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Part 1: Research Plan

la. Anticipated Timeline and Enrollment
Planned Start Date 01/01/2015
Planned End Date 12/31/2018
Anticipated Enrollment 2,382

1b. Hypothesis and Specific Aims
Please describe the question(s) you are asking and what you expect to happen (3/4 page limit).

Observational studies in human populations indicate that greater dietary intake of vitamin D, self-reported use
of vitamin D supplements, and higher concentrations of serum 25-hydroxy vitamin D (25-OH D) are each
protective against several types of cancer. Studies in animal models support this concept, implicating a true
causal role for vitamin D. However, there is a paucity of human intervention data and thus the potential utility of
incorporating vitamin D in cancer prevention strategies remains an unsettled issue. Moreover, if vitamin D
genuinely has a chemoprotective role against cancer development, it is not known whether the benefit is
confined only to those whose baseline vitamin D status is inadequate, or whether supplementation of a
population that is generally replete will similarly convey protection.

The purpose of the proposed ancillary study is to generate important prospective, placebo-controlled,
interventional evidence. Definitive cancer prevention trials in which cancer occurence is the primary endpoint
are extraordinarily lengthy and expensive undertakings, and funding can only be secured nowadays when
exploratory trials that examine intermediary biomarkers (which precede and predict cancer) have shown efficacy.
Regardless of whether a cancer prevention trial is an exploratory one that utilizes intermediary biomarkers or a
definitive one that examines cancer occurrence, the design is most effective when the population to be studied is
at increased risk of the cancers of interest. Since overweightness and obesity are accepted risk factors for our
three cancers of interest, we feel that the D2d study population is a highly suitable one since entry criteria dictate
a BMI of 25 or greater.

Our overarching question therefore, is whether vitamin D supplementation over a period of 1-3 years will
attenuate intermediary biomarkers that predict the subsequent occurence of lymphoma, breast and colon
cancer. A major issue in vitamin supplementation trials of all types is whether a benefit is realized by
vitamin-replete individuals as well as those who are deficient: the very nature of the D2d study therefore enables
us to also ask the question as to whether supplementation of a generally replete pre-diabetic population
experiences a decline in intermediary biomarkers of cancer. We postulate that daily supplementation with 4000
I.U. of vitamin D3 over a period of 1-3 years will significantly alter several intermediary biomarkers of these
cancers in a beneficial direction, thereby providing the rationale for a definitive trial in which cancer incidence
would serve as the primary endpoint.

To address this hypothesis we propose to conduct a study with the following three specific aims:
1. Determine whether a daily vitamin D3 supplement significantly reduces plasma insulin growth factor 1: insulin
growth factor binding protein 3 molar ratio (=primary outcome), as well as estradiol, estrone, estrone sulfate and
testosterone.

>examine endpoints at baseline, 1, and 3 years to determine the onset and persistence of a vitamin D3 effect

2. Determine over a period of three years the extent to which a daily vitamin D3 supplement reduces six
pre-specified plasma microRNAs (miRNA) linked to ‘high-risk’ adenomas of the colon.
>examine endpoints at baseline, 1, and 3 years to determine the onset and persistence of a vitamin D3 effect

3. Determine if vitamin D receptor Fokl and Bsml single-nucleotide polymorphisms modify the response of the
endpoints in Specific Aim 1 or 2 to vitamin D intervention.
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1c. Significance and Brief Background
Please describe the scientific relevance (1 page limit).

A robust consensus among analyses of prospective cohort studies indicates an inverse link between habitual
intake of vitamin D and the subsequent risk of colorectal cancer (CRC) and breast cancer (1-6), although
occasional null studies have appeared (e.g.: 7). In several of the studies of colorectal and breast cancer the
magnitude of protection associated with vitamin D is significantly greater when intake from supplements is
included (1,3,6), suggesting that the greater amount of vitamin D consumption achieved with supplements
conveys a degree of protection beyond that achieved with the vitamin D contained in foodstuffs alone.
Consistent with these observations are systematic analyses of prospective cohort studies that demonstrate an
incremental decrease in the risk of developing these two cancers with greater concentrations of plasma
25-hydroxyvitamin D (25-OH D, references 8,9). Moreover, a similar inverse relationship between 25-OH D
levels and the risk of non-Hodgkins lymphoma has been observed by multiple investigators (10,11).

