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Abstract

Evidence on biological plausibility from mechanistic studies and data from observational studies
suggest that vitamin D may be linked to risk of several types of cancer. However, evidence from
clinical trials evaluating the effect of vitamin D supplementation on cancer risk is limited. The
Vitamin D and Type 2 Diabetes (D2d) study is a multi-center, randomized, placebo-controlled
clinical trial conducted to examine the causal relationship between oral vitamin D supplementation
and development of diabetes among overweight adults with prediabetes. The D2d study provides a
unique opportunity to assess the effect of vitamin D supplementation at a higher dose (4,000 1U/
day) than has been used in other clinical trials with cancer outcomes, in a population at higher than
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average risk for cancer. This paper provides: (1) baseline characteristics of the D2d population
included in the D2d cancer outcomes secondary study (D2dCA) and comparison to other large
trials of vitamin D supplementation and cancer risk; (2) description of data that are being collected
during the trial and the planned statistical analyses to test whether vitamin D supplementation at a
dose of 4,000 1U/day has an effect on incident cancer overall, on incidence of certain types of
cancer, and on incidence of precancerous lesions. Results of D2dCA will help guide future
research and clinical recommendations related to vitamin D and cancer risk.
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INTRODUCTION

Evidence on biological plausibility from mechanistic studies and data from observational
studies suggest that vitamin D status may be linked to risk of several types of cancer.(1-19)
However, whether vitamin D supplementation lowers risk of cancer is unknown. Vitamin D
is an appealing approach for prevention of cancer because of its ease of administration and
low cost. However, most studies reporting significant associations between vitamin D and
cancer incidence are observational studies, which do not establish causality. Few large trials
have been conducted to examine whether vitamin D supplementation influences risk of
cancer, and many of these trials have significant limitations: relatively low dose of vitamin
D; small sample size; short follow up time; limited target population (e.g., women only).
(20-22) One trial in the U.S. tested the combined effects of 2,000 1U/day of vitamin D3 and
1,500 mg/day of calcium compared to placebo on cancer risk in 2,303 post-menopausal
women over 4 years of follow-up.(23) Women randomized to vitamin D3 had a 30% lower
risk of incident cancer, which was nearly statistically significant (hazard ratio 0.70; 95%CI
0.47, 1.02).(23) A post-hoc analysis of the Vitamin D Assessment (ViDA) study among
5,108 people from New Zealand found no difference in incidence of cancer with 100,000
IU/month of vitamin D3 compared to placebo.(24) More recently, in a cohort of 25,874 older
adults, the VITamin D and OmegA-3 TriaL (VITAL) reported no effect of 2,000 1U/day of
vitamin D3 supplementation on incident cancer.(25) An ongoing large trial of over 21,000
Australian adults 65-84 years old will assess the health effects, including cancer, of 60,000
IU/month of vitamin D3 vs placebo.(26)

While large trials have not shown an effect of vitamin D supplementation on risk of incident
cancer, meta-analyses of earlier trials have shown significant reductions in cancer-related
mortality with vitamin D supplementation.(21, 27) A reduction in cancer-associated
mortality with 2,000 1U/day of vitamin D was also observed in the VITAL study in a post-
hoc analysis that excluded cancers which developed within the first one or two years.(25)

Given inconsistent results from published trials, further study is needed to determine the
effects of vitamin D supplementation on cancer incidence and cancer-related mortality,
especially in higher-risk populations. The Vitamin D and Type 2 Diabetes (D2d) study is a
multi-center, randomized, placebo-controlled clinical trial conducted to examine the causal
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relationship between oral vitamin D supplementation and development of diabetes among
overweight adults with prediabetes.(28) The D2d cancer outcomes secondary study
(D2dCA) will assess the effect of 4,000 1U/day of vitamin D supplementation on incidence
of cancer and precancerous lesions in the D2d population which is at higher risk for cancer
than average.(29)

Overview of trial design and oversight

Participants

D2d is a randomized, double-blind, placebo-controlled clinical trial conducted in 22 medical
centers in the United States (www.d2dstudy.org/sites) to evaluate the safety and efficacy of
oral administration of 4,000 1U/day of cholecalciferol (vitamin D) vs. placebo in people
with prediabetes who are followed for incident diabetes for approximately 3 years after
randomization.(28) The D2d study is primarily supported by the National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK) and the Office of Dietary
Supplements (ODS) of the National Institutes of Health (NIH) through a UO1 cooperative
agreement to Tufts Medical Center (principal investigator A.G.P.) where the D2d
Coordinating Center is based. D2dCA is a secondary study to D2d to test the hypothesis
that, compared to placebo, high-dose (4,000 1U/day) oral vitamin D supplementation
reduces risk of incident cancer and pre-cancerous lesions in a cohort of overweight adults
with prediabetes who are also at high risk for cancer.(29)

The study is approved and monitored by an independent Data and Safety Monitoring Board
and the Institutional Review Board of each collaborating clinical research site.

