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Abstract

Vitamin D and calcium supplementation are postu-
lated to have chemopreventive effects against colorec-
tal neoplasia, yet in our previously reported random-
ized trial, there was no overall efficacy of calcium and/
or vitamin D5 against colorectal adenoma recurrence.
It is possible vitamin D3 and calcium chemopreventive
effects are not detectable until beyond the 3- to 5-year
follow-up captured in that trial. Accordingly, we
explored possible vitamin D and calcium effects on
posttreatment (observational) adenoma occurrence. In
this secondary analysis of the observational follow-up
phase of the Vitamin D/Calcium Polyp Prevention
Study, participants who completed the treatment
phase were invited to be followed for one additional
surveillance colonoscopy cycle. We evaluated adeno-
ma occurrence risk at surveillance colonoscopy, with a
mean of 55 + 15 months after treatment follow-up,
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according to randomized treatment with vitamin D
versus no vitamin D, calcium versus no calcium, and
calcium plus vitamin D versus calcium alone. Sec-
ondary outcomes included advanced and multiple
adenomas. Among the 1,121 participants with obser-
vational follow-up, the relative risk (95% confidence
interval, CI) of any adenoma was 1.04 (0.93-1.17)
for vitamin D versus no vitamin D; 0.95 (0.84-1.08)
for calcium versus no calcium; 1.07 (0.91-1.25) for
calcium plus vitamin D versus calcium; and 0.96
(0.81-1.15) for calcium plus vitamin D versus nei-
ther. Risks of advanced or multiple adenomas also did
not differ by treatment. Our results do not support an
association between supplemental calcium and/or
vitamin Dj for 3 to 5 years and risk of recurrent
colorectal adenoma at an average of 4.6 years after
treatment.

Introduction

Vitamin D (1, 2) and calcium (3) have potential anti-
neoplastic effects in the colorectum (4-14), and several
randomized trials of calcium for colon adenoma preven-
tion found reduced risks (4-6). However, in our random-
ized, multicenter, double-blind, placebo-controlled trial of
supplementation with calcium, vitamin D3, or both (the
Vitamin D/Calcium Polyp Prevention Study), we found no
effect of 3 or 5 years of treatment on the prevention of new
colorectal adenomas in persons with a recent history of
adenomas (15). Because adenomas can take approximate-
ly 10 to 25 years to develop and progress (16), it is possible
that the chemopreventive effects of vitamin D and calcium
may not be detectable until beyond the initial 3- to 5-year
follow-up. In our previous calcium trial, the chemopreven-
tive effect of calcium on the risk of any adenoma appeared
to be more pronounced during the 5 years after active
treatment than during the active treatment period itself (4,
17, 18). Accordingly, the goal for the posttreatment obser-
vational analysis reported here was to explore possible
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vitamin D and calcium effects on posttreatment adenoma
occurrence.

Materials and Methods

Study design

Treatment phase. A detailed description of the design
and treatment phase findings of the Vitamin D/Calcium
Polyp Prevention Study (ClinicalTrials.gov number:
NCT00153816) has been published previously (15).
Briefly, the Vitamin D/Calcium Polyp Prevention Study
was a multicenter, randomized, double-blind, placebo-
controlled trial of vitamin D and/or calcium supple-
ments at 11 academic medical centers and associated
medical practices in the United States. Institutional
review boards at each center approved the study, and
all participants provided written informed consent.

Eligible participants were age 45 to 75 years with at least
one colorectal adenoma (> 0.2 ¢cm) removed in the 4
months prior to study entry and no known remaining
polyps in the colon after complete colonoscopy. All parti-
cipants had blood calcium within the normal reference
range, creatinine not exceeding 20% above the upper
limit of normal, and 25-hydroxyvitamin D concentrations
> 12 ng/mL to < 90 ng/mL at enrollment.

Following eligibility screening and a 56- to 84-day
placebo run-in period, 2,259 participants were randomly
assigned in a partial 2 x 2 factorial design to receive
vitamin D3 (1000 IU/day), calcium carbonate (1,200 mg
elemental calcium/day), both agents, or placebo only (full
factorial randomization). Women could choose to be
randomly assigned to receive either calcium or calcium
plus vitamin D (two-group randomization). Randomiza-
tion was completed between July 2004 and July 2008. At
enrollment, participants were instructed not to take their
own off-study calcium or vitamin D supplementation.

Participants completed telephone questionnaires every 6
months regarding adherence to study agents, use (dose and
frequency) of medications and vitamin/mineral supple-
ments, illnesses, hospitalizations, and dietary intake of
calcium and vitamin D (using a targeted, 17-item dietary
screener custom developed by NutritionQuest for this
study). Blood concentrations of 25-hydroxyvitamin D
were measured at baseline and at year 1, as well as at year
3, for participants with a 5-year surveillance cycle, and
shortly before the end of treatment. For all major medical
events, medical records were obtained, and the event was
confirmed by a blinded study physician.

