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Abstract

One in eight women will develop breast cancer over their
lifetime with 230,000 women diagnosed in 2015. For this
reason, breast cancer prevention efforts are essential. Vi-
tamin D, with anticancer properties, may have a role in
prevention of some cancers, including breast cancer.This
report discusses the rationale, study protocol, and base-
line data for a clinical trial of vitamin D and its effects on
breast cancer biomarkers.

This study was a randomized controlled trial designed
to evaluate the effect of a fixed dose of vitamin D on spe-
cific breast cancer biomarkers. Study participants were
randomized to take either vitamin D or placebo for a pe-
riod of one year. All participants had mammograms and
blood drawn for serum biomarkers. A subset of partici-
pants underwent random periareolar fine needle aspira-
tion to draw tissue for biomarkers.

From January 2011 to December 2013, 300 premeno-
pausal women, aged 59 or younger, were recruited from
41 institutions across the United States. A total of 102
women underwent random periareolar fine needle as-
piration. The last subject completed the trial in January
2015. Baseline vitamin D levels for all participants ranged
from 4 to 72 ng/mL, with 62% of participants being vita-
min-D deficient at enrollment (=30 ng/mL or >75 nmol/L).
The mean body mass index (BMI) was 27.0 kg/m? (range
15.1-53.6 kg/m?). 14% and 11.7% of participants were His-
panic or African American, respectively.

Accrual and enrollment of participants is feasible for
this type of multicenter prevention trial, and it can readily
be carried out in a cooperative group setting.

Keywords: biomarkers, breast cancer, breast cancer pre-
vention, chemoprevention, mammographic density, vita-
min D

Introduction
Approximately 12% of women will develop breast cancer in their

lifetime, with an estimated 231,840 new cases of invasive cancer
and 40,290 deaths due to breast cancer in 2015.! Early detection
through screening mammography has been shown to decrease
the mortality of breast cancer by 31%, and the incidence of stage
II and higher breast cancers by 25%.? Despite this, breast cancer
is still a major cause of morbidity and mortality, and remains the
second leading cause of cancer deaths in women. Prevention is
key to changing these statistics.

Several agents have been shown to prevent breast cancer.
Selective estrogen receptor modulators (SERMs) and aromatase
inhibitors (Als) have been shown to reduce the incidence
of breast cancer in women by 49% and 65%, respectively.”®
However these agents only reduce rates of estrogen receptor-
positive (ER+) breast cancer.” SERMs have side effects, including
increased risk of venous thromboembolism, endometrial cancer,
stroke, irregular menses, hot flashes, bone loss, and cataracts;
all of these have been barriers to widespread use of SERMS.
While Als do not have serious toxic effects, significant moderate
side effects including myalgia, arthralgia, and osteoporosis are
a barrier to use.* The undesirable side effects of SERMs and
the fact that tamoxifen is the only option for premenopausal
women make these drugs less utilized, despite their efficacy.
Though Als have a better side effect profile and higher degree
of breast cancer reduction than SERMs, these drugs are only
effective in postmenopausal women; as with SERMs, Als are
only beneficial in preventing ER+ tumors. With limited choices
for premenopausal women, side effects that are a barrier to use,
and no current options for estrogen receptor-negative (ER-)
cancers, investigation of additional options for chemoprevention
are warranted.

One potential chemoprevention agent is vitamin D. Vitamin
D is safe with few side effects, and studies support its anti-
cancer properties.*® However, there is a paucity of clinical trials
of vitamin D for breast cancer prevention. In a randomized,
double-blind, 3-arm, placebo-controlled trial of calcium and
vitamin D (1100 IU) in postmenopausal women, the incidence
of all cancer was lower (after 4 years of treatment) in women
taking both calcium and vitamin D with a trend toward fewer
breast cancers. In another randomized, placebo-controlled trial
evaluating only 400 international units (IU) of vitamin D daily
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FIGURE 1. Randomization scheme
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for postmenopausal women, there was no difference in breast
cancer incidence between the treatment and placebo groups.!®
This study included over 36,000 women followed for an average
of 7 years. The low dose of vitamin D in this study may have led
to the negative findings.

Logistical barriers to studying the effect of any cancer
prevention agent include the large sample size and long duration
of follow-up required to demonstrate efficacy. The use of cancer
biomarkers, though, can circumvent these barriers. Biomarkers
that are measurable and modifiable with treatment, with
modification associated with change in cancer risk, are the most
useful as intermediate endpoints.

MD), atypia,
and insulin-like growth factor (IGF-1) are

Mammographic = density cellular cellular
proliferation,
potentially useful intermediate biomarkers for breast cancer.
MD has been confirmed as an independent risk factor for
development of breast cancer."* Women with MD of at least
75% are 4 to 6 times more likely than women with MD of <10%
to develop breast cancer.” Cellular atypia and proliferation are
also strongly linked to breast cancer development. An association
between atypia and the development of breast cancer is well
established.’® Ki-67, a nuclear protein that serves as a marker
for cellular proliferation, is elevated in proliferating tissue.™®
Elevated levels of IGF1 are also linked to risk for breast cancer.
IGF-1 has a role in the growth of breast epithelial cells” and the
binding of IGF-1 to its receptor induces cellular proliferation,
differentiation, and apoptosis.?