Whether vitamin D plays a true causal role in the prevention of these cancers, and at what doses, remains
unclear. True causality has been implicated by a host of controlled studies in relevant animal models of colon
and breast cancer, including some which have utilized xenografts from human cancers (12-15). Importantly,
supplemental quantitites of D in these animal models seem to be more effective than if the vitamin is delivered at
the basal requirement (12).

Two clinical trials in which D3 and calcium supplements were administered to postmenopausal women have
been reported but the results are highly discordant, and therefore the question of whether vitamin D
supplementation possesses cancer preventive properties remains entirely unsettled: in one trial of ~1200
postmenopausal women, those receiving 1100 I.U. of D3/1500 mgs of calcium daily for 4 years realized a 75%
decline in cancer incidence (the majority of which were breast, colon, and lymphoma/leukemia cases) compared
to those receiving placebo (16). In contrast, after 11 years of follow-up no benefits were evident among ~18,000
postmenopausal women in the WHI trial who were randomized to receive 400 |.U. of D3 and 1000 mgs of
calcium daily (17). The latter trial has received considerable criticism since its design has been felt by some to
have obscured the ability to detect a positive outcome. Moreover, since D3 was co-administered with calcium in
both of these trials it is impossible to determine whether the vitamin alone has any cancer preventive properties.

As exemplified by the preceding two studies, the conduct of cancer prevention trials is greatly hampered by
two logistical considerations: in order to observe a sizeable impact on cancer occurrence exposure to the
intervention must occur over several years or longer, and large subject populations must be studied since the
overall incidence of cancers is relatively low in the general population. Nowadays, to justify the great expense
and time required for such a trial, it is necessary to: 1) conduct precursor trials of an exploratory nature that
utilize intermediary biomarkers of cancer as primary endpoints, and 2) provide evidence of plausible biological
mechanisms that explain the salutary effect of the intervention. The ancillary study we propose will fulfill both of
these observations, and will therefore provide the observations needed to secure funding for a large scale trial.

Although the portfolio of available intermediary biomarkers of cancer are imperfect and offer little predictive
value for individuals, many of them nevertheless possess genuine utilitarian value in studies examining sizeable
cohorts. The molar ratio between the most bioactive somatomedin, IGF-1, and its major plasma binding protein,
IGF BP3, has repeatedly been linked to the risk of developing obesity-associated cancers, and it constitutes our
primary endpoint. In our three cancers of interest, (as well as in advanced colorectal adenomas) the relative risk
associated with an elevated IGF-1:IGF-1 BP3 ratio is significantly elevated, and typically found to be 1.3-2.8
(18-21). Similarly, elevated levels of estrone, estrone sulfate, estradiol and testosterone have been observed by
several investigators to predict the subsequent occurrence of postmenopausal breast cancer, with relative risks
generally in the range of 2.0-4.0 when comparing those individuals in the highest quartile compared to the
lowest (22-24). Finally, a burgeoning literature documents the utility of quantitative miRNA measurements in the
detection of several early stage cancers (including CRC), as well as pre-cancerous lesions such as
adenomatous polyps (e.g.: 25-27). The plasma concentrations of six miRNAs have been convincingly linked to
‘high-risk’ colorectal adenomas (HRAs) (miR-18a, -21, -29a, -92a, -601, -760), and in human CRC xenografts
the suppression of tumorigenesis produced vitamin D was observed to be mediated by a miRNA (28).
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1d. Innovation & Impact
Please describe the research innovation and potential impact (1/2 page limit).

In most instances the scientific community accepts a new concept as 'scientific fact' only when a consensus of
studies from different investigators--using different approaches--supports the concept. Moreover, the need for
such a consensus is substantially greater for those concepts that have a particularly high impact on science and
society. The scientific literature is full of instances where an apparent 'breakthrough' was soon found to be
non-reproducible by others (e.g.: the recent claim that mouse embryonic cells can be derived simply by
acidifying mature adults cells [29]).

