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Abstract

Studies have shown that vitamin D could have a role in breast cancer survival; however, the evidence of the relationship
between patients’ vitamin D levels and their survival has been inconsistent. This meta-analysis explores possible dose-
response relationships between vitamin D levels and overall survival by allowing for differences in vitamin D levels among
populations of the various studies. Studies relating vitamin D (25-OH-D [25-hydroxyvitamin D]) levels in breast cancer
patients with their survival were identified by searching PubMed and Embase. A pooled HR (hazard ratio) comparing the
highest with the lowest category of circulating 25-OH-D levels were synthesized using the Mantel-Haenszel method under
a fixed-effects model. A two-stage fixed-effects dose-response model including both linear (a log-linear dose-response
regression) and nonlinear (a restricted cubic spline regression) models were used to further explore possible dose-
response relationships. Six studies with a total number of 5984 patients were identified. A pooled HR comparing the
highest with the lowest category of circulating 25-OH-D levels under a fixed-effects model was 0.67 (95% confidence
interval = 0.56-0.79, P < .001). Utilizing a dose-response meta-analysis, the pooled HR for overall survival in breast cancer
patients was 0.994 (per | nmol/L), P, inear rend < -001. At or above a 23.3 nmol/L threshold, for a 10 nmol/L, 20 nmol/L,
or 25 nmol/L increment in circulating 25-OH-D levels, the risk of breast cancer overall mortality decreased by 6%, 12%,
and 14%, respectively. There was no significant nonlinearity in the relationship between overall survival and circulating 25-
OH-D levels. Our findings suggest that there is a highly significant linear dose-response relationship between circulating
25-OH-D levels and overall survival in patients with breast cancer. However, better designed prospective cohort studies
and clinical trials are needed to further confirm these findings.
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Introduction provide an avenue to reduce the burden of breast cancer as
vitamin D is a common nutrient in our daily life, which can
be easily obtained through sunlight exposure and diet. It is
the precursor to the potent steroid hormone calcitriol
(1,25-hydroxyvitamin D), which has widespread actions
throughout the body and regulates numerous cellular path-
ways that could have roles in breast cancer survival.'*

Breast cancer is the most frequently diagnosed cancer and
the leading cause of cancer death among females world-
wide, with an estimated 1.7 million cases and over half a
million deaths in 2012." There have been a number of epi-
demiological studies examining the relationship between
low levels of vitamin D and increased breast cancer inci-
dence and decreased patient survival. There are several
studies®” and 2 meta-analyses® suggesting high circulating
levels of 25-OH-D (25-hydroxyvitamin D) are associated
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Varying ranges of vitamin D levels have been reported in
different populations. For example, in China, the mean
25-OH-D level was reported to be 48.5 = 16 nmol/L with
55.9% of the population with less than 50 nmol/L"’; in
Germany, the mean 25-OH-D level was reported to be 45.6
nmol/L with 61.6% with less than 50 nmol/L'®; in Canada,
the mean level was 70.36 nmol/L with 20.4% with less than
50 nmol/L."” In Africa and the Middle East, there have been
reports of high vitamin D insufficiency (usually defined as
37.5-50 nmol/L) with ranges from 5% to 80%.'* An earlier
meta-analysis® concerning vitamin D and breast cancer sur-
vival reported a pooled HR (hazard ratio) of 0.56 for the
highest versus the lowest vitamin D categories. However,
such statistical approaches do not take account of differ-
ences in the average vitamin D levels of the highest versus
lowest categories in different studies. These relate both to
differences in populations and also in the particular catego-
ries used in the original analyses. In this study, we use an
innovative dose-response meta-analysis of relevant cohort
studies, focusing on circulating 25-OH-D and overall sur-
vival in breast cancer patients, to assess the dose-response
relationship between circulating vitamin D levels and breast
cancer patient survival. Such an analysis will be statistically
more appropriate than the classical meta-analyses as all the
population data of each study is utilized rather than just the
extreme categories.

Materials and Methods

Protocol and Registration

This meta-analysis is reported in accordance with the
Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) statement and was registered at
International Prospective Register of Systematic Reviews
(PROSPERO): Number CRD42016038837.

Literature Search

We searched the Embase database (from1974 to 2017,
January 24) through OVID, and PubMed (on 2017, January
24) for cohort studies assessing the association between cir-
culating 25-OH-D levels and overall survival in patients
with breast cancer, without limitation of language or publi-
cation period. Search fields included MeSH terms, entry
terms, thesaurus terms, title/abstract, using search terms as
follows: (breast cancer) and (vitamin D or cholecalciferol
or calcitriol or calcifediol) and (prognosis or outcome or
survival or mortality).