Target participants are adults at risk for diabetes (i.e., with prediabetes), defined by the
American Diabetes Association (ADA) in 2010 (30), as meeting at least 2-out-of-3 of the
following: fasting plasma glucose (FPG) 100-125 mg/dL; 2-hour plasma glucose (2hPG)
after a 75-gram glucose load 140-199 mg/dL; hemoglobin Alc (HbAlc) 5.7-6.4%. The
other inclusion criteria are: age =30 years (=25 years for American Indians, Alaska Natives,
Native Hawaiians, or other Pacific Islanders) and body mass index (BMI) of 24-42 kg/m?
(22.5-42 kg/m? for Asians). Key exclusion criteria include any glycemic criterion in the
diabetes range (30); use of medications approved for treatment of diabetes;
hyperparathyroidism; nephrolithiasis; bariatric surgery; use of supplements with vitamin D
or calcium over study limitation (1000 1U/day or 600 mg/day respectively); medications or
conditions that could interfere with absorption or metabolism of vitamin D; major
cardiovascular disease; hypercalcemia; hypercalciuria; chronic kidney disease; and history
of cancer (except for basal cell skin cancer) within the past 5 years. Treated prostate or well-
differentiated thyroid cancer not expected to require any treatment over the next 4 years are
not exclusions. Blood 25-hydroxyvitamin D concentration is not an eligibility criterion. For
a complete list of eligibility criteria, see the Supplementary Appendix. The recruitment
process relied primarily upon the use of electronic health records to identify potentially
eligible adults who then had an in-person screening visit and, if qualified, a second screening
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visit to determine final eligibility by measuring FPG, 2hPG, and HbA1c at the study’s
central laboratory.(31)

Participants were randomized to take a single soft-gel once daily that contained 4,000 1U of
vitamin D3 or matching placebo. Randomization was blocked-stratified by site, body mass
index (less than 30 or greater than or equal to 30 kg/m?) and race (White or non-White). The
dose of 4,000 IU daily was chosen to balance safety, by staying within the tolerable upper
limit, as defined by the Institute of Medicine,(32) and efficacy in terms of obtaining a large
difference in blood 25-hydroxyvitamin D concentration between the treatment and control
groups.

The vitamin D and placebo pills are prepared by Tishcon Corporation and shipped to the
drug distribution center (Veterans Affairs Cooperative Studies Program, Albugquerque, NM)
in bulk where they are packaged into sealed, serially numbered bottles identical in
appearance and weight, and shipped to each site for storage and distribution to participants.
Both the manufacturer and drug distribution center perform quality control analyses on each
lot; and the drug distribution center performs periodic potency testing of each batch to
ensure the amount of vitamin D stays within specifications (3,600 to 4,800 1U) throughout
the 2-year recommended shelf-life. Site staff dispenses the study pills to participants twice a
year at each scheduled visit using an Interactive Web Response System that ensures correct
treatment assignment according to the randomization code while maintaining blinding.
Unless stopped for a safety reason, study treatment continues until the last study encounter,
even after participants meet the primary study outcome of diabetes. Bottles with unused pills
are returned at the next visit. Adherence is assessed by pill count as the percentage of pills
taken in relation to the number that should have been taken. Participants are asked to refrain
from using diabetes or weight-loss medications during the study and to limit the use of
outside-of-study vitamin D to 1000 U per day from all supplements, including
multivitamins. To optimize safety, the study also limits calcium supplements to 600 mg per
day.

Participants have a study visit at month 3, month 6, and twice a year thereafter. Midway
through the visits, an interim contact (by phone or email depending on each participant’s
preference) takes place to encourage adherence to the intervention and to evaluate for
adverse event occurrence and changes to medical conditions, including cancer-related
outcomes.