The proposed study is highly innovative because it constitutes the first placebo-controlled trial to examine the
effects of vitamin D3 supplementation on multiple intermediary biomarkers of cancer in a population at high risk
of obesity-promoted cancers. The results of a large D3 supplementation trial in the general population (the
'VITAL' trial), for which cancer incidence is a primary endpoint, will be completed in the next few years (30). This
study is scheduled to recruit 5000 subjects in the general population randomized to daily vitamin D3 and 5000 to
placebo. Our study will offer an important complement to the results of that trial: 1) by providing plausible
biochemical and molecular mechanisms that underlie the clinical endpoints observed by VITAL, 2) by studying a
targeted population at particular risk of obesity-associated cancers, and 3) by providing plausible biologic
explanations for any chemopreventive properties that are observed, assist in building the necessary consensus
of observations. In addition, our results may establish novel paradigms for the pathogenesis of three common
cancers, fundamentally advancing our understanding of the biology of lymphoma, CRC, and breast cancer, and
from an applied perspective contribute important support for the utility of D3 for cancer chemoprevention.

le. Research Approach
Please address the following: (1 and 1/2 page limit)
»  Study type (e.g. interventional or observational)
» Population and setting (inclusion/exclusion criteria)
= Study design (e.g. details of study procedures, outcome assessments, confounders, bias)
= Schedule of assessments
= Sample size (power) calculations
= Data analysis plan

Study type: an ancillary intervention trial that leverages the prospective, randomized, placebo-controlled design
of D2d.

Population and setting: the inclusion/exclusion criteria will be identical to D2d (except for the sex hormone
analyses, which will only be examined in post-menopausal females).

Study design: Matched samples from all 2382 subjects will be measured for IGF-1:IGFBP3 and six miRs at
baseline, 1, and 3 years. Plasma estradiol, estrone, estrone sulfate, and testosterone concentrations will be
measured at the same three time points, but only for women participants who are post-menopausal at the time
of enroliment (onset defined as 'occurring 12 months after the last menstrual period’). All samples will be
measured in duplicate, and values averaged. A small sample of DNA from the time of enroliment will be used to
genotype each individual for the Fokl and Bsml SNPs in the VDR gene.

IGF-1:IGFBP3: As described (31), IGF-1 levels will be measured using a radioimmunoassay (RIA) kit
(American Laboratory Products Company, Salem, NH). The samples to be tested are first treated with an acidic
solution to strip the IGF-1 from its binding proteins, after which the carrier proteins are saturated with IGF-2.
This abolishes any interference in the assay produced by the binding proteins. IGFBP-3 levels will be
determined using the “Active” IGFBP-3 immunoradiometric assay kit (Diagnostic Systems Laboratories, Inc.,
Webster, TX); the calculated sensitivity was 0.5 ng/ml. For both IGF-1 and IGFBP-3, samples will be analyzed in
duplicate. The calculation of the molar ratio of IGF-1:IGFBP-3 is based on the fact that 1 ng/mL of
IGF-1 = 0.13 nmoL, and 1 ng/mL of IGFBP3 = 0.036 nmoL. Plasma volume required/sample = 100 microliter.

Please continue Research Approach on next page.
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Estrone, estrone sulfate, estradiol, testosterone: In brief, samples will be extracted with a mixture of hexane
and ethyl acetate (4:1, vol/vol) and applied to a celite column, the steroids are then eluted from the column
(celite in ethylene glycol), and the fractions are subjected to radioimmunoassay, as described (32). NOTE:
although many large studies have utilized commercial labs to perform these assays (e.g. 32), we plan to recruit
a collaborator from one of the participating institutions--in advance of submitting our NIH application--who has
longstanding research expertise in studying these hormones since we believe we will obtain more accurate
results, and because smaller quantities of plasma will be required. Plasma required for each sample: 750 microl.

Plasma miRNAs: (miR-18a, -21, -29a, -92a, -601, -760). Although detecting the appearance of HRAs is not
a feature of this biomarker study, it is worth noting that this lesion will be a common one in the overweight
population of D2d: ~8% of subjects would be expected to have pre-existing HRAs at baseline, and an additional
2.9% of the subjects would be expected to evolve a HRA over the 3 years of the trial (33,34). miRNA species
will be analyzed by reverse transcriptase PCR in the manner described by Kroh et al (35). All plasma samples
will be re-centrifuged since platelet contamination can affect the results (36). Plasma volume required per
sample for all six miRs = 400 microl.

We shall also examine two well-described single-nucleotide polymorphisms (SNPs) in the vitamin D receptor
that have been repeatedly linked to our three cancers of interest, and which is an effect modifier of the
relationship between vitamin D status and cancer risk: Fokl and Bsml (37, reviewed in 38). Each subject will be
genotyped by PCR analysis for these two SNPs so that we can examine gene:nutrient interactions with the
abovementioned endpoints across all three cancers. DNA required per subject = 40 ng.