The primary endpoint was at least one adenoma detected
on follow-up colonoscopy approximately either 3 or 5
years after qualifying colonoscopy, depending on the fol-
low-up interval recommended by each participant's endos-
copist. Data collection for the primary endpoint was com-
pleted in October 2013. All participants were unblinded to
their study treatment assignment in November 2013, after
treatment phase follow-up was ended study-wide.
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Observational follow-up phase. The aim of this post-
treatment observational follow-up phase of the Vitamin
D/Calcium Polyp Prevention Study was to investigate the
effects of the study agents during the colonoscopic surveil-
lance interval after cessation of active supplementation. All
participants were invited to participate in the observational
phase, and those who agreed provided written informed
consent. Only participants who had a complete colonos-
copy at the end of the treatment phase were included in
this analysis. Participants were followed in the observa-
tional period for an additional colonoscopic surveillance
cycle, the length of which was determined by their own
physicians. Participants completed yearly telephone ques-
tionnaires that included use of medications and vitamin/
mineral supplements and dietary intake of calcium and
vitamin D, which were used to calculate daily average use
and intake over the observational time period. We includ-
ed outcomes identified during all procedures through the
first colonoscopy at least 3 years after the end-of-treatment
colonoscopy. If the surveillance colonoscopy was incom-
plete (e.g., inadequate bowel preparation) or there was a
very short follow-up interval (i.e., < 6 months) to the next
colonoscopy (e.g., for retreatment of a polyp), the results of
the later colonoscopy were also included. Observational
follow-up ended for all participants in June 2016 due to
discontinuation of study funding. For each colonoscopy,
we obtained copies of the endoscopy and pathology
reports. One study pathologist reviewed slides of each
colon lesion removed to provide uniform review.

The primary endpoint for the current analysis was the
occurrence of new adenomas in the interval between the
colonoscopy at the end of study treatment and the colo-
noscopy at the end of observational follow-up. Secondary
outcomes were the occurrence of advanced adenomas
(defined as those with cancer, high-grade dysplasia, more
than 25% villous features, or an estimated diameter of at
least 1 cm as assessed by the endoscopist), and high-risk
findings (any advanced adenoma and/or >2 adenomas).
We also examined adenoma location. Proximal adenomas
were defined as those occurring proximal to the splenic
flexure and distal adenomas were defined as those occur-
ring in, or distal to, the splenic flexure. Participants with at
least one proximal and at least one distal adenoma were
considered to have both a proximal and a distal adenoma
in our analysis.

Statistical analysis

We used contingency tables and standard > tests to
compare the risk of having one or more adenomas at an
observational follow-up surveillance colonoscopy accord-
ing to randomized assignment to vitamin D versus no
vitamin D, calcium versus no calcium, and calcium plus
vitamin D versus calcium alone. Adjusted risk ratios
(termed "relative risk" throughout the paper) and 95%
confidence intervals were estimated using a Poisson log-
linear model with adjustment for under/overdispersion.
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The models included relevant patient characteristics (age,
sex, number of baseline adenomas) and variables used in
the randomization stratification (clinical center, two-
group versus full factorial randomization, and treatment
phase surveillance interval specified at baseline; 3 vs. 5
year). When data were sparse, we grouped clinical centers
geographically into southeast (Georgia, North Carolina,
South Carolina, and Puerto Rico), north (Ohio, New
Hampshire, lowa, and Minnesota), and west (Colorado,
Texas, and California).

We performed subgroup analyses to compare potential
delayed effects of vitamin D and calcium according to
baseline characteristics, including sex, body mass index
(BMI in kg/m?: normal <25, overweight 25-29.9, obese
>30), and alcohol use (0, 0.1-1, >1/day); and end-of-
treatment characteristics, including cigarette smoking
(never/former vs. current), serum 25-hydroxyvitamin D
concentrations (below vs. above median of 28.1 ng/mL),
dietary calcium (above or below median of 794 mg/day),
calcium supplementation (<400 mg/day vs. >400 mg/
day), vitamin D supplementation (<400 IU/day vs.
>400 IU/day), nonsteroidal anti-inflammatory drug
(NSAID)/aspirin use (<4 days vs. >4 days/week), and
adenoma at end-of-treatment colonoscopy (no/yes). Anal-
yses of vitamin D versus no vitamin D included all ran-
domized participants; analyses of calcium versus no cal-
cium and of both vitamin D and calcium versus neither
agent were restricted to full factorial participants; analyses
of vitamin D and calcium versus calcium alone excluded
full factorial participants randomized to placebo or vita-
min D alone. Subgroup heterogeneity was tested using the

Randomized
(N =2,259)

Vitamin D and Calcium and Risk of Colorectal Adenomas

Wald test by including interaction terms in the regression
models.

Last, we evaluated the occurrence of clinical events (i.e.,
death, myocardial infarction, stroke, cancer, urolithiasis,
and fractures), by treatment assignment, during the obser-
vational follow-up phase and in the treatment and obser-
vational phase together. Observational phase clinical
events occurred between 30 days after exiting the treatment
phase and the first colonoscopy at least 3 years after end-of-
treatment colonoscopy or exit from the observational
study.