Incident Cancer and Cancer Mortality Outcomes

Throughout D2d, a new diagnosis of cancer is identified as part of a standard health
questionnaire administered at each encounter (in-person visit or phone/email encounter, 4
times/year). The questionnaire includes three general questions: “Have you had any changes
in your health? Have you seen a doctor or had any visit to a healthcare provider since your
last visit? Have you had any medications changed or new medications added?” Further
information is obtained for any positive response. Starting in July 2017, after recruitment
was completed, all randomized participants are asked questions specific to cancer screening
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and any diagnoses of cancer since the beginning of the study (“Have you been told you have
cancer? Have you had a colonoscopy? Have you had a skin mole or lesion removed or
biopsied? Have you had a breast biopsy? Have you had a prostate biopsy?”). These
questions are then repeated as part of the standard health questionnaire at each subsequent
encounter. A self-report of cancer, endoscopic colorectal examination, or a biopsy is entered
in the electronic data capture (EDC) system; and supporting medical records (including
pathology and procedure reports) are obtained and provided to the Cancer Clinical Events
Reviewer for adjudication. To ensure that all potential cancers are captured, the Coordinating
Center also reviews all adverse events reported by participants to identify events reported as
cancer orthose that may “harbor cancer” (e.g., pancreatic mass). The Coordinating Center
then requests that sites submit such events and supporting documentation for adjudication, if
not previously submitted as part of the health- or cancer-specific questionnaires.

For each cancer outcome, the Cancer Clinical Events Reviewer, a board-certified oncologist
who is unaware of the treatment assignment, adjudicates and confirms the following
information: whether there is sufficient information for adjudication; the type of cancer and
whether it is cancer or precancer; laterality (right origin of primary, left origin of primary,
not applicable); date of diagnosis; grade for breast, colon/rectum, lung (primary), and
pancreas (adenocarcinoma) cancers; Gleason score for prostate cancer; hormone receptor
status (estrogen receptor, progesterone receptor, human epidermal growth factor receptor-2)
for breast cancer; and date of diagnosis. Because history of cancer, other than basal cell skin
cancer or well-differentiated thyroid cancer or prostate cancer not expected to need
treatment within the past 5 years, is an exclusion criterion, a diagnosis of cancer is
considered “new” unless there is sufficient evidence to be classified as “recurrent.” If there is
equivalent evidence, it is classified as “undetermined.” From prostate and breast biopsies
and all endoscopic colorectal examinations, the following precancerous lesions are
adjudicated: high-grade prostatic intraepithelial neoplasia for prostate; atypical ductal
hyperplasia (ADH) or atypical lobular hyperplasia (ALH) for breast; and adenomatous polyp
for colorectal. Table 1 describes the data sources and outcomes collected. The D2dCA study
does not collect data on cancer stage because: (1) the study lacks power to draw insight from
analyses by stage; (2) procedures to stage cancer accurately may have differed by site, and
therefore staging might have been incomplete.

In addition to incident cancer, information on cause of all deaths in D2d is being collected.
All reports of death are confirmed with medical records or death certificates, which are
collected by the sites and sent to the Coordinating Center. Cause of death is being
adjudicated both by the Cardiovascular Disease adjudicator and by the Cancer Clinical
Events adjudicator.

Recognizing that there may be smaller than expected numbers of incident cancer and cancer-
related deaths, we are currently exploring options to contact participants periodically by
phone or email after study completion to continue collecting data on incident cancer and
mortality for a longer period of time.
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Information on potential confounders or effect modifiers (e.g., age, gender, tobacco use) was
collected for all participants by self-report at the baseline visits, which began in November
2013. A questionnaire to assess family history of cancer in first-degree relatives was
administered to all participants beginning in January 2018. Current medication use is being
collected throughout the study. At study initiation, only certain medications were entered in
the database, and this did not originally include aspirin; however, aspirin use is being
collected in source documents. In July 2017, sites were asked to retrospectively review
concomitant medications in source documents and enter aspirin use (for regular regimens
only, not occasional use) into the database. Subsequently, information on aspirin use is
entered at every encounter. Use of non-steroidal anti-inflammatory drugs is not entered into
the database because the benefit-burden ratio and reliability of data would be low. The
International Physical Activity Questionnaire is administered at baseline, month 6 and yearly
thereafter in all participants.(33) The Multicultural Food Frequency Questionnaire is
administered at baseline in all participants and at month 12 and month 36 visits in
participants free of diabetes.(34) Weight and height are measured at baseline and at every
visit to calculate BMI.