Sample size estimates and other statistical considerations: IGF-1:1GFBP3 ratio is our primary endpoint since
it has been compellingly linked to the risk of all three cancers. Moreover, the entire study population of D2d will
be overweight or obese, and an elevated IGF1:IGFBPS3 ratio is a leading hypothesis by which obesity is thought
to enhance carcinogenesis. Testing for the adequacy of our sample size is therefore based on this endpoint. In
a randomized trial of ~600 overweight/obese subjects, the mean reduction of IGF1:IGFBP3 with weekly vitamin
D supplementation was 0.02+0.04 units greater than with the placebo (39). If one assumes a similar reduction
in the D2d trial with 1190 subjects in each arm, a two-tailed alpha value of 0.05 and a standard deviation of 0.04,
JAVA appelet (http://www.stat.uiowa.edu/~rlenth/Power) estimates a 90% power of observing a significant
reduction due to the vitamin D intervention.

Since inadequate human data are available, in order to confirm the sample size estimate in regard to the sex
hormone endpoints, we have chosen a study in which supplemental D3 was administered to nude mice that had
received xenografts of human breast cancer cells (12). In the ovariectomized mice (model for the
post-menopausal state), the tumor estradiol level in the mice receiving 5X the basal requirement of D3 was 22
+4.5 pg/mg protein compared to 85+8.9 in the mice receiving the control diet. If one assumes a similar
reduction in the serum of the postmenopausal women in the D2d trial with 200 subjects in each arm, a two-tailed
alpha value of 0.05 and a mean standard deviation of 6.7 JAVA appelet estimates a >90% power of observing a
significant reduction due to the vitamin D intervention. This assumes that about one-half of the D2d study
population will be women and that approximately one-third of the women will be post-menopausal.

To our knowledge, the only data available on the effect of vitamin D on miRNA levels in either humans or
animals is one in which an unrelated miRNA was examined in an animal model of colorectal cancer and in which
the form of vitamin D was 1,25 dihydroxyvitamin D (28): we have therefore deemed this study to be unsuitable
for a estimating sample size for our ancillary study (although, parenthetically, the magnitude of the effect
was ~2.5 fold). This ancillary study should therefore be considered exploratory in regard to the miRNA
endpoints, although as described above, since the sample size is amply adequate for our other endpoints, there
is no harm, and potentially great insight, to be gained by including an exploratory arm.

We shall examine for significant effects of D3 for each endpoint at 12 months using an analysis of covariance
adjusted for baseline, and then determine whether the effect is still present at 36 months with ANCOVA as well.
Interactions between the presence of either SNP and the effect of D3 will be determined by calculating the
difference in a mean quantitative response between alleles, using ANOVA.
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1f. References Cited
Please attach a list of references (PDF format document) with the application.

Part 2: Description of Data

2a. Required Sources of Data
Please select all that apply:
(0] Existing data collected as part of D2d study
If yes, please complete D2d Ancillary Study Data Request Form
[O]New data derived through use of stored biological specimens collected as part of D2d study
If yes, please complete D2d Ancillary Study Specimen Request Form
] New data derived through direct contact with D2d participants (e.g. procedure, survey, observation)
If yes, please complete question 2b
If available, please include a copy of the proposed protocol with your application.

2b. New Data Acquisition, if applicable
Please describe the additional procedures, interventions or surveys required for new data acquisition and
address the need for additional visits and/or the prolongation of existing visits. (1/2 page limit).

Not applicable.
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Part 3: Facilities & Resources

3a. D2d Collaborating Clinical Sites

Please note: By marking the box next to a site(s), the ancillary study Pl has secured the commitment of the
site(s) to the proposed ancillary study to allow generation of new data by direct contact with D2d participants at
the site.

Please select all D2d collaborating clinical sites that have agreed to participate in the proposed Ancillary Study.

[] Atlanta VA Medical Center []NIDDK Phoenix

] Baylor College of Medicine [INorthwestern University

[1Beth Israel Medical Center []Pennington Biomedical Research Center
[1Duke University Medical Center [] stanford University Medical Center

[]Florida Hospital Translational Research Institute [] Tufts Medical Center

[ JHealthPartners Research Foundation [JTulane University Health Sciences

[ILos Angeles Roybal [l University of Kansas Medical Center

[ ]Maine Medical Center Research Institute ] University of Nebraska Medical Center
[IMedical University of South Carolina [Juniversity of Tennessee Health Science Center
|:| MedStar Health Research Institute |:| University of Texas Southwestern Medical Center

3b. Description of Clinical Laboratory Facilities, if applicable
Please describe clinical laboratory facilities and where and how bio-specimens will be handled (e.g. storage,
shipping of biological material; laboratory staff experience).

