 25(OH)D Deficiency and Sufficiency—The
Endocrine Society cut points for 25(OH)D classification are commonly cited. Sufficiency

is defined as 25 (OH)D levels above 30 ng/mL and deficiency is defined as 25(0OH)D

levels below 20 ng/mL.(7) Using the Endocrine Society classifications as a guide, cut points
established by Eliassen 2011, Peppone 2012, and Yao 2014 approximate these standards.
Abbas 2009, Abulkhair 2015, Kuhn 2013, McCullough 2009, Park 2015, Scarmo 2013, and
Yao 2011 established cut-point ranges in which the highest 25(OH)D category may include
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individuals who are insufficient or deficient. Conversely, Eliassen 2016, Shirazi 2016, and
Yao 2011 established cut-point ranges in which the lowest 25(OH)D category may include
individuals who are insufficient, as opposed to deficient.

Lower Level of Detection—The lower limit of detection (LOD) for 25(OH)D ranges
from 0.8 to 1.6 ng/mL in chromatographic separation methods and is around 4 ng/mL for
binding assays (14). Eleven of the 14 corresponding authors for each study replied to our
e-mail query regarding the lower LOD for their method of 25(OH)D assay. Seven of these
11 studies did not have any cases below their assay lower LOD. Kuhn 2013, established

a lower LOD at 6.7 nmol/L (2.7 ng/mL) and excluded 5 cases (out of 1391 cases in the
analysis) which fell below this level. Peppone 2012 established a lower LOD of 5 ng/mL;
one record fell below this level and was assigned a value of 5 ng/mL. Rejnmark 2009,
established a lower LOD of 10 nmol/L (4 ng/mL); persons with levels below the LOD were
assigned a value of 9 nmol/L (3.6 ng/mL).

Outcome Assessment—We evaluated outcome assessment according to study design.
Results are summarized in forest plots (Figures 3-5). Supplemental Table S1 summarizes
the raw values as reported by the individual studies.

Case-Control Studies—Results from case-control studies are summarized in Figure 4.
Park 2015 and Yao 2011 provided results stratified by a comprehensive combination of
receptor statuses. Additionally, Yao 2011 stratified results by menopausal status. Eight of 14
analyses examining the risk of non-TNBC cancers, 5 of 5 analyses examining the risk of
cancers that include TNBC, and 3 of 3 analyses examining the risk of TNBC specifically,
resulted in significant inverse relationships with 25(OH)D status.

Nested Case-Control Studies—Results from nested case-control studies are
summarized in Figure 5. Most studies only looked for the presence or absence of

hormone receptor expression. None of the nested case-control studies specifically evaluated
the relationship between 25(OH)D status and HER?2 overexpression and only one study
evaluated TNBC status. Four of 14 analyses found a significant inverse relationship between
25(0OH)D status and the risk of non-TNBC cancers. Three of 12 analyses which examined
receptor statuses that partially represent TNBC found a significant inverse relationship with
25(0OH)D status. Eliassen 2016 showed that deficient summer levels of 25(OH)D were
significantly associated with an increased risk of TNBC.

Case-Series Studies—Results from case-series studies are summarized in Figure

6. There was more heterogeneity among the case-series studies, possibly because the
comparison groups varied and did not consist of healthy controls. One out of 7 analyses
comparing the risk of non-TNBC cancers to other cancers had a significant outcome. Three
of 6 analyses which compared ER- or PR- cases to ER+ or PR+ cases showed a significant
association. Of the analyses which compared TNBC to other types of cancer, 3 of 4 found

a significant inverse association between vitamin D status and risk of TNBC (relative to
other types of breast cancer diagnoses). The single analysis that was not significant was a
comparison between TNBC and luminal A breast cancer among menopausal women.

Nutr Cancer. Author manuscript; available in PMC 2022 April 13.
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Selection Bias—Nine of 9 nested case-control and 1 of 2 case-control studies stated
criteria on which controls were matched to cases (the exception was Park 2015). All 10

of these studies matched cases and controls using age as a criterion. Additional matching
criteria included date or season of blood collection, menopausal status, race and/or ethnicity,
and/or hormone replacement therapy use. Kuhn 2013 and Peppone 2012 explicitly excluded
both cases and controls with a previous diagnosis of any cancer. Crew 2009 and Rejnmark
2009 excluded cases and controls with a history of breast cancer. Case series studies lack a
true control group and can only be used to discern the increased risk of one outcome group
over another.

Confounding—Eliassen 2011, McCullough 2009, Park 2015, and both studies by Yao
addressed all four of our a priori-identified potential confounders (menopausal status, BMI,
age, and race/ethnicity) either by statistical adjustment, stratification of results, or through
their selection criteria. Crew 2009 did not adjust for menopausal status. Abbas 2009 and
Eliassen 2016 failed to adjust for race/ethnicity. Pep-pone 2012 did not adjust for BMI or
menopausal status. Shirazi 2016 did not adjust for BMI or race/ethnicity. Kuhn 2013 and
Scarmo 2013 failed to adjust for age, race/ethnicity, or menopausal status. Abulkhair 2015
and Rejnmark 2009 did not make any statistical adjustments.

