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Abstract

Purpose—Despite limited evidence on the association of vitamin D with outcomes in breast
cancer survivors, some clinicians advise breast cancer patients to use vitamin D supplements.
More evidence is needed to inform these recommendations.

Methods—In the Health, Eating, Activity and Lifestyle Study, we examined associations of post-
treatment serum concentrations of 25-hydroxyvitamin D (25(OH)D) on overall and breast-cancer-
specific mortality in 585 breast cancer survivors from western Washington State, New Mexico,
and Los Angeles County. 25(OH)D was measured in stored blood collected 2 years post-
enrollment. Outcomes were ascertained from the Surveillance, Epidemiology, and End Results
registries and medical records. Cox proportional hazards models were fit to assess associations of
serum 25(0OH)D with overall and breast-cancer-specific mortality.

Results—After a median follow-up of 9.2 years; 110 women died, including 48 from breast
cancer. Standard cut points classified 211 (31.6%) women as serum 25(OH)D deficient (<20 ng/
mL), 189 (32.2%) as insufficient (20-30 ng/mL), and 185 (36.2%) as sufficient (>30 ng/mL).
Compared to women with deficient 25(0OH)D, those in the sufficient ranges had a decreased risk
of overall mortality (age-adjusted HR=0.58; 95%CI 0.36-0.96); however multivariate adjustments
attenuated the association (HR=0.90; 95%CI 0.50-1.61). No association was found between serum
25(0OH)D and breast-cancer-specific mortality (sufficient: HR=1.21; 95%CI 0.52-2.80) in
multivariate models.
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Conclusion—In this breast cancer cohort, higher serum 25(OH)D may be associated with
improved survival, but results were not statistically significant and must be interpreted with
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caution. The potential prognostic effect of vitamin D from diet, supplements or both should be
evaluated in future larger studies with additional endpoints from breast cancer patients.
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INTRODUCTION

Vitamin D has several biological functions that could lower the risk for mortality of several
cancers, including breast cancer [1-4]. Vitamin D alters cellular proliferation, as
demonstrated among /n vivo and in vitro studies, by modulating gene activity, apoptosis,
and cell signaling pathways.[5, 6] Moreover, the vitamin D receptor (VDR) and la-
hydroxylase, an enzyme that converts vitamin D pro-hormone (25(OH)D) to vitamin D
hormone (1, 25-dihydroxyvitamin D), are ubiquitously expressed throughout the body,
including in breast tissue [7]. In cross-sectional analyses, lower versus higher serum
25(0OH)D concentrations were strongly associated with more advanced stage in breast cancer
diagnosis [8-10], which has led to speculation that 25(OH)D deficiency may contribute to
tumor progression.

Clinical practice guidelines have been published suggesting that most individuals need to
maintain serum vitamin D concentrations =30 ng/mL for optimal health [11, 12]. We
recently reported a high prevalence of serum concentrations of vitamin D <30 ng/mL in a
cohort of breast cancer survivors [9]. However, whether this widespread deficiency is
associated with survival is unknown, because evidence linking vitamin D to breast cancer
prognosis is sparse and elusive. Published data are available from four studies which
examined the relationship between circulating concentrations of 25(OH)D and prognosis
among women diagnosed with breast cancer [10, 13-15]. In a Norwegian population-based
study by Tretli et al., women diagnosed with breast cancer with serum concentrations of
25(0OH)D >35 ng/mL had a significantly decreased risk of breast cancer-specific mortality
compared to women with 25(OH)D <20 ng/mL (Hazards ratio [HR]= 0.42; 95% confidence
interval [Cl], 0.1 to 0.82) [14]. Within a clinic-based cohort of 512 non-Hispanic white
women diagnosed with breast cancer, Goodwin et al. reported that women with low
concentrations of serum 25(0OH)D (<20 ng/mL) had poorer prognostic outcomes compared
to those with “sufficient” 25(OH)D (=30 ng/mL) (HR = 1.71; 95% Cl, 1.02 to 2.86 for
distant recurrence; HR = 1.60; 95% Cl, 0.96 to 2.64 for death) [10]. Similarly, Vrieling et al.
reported German postmenopausal women diagnosed with breast cancer (/7 situ, stage | to
IV) and the lowest tertile of serum 25(OH)D (<14 ng/mL) had an increased risk of overall
(HR=1.55; 95% CI 1.00 to 2.39) and distant disease (HR=2.09; 95% CI 1.29 to 3,41), in
relation to highest tertile (=22 ng/mL)[15]. However, in a matched nested case-control
design of 500 multi-ethnic breast cancer survivors, no association was reported between
serum 25(0OH)D and cancer prognosis. Compared to women with serum 25(OH)D =20 ng/
mL, women with serum 25(OH)D <20 ng/mL had an odds ratio (OR) of 1.00 (95% Cl, 0.68
to 1.48) for distant recurrence and an OR of 1.13 (95% CI, 0.72 to 1.79) for death [13].