Dr. Mason has been Director of the Vitamins and Carcinogenesis Laboratory in the HNRCA since it was created
in 2002, and before that he directed the Vitamins and Carcinogenesis Program in the HNRCA for over a decade.
The laboratory is a ~850 square foot facility that is fully equipped for a wide variety of biochemical and molecular
analyses. Included among the laboratory's equipment is an ABI 7300, which is a real-time PCR station that is
highly suited to quantitative RT-PCR. We therefore plan to have Mason's lab do the miRNA analyses. Although
the IGF-1, IGF BP3, and sex hormone assays are available through commercial labs (such as Quest
Diagnostics), we plan to secure collaborations with investigators at other D2d sites who are established experts
with these particular endpoints in preparation for submission of an NIH grant since we feel that would provide us
with more accurate data.
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Part 4. Potential Burden on the D2d study

Please describe the potential burden of the ancillary study on the D2d study in relation to the following and
provide ways to minimize the burden:

4a. Participant Burden and Potential for Compromising Participant Retention
Since only stored blood will be used, there will be no burden to participants.

4b. Participant Safety and Confidentiality
Please describe measures taken to ensure participant safety and confidentiality and address plan for data

management (secure storage, monitoring etc.).

Dr. Mason's laboratory, and any other laboratory handling the analyses described in this application will not have
access to personal identifying information for the subjects since the D2d central repository will de-identify all

plasma and DNA samples by assigning them a numerical code.

4c. Burden on Collaborating Clinical Sites
Since only stored blood will be used, there will be no burden to collaborating clinical sites, as specimen and data
acquisition will be coordinated via the D2d CC.
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4d. Regulatory Requirements
Please describe how informed consent will be obtained and describe plan for local IRB approval. If available,
please attach a copy of the informed consent form.

Since no information beyond that already being collected for the parent study is needed, no additional informed
consent will be obtained.

Part 5: D2d Support

Please note: The costs associated with the use of resources (D2d or other) must be included in the plans for
funding the ancillary study. All negotiated services must be documented in a letter of commitment from the
provider of such services.

Please select resources at the D2d Coordinating Center or D2d Central Laboratory that will be required. There
will be a fee associated with these services:
[0]Data extraction and transfer
@Specimen selection and transfer
[O]Data analyses (depending upon staff availability, proposed analyses may be conducted by the
analytical team at the D2d Coordinating Center)
[Jother study-specific services for studies that will collect new data in real time

Part 6: Funding

6a. Funding Source(s)
Please describe ancillary study funding source(s) or plans to apply for funding.

The study will seek NIH funding

6b. Planned Date of Submission to Funding Agency 06/05/2014

Part 7: NIH Biosketch

Please attach NIH Biosketches for Pl only with your application upon submission.
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Part 8: Acknowledgement of D2d Ancillary Studies Policies & Procedures

| have read and agree to abide by the policies and procedures for D2d Ancillary Studies as described in
the document titled: D2d Ancillary Studies Policies and Procedures & Instructions for Submission of
Proposals, and specifically regarding the presentation and publication of ancillary study results and
data sharing policies.

Principal Investigator Signature Date

(e-signature accepted)

Part 9: Attachments

Please indicate all documents that are included with your application:
[C]NIH Biosketches for Pl only (required for all applications)
[O]References Cited (required for all applications)

[O]p2d Ancillary Study Data Request Form
[Ob2d Ancillary Study Specimen Request Form

Please note: The following forms are not required with application, but are required prior to study initiation:
|:|Ancillary Study Proposal
|:|Ancillary Study Manual of Procedures
[ ]informed Consent Form (required for studies involving generation of new data via direct contact with
D2d participants)
[ ]IRB Approval Letter

Final steps to submission:

Save a copy of this form to your computer.

Click on the “Submit” button, which will open an email and automatically attach application. In that email, attach additional
documents checked above to complete application then send.