Discussion

To our knowledge, this systematic review is the first to examine the relationship between
plasma/serum 25 (OH) D levels and breast cancer risk when study results are grouped by
TNBC relevance. The study types identified by the systematic review included case-control,
nested case-control, and case-series analyses. Across all study types, 13 of 35 analyses for
non-TNBC cancers showed a significant association with 25(OH)D status. Progressing to
groups that partially represent TNBC, 11 of 23 analyses, or about half of the analyses, yield
a significant association with 25(OH)D status. However, among TNBC-specific analyses,
we consistently found significant relationships between lower 25(OH)D levels and increased
risk of TNBC. Seven of 8 analyses involving TNBC-specific diagnoses showed a significant
association with 25(OH)D. No study showed any detriment to having adequate 25(OH)D
levels.

Five studies failed to find a significant effect between 25(OH)D status in any of their
stratified analyses. All five of these studies were nested case-control studies that did not
look specifically at TNBC. Of these 5 studies, in Kuhn 2013, McCullough 2009, and
Scarmo 2013 established quantiles where the highest 25(OH)D category may have included
individuals that are deficient; and conversely, in Shirazi 2016 included individuals with
sufficient 25(OH) D may have been included in the lowest 25(OH)D category, which limits
the conclusions that can be drawn from these studies. After excluding the results from these
4 studies, 13 of 30 non-TNBC results and 11 of 18 results partially representing TNBC were
significant.

There are 5 important limitations to our review. 1) We were not able to cleanly group
results according to TNBC versus not TNBC. Many studies only stratified by estrogen

Nutr Cancer. Author manuscript; available in PMC 2022 April 13.
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receptor status, or estrogen and progesterone receptor status, requiring us to create an
intermediary category of studies where some, but not all, cases are TNBC. 2) Cut-points for
lowest and highest categories of 25(OH)D status varied between studies, making comparison
problematic. 3) Temporal associations between the duration of 25(OH)D deficiency and
breast cancer risk cannot be determined. For example, the case-control studies represented
here all assessed 25(0OH)D around the time of diagnosis, so it is not possible to discern if 25
(OH)D status is a cause or effect of the diagnosis. On the other hand, the nested case-control
studies assessed 25 (OH)D at enrollment which may have been 1 month before a diagnosis
or 20 years. This type of study assumes that an individual’s 25(OH)D levels remain
relatively constant over time. Only two studies had a subset of participants for which two
assessments for 25(OH)D were available, and two assessments are not enough to establish

a pattern within an individual over time. 4) The studies overwhelmingly represent women
of white/Cau-casian race/ethnicity. This is unfortunate because women of African ancestry
are at the highest risk for both 25 (OH)D deficiency and TNBC. According to NHANES
2005-2006 data, over 80% of African-American in the U.S. are vitamin D-deficient (defined
as <20 ng/mL) (31); and according to U.S. breast cancer statistics from 2012, 22% of breast
cancer diagnoses in African-American are TNBC cases compared to 11% of breast cancer
diagnoses in white women (1). 5) Last, there are several barriers to accurately assessing
plasma/serum 25(0OH)D status. There is no accepted gold standard for assessment. Vitamin
D has a high affinity for vitamin D binding protein, which must be overcome in all assay
methods. Matrix effects, such as the presence of other lipid compounds, other vitamin

D metabolites, and C-3 epimers can all interfere with assessment. Results from binding
assays could overestimate 25(OH)D levels in individuals supplementing with D2. Standard
chromatography methods may not resolve C-3 epimers, whereas most binding assays are
not affected (8,14). One study in an adult population showed that C-3 epimers increase with
increasing levels of serum 25(OH)D and the mean concentration in the study cohort was 1.9
ng/mL (32). This suggests the contribution of C-3 epimers to overall 25(OH)D levels are
nominal and predictable, thus supporting chromatography as a preferred analytical method.

Despite these limitations, we were able to discern a clear pattern where the more likely the
results represented TNBC diagnoses, the more frequently the results were significant. Yao
2011 provides the strongest evidence in terms answering our specific research question. This
study reported case-control and case-series results evaluating the risk of ER+, ER—, luminal
A, luminal B, nonluminal HER2+, and TNBC cancer diagnoses, stratified by menopausal
status. Four out of 5 stars were awarded for its assessment of exposure criteria, and all
potential con-founders and most criteria for selection bias were addressed. The results
reported by Yao 2011 are consistent with the overall pattern that we observed in this review.
The most striking finding by Yao 2011 was that in a case control analysis, premenopausal
women who were deficient in 25(OH)D had a nearly 5 fold greater risk of TNBC than
healthy controls, OR = 0.21 (0.08-0.53).