We examined the association of vitamin D status based on the aforementioned clinical
practice guidelines, at approximately 36 months post-diagnosis, with overall and breast
cancer-specific mortality in a multi-ethnic cohort of early stage breast cancer survivors.
25(0OH)D is the primary circulating form of vitamin D in the body and the substrate for
production of active vitamin D hormone, 1,25-dihydroxyvitamin D. The amount of
circulating serum 25(0OH)D is a rate limiting step in the synthesis of the active hormone:
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individuals with vitamin D <30 ng/mL may also have decreased vitamin D activity. The
maintenance and management of sufficient 25(OH)D may therefore reveal a potentially
modifiable factor to mediate morbidity and mortality among breast cancer patients.

MATERIALS AND METHODS

Study Participants

The methods for this prospective cohort study have been described elsewhere [9, 16].
Briefly, we collected data from 1,183 women, between 18-64 years, enrolled in the Health,
Eating, Activity and Lifestyle (HEAL) Study, a multicenter, multiethnic cohort of female
breast cancer patients. Using the Surveillance Epidemiology and End Results (SEER)
registry in one of three regions in the western United States: north-central New Mexico, Los
Angeles County (CA), and Washington State, we recruited women with /n7 situ or Stage |-
I11A disease, within 12 months of diagnosis, between July 1996 and March 1999.
Participants completed a self-report questionnaire and an in-person interview at study
inception. In addition, a 24 month post-enrollment assessment was conducted and consisted
of an in-person interview, a self-administered food frequency questionnaire (FFQ),
anthropometry, and a 12-hr fasting blood draw. Annual data collected from SEER registries
and abstracted medical records were used to follow each participant and determine health
related outcomes, including mortality due to breast cancer-specific cause or any other cause.

Of the 1,183 women enrolled in the study, 935 women had invasive breast cancer. Of these,
806 had serum 25-hydroxyvitamin D [25(OH)D] measured using the 2nd assessment blood
draw (mean 30-months post-diagnosis). In the end, 585 women diagnosed with invasive
breast cancer, who had successfully measured serum 25(0OH)D, and who were alive but had
not experienced either a disease recurrence or new primary cancer before the 2"d assessment
blood draw were used in the final analysis. Written informed consent was obtained from
each participant. The study was performed with the approval of the Institutional Review
Boards at participating institutions in accordance with an assurance filed with and approved
by the U.S. Department of Health and Human Services.

Serum 25(OH)D assay

The circulating concentration of vitamin D hormone, 1,25-dihydoxyvitamin D, is under tight
homeostatic control, has a short half-life (i.e., 4-7 hours), and does not give a reliable
estimate of an individual’s longer-term vitamin D status [17]. Therefore, serum 25(OH)D is
a standard biomarker used to determine vitamin D status and is proportionally associated
with dietary or supplemental intake of vitamin D as well as cutaneous synthesis [18, 19].
Using stored fasting blood specimens, drawn, on average, 36 months post-diagnosis, we
measured serum 25(0OH)D using a radioimmunoabsorbant assay (DiaSorin Inc., Sillwater,
MN). For each assay, we included blinded duplicates for quality control assessment. The
intra-assay coefficient of variation was 3.7%.

Outcomes ascertainment

Women were followed for vital status from the 24-month post-enrollment blood draw until
December 31, 2009. Outcomes were obtained from the SEER registries and abstracted
medical records. Causes of death were coded using /nternational Classification of Diseases,
10" Revision (ICD-10) codes [20]. The time frame from the primary end point of interest,
overall mortality, was initiated on the date of the 24-month post-enrollment blood draw and
ended on the date of death. Non-deceased participants were censored on December 31,
2009. The secondary end point of interest, breast cancer-specific mortality, was defined
using ICD-10 code C50 [20]. In analysis of breast cancer-specific deaths, women dying
from other causes were censored on their dates of death.
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We collected standardized information on covariates known to be associated with both
serum 25(0OH)D and the specified endpoints using data on demographics, anthropometry,
medical history, medication use, physical activity (including outdoor activity), diet and
dietary supplement intake, and disease staging and treatment used [9, 10, 21]. Information
on demographic characteristics and dietary supplement use was obtained using standardized
questionnaires; dietary intake was obtained using a food frequency questionnaire (FFQ)
collected at the 24 month post-enrollment assessment. Breast cancer stage at diagnosis was
obtained from the SEER registry records, and breast cancer treatment data were obtained
from participants’ medical records and SEER. Hours of outdoor physical activity per week
and geographic locale served as surrogates of ultraviolet B exposure [22].