Submit

Thank you for your interest in the D2d Study
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Part 8: Acknowledgement of D2d Ancillary Studies Policies & Procedures

| have read and agree to abide by the policies and procedures for D2d Ancillary Studies as described in
the document titled: D2d Ancillary Studies-Policies and Procedures & Instructions for Submission of
Proposals, and specifically regarding thé presentation and publication of ancillary study results and

data sharing policies. /
Principal Investigator Signature 2 [} /( A s4la ~ Date 4L/ g/f ‘/
d = [ i
[/

(e-signature accepted) N /

Part 9: Attachments

Please indicate all documenits that are included with your application:
[V]NIH Biosketches for Pl only (required for all applications)
[V]References Cited (required for all applications)

[vID2d Ancillary Study Data Request Form
[vID2d Ancillary Study Specimen Request Form

Please note: The following forms are not required with application, but are required prior to study initiation:
|:|Anciliary Study Proposal
|:|Ancillary Study Manual of Procedures
[]informed Consent Form (required for studies involving generation of new data via direct contact with
D2d participants)
[]IRB Approval Letter

Final steps to submission:

Save a copy of this form to your computer.

Click on the “Submit” button, which will open an email and automatically attach application. In that email, attach additional
documents checked above to complete application then send.

Submit

Thank you for your interest in the D2d Study
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      Since inadequate human data are available, in order to confirm the sample size estimate in regard to the sex hormone endpoints, we have chosen a study in which supplemental D3 was administered to nude mice that had received xenografts of human breast cancer cells (12).  In the ovariectomized mice (model for the post-menopausal state), the tumor estradiol level in the mice receiving 5X the basal requirement of D3 was 22+4.5 pg/mg protein compared to 85+8.9 in the mice receiving the control diet.  If one assumes a similar reduction in the serum of the postmenopausal women in the D2d trial with 200 subjects in each arm, a two-tailed alpha value of 0.05 and a mean standard deviation of 6.7 JAVA appelet estimates a >90% power of observing a significant reduction due to the vitamin D intervention.  This assumes that about one-half of the D2d study population will be women and that approximately one-third of the women will be post-menopausal. 
     To our knowledge, the only data available on the effect of vitamin D on miRNA levels in either humans or animals is one in which an unrelated miRNA was examined in an animal model of colorectal cancer and in which the form of vitamin D was 1,25 dihydroxyvitamin D (28): we have therefore deemed this study to be unsuitable for a estimating sample size for our ancillary study (although, parenthetically, the magnitude of the effect   
was ~2.5 fold).  This ancillary study should therefore be considered exploratory in regard to the miRNA endpoints, although as described above, since the sample size is amply adequate for our other endpoints, there is no harm, and potentially great insight, to be gained by including an exploratory arm.  
     We shall examine for significant effects of D3 for each endpoint at 12 months using an analysis of covariance adjusted for baseline, and then determine whether the effect is still present at 36 months with ANCOVA as well.  Interactions between the presence of either SNP and the effect of D3 will be determined by calculating the            
difference in a mean quantitative response between alleles, using ANOVA.      
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	Description of clinical laboratories: Dr. Mason has been Director of the Vitamins and Carcinogenesis Laboratory in the HNRCA since it was created in 2002, and before that he directed the Vitamins and Carcinogenesis Program in the HNRCA for over a decade.  The laboratory is a ~850 square foot facility that is fully equipped for a wide variety of biochemical and molecular analyses.  Included among the laboratory's equipment is an ABI 7300, which is a real-time PCR station that is highly suited to quantitative RT-PCR.  We therefore plan to have Mason's lab do the miRNA analyses.  Although the IGF-1, IGF BP3, and sex hormone assays are available through commercial labs (such as Quest Diagnostics), we plan to secure collaborations with investigators at other D2d sites who are established experts with these particular endpoints in preparation for submission of an NIH grant since we feel that would provide us with more accurate data.     
	Participant Burden and Potential for Compromising Participant Retention: Since only stored blood will be used, there will be no burden to participants.
	Participant safety and confidentiality: Dr. Mason's laboratory, and any other laboratory handling the analyses described in this application will not have access to personal identifying information for the subjects since the D2d central repository will de-identify all plasma and DNA samples by assigning them a numerical code. 
	Burden on Collaborating Clinical Sites: Since only stored blood will be used, there will be no burden to collaborating clinical sites, as specimen and data acquisition will be coordinated via the D2d CC.
	Regulatory requirements: Since no information beyond that already being collected for the parent study is needed, no additional informed consent will be obtained.  
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	Innovation and impact:     In most instances the scientific community accepts a new concept as 'scientific fact' only when a consensus of studies from different investigators--using different approaches--supports the concept.  Moreover, the need for such a consensus is substantially greater for those concepts that have a particularly high impact on science and society.  The scientific literature is full of instances where an apparent 'breakthrough' was soon found to be non-reproducible by others (e.g.: the recent claim that mouse embryonic cells can be derived simply by acidifying mature adults cells [29]).