Given the strong biological data supporting a possible
preventive effect of vitamin D, this study was designed to
determine the effect of 2000 U of vitamin D on specific breast
cancer biomarkers when taken daily for 1 year by premenopausal
women. This manuscript will focus on the methods, recruitment,

accrual, and baseline characteristics of participants of the trial.

Methods
Cancer and Leukemia Group B (CALGB) 70806 is a randomized
(1:1) double-blinded, placebo-controlled trial evaluating the

TABLE 1. Baseline Characteristics of Participants

Characteristic gll:n::;::‘ %)
Age (yr)
Range 22-59
Mean (SD) 42.6 (6.4)
Race
African American 35(11.7)
American Indian 1(0.3)
Asian 14 (4.7)
Caucasian 238 (79.3)
Native Hawaiian 2 (0.7)
None Reported 5(1.7)
More than one Race 5(1.7)
Ethnicity
Hispanic or Latino 42 (14)
Non-Hispanic 253 (84.3)
Unknown 5(1.7)
Geographic Location
Northeast 119 (39.6)
Midwest 42 (14.0)
South 114 (38.0)
West 25 (8.3)
BMI
Range 15.1-53.6
Mean (SD) 27.0 (5.7)
Vitamin D Level
<30 ng/mL 186 (62)
>30 ng/mL 114 (38)
Range 4-72
Mean (SD) 26.6 (11.7)

effects of vitamin D taken for 1 year on several breast cancer
biomarkers (breast density, cellular atypia, proliferation, and
IGF-1) in premenopausal women with elevated breast density.
CALGB is now part of the Alliance for Clinical Trials in Oncology
(Alliance). Study participants were randomized to receive either
vitamin D (2000 IU) or placebo daily for 12 months. The
randomization scheme is shown in Figure 1. Participants were
stratified according to vitamin D levels (insufficient ([<30 ng/
mL] vs sufficient [>30 ng/mL]) and random periareolar fine
needle aspiration (RPFNA) status (institutions that performed
the procedure vs those that did not).
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FIGURE 2. Map of the United States showing recruitment sites of

study participants with the location of each institution represented

by a star.
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FIGURE 3. Rate of overall accrual and accrual for RPFNA participants
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Prior to enrolling participants, institutions decided whether

they would perform RPFNA, and RPFNA was performed on

all participants enrolling at that particular institution. RPFNA
was only performed at institutions with an experienced provider

and documentation of at least 5 samples with
adequate cellularity.

Data collection was conducted by the
Alliance Statistics and Data Center. Data
quality was ensured by the Alliance Statistics
and Data Center and by the study chairperson
following Alliance policies.

Eligibility Criteria: Women were eligible if they
were premenopausal, had regular menstrual
cycles (at least 4 cycles in the preceding 6
months), were 55 years of age or younger, and
had a breast density of at least 25% (scattered
fibroglandular density or greater).

Women were excluded if they had a
history of breast, including ductal carcinoma
in situ (DCIS) or ovarian cancer, breast
implants or breast reduction surgery, serum
calcium level >10.5 mg/dL, history of
hyperparathyroid disease (or any disorder of
calcium metabolism) requiring intervention
in the past 5 years, history of kidney stones,
2 or more bone fractures in the past 5 years,
diagnosis of osteoporosis requiring treatment,
use of vitamin D supplements >400 IU/day,
hormone replacement therapy tamoxifen
or raloxifene, or concurrent participation
in a breast cancer chemoprevention trial.
Supplementation with additional vitamin
D was an exclusion for participation.
Medications were reviewed by research staff at
each study visit.

Women using topical estrogens or
hormonal contraceptives were eligible as long
as they had been using the contraceptive more
than 4 months prior to enrollment. Those on
vitamin D therapy at a dose of 400 IU/day or
less were also eligible as long as they had been
on that dose for more than 6 months.

Enrollment: The study was open to institutions
that were members of the Alliance and
Community Clinical Oncology Program
(CCOP) Network, and was available to other
treating sites through the Cancer Trials
Support Unit (CTSU). Institutional review
board (IRB) approval was obtained at each
participating institution, and informed consent

was obtained from each study participant prior to enrollment.

Study Participation: Women were randomized to take vitamin
D or placebo for 12 months starting within 14 days after
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randomization. At baseline, women were examined, completed
several questionnaires, and had blood drawn. They were
contacted by study personnel for side effects at 3, 6, and 9
months. At completion of the study, women were examined and
had blood drawn. Questionnaires at baseline included medical
screening, aspirin use, diet, sunlight exposure, and physical
activity questionnaires. Mammograms, serum 25-OH vitamin
D and IGF-1, and RPFNA for cellular atypia and Ki-67 were
obtained prior to initiating study medication and again at 12
months. Serum 25-OH vitamin D and IGF-1 levels were drawn
and stored at -80° F centrally.

