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Significance, Brief Background, Proposed Central Hypothesis and Specific Aims

Outside of a few uncommon genetic syndromes, the etiology remains elusive for the majority of patients who develop
lymphoma, colorectal cancer (CRC) or breast cancer. Epidemiologic studies have increasingly implicated inadequate
vitamin D status as a risk factor for several cancers, as well as the self-reported use of vitamin D supplements as a
protective factor. Moreover, a causal effect of vitamin D is strongly supported by a host of controlled studies in animal
models of these cancers. It nevertheless remains to be shown whether vitamin D supplementation convincingly reduces
the occurrence of lymphoma, CRC, or breast cancer in an at-risk population, or whether vitamin D attenuates biochemical
or genetic indicators that precede and predict the subsequent occurrence of cancer (i.e. 'intermediary biomarkers").

Our central hypothesis is that: daily supplementation with 4000 I.U. of vitamin D3 over a period of 1-3 years will
significantly alter relevant biomarkers of lymphoma, CRC, and breast cancer in blood specimens. We have constructed a
strong multi-disciplinary scientific team with expertise in each of these three cancers, maximizing the likelihood of success.

Several features of D2d make it an opportune population to test the aforementioned hypothesis: 1) excess body fat is an
established risk factor for lymphoma, CRC, and post-menopausal breast cancer (1,2. *NOTE: references appear following
'‘Subject Burden' section); therefore, the D2d study population represents an “at-risk” population, 2) vitamin D3 is a practical
and biologically plausible intervention to improve biomarkers of lymphoma, CRC, and post-menopausal breast cancer; and
3) the size and controlled nature of the study population, and the exacting design of the protocol, assures that our
hypothesis will be rigorously tested with sufficient statistical power.

Our specific aims are as follows:

1. Determine over one year whether a daily vitamin D3 supplement significantly reduces the plasma insulin growth factor 1:
insulin growth factor binding protein 3 ratio (=primary outcome), as well as additional tumor-specific serum markers (e.g.,
estradiol and testosterone in breast cancer; C-reactive protein in lymphoma and CRC).

2. Determine over a period of three years the extent to which a daily vitamin D3 supplement reduces pre-specified plasma
microRNAs (miRNA) linked to ‘high-risk’ adenomas of the colon.

3. Determine if vitamin D receptor Fokl and Bsml single-nucleotide polymorphisms and their associated genotypes modify
the response of the abovementioned endpoints to vitamin D intervention.
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Study Design

Please address study type (e.g. intervention or observational); population and setting (inclusion/exclusion);
study design (e.g. study procedures, outcomes assessment and time-points, confounders); analytical methods
(e.g. preliminary sample size/power calculations and assumptions).

We propose to utilize the entire study population of D2d and to conduct an ancillary intervention trial that leverages the
prospective, randomized, placebo-controlled design of D2d. The inclusion/exclusion criteria will be identical to D2d.

We propose to measure the insulin growth factor-1:insulin growth factor binding protein 3 ratio (IGF-1:IGFBP3) in alll
subjects. Obesity is thought to enhance the risk of lymphoma, CRC, and postmenopausal breast, in part, by increasing the
availability of plasma insulin, and therefore insulin-dependent somatomedins. The ratio between the most bioactive
somatomedin, IGF-1, and its major plasma binding protein, IGFBP3, has repeatedly been linked to the risk of developing
obesity-associated cancers (3). Matched samples from each subject at baseline and at 1 year will be measured. We also
plan to examine other biochemical plasma factors that are highly relevant cancer biomarkers, including estradiol, estrone,
estrone sulfate, testosterone, and prolactin levels for breast cancers. These hormone levels have been correlated with the
subsequent risk of post-menopausal breast cancer (e.g. 4,5) and evidence suggests that vitamin D levels influence
estradiol physiology (6). A biomarker of inflammation, CRP, will also be examined since both lymphoma and CRC are
linked to chronic inflammation (e.g.: 7).

Plasma miRNAs are small, regulatory RNAs commonly dysregulated in neoplasia. They can be readily quantified with
reverse-transcriptase PCR. A burgeoning literature documents the utility of quantitative miRNA measurements as a
diagnostic tool in the detection of several early stage cancers (including CRC), as well as pre-cancerous dysplastic lesions
such as adenomatous polyps (e.g.: 8,9). We propose to measure miRNAs whose plasma concentrations have been
convincingly linked to ‘high-risk’ colorectal adenomas (HRAs) (miR-18a, -21, -29a, -92a, -601, -760). HRAs are at particular
risk of degenerating into frank malignancies. 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 (10,11). For each miR, an assessment will be performed at time zero and at 36 months. All
plasma samples will be re-centrifuged since platelet contamination can affect the results (12).