     The proposed study is highly innovative because it constitutes the first placebo-controlled trial to examine the effects of vitamin D3 supplementation on multiple intermediary biomarkers of cancer in a population at high risk of obesity-promoted cancers.  The results of a large D3 supplementation trial in the general population (the 'VITAL' trial), for which cancer incidence is a primary endpoint, will be completed in the next few years (30).  This study is scheduled to recruit 5000 subjects in the general population randomized to daily vitamin D3 and 5000 to placebo.  Our study will offer an important complement to the results of that trial: 1) by providing plausible biochemical and molecular mechanisms that underlie the clinical endpoints observed by VITAL, 2) by studying a targeted population at particular risk of obesity-associated cancers, and 3) by providing plausible biologic explanations for any chemopreventive properties that are observed, assist in building the necessary consensus of observations. In addition, our results may establish novel paradigms for the pathogenesis of three common cancers, fundamentally advancing our understanding of the biology of lymphoma, CRC, and breast cancer, and from an applied perspective contribute important support for the utility of D3 for cancer chemoprevention.   
	Significance and brief background:      A robust consensus among analyses of prospective cohort studies indicates an inverse link between habitual intake of vitamin D and the subsequent risk of colorectal cancer (CRC) and breast cancer (1-6), although occasional null studies have appeared (e.g.: 7).  In several of the studies of colorectal and breast cancer the magnitude of protection associated with vitamin D is significantly greater when intake from supplements is included (1,3,6), suggesting that the greater amount of vitamin D consumption achieved with supplements conveys a degree of protection beyond that achieved with the vitamin D contained in foodstuffs alone.  Consistent with these observations are systematic analyses of prospective cohort studies that demonstrate an incremental decrease in the risk of developing these two cancers with greater concentrations of plasma 25-hydroxyvitamin D (25-OH D, references 8,9).  Moreover, a similar inverse relationship between 25-OH D levels and the risk of non-Hodgkins lymphoma has been observed by multiple investigators (10,11).  
     Whether vitamin D plays a true causal role in the prevention of these cancers, and at what doses, remains unclear. True causality has been implicated by a host of controlled studies in relevant animal models of colon and breast cancer, including some which have utilized xenografts from human cancers (12-15).  Importantly, supplemental quantitites of D in these animal models seem to be more effective than if the vitamin is delivered at the basal requirement (12).
     Two clinical trials in which D3 and calcium supplements were administered to postmenopausal women have been reported but the results are highly discordant, and therefore the question of whether vitamin D supplementation possesses cancer preventive properties remains entirely unsettled: in one trial of ~1200 postmenopausal women, those receiving 1100 I.U. of D3/1500 mgs of calcium daily for 4 years realized a 75% decline in cancer incidence (the majority of which were breast, colon, and lymphoma/leukemia cases) compared to those receiving placebo (16).  In contrast, after 11 years of follow-up no benefits were evident among ~18,000 postmenopausal women in the WHI trial who were randomized to receive 400 I.U. of D3 and 1000 mgs of calcium daily (17).  The latter trial has received considerable criticism since its design has been felt by some to have obscured the ability to detect a positive outcome.  Moreover, since D3 was co-administered with calcium in both of these trials it is impossible to determine whether the vitamin alone has any cancer preventive properties.     
     As exemplified by the preceding two studies, the conduct of cancer prevention trials is greatly hampered by two logistical considerations: in order to observe a sizeable impact on cancer occurrence exposure to the intervention must occur over several years or longer, and large subject populations must be studied since the overall incidence of cancers is relatively low in the general population.  Nowadays, to justify the great expense and time required for such a trial, it is necessary to: 1) conduct precursor trials of an exploratory nature that utilize intermediary biomarkers of cancer as primary endpoints, and 2) provide evidence of plausible biological mechanisms that explain the salutary effect of the intervention.  The ancillary study we propose will fulfill both of these observations, and will therefore provide the observations needed to secure funding for a large scale trial.   
     Although the portfolio of available intermediary biomarkers of cancer are imperfect and offer little predictive value for individuals, many of them nevertheless possess genuine utilitarian value in studies examining sizeable cohorts.  The molar ratio between the most bioactive somatomedin, IGF-1, and its major plasma binding protein, IGF BP3, has repeatedly been linked to the risk of developing obesity-associated cancers, and it constitutes our primary endpoint.  In our three cancers of interest, (as well as in advanced colorectal adenomas) the relative risk associated with an elevated IGF-1:IGF-1 BP3 ratio is significantly elevated, and typically found to be 1.3-2.8 (18-21).  Similarly, elevated levels of estrone, estrone sulfate, estradiol and testosterone have been observed by several investigators to predict the subsequent occurrence of postmenopausal breast cancer, with relative risks generally in the range of 2.0-4.0 when comparing those individuals in the highest quartile compared to the lowest (22-24).  Finally, a burgeoning literature documents the utility of quantitative miRNA measurements in the detection of several early stage cancers (including CRC), as well as pre-cancerous lesions such as adenomatous polyps (e.g.: 25-27).  The plasma concentrations of six miRNAs have been convincingly linked to ‘high-risk’ colorectal adenomas (HRAs) (miR-18a, -21, -29a, -92a, -601, -760), and in human CRC xenografts the suppression of tumorigenesis produced vitamin D was observed to be mediated by a miRNA (28).       
     