Blood 25-hydroxyvitamin D level at baseline is not an eligibility criterion for the following
reasons: (1) the definition of ‘optimal’ 25-hydroxyvitamin D is controversial and no
consensus exists; (32, 35-42) (2) to ensure that the study is as “pragmatic” as possible and
results are generalizable to clinical practice; (3) blood 25-hydroxyvitamin D level varies by
season (32) and it is an acute-phase response;(43-45) (4) baseline 25-hydroxyvitamin D
level is an important treatment selection marker in the subgroup analyses, and to assess its
performance, participants with a wide range of 25-hydroxyvitamin D must be enrolled.(46)
The study plans to measure serum 25-hydroxyvitamin D level at baseline, month 12 and
month 24. If there is available funding, serum 25-hydroxyvitamin D level will also be
measured at month 36 and 48.

The D2d cohort was recruited at a constant rate throughout the calendar year and cancer
outcomes are captured 4 times/year; therefore, the potential for seasonal variability
confounding the effect of vitamin D supplementation and cancer outcomes is low. All
analyses will adjust for site, which approximates latitude at the participant’s residence.

Sample size calculations

As an event-driven trial, the parent trial will continue until the required number of diabetes
events is reached.(28) Based on national registries (e.g., Surveillance Epidemiology and End
Results [SEERY]), and based on the observed characteristics of the D2d participants, the
expected incidence for common non-basal cell cancers (e.g., breast, colon,) for the age
(60-64 years) and gender (45% women) distribution for the D2d population is estimated to
be 26.4 cases yearly, or approximately 1.1% per year. The incidence of cancer in the D2d
overweight population with prediabetes is likely to be higher.(29) The parent study was
powered based on the primary outcome of incident diabetes. Power calculations for the
D2dCA study can be estimated based on predicted incidence of cancer in the placebo group
(SEER data), fixed sample size of 2,423 participants, the median expected follow-up of 3
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years, and different scenarios for relative risk reduction of cancer between study groups
(Table 2). For example, if yearly incidence of cancer in the placebo group is 1.5%, at 3
years, the power to detect a 40% relative risk reduction in cancer incidence in the vitamin D
group compared to placebo would be 0.65.

Assumptions: 2,423 participants randomized to placebo or vitamin D at 1:1 ratio; mean
follow-up 36 months; 1.5% yearly incidence of composite cancer (excluding non-melanoma
skin) in placebo arm; alpha = 0.05

Statistical Analyses

Descriptive data will include means and standard deviations, medians, or percentages.
Intention-to-treat analyses will compare groups defined by the randomization procedure and
will include all participants and all events observed during the study, irrespective of
adherence to assigned treatment. Follow-up time in the study will be calculated as time from
randomization until the outcome of interest (cancer or precancer) is met, death, active
withdrawal, or last encounter with available data. We will also conduct a “per-protocol”
analysis that censors follow-up at the first time a participant did not follow the protocol; for
example, stopped study pills or started out-of-study calcium or vitamin D supplements at
doses above study limitations.

The main outcome for D2dCA is first diagnosis during D2d (i.e., since randomization) of
any type of cancer (excluding non-melanoma skin cancers). Each participant with a new
cancer will be counted only once. Two analyses for the primary outcome will be conducted:
one analysis will include the entire cohort; another analysis will be within each gender (men,
women) because the association between prediabetes/diabetes and cancer risk can differ by
gender, and the effect of vitamin D on cancer risk may also differ by gender.(47, 48) A
sensitivity analysis will be conducted after excluding cancers that were diagnosed within the
first 6 months after randomization, as these cancers may be pre-existing and previously
unrecognized.

Kaplan-Meier estimates will be plotted for each group. Cox proportional hazard models will
be used to compare the hazard rate of incident cancer between the two groups.(49) The
model will include group assignment as its main predictor variable. The variables (study site,
BMI, and race) used to stratify the randomization will be included in the model. Additional
Cox models will be evaluated, adjusting for other covariates of importance (e.g., history of
cancer, smoking history, aspirin use). The p-value from the primary analysis will be based
on the chi-square statistic from a likelihood ratio test obtained from proportional hazards
models with and without the term for intervention arm. All randomized participants will be
included in the analysis and no attempt will be made to impute missing data for participants
with missed encounters. Additional analyses will be conducted for the most common types
of cancer (e.g., breast, colorectal, prostate), though individual totals are likely to be very
small.