IGF-1:IGFBP3 ratio is our primary endpoint: 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:IGFBP3 ratio is a leading hypothesis
by which obesity is thought to enhance carcinogenesis. Sample size estimates are therefore based on this endpoint. In a
randomized trial of ~600 overweight subjects, the mean reduction of IGF1:IGFBP3 with vitamin D supplementation was
0.02+0.04 units greater than with the placebo (13). 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(www.stat.uiowa.edu) estimates a
90% power of observing a significant reduction due to the vitamin D intervention.

Finally, we propose to examine two single-nucleotide polymorphisms (SNPs) in the vitamin D receptor that have been
repeatedly linked to these cancers, and which is an effect modifier of the relationship between vitamin D status and cancer
risk: Fokl and Bsml (e.g.: 14). Each subject will be genotyped for these two SNPs so that we can examine gene:nutrient
interactions with all the abovementioned endpoints. Only 20-40 ng of DNA per subject will be required.

Innovation and Impact

Altogether, the proposed work is innovative because it capitalizes on a novel and specific means of examining the impact of
vitamin D supplementation on the pathogenesis of lymphoma, CRC, and breast cancer, which has been examined closely
by the multidisciplinary team of experts we have assembled. The study population, the primary prevention nature of the D2d
study with vitain D3 supplementation, and the study design (randomized, placebo-controlled) fits perfectly with the
hypotheses and objectives of this ancillary study. We expect the results to have highly significant scientific impact because
the field of ‘vitamin D and cancer’ is fraught with premature conclusions based on observational studies, and our proposed
study will examine the issue in a more scientifically rigorous manner than has yet been tested. The results could establish
new etiologic paradigms for these three common cancers, and fundamentally advance our understanding of the biology and
pathogenesis of lymphoma, CRC, and breast cancer. Moreover, it offers the possibility of a new avenue for cancer
chemoprevention.
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Subject Burden and Potential Risks

Please describe (1) additional procedures that will be required of participants; (2) risks to participants from the
proposed procedures; (3) ways to minimize burden and risk

As noted before, this ancillary study will impose essentially no additional burden on the D2d investigators or subjects since
the only items that will be required will be very small aliquots of plasma and DNA, two matrices that are already scheduled
to be collected. We will be assessing microRNAs (miRNAs), which exceedingly stable in plasma and can be readily and
inexpensively quantified with reverse-transcriptase PCR (QRT-PCR).

References:

1. Castillo JJ et al Blood. 2012; 119:4845; 2. De Bruijn KM et al, Br J Surg. 2013; 100:1421; 3. Hursting S et al. Cancer
Prev Res. 2012; 5:1260-72; 4. Colditz G, J Natl Cancer Inst 2007;99: 1178-87; 5. Sieri et al, Cancer Epidemiol Biomarkers
Prev. 2009;18:169-76; 6. Knight et al, Cancer Causes Control 2009; 21:479-83; 7. Lashinger J et al. J. Nutr. 2014 144:
109-113; 8. Pizzini S et al. BMC Genomics. 2013 14:589; 9. Toiyama Y, et al. JNCI 2013;105:849-59; 10. Stein et al. Dig
Dis Sci 2010;55: 2945; 11. Kitahara et al. J Clin Oncol 2013;31:2450; 12. Cheng H et al. PLoS One. 2013;8:64795; 13.
Kamycheva et al, Endocrine 2013;43: 412-18; 14. Wong et al. Carcinogenesis 2003; 24:1091

Use of Stored Specimens

Please select all specimens required for the ancillary study.

[0]JDNA

[O]Plasma Amount needed: 1.5 mL  Time point(s): 0,1,3 years
|:|Serum Amount needed: mL  Time point(s):
|:|Urine Amount needed: mL  Time point(s):

Funding

Anticipated Funding Source NIH; e.g.: PA-12-13 (Identifying Non-coding RNA Targets for Cancer Early Detection and Prevention)

Anticipated Date of Submission to Funding Agency  06/05/2014

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)
D2d Co-Investigator Signature Anastassios Pittas B st s o o o «s  Date

(e-signature accepted)

Final steps to submission:

Save a copy of this form to your computer.

Click on the “Submit” button and follow the directions to submit electronically. Alternatively, you may attach the file
manually to an email and send to: D2d@TuftsMedicalCenter.org.
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