	Hypothesis and specific aims:      Observational studies in human populations indicate that greater dietary intake of vitamin D, self-reported use of vitamin D supplements, and higher concentrations of serum 25-hydroxy vitamin D (25-OH D) are each protective against several types of cancer.  Studies in animal models support this concept, implicating a true causal role for vitamin D.  However, there is a paucity of human intervention data and thus the potential utility of incorporating vitamin D in cancer prevention strategies remains an unsettled issue.  Moreover, if vitamin D genuinely has a chemoprotective role against cancer development, it is not known whether the benefit is confined only to those whose baseline vitamin D status is inadequate, or whether supplementation of a population that is generally replete will similarly convey protection.  
     The purpose of the proposed ancillary study is to generate important prospective, placebo-controlled, interventional evidence.  Definitive cancer prevention trials in which cancer occurence is the primary endpoint are extraordinarily lengthy and expensive undertakings, and funding can only be secured nowadays when exploratory trials that examine intermediary biomarkers (which precede and predict cancer) have shown efficacy.  Regardless of whether a cancer prevention trial is an exploratory one that utilizes intermediary biomarkers or a definitive one that examines cancer occurrence, the design is most effective when the population to be studied is at increased risk of the cancers of interest.  Since overweightness and obesity are accepted risk factors for our three cancers of interest, we feel that the D2d study population is a highly suitable one since entry criteria dictate a BMI of 25 or greater.  
     Our overarching question therefore, is whether vitamin D supplementation over a period of 1-3 years will attenuate intermediary biomarkers that predict the subsequent occurence of lymphoma, breast and colon cancer. A major issue in vitamin supplementation trials of all types is whether a benefit is realized by vitamin-replete individuals as well as those who are deficient: the very nature of the D2d study therefore enables us to also ask the question as to whether supplementation of a generally replete pre-diabetic population experiences a decline in intermediary biomarkers of cancer.  We postulate that daily supplementation with 4000 I.U. of vitamin D3 over a period of 1-3 years will significantly alter several  intermediary biomarkers of these cancers in a beneficial direction, thereby providing the rationale for a definitive trial in which cancer incidence would serve as the primary endpoint.  
    To address this hypothesis we propose to conduct a study with the following three specific aims: 
1. Determine whether a daily vitamin D3 supplement significantly reduces plasma insulin growth factor 1: insulin growth factor binding protein 3 molar ratio (=primary outcome), as well as estradiol, estrone, estrone sulfate and testosterone.
     >examine endpoints at baseline, 1, and 3 years to determine the onset and persistence of a vitamin D3 effect

2. Determine over a period of three years the extent to which a daily vitamin D3 supplement reduces six pre-specified plasma microRNAs (miRNA) linked to ‘high-risk’ adenomas of the colon.   
    >examine endpoints at baseline, 1, and 3 years to determine the onset and persistence of a vitamin D3 effect

3. Determine if vitamin D receptor FokI and BsmI single-nucleotide polymorphisms modify the response of the endpoints in Specific Aim 1 or 2 to vitamin D intervention.  
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