Inclusion Criteria

The inclusion criteria were cohort studies. The exposure of
interest was circulating 25-OH-D levels in patients with

breast cancer. The outcome of interest included overall sur-
vival with HRs and corresponding 95% confidence inter-
vals (Cis) corresponding to at least 3 categories of patients
based on relative circulating 25-OH-D levels.

Exclusion Criteria

If several publications had overlapping population, only the
latest publication was included.

Data Extraction

The following data were extracted from each included
study: publication year, first author’s name, country, study
design, year of breast cancer diagnosis, timing of blood
draw, length of follow-up (years), number of deaths/
patients, age at diagnosis, breast cancer stage, average cir-
culating 25-OH-D levels for all participants, range and
average circulating 25-OH-D levels in each patient cate-
gory, number of deaths/patients for each category, HRs and
95% CIs for overall survival for each category, and vari-
ables adjusted for in the analysis. The term “category” is
used to include different groups divided by both the vitamin
D quantiles, or fixed intervals of vitamin D levels, used in
the different studies.

Data Estimation

In this report, 25-OH-D concentrations are given in
nmol/L. If a study reported concentrations in ng/mL, a
conversion factor (1 ng/mL = 2.5 nmol/L) was used.
Serum or plasma samples from different studies are
referred as “circulating.” To use incidence-rate data to
analyze via the Stata data analysis and statistical software
possible dose-response relationships, it is necessary to
have the following information for each vitamin D con-
centration category: assigned average 25-OH-D levels,
number of deaths, follow-up person-years, adjusted HRs,
and 95% ClIs. For each category, the means, medians, or
midpoints of circulating 25-OH-D levels were assigned to
the corresponding HRs. If no means or medians were
available and the lowest or highest category was open-
ended, the average 25-OH-D levels was assigned at 1.5
times the lower boundary, or the higher boundary divided
by 1.5." When the number of patient deaths was not
directly available from the published data, they were esti-
mated utilizing the total number of deaths, HRs, and the
total number of patients in each category using appropri-
ate statistical methods for estimation of missing data.”’
For each category of a study, “follow-up person-years”
was calculated from the number of patients in each cate-
gory multiplied by the median follow-up in years. When a
study reported HRs and 95% CIs relative to a reference
category other than the one with the lowest levels of



Hu et al

219

25-OH-D, the relevant HRs and 95% CIs were recalcu-
lated using the lowest one as reference utilizing a method
developed by Hamling et al.”' When necessary, additional
information was also obtained by request from the corre-
sponding authors of the original studies.

Assessment of Risk of Bias and Quality

The risk of bias of each included study was assessed by 2
independent investigators and a risk of bias and quality
table was generated. Assessment of the quality of the stud-
ies was performed by using the Newecastle-Ottawa scale
(NOS). A score of 7 or greater was considered high quality.
Discrepancies were resolved by discussion until consensus
was reached.

Statistical Methods

To compare the highest with the lowest category of circulat-
ing 25-OH-D levels, a pooled HR was synthesized with the
Mantel-Haenszel method using a fixed-effects model,
which considers the heterogeneity both between and within
studies. For each study, the HRs comparing the highest with
the lowest category were then displayed in a forest plot. A
two-stage fixed-effects dose-response model was used to
further explore dose-response relationships. HR was ana-
lyzed after logarithmic transformation. A log-linear dose-
response regression model was used as proposed by
Greenland and Longnecker’” and Orsini and colleagues.” A
P value for log-linearity was calculated by testing the null
hypothesis that the B vector of regression coefficient is
equal to zero. And the potential linear or nonlinear relation-
ship between circulating 25-OH-D and overall survival was
assessed using a restricted cubic spline regression model
with 4 knots at fixed percentiles (5%, 35%, 65%, and 95%)
of the circulating 25-OH-D distribution. A P value for curve
linearity or nonlinearity was calculated by testing the null
hypothesis that the coefficients of the second and third
spline transformations were equal to zero. A 2-sided P < .05
was considered as statistically significant. Curves of linear
and nonlinear relationships between overall survival and
circulating 25-OH-D levels were generated and only the
significant curve is shown. Statistical heterogeneity between
studies was evaluated with Cochran’s Q test, with signifi-
cant heterogeneity defined as P < .10. The heterogeneity
between studies was considered to be moderate or high if
the I* statistic** was greater than 50%. Publication bias was
evaluated with the use of the Begg’s test® and defined sig-
nificant publication bias as a P <.10. Sensitivity analyses to
rule out overrepresentation of results from a single study in
the meta-analysis were performed by excluding each study
individually from the meta-analysis. All statistical analyses
were performed with STATA (version 12.0; StataCorp,
College Station, TX).