Analyses will also be conducted for all precancers combined and for selected individual
precancerous histologies (breast, colorectal adenomas, prostate) though individual totals are
likely to be very small. (Table 1).
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There is some evidence, while not consistent, that vitamin D supplementation may increase
the risk of prostate cancer;(11, 15) therefore, a sensitivity analysis in the entire cohort will
be done where the primary outcome will be defined as all cancers but will exclude prostate
cancer. Similarly, inconsistent associations have been found between vitamin D and risk of
pancreatic cancer;(18, 19) and so a sensitivity analysis will be conducted after excluding
cases of pancreatic cancer.

Subgroup Analyses.—Variability of response to vitamin D supplementation will be
assessed and defined by key baseline variables: calcium supplement intake (none vs any);
serum 25-hydroxyvitamin D concentration (<12 or =212 ng/mL; <20 or =220 ng/mL;
continuous), as serum levels could reflect total exposure to vitamin D sources, including
sources outside of the intervention;(50) body mass index (<30 or >30 kg/m?); age (median
value); race (white vs. Black vs. other); ethnicity (Hispanic or non-Hispanic); glycemic risk
by number of prediabetes criteria met (two or three criteria); history of cancer; smoking
history (never or ever). Each analysis of participant subgroups will include a test for
interaction, and effect modification will be claimed only if the test for interaction reaches
statistical significance. No adjustment will be made for subgroup analyses.

Two-sided p-values less than 0.05 will be considered statistically significant. Statistical
analyses will be conducted using SAS software, Version 9.4 (SAS Institute Inc., Cary, NC).

BASELINE AND STUDY CHARACTERISTICS

From November 2013 through February 2017, 7,133 people were assessed for eligibility. Of
these, 2,423 were randomly assigned to vitamin D or placebo and formed the intention-to-
treat population of D2dCA.(51) The baseline characteristics for D2dCA and how this cohort
compares to other large trials that have tested the effect of vitamin D supplementation on
cancer risk are described in Table 3. Women (45%) and non-White participants (36%) are
well-represented in D2dCA. Thirty-two percent of participants reported a family history of
breast, colorectal, prostate, or lung cancer in a first-degree relative. Among participants
reporting intake of outside-of-study supplements, mean vitamin D intake from supplements
was 730 1U/day; and mean calcium intake from supplements was 311 mg/day. Data from the
food frequency questionnaire are not currently available.

Compared to other trials testing the effect of vitamin D supplementation and cancer risk,
D2dCA is unique in its participant population, comprised of overweight/obese people with
prediabetes (Table 3). By contrast, the recently reported VITAL study included 13% of
participants with diabetes.(52) Compared to other studies, D2dCA has greater racial and
ethnic diversity.(23, 24, 52-54) Additionally, compared to other studies, D2dCA is unique in
the dose of vitamin D3 administered (i.e., higher) and in its frequent assessments of
adherence and outcomes.(23, 52, 53). Participants in D2dCA were similar to the VITAL
study participants in baseline use of vitamin D and calcium supplements.(24, 52)
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DISCUSSION

The D2dCA provides a unique opportunity to assess the effect of vitamin D supplementation
on risk of cancer and precancerous lesions in a population (overweight adults with
prediabetes) at higher risk for cancer. The D2dCA has many strengths including detailed
phenotyping of baseline characteristics, multiple time points of contact with participants to
capture cancer events, and the higher dose of vitamin D compared to other vitamin D
supplementation trials.(20-25) Although this population is at higher risk of cancer compared
to other studies assessing the association between vitamin D and cancer risk, potential
limitations of this study include low power to detect a significant association and the
relatively short follow-up time.