Statistical Analysis

This study’s objective was to examine the relationship of serum 25(OH)D with overall and
breast cancer-specific mortality. Serum 25(OH)D status was modeled using the following
three categories of vitamin D status: deficient (<20 ng/mL), insufficient (20 to 30 ng/mL)
and sufficient (>30 ng/mL) [23]. Analyses of variance (ANOVA) and chi-square tests were
used to test for differences in continuous and categorical variables, respectively by the three
vitamin D categories. We used the Kaplan-Meier technique to construct survival curves and
to calculate unadjusted 5-year and 10-year survival rates from death due to any cause and
death from breast cancer [24]. We next employed multivariable Cox proportional hazards
models to estimate the HR and 95% CI for death due to any cause and due to breast cancer
associated with serum 25(OH)D (per 10 ng/mL increments) and vitamin D status (deficient
25(0H)D as referent). Age at diagnosis (years) was used as the time metric for all regression
analysis. We tested and confirmed non-violation of the proportionality assumption based on
a graphical approach (i.e., log(-log) plots) and the goodness-of-fit test using Schoenfeld
residuals [25, 26].

Covariates were examined for inclusion in the multivariable model based on a list of
traditional breast cancer prognostic factors, including age at diagnosis (years, continuous),
body mass index (BMI, <18.5 kg/m?, 18.5 to 24.9 kg/m?, 25.0-29.9 kg/m? and =30 kg/m?)
[27], menopausal status (postmenopausal, yes/no), hormone receptor status (ER+, yes/no),
disease stage (“localized” was defined as stage | and 11 vs. “regional” was defined as stage
[11), adjuvant hormone therapy (tamoxifen use, yes/no), treatment type (surgery only;
surgery and radiation; surgery and chemotherapy; and surgery, radiation and chemotherapy)
diagnosis of osteoporosis (yes/no), diagnosis of kidney, liver or thyroid disease (yes/no) and
lifestyle-related covariates, including calcium supplement use (yes/no) and alcohol use (>1
drink/week, yes/no), duration of outdoor physical activity (hours per week, continuous) and
current smoking status (smoker/non-smoker).

Variables were retained in the final model if they were associated with vitamin D status,
associated with overall or breast cancer-specific mortality in survivors with = 30ng/mL
25(0OH)D and had altered the risk estimate of the model containing vitamin D status plus age
by at least 10%. Because each study site had distinct race/ethnic composition, we generated
a composite adjustment variable for race-ethnicity/study site [28]. Serum 25(OH)D varies by
race/ethnicity, geographic location and season of blood draw (winter/spring vs. summer/fall)
[29, 30]. For this reason, both the composite race/study site and blood draw season variables
were included in all multivariable analyses. We reclassified missing data for categorical
variables with its own term and for continuous variables we replaced the missing value with
the variable median. All multivariable models included age, race-ethnicity/study site, season
of blood draw, BMI, disease stage, adjuvant hormone therapy and treatment type. For
overall mortality, models also included duration of outdoor physical activity and smoking
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status. Statistical analyses were performed using Stata (version 11.1; StataCorp LP, College
Station, TX) software. All statistical tests were two-sided and statistical significance was set
atp <0.05.

Descriptive characteristics of the study participants are provided in Table 1. Mean age at
diagnosis was 55.8 + 10.8 years. The mean serum 25(OH)D was 24.8 + 10.3 ng/mL (range
3.9to 71.7 ng/mL); and the mean serum 25(OH)D for each clinical category of vitamin D
status was 13.9 + 3.7 ng/mL for n=211 women classified as vitamin D deficient (<20 ng/
mL), 25.5 + 2.9 ng/mL for n=189 vitamin D insufficient women, and 36.6 £ 6.1 ng/mL
among n=185 vitamin D sufficient women. The distribution of traditional prognostic risk
factors such as age, BMI, race-ethnicity/study site, calcium supplementation, physical
activity, kidney/liver/thyroid disease occurrence, disease characteristics (i.e., tumor stage,
nodal involvement, tumor hormone receptor status) and treatment used (i.e., adjuvant
treatment following surgery and adjuvant hormone treatment) differed by vitamin D status
(Table 1). Lower serum 25(OH)D was associated with younger age at diagnosis, greater
BMI, race-ethnicity/study site for both African American/Los Angeles and Hispanic/New
Mexico, no report of calcium supplementation use, specific treatment types (i.e., surgery
only or surgery and chemotherapy), aggressive disease characteristics (i.e., regional tumor
stage, =1 nodal involved, and negative tumor hormone receptor status), no report of
Tamoxifen use, history of metabolic disease, and less physical activity. Further details on
the associations between HEAL participant characteristics and serum 25(OH)D have been
published elsewhere [9].