210 records
identified
through Pubmed

786 records
identified
through Embase

A4 A\ 4

996 records screened for duplicates

> |295 dupli were d

A 4

701 citations screened by title

603 citations with irrelevant
titles were excluded

v

v

98 citations reviewed by abstract

73 citations with irrelevant
abstract were excluded

v

A 4

25 citations assessed for eligibility

19 citations were excluded:

4 without HR of OS

3 without 25-OH-D levels

A 4 1 was case-control study

1 had overlapping population

\ 4

6 studies included

Figure |. Flowchart of study selection for inclusion in
meta-analysis.

Results

Study Selection

A total of 210 records were identified through PubMed, and
786 through Embase. A total of 701 citations were screened
after removal of duplicates. A total of 603 with irrelevant
titles and 73 with irrelevant abstracts were excluded, result-
ing in 25 potentially relevant studies. Of these, 7 studies'*2*!
were meeting abstracts, 4 studies'"'***** did not present
HRs of OS (overall survival), 3 studies®**® did not give the
circulating 25-OH-D levels, 3 studies®*’** had less than 3
categories of patient vitamin D levels, 1 study ** was a case-
control study, and 1 study® included an overlapping popu-
lation cohort with another study.” Thus, 6 studies®’'°
fulfilled all the criteria of inclusion. The flowchart of study
selection is presented in Figure 1.

Characteristics of the Studies

The 6 studies™™"'? fully meeting the inclusion criteria were
included in this dose-response meta-analysis, with a total
number of 5984 breast cancer patients and 1024 deaths
(Figure 1). Five were prospective cohort designs and one
was retrospective cohort study, and patients were diagnosed
from years 1984 to 2013. The time between breast cancer
diagnosis and blood draw ranges from a median of 33 days
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to a mean of 30 months. Patients’ 25-OH-D average levels
range from 44.9 to 69.7 nmol/L. Patients were divided into
3,4, or 5 vitamin D categories in each study, and each cat-
egory has different range and average of 25-OH-D level,
corresponding HR of OS and 95% Cls after multivariate
adjustment. Details of the characteristics of these studies
are provided in Table 1. All studies are considered as of
very high quality with a NOS score of 8, except the study of
Tretli et al,* which got a NOS score of 7 due to its unclear
risk of selection bias (Table 2).

Pooled HR of Breast Cancer Overall Survival
by the Highest Versus the Lowest Category of
Vitamin D Levels

There was no significant heterogeneity (> = 16.5%, P=31)
between the studies. Utilizing a fixed-effects model with
the Mantel-Haenszel method to compare the highest with
the lowest category in vitamin D levels in each study, the
pooled HR of breast cancer overall survival was 0.67 (95%
CI=0.56-0.79, P <.001; see Figure 2).

Dose-Response Meta-Analysis

There was no significant heterogeneity between the studies
(¢ = 4.62, degrees of freedom [df] = 5, P = .46); hence, a
fixed-effects model was used. The two-stage fixed-effects
dose-response model showed that the pooled HR for overall
survival in breast cancer patients was 0.994 per 1 nmol/L (Z
= —4.95, P tincar rend < -001). At or above a 23.3nmol/L
threshold, the pooled HR for overall survival in breast can-
cer patients was 0.94 (95% CI =0.92-0.96, P <.001) per 10
nmol/L increment in circulating 25-OH-D levels, 0.88 (95%
CI=0.84-0.93, P <.001) per 20 nmol/L and 0.86 (95% CI
=0.81-0.91, P <.001) per 25 nmol/L increment in circulat-
ing 25-OH-D levels. There is no significant nonlinearity in
the relationship between overall survival and circulating
25-OH-D levels (* = 4.07, Py, nontinearity = 0-13). Estimates
of the linear trend in this dose-response meta-analysis are
displayed in Table 3, and the curve of linear relationship
between overall survival and circulating 25-OH-D levels is
plotted in Figure 3. There was no indication of publication
bias in the literature on circulating 25-OH-D levels and
overall survival in patients with breast cancer (Z = 0.38,
Begg’s P = .71). A sensitivity analysis to examine the
impact of outliers was performed by excluding each study
individually and recalculating the pooled HR. Similar
results were obtained in each analysis (data not shown).