Mechanisms linking prediabetes to cancer risk

Overweight/obesity and the conditions of prediabetes and diabetes have been associated with
increased risk of cancer.(29, 55) However, for prostate cancer an inverse association has
been described with a lower incidence of prostate cancer among people with diabetes.(47) In
general, the associations between prediabetes/diabetes and cancer risk are thought to be
linked though common non-madifiable and modifiable risk factors, particularly age,
increased adiposity, and decreased physical activity. Additionally, there is evidence that
hyperglycemia, hyperinsulinemia and adiposity (all of which are generally present in
patients with prediabetes/diabetes) can promote carcinogenesis at the cellular level through a
variety of mechanisms. Through direct effects or effects mediated through other molecular
mediators including cytokines, adipokines, and hormonal pathways, the milieu of
hyperglycemia, hyperinsulinemia and chronic inflammation can lead to DNA damage,
mitogenesis, cancer cell proliferation, protection of cancer cells from apoptosis, invasion,
and metastasis (Figure 1).(55, 56)

Mechanisms linking vitamin D to cancer risk

There are plausible mechanisms linking vitamin D to reduced cancer risk. Vitamin D in
converted in the liver to 25-hydroxyvitamin D and then to its most biologically active
metabolite, calcitriol, in the kidney by 1-alpha hydroxylase. Calcitriol has been implicated in
many disease processes, including cancer, and many extra-renal organs express 1-alpha
hydroxylase, which may further influence risk of carcinogenesis within these organs.(57-59)
Calcitriol acts as a steroid hormone by binding to vitamin D receptors (VDR) and affecting
gene expression, either promoting or inhibiting gene transcription. The calcitriol-VDR
complex has also been found to exert cellular effects via non-genomic pathways.(60) Most
cell types have VDRs, and the binding of calcitriol to VDRs results in a wide variety of
effects that differ by cell type. With regards to the association between calcitriol and cancer,
VDRs are found in most types of malignant cells, and the putative anti-neoplastic effects of
calcitriol are thought to be mediated through its binding with VDRs. Through in vitro and
animal models, several anti-neoplastic mechanisms have been identified, including:
promotion of apoptosis or autophagy of cells, promotion of cellular differentiation,
regulation of cellular proliferation, inhibition of angiogenesis, and prevention of invasion of
malignant cells. Additionally, calcitriol has been found to decrease inflammatory reactions
through mechanisms including inhibition of the production of inflammatory cytokines and
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prostaglandins.(1-3) Vitamin D, through the anti-carcinogenic mechanisms described above,
could counter-act the carcinogenic mechanisms promoted by the hyperglycemia,
hyperinsulinemia and adiposity in patients with prediabetes (Figure 1). Finally, in addition to
the direct genomic and non-genomic anti-carcinogenic effects of vitamin D, if vitamin D has
an impact on diabetes risk through lowering glucose and/or insulin levels, it may
additionally have indirect effects by reducing the carcinogenic processes which are
promoted in a diabetic environment.

Review of observational studies and trials

Most human studies reporting on the association between vitamin D and cancer incidence
are observational studies, (4-19) which preclude a definitive assessment of cause and effect
because residual confounding or reverse causation cannot be excluded. Several large trials
have reported on the effect of vitamin D supplementation with or without calcium on risk of
precancers or cancers with inconclusive results.(23-25, 54, 61-65)