The two most recent meta-analyses to investigate associations between 25(OH)D status and
overall breast cancer risk differed in their findings. Wang 2013 found an overall significant
inverse relationship between 25(OH)D levels and the risk of breast cancer, RR = 0.845

(0.750-0.951) (11), whereas Kim and Je 2014 failed to reach significance, RR = 0.95 (0.88
—1.01) (12). Twelve of the 14 studies identified by Kim and Je overlapped with those used

Nutr Cancer. Author manuscript; available in PMC 2022 April 13.
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by Wang. Scarmo 2013 and Kuhn 2013 were included in the Kim and Je meta-analysis, but
not in the Wang meta-analysis, despite these papers being published before the systematic
search date established by Wang. The Scarmo 2013 and Kuhn 2013 studies did not reach
significance, lowering the overall risk estimate in the Kim and Je 2014 study. None of the
studies used in the analyses by Wang or Kim and Je stratified by TNBC receptor status.

Eliassen 2016 was the only nested case-control study to report a risk estimate specifically
for TNBC diagnoses (19). Reporting of HER2 status was not required by cancer registries
until 2010 (1), thus analyses based on longitudinal cohorts (such as nested-case control
studies) are limited in TNBC-specific analyses. Now that reporting HER2 status is standard,
future analyses based on prospective cohorts will be able to stratify their analyses by TNBC-
specific diagnosis. The quality of future nested case-control studies will be improved by the
parent cohort study including more frequent assessments of plasma/serum 25(OH)D so that
temporal associations between 25 (OH)D status and sub-types of breast cancer diagnoses
may be more clearly elucidated.

In conclusion, findings from this systematic review support the hypothesis that the risk

of developing TNBC in particular is increased in those with lower versus higher levels

of 25(OH)D. Vitamin D is a routine clinical assay and its deficiency is easily remedied

with supplements. Thus, women should be routinely screened for vitamin D deficiency,
particularly those in vulnerable populations, such as women with darker skin, older women,
and women with minimal sun exposure. There are no targeted therapies available to treat
TNBC, so this potential avenue of prevention should be incorporated into patient care. While
the association between 25(0OH) D status and risk of TNBC, or breast cancer in general,
cannot be conclusively stated, and incident cancer likely stems from multiple factors, there
are no obvious detriments to correcting a 25(OH)D deficiency.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Venn diagram of risk factors.
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Cut-Point Ranges. * Denotes study found at least one significant relationship between
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25(0OH)D status and risk of breast cancer by any receptor status. + Denotes study which

used binary cut-points. ++ Quintile values were provided through communication with the
author and did not appear In the published article. Each cohort used a slightly different range
of values, so results are stratified in this figure. +++ Graph shows highest cut-point range
though 50 ng/ml. Upper limits in studies are not known and could be higher or lower. (Ref)
Reference standards. From left to right, colored sections indicate deficiency, insufficiency,
and sufficiency. High ranges were truncated at 50 ng/mL for clarity. Upper levels of

sufficiency established by the Institute of Medicine, Endocrine Society, and Vitamin D

Council are 50 ng/mL, 100 ng/mL, and 80 ng/mL, respectively.
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Figure 4.

Increased risk of cancer with lower 25(0H)D status

Forest plot of case-control studies. ER — Estrogen Receptor, PR — Progesterone receptor,
HER?2 — Human Epidermal growth factor Receptor 2, TNBC — Triple Negative Breast
Cancer, * Inverse of reported value, ** Premenopausal, ***Postmenopausal.
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Increased risk of cancer with lower 25(0H)D status

Forest plot of nested case-control studies. ER — Estrogen Receptor, PR — Progesterone
receptor, HER2 — Human Epidermal growth factor Receptor 2, TNBC — Triple Negative
Breast Cancer, * Inverse of reported value, ** Summer levels for 25(OH)D assessment.
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Cancer, * Inverse of reported value, ** Premenopausal, ***Postmenopausal.
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Table 2.

Grouping and classification of breast cancer diagnoses.

TNBC relevancya Intrinsic subtypesb Receptor statusb
Does not include TNBC diagnoses ~ Luminal A ER+

Luminal B PR+

HER2-enriched ER+ and PR+

ER+ and PR+ and HER2-
ER+ and PR+ and HER2+
HER2+

May include TNBC diagnosesc ES:

ER- and PR-
HER2-

TNBC diagnoses d ER-PR-HER2-
Basal

Abbreviations: ER — Estrogen Receptor, PR — Progesterone Receptor, TNBC — Triple Negative Breast Cancer, HER2 — Human Epidermal growth
factor Receptor 2.

aBreast cancer diagnoses grouping according to relevancy of TNBC.
Ways in which breast cancer diagnoses were categorized in results included in this review.
Diagnoses which did not report all three receptor statuses (ER, PR, HER2) prevent definitive determination of TNBC status.

dCancers identified as basal are assumed to be TNBC.
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