Discussion

The evidence of a relationship between the vitamin D levels
of breast cancer patients and their subsequent survival
has been inconsistent.”®!%!1734373940 Oy meta-analysis

identified 5984 breast cancer patients from 5 prospective
studies and 1 retrospective study, where patient overall sur-
vival has been related to different categories of vitamin D
levels. We have utilized a two-stage, fixed-effects model to
explore a dose-response relationship between vitamin D
levels and breast cancer survival. The average vitamin D
levels of the categories in the 6 studies ranged from 23.3
nmol/L to 187.5 nmol/L of vitamin D (Table 1). Overall,
there was a highly significant linear relationship between
circulating 25-OH-D levels and overall survival. We con-
clude that at, or above, a 23.3 nmol/L threshold, for a 10
nmol/L increment in circulating 25-OH-D levels, the rate of
breast cancer overall mortality decreased by 6%, and for a
25 nmol/L increment in circulating 25-OH-D levels, the rate
of breast cancer overall mortality decreased by 14%.

There are a number of possible limitations of this meta-
analysis. First, the included studies only used a single mea-
surement of circulating 25-OH-D levels; however, the
circulating levels of 25-OH-D levels have been reported to
remain relatively stable over time,*' so this may not cause
significant bias. The season of blood sampling can be sig-
nificantly associated with serum 25-OH-D, concentration.*?
In the 6 studies the season of the blood sampling varied,;
however, 4 of the 6 studies have adjusted for this factor
while one study found little evidence that vitamin D varied
during the calendar year and the other one did not report
season. All the studies measured circulating 25-OH-D lev-
els at varying times postdiagnosis of breast cancer, and it is
possible that patients may initiate the use of vitamin D sup-
plements following such a diagnosis. Assuming that vita-
min D levels postdiagnosis can have an impact on survival,
this factor may result in reducing the magnitude of the
effect of vitamin D on patient survival.

Since patient serum vitamin D levels were measured at
various times postdiagnosis of breast cancer, a further
potential bias is the finding that serum vitamin D levels may
decrease during neoadjuvant chemotherapy.* In one study
vitamin D levels were measured before commencement of
chemotherapy, while 3 of the 6 studies adjusted for treat-
ment of breast cancer. Such an adjustment could not be
undertaken on the entire cohort due to limitations of the
data presented in the published studies.

The various molecular subtypes of breast cancer have
different rates of mortality,** and according to published
findings,*’ breast cancer patients with a more aggressive
molecular subtype tend to have lower 25-OH-D levels. In
the 6 studies, the different molecular subtypes are not taken
into consideration and may vary in frequency among differ-
ent studies. Due to the limited information presented in the
studies, it was not possible to perform a subgroup analysis
according to breast cancer tumor stage, treatment pattern,
molecular subtype, or menopausal status.

TNM staging can also provide prognostic information.
Of the 6 studies, 3 adjusted for TNM staging. As the TNM
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Table 2. Assessment of Risk of Bias and Quality for Included
Studies.

Goodwin Tretli Villasenor Vrieling Lohmann  Yao
etal etal etal etal etal etal
Bias (2009)°  (2012)*  (2013)* (2014)* (2015)"° (2016)"

Selection bias Low risk Unclear risk Low risk Low risk Low risk Low risk

Lost to follow-up Low risk Low risk  Low risk Low risk Low risk Low risk
bias

Information bias  Low risk Low risk  Low risk Low risk Low risk Low risk

Confounding bias Low risk  Low risk  Low risk Low risk Low risk Low risk

NOS score 8 7 8 8 8 8

Abbreviations: NOS, Newcastle-Ottawa scale.

Study %
ID HR (95% Cl)  Weight
Goodwin (2009) —A— 0.58 (0.36, 0.92 14.09
Tretli (2012) 9.22

(
—_— 0.37(0.21,0.67
(

Villasenor (2013) 0.90 (0.50, 1.61 9.07

)

)

)
0.72(0.53,1.00)  30.77

)

)

)

Vrieling (2014)

Lohmann (2015) 0.50 (0.14, 1.77 1.93

Yao (2016) 0.72 (0.54,0.98) 34.92
Overall(l-squared=16.5%,p=0.307 0.67 (0.56, 0.79)  100.00

Figure 2. Forest plot of pooled HR of overall survival by the
highest versus the lowest category of vitamin D levels in each study.

Table 3. Estimates of Linear Trend Between 25-OH-D Levels
and Breast Cancer Overall Survival From Two-Stage Fixed-
Effects Dose-Response Meta-Analysis.