In the Women’s Health Initiative Calcium and Vitamin D (WHI CaD) Trial (vitamin D3 400
IU/day and calcium 1,000 mg/day), there was no benefit of vitamin D on individual or total
invasive cancer risk.(61-63) However, a reanalysis of participants within the WHI CaD study
who did not take outside-of-study calcium and vitamin D supplements showed a significant
reduction in total cancer risk and risk of breast cancer in the group randomized to calcium
and vitamin D, as well as a non-significant reduction in risk of colorectal cancer.(66) The
Vitamin D and Colon Polyp study (vitamin D 1000 1U/day with or without calcium
carbonate 1200 mg/day) showed no significant benefit of vitamin D on colon polyp
recurrence.(65) Two trials with combined vitamin D and calcium supplementation have been
conducted on post-menopausal women in Nebraska.(23, 64) The earlier of the two trials
demonstrated a reduced incidence of cancer for the participants in the calcium (1400-1500
mg/day) and vitamin D (1100 IU/day) arm compared to placebo (relative risk of 0.40; 95%
Cl: 0.20, 0.82); however, incident cancer was a secondary outcome.(64) The more recent
trial by Lappe et al, designed with cancer as the primary outcome, provided highly
encouraging but inconclusive evidence for an effect of vitamin D supplementation on cancer
risk.(23) This trial randomized 2,303 women (mean age 65) to a combination of vitamin D3
(2,000 units/day) and calcium (1,500 mg/day) or placebos and followed them for 4 years for
incident cancer.(23) Risk of cancer was lower in the vitamin D/calcium vs. placebo group;
however, the difference was not statistically significant (hazard ratio 0.70; 95%CI 0.45 to
1.02). Of additional interest, the achieved 25-hydroxyvitamin D level was inversely
associated with cancer incidence (p=0.03, coef=-0.017).(23) Specifically, compared with
25-hydroxyvitamin D level of 30 ng/mL as baseline, the estimated hazard ratio for cancer
incidence for 25-hydroxyvitamin D levels between 30 and 55 ng/ml was 0.65 (Cl, 0.44,
0.97).(23) The study by Lappe et al was well conducted but there were several possible
reasons for missing statistical significance (e.g., high baseline 25-hydroxyvitamin D, high
intake of out-of-study vitamin D), as discussed by the authors. Secondary analyses of the
earlier trial and of both trials combined, additionally combined with a volunteer cohort of
similar participants, evaluated the association between vitamin D levels and cancer risk; and
these analyses found lower risks of cancer with higher 25-hydroxyvitamin D levels.(67, 68)
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In a post-hoc analysis of the ViDA trial from New Zealand (oral vitamin D3 initial bolus
dose of 200 000 IU and followed by 100,000 1U/month vs placebo), there was no difference
between treatment arms in incidence of cancer.(24) Finally, the recently reported VITAL
study evaluated the effects of vitamin D (2,000 1U/dau) and omega-3 fatty acids (1g/day) on
incident cancer and cardiovascular disease as co-primary outcomes.(25) The incidence in
cancer overall was not different between treatment arms; however, in pre-specified sub-
group analyses, there was a significant interaction between vitamin D and baseline BMI;
compared to placebo, those participants taking vitamin D who were in the lower BMI group
(<25 kg/m2) had a significant reduction in cancer incidence (hazard ratio: 0.76; 95% CI:
0.63, 0.90). Additionally, compared to placebo there was a non-statistically significant
reduction among Black participants taking vitamin D (hazard ratio: 0.77; 95% CI: 0.59,
1.01)(p for interaction=.21).(25) Also, in a post-hoc analysis assessing cancer mortality,
excluding the first one or two years of cancer deaths, compared to placebo, there was a
significant reduction in cancer mortality among those participants taking vitamin D.(25)
This reduction in cancer-related mortality has also been reported in systematic reviews of
trials that tested the effect of vitamin D supplementation on cancer-related mortality.(21, 27)

The D2dCA has several strengths in its design and conduct, as follows: a study population
(overweight adults with prediabetes) at higher risk of cancer;(29, 55, 69) inclusion of both
women and men; sizeable proportion of non-White participants; higher dose of vitamin D
(expected to increase achieved 25-hydroxyvitamin D level) given daily (considered more
physiologic than non-daily doses); (24, 25, 61) robust methods to collect events through
direct contact with participants and adjudicate for cancer and precancerous lesions. Beyond
the primary question of the effect of vitamin D supplementation on cancer, D2dCA will also
provide data on the incidence of cancer and precancerous lesions, as detected in routine
clinical practice, in a modern cohort of adults with prediabetes.

While the D2dCA has many strengths, there are certain limitations. In D2dCA, cancer
outcomes and precancerous lesions are assessed as post-hoc hypotheses with an anticipated
median follow-up of approximately 3 years, which is a relatively short period for
development of cancer; longer-term follow-up may be needed to uncover an effect, if
present. Cancer screening procedures (e.g., colonoscopy) in study participants may vary
across sites, which may introduce risk of reporting bias. To guard against this potential
pitfall, analyses will adjust for study site at randomization. Finally, the D2dCA cohort
includes overweight patients with prediabetes, which may limit generalizability; however,
overweight and prediabetes are very prevalent (86 million Americans are estimated to have
prediabetes) and this group is considered at high risk for cancer.