Cellular atypia and Ki-67 were evaluated only in participants
enrolled at RPFNA-performing institutions. Aspirations were
performed at 2 separate locations for each breast and samples
from each participant were pooled, placed into cytolyte and
sent to the University of Vermont for processing and analysis
in the Department of Pathology’s CLIA-approved cytopathology
laboratory. Tissue samples obtained by RPFNA were evaluated
in a blinded fashion by a single pathologist to assess atypia, and
stained for Ki-67 (to evaluate proliferation).

Digital mammograms and reports were collected and stored
at Imaging and Radiation Oncology Core (IROC) for MD
determination. MD will be determined by three methods. The
Breast Imaging-Reporting and Data System (BIRAD) density
category will be abstracted from the mammogram report. MD
will also be evaluated using both the semi-automated Boyd
method!" and a fully automated program.?

Reported results are based on a dataset locked on August
21, 2014.

Statistical Analysis: The primary outcome for this trial is change
in MD between the baseline and 12-month mammograms using
the continuous threshholding method described by Boyd et al.*
With 285 eligible women with data points at both baseline and
12 months, a 2-sample ttest with a 2-sided a=0.05 will have 92%
power to detect a standardized effect size of 0.4 in change of MD
between 2 arms. With 250 eligible women with data points at both
baseline and 12 months, a 2-sample t-test with a 2-sided a=0.05
will have 88% power to detect a standardized effect size of 0.4
standard deviation change of MD between 2 arms.

Secondary outcomes include changes in atypia, cellular
proliferation (measured by Ki-67 levels), and serum IGF-1.
Changes in secondary outcomes (between baseline and 12
months) will be compared between the 2 arms using the same
analysis methods as for the primary outcome.

For tissue biomarkers (atypia and Ki67), a sample size of 100
women provides a 2-sample t-test with 2-sided a = 0.05 to have
85% power to detect a standardized effect size of 0.6 in change
between 2 arms.

Correlations between change in biomarkers (MD, IGFI,
atypia, and Ki67) with each other and with change in vitamin
D levels will be addressed with simple linear regression analyses.

Multiple linear regression analyses will be conducted to relate
the changes in MD or vitamin D level with changes in molecular
markers and other predictors.

RESULTS

Participant Accrual: The study was activated in October 2010. The
first patient was enrolled in January 2011 and the last in December
2013 and completed participation in January 2015. Three hundred
participants were enrolled at 41 different institutions in the United
States. RPENA was performed at 14 different institutions with a
total of 102 women undergoing the procedure. The geographic
distribution of participating institutions is shown in Figure 2.
The rate of accrual for overall participants as well as for RPFNA
participants is shown in Figure 3.

The original sample size for this study was 250 patients,
with plans for 100 participants to undergo RPFNA. The study
reached the accrual goal of 250 patients at the beginning of
February 2013, but fewer than 50 patients had participated in
the RPFNA portion of the study. Study enrollment remained
open only at institutions performing RPFNA until the goal was

met. Sample size was increased to 300 participants, of whom 100
would undergo RPFNA.

Participant Characteristics: The mean age of participants was 42.6
years. Patients had a mean BMI of 27.0 (range 15.1-53.6). The
mean vitamin D level was 26.6 ng/mL; the majority (62%) were
vitamin D deficient (<30 ng/mL) at enrollment.

There were wide geographic and ethnic distributions among

participants. The highest numbers of participants were recruited
from the Northeast and South, accounting for 39.6% and 38.0%
of the total sample, respectively. There was also ethnic diversity,
as 14% and 11.7% of participants, respectively, self-reported
as Hispanic and African American. Baseline demographic
characteristics of participants are shown in Table 1.

Conclusions

This study represents one of the first chemoprevention trials
conducted in the cooperative group setting with a focus on
intermediate biomarkers of breast cancer risk. Clearly, this type
of study can be accomplished in both academic and community
settings with fairly short accrual time (23 months). The study
has accrued an ethnically and geographically diverse population
sample. The diversity of this sample gives strength to the potential
for generalizability of the results.

The design of this chemoprevention trial, focusing on
several key biomarkers, is novel. The companion tissue study
was carefully supervised; only sites demonstrating proficiency
were allowed to open it. It was anticipated that accrual at sites
participating in RPFNA would be slower. Nonetheless, with
the rapid accrual at non-RPFNA sites, it was necessary to close
the study temporarily and re-open only at sites performing
RPFNA. Temporary closures can result in slow accrual when
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the study is re-opened, however, this did not happen. The
last 50 participants were recruited in less time than originally
projected. All accrual goals were met, with a total sample size
greater than initially intended.

This study was carried out in premenopausal women and at
a higher dose of vitamin D than in prior studies. Information
obtained from this study will provide necessary data regarding
the justification for a larger trial evaluating the effect of vitamin
D on breast cancer development. Information on vitamin D
levels at baseline and follow up will be reported at a later date,
along with reporting of the primary outcome.
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