Linear Publication
HR 95% ClI Trend  Nonlinearity Heterogeneity Bias
0.994 0.991-0.996 Z=-4.95 x>=4.07, x*=462, Z=038,
P<.001 P=.13 df=5P=46 P=.7I

Abbreviations: HR, hazard ratio; Cl, confidence interval.

staging of all the studies were not available, it was not pos-
sible to adjust for any differential prognostic effect of TNM
staging within the different vitamin D intervals of the stud-
ies. It should also be noted that due to limitations of the data
presented in the 6 studies, not all the relevant data for our
analyses could be directly obtained and in some cases esti-
mates were required.

Our study has several strengths. To better reflect the
prognosis of breast cancer patients, we used overall survival
instead of relapse-free survival (RFS) or disease-free sur-
vival (DFS) as the end point of our study because the defini-
tion of RFS and DFS are not consistent among the 6 studies.
In addition, all the 6 studies are well-designed cohort
studies, 5 prospective and 1 retrospective. By using an

1.20
1.00

0.80-
0.60

0.40-

0.20

Hazard Ratio of Overall Survival

T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160

increment of blood 25-OH-D levels,nmol/L

—— Linear Model

Figure 3. The linear trend between circulating 25-OH-D levels
and overall survival in patients with breast cancer.

Plotted on the x-axis are increments of circulating 25-OH-D levels from
23.3 nmol/L, the lowest average level of 25-OH-D from all of the included
study categories. Plotted on the y-axis are hazard ratios of overall survival
on a log scale. The solid line represents the linear relationship.

innovative dose-response meta-analysis of relevant cohort
studies, our analysis utilizes all the population data of each
study rather than just the extreme categories. This is statisti-
cally more appropriate than the classical meta-analyses
where the differences in vitamin D levels between popula-
tions are not included in the analyses.

We identified a statistically significant dose-response
relationship in breast cancer between patient survival and
circulating levels of 25-OH-D. A protective effect of higher
vitamin D levels have also been shown in skin cancer,*
ovarian cancer,”’ prostate cancer,” and colorectal cancer.”!
As shown in Table 1 and Figure 3, the linear relationship
encompasses vitamin D levels from 23.3 to 187.5 nmol/L. It
should be noted that due to limited data presented in the
studies the highest 3 vitamin D levels (187.5, 121.5, and
94.1 nmol/L) were all estimated and therefore the linear
relationship at higher levels of vitamin D are likely to be
unreliable. Additional well-designed studies that address
the limitations of the presently reported studies are required,
of particular importance will be to define the level of vita-
min D in women with breast cancer that provides them with
the maximum protective effect.

Vitamin D converts to its active form calcitriol through
endocrine, paracrine or autocrine pathway. Calcitriol plays
its anticancer role mediated by the vitamin D receptor, via
both genomic and nongenomic actions.>® In the context of
cancer, calcitriol induces apoptosis, inhibits cell prolifera-
tion and angiogenesis,” promotes cell differentiation, and
acts as anti-inflammatory factor within the tumor microen-
vironment.** Besides, calcitriol may have a specific role in
breast cancer through estrogen receptor (ER) signaling
pathways, like the suppression of aromatase expression
in breast adipose tissue>® and the suppression of ER
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expression and estrogen-mediated signaling by calcitriol in
breast cancer cells.”” Interestingly, calcitriol can also induce
ER expression and restore antiestrogen responsiveness in
ER-negative breast cancer cells.”® A preclinical study with
murine models shows a tumor autonomous effect of vitamin
D signaling to suppress breast cancer metastases via regula-
tion of inhibitor of differentiation 1 (ID1).* Through its
broad anticancer actions and specific signaling pathways in
breast cancer, and according to epidemiological evidence,
vitamin D may have a role in protecting against breast can-
cer mortality.

Vitamin D is a nutrient with low cost and easy access,
and according to our findings, adding vitamin D supple-
ments to traditional breast cancer therapy would be expected
to be an economical and safe way to improve overall sur-
vival of breast cancer patients. This will require compre-
hensive clinical supplementation trials since there are a
number of factors to be addressed, for example, can short-
term increases in vitamin D levels following breast cancer
diagnosis influence patient survival.

Conclusions

In conclusion, our findings suggest that there is a highly
significant linear dose-response relationship between circu-
lating 25-OH-D levels and overall survival in patients with
breast cancer. At, or above, a 23.3 nmol/L threshold, for a
10 nmol/L, 20 nmol/L, 25 nmol/L increment in circulating
25-OH-D levels, the risk of breast cancer overall mortality
decreased by 6%, 12%, and 14%, respectively. However,
better designed prospective cohort studies and clinical trials
are needed to further confirm these findings.
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