All statistical tests were two-sided. P values < 0.05 or
95% confidence intervals that excluded 1.0 were consid-
ered statistically significant. Stata 9 software (StataCorp)
and SAS 9.4 were used to perform all analyses.

Results

Of the 2,259 randomized participants, 2,087 had colo-
noscopy information from an end-of-treatment examina-
tion; of these, 1,986 (95.2%) agreed to observational
follow-up. Among these 1,986 eligible participants,
1,121 (56.4%) had a surveillance colonoscopy before the
observational follow-up phase of the study ended, and
were included in analyses (Fig. 1). Participants who did not
have a colonoscopy in the observational period (N = 865)
tended to have been enrolled later (45% enrolled in the
last 2 years of enrollment versus 23% in the subjects
who had an observational colonoscopy; P < 0.0001). In
addition, those without an observational colonoscopy
were less likely to have adenomas at the end-of-treatment

No end-of-treatment phase colonoscopy (N = 172)
Deceased (23)
Withdrew (37)

\

Had end-of-treatment
colonoscopy
(N =2,087)

Figure 1.

Lost (44)
Early colonoscopy only (15)
No colonoscopy (53)

Did not enter observational phase (N = 101)
Not consented within 60 days of treatment phase exit (15)

Flow diagram for the posttreatment
observational follow-up phase of
the Vitamin D/Calcium Polyp
Prevention Study.

Entered observational phase
(N =1,986)

> Lost to follow-up (9)
Refused (53)
Unknown reason (24)

No observational outcome data (N = 865)
Deceased (36)
Withdrew (6)
Lost to follow-up (10)
Had alternative test (e.g., FIT; 2)

Included in Analysis
(N=1,121)
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No colonoscopy (illness/age; 34)

No colonoscopy (personal reason: insurance, too busy, etc.; 18)
Study ended before colonoscopy (753)

Missing pathology (6)
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colonoscopy (38% vs. 47%; P < 0.0001) and therefore had
longer expected surveillance intervals after the end-of-
treatment exam (58 months in those without colonoscopy
vs. 51 months for those with an observational colonosco-
py; P < 0.0001). The percentage of participants with and
without an observational colonoscopy did not differ by
treatment group (data not shown).

The study population was 64.0% male and 89.4% white,
with a mean age of 58.1 years. The characteristics of the
participants across the four arms of the full factorial ran-
domization were similar, as were the two arms in the two-
group randomization (Table 1). All baseline comparisons
were statistically nonsignificant. Some end-of-treatment
comparisons suggested differences by randomization
assignment (serum 25-hydroxyvitamin D concentrations
for full factorial and for 2 group, and alcohol for 2 group).
Adherence to study treatment was similar across all groups
during the active treatment phase of the study (data not
shown).

The overall mean + SD observational follow-up was
55 + 15 months (range, 6-100); this did not vary sub-
stantially by treatment assignment (P = 0.86; Table 2).
Four hundred twelve participants (37%) had observational
phase colonoscopy before participants were unblinded;
this proportion did not differ by treatment group (data not
shown).

Vitamin D and/or calcium supplement use during the
observational phase was similar across all randomized
treatment assignment groups (Table 2). During the
observational phase, very few participants (N = 16)
reported supplemental calcium intake of >1,200 mg/
day. Overall vitamin D supplementation use of >1,000
IU/day was also modest (18.2%), with overall higher use
among the two-group (vitamin D-only) randomization
participants.

The proportions of participants with any adenoma,
advanced adenomas, and high-risk findings during the
observational follow-up were 51.4%, 9.3%, and 19.7%,
respectively. Adjusted relative risks did not differ substan-
tially or statistically significantly by randomized treatment
assignment (Table 3), though there was a nonsignificant
increase in the risk of advanced adenomas among partici-
pants randomized to vitamin D plus calcium in compar-
ison with those given calcium alone. These null effects did
not differ by anatomic site (proximal or distal; Supple-
mentary Table S1).

The results of the subgroup analyses are shown
in Table 4. There were no significant differences in the
posttreatment effect of vitamin D on risk of any adenoma
when comparing participants with baseline serum 25-
hydroxyvitamin D concentrations below the overall medi-
an (RR 0.96; 0.81-1.13) and those with 25-hydroxyvita-
min D concentrations above the overall median (RR 1.14;
0.96-1.34); P for interaction = 0.13; Table 4). For any
adenoma, there was also no evidence of treatment effect
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modification by other characteristics measured before the
start of treatment (e.g., sex, BMI, alcohol use) or character-
istics measured at the end-of-treatment (smoking status,
dietary calcium intake, calcium and vitamin D supplement
use, NSAID/aspirin use, or adenoma on colonoscopy).
However, vitamin D appeared to increase the risk of
high-risk findings among participants with NSAID or aspi-
rin use >4 days/week at end-of-treatment (RR 1.42; 1.01-
2.00) compared with those with less frequent use (RR 0.81;
0.57-1.14; P for interaction = 0.03).

The posttreatment effect of calcium treatment appeared
to be modified by sex, with a trend toward an increase
in the delayed risk of adenomas in women (RR 1.46; 0.95-
2.25), but not in men (RR 0.89; 0.78-1.01); P for interac-
tion = 0.01; Table 4). Use of calcium supplements outside
the study seemed to modify the posttreatment calcium
effect: the RR among participants who were using >400 mg
of calcium supplementation at the end of treatment was
2.47 (0.77-7.89), while that among those who were not
was 0.91 (0.81-1.03; P for interaction = 0.02). However,
there was (weaker) evidence of an interaction (P =0.10) in
the opposite direction for dietary calcium intake and
advanced adenomas (Table 4). In the calcium treatment
group, there was a marginally significant interaction with
vitamin D supplementation for advanced and high-risk
findings (P for interaction = 0.04 and 0.05, respectively).
The effect of calcium was not modified by BMI.

Overall, there were no substantial or statistically signif-
icant differences in the occurrence of adverse events across
treatment assignment groups during the observational
phase or overall (combined treatment and observational
follow-up phases; Table 5).

Discussion

In this observational follow-up of the randomized
Vitamin D/Calcium Polyp Prevention Study, neither
1,000 IU of vitamin D3 nor 1,200 mg of calcium, taken
daily alone or in combination for 3 or 5 years during the
active treatment phase, were associated with risk of
new colorectal adenomas during a mean of 4.6 years
of additional posttreatment observational follow-up.
This was true even among participants with serum 25-
hydroxyvitamin D concentrations and dietary calcium
intake below the median at the end-of-treatment.
Our findings in relation to risk of high-risk findings
were also null. Overall, there was also no posttreatment
effect of vitamin D or calcium on the risk of adenomas
within participant subgroups. Although there were some
nominally statistically significant interactions, because
of the number of subgroups examined, these are likely
due to chance. Although in the randomized active treat-
ment phase of the study, BMI appeared to modify
the effects of calcium on adenoma risk, such that the
lower the BMI, the greater the protection with calcium
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Table 2. Follow-up data on participants with posttreatment observational follow-up phase adenoma outcome data (N = 1,121)

Full factorial randomization

Two-group randomization

Vitamin D + Calcium + Calcium +
Placebo Calcium Vitamin D calcium placebo vitamin D
(N = 210) (N = 215) (N = 213) (N = 224) (N =132) (N =127)
Characteristic N (%) N (%) N (%) N (%) P N (%) N (%) P
Total months in observational phase, 553 +15.8 53.7 £ 15.7 549 +15.4 542 4+14.8 0.72 55.5 £ 15.0 54.9 4+ 13.7 0.74
mean + SD
Dietary calcium during observational 0.92 0.72
follow-up phase®
0-699 mg/day 15 (7.2) 17 (7.9) 20 (9.4) 20 (9.0) 69 (52.3) 61(48.0)
700-799 mg/day 68 (32.5) 67 (31.2) 69 (32.4) 71(32.0) 33 (25.0) 40 (31.5)
800-899 mg/day 67 (32.1) 72 (33.5) 77 (36.2) 69 (31.) 22 (16.7) 19 (15.0)
900+ mg/day 59 (28.2) 59 (27.4) 47 (22.1) 62 (27.9) 8 (6.1) 7 (5.5)
Missing 1 0 0 2 0 0
Calcium supplemental use during 0.58 0.67
observational follow-up phase
0 mg/day 146 (71.9) 155 (75.2) 158 (76.3) 163 (74.4) 40 (33.3) 35 (28.5)
1-399 mg/day 40 (19.7) 32 (15.5) 26 (12.6) 33 (15.1) 26 (21.7) 33 (26.8)
400-1,199 mg/day 15 (7.4) 17 (8.3) 23 (1.) 21(9.6) 50 (41.7) 49 (39.8)
1,200+ mg/day 2 (1.0) 2 (1.0) 0 (0.0) 2(0.9) 4 (3.3) 6 (4.9)
Missing 7 9 6 5 12 4
Dietary vitamin D during observational 0.7 0.52
follow-up phase®
0-19.9 IU/day 30 (14.4) 39 (18.1) 53 (24.9) 51(23.0) 44 (33.3) 37 (29.1)
20-49.9 IU/day 62 (29.7) 55 (25.6) 55 (25.8) 47 (21.2) 25 (18.9) 34 (26.8)
50-99.9 IU/day 56 (26.8) 50 (23.3) 49 (23.0) 56 (25.2) 28 (21.2) 25 (19.7)
100+ 1U/day 61(29.2) 71 (33.0) 56 (26.3) 68 (30.6) 35 (26.5) 31(24.4)
Missing 1 0 0 2 0 0
Vitamin D supplement use during 0.99 0.36
observational follow-up phase
0-399 IU/day 139 (68.8) 144 (69.6) 137 (68.8) 144 (67.0) 54 (44.6) 48 (40.7)
400-999 IU/day 36 (17.8) 32 (15.5) 33 (16.6) 37 (17.2) 28 (23.1) 37 (31.4)
1000+ IU/day 27 (13.4) 31 (15.0) 29 (14.6) 34 (15.8) 39 (32.2) 33 (28.0)
Missing 8 8 14 9 n 9

@Assessed as the average of the annual dietary screener estimate.

supplementation (15, 19), there was no evidence for
continued benefit of calcium treatment in participants
with a low BMI during observational follow-up.

In our previous randomized trial of calcium (the Calci-
um Poly Prevention Study), recurrent adenoma risks
among participants treated with 1,200 mg of elemental

calcium relative to those on placebo was reduced (RR 0.85;
0.74-0.98),* and the effect appeared to be more pro-
nounced for advanced adenomas (RR 0.65; 0.46-0.93;
ref. 17). Another, smaller randomized trial found a modest
but statistically nonsignificant reduction in recurrent ade-
nomas with treatment with 2,000 mg of elemental calcium

Table 3. Association of treatment assignment with recurrent colorectal adenoma risk in the posttreatment observational follow-up phase (N = 1,121)

Any adenoma

Advanced adenoma High-risk findings®

Treatment No. of patients/ Adjusted relative No. of patients/ Adjusted relative No. of patients/ Adjusted relative
assignment total No. (%) risk (95% CI)® total No. (%) risk (95% CI)® total No. (%) risk (95% CI)®
Total N 569/1,108 (51.4) 1041113 (9.3) 216/1,096 (19.7)

Vitamin D vs. no vitamin D

No vitamin D 275/552 (49.8) Ref

Vitamin D 294/556 (52.9) 1.04 (0.93-1.17)
Calcium vs. no calcium

No calcium 238/421 (56.5) Ref

Calcium 231/429 (53.9) 0.95 (0.84-1.08)
Calcium plus vitamin D vs. calcium

Calcium 158/342 (46.2) Ref

Calcium plus vitamin D 173/345 (50.1)
Calcium plus vitamin D vs. neither

Neither 17/210 (55.7) Ref

Calcium plus vitamin D 19/219 (54.3) 0.96 (0.81-1.15)

1.07 (0.91-1.25)

45/552 (8.2) Ref
59/561 (10.5)

40/421 (9.5) Ref
45/433 (10.4)

25/344 (7.3) Ref
39/348 (11.2)

20/208 (9.6) Ref
27/221(12.2)

103/545 (18.9) Ref
1.30 (0.89-1.88) 113/551 (20.5) 1.05 (0.83-1.34)
87/413 (21.1) Ref

1.07 (0.71-1.61) 91/425 (21.4) 1.01(0.77-1.31)
60/340 (17.7) Ref

1.55 (0.97-2.49) 69/343 (20.1) 1.11 (0.81-1.51)
43/205 (21.0) Ref

1.22 (0.69-2.13) 50/217 (23.0) 1.05 (0.72-1.52)

NOTE: Analyses of no vitamin D vs. vitamin D included all randomized participants; analyses of calcium vs. no calcium and of both agents vs. neither agent were
restricted to full factorial participants; analyses of calcium vs. both agents excluded full factorial participants randomized to placebo or vitamin D alone.

@High-risk findings include advanced adenomas and/or >2 adenomas.

bAdjusted for age, clinical center, anticipated surveillance interval (3 or 5 years), three-level variable for sex and randomization arm (male, two-arm female, full

factorial female), number of baseline adenomas (0, 1, 2+).
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Table 5. Clinical events, overall and during the posttreatment observational follow-up phase, by randomized treatment assignment (N = 2,259)

Observational phase

Overall

No vitamin D Vitamin D No calcium Calcium No vitamin D Vitamin D No calcium Calcium
N =1,014 N =1,014 N =745 N =760 N =1,129 N =1,130 N =835 N =840
N (%) N (%) P N (%) N (%) P N (%) N (%) P N (%) N (%) P
Death 2120 15 (1.5) 031 16 (2.2) 15(2.0) 081 339 30 (2.7) 0.70 28 (3.4) 28 (3.3) 098
Myocardial Infarction 10 (1.0) 8(0.8) 0.64 6(0.8) 9(1.2) 0.46 17 (1.5) 15 (1.3) 0.72 14 (1.7) nQ3) 0.54
with or without
coronary
revascularization
Coronary 12 (1.2) 14 (1.4) 0.69 12 (1.6) 12 (1.6) 0.96 23(2.0) 26 (2.3) 0.67 20 (2.4) 24 (29) 055
revascularization
without myocardial
infarction
Stroke 9(0.9) man 0.65 13 (1.7) 7 (0.9) 016 14 (1.2) 20 (1.8) 0.30 18(22) 10 (1.2) 0.12
Transient ischemic 2(0.2) 4(0.4) 0.69 1(0.D) 5(0.7) 022 3(0.3) 7 (0.6) 0.34 4(0.5) 5(0.6) 1.00
attack
Cancer
Any 56 (5.5) 59 (5.8) 0.77 46 (6.2) 45 (5.9) 0.84 M2(9.9) 107 (9.5) 0.72 89 (10.7) 90 (10.7) 0.97
Colorectal 6 (0.6) 3(0.3) 0.51 3(0.4) 4 (0.5) 1.00 8(0.7) 6 (0.5) 0.59 3(0.4) 6 (0.7) 0.51
Breast 6 (0.6) 6 (0.6) 1.00 2(0.3) 10D 0.62 1(1.0) 8(0.7) 0.49 3(0.4) 4(0.5) 1.00
Prostate 10 (1.0) 15 (1.5) 031 13Q.7) 12 (1.6) 0.80 3632 35 (3.1 0.90 3947 32(38) 0.38
Melanoma 4 (0.4) 6 (0.6) 0.53 5(0.7) 2(0.3) 0.28 9(0.8) 7 (0.6) 0.61 7(0.8) 5(0.6) 0.56
Urolithiasis 18 (1.8) 19 (1.9) 0.87 14 (1.9 16 (2.1) 0.75 44 (3.9) 37 (3.3) 0.43 29 (3.5 35(4.2) 046
Fracture 52 (5.1) 48 (4.7) 0.68 31(4.2) 37(49) 051 11(9.8) 101(8.9) 047 72(86) 71(85) 0.90

NOTE: Observational phase events are those that occurred in participants who consented to the observational phase, regardless of the presence of an end-of-
treatment colonoscopy. Data are the numbers of participants who had one or more occurrences of an adverse event and their percentage among all participants who

were randomly assigned to the given group.

(OR 0.66; 0.38-1.17; ref. 5). A small feasibility study by
Chu and colleagues found a reduction in adenoma recur-
rence among those taking 1,800 mg/d of calcium carbon-
ate compared with placebo (odds ratio 0.47; 0.27- 0.84;
ref. 6).

During the treatment phase of the Vitamin D/Calcium
Polyp Prevention Study trial, we saw nonstatistically sig-
nificant findings that suggested that longer calcium or
vitamin D treatment and follow-up might reduce adenoma
recurrence (15). For example, among participants with an
intended 3-year follow-up, the RRs (95% confidence inter-
vals) for calcium and vitamin D were 0.98 (0.84-114) and
1.04 (0.90-1.19), respectively. Among those with an
intended 5-year follow-up, they were 0.90 (0.77-1.05)
and 0.93 (0.80-1.08), respectively. However, the current
results do not support posttreatment delayed effects with
longer follow-up, and differ with those from our previous
calcium trial (4), in which the chemopreventive effect of
1,200 mg calcium per day on risk of any adenoma
appeared to be more pronounced during the 5 years after
active treatment than during the active treatment period
itself (18).

Calcium treatment might alter the colorectal mucosa to
impede the development of new adenomas; however, the
underlying mechanism is unknown. One hypothesis is
that calcium binds and precipitates bile acids and other
free fatty acids in the gut lumen, thus inhibiting mucosal
inflammation and proliferation (20, 21). A second pro-
posed mechanism is a direct effect of calcium through
a calcium-sensing receptor (CaSR) that is expressed on
colonocytes (22, 23). Regardless of potential mechanism,
we did not find a substantive chemopreventive effect of

Cancer Prev Res; 12(5) May 2019

calcium, vitamin D, or calcium plus vitamin D either during
active treatment (15) or now in observational follow-up.

Given the small number of adverse events, it is not
surprising that vitamin D and calcium supplementation
was not associated with the development of important
clinical events, including fractures and cardiovascular dis-
eases, during and/or after the active treatment phase of
the randomized trial. However, the current study was
not powered to investigate these events specifically in the
observational follow-up.

Our study has several strengths. Our analysis was based
onrandomized treatment, there was excellent adherence to
study treatment during the treatment phase, and a large
number of participants were still alive and agreed to
participate in the observational phase of the trial. We were
able to assess calcium and vitamin D supplementation
during the posttreatment observational follow-up period
via yearly questionnaires. All histopathologic slides col-
lected from colonoscopies during both the treatment and
observational periods underwent a standardized review.

We acknowledge some study limitations. Dietary assess-
ment of calcium and vitamin D were obtained from a brief
survey instrument and may be inexact. Information on
supplement use during the observational period relied
on participant self-report, which has inherent limitations.
There was no uniform interval between the end of active
treatment and the first posttreatment colonoscopy. How-
ever, the timing of follow-up colonoscopy was left
to the discretion of the treating physician, so reflects
real clinical practice conditions. Only 56.4% of eligible
participants in the clinical trial had colonoscopies
during the observational follow-up period, because many
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participants had anticipated colonoscopies after the
end of follow-up. However, the participant characteris-
tics among those who did have observational phase
colonoscopies remained balanced across the random-
ized treatment assignment groups. Nonetheless, the lim-
ited number of participants with observational phase
colonoscopies reduced our statistical power to identify
potential associations and for less common outcomes
such as advanced adenomas. The length of observational
follow-up was relatively short, and may still have been
insufficient for detecting potential longer-term effects of
the treatment. Another limitation is that observational
follow-up averaged 55 months and therefore favored the
inclusion of individuals whose prescribed surveillance
interval was shorter (indicating the likely presence of a
lesion at the end of treatment); if a delayed effect takes
longer than this period to develop, we would not have
identified it.

In summary, the results of our study do not support that
supplemental calcium and/or vitamin Dj; for 3 to 5 years is
associated with risk for recurrent colorectal adenoma over a
mean of 55 months after the end of active preventive
treatment with these agents.

Disclosure of Potential Conflicts of Interest
J.A. Baron has ownership interest in a patent for chemopreventive
use of calcium, held with Dartmouth College (not currently licensed).

References

1. Feldman D, Krishnan AV, Swami S, Giovannucci E, Feldman BJ.
The role of vitamin D in reducing cancer risk and progression.
Nat Rev Cancer 2014;14:342-57.

2. Leyssens C, Verlinden L, Verstuyf A. Antineoplastic effects of 1,25
(OH)2D3 and its analogs in breast, prostate and colorectal
cancer. Endocrine-Related Cancer 2013;20:R31-47.

3. Pence BC. Role of calcium in colon cancer prevention: experi-
mental and clinical studies. Mut Res 1993;290:87-95.

4. Baron JA, Beach M, Mandel JS, van Stolk RU, Haile RW, Sandler
RS, et al. Calcium supplements for the prevention of colorectal
adenomas. Calcium Polyp Prevention Study Group. N Engl ] Med
1999;340:101-7.

5. Bonithon-Kopp C, Kronborg O, Giacosa A, Rath U, Faivre J.
Calcium and fibre supplementation in prevention of colorectal
adenoma recurrence: a randomised intervention trial. European
Cancer Prevention Organisation Study Group. Lancet 2000;356:
1300-6.

6. ChuDZ, Hussey MA, Alberts DS, Meyskens Jr FL, Fenoglio-Preiser
CM, Rivkin SE, et al. Colorectal Chemoprevention Pilot Study
(SWOG-9041), randomized and placebo controlled: the impor-
tance of multiple luminal lesions. Clin Colorect Cancer 2011;10:
310-6.

7. Chung M, Lee ], Terasawa T, Lau J, Trikalinos TA. Vitamin D with
or without calcium supplementation for prevention of cancer
and fractures: an updated meta-analysis for the U.S. Preventive
Services Task Force. Ann Int Med 2011;155:827-38.

8. Huncharek M, Muscat J, Kupelnick B. Colorectal cancer risk and
dietary intake of calcium, vitamin D, and dairy products: a meta-
analysis of 26,335 cases from 60 observational studies. Nutr
Cancer 2009;61:47-69.

www.aacrjournals.org

Vitamin D and Calcium and Risk of Colorectal Adenomas

D.J. Ahnen is a consultant/advisory board member for Cancer Pre-
vention Pharmaceuticals. No potential conflicts of interest were dis-
closed by the other authors.

Authors’ Contributions

Conception and design: J.A. Baron, D.J. Ahnen, E.L. Barry
Acquisition of data (provided animals, acquired and managed
patients, provided facilities, etc.): J.A. Baron, D.J. Ahnen,
R.M. Bostick, J.C. Figueiredo, J.R. Rees

Analysis and interpretation of data (e.g., statistical analysis,
biostatistics, computational analysis): AH. Calderwood,
J.A. Baron, LA. Mott, RM. Bostick, J.C. Figueiredo, J.R. Rees,
D.J. Robertson, E.L. Barry

Writing, review, and/or revision of the manuscript:
A.H. Calderwood, J.A. Baron, L.A. Mott, D.J. Ahnen, R.M. Bostick,
J.C. Figueiredo, M.N. Passarelli, ].R. Rees, D.J. Robertson, E.L. Barry
Administrative, technical, or material support (i.e., reporting or
organizing data, constructing databases): L.A. Mott

Study supervision: J.A. Baron

Acknowledgments
This study was supported by the NIH, NCI (CA098286, to J.A.
Baron).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to
indicate this fact.

Received January 10, 2019; revised February 25, 2019; accepted
February 25, 2019; published first March 4, 2019.

9. Lee JE. Circulating levels of vitamin D, vitamin D receptor poly-
morphisms, and colorectal adenoma: a meta-analysis. Nutr Res
Pract 2011;5:464-70.

10. MaY, Zhang P, WangF, YangJ, Liu Z, Qin H. Association between
vitamin D and risk of colorectal cancer: a systematic review of
prospective studies. J Clin Oncol 2011;29:3775-82.

11. Touvier M, Chan DS, Lau R, et al. Meta-analyses of vitamin D
intake, 25-hydroxyvitamin D status, vitamin D receptor poly-
morphisms, and colorectal cancer risk. Cancer Epidemiol Bio-
mark Prev 2011;20:1003-16.

12. Wei MY, Garland CF, Gorham ED, Mohr SB, Giovannucci
E. Vitamin D and prevention of colorectal adenoma: a
meta-analysis. Cancer Epidemiol Biomark Prev 2008;17:
2958-69.

13. Yin L, Grandi N, Raum E, Haug U, Arndt V, Brenner H. Meta-
analysis: Serum vitamin D and colorectal adenoma risk. Prev Med
2011;53:10-6.

14. Liu S, Barry EL, Baron JA, Rutherford RE, Seabrook ME,
Bostick RM. Effects of supplemental calcium and vitamin
D on the APC/beta-catenin pathway in the normal colorectal
mucosa of colorectal adenoma patients. Mol Carcinogen
2017;56:412-24.

15. Baron]JA, Barry EL, Mott LA, Rees JR, Sandler RS, Snover DC, et al.
ATrial of Calcium and Vitamin D for the Prevention of Colorectal
Adenomas. N Engl ] Med 2015;373:1519-30.

16. Kuntz KM, Lansdorp-Vogelaar I, Rutter CM, Knudsen AB, van
Ballegooijen M, Savarino JE, et al. A systematic comparison of
microsimulation models of colorectal cancer: the role of assump-
tions about adenoma progression. Med Dec Making 2011;31:
530-9.

Cancer Prev Res; 12(5) May 2019

Downloaded from cancerpreventionresearch.aacrjournals.org on September 18, 2021. © 2019 American Association for
Cancer Research.

303


http://cancerpreventionresearch.aacrjournals.org/

Published OnlineFirst March 4, 2019; DOI: 10.1158/1940-6207.CAPR-19-0023

Calderwood et al.

17.

18.

19.

20.

Wallace K, Baron JA, Cole BF, Sandler RS, Karagas MR, Beach MA,
etal. Effect of calcium supplementation on the risk of large bowel
polyps. ] Natl Cancer Inst 2004;96:921-5.

Grau MV, Baron JA, Sandler RS, Wallace K, Haile RW, Church TR,
et al. Prolonged effect of calcium supplementation on risk of
colorectal adenomas in a randomized trial. J Natl Cancer Inst
2007;99:129-36.

Barry EL, Lund JL, Westreich D, Mott LA, Ahnen DJ, Beck GJ, et al.
Body mass index, calcium supplementation and risk of colorectal
adenomas. Int J Cancer 2018.

Pence BC, Buddingh F. Inhibition of dietary fat-promoted colon
carcinogenesis in rats by supplemental calcium or vitamin D3.
Carcinogenesis 1988;9:187-90.

304 Cancer Prev Res; 12(5) May 2019

21.

22.

23.

Newmark HL, Wargovich MJ, Bruce WR. Colon cancer and dietary
fat, phosphate, and calcium: a hypothesis. J Natl Cancer Inst
1984;72:1323-5.

Sheinin Y, Kallay E, Wrba F, Kriwanek S, Peterlik M, Cross
HS. Immunocytochemical localization of the extracellular
calcium-sensing receptor in normal and malignant human
large intestinal mucosa. J Histochem Cytochem 2000;48:
595-602.

Kallay E, Kifor O, Chattopadhyay N, Brown EM, Bischof MG,
Peterlik M, et al. Calcium-dependent c-myc proto-oncogene
expression and proliferation of Caco-2 cells: a role for a luminal
extracellular calcium-sensing receptor. Biochem Biophys Res
Commun 1997;232:80-3.

Cancer Prevention Research

Downloaded from cancerpreventionresearch.aacrjournals.org on September 18, 2021. © 2019 American Association for
Cancer Research.


http://cancerpreventionresearch.aacrjournals.org/

Published OnlineFirst March 4, 2019; DOI: 10.1158/1940-6207.CAPR-19-0023

AAC American Association
for Cancer Research

Cancer Prevention Research

No Evidence for Posttreatment Effects of Vitamin D and Calcium
Supplementation on Risk of Colorectal Adenomas in a Randomized

Trial

Audrey H. Calderwood, John A. Baron, Leila A. Mott, et al.

Cancer Prev Res 2019;12:295-304. Published OnlineFirst March 4, 2019.

Updated version

Supplementary
Material

Access the most recent version of this article at:
doi:10.1158/1940-6207.CAPR-19-0023

Access the most recent supplemental material at:
http://cancerpreventionresearch.aacrjournals.org/content/suppl/2019/03/02/1940-6207.CAPR-19-0023.DC
1

Cited articles

Citing articles

This article cites 22 articles, 4 of which you can access for free at:
http://cancerpreventionresearch.aacrjournals.org/content/12/5/295.full#ref-list-1

This article has been cited by 1 HighWire-hosted articles. Access the articles at:
http://cancerpreventionresearch.aacrjournals.org/content/12/5/295.full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerpreventionresearch.aacrjournals.org/content/12/5/295.

Click on "Request Permissions"” which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerpreventionresearch.aacrjournals.org on September 18, 2021. © 2019 American Association for

Cancer Research.


http://cancerpreventionresearch.aacrjournals.org/lookup/doi/10.1158/1940-6207.CAPR-19-0023
http://cancerpreventionresearch.aacrjournals.org/content/suppl/2019/03/02/1940-6207.CAPR-19-0023.DC1
http://cancerpreventionresearch.aacrjournals.org/content/suppl/2019/03/02/1940-6207.CAPR-19-0023.DC1
http://cancerpreventionresearch.aacrjournals.org/content/12/5/295.full#ref-list-1
http://cancerpreventionresearch.aacrjournals.org/content/12/5/295.full#related-urls
http://cancerpreventionresearch.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerpreventionresearch.aacrjournals.org/content/12/5/295
http://cancerpreventionresearch.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