After a median follow-up of 9.2 years, among the 585 breast cancer survivors, 110 women
died including 48 women whose deaths were due to breast cancer. Serum vitamin D was
associated with reduced overall mortality. The unadjusted associations of serum vitamin D
with overall survival suggests a linear dose-response pattern (p for trend = 0.21, Figure 1).
The 5-year overall survival rates in women with sufficient, insufficient and deficient serum
25(0OH)D were 98.4%, 97.4% and 97.6%, respectively; and the comparable 10-year figures
were 88.0%, 83.1% and 84.8%, respectively (log rank p = 0.19, data not shown).

Table 2 provides results for the association of vitamin D and overall mortality. A trend
towards decreased risk of death was suggested, with a multivariate-adjusted HR of 0.85
(95% Cl, 0.68-1.09; p for trend = 0.20) per 10 ng/mL increment in serum 25(OH)D.
Compared to participants with deficient serum 25(0OH)D, the age-adjusted association for
those with sufficient serum 25(OH)D was 48% lower for overall mortality. Adjustment for
confounders attenuated the association between serum vitamin D and overall mortality;
women with sufficient 25(OH)D had a non-significant 10% reduced risk of mortality. The
results for women with insufficient serum 25(OH)D were similar and not statistically
significant.

In relation to breast cancer-specific survival, we found no association between serum
vitamin D and risk of breast cancer-specific mortality (Table 2). The unadjusted association
of serum vitamin D with breast cancer-specific survival does not indicate a linear dose-
response pattern (p for trend = 0.18, Figure 2). The breast cancer-specific 5-year survival
rates were approximately 98%, regardless of serum 25(OH)D status, and the 10-year rates
ranged from 91.7% (deficient) to 95.5% (sufficient) (log rank p = 0.38, data not shown).
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DISCUSSION

In this cohort of 585 breast cancer survivors, serum 25(0OH)D was associated with reduced
overall mortality. Compared to women with lowest values of 25(OH)D (<20 ng/mL), those
with “sufficient” 25(OH)D values (= 30 ng/mL) had a 42% reduced risk of overall mortality
in age-adjusted models which were attenuated and lost statistical significance with
adjustment for other potential confounders. These results, including the size of the HRs and
the lack of statistical significance on adjustment for confounders, are comparable to reports
from previously published studies of women diagnosed with breast cancer. In 2009,
Goodwin et al. reported that 512 non-Hispanic white women with the lowest serum
25(0OH)D (<20 ng/mL) had a statistically non-significant 71% increased risk of overall
mortality, compared to those with 25(OH)D concentrations =32 ng/mL [10]. In a nested
case-control study with 250 matched pairs, Jacobs et al. reported a non-significant 13%
increased odds of overall mortality in breast cancer survivors with 25(OH)D <20 ng/mL,
compared to those with serum 25(OH)D >20 ng/mL [13]. In a cohort of 1,295
postmenopausal women, Vieling et al. (2011) reported with those with 25(OH)D <14 ng/mL
had a 55% increased risk of overall mortality compared to those with 25(OH)D =22 ng/
mL[15]. Most recently (2012), in a Norwegian population-based study among 251 breast
cancer patients, Tretli et al. report women with 25(OH)D >33 ng/mL had a decreased risk of
overall mortality, compared to women with 25(OH)D <18.4 ng/mL (HR=0.37; 95% CI 0.21
to 0.67) [14].

We reported an age-adjusted non-significant 38% decreased risk of breast cancer-specific
mortality between survivors with 25(OH)D >30 ng/mL compared to 25(OH)D <20 ng/mL.
The magnitude of this association is similar to the results reported by both Goodwin [10]
and Tretli [14], but these two studies only adjusted for age at diagnosis, tumor
characteristics, and/or season of blood draw. Upon adjustment for potential confounders,
including race-ethnicity/study site, we reported a non-statistically significant association
between serum 25(0OH)D and breast cancer-specific mortality. These results are somewhat
similar to related results (i.e. disease-free survival) reported by Vrieling [15] and Jacobs
[13]. The association between serum 25(OH)D and breast cancer-specific mortality was not
specifically examined in the cohort of German postmenopausal women or the Women’s
Healthy Eating and Living (WHEL) intervention study. However, Vrieling reported no
association between serum 25(OH)D, measured after completing chemotherapy, and risk of
distant disease (i.e., distant recurrence, death, second primary invasive non-breast cancer)
for German women with serum 25(OH)D < 14 ng/mL, compared to those with serum
25(0OH)D > 22 ng/mL. In a subset of the WHEL participants, serum 25(OH)D was assessed
and examined with breast cancer recurrence or new breast cancer primary and women with
25(0OH)D <20 ng/mL had a statistically non-significant increased odds of local recurrence
(OR, 1.48; 95% CI 0.47, 4.65) and regional recurrence (OR,1.13; 95% CI 0.20, 6.44)
compared to 25(0OH)D >20 ng/mL [13]. Our data, which reveals significant attenuation of
the association in multivariate-adjusted model, may be in part due to confounding from race-
ethnicity/study site variable.

Vitamin D may influence survival following a diagnosis of breast cancer via several
mechanisms. The binding of 1,25(OH),D to the vitamin D receptor (VDR) results in the
enhancement or suppression of gene transcription to modulate the inhibition of cell
proliferation and angiogenesis, promotion of cell differentiation, and induction of apoptosis
in both normal and malignant cells [1-4, 18, 31]. /n vitroand in vivo studies report direct
effects on breast cancer cell lines, such as growth inhibition, cellular differentiation and
apoptosis when both 25(OH)D and 1,25(OH)D are applied directly to MCF-7 cell lines. [32—
35] Additional data from animal models suggest that vitamin D deficiency may play an
important role in cancer progression by promoting metastasis in bone, via vitamin D
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endocrine pathways [36]. While it is not possible to test these specific mechanisms in
humans, these data from /n vitro and animal model studies provide support for the
associations observed here as well as elsewhere [10, 13].

The strengths of our study include the prospective design and participation by non-Hispanic
White, non-Hispanic African-American and Hispanic women. We used well-annotated
tumor-, treatment-, and traditional prognostic-related data to adjust for confounding and
have approximately 10 years of mortality outcomes from annual SEER registry updates. We
used a reliable biomarker for vitamin D status, serum concentration of 25(OH)D, which was
measured after the completion of breast cancer treatment so that measures would not be
confounded by concurrent exposure to chemotherapy or radiation treatments.

Limitations include the observational design, which limits the ability to infer cause and
effect. While we adjusted our models for clinical and lifestyle-related covariates, as with all
observational studies, residual confounding may still exist. Other limitations are that we
were unable to adjust for completion of primary or hormone therapy, quantitative UV
exposure or serum PTH concentration, the latter is directly linked with vitamin D
metabolism and vitamin D activity [35]. However, following adjustment for hours of
outdoor physical activity (a surrogate variable for direct UV exposure), we observed no
appreciable change in the HR for vitamin D status. We carefully considered examining the
effect of serum 25(OH)D on disease recurrence. The pathological diagnosis to differentiate
between recurrence and the new occurrence of a breast cancer is sometimes difficult [37].
Rather than risk misclassification, we have chosen to report only data with clear outcomes,
which is breast-cancer specific and total mortality. In addition, few breast cancer-specific
deaths occurred in our cohort, resulting in limited power to examine breast cancer-specific
mortality by vitamin D status or examine the effects of confounding or effect modification.
Further, there is a possibility that the association of low serum 25(OH)D with high BMI,
African-American and Hispanic race-ethnicity, less physical activity, and other known
prognostic factors for breast cancer may explain the significant association observed in the
unadjusted analysis. Finally, as with all observational studies there may be residual
confounding.

In conclusion, in this multi-ethnic cohort of breast cancer survivors, higher vs. lower serum
25(0OH)D suggest an association with improved overall survival, but results were not
statistically significant and must be interpreted with caution. However, lacking clinical trial
evidence, we cannot confirm that supplementation with vitamin D will improve survival, nor
can we speculate on the dosage necessary to achieve optimal ranges in this population. We
note that there is ongoing debate on these cut-off values with others suggesting lower cut-off
levels for vitamin D deficiency (e.g. 12 ng/mL) or believe that levels of 20 ng/mL are
sufficient [38—41]. Of interest, the Institute of Medicine (2010) and the Endocrine Society
(2011) recommend that in order to maintain bone health and normal calcium metabolism,
normal weight healthy women aged 19-50 consume 600 IU/day of vitamin D3 and normal
weight healthy women older than 50 years consume 800 1U/day [42, 43]. Additional
research is needed to determine whether breast cancer patients should be screened for
vitamin D deficiency and to determine the optimal practice guidelines for treatment.
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Figure 1.

Overall Survival by Vitamin D Status
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