Conclusion

Based on highly consistent data from longitudinal observational studies, supportive evidence
from mechanistic studies, and encouraging but inconclusive data from randomized trials, the
D2dCA study will utilize the strengths of the D2d study to contribute important data on
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causality by providing long-term clinical trial data regarding the role of vitamin D
supplementation at a dose of 4,000 1U/day for prevention of cancer and precancerous lesions
among participants with prediabetes who are at higher-than-average risk of cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Primary data sources and cancer outcomes for D2dCA

Data sources

Prostate biopsies

Breast biopsies

Skin biopsies

Colonoscopy reports

Self-reported cancer or possible cancer diagnoses

Adjudicated cancer outcomes

Prostate

Breast (includes ductal carcinoma in-situ [DCIS])

Melanoma (including melanoma-in-situ)

Colon or rectum

Blood (I leukemia, and myeloma)

Lymphoma

Brain

Cervical

Endometrium

Gastric

Liver

Lung

Neuroendocrine

Ovary

Pancreas (adenocarcinoma)

Thyroid

Other cancer

Adjudicated precancers

Prostate (high-grade prostatic intraepithelial neoplasia)

Breast (atypical ductal hyperplasia [ADH], atypical lobular hyperplasia [ALH])

Colorectal adenomatous polyp
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Power for possible scenarios of risk reduction in cancer incidence in D2dCA

Relative risk reductionfor

vitamin D vs placebo (%) | Power
60% 0.964
55% | 0.923
50% 0.856
45% 0.762
40% 0.647
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Table 3.

Page 20

Baseline characteristics and study intervention of D2dCA participants compared with other large trials of

vitamin D and cancer

D2dCA
(n=2,423)

Lappe et al(23)
(n=2,303)

VITAL(52)
(n=25,874)

ViDA(24)
(n=5,108)

Characteristic

Vitamin D Intervention (and
other components if
applicable)

D3, 4,000 1U/day vs.
placebo

D3, 2,000 IU/day
and calcium 1500
mg/day vs.
placebos

D3, 2,000 IU/day
vs. placebo (in a
2x2 factorial
design with marine
omega-3 fatty acid
1 g/dsupplements)

D3, 200,000 1U bolus followed by
100,000 IU/month vs. placebo

Outcome definition (post-hoc
or primary)

Incidence of all
cancers, excluding
non-melanoma skin
cancers (post-hoc)

Incidence of all
cancers, excluding
non-melanoma
skin cancers

Incidence of all
cancers (primary)

Incidence of all cancers (post-hoc)

times/year by phone/
email (questionnaire)

(questionnaire)

(primary)
Frequency of outcome 4 times/year: 2 times/ 2 times/year, in- Month 6, year 1, Monthly (mail-in questionnaires)
assessment (method) year in-person; 2 person then yearly (mail-

in questionnaires)

Median follow-up, years

3 (anticipated)

4

53

3.3

Target population

At risk for diabetes,

Healthy, post-

Healthy men age

Healthy men or women, aged 50-84

supplements among

Contemp Clin Trials. Author manuscript; available in PMC 2020 June 01.

men or women age menopausal =50 or women age years
=30 years (=25 years women age =55 255 years
for people of the years
following
groups:American
Indian, Alaska Native,
Native Hawaiian, or
other Pacific Islander)
Mean age, years 59.4 65.2 67.1 65.9
Women, no. (%) 1086 (44.8) 2303 (100) 13,081 (50.6) 2140 (41.9)
White race, no. (%) 1616 (66.7) 2291 (99.5) 18,047 (71.3) 4253 (83.3)
Mean body mass index, 32.0 ~30 28.1 28.5
kg/m?
Self-reported family history Colorectal Not available Colorectal 13.4%; Not available
of cancer, % 8.6%;Breast cancer Breast cancer
(women only), 15.4%; (women only)
Prostate cancer (men 17.7%; Prostate
only) 10.3%; Lung cancer (menonly)
cancer 11.0% 15.2%; Lung
cancer 14.5%
Smoking, %
Never 58.7 ~ 67 51.7 51.0
Former 34.9 Not available 41.1 425
Current 6.5 ~6 7.2 6.3
Vitamin D supplements 1000 800 800 600 if age 50-70 years; 800 if age
outside-of-study allowed, 71-84years
1U/day
Participants taking vitamin 42.6 Not available 42.6 8.0
D supplements, %
Vitamin D intake from 730 ~ 700 Not available Not available
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D2dCA Lappe et al(23) VITAL(52) ViDA(24)

(n=2,423) (n=2,303) (n=25,874) (n=5,108)
participants taking vitamin
D supplements, 1U/day
Participants taking calcium 33.0 Not available 26.4 4.9
supplements, %
Calcium intake from 311 600 Not available Not available
supplements among
participants taking calcium
supplements, mg/day
Aspirin use, % 24.7 Not available 454